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KRELICB W T TRLOMGEZ A L 72, LAY DOALEZE S 13 18E-lyngbyaloside C DL EF =
ICHE L 72,

Ac acetyl
aq. aqueous
Ar aryl
argon
Bn benzyl
BPTPI 3-benzene-fused-phthalimidopiperidinonate
brsm based on recovered starting material
Bu normal butyl
‘Bu tert-butyl
Bz benzoyl
calcd calculated
cat. catalyst
cap caprolactamate
Cy cyclohexyl
CSA 10-camphorsulfonic acid
DBU 1,8-diazabicyclo[5,4,0Jundec-7-ene
DCC N,N'-dicyclohexylcarbodiimide
DCE dichloroethane
DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DET diethyl tartrate
DFT density functional theory
DIBAL diisobutylaluminium hydride
DIPA diisopropanolamine
DIPT diisopropyl tartrate
DMAD dimethyl acetylenedicarboxylate
DMAP N,N-dimethyl-4-aminopyridine
DME 1,2-dimethoxyethane
DMF N,N-dimethylformamide
DMP Dess—Martin periodinane
DMSO dimethyl sulfoxide
dr diastereomeric ratio
EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
ee enantiomeric excess
ent enantiomer of
EPR electron paramagnetic resonance
equiv. equivalent

ESI electrospray ionization



Et
FAB
GPC
HDA
HMPA
hp
HPLC
HRMS
ICso
imp.
IR

Ipc
KHMDS
LC
LDA
LiHMDS
LRMS
Me
MEM
mer
Mes
MOM
MPM
MS

NaHMDS
NBS
NBSH
NMO
NMP
NMR
NOE
NOESY
PCC

Ph
PMB
PMP
PPTS
Pr

"Pr
prep.
PTPI
PTTL

ethyl

fast atom bombardment

gel permeation chromatography
hetero-Diels—Alder
hexamethylphosphoramide
2-hydroxypyridinate

high performance liquid chromatography
high resolution mass spectrometry
half maximal inhibitory concentration
impure

infrared

isopinocampheyl

potassium hexamethyldisilazane
liquid chromatography

lithium diisopropylamide
lithium hexamethyldisilazane
low resolution mass spectrometry
methyl

2-methoxyethoxymethyl
meridional

mesyl

methoxymethyl
p-methoxyphenylmethyl

mass spectrometry

molecular sieves

sodium hexamethyldisilazane
N-bromosuccinimide
nitrobenzenesulfonylhydrazide
4-methylmorpholine N-oxide
N-methylpyrrolidone

nuclear magnetic resonance
nuclear Overhauser effect

NOE correlated spectroscopy
pyridinium chlorochromate
phenyl

p-methoxybenzyl
p-methoxyphenyl

pyridinium p-toluenesulfonate
isopropyl

normal propyl

preparative
3-phthalimidopiperidinonate
N-phthaloyl-tert-leicinate



Py
quant.
Red-Al®
Ry

r.t.

SM

(8,8)-[Ti]

TBAF
TBDPS
TBHP
TBS
TBSP
TC
TES
temp.
TEMPO
Tf
TFA
TFAA
THF
TIPS
TLC
™
TMS
Tr

R

Ts
uv
Vis

wt

pyridyl

quantitative yield

sodium bis(2-methoxyethoxy)alminum hydride
retention factor (in chromatography)
room temperature

starting material
cyclopentadienyl[(4R,trans)-2,2-dimethyl-a,0,0',0'-tetraphenyl-1,3-
dioxolane-4,5-dimethano-0O,O'titanium chloride
tetrabutylammonium fluoride
tert-butyldiphenylsilyl

tert-butyl hydroperoxide
tert-butyldimethylsilyl
tert-butylsulfonylprolinate
thiophene-2-carboxylate
triethylsilyl

temperature
2,2,6,6-tetramethylpiperidine 1-oxyl
trifluoromethanesulfonyl
trifluoroacetic acid

trifluoroacetic anhydride
tetrahydrofuran

triisopropylsilyl

thin-layer chromatography

target material

trimethylsilyl

trityl (triphenylmethyl)

retention time

p-toluenesulfonyl

ultraviolet

visible

weight
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RExicE2 HAOBEESIZ, =va— ALTL AR - RY —FWBT XY AERE
HHA v FERSILEEHE~AEL 7, Wbhw 2 [BEkN] 2HickE20277, 2L
T, mAREIEN 2 WE ORI E V. HARIIHERHET & o RERigifiziliz 2 2 &
Ll odze YBIRESRATL 72ARE 2 D 72 H 2 6 “Bin” L iiEh, B OHEFRNE T2 05l 255E
bbb e3P, Y —DEFEL ZEMG. EEY X7 FiREL MmO —DoTH
%, Hhman L. Ao D L < 137 IokE 02EE (S © paddlewheel) % fiiz. B
KXo TINZRERE 2 2 & CHEE) 2152, VOBt Z Z5Mmft 2 EkTH - 7-
DB, BRICHFEINTEZAZ ) 2= X 0 FEPENZ 20020 EXREZH - TRbi, B
Tl —H OB, WICFEPEAT VAR—=FEBRWTZDIREAERRAZ ) 2 —fiik 7> T
W5,

Z O “AHii © paddlewheel” &\ 9 HEEIZ B 2 2 Lo TH o Tw b, B
35 2 o0HLBEETICN L GEE 4 DOBNL T2 b 238G L 2B % b o&E ik
% “HlmT A% S @A  paddlewheel complex” & W UN*, BRAE L CICkiA h&EIR T2 & AT
ISR AR I LTS D, BE < b 2 5Mmll e EiEtohtd, 2o z—v
a VOEE I LHERARIG~DHEA%ERT % &, el ke vy LADEERITHBEL
ICENTEHEATH B 2,

HRTIES 2B T 5 e Yy AIDEERIE o-F T VIR LAY L R I RG L
BRI TORHEZRE T Y LAD A ARV HRZ AR T 5 Z & A3 5T 5 (Figure 1,
eq. o RHPREHADRFE AN X VITIEF ICE WKREFEZ R L, REFEIRBLERH G~ DA,
X-HIFASIESX=C, O, N, S...). 4V FEKREZGI &4 LT 2007 - MBS Z T &k
To A7 3=V F VERFIERAE L2F A L VEOAER, §iK TV P ARG,
C-H7 I 7MLIG. A7 4 I MMERIGIT D REERIZH - 54 5 (Figure 1,eq.2)e & HIT,
a2y LADEERIE T ¥ > T AALIC Lewis HEHMED T D3B3 % Lewis BE & L COMWE bR
L. HEMAbE o> 7 Fil3E, ~7 v Diels-Alder )G X RR+2)f BRI IS BT 3
fit L L Cd v b T 5 (Figure 1, eq. 3)o

Ric=n, iz RS C=Rhol 1
R O_ﬂ/RZ 2 T’ O_ﬂ/RZ 2b-4 (1)
XAX N2 Rh(ll) carbene species
R
X:th/fFJ;(j( Ny’ Ry N=Rholy )
R™X RO,S RO,S
x =X Phl RAh(ll) nitrene species
R
R Rhols R' Rhyly
Paddlewheel Dirhodium(ll) Complex >=X — >=X' 3)
(Rhaly) R? R?

Rh(ll) complexes as Lewis acid

Figure 1. Schematic representation of paddlewheel dirhodium(Il) complex and key intermediate of its catalyses

BTSSR TH BB 0 7 L(IDICE LN S 4 D DEFRRECH, 1%, BChr 23 ftic X o T
BB DAL T~ L SHRATRETH %, S FEE AR T2 VS 2 It X > THF I A2

R I X o TR D @R DS % lanthanum b L < 1% Chinese-lanthanum & RT3 2 & B
5,
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oYy A(IDEEREAKT 2L AHEETH Y. INE TICEEL A F 7 AEBRIHE I N
TWwb, Lo AEEICICBE L T £ 70 iRz F v 72 il i) A 755 SOG O FE A3 20 LA
Llicb7z o TEAIIT DL, EINED O EHGERI 3 S ER TN T W5 2,
FEEOFBTAMAETD CNFTTCREMO X 70 fu Py L(IDEEREZFFE L. %< D
A OGO # TR > C& 7z ZOHO—flE LT, ¥ 710 Ku v v A0INT I X
— b $&%{A Rho(S-BPTPI)4(1) % BAF L . Danishefsky ¥ = ¥ (2) & 7 L7 & F & O ~F u Diels—Alder
SOGICT 3B TAF Lewis BEAME & L CHRREET 2 2 & & R L T % 3 (Figure 2, eq. 1)o ARG
T, 5EBER endo ERME DR W F v FAERECY e Ve 7 ) VIFEKRERSE 2 LA
A[RETH %, L TIE. ZALE TIC Lewis B OB HIA3 72\ Rawal ¥ TV (3) & T AT &
F & D ~7 1 Diels-Alder KIGIZ 35T Rho(S-BPTPI)s (1)23EI 72 Lewis BEfAREE & L CHRE
35 2 LT LT 5 (Figure 2, eq. 2)°°39, A% TI3HFIC Danishefsky ¥ T v & W 7254 1C
R DWW S AER G O NI D o I L 2 EE T Vv 7 & F & O~ 1 Diels-Alder J)i <
BOWCRHGERZEBLZZENTE, TNH 2200V TV E2HWSITF 3 2 81T X o TREW
FE A EipH 2 RS 5 2 L safBE L o T B,

OTES 1. Rhy(S-BPTPI),
R? X R (1 mol %) o
| H CH,Cl, R R

MeO + (1)

2 o)\ R? 2.TFA,0°C | 9 )

0" RS v NS
1 2 _ 3=
R', R“=H or Me R? = aryl, alkynyl >99% cis 64 A o)
a-hetero up to 97% ee ’T‘ (|3
Rh—/Rh
1. Rhy(S-BPTPI N O
OTBS 2 i )a N o,
R4 (1 or 3 mol %) o
| o y CH,Cl, e Rhy(S-BPTPI), (1)
2) plausible structure
Me,N * (
©2 A s 2 accl-78°C |

3 0” R o0~ VRS

R*=H or Me R® = aryl >99% cis
0,

(ZIE = 76:24) branched alkyl up to 99% ee

Figure 2. Chiral dirhodium(Il) carboxamidate complex catalyzed asymmetric hetero-Diels—Alder reactions

SREFEHZ,. TBMEECAEINZF oA Koy AIDMEEEZHWE=RE~T 1
Diels-Alder JIGD X b7 2 ARAMEZ R T XL, JCHAME O —BR & U ClEETURE SRR
MTH2 18E-V v 7Ty F COMBAFERICOWTRNZITR o7, $7-. BFE
FRINTELZDOZr Yy L(ADEICEI L C— B RIE L, AR 0 2 2 [ R % ik
L HF 7 BB EMIBE OB IC O TG 21T o 72, A Tiand 2 HHIZDWT
WET 5,
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BT B

18E-V v 7’7 us F C@iE, 2010 £ 7T 20T 77 IhiBETE 74 v H—+ ) —7
BILUOY 2 RZ vy a =V XIE W TS W= B8 Lyngbya bouillonii X ) B, &k
EINnfzr)avF=ru74 FThd Y% MUEYOHE LOFHHL LT, 6 BER~IT %
Z—ntEEL 7Y I VIO 14 BRI 0 7 bk d T Y aviEigice D
DVEHLERL, 512D 27uF 2 F VvEBEST AT AEAMMEOw 054 F
KA R WE =BT ra— VR T 28085 6N 5, AMEEY ORI TARRE 1.
vy ra bt vEohy 7Y v IERMB X INOESY AR7 P LIC X o TIHREINLT WD,
FAYENEE LT, HeLa fidicxf L T ICso = 9.3 uM. HT29 i ic i L T ICso = 13 pM @
Ml SEE 2R 2 & DEFFICERE SN T3, REERBETFICOWTIEHL 2 & S Twn
AR

¥720 BE-V v e TRy CAEMENPEUL TCwa{btEmE LT, 18Z-) v /v TH
YRECOY. Vv e Tey FB6)Y. VIR v A FNOE U X 9 IC Lyngbya sp. & D
W REEHREINT WS, 18E-Y) v vT7ud R C2E&07-INLY) vy 7e 7oy FHEIC
R Th 2B =T ra—rEko~ruZ 7 b v EAAFIC L THEET 208 05 15T
EREFERELRS 7-NTEY, TNETICWL D2 I V=TI > T b DERIFE
BEHINT WS T, Eoficid, 2nZholtAEWcET 2 AR OWTHNT 2,

Figure 3. Lyngbyalosides containing tertiary methyl carbinol at C13

OMe OMe

MeO;@,OMe
0”0

18 £13 OH
R'=H,R?=Br; Lyngbyaloside B (6) Lyngbouilloside (7)©
18E-Lyngbyaloside C (4) % (Proposed structure) (Proposed structure)

(Proposed structure)
R'=Br, R? = H;
18Z-Lyngbyaloside C (5) 4
(Proposed structure)
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(1) Ley bic X 3 &% (Scheme 1)7

Ley b 3 VAN AEEDORE W CI3 o= T7ra—ro=2ru 7 b ALIZIER ICH

HohrLFHL,. CNZET -0~ ud 4 7% C2-C3 itk L O C8-C9 {zfE TYUIW
TEZEERERLZ, TATA 8 I LT 1,3-7 0Ny I F 4 — A DB % £ 5 il %
fHick v 77 vEREREST 22T 2/, 10 TROEHEER T 7 v 10 25K
L7z T2 BFEEHRARIRF O PN 200 6 TROEBEZFETCTATEF 12 L LZDBIC,
AFHIEEZET 27070k 7 VB2 EHI® 52 ik b Clofze Cll Az iR b
FREEL, 3THROEBEERTCIATL M ELERL TS, ALZ10L 14% 27 748
RIGICkoThy 7YV v L, HAHBA L2 R iCkoCaTdETchr~rus 27 v
DR ZITR o T 5, Ley biIZ Dk, HilkFL L vV AVEDOREIC X > TI18 215, K
KP1E © 'THNMR 5 X U BCNMR O % 1T > TWwWa 03, Eb b b LI &AL
HERD, REINTVARERR STV BDTIE RV &R Tw 3

Q HS(CH,)3SH, NaOMe s 10 steps s
MeO™ 3 5 OH - 5 ——
e % OTBS THF, =78 °C to r.t. 32% vy P
8

8 87% ~o~ nOTBS 0780

8 9 10

1. (E)-but-2-ene

KO'Bu, BuLi
o MPIg THFEO
13 o 6 steps 3 CHO  _7g°ct0-45°C 3 steps
— ———
R 65% 16 2. (+)-(Ipc),BOMe 51% (from 12)
3. aldehyde 12, -78 °C  OBn OBn
1" 12 13 14
dr=>19:1
1. Hoveyda—-Grubbs
2nd generation catalyst
10 1,4-benzoquinone
LDA THF toluene, reflux 1. H,, Pd/C, THF
+ >
14 —78 °C 2. TBAF, THF, r.t. o 2. PPTS
MeCN/H,0 (3:1
99% 46% 16 MoCN/H-0 (3:1) 1g
OBn 17 quant
HC(OMe)3 _
R=H15
PPTS,MeOH [ 5~ -6

r.t.

98%
Scheme 1. Synthetic studies of lyngbouilloide by Ley group

(2) Cossy b I X 5 & AHFZE(Scheme 2)®

Cossy b IZFE =T ra—ro—k~ra 77 F VLIZR#EECH 2 L EZ .9 TFHNTT
AT TFVERHIRT A EICI V0 4 ZABREEL ). Z OHIERAIZ C1-C8 7 7 7 X
VEECOCI3 777 AV IDIZOARARELYATHARTEZEE LT, 198 4-_VTFF—
NEDTNVE—=ANIGEITR272DHICF IV HPLC KX > THEA LT EZZF Vv FF~—20
ZHEEL, 2 TROZHEZRETCI-C8 77 7 AV F 21 ZAML T3, LT, Je2EEt7
IRFLF 2003 TIREOEMER TS A —1 23 & LK. TEMPO BB{LICK S AF 7 o F



Aim H1E FH1FE B 28

NFZMICE 2T CICI3 777 AV b2 %MLz, TNHL2DODT7 FT AV MR 71
AAXARRV AL L5 ThHYy TV VI L7zDb, 4 TROEHRERTCTLa—L 26 L,
ZDObDEMVIVHNMAT LI EICE s TEKTEZT AT T v 27 Zrhftiik e 3 281k,
BT P72 PRI VEROMEICE>TT /) ay 29 &K L7z, Cossy b dFERIC 'H
NMR 3 X O BC NMR O&HHE KV E ot 2T > TE Y, EBOLDRELEAR-T
WAHRZEBHLP Lo F VY TR AR FEI8E-YV v 7T Y N C D BCNMR
CHEPMERAONE Z b, Vv 7Ry fos FOFURINAFEEZHEY CH Y, Cl if
DIKEIFED AL FIZI8E-Y v 7T uy FC LD D D Tldwnh L ibimoiTund*,

1. 4-pentenal, TiCl,
>< CH,Cl,, —78 °C to r.t. >< 2 steps ><

0" Mo - OH 070 S5 5y O OH 07>
% 2. chiral prep. HPLC \/\AM 42% \)W
MOTMS prep 753 1.0 ° 5 3 1.0

7
40%, >99% ee

19 20 21
1. TEMPO, NaOCI
OMPM 3 steps s ,,”’OH oH KBr, NaHCO; 16 ,,,,IOTES__QTES
O — /\)\) > g
X 13 " 1 1 O
|>13\)11 62% oo 7 2.(S, ST TIPSM
Et,0, -78 °C
22 23 3. TESOT, 2,6-lutidine 24
CH,Cly, —78 °C
78%
21 Hoveyda—Grubbs ><
2nd generation catalyst , OTESQTES O OH 0" O
> 16 s, s A ~
CH,Cl,, reflux F 13 711 9 77 5 73 1.0

24
81% TIPS

25

toluene

reflux

Scheme 2. Synthetic studies of lyngbouilloide by Cossy group

(3) Sabitha & IC X % & HFZE(Scheme 3)'%

Sabitha © 1% Ley 3 L UF Cossy b D x b LI, Vv 7R v 4 vy FOHEE XN 5E]1EH
EGEOD AR ICONTHE L T b, aTHETHEI~YZ P77 P VOREEETE-> T
ROz 7R A A ¥ — L XEME T 2 23, WA RN % Scheme 3 IR L 7z, [ E 2 b~
rma 77k vk C8-CY M coftatilie 77 b vESsCREGUINIT 5 2 itk o T, Cl-
C8 777 AVE3NBLUOCICI6 7T AV IRNRD2ODT ITFAY MIHFTHET 3
ZLELTWE, AXETIEBm7 77 AV FDAKETHETLTWER, ZhbDhy 7Y
vZIoOwWTE—YRRs N T o7z,

*Ley HIXAM L7e~2ru 727 b v 18 DILEY T — £ % CRRICEEHE L TH 5 F, Cossy HOEEL 72T
7Y av29 Ol ETRS) LRI TE AL T,



£
8
avaz
-
avaz
[\)
m

OBn
:> D-malic acid
EtOZC

OMe H

:> geraniol

BnO.

“OTBS

16 £13

Plausible structure of 32
lyngbouilloside (30)

Scheme 3. Retrosynthetic analysis of revised structure of lyngbouilloside by Sabitha group

(4) Hanson 5 I X 3 & AF7E(Scheme 4)'V

Hanson & (% Cossy b &Rtk T s 7 v itk 32 ~=2ou 7 7 F fbicX-oTaTH
EEMET 22 A TWE, T =A4— 33 1ZxfL T Sharpless AE A ¥ {L %177
2 724212, Red-Al®%Z W CTHZEERIC =K F o~ FORBRZIT RV, YA —1E2T X —L
LLTRETHILT M4 2/HT0E, 3 TRORBICIX>TT A3 — 35 & L7fRIC,
Parikh-Doering FZ{t.. #i < Brown 7 B FAALIC X o T 36 ~& 25 L | 55 MoK % (RS
5ZLTC8Cl6 777 AV 3T %L, ZodboicxLTrY v 38 ZHV7-FAER
AREY R/ RA R AERIPKFCOERRI 2 SIEZ1TR 5 2L T39~LA&HL. 6
THREOEHZR T4 25 T3, Z20H%, brzvHfiEhsicickoTv27u727 v
41 ZHEHE L T\ 5%, Hanson b ld Ley. Cossy O 23R~ Tu>7z Cl1 AZICBH 3 % 3R L D FREE
ICDOWTII TR > T o 7z,

1. (-)-DET, Ti(O'Pr),

TBHP, CH,Cly, MS4A }P\MP PMP
OH -20°C 3 steps
_ 1% )= - 00 ——— 0" o
2. Red-Al®, CH,Cl,, 0 °C ™ 13 1o 7% Ho\/\}J\)m
33 3. p-MeOCgH,CH(OMe), 16 H 16 35 H
CSA, CH,Cl, 34
0,
90% %) (R, R)-38
P
) Ve \\O
1. SO3-Py, 'PryNEt PMBO  OH PMBO  OTBS 9N S
DMSO, CH,Cl, 13 % TBSOTf 13 3 W
- 16 10 16 10 7 5 -
B} I $ S Hoveyda-Grubbs
2. (+)-lpc,BOMe b 2,6-lutidine = oveyda-Grubbs
trans-2-Butene oTBS 36 CH,Cl, OTBS 37 2nd generation catalyst
KO'Bu, BuLi H,, 0-NBSH, CH,CI,/DCE
790 95% 40 °Ct0 90 °C
% 65%
0
/P\\O EtO,C
PMBO  OTBS o” 0
16 13 : _ 6 steps toluene
7 3 e

reflux

90%
16
OTBS

39

41 p=TES

Scheme 4. Synthetic studies of lyngbouilloside by Hanson group
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(1) Yadav b I X 5 &5 (Scheme 5)'2

Yadav © % Cossy. Hanson H AW T WA T AT T v afiifed 2 Fikt~ruas 7 v
ftcixe FRlo 2T AfLICHWT WS, 7oA77 b F 431K LT Evans 7V F— VG
TR o T 44 & L721RIC 4 TROEHIC X 5T 45 & L., & H-Sharpless 77 T ¥ AL 21T
o T 46 TV 5, (MEFERNEMEBERLLZITRV4T L LD bIC 4 TROE#HEZFET
Cl-C8 777 AV A8 2B LTre T2 TAI—N 49 % 2 THOLEHTS0 & L. &
H-Sharples FELZRFUALICL > T RFUFEZEAL, 5 TROEBEPRETCT LI —1L 52
HETW3, 20k, BLL7-DHIT Evans 7V F— VKIS EfTRW 53 & L, 3 LREOEH
X5 TCOCl6 777 AV 84 ER LTz, TNH2D0D 777 XY % bz v HlIEL
T2ZLICLoTHY TV v L, #il 3 LREOLHICksCaTEchst~ruJ 7 b
V56 L T3

OMOM
ji 0 0 TICI4 )L 4 steps
SN + JJ\/\ OPMB —>——>—> Ho/\/\‘/V\/\OPMB
H OPMB ( )-sparteine 81%
( 43 CH,Cly, 0 °C 45
Bn 75%
42
Ti(O'Pr),, D-(=)-DIPT o, OMOM (CoHs),TiCl, THF « o OMOM 4 steps
> HOT S oPMB T, > ——
TBHP, MS4A, CH,Cl, rt. . OPMB 73%
-23°C 46 85% a7
TBSO OMOM MOMO  OTBS
H 5 5%
N
8 @) —
o] T OEt
48
1 2 steps OPI’ -(—)-D|PT ” th
Pz OH —>—>—> o 5 1’3 OMOM
A AT 88% TBHP, MS4A, CH,Cl, H e
—23°C
93%
S
1. SO3Py, EtzN _>
S steps TESO, oMom __PMSO. et S%N “"gn 3 steps
————
TR HO 3 —_—> ;
80% 50 16 2. 52, TiCl, o OTES 88%
(=)-sparteine 1 I3
CH,Cl,, 0 °C HO OMOM
16
2 63% , 9 53
Z OH OH X
1 313 — 13 11
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16 16 H
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+ —
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Scheme 5. Synthetic studies of lyngbyaloside B by Yadav group
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'BUOOH, MS4A HO, &
11 , S
13 13 1 N 11
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Scheme 6. Total synthesis of proposed structure of lyngbyaloside B by Fuwa group
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Scheme 7. Total synthesis of proposed structure of lyngbyaloside B by Fuwa group
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N2 77 / 3. |2, CH20|2, 0°C
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75 85%
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1.
TMS/\/SnBue, oy
o~ O
" X
CuTC, NMP, r.t. 74 HN CCly
2. NBS, CH3CN, r.t. TMSOTf, MS4A
44%

CH,Cl,, =78 °C to —40 °C
2. NaOMe, MeOH

THF, r.t.
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44%

Revised structure of
lyngbyaloside B (81)

Scheme 8. Synthesis of revised structure of lyngbyaloside B by Fuwa group
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T, Taylor HICX>TYV v 7Ze7ra Y F COEHERPERIN, oI nE TOHR
HLIFERARY), FAZRATALREIOCERTE7 TV RFIHT 2Tk DEERL, = X7
MEICHES AR A 22 v RIC X o CaTEOMELZ{TRI L e Lz, BEHlOoT AT e F
86 1ZXf L T Leighton 7 v FAAL %775 2 & T2 DDVAKFLEMEEL, 2 TROLHEZRE
T8 EH/ZDHICF TFNANAFANT TN EIEEIE 5 LT CI3 MOV FLEET 89
EOR LT, 20000 4 TIROEWMEFETCT La—1 90 2L 72,

W oI vy ) —rz—T7r91bT7 7L v =alXELUTNVEF—
WVIGD D H T Sharpless LG FRENC L > THFIABRT I AT L= 92 2157,
93 ~ LA 72D HIT MesNBH(OAc); Z W 72B- Fa ¥ o7 + v OIVRERI Z0ETTIC X
> TCanti-1,3 VA =N 94 {37 DHIC 3 TIROZW A TF AT AT 95 ZFEL 72,

Z-crotyl-trichlorosilane 0 ICI, toluene
[\ (R, R)-Leighton catalyst (;)H Q 2 steps ) _95°C
> B /\/\)J\ son /\/9\/&

—»
OHC. > DBU, CH,Cl,, 0 °C H 50% P then DIPA/H,0
86 then TBAF, HCI 87 H 76% dr=10:1
930/0, 99% ee 88
= OTBS
4 steps HO,
OH > = X
: J° 49%
= OBn
s 89 920 90
>< 1. acrolein, SiCly ><
CH,Cl,, =78 °C MeOH, toluene Me4NBH(OAC)3
0" 22 > oH 070 T TN 4 >
)\)\OTBS 2. TBHP, L-(+)-DIPT Wo reflux AcOH/CH3CN -35°C
Ti(O'Pr)4, MS 4A o MeO 92%
91 CH,Cl,, —20 °C 92 90% °
72%, 99% ee
OH OH TESO O O OTES
A 3 steps H
> =
65% -,
MeO™ ~O TESO Z 0~ ~sBu Bus” O x “OTES
94 95 95

Scheme 9. Total synthesis of proposed structure of 18Z-lyngbyaloside C by Taylor group
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2nd generation catalyst

AgTFA, Et,0 benzoquinone

+ —_—
r.t.

95 73%

Y

toluene, reflux

73%
1, H,, Raney-Ni 8 1. DDQ, CH,Cl,
MeOH, r.t. pH 7 phosphate buffer, r.t.
o 0 o
2. 2-nitrophenyl seleocyanate 2. OMe
PBus, THF, r.t. g OB
then NaHCO3, THF, 55 °C OoTBS
73%
100 HN)\CCI3
La(OTf)3, toluene, r.t.
77%
OMe
MeO,,, OMe

-

. crotonaldehyde
Hoveyda—Grubbs o~ "o
2nd generation catalyst H
CH,Cly, reflux

1. HF, CH4CN, rt.

- MeO 8 >
2. PhzPCH,BrBr, NaHMDS 2.DDQ, CH,Cl,
HMPA, THF, r.t. to —78 °C pH 7 phosphate buffer, r.t.
76% (Z/E = 4.3/1) 54%
“0TBS

Proposed structure of
18Z-lyngbyaloside C(5)

Scheme 10. Total synthesis of proposed structure of 18Z-lyngbyaloside C by Taylor group
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Revised structure of lyngbyaloside C

BV — b THEE S B IE L WG ent-90 (R1 = H, R? = Br: 18E-lyngbyaloside C (103))
@é\’ﬁz %??73,: 57-¢ 2% NMR 7___ R" =Br, R =H: 18Z-lyngbyaloside C (104)
2D E = ﬁ§ﬁ bh. Uy reT ?ac;llz:n;r;;lr.) Total synthesis of revised structure of lyngbyaloside C by
7R C ORIEDFNIEICE o 7%,

IEINESICBWCIE, #F9L20= 2757 4 —C CIS DR BEMEAKR A BEL T3, 18E-
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REM 7 Keck L INE ML ECTRER LT E2~2ru T 7 Py Rohid o7z, — T,
Corey—Nicolaou-Gerlach i& % W72 BRICIZ C3 2 A + F v HEA e Fu o Bicifia i<
7077 109 %1825 2 ERTE D, B TRIETH - 72,

OTBDPS Ph OTBDPS
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N NaHMDS
3 QP + 9 9
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W H 16
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Scheme 12. Synthetic studies of 18E-lyngbyaloside C (proposed structure) in our group
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DfHIrz & & L7,

WA TKIENT % Scheme 13 ISR L7y 74/ —RFEABI N 7ol VHIHOE A IZE
ROBIBICENEFNZ Y a v MURIG, AL 74 VERIGICE > TiThRS5c s b Lz, a7
Fh&ECd 5 105 12, FiLoWMFEiR 2z 2. RICHERFRINFE=MT va— vk
DIATNAUIEERER L. i BB A 22y 2 e HilkBEIC L > CaTHERRERET 2 C
Ll L7z, BEGERDZZRATAIZ2DODT7 7 A v b, CI-C8 777 A~ F 106 BX W
COCl6 777 AV F MO EZHCTITRI T e Lz, ZNETND T 7 7 X v bIFTENEE T
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Enantioselective
HDA reaction
OTBDPS

0 o @ OTES
5% 5 [e) 5
5 X
3 7 —

O W7 7 MeO * 17
1/ OMe H ; | o “u, SOBN 23 o OBn
0”7 ~OH CO,Et ~ OBn 109
C1-C8 fragment 106 107 108 Hashimoto, S. et al.

Angew. Chem., Int. Ed. 2004, 43, 2665.

. Diastereoselective
HDA reaction
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X
— H
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Scheme 13. Retrosynthetic analysis
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iR 1S E2E B 1AN

F2E e Yy L)T I X — SRR v B U7 2T L AEIRRY~ 7 1 Diels-Alder
FOG D BT

B 2fi@Efs L 23 EY e Fo v T v-4-F v O R &k

C9-Cl6 777XV FPABICH WS YT AT L AEIRE 7~ v Diels—Alder G IZEE L T
R E TH o 7720, RAWIFTICIENE B ARG D W THIET %2 1T 7% o 7z (Table 1), /KFEH
% TBS ETHRHEL 27 47 & F 113a0icxf L, v ¥ v ADAEFEE T, Danishefsky ¥
T v (2a)>'V& D~F 1 Diels-Alder KIGZ{T72 5 & RIED v Y v ANl % F v 72 BR IS @ o
VT AT UABERFIEDSFRILL 72 D (entry 1), STRDEEAETIZIS T AT UAERER I E A LFE
B b o 7z(entry 2)e 72, &5 6 DEGE S IERITRIEIC & & F 572, Z T T, Danishefsky
VIV RO E W LTRSS Rawal YTV (3a) % H WKL Ef TR o7k &
AL PR EGEIRM: 2 KIBICET 5 2 & 23T & 7=z (entries 3, 4), & T, 7Tt FOKEEH
DIf#EF A TBS F225> MPM EE 0ICEBH L 72 & 2 A, IR ERER S sicm b+ 2 2 e
BH O 2> & 72 5 7z (entries 5, 6)*; EEMFEICHEL T HY T AT LAY =T 112-A*TH Y,
INEROERILC G A Zentry 6 D% CO-Cl6 7 7 7' A v PABICRAT 2L L LT,

Table 1. Dirhodium(ll) carboxamidate complexes catalyzed diastereoselective hetero-Diels—Alder reactions

QSR 1.Rh(ll) cat. 1 mol %) O o}
X CH,Cl,, temp., 19 h
| H OPG - | OPG | OPG
X ' )\) < ’ < 3
—up? z
o - 2. Work-up (6] g (0) H It i, N
(15 equiv. : 12-A 112-B G‘ji 0
113 N7>
| ]
=~ /Rh—/Rh
) temp. yield ar°
SiR
entry X iR3 PG Rh(ll) cat. C] (%] (112-A:112-B) "d_/o
1 OMe TES 2a TBS 113a Rhy(R-BPTPIl); rt. 17 4:96 Rhy(S-BPTPI), (1)
2 OMe TES 2a TBS 113a Rhy(S-BPTPI), r.t. 15 40:60
3 NMe, TBS 3a TBS 113a Rhy(R-BPTPl); -20 81 2:>98
4 NMe, TBS 3a TBS 113a Rhy(S-BPTPI); -20 68 92:8 Q
------------------------------------------------------------------------------------------------- N 7> (o)
5 NMe, TBS 3a MPM 113b Rhy(R-BPTPI); -20 97 2:>98 | |
Rh—Rh
6 NMe, TBS 3a MPM 113b Rhy(S-BPTPIl); -20 88 96:4 N/ o/
7 NMe, TBS 3a MPM 113b Rhy(cap), -20 18 43:57 =
Rhy(cap), (114)
4Entries 1, 2: TFA, r.t., 1.5 h; Entries 3-6: DMAD, 0 °C, 1.5 h then AcCl, =78 °C, 1.5 h.

bisolated combined yield. °Determined by 'H NMR analysis.

T/, VT AT UVAEBRN RIS EMOIEETH TR 5 2 & BNAREIFAE TRz, FL
BHkoT AT e F 1S LDRIGEITR D L. RIFRIEE»DEWY 7T AT L ASERE Y
EFevYT v 116 %155 B TER(eq 3). £72. A T VEDEWLL 72 Rawal ¥ T v/ (3b)*
ZRAWZT AT e F 113b & O~7 1 Diels-Alder KGIC B W T, 5EEE 7 endo :#IRED O

*Rhy(S-BPTPI),(1) & 7 V7 b F 113 D&% 5 PRI CIERR L 72 & & A TBS 3 & MPM # Tl MPM
EoSAHEREEEZIRTAFL VvEBSEET 2 -0ou Py affiificEEhi vy 7204 I L
DIVRRFEE L VNS FTEZ2LBTEDZLEZLNZ, ZORE, v Y7 AADMEEA~EL L 23 <
R, K EERERRELEZEEZOND,
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oo R v

A LE B2 E B
WY T AT UAEFETCY e Fre 7 v 17 %182 2 &3 T&, #@iEd 5 3 DOVEFL
ERIHET 2 2 LIS Lz(eq. 4). T2, THY TV NS LABERO T AT E F 115

EDRIGTIEIERIZPREICE T 2L 00 B RERETY ARBEDOEER~T u g 119

DREFEITLIN L 72 (eq. 5)o

1. Rh(ll) cat. (1 mol %) (0]
OTBS H CH,Cly, —20 °C, 19 h s
N+ A - 1, + @)
| H 2. DMAD, 0°C, 1.5 h o0 N
Me,N OBn 3 AcCl,-78°C,1.5h H 51Bn OBn
3a 15 116a 116b
. d
Rh(ll)cat. yield [%]” (116a:116b)
Rhy(R-BPTPl), 76 11:89
Rh,(S-BPTPI), 80 97:3
3|solated yield. ®Determined by 'H NMR analysis.
1. Rh(1l) cat. (3 mol %) 0
OTBS
H OMPM  CH,Cl,, —20°C, 19 h 3
N - T OMPM
| H 2.DMAD, 0°C, 1.5 h O EN
Me,N 3.AcCl, 78 °C, 1.5 h H i
3b 113b 117a
(1E,32)/(1E,3E) b
= 7328 Rh(llycat.yield [%]” (117a:117b)
Rhy(R-BPTPI), 92 5:95
Rhy(S-BPTPl), 74 90:10
aIsolated yield. °Determined by "H NMR analysis.
2&l — ' HN HN
N + O)\_/ > )\ 2 + k (5)
Ph)l Sgn  2-MeOH,0°C,15h Ph76 0727 Phve 0 1N
B B
118 115 1192 ~ " 119p OB"
) dr®
Rh(ll)cat. yield [%]" (119a:119b)
Rhy(R-BPTPIl), 50 2575
Rhy(S-BPTPI), 63 98:2

**Rawal ¥ T v % i\ 72 ~7 1 Diels—Alder KIGDBAE T T FLrru 74 FEHAWEZ itk -
LB EDRHL LT T B 199,

TYARETEZV e oY T ) vif%

3|solated yield. ?Determined by 'H NMR analysis.

OTBS (0] (0] (0]
OTBS
| N CH,Cl, |
. H z |
Me,N s At Me;N” Ho” Ph MeoN TBSO Ph HO” Y07 “Ph O “Ph
a O R
Me,N” 07 “Ph A c D
entry  hydrolysis conditions  time, h A B C D
1 silica gel or alumina 78%
2 TFA-THF 24 2%
3 HF-CH3;CN 20 42% 17%
[ 4 AcCl, -78 °C 0.5 86% |
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Z N E T Rhyo(S-BPTPI)(1) D5 1Z . "H NMR fihT o #it 5 & FAL o Bl fz o
T TH 5 S-PTPI BChL 1 %4 L 72 Rho(S-PTPI)4(1")D X Hii i A o N
FRPOHELTEH*, ZOMEMEEIIHL 2L Ro T o7, 6,::,70\ O
SBEFF, TAT e FOET AL LTDMF 2L 7 Rhy(S-BPTPD: | L 1Y
D X ki En S AT 1K) L 72 (Figure 4), N/é O/,L

#E YUY LRI LT, 7 34— MR 0 2 2 OBEF T L0 :f(?pm -
BEEIHDZEINEN cis TEEZLTEBY, 4 2OV Yy 7204 3 FHE th(s BPTPT)4(1)

lZ”down-down-up-up” D LY CH B U LEF DT F TS ANICK E
CEROVHL 72 GBI EE & o TCnWb 2 EBHL 2 R o7, 72, DMF ®DF I K
FhF LT I X — PRI ORI B OFERED . Z 45 D Van der Waals 2 DHI(2.72 A)
J: DHHFL o TWDB T & bIKBERMADIIED TR I N, KIEFRICEWTD Corey b D2
BLTWBHAL I C-H-OKEREGZ VL7 DBEHARECHELEZONS,
Figure 4. Left: thermal-elipsoid representation of bis(dimethylformamide) adduct of Rh,(S-BPTPI),4 (1),

(50% probability elipsoids). Right: chemical structure of Rhy(S-BPTPI)4-2DMF. Two molecules, hydrogen atoms, and free
solvents were omitted for clarity.

Rhy(S-BPTPI),-2DMF

*Rhy(S-PTPI)s2MeCN D X #ifl i 2 TRIC/R 339, REERIZT 34— PRSI F23Z N Z 4L cis ICHL
L7z GUFREIOREER A LT %, M2 T, Rhy(S-BPTPI)s ® 'H NMR HlI7E T 13 IEZ:AM 22 Al o iz
FORXZ PADBBHHIENTEY, ZND DFERD O Rho(S-BPTPI)4 b [FIERICELAL T 23 cis ICECE L T
W3 EHEE L Tz,

Rhy(S-PTPI),-2MeCN
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DEofiRzd &, ~7 7 Diels-Alder )& D VARKIGHEEEZ U T DO X HICHEZEL /-
(Figure 5) 77 & FOMER TR Y Y LT DT o TANICHLL L, Fv I LKER
TOBT I X — RN TFOBBEIR T & KFBREA L= RER A £7213 B ok ES NS,
A B ClE 7 AT FOBIELL 2 00y V7 204 3 FELL ORISR TE &4 L,
R A TIEB X0 b 207 E ICERIEAILE 5 720, Pk A 2EEIC AR T 2 L%
Zbhd, Ibic, PEEBICHT 2V T v o, ROMLARY Y7204 3 Rk
DIV FED DA 72D, Ledio T, PREE A KL, vy LAADIHAE & OIRNFEE
BT B X ey m ¥ HERAMINCE T TPy S ERE T RIE, ERESRICAET BB
BeiE % b 2 endo fTIMARHEONE Z LI b,

Figure 5. Plausible stereochemical cource of diastereoselective hetero-Diels—Alder reaction catalyzed by Rh,(S-BPTPI),

R = CH,OMPM m
:> HH Me
TBSO, .. o R@_,.--\ OTBS
Catalyst-
\ 1. Meg controlled OH--.._. V
NMe, <:| NMe,
mismatched \ matched
(e} OTBS TBSO
AcCl = B AcCl
| R R R TR |
07z Me,N” 072 2~0" “NMe, :~0
H = H = H
Me Me Me Me
desired undesired
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#
H
gl
H
=

H3E aTHET7IIAVFOEK

F1Hi C9-Cl6 77 7 AV F DEEK

Eo2EEIMIcBLWTEBESETEONZY e FE YT ) VY 112b-A D CI13 i A F 3%
BAL7ZDOL, AR RIGIC X > T af-AEIFTZ 27 b v 120 ~ L ZH#a L 72(Scheme 14),
AYAZ St mm IRFUFEZEALZOBIC, EBILHHRKIS PICX>Th Y A= 121 ~ &
a7z, BOKEIEE P T — P ~BHRLZDbIC M, KRE oD KBEEN VY F v
Tex—nE L TR#ELTI122 2f5372%, £ D% NaCN Z W TR Z TR, = P YL
123 ~ L AL 72,

0. 1. MeLi, THF H20, e
| OMPM -78°C,2h OMPM 6 MNaOH aq. oMPMm Red-AI®
o 2. PCC, NaOAc : MeoH, 0°C, 1h o THF, 0°C, 4 h

MS4A, DCE, 4 h H 93% 86%

80%
112b-A ° 120 11b

1. TsCl, EtzN
HO QH OMPM Me3N-HCI
= X toluene, 0 °C, 1 h

2. PhCH(OMe),
PPTS, CH,Cl,
121 1ah
96%

DMSO0, 40°C,1h
TsO

99%
Scheme 14. Synthesis of nitrile 123
123 OF—BKEEZIE#EL T3 MPM #% DDQ % FHWTRELZDHIT, Dess—

Martin FE{LIC X > TT AT & F 126 ~ & 24 L 72(Scheme 15), Z D %%, LiHMDS & Ph;P"MeBr-
% F 72 Wittig SOS**IC X o TRIET V7 v 127 Z 8L 72,

*TAHRF Y N 11b D CI3 A FLE S L U Cl4fkFRETFZEN & L7 NOEMHE 8Ll 3% 2 & 12K
WCThot, I TT X =)L 122 TO NOEME % TR\, CIHAIKERTFERVI YT VT X —
NERDKFEIR TR, Cl1AKEBER T & C13 A F K, CI3MAFARLE RV YY) T v T & —f
DIKFEFRTHTNOEHBEBEHIME N2 & h b, THEZ -1 122 B X P FE* 2 F 111b DR IZAE
Bl % Fado X 5 ICiiE L 72,

12.9%

15.0%
8.9% 5.6%

$52.8%
;%‘O—Me%w
Ph
o)

Me

TsO 122 oTs

FlB—HOKBEZ P T — P A~BWL 72V F =V RBIALRETH - T2720, BT 22 UF
— VBT Ex—NE L TR#EL 7,

#**NaHMDS <° KHMDS # 3% & L CHWASEICIZ. T AT e FO BRI T2 HEEL 72> = v 124
BRVERPIE LTEON, EAh LT BT A7 Y 127 DICKIE 50%REICE & -7,
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Ph
A PhP*Me Br-
o ™
QVPM " bpa DMP : : 9 LHMDS
’ —_—
OH 13117
CH,Cly/pH 7 buffer CH,Cly, 5 h /?\/\é/\o e -
(10:1), 4 h e NC 126 0°C,1h
99% ’ 16 86%
Ph
o o
8 H 9
13 1Y X
NC )
6 127

Scheme 15. Synthesis of alkene 127

TATY 12T DY T 7 BEEBBENIGEITT 22 EICL > TTAa— L 129 ~ AL 72D
BIZ, RVVI T VT EZ—NVDRERITRV U A= 130 ~ & E > 72 (Scheme 16), % D
. H—HoKEEH % TBDPS 2T, S _#ukigi% TBS HCfR#E S 5 2 L T*C9-Cl6 7 7 7
AV N0 DEKETET L,

Eh Eh Eh
0 o oo oo
: i 9 DIBAL : i 9 NaBH, : T 9 TFA/H,0
BTN BTN ———— BT —————
= CH,Clp, =78 °C, 4 h = MeOH, 2h HO z CH,Cl,, 15 min
NC 12 oHC 12 16 12
16 7 89% 16 8 93% 9 90%
. TBDPSCI . TBSCI 2
H;)QI\ imidazole H))QI\ DMAP H;)QI\
16 g — ™ 16 ) — 16 -
o OH DMF 1h [ OH  DMF, 8h o oTBS
OH 93% OTBDPS 52% OTBDPS
130 131 (98%brsm) C9-C16 fragment 110

Scheme 16. Synthesis of C9-C16 fragment 110

Ffe

*H ARKIRRE 7 TBS FECIEIRIICIRIES 2 2 L I3WEEZ L | J@FE D TBSCl 3 X U DMAP %\
TWw3, ZOWF, FEEFTAa—A~Y VAERES LAY 132 22D b DI LT 51 TBS
RIEPHEZ 572 133 DI & & B IH/HONTL & ) 2D RIS & FEfE & F I FRIEINT 2 2 & TEA
ETBC9-Cl6 777 AV F1M0 DA EHT WS,

9 9
TBS;)\:E\ TBSO X
16(\\\\‘ 13 16 NE
OH (\\ OTBS

OTBDPS OTBDPS
132 133
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H2ffi Cl-C8 757XV FDEK

Danishefsky ¥ T v (2a) & SCHRBEAI O 747 & F 109> & @ Rhy(R-BPTPI)4(134) % > 7=~ 7
o Diels-Alder MG PIC X > THEAETEZV e FrE T /108 % UK 78%. 90% ee TiE7-%,
MS4A ZH W= VAT T v 7 & —n 135 & DIAILI-Michael )G 2 X > Ty Y vz ) —
NI—=TN136 L L7zDbIC, 2DObDZFHT 2 2 & (=L 2T 2 LI
LoTCI-C8 777 AV FDITRTCDKFEHE &L 107 ~ & A4 L 72 (Scheme 17),

1. Rhy(R-BPTPI),

OTES (0.5 mol %) 2
H CH,Cly, =20 °C, 18 h |
X + -
0B
| P08 2. TFA, 0 °C, 30 min o N 0
MeO H OO N v
2 109 78% (90% ee) OBn
a 108 2 H
0< N
OTMS [ |
Rh—Rh
Eto& 135 QTMS AN
MS4A (pulverized) Pd(OAc)z, Oz )
> o Rhy(R-BPTPI), (134)
toluene, 1 h 1 H DMSO, 40 °C . a
COEt ~ OBn | 24h COEt ' OBn
136 70% (2 steps) 107

Scheme 17. Synthesis of dihydropyranone 107

*Rhy(S-BPTPI)y ® X #fh ST OFER L V. RIAD v ¥ v LD % FH > 72 RS O AR R ERR
OFE2HEE 2 EFAMRICERT 22 &R TES, TALTE FOIARABER P07 LT
DT F T TALICEAL L. B IAKERFBT I X — PR FOBEFRT L KERKA L 72K A
/R BEEETLILNTES, TAT e FOEWRIELE 200y 7204 I VR OVRKFE
HOHEEB DA AXVOEMICRZEELZONS, £72. TEEAICHT 3Py DETIZIRY
HLERY Y 7204 I FREEDVTIERKFEPOARFERD, Lo T, FEEB 2R TGO EST
T3 2 & CEBRERICAET 2 EBRENELE % b 2 endo MHIMERE LN LHEEINS,

: R = CH,0Bn ‘
O OTES OTES 0
TFA X =z TFA
| —
N0 07 “OMe MeO™ 07
| | | 07
OBn OBn OBn OBn
desired
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ARG % 1EE 3 O 2 6

Luche i2TCDSAME T 7 b v O VAREIRN BT 2 TR0 T A2 — v 137 & L72D BT, i
U 7z /KEEH: % TBDPS £ C{## L. PPhy-HBr 2Bt & LT ® 2 + ¥ o B4V AEIRIIC
AL T 139 % 157z **(Scheme 18),

OH OTBDPS o ..o OTBDPS
5 TBDPSCI, DMAP :5 3P-HBr 5
CeCl3-7H,0, NaBH, iPr,NEt MeOH
f 1, — s ], — = .
CH,Cl,/MeOH (1:1) (¢} DMF, 3 h 0 CHyClp O
1 H 1 H 0°C,1h 1) OMeH
CO,Et ' OBn -78°C,4h CO,Et  OBn CO,Et OB ’ CO.Et  OBn
107 92% 137 99% 138 85% 139

Scheme 18. Synthesis of tetrahydropyran 139

RYINEDOBRERTHEVT A= 140 & L72DH I, & U 72KEEHE % Dess—Martin 21l
e < Wittig OBIC & > T = VFe~ & ZHa L 72(Scheme 19), % D14, T A7 VD HIK S fiEk
TG CI-C8 797XV F 106 DEKZTET LTz,

OTBDPS OTBDPS OTBDPS . OTBDPS
5 5 5 PhzP"Me Br~ c5
H,, Pd(OH),/C DMP NaHMDS
3 —_— 3 _— 3 —_— 3 5
o 1N®  MeOH,3h o TN®  CHyCl,, 2h o TN THR 0°C. 1h 0
OMe H 41 OMe H .| OMe H | OMe H
CO,Et ~ OBn 899, CO,Et  OH 039, CO,Et O 91% ' Co,Et
139 ° 140 ° 141 142
OTBDPS
=5
Ba(OH)28H20 3
B
8
o)
MeOH, 3 h [ o
99% CO.H

C1-C8 fragment 106

Scheme 19. Synthesis of C1-C8 fragment 106

*7 L3 — )b 137 DX ARACE 1. CS MiKEIRT & C7 /KRR T DR < NOE tHEI2 8Hl S - &
CICXWIREL 72,

3.2%

= ,/“ H
OBn

HO :_KCO Et

7k Z b Ko e Ty 139 DN ARRE 1. C3 iz A b F i e C5 fkER B X O C5 kB
T & CTKERT BT NOE fHE Bl /-2 LI X WV IRE L 72,

7.3%

Q;’BDPS 8.5% 6.9%
2 2.1% NN
L) et M
= 510 7
1 oMOe H TBDPSO%
COEt ~ OBn : OBn
139 1CozEt
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Ha4E O18E-V v TuY R COEEK

F1HI ~orm 77 b vaTHEORE L L

FF.C1-C8 77 7 A
v 106 & C9-Cl6 7 7
JXAVE 110 DAy
7 v TG R BETL
7-(Table 2), Steglich =
AT MU ) (entry 1)%°
EDCI 39 (entry 2)% H\»
7RI TIIEALE T3
T ATV 105 IHRIE
I ¥ 72, DMAP i
PR % N3 5 Keck i
3D (entry 3)F L VMR
Keck 7% 32 (entry 4)% H
WT T AT AL E AT 7R
S T2 BINEIIWE I N
oz, £z, INEE
33 (entry 5)¥F X UHEH L
3 (entry 6) % W 72856
ICH T ATV 105 &f
LB TELL. XD
PR RED WL b D
T2 72%,

—7J7 T, Corey**3_ Gerlach ®

A S A fope
Hb 55 4 F SR 1 Hi
Table 2. Esterification between carboxylic acid 106 or thioester 143 and alcohol 110
OTBDPS
=5
OTBDPS
5 9 3 8
HO X conditions o INA
3 s T 16 N — > OMe H
o) A OTBS
o~ O X
1) OMe H OTBDPS . '3
07 X Y 0TBS
C1-C8 fragment C9-C16 fragment 110 OTBDPS 445
entry X conditions yield (%)
1 —%—OH DCC, DMAP, CH,Cl,, r.t.,, 1h 12
106
EDCI, DMAP, CH,Cl,, r.t.,, 1 h 7
3 DCC, DMAP, DMAP+HCI, CH,Cl,, rt.,, 1 h trace
4 EDCI, DMAP, DMAP+HCI, CH,Cl; r.t, 1 h trace
5 2,4,6-trichlorobenzoyl chloride
Et3N, toluene, r.t., 0.5 h 8
then DMAP, r.t., 1 h
6 2-methyl-6-nitrobenzoic anhydride 2
DMAP, Et3N, CH,Cly, rt., 1 h
Z AQOT, 2,6-di-tert-butyl-4-methylpyridine 77
7 S toluene, r.t., 1 h
”S)\S N
143

MNP BHEICFAIRAT LI HChH Yy S v

MG % T o7- 24, BIFRINETCIZATN105 2152 2 LTI L z(entry 7)o 72, &
IS TIERKIED T ra—n 110 B X WEELE Nz F 4+ 270 143 235% RIS E ICHTE

FEROWCEFERRNE LN AT ALICOWT, BIEBRE LT LI AR VEE 106 25 A F
NIZATNER ST 144 BHEREI N2 06, TNOSDELFTIEHIAK VEE 106 ALK ETH 5

TEDBRBI NI,
OTBDPS
=5

HFATZT 143 2L S DG & SHITHEL L 72 39,

OTBDPS
=5
(PyS), PPh3
3 —_—
o8 THF, 24h
1| OMe H |

COH 87%

106

=z

NS

OTBDPS
=5

8
| OMe H

N S 6}
143
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Kim 13 FH47E B 1E

FTEKERIG L2 & CHEET 2 ALK VL 106 ZEIINT 2 2 & ABA[RETH - 7=,

T A7V 105 1xf LT 2 X Hoveyda—Grubbs filtfi % F s 72BABR A X & v 2 %4770 o 724
I, fed ik FLick > CaTlEchsr~ra 77 by 104 OREER5ET L 72 (Scheme
20),

OTBDPS OTBDPS OTBDPS
<5 <5 <5
Hoveyda—Grubbs
3 8/ 2nd generation catalyst 8
o) 1,4-benzoquinone H,, Pd/C
1| OMe H 9 > —_—
1) 0 B toluene, reflux, 7 h 0 9 MeOH, 8 h
16 W3 9 16 w 9 16
r/\\“ OTBS 91% r/\\“ otes %%
OTBDPS OTBDPS OTBDPS
105 145 104

Scheme 20. Synthesis of core structure 104

FFRic 7o T VIEAEAT ARV EREIT A2 Lz, BONAT 2 b
¥ 104 1% L, Cl6 fr /K E: % {£3# L T\ 3 TBDPS BDEIRINIRE AR A 72533, Tra
— )V 146 DA 75 53 C5 (L DKEEFHE % {75& L CT\> % TBDPS # b fRE X 7z ¥ 4 — v 147 23]
BFIC 15 5 172 (Scheme 21), ARG IC I WTH W72 TBAF 048I 12 48 Th v, fFHL
YR L CGREICT A2 =L 146 BL YA — A 147 BAERLTLE > TWB Z &R
Do T,

OTBDPS
=5

TBAF/AcOH = 1:1
_—

THF, r.t., 12 h

16

OTBDPS
104 146 147

32% 54%
Scheme 21. Selective removal of 1°-TBDPS protecting group

T mBERELRE O N TRV, SROEEHRAIEED &) it T 2 720G 2D %
TEl L7, TAa— 146 IR L T Dess-Martin lg{t 1177 o072 2 A, A ET T AT
b N 148 [FPREREOIEKIC L & ) BREICERL I N R VI 148 & b 2 LEY
4 L 7z (Scheme 22),

OTBDPS OTBDPS OTBDPS
-5 -5 5
DMP
_
CH,Cl, rt., 1h
146 148

66%

Scheme 22. Dess—Martin oxidation of alcohol 146
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imoAE 1A R4 E
TATE R 148 X LT VAT Y AFRRAFF—F 1492 % 72 Horner—Wadsworth—
Emmons MG %1775 2 & T, BKINELZRAL DY T v 150 2155 T & 23T X 72(Scheme 23),
AMEEPNE 'HNMR EICEWTEEAKYIDIEHIC 2 DD EEAR2 'HNMR _ECHEMR I 1
7o, YUVATNA T LTS5 e TE R o7z, £ D%, NBS ZH\WT TMS &%
RFEFETICEILT 5 2 & iR 723, AT OFER D& 138 7 b Rig B3 % AR L,
18E/18Z=68:32 DL CIRIEX N/ T 7Y 2 v 151 2157,

OTBDPS R/OEt OTBDPS
5 P\ -5

TMS A~
149a OFEt

LiHMDS, HMPA NBS

Y

L
-

CH3CN, r.t., 40 min

9 THF, r.t., 12 h

41%

OTBS 31% (18E/18Z = 68:32)

(with two minor isomers) 18 18

OTBDPS
-5

151

Scheme 23. Toward synthesis of aglycon

FEIRICEHROREEEH 25, 77V av 151 OGKE CTEEST 2 LB TE 7,
L2 L. BE—HOKEER: % -3 L C\» 2 TBDPS O ERIIBRE NI CH o /720, VA —
V14T B EEEE LR XSl KL T L —RFEREREZEAT 2 GV — b 2L
$3Z L& L7, TBDPS HDOBiff# I o\ T3 TBAF Z@EE ICH., EFM%2ET23H 0D
RAFRIGETY A — N 147 %2155 T & 53T & 7z(Scheme 24), 5517224 — v 147 D}
KEEIEE 7 2 F AL CERIICRE L, AR 152 2 6L 72,

OTBDPS
5

TBAF/AcOH = 1:1 AcCl, collidine

—»
0 THF, rt, 72 h CH,Cly, ~78 °C
1h
16 OTBS 95%
77%
OTBDPS !
104 147 (85%brsm) 152

Scheme 24. Synthesis of glycosyl acceptor 152
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Sh) — X%}ﬂ;ﬁﬁg % ﬁr Table 3. Screening of leaving groups OMe

ATBICHIZH, TV o MeO:E'j/OMe
HH %M th 7 % e L : La(OTf)3 (0.3 equiv.) 0”0
LRIGDRRET %2 1T 7% 5 72, Meo@&f + O :

T Mo VTl MO Sy [Gue by, CHeCROTM O
2% {77 - 72 (Table 3). 153 0 e | owe b
TS G, 2D (15amm) acceptor coEl
TR CIEEIA S ) VIR

%W-%H L "C?ﬁﬁﬁ@é\ D) 9 153a rI\IITs 153b 153c rI\IJH 153d
S BHEEEBIE L. &) L ForRgeen o MorRoR | #oroa
VIRBERROFEEZTED T yield(w)%)? 3 29 56 54
LT, A iEAERER a:p@ - 73:27 74:26 75:25

oo ) ay N @%ﬂx @Determined by 'H NMR analysis of crude product using benzyl benzoate as an internal standard.
KON IAEIR AR EER L CTE2 Y, 18E-Y v 7T r Yy FCOAEKICENTHA
EERAWSE 2L CRIFRERCEAL T 7V as PR oNd 2 L2 WL, &Y v IitEE
BiowTlitziThd> 2 e L, b, ARETTlE7rE—%—& LT La(OTH); Z W
TW 35, AT O IC BT TMSOTS % TBSOTF % F\» 72 Schmidt 5 Tlid, £HKD
FEEZDMBRELCLES CEBHEINTHA W, AT, FEFELYWHRFE LTV av
{LRGICIA L v 5% BEyELO # 7R E—& — & LCHWER, 7Y 154 DO ED
MR INT, L7=do T, LTty La(OTh: 2 A VTWw3, v2 77—} 153a
W & L 2BRicit, B G ARZ0b 00 LERICHED DY, AL T 27V av VE
BLALBEZENTERDP o7, FAT 4 V4 I X — 1 153b DGAICIZ RIF & RS
LA, PCRIFEIRICE Y o572y — )7 Ty FA7 74 b 153¢ Z iR & L7285 A 1t
HFREOINE T/ Y av P22 LR TE, ZO/MEIE Schmidt & “OTHs Y 7un7y
2 b A IX— P 1S3 HVROFERLEAFECTH o7z, TULHLDRERLY, YT FAFR
774 P 153c ZiEEE L L7227 ) a v ALRIGIC DWW T X SIS EKMFRET 2177 5 72,
FIHIC 7 v — X =IO\ THET % 1T 7% - 7z(Table 4, entries 1-10), A+ NV 77— 23
BOWIERZRT EEZBRRG 21T o728 2 A, BEERZIIR SN D o722, Eu(OTH);
ERHOGZBRICR WK LB EA2 52 2 2 L35 2 & 7o 72 (entry 6), StV T 7B E— X —
% Eu(OTh): ICHEE L, SAEAME % M5 L 72 (entries 11-15), WRPEALE 2 6 L 72 BRI 13K 23
K& KT 3 5458 & 72 o 72 D3 (entries 13-15). toluene Z H W 72FRICH TUICEAK T35 5 D
DOERMER L5 2 LB E o 72(entry 11), % & T, BIFARINER 5 2 72 CH.CL &
BT 7@ R % 5 2 72 toluene % 1:1 DIRAEEE L CTHWEZ & Z A, MO R X %3l A
AR EIS 2 2 LB TE (entry 12), WEEICOWTHET 2177 - 7225, KIR T Tl P
EPREPMET 32 F55 & 72 o 7z (entries 17-19), F 7z, RS T TILBEIRE IZHERE L 7225
EHRETIRT Lz (entry 16) FHICHEICHIET 27K 2 HY FR< 72912 MS4A Z RN L 72
LT A, KRERZNIZR S L (entry 20), IR D [E & $51A L CHt Sk Y B8 % 3.0 4 &
I X 7223, PR LIS DR b nd o z(entry 21), LL. TIb DSEMGEEHA
HbETE 2 AL BORERIE S N(entry 22). REFEELAKD 7Y a 2 AL KIG 1< #
T5HIEE LT,
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A o1 ER B4 E 5 2 Hf
OMe
Table 4. Screening of reaction conditions MeO, OMe
o OP(OE), : M(OTf)3 (0.3 equiv.) e
MeO " > H
MeO OMe \\\OMO 'ul sc;l(;/i?ict (0.1 M)
153¢ Cokt  ©Bn additive N
2Et temp., 1h OMe |
donor 154 OB
(1.5 equiv.) COEt
: . acceptor 155a
entry M(OTf)3 solvent additive temp. [°C]  vield(a) [%]? ap?
1 Sc(OTf); CH,Cl, none 0 39 78:22
2 Y(OTf)3 CH,Cl, none 0 46 74:26
3 La(OTf)3 CH,Cl, none 0 56 74:26
4 Pr(OTf); CH,Cl, none 0 42 76:24
5 Sm(OTf); CH,Cl, none 0 43 75:25
6 Eu(OTf); CH,Cl, none 0 62 74:26
7 Gd(OTf)3 CH,Cl, none 0 53 75:25
8 Er(OTf); CH,Cl, none 0 54 76:24
9 Tm(OTf); CH,Cl, none 0 47 74:26
10 Yb(OTf)3 CH,Cl, none 0 55 74:26
11 Eu(OTf); toluene none 0 50 81:19
12 Eu(OTf)3 CH,Cly/toluene none 0 57 81:19
=1:1
13 Eu(OTf); THF none 0 29 70:30
14 Eu(OTf); Et,O none 0 29 74:26
15 Eu(OTf)3 dioxane none 0 25 71:29
16 Eu(OTf); CH,Cly/toluene none 23 50 81:19
=1:1
17 Eu(OTf)3 CH,Cl,/toluene none -20 38 79:21
=1:1
18 Eu(OTf); CH,Cly/toluene none -40 37 75:25
=1:1
19 Eu(OTf); CH,Cly/toluene none -78 4 75:25
=1:1
20 Eu(OTf); CH,Cly/toluene MS4A 0 46 87:13
=1:1 (100 wt %)
216 Eu(OTf)3 CH,Cl,/toluene none 0 58 79:21
=1:1
22° Eu(OTf) CH,Cly/toluene MS4A 0 71 82:18
=1:1 (100 wt %)

aDetermined by 'H NMR analysis of crude product using benzyl benzoate as an internal standard. “Donor (3.0 equiv.)

*o fk & BIERDRIE L HEERE L CTRonT 2 oDfLaWiconwT—J5ic BRIk % NOE HEY 2
HoNlzlz, £bo%Z piE. bH—Hzalkd L,

6.7%

+
’jj\

155b

7.8%

O
|

NOE

O— I:> 3 anomer

(minor isomer)

155a
o anomer
(major isomer)
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=4

im o1 ER B4 E 3

7r

FH3HE 7wy EEEAOKRES D

18E-) v 7 ET oY FCIAENE TUEVI VBRI, )y 7eT oy FE SO
FTRIDHHFERRMICD ALNIHEETH S P, MAT, RKGRRET26Hy 7Y VIR
ARG E ZLICk o THEY T VB MRS 2 B0 0 L b A2 HALEHKTHZ 4, )
veray FBRBIB I v e Te sy P CWoeERIFEICE VT, BITifE ik
D7 uEITVEKE 2 BREOKREME LR TEREL Tk 0, TREDHIES RiAE Wiz,
FHIINL 3 HAIKERHL, AEREG BT AT e Fb 1| TRT7rEY T VERKZHE
T nFEERET I L E L,

Julia AV 7 4 v{tZ#&iili L L  Table 5. Screening of sulfones 157

ThFEZITARI L L L* 77 RN

—L » , N (1.1 equiv.
F—)L 156a Z3EH L LT o %E Br/\/\,s\\ \ (1.1 equiv.)
TVILVEKERST S ALKV 157 o 157

7 > ) =72} LiHMDS (1.05 iv.
KEALTCT 7YV — 1 EoEK [ (1.05 equiv.)

Ox_CgH > 3 cH
. X -“Y9M9 DME (0.07 M) - BFW 919
Hafd 4 mat L \t (Table 5), —fi% 156a 278 °C. 2 hthen to rt., 20 h 158a
K7 = VEBE#BRLET T -
R ) . ) t R ield [%)? (1E,3E)(1E,3Z

Y — v % F v 3 Julia—Kocienski A Shu yield el X )

1 Ph 157a 72 52:48
L7 4 AL ®Tik, EtkoAL 7 [ 2 p-MeO-CgH, 157b 78 58:42 |
4 v Z2ERICE Z 505, ARG .3 PCFsCeHy 157c 71 5446
RTUBEACRIMEASRBL 4 Wt 5 e

5 Pr 157e 65 6:94
7 r{\:': 7 Z o
M‘fn%kioj (eitry ;) . 7= 6 By 157f 18 2:>98
“AHDO NS EFERIRDOE 7 t-adamantyl 1579 25 2:>08
%%E 72 E/ﬂ: XHFBZAFF f/%\ 3Isolated yield. ?Determined by 'H NMR analysis.

FYTZAFERXAFAEEEREAL AL FR Y 157b, 157¢ ZH T HEIREICIZ L A LHEL S

AT T EDHAL & 7r o Fz(entries 2, 3), £ 2Ty T U —AFEDORDLYICT A FAEEEA

L7 ANk v 157d-157g i L SRS 21T o 7223, COHBBERTAFAE D2 X5

XS FTREHMNRICIIERLE L ZHRoA L7 4 v 2 ERT 2EH L 7 o 72 (entries 4-7).
TAFAUER»EIEL R BICoNT Z@ERMER EL 225, ICERIMET 32 & 7o 72,

#2144 Scheme 23 127~ L 72 £ 9 IZ Hornor—Wadsworth—-Emmons 7 L 7 4 Y {UIC X B HEEE % XA T 72 23,
ETAEE VARG CIEE Y EERECHIYAE O 2 0DRIGRICE & 572 (TR, il
2T, ZOBDOEFOEICEMALSE 2 2 L BBEE 2o Tz, THhEMRRT L, TMS HoD
R VI BusSn LA EL L 728 Ak — b 149b & BRGT L 72 28 RAF A5 R A S 3 Br S0 L 72
FAFF— b 149¢ DEGEICIIEHRBEAY % 5 2 D558 & 7x - 7272 %, Hornor—Wadsworth-Emmons 7
L7 4 VL Tomai el 7,

1. base? (1.05 equiv.) The best result was shown.
goH 28(3'07 M), 78 °C X yield® [%] (1E,3E)/(1E,3Z)®
. 1 3
X/\/\P<SE: - NN PN TS 1492 48 95:5
o 2. O ~_-Ph 156b 159 BusSn 149b 25I 60:3:37°
_78° complex
149 78 °C for 2h (X = TMS) Br 149c¢ mixt[l)Jre -
then to r.t., 19 h NBS
MeCN. r.t 4LiIHMDS, NaHMDS, or KHMDS was used.
""" bDetermined by 'H NMR analysis of crude product
1 3 Ph using benzyl benzoate as an internal standard.
Brw\/ °(1E,3E)/(1E,32)/(1Z,3E) ratio.
158b

42% (78:5:17°)
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AR HAE L 3 3 (E,E) Table 6. Screening of react.ion conditions

Bl o 7w ey = v 2 @RI PN,
5 LI TERDP o ID BRD BN AN (1 eauiv)

BWHER A 5 2 72 entry 2 D4AfF o 157

base (1.05 equiv.) 1

18E-V v 7 T7us FC oL OxCgH1g > Br/\/?’\r"’"CQHw
B TRICEHAT 2 8 Lz, 156a igls\s/%nct, (g 'r? thlr)] fort, 20 h 158a
—77C. RIFRIGE»OE W Z
SR % A 7 entry 5 D L1 entry .base solvent yield [%]® (1E,3E)M(1E,3Z)°
1 LIHMDS DME 65 6:94

2WTIE, (EDHRED 7w £ 2 NaHMDS DME 39 17:83

YA EA T 5 RV DIFE 3 KHMDS DME 5 38:62
L 43 hz CHRELEY Ty U T hamos T oMF 3 7:45:28:20°
RERICEBWCEHTIOHT 21 5 LIHMDS  DMF/HMPA 47 8:74:5:13°

{Eiys‘ »Hh3eL % Z L0 }i},‘{;%ﬁ:@ alsolated yield. *Determined by 'H NMR analysis. °(1E,3E)/(1E,32)/(1Z,3E)/(1Z,3Z) ratio.

W %117 o 72(Table 6), i D 1 7 v 2 —h FF4 v B BET L 72 08K L@ IRMED & DI T
L (entries 1-3), &M% fth OMPEABICZEE 32 L RO T & L D ICT T o BRI AL
T HHE9 L 72 D (entries 4, 5). entry 1 DfER%Z L5 2 LIiZTEX b o7z, mZEIC, BN
THRE IO WTCHEEI TR 572 (Table 7)o 7T & FD afidisi—ik, 5 BRKEDOE
B Tl2(156a-156c) FIEEE 2> © RIF IR D& ZERECTCHEAR L T2 72 2 v 2155
ZENRTE, — /T, aliBEMB L CFHFET VT & FOGATIREVEREE IR
T5HDDMIEIC L &% BH5R L 7 5 72(156d, 156e)*,

Table 7. Scope and limitations
Pro.
N’N
(1.1 equiv.
B "5 \/g ’ )
o’ o 157e

LIHMDS (1.05 equiv.)

13
Os _R > R
X e e
156 DME(0.07 M) Br TN
—78°C, 2 hthen to r.t., 20 h 158

R= HNCgHy,  SPh AO }é< y Q/CI

156a, 158a 156b, 158b 156¢c, 158¢c 156d, 158d  156e, 158e

yield [%]? 65 57 77 39 25
(1E3E)(1E3Z)  6:94 6:94 16:84 21:79 7:93

alsolated yield. “Determined by 'H NMR analysis.

AT D o p-FEMT7 AT e F2iE L L2BRIc i3 A ERERE kol

Ph
R = ‘/‘L{\/Ph ‘177—% ;'-;:\/CGHﬁi
e
156f, 158f 1569, 1589 156h, 158h
yield [%]? 6 (imp.) 3 (imp.) 15 (imp.)
(1E.3E)/(1E,32)° 4:96 5:95 11:89

3solated yield. ’Determined by "H NMR analysis.
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ARim 130 FH43E B 3HE

=11
S
okt

* XY EEA LT VEE CoORRE TRICOR T, AREHICHEWTH N TAIC A b F o EAERL 7
AV v 15Tb W 5 50808 (1IEZE)ELE (LA L Tl RUiR % 5 2 72,

1. base (1.05 equiv.)

solvent (0.07 M) J\
—78 °C, 30 sec.
Br/\/\s/ XT o)

do , i3
157 - Br NN

0 158i
ON\
156i

-78°C,2hthentort., 19h

XT=§ i}:ﬁh R= é }J[;;:>
Q, "0, Ty e O

O

Y

i 157a 157b 157¢ 157d 1579 | 157h
yieldT[%] i 63% 71% 53% 49% 32% 66%
(1E3E)(1E3Z)° | 54:46 50:50 49:51 8:92 2>98 | 3268

[base: LIHMDS, NaHMDS, KHMDS; solvent: DME, THF, toluene] All conbinations were tried.
The best results were shown in table.
aDetermined by "H NMR analysis of crude product using benzyl benzoate as an internal standard.

** ARG DS AIEIRVEZ G0 72 KIGHEEII LT DO X5 ICEZ LN T B (TR, TV LVEKEE TS
ANFK Y ERACEGEICET AT e OISR & 72 ) . LA D Smiles B&A71C X o TR A
G END (ke ke, k7', k7' >> [ki?, kA])o Smiles $i07 D3 E 13 7 v F 0V FE[E L D AKKFE D b kA DF D
HWEHEEIN, /o T ZHERDAL T4 VBB LI-EEZOND, T —LVEBNERLZALVEY
GBI, TIAEE T ) il oI CHAEFERABEZ V. ER%E 5 2 2 BBIRENLEN
XL TIHLORMETHEITT 2EIGHE 2, FEIRERIZ L ALK L (= ZFIREMET L 72)
R o EZLND,

[T
XT-F--Lj A
SOXT \A)/,'-' ) T,X\j' SO,Li
s-o = ke 0 S
Br/\)\/R - 0=°T0 —> 502 —» Br Y oxT
s " A r
OLi IR QR H 1 R
ke' u ke
SO,Li
0
)]\ B - g ’)\“‘R
R™ "H X\N,N\ (OXT
+ XT = N
N XT XN SO,Li
Br g7 B N
02 /\/\R o N ( R
OXT
XT-+~Li TX—Li )
SO,XT \s o kP O/EéO SO,Li
R & — =54 ~OXT
NI T e SR e T ey
OLi ¥ H R R
H H
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=
#
H
N
pil
H
N
=

HAf 18E-V v e Tuy N C O

7L —RAFEKBI T e VIBEACBE L CETAVEE TS RHL 72
e DZ NS 2RI L7z FEZAMAR 152 10 L T 153¢ Z 7227V a2 & UL RIG
TS5 2 ik b, HAERYICE T a:p=80:20 DIERMET Y 2+ F 160 #157-, 7'V 2
SFD afkE BHRIZT VAT AVA T Lz u~ 7T T 4 —THEERTRETH . HEEICK 77%
TYEARL T L afkD 7)) a2 F 160a 2155 & & 23T & 72(Scheme 25)*, £ Dk, KEH ) v
LDIZE o TT e FAEERE L 72D HIC, DessMartin FE{LIC X > TT AT b F 162 ~ & &t
L7,

OP(OEt),

0
Meow
I~ 153¢

OMe (3.0 equiv.)

Eu(OTf); (0.3 equiv.) K2CO3
o —_—
CH,Cl,/toluene = 1:1 MeOH, r.t.
MS4A, 0 °C, 2 h 94%
(98%brsm)

77%
152

DMP

NaHCO,
_—

CH2C|2, r.t.
82%

161
Scheme 25. Synthesis of aldehyde 162

TATE R 162Xt L, AAF v 157b 7z Julia AL 7 4 v{Lic X > T, T AEE
FIRGEREIZ I L hd o e, REFAIGERET 7 vy o VI OREEEIC ) L 72 (Scheme
26), mfZIC, 7 vLKBEBIC X > TTRTCOSRERERE L7200 b Iic, 2B HPLC IC X » T
I VORMERENEETEZEICX 5T, 18E-) T Y F C (103)k L VIERART D
(16Z,18E)-V v 7T u ¥ F C164)DELTKEZEK L 72,

o k& BHRDFEEICDOWTIE, —HDZY a3 FiC BIRFFE O NOESY B A b L7z & & 5 6 [FEE
L7z 720 BIROHEHNEIL 19%TH o 7z,

NOESY

O}l}l/le ﬂ \gj\hlle
\;/%}j\oﬁ%g/?&o\@ B anomer ’gjj\

(minor isomer) 160a
o anomer
(major isomer)

160b
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prep.
46% HF aq.  HPLC

>

N
Br/\/\,s\/k\N MeO,, OMe
7 N\ o
0" O 157
(1.2 equiv.) "

LiIHMDS (1.05 equiv.)

o
>

Y

DME, -78 °C, 2 h MeCN

thentort.,, 19h

73%
(16E,18E)/(16Z,18E) Br/\/\""'.\““
=51:49 18 16
163
OMe
MeO,;@,OMe
o7 ™
+
Br 1
N ) OH
18 16 16
18E-Lyngbyaloside C (103): 32% (16Z,18E)-lyngbyaloside C (164): 28%

Scheme 26. Completion of total synthesis

'HNMR & X U BC NMR (Z Luesch 5 12 & % B 0¥ Y5 X U Taylor H DA IFFE D H
HL T =L TWBZ L&D ) 5D 5 (Figure 6, 7).

DLE, RFEEELRTATE F 13 BLX U T AT F 109 2 R T 37 TR, REES
TRICHEWWT 26 TREB X URINE 21%T18E-V Y 7T a0y F C DA MEERL 72,
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Figure 6. Comparison of 'H NMR of 18E-lyngbyaloside C (my synthetic product (up), Taylor’s
synthetic product (middle), Luesch’s isolated report (down)

_ | U ] ﬂ _{Ut N ,UML LML ”.‘.'M“.ﬂ {JJJ

)
L T B L e L S T N R B W L B L e R e U R R L R R L B L N U BN | T
79 77 25 73 71 68 &7 65 63 61 59 57 S5 53 51 49 47 45 4 38 37 35 33 31 28 27 25 23 21 18 7 15 13

——

|

e T——7 8

/‘}I‘l L

e Ty
L1 07 05 03 01

T T T T T T T T T T T T T T T 1
7.5 7 6.5 6 5.5 5 4.5 4 35 3 25 2 1.5 1 0.5 C
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Figure 7. Comparison of *C NMR of 18E-lyngbyaloside C (my synthetic product (up), Taylor’s
synthetic product (middle), Luesch’s isolated report (down)

R L R R L N LR R AL R R I IS I B B RIS LA R B
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

UL o ]

0o 190 180 170 160 150 140 130 120 110 100 90
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=
R
(V)
EWH-
pi
gl
pi
-

2 FrESMRS OB BB ORIE & 2 DICH
F1E F AN AT =T AALIDEEER D A8 & 4 R 5E~D G
B TR

“Ru Yy AADMEEIZ I AR - F A4 b L v DR Lewis R DILAEIC I\ TN 72 il
ELTHREL T 72, L2 L ZoENLfEMRED—TC, Y Y LE8EZD D D0HD 7
BFEcEichd s e ULIFLIEMEE LTl L ons, BE T, JTOREE O 5H 2
Sl 7 BRI b o T X 0 Zfi 7 B E % F W CAIESOC % E R T 2 e D KA IC
T THEL D, ZOZ L FFERTEHRVHEEL &Y 205 % (Figure 8, MR 1), /2. =
Bu oy LADMEOFEL TR, FIAMBEORICIREZ L Thi#E 20 FLL EICbHRoT
e 7 S 4L, AL 72 L2 e o T B, 55 b 2o u v AN DL %58
KI5 L IO 1 DL —TT, REFEMIEINTE LI ERD LTI
SR BHhNEEIC 7n 5 2 L B3P & L5 (Figure 8, [FIE A 2),

Figure 8. Problems about dirhodium(ll) catalyses and research concept

FEERL FBEm2
KO ZMRERE B U TR L

FE®®
") @) F) (o)
oo D4

YA )\\ l,\»%ﬁﬁ%ﬁﬂ%?)
FMEDOI>ET b
FARAR [ RAORGERIE |

%
RhARIREZ Z 5
RhfRig &

. J

FEEHEIZ. NS 2 o0MEEFERICHRT 2 ERHIE L, 1) w2y A& R
T2H5D.2) RET 208406 FT e Yy LAADMEZ e L L CEET 2D D, 3) #
TR RIGHERAFREL T5b D, 20 3 MEERT 2H 72 nERSEMIELZHET 2L
& L7z, BT 2ESRESEME L LT3, e Yy A0 cR - AR 2 B ahicib S
% 7= & Sl —AOERS S R A % B ER & L 72,

WEfE L 7 = v LG FREEAR[Ru2(OAC)Cl](166) 1F . 1966 4F I Stephenson, Wilkinson & iC X - T
LD THARIND, w7 L(165) & FRRICIMRE “EEEZ B L TWwa e afbhn
T3 (Figure 9), Fifl& LT, mY v AR L 3R ) —F DT =7 LR FICHERE T
AL, ML BEMS i, ZffiehoTwnad I ridbFonsd* -, &k
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A 55280 51 E 51

ATy LSRR TCIIEEEAS TH B L Figure 9. Research target, paddlewheel diruthenium(ll,111) complex

Ez2oNTVBE3DIEXL AT = L5
Kol —EES L ZEEGoM<Th B

Me Me
EEZDLNT WL, EFEFIIZ DV oA oA
7 =7 AL B LT, dl $ Ve
) — P

_(h—=Me —
SBIFETR LY RifindEicEbs O/Fﬁ“/\R'h/o —> o— V&l —o

LI X o CILRMISHICHERL & 72 5 O o
DB Rl 23 Al =Ml T 5 Z & 2 Me Me
INFETOKr Yy LEECcIiT Ao Rhy(OAc), (165) Ruy(OAc),Cl (166)
N7z %ﬁ 77 }i}fﬁ\‘li Z5l % eod - Development candidate: bimetallic paddlewheel complex
& % A ZIK?E‘—HZIK % qu% &L (ﬁﬁ% it - Element strategy: cheaper metal, ruthenium
5ZtEL7, - New reactivity: mixed-valence Ru(ll,Ill)

AT = AALIDEHE D LSBT IC O W iE, RO X M ST O RS o §
WZ’D WRFET27) v e LTHEAZ->TEY disorder DB I NAdo/zZ &b, Tlid ={fid 2
DOEBETICHENLL TEL T —ICR > T b Ru.5-RuR5)E VI EZ % OMEED VL ),
1975 FEIT Cotton H1C X > TEPR A7 P VOHIERMTRDON BIEET TR TER VWA INELF;FT S

X9 731%‘*%75’ LT3 0, Z D%, 1984 41T Drago 5 IZ X - T Cotton 5@9@%@@5_&753 fTbi,
fite 221 KR L TV 2 ERE L ZGEE DR L ITKE <§t‘é7:tb Bk wEBKERAE L
tkﬁ%tfmé“>bﬁt\%¥ﬁﬁﬁﬁ Tl e LEGEIKBEITE 3 Z20E13/NE L, [
itk e LT 7= L8R R HEN R E Liwvwe ﬂ%%ﬁ(ﬁﬂﬁ‘% ERTERWD, BB

TITHATEICHIBT C & 7o Wb 2 0 S I3 kS ERfT I Tvw B

*%1979 4EIC Norman Jr 6 X T Ruy(0,CH)4 12 L T SCF-Xa-SW i% % il w_/\ﬁhi;ﬁ:@:ﬁs Thb
T35 (FRH?, FEE, RUSRuUMFES ISR L 72 3 20 B2 H L 72 o*1*82n*26*! D& T
BEx D bHGE:ZDF %Eﬂ% BCALFITHAE LT LT 2 28 9, x* Bl % i 5%‘*%*5( AL 720,

oo EHiEAEZERAGOMTH B LI Obi"oﬂfusé 72, 2O THLERTE L I3
VT = A, 111)%*% BLCHIE T~y 2= b A DR HIE 48 SOSAfTIRbINTE Y,
AEREEI NS OREE DAL T3,

Spin-restricted SCF energy levels
A

Rus(OoCH)y | Rup(O,CH)* | Rhy(O,CH)y | Rhy(O,CH)*
-0.10 + ’ ’ 5
c* —
o* — of —
1 L
com T ¥ Rt
o P o* L :ﬁ# Do :ﬁ:
S R TR e bl M ML
< -1 | ] |
> s - ’ s -
g T —T_l__H_
w -0.30 + | | |
L R
1 i +%+%§ §
R L L L S VS

wk SRR AL 7 = 7 LA T Ru(LINDIRERREE L 72 %, T 3 2DOHHB L 72 i) &
EPEICE G LT3 2 &z, Ru(ILIDEE{A Tl Jahn-Teller Zh5RIC X » TR FZICTITREIC R 5 23
NGRS E A AR T 2 C L BWREfIC R 2720 L EZHNT WS 2,

36



Aim 28 FH1E B 1E

Wl L7 = v ZRRIERICE TN 2 4 DORFBENL T IX v ¥ Y LEERFRIRESHETRECTH D |
INE TGS ZERAL T 2 AR BT =7 ZALIDEAE S ER E LT w 3
V¥, ZGRCALA D FF =R U C 0,08, NO®, NNRID 3 1A F7E L. Figure 10 i
NS S B B FIC DV TR LT B %%,

Figure 10. General examples of bridging ligands coordinating to paddlewheel diruthenium(ll,Ill) core
Y

R R =z =z =z Z
A AR | N | kll AT
0 T AN AN 7
RU/ERU/—CI RU/ERU/—CI RU/ERU/—CI RU/ERU/—CI Ru/ERu/—CI
/| /| /] /1 /] /| /] /7
carboxylate amidate oxopyridinate aminopyridinate formamidinate
z z zZ N7
R R Xt o e Ty « |
A b A
RU/ERU/—CI RU/ERU/—CI Ru/ERu/—CI
benzamidinate triazenate naphtyridinate

F 72 A, FOEEFEFITERE. 7 1Y 7 LK C  Figure 11. Exchange of axial chloride ligand
IR 2 Z L IC X o THB I 2 2 L A3 A[RET pl/mAwmmx [y %

HYV HPIEAY VY R—T = FVEfRAD T LI ﬂﬁﬁ— lﬁT X
J:oycjjﬁ_j_‘/'liﬁl%ﬁg@él\mz%ﬁjﬁ%k7&0(‘1‘5 AgCl or NaCl
(Figure 11),
L2l 7TF 7 ABEICBE L T3S K & EREDI2 5 %
DKL, F 7 V7 EARICBI L Tl 1997 4£1C McCann b 235 L Z&
7z Rua[(-)-endo-u-02CC7H4Cl (167) D H & 75 5 T\ 5 300k, A
Rfe=al

Ru,[(-)-endo-p-0,CCHg]4Cl (167)

MR oL T = v AR IR OB BIE MO R 2 5 4 D08 % — v Ru(L]). Ru(ILIT). Ru(ILII),
Ru(IILIN D #EAD 2N THRI N TEH Y, BT O, BALFREBED &0 5 & IEFICEEIEI
ATV S D RIFIE CTIRZE TH % Ru(ILIDFERD D 4 DENLT- 355 L K R I 7z b D 2 WF5ent
Re L7, thoSiRicBL T 2 o KGHEFIFRKEEEFE D DOTH %,

#44 D F X T ORNLF M X N7z D DITDWT, amidate, oxopyridinate, aminopyridinate (CEH L Tl
BCAZ 5 TG © T N-(4,0). O-(4,0). N-(3,1). O-(3,1). trans-(2,2). cis-(2,2)D 6 T HET 5 Z &L H T
25, INHDI B, amidate FENL T OFFHICIE U T N-(4,0). cis-(2,2). trans-(2,2). oxopyridinate &
N-(4,00d L < I3 0-(4,0). aminopyridinate (¥ N-(4,0)2> N-G, D3 ME I N T 5,

(0] N N O (0] N N (0] (0] N

2 IN IN_1.° 2 IN IN_1° 12 IN 12 IN

Ru=Ru—ClI Ru=Ru—Cl Ru=Ru—Cl Ru=Ru—ClI Ru=Ru—ClI Ru=Ru—Cl
/1 71 /| /1 /1 /1 ARG /1 71 /| /
OONN NNOO NOON ONNO ONNO NOON

N-(4,0) 0-(4,0) N-(3,1) 0-(3,1) trans-(2,2) cis-(2,2)

***McCann S IZFFHCAN T, W UM T%2E T 2 Cu(ILIDEEMAICEI L T X SAGE SRS RRT % 17 70 Wi
ERE LT3 25, Ru(LIDEEARICE L CldocsRaoir. B3, IR, UV-Vis, ENLEEHR FAB-MS
DHEIEIC X > CRIEZTR->TED, MRHEEIIHAL 2L LTy,
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A H2E B 1 E

BT = U AALIDEEE & 7 ROSEHFE IIRRALSOG 2 oD Ic G 2372 T %, Ren
bix, A O AT =T AL AR EZ V72 20 7 4 F ORI D WO IS & 17
moTh) ., KEEREETBEEERHI T2 LICLkoTALEAF VR L IEALE VYD
EEHE LT Bleq. 67 Bery &I, JULHAL 5 B TRACHRR L LT, 27
pE e FF vy Y R R(1T3) & IERTEE TS X 5 TR R 7 4 ¥ 171 DFkL
B B2 e ERHL TV 3(eq. 1)M%,

Ren (2008, 2012, 2013, 2015)
Ru(ll,11) complex (1 mol %)

S H,0, or TBHP 0 Q.0
179NR2 > or _S. 6
R e MeCN R17SSR2 R>Re 7
168 169 170
072N ~cl
up to 99% 2 1,
Berry (2013) CI—/RluE'/Rlu
P Ru,(2-Clhp)4Cl, AgNO4 0
Ph”"| ~Ph > P 7
Ph CH,Cly, h pre>pn 7 173
171 2L, v Ph Ru,(2-Clhp)4Cl (173)
172

WG O 1M EFART . FEEAZ VAT I VvolBick 34 I VvoaKEEREL
(eq. 8, FRFICR VY UAT I vEIE L LEBICER Yy Y= IABBLNE e 2 RIHLT
W5, NE - EHS 0 QBB T & RO Y ICRBIN. T2 2GS v T
=7 LR Rua(OAC);(COs) (178) 2 A L. TNEBRFEHA T T ra—vic/EHE 5L
KXY, TAFTE FBXUT by~ 28 L T B (eq. 9)%,

Murahashi (2007)
Ru,(OACc)4Cl (4 mol %)

WO R1_N
RUN e : ~ R ©
174 toluene, 50 °C 175 (0]
up to 88% Py
0770
Komiya, Naota (2006) l,2 1,
RU==R{
Ru,(OAC)3(CO3) (5 mol %) /1 /1
oH O 0 Gx©
1 , > 1)]\ , @ Me
R R°  H,0, 80 °C R R Ru,(OAc)3(CO3) (178
176 177 2(0OAC)3(CO3) (178)
up to 99%

72, EROICE 3R Y TFEKACHE M ThRbTws C-HEGERREtIcd =
v T =g LRI O T W B, 2012 FIT Ackermann S 13 VT =0 LA R TR &
L 725 3 Tl 7 W S BOB ST o b ClEE LV 7 = 7 LW FREERZ A v T B (eq. 10099, &

Ackermann (2012)
O Ruy(0OAc)4Cl (5 mol %) o}

Pr PhI(OAc), pr
o8 - Ol
Pr TFA/TFAA, 110-120 °C OH’Pr
179 90% 180

FARMIGHRTIREAP T RuALIDEESER L T3 e E2 6N T w5, £7-. Berry 5l 2013 4EIC
Ru(2-Clhp)sCl (173)& 7 b+ Y v L %A G4 T PPhy ~DERETFHEZITH 5 2L IC LD

[HoNPPh:]Cl 28F5 5 % 2 & i LT3 9,
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Kim 280 FH 1 5 1H

NICE b, Csp)-HiEADE FaFx o fbn 00%DINECHETT 2 L2 RIHLTw3,

2011 4FIC DuBois bid e FrF o vl o VIEZREARA8)ZH - C-HT I 7{LIGICH W
T, HWANIGE TV )Y AEBFHA T 2B ICHE T H AN 182 28 BAF IR 0 @ E
RETHONZ L EZMEL TV (eq. 1D, 2D C-H 7 I {LKIGIE. e Y v A1)
il 3 AR T G E D EL I ENT W BEITH Y 2290 ZnE A T=7 A
(LI EEAE TRE L 72568 2l & 72 > T 5,

Du Bois (2011) /@
Ru,(hp)4Cl (2.5 mol %)

O, .0 X
NP Phi(0,C'BU),, MS5A O N7 o5 N

>SC SS< -
H,N""N0 > HN" MO R_WNL) (1) RlL’JERlG—m
CH,Cly, 40 °C PO AN
/\/\) 2012 R X U

181 182 183
up to 73%, 182/183=20:1

R
Ruy(hp),Cl (184)

IDXII, AT =Y AALIDEERE W KIS REhTUTvwd oo, I
7R 3R D A 23 McCann 5 @ Rua[(—)-endo-u-0,CC7HoJ4«Cl (16T)D A TH % Z & IThll 2 TASH
RIS ICH G B LT W T L b R AFE RSB L Tid—Y] D8R HI 23 72 0,
EHIX. BT = AALIDEEE2Y RUT ETFOFEFEIC L o TR Y v LD X D b &
Lewis FE1EZ /R L 60E L. AR A AT Lewis BRI L LCHIF 5 2 & 200, Hilx
7 NEARD RIS F L 72,
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ARim B2 FH 1 B 2H
F2fi F AN AL T =T LILIDEE R O Fl

R ERCTH 2B 7 = 7 L(ILUDIEFE R A66) I xf L, FrEFRE2LFEEL 72
(S)-BPTPI itz (185)y2% v CHlif 72 #a k{172 o 72 & T A, R 2 EH T 25 DD 400D
WERRECAL T3 5E 2B S 115 Z L 28 LC-MS fEfTIc X VB & e, B b - MAER I % ~
VAT NATLzu~< b 7T 74— CTHERLEE A, FiC 2 MBEDEEA Compound
1(186-C1)¥F X UF Compound 2(187-C)3 5% 5 1172 %(eq. 12), 72, fF O N7z 2 DA E © 2
(P 7rFr A2 R= A I FIRD L IBERER U2 2 Lic Xk b e d
% 7 F 4 vPEEEROPEL D 1778 o 72 (eq. 13)

Me
A 3
o7 >0 N Qi 1. PhCl, reflux, 7d ~ Compound 1 Compound 2 Unidentified
R|U=R|U—C| * (H ' > (186Cl) + (187-Cl) + -TCemiied (12)
AR, N o O 2. silica gel column 24% 48% Isomers
(0] (0]
e H (more polar) (less polar)
Ru,(OAc),Cl (166) (S)-BPTPI ligand (185) Ruy(S-BPTPI),CI

(20 equiv.)

AGNTE or AGCIO Ru(S-BPTPI),NTf,
or : R
Ruy(S-BPTPI,Cl  INT20rAdCIO4 — (186-NTf or 187-NTHy)
(186-Cl or 187-CI) (SBPTRLCIO,

CH,CI
22 95% (186-CIO, or 187-CIO,)

-

o7z 2 HEHOSAICE L Cid X fRiG ST ic X OS2 o0 & Lz, mliiq]
ICHL#L 72 Compound 1(186-CI)IC D\ CIIEHEIHAD £ Tl iR E2525 2 &3 T
& oz, BERIEEEIA(186-ClO)~ A L 72 D EH W2, ZDfER, 7 I X —F
BhL 7D 2 DOBHRITFH L VBRI FBELT =V LFEFICZENZE N cis TRALL THDY
RV TENA IV BAT =T LFRFOT 2 T AR Y L 7z CGRFRE 051 %
B35 Z LG D & 72 o 7z (Figure 12), ARFEARDOEFI&IX[F UBLAI %2 H 3 5 Rho(S-BPTPI),
LR CEKTH D, LB, KEKEZ cis-Ru(S-BPTPI)X [X: BHEIFD L IEAY v 2 =T
=A v]E&KRILT 5% (eg cis-Ruy(S-BPTPI)Cl (186-Cl), cis-Rux(S-BPTPI)4NTf, (186-NTf>),
cis-Rux(S-BPTPI)4C104 (186-Cl0Ox)).

BB 12 341 72 Compound 2 (187-C1) 1B L CTI3IE R oo iRt on, <
NICED T IX=FRNFD 3 2DOMERTEIY 1 DOERFFR_MiorT =7 LT
N BLAL L 72 C WD meridional BIBLIH % F52 & & 2380 & 2> & 72 o 72 **(Figure 13), LAFE.

*lUfr T2 fats, [N L 72(S)-BPTPL itfi T = F v F A @R ZAE L 72 25 98%ee TH Y, b
PICTEIMLLTWBZ ERHL Loz, HEER L 22 Zh okl LC-MS ETlzv v /v
E— 27 Th ol VAMUED KL L 72BN 03 AR IS AGA T 2z W REE A FE L. ¥ 7 v HPLC,
GPC IC X 2R A7 REL T —F L2720 T 2 2 e B8 TEadol, HEETIE SO
BAr DR BAT N AR TH B LRELCTWD, T2, 2 FEOE L ZRIICE S N LEYIT
PREBEERTHVFETE TR T ERTETORWVAE, ZOREND SEH OB CHA2R % B L
2bDTHDEHEL TS, b, Ffgw Y7 A0D)ICH L CRIBNLT % v 2B b 753 2 1778 -
2B, SRl XS R 2 HEOMEMIIHER CETH—0n Yy LR IB LN TV,

T =7 LALIDEERIC B W CRIRORLH % b DWMEF X w23, Zkae vy AAD#E I L
Tl Doyle HIC X > THEINT WS M, L, AFMEBLE L CIIMREICHEREL T,
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Aim 28 FH1FE B 2H

*EESHICE T RN -7 32— v 2 TSR L7z, HIERREIEIEEREAHRLTEY, X

BRAG ARG AT OFEIR L bR T T =7 AZEMES RN T WS 2 EBRRINT W S,

cis-Ruz(S-BPTPI)4Cl (Compound 1); Detected as [M—CI]*

AR HE
| Measured 1376.17765
7 137417847 137717885
: 1373.17894
20
1 137218182 1378.18247
| 1371.18285 1380.18560
i 1369.18499 1381.18932
| | 138317622
0 | . -
T T T T T T T T T T T
1368 1370 1372 1574 1376 378 1380 1362 1384
HEEEH(m/2)
ARRE
100 137518261 |1376.18240
+ Calculated
137418261 1378.18303
i 1373.18263
0] 1372.18310 187918488
A 137‘.13385 1380.18481
1369.18470 1381,18627
] 138216852
oL o
T T T T T T T T T T T T T T T T T T T T
1368 1370 1372 1374 1376 1378 1380 1382 1384
HERBF LM
mer-Ru,(S-BPTPI)4Cl (Compound 2) ; Detected as [M-CI]*
A ME
1 Measured 1376.17892
104 1374.17975 1377.18012
137318032
i 1372.18307 1379.18343
1371.18424 1380.18733
J 1369.18670 1381.19022
|
0_| T T I ! T T v T T T T T T T T ! T
1368 1370 1372 1374 1376 1378 1380 1382
HEE#HEm/2)
bisborz1: 4
100+
137518261  |1376.18240
i Calculated
. 1374.18251 1578.18303
1373.18263
0] 137218310 137916488
_ 1371.18385 1380,18481
| 1369.18470 1381.18627
| msz!mssz
o4t e ——— - , N R—
1368 1370 1372 1374 1376 1378 1380 1382
HaEMtim/z)
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Figure 12. Left: thermal-elipsoid representation of bis(dimethylformamide) adduct of cis-Ru,(S-BPTPI),ClO,4 (186-ClOy,),
(50% probability elipsoids). Right: chemical structure of cis-Ru,(S-BPTPI)4ClO4-2DMF. Hydrogen atoms and free
solvents were omitted for clarity.

+

Clo,”

cis-Ruy(S-BPTPI),ClO,4-2DMF

Figure 13. Left: thermal-elipsoid representation of dimethylformamide adduct of mer-Ru,(S-BPTPI),CI (187-Cl),
(50% probability elipsoids). Right: chemical structure of mer-Ru,(S-BPTPI),ClO4-DMF. (R)-complex, hydrogen
atoms, and free solvents were omitted for clarity.

mer-Ruy(S-BPTPI),Cl-DMF

REM % mer-Ruy(S-BPTPI),X [X: B 7D LA WAV VYA =T =AVv]ERLT % (eg
mer-Ruy(S-BPTPI)4Cl  (187-Cl), mer-Rux(S-BPTPI)sNTT, (187-NTfz), mer-Rux(S-BPTPI)4ClO4
(187-Cl0y)),

1N THRE YR 2 1A 5 2212 L 72 Rho(S-BPTPI), (1), 3 X W4 [HAISL L& 2B & 261 L
7= cis-Rua(S-BPTPI)4C104 (186-Cl). mer-Ruy(S-BPTPI),Cl (187-C1) D fif St & ik & L TR L
7z (Figure 14), .O&BEFHEOEEHEHIZ. v¥ v 48625240 A TH LI L,
T U LRI ENENA 227 AL 228 A LY T =y ARG , ok
X, B ARTEIAEEETH L EEZOLNTVEDIK L, AT =7 LRI B
HLZEHEADOMTHILEEZLN TSI LE LTS, T2, AENKIGICEWTE
W R AAFEMOMREIR, MEBETHR>TWEIERINNLE, EEFEFOT X
TIMIIIRO B L T B Ry Y7204 I FEDR, v Py L8R TR 45 EREEHEWCTW 20
KL, ATF=7 LA TR EEL VICRVHL TR 22 202 5, KR FE
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Aim 20 B 1E FH2H

IR L 72 ZEMFREE T AICE W TR Z 0iE WA B CH IR 258 TR Twv 3 R
VT ANA I NEERT), HEO/NI AT =T LEARDO TSR T 2 AFEZMB L D Pk
WweEEzobhb,

Figure 14. Comparison of crystal structures [Rhy(S-BPTPI)4 (1), cis-Ru,(S-BPTPI)4ClO,4 (186-Cl), mer-Ruy(S-BPTPI),Cl
(187-Cl)] up: bird's eye view; middle: top view (ball and stick model); down: top view (spacefill model)

Rh,(S-BPTPI),(1) cis-Ruy(S-BPTPI),CIO, (186-Cl) mer-Ruy(S-BPTPI),Cl (187-Cl)
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*meridional TLFERDSTZHL U 72 IR E 2> Tl 7e v NO B O 8 7 = 7 L (LIDEAR L, BehzF
DFEFAIC)IE U T N-(4,0). 0-(4,00D L < 1T cis-(2,2)D 3 FEH G S LT 5 (p.37 HiESI), Ru' © 5
BEIVEFARRETHY 2-7ooe FuFov ) Vvokd hlEHEFT L OIKRFER AL 5 ERED
FEL WO BE TGS X ) SuERE T2 RUMINCENL L 72 N-4,0)2% 0-4,00 & 0 b 2272 b 55k
T3EEZLNDE, L2L, 2EIEORY YT 2L I VEELOVARKELD %720 N-4,0)034 5K
T 52 ENTET, meridional B8O N-GD)MBEK L, ZNTDhaBXV ) 7204 I VL OVIKKFH
25 cis BIBERDBER L7 EHEETE 5, —J7C. MARKFEEZRT 2 X 51T cis BISERD IR, B
FIIBLENER D 72D N-(4,0) R ICEL L X 5 & T 2888 C meridional BIFERDERK L 72 & v 5 ik
DR METE S, b, LC-MS TRMEADO e — 2713 R, BAYE LTHEEL T3 RIZ
ELLBRICERL T2 2HABRETCH 572, F 72, cis BIEER & meridional TFER D A K23 K
JEEAFIC X > TED X I ICELT 2 Ic O TiE, HEB TR 2T TELTFHL2 LR T
WR 0,
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B3 AT 72 ~TF 2 Diels—Alder Kt~ O3

Figure 15 IC 1258 1 HFCuh-X7> Figure 15. Stereoselective hetero-Diels—Alder reactions used in catalytic

. . asymmetric total synthesis of 18E-lyngbyaloside C in chapter 1
18E-V v 7 e 7rumuy D >
8E-Y 7e7 bC ﬁﬂﬁ%ﬁﬁ OTES 1. Rhy(R-BPTPI),

RHELEEKICBWTH#HKIGE LT (0.5 mol %)

X . 0

FH\»72~7 v Diels—Alder &)t % 7~ | CHaClp, —20°C
. MeO —_—
L7es, MR & b IS iRt 2a oBn 2.TFA,0°C | 1y OB
WCHEOSRA R L T\, F 2T (1.5 equiv.) (¢) 108
FHITBIBEL 29 7 v oL 78% (90% ee)
T =v LAALND#ERICEI L T, oTBS 1. Ehg(Sl-Eji;TPIM .
e mol %
DRu" D FFEICHKER L 72\ Lewis | X CH,Cl,, -20 °C o
BEMEIC X o TUEDL M L5, 2) MeN + H OMPM m’ _
PAAFZERENC Lo TERMES 5e3qauiv) 02\5) 3. AcCl, -78 °C TR
' ' > 112b-A

k3, tE2 RSO KIGICA
B 7= HTRsE R &2 B URE 2 s
oz e e L7,

Yo, TF v F &R 7 ~F 1 Diels—Alder S 2 W THET 21772 o 72(Table 8)*, %
T, v Y A OR L FSIFICA L2 8 2 A, cis BUERIEHRICE W GERED [ EiId A S
htﬁ?ﬁ)of:fb@@ ENECTHWY %S5 2 L HT & 7z(entry 4) — 7 C. meridional B3R

R TIZIZIE 7 & IR E G5 2 A58 & 72 o 7z (entry 6), PR & EFRED M LA TR LiREICD
b\ﬂﬁat%ﬁf;otm SE DA 13 & & N ir D o 7z (entries 3, 6)s £ 72, —20°C IZHWTH
FA VR TH S cis TPV 70 I FEEEREHOZBRICIEIEMET T 24#RE o 72
(entry 8)o AIJETIE-20°C ICIHWT cis MIERIEERZH V2 502 RESEFL L, rY T L
i D IRs & R OEIR MR 2 & & b ICERD T E&2EKT 5 Z & 25T /- (entries 4, 5),

-
=y
w
o

88% (dr = 96:4)

Table 8. Optimization of reaction conditions [Enantioselective heter-Diels—Alder reaction]

OTES
/H\ 1. cat. (1 mol %) 0
| CH,Cl, (0.5 M), temp., 24 h f‘j\/
M
°© 2 )\/05n 2.TFA, 0°C, 1h 0 o8Bn
(1.5 equiv.) ent-108
entry cat. temp. [°C] yield®* [%] eeb* (%]
1¢ Rhy(S-BPTPI)4 -20 (83) (91)
2] Ra(RBPTPDY .. 720 (78) ] (-90) ...
3 cis-Ruy(S-BPTPI),4ClI 0 91 89
4 cis-Ruy(S-BPTPI),Cl -20 90 (90) 90 (91)
5 cis-Ruy(R-BPTPI),CI -20 (86) (-91)
6 cis-Ruy(S-BPTPI),Cl -40 81 91
""" 7 GisRuS-BPTPI,NTR, o 92 87
8 cis-Ruy(S-BPTPI),NTf, -20 80 89
_____ 9 ... CiSRUASBPTPINTG 40 79 .20
10 mer-Ru,(S-BPTPI),CI -20 79 -13

2Determined by 'H NMR analysis of crude product using 1,1,2,2-tetrachloroethane as an internal standard.
bDetermined by chiral HPLC analysis. °Reported result, reaction time is 18 h%). 90.5 mol % cat. data (>3
mmol scale). *(): Isolated scale.

* OB T RIRDOIAZ 7225, ARG Tl S R DA Z v CRIFRET 21772 - 72
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ARim B2 1 B 3E

BT, YT AT LAERN 2 ~7 1 Diels-Alder I IC D W CTHEET % 17 7 - 72(Table 9),
9. SLLFRRIC R Uy L O & RS T CRICER TR 272 & T A, cis BURFREEAK,
meridional BIEREEREH O 2 W26 CTO PERITHRREICHE £ 2 258 M L2 H b
L7z (entries 3, 4), JARIO 7 AT F 113b 1213 & A ETHEAL T3 2 &2 b, (Kl N R
L7722 &2 XY ~7 v Diels—Alder K& D BRI R EA D R L T b & L 2RB I L7z,
¥ 2 AREMETIRINCR DA E & 5 L T Rawal ¥ T v (3a) % @ F 1< W &F4r 2 DMAD(188)
TS 2 TREA & A TV 5 23%*, Lewis BEOFMHIC X o CIIATIENERE L KT L TH¢
BEVEEMZ 525 Z ERHAARE LTH o7 ), X T, DMAD OFIMITARY 112b O H
SR OBRICEMZ 21T 2 Z LD 1 HoeEMMEORRICREEE L CRibabe T,
Z 2T, JIGRHE 2 5EHE L, Rawal ¥ T v 3a)D4EZHIRY 2 2 & T DMAD ORI TE%
BE, INOLDOMBEEZARTE R VPG 2T 2 & & L, cis BIERIEUR, meridional
RIS ESER & B IR IC D W THET 2177 o 7245 B (entries 5, 7, 8, 10, 12, 13). meridional T3
FEEAD D 0°C DEMFDOIRICR D RWIERZ 5 Z (entry 10), B ¥V AR ESIF D entry 1
DS & FIFEEE DU ERECHIWY 2152 Z L P L 72, entry 9 35 X O entry 14 Tl 0°C

Table 9. Optimization of reaction conditions [Diastereoselective hetero-Diels—Alder reactions]

OTBS 1. cat. (1 mol %)
N CH,Cl, (0.5 M) o
| . UMPM temp., time o f‘j\)oMPM
MesN
2% 3a 07y 2. DMAD, 0 °C, 2 h Y
(x equiv.) E 3. AcCl,-78°C,2h H :
113b 112b-A
entry cat. X temp.[°C] time[h] yield®* [%] art*
1 Rhy(S-BPTPI), 1.5 —20 19 (88) (96:4)
2 Rhy(R-BPTPI), 15 —20 19 (97) (2:>98)

cis-Ruy(S-BPTPI)4CI 1.5 -20 19 64 >08:2

3
4 mer-Ru,(S-BPTPI),ClI 1.5 —20 19 40 98:2

56 cis-Ruy(S-BPTPI),CI 1.03 0 2 75 98:2
60  cis-Ruy(R-BPTPIL,CI  1.03 0 2 (78) (2:>98)
76 cis-Ruy(S-BPTPI),Cl 1.03 —20 2 60 98:2
gb cis-Ruy(S-BPTPI)4CI 1.03 -40 2 47 >08:2
9b  cis-Ruy(S-BPTPI),NTf, 1.03 0 2 67 97:3
10°  merRuySBPTPCI 103 0 2 82 (82) 982 (982)
115 merRuy(R-BPTPI,Cl  1.03 2 (83) (2:>98)
120 mer-Ruy(S-BPTPI)4CI 1.03 -20 2 73 98:2
130 mer-Ru(S-BPTPI),CI 1.03 —40 2 64 98:2
_____ 140, morRU(SBPTPONTG 103 0 2 69 973
150 Rhy(S-BPTPI), 1.03 0 2 52 95:5

@Determined by H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard. bwithout 2nd step. *(): Isolated scale.

*DMAD(188)IC X % Rawal ¥ T v QMLEIZLL T D X 5 T3 5,

OTBS
OTBS OTBS

| N AcCl

+ e —
Me,N COsMe
27 3a = 2 Me,N CO,Me CO,Me
MeO,C 188 CO,Me CO,Me
189 190
DMAD

46



"‘/\ /\‘/‘*

28 BB 3

DEMETAFAVHED Y 7D 2 FEbtkE w225, ERMERIZIEHER SN S b 0o fCER
RN 285 & 7o 72, entry 15 TIIAT = v LlERESEE T, b Y icw oy Ll %
Wz & ZAEBHIREICE £ o7z, £ 72, entry 11 TlE R EDHE{EA%Z > 5 matched pair
TOZEMICR B0 entry2 D v LY AfRESE T OIEZ 10 R4 v FMEE TR 28558 L
molze £72Z DEE. RIKD cis BUERIEAR DRI L 7223, FRRICIEEIMET 32858 L o
7z(entry 6)*, LA XV . A MFEICHEE L 3 5 FLH (mismatched pair TD 7 — Z)IC B W T I
Rawal ¥ T v/ (3a)D Y &, mﬂﬁFﬁﬁ%ﬁ‘Jﬁ L. DMAD D@ TR % B\ C b meridional BUNG 5
R ZH G5 2 & CRIFOIE &EREEX1S 2 & & 23T &7z, Matched pair D7 — & Tl 10
AV PREICEEMET T 2R L 7o 7223 ERME R MER L 72 £ ERBRICY & - O] -
TEBOHIRZ{T% 5 2 LB A[RETH - 7=,

* R RFERBSE O N D o ZREITE D Tld e WS, KB D E W Rawal ¥ T v & Lewis BB 235 \»
CHEINDINVT = LEEIRDHA G DY TlE. meridional TIEER X 0 H AF G BT TW 3 cis
MFERCIILEA L LARVEIRICET L2 EHEEL T3,

**Danishefsky ¥ T v (2a)% " CY 7 A7 L A #IRA 72~ 7 1 Diels-Alder K& %177 o 7245 %2 LT
RS . T OGED meridional IR R WERZ 5 2 7223, Rawal ¥ T v Ba)z 72RO fi R % L
Bl ZEiETE o7,

OTES
1. cat. (1 mol %), CH,Cl, (0.5 M) O

/f\ temp., 19 h
MeO + A >
2a )\./\OMPM 2.TFA, 0°C ol OMPM

o B
(1.5 equiv.) H A :
113b 112b-A
entry cat. temp. [°C] vyield? [%] drf [%]
1 cis-Ruy(S-BPTPI),CI rt. 3 87:13
2 mer-Ruy(S-BPTPI),ClI r.t. 14 89:11
3 cis-Ru,(S-BPTPI),CI 0 2 -
4 mer-Ru,(S-BPTPI),ClI 0 13 91:9
5 cis-Ruy(S-BPTPI,NTf, 0 2 87:13
6 mer-Ruy(S-BPTPI),NTf, 0 42 87:13

aDetermined by 'H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.

wrkth PR & h T A4 VIR CIIBREDO B X WV ETARIC R 5 720 1C Lewis BB & EHEE S
2, L2L7edo, BB CEIZNZERBNICHET 2 2R TETELT, SHBROREHFEL &
S>TWb, ¥/, RVIALAF T FTATE F(109)° Rawal ¥ T v (3a)& 1 F 4 v SR DM A
ABbETIRBAPESEA L ) BET LZRRIC W, KttEoEwHERLoMAADbEICR S C
ETERE LAEWVKICHHESEAR LYV QB LD EEZLNS,

sk ) F A VPEREHRICB W T AT VR —AF VBT AT e FORMIZHEL AW ERTET A, #
F A VP RIE PR E B 2000 T =7 AR TBRIGICEE T2 2B TE 5, L0 - T,
RSP ESE A L D DB B EEZ LN B D, ANIGHR T A F 4 v WSR2 G D
BT B WTRIFRERZ 5 2 0 5 1272 0TI TR > T,

wxxakoie WIEHIK L meridional TIEEAR 2 4310 2 BARE R BEHE (ZRH & 20 L 7 o TW 7R\ 23, ~ T & Diels—

Alder )G D FlsHic B W, afidnEi L7z 7 A7 v VIS U <l meridional BISER D 77 25 B i
a5 2 2{EHAICH - 77,
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ARim B2 FH 1 48
FAH SRS DER

BIBL 72 % I 0“7 = 7 LEEIR O X HiE SIS T D A5 2 & . DMF @ kv 3 viksk
JiF L7 X — FEALT ORI TR O EREASZ 115 D Van deer Waals XD HI(2.72 A) X b
DR o T D T &0 LKA G DAL R T N MghE L b2 m &7 LFEKFERK Corey
LDRIELTWw3 AL I C-H-0OKERAa 27 b D EATE 3 &% 2 515 (Figure
16),

Figure 16. Chemical structure of cis-Ruy(S-BPTPI)4ClO4-2DMF (left) and mer-Ruy(S-BPTPI),CI-DMF (right)

Clo,~

cis-Ruy(S-BPTPI),ClO,-2DMF mer-Ruy(S-BPTPI),Cl-DMF

I F v FFiERP 72 ~7 1 Diels—Alder St IZBWTIE, FHW72 cis BIFEA X R U RO T %
A9 % Rhy(S-BPTPI), L FHUOFKEZE L T, BHL 2@ REDEAAFR L CTH B & d
O, B Yy L & [EER D STARSOSHREEE CHEIT I 5 & F 2 b 4L B (Figure 17),

Figure 17. Plausible stereochemical cource of enantioselective hetero-Diels—Alder reaction catalyzed by cis-Ruy(S-BPTPI),Cl

desired undesired
0 OTES OTES 0
TFA z XN TFA
| OB OB BnO. BnO. |
o - o n o
0% " Me0” N07E N BN NoMe o
A A A A

T, Y7 AT LAEIRK 2 ~T 12 Diels-Alder S 2 \WTld. meridional BTIEEARIT 2
ODDNT =T LR F A THIREZ -2 0wEEZ L Cnd 720, 38556 0 THEfT
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wosE 20 B OGR4

p={111§

T B3I DN TR OEEEG # Z 54+ A WEED3 % % . Figure 18. Coordination site of mer-Rux(S-BPTPI),Cl
Lo L, \REEEFEN T2 1 2FFIRVH LT
OV T =7 LEFICERIEFHEAE L Tnb 7z
D TAT e P bofilichifid s enTcEd,
3 DDBNL TR L 72 X W iRA A - 7=l —fff
DODNT =y LJRFICEALT 5 & & 2 b5 (Figure
18) L7223> T, HEKIZT AT e F ORAIITHIC
J& U T A, B, C @ 3EEHAIEE & 115 (Figure 19)*,

Figure 19 IC THkEEC/R L 2R v V' 7 24 I FEEE,
TATE FOMICNT 2 voialfijifs, h
MABTRZATEFDELLDMHEDRY V7 XL
AIFPECE-TEHEIPNTLE-> TS DY T
VIdEEAET 5 2 L 3 TE T, Diels-Alder )G I
bhweEzbond, UEXY, RSO VARSI ITFRE A 2 C2BETE 5,

Figure 18. Plausible intermediate complexes between mer-Ru,(S-BPTPI),4Cl and chiral aldehyde 113b (R = CH,OMPM)

TATE FOERIEL 3 00XV 7204 I FHLOVENEREETL L, X YZEN
T A ICERIE N E 2 hRIR A MBS L TR T B L E 2 b B (Figure 19), F 72, Hif
RCICNT 3T v EERIIRV LNy Y 7204 3 VPR OVKRKFEL OAF L 23,
L7230 T, R A IS LTV T = L85k L O VAR FEZ T 5 X S icym ¥ oz
filicmdCy = vy B EEET 5 2 L T, ERERICAET 2 BHENIE % D 2 endo fTNMERAL
RDMF O ATz &5 2 DAL B wrkds,

* T v F 4B RN 72~ 7 1 Diels-Alder G 3> T meridional MG FEERIZIZIT 7 € IR E 5 2 54
R o Too ARIGIIMBIEFAE T TIRIZ & A LHEIT L 70 O TURER<2%), MBS CRIGHNET L T
WHELEHEZOND, RYIAFRCTRITATE FET AT FaffichlaimnC ez, &
LHL 7 2= VB Py T ENA I FIREMAFRT 2 282X ), Ehe LAavRIGHETT 2
itk C 3k A L RIZE EICER L 2720, BORBHRA GO FLLbND,
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Figure 19. Plausible stereochemical cource of diastereoselective hetero-Diels—Alder reaction catalyzed
by mer-Ru,(S-BPTPI)4ClI

R = CH,OMPM
ol\'ll'e-_.. N Catalyst-
RL)---.. 2oTBS controlled
HH
mismatched
Q OTBS
AcCl a
| —~—
4 R R
Oﬁ H MezN (O Y
Me Me o
desired undesired

*k BUATIGDS 2 DFZ OGN D AW F A VD meridional T D) 7 ) 2 VAR W58 O IEEICH
W T AT UAERERRE L2 L iconTFICU ToHEBERIZEZ LN,

1. 154 vV meridional BIFEIR D FE S 1L £ 7200 & 2> More Lewis acidic
o Tz F\HREERORIE L 7 54 v Wik o]
LT M5 L oo B 0 BTl A, Ln L AHEHC S ) /]
REFL W2 LRELSGE. LV EFRIIEOERE T
3OEHL72VT =T LEF DS K Y Lewis BEMEA E 0 & Q O
FZ2 b (X)), BRIEEFEREAA - 72l c~7 v Diels—
Alder RIGSEIT L7 L HEETE 5,
o VA
4 /ﬁ?\luQ NTF,”
27
2 R 4
/

2. RIS EWTAA Y RT - THO 3 FEAEZONS, ARIGTIIY 7 nu A2y ZiEHtL
L T3 728, contact ion pair b L < i¥ solvent-shared ion pair D 2 XX —V ZMFET 5 Z LB TE 5,
meridional B0+ U 7 ) I FEMEOH G AARIC X D BB llichy v 2 =T = F v fRElLT 5 2 L
TTAT e FORMEZYT, KVRAASLMTORISERL L EX LT LHTE 2,

B3 @RS @R

Contact ion pair Solvent-shared ion pair Solvent-separated ion pair
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Kim 280 1 4

3. ERg22ic 4 Cid E 63 X Y B fll¢~7 1 Diels-Alder KJG2SHETT 2 & & b+ MERHET
H Y EBISREEE I EAE DA FEICH DOV CHIATE 2 (T, k. LFOTRLAEKHNOT 25
VI VAT L T Diels-Alder KIS MHEIT L 72 & T IC AR ICEA LT EZY T AT LA~ —
(112b-A)%2 52 2, cis BISEHAL TR LV Ny Y 7204 I FHDEER 1 DL 2R, TATEFD Y
HLHDMHD ST VTRV, W CRICHETTT 2 RS E 2 b 5 (TR EER), fORHOH
IRV LRy Y7204 I Ve DVERKFELOALFIC R EEZOLND O(FTR T, K
AR FE), VI v OESTIZEGRAISER T 2 L EETE, PRI AL B, C 0 3 HEIEETE
2, COLE, BV YT ML I VIEREDVRKF(E ORI~ — 22 EET S5 & P
RADPRDERLLTV, LA ->T, TATE FOEIE L v & ORISR FEBR IR FE
~ — 7)34 U % mismatched pair I (378 2 28R IR A 2 CIRIGOSHETTT 5 2 & TR RICEET 2
fHmfeikps/Eoh-tEZzon3,

\ 1. Meg \.....H o | | NL.R o
NMe, NMe, NMe,
&4 Hy <3 Hr <3
Me QOTBS H___.--\ oTBS R___.--\ OTBS
R Me ] H ]
o ER 7 OR--4-- - 7 OMe -} 7
NMe, NMe, NMe,
R = CH,OMPM
I:> diene approach Priority

( desired product ) I:>> I:>

undesired product
[ aldenyde-phthalimide

steric

| diene-phthalimide \
repulsion

ﬁ diene-aldehyde

#x RARDEEIR % F\ > % matched pair DA Tl v ¥ v AR FESAFOINEZ 10 R4 v FFE TR %
FEHAC 72 o 7223, meridional BIEFREERZ V0 2 56 CIIELT 2 hEEICBEVWTHRVBLEZR VY
TENA I VLTV EDBIICVERRER PR nARR oA TwE EEZLN, ZORE, K
PETLAZEEZLND,

R Catalyst

S Catalyst

R = CH,OMPM
NMe2
740 HO
------ TBSO N ()JR
MeH
matched
TBSO (0]
B AcCl
— . |
R a 2
ENe) NM62 EN©)
H H
Me Me
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ARim B2 FH2FE B 1E

FoE MR~ T r TEGER DRSS R ORI

S S 2 B T b &EE AR, BN L e oy A0DEEHAC L T = v ALIDEE
o X5 bt e iR EZ T Cld R, B2 28BHET% 2 OflAAATZ~T v IR D
B E N T3 0,

2005 4FIC Dikarev H I3 BB T D 1 2 L CTHAGTRTH 2 b A~ R EMHBIAALTT L A~
Z/A TG L ERAR AT =T Lh~T 0 A D A K & RS L 72 (Figure 20, (a))*60*, FIF
CEEAZ BT 2 2 A TEZE AR/ Yy LEAICBIL T3 S 2 e T b
66b-66d) 2016 LEITIE Berry HIC X o THMOH -7 v 2~ R /u P v LEAD AR HE X
7z (Figure 20, (b))6e-6%2),

Figure 20. Reported bismuth-based heterobimetallic paddlewheel complexes

(a) Dikarev(2005) (b) Berry(2016)
?*? ?*? g N
Bi—M Bi—Rh Bi—Rh Bi—Rh
O/ O/ O/ O/ O/ N/ N/ N/
[ [ [ (e
M = Rh(191), Ru(192) R = Me(193), "Pr(194), 'Bu(195) 198 R = H(199), Me(200), OMe(201)
Tr(196), esp(197) CI(202), CF;(203)

AREER % F s 72 il S5 D RS 1T L 2009 4FIC Davies HIC X » TG SN 7 a7 aosy
LG, C—H 1 ARG 2355 — & 72 % (Figure 21)0, & 7 0 7 a5 LG (eq. 14). C-H f&
A S(eq. 15)& b ICHE LB F 2 AT 2 kv o v LD & [ DI &GEREEZ R L.
IS E T HHE 210 ICBEWTDH, e vy AADAE L K& 2 B o nn gz
HFoHN TV 3 (eq. 16).

Figure 21. Bismuth-rhodium paddlewheel carboxylates as catalyst for metal carbenoid transformations

XN Ph__CO;Me cat. (2 mol %) o C02Me cat. yield [%]  de [%]
+ \ﬂ/ Ph (14)

N2 CH,Cly, 40 °C BiIRh(TFA), 94 95
204 208 207 Rhy(TFA), 96 >95
© Ph\n/COQMe cat. (2 mol %) Qj\r cat. yield [%]
* COZMB (15) ]
N2 CH,Cl,, 40 °C BiRh(TFA), 84
208 205 Ph Rho(TFA)s )
209
H ,
Ph\n/COZMe cat. (2 mol %) N COMe cat. yield [%] 211 /212
TN i pn (18) BiRn(TFA), 94 79:21
2 CH,Cl,, 40 °C A
210 20 Ph™ "COMe H Rhy(TFA), 96 84:16
211 212
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Aim 28 FH2FE B 1E

2018 4F: Fiirstner & (¥, BiRh(esp):QINTFE FICEWT, YT VL& 23 »HEL 72T 7 %
TR =BAANRVFERA AT T AH VIERERIGL, CCHFARIGZS ERc T e 2 RIBL
7= (Figure 22, eq. 17, 18)°), ‘BuCl % iA#E & L 72 BRI 1, H-C1 JTi#fE 02352 2 b 216 % 5 % (Figure
22,eq.19), ARG~ v TAT vERWEGETIEY 7 e Fu N AURICHEITT 5 2 L
D3 & 2> & 7 o 7= (Figure 22, eq. 20, 21), 45 O KSR UEAL T % D D Rha(esp)2(220) % F
WTCDHER L THAEYDBUEONT N EPHERINTEY, ERAR/B YT LTEKRD
B Z R TR L o T3,

Figure 22. Bismuth-rhodium paddlewheel carboxylates catalyses with haloalkane solvents

EtO,C._H  cat. (2mol%)  EtO,C HC| { Et0,C__H cat. (2mol%) EtO,C._H
b t an | A K, e
N, CH,Cl,, 60 °C ol : N, S g cl e
213 214 213 45 °C 217
cat. yield [%] cat. yield [%]
BiRh(esp), 51 BiRh(esp), 63
Rh;y(esp), 0 Rh;(esp), 0
EtO,C._H  cat 2mol%) EtO,C. ! Et0,C_ _H  cat.(2mol%) EtO,C._H
bl e bl — K e
N, CHCl3, 40 °C : N2 cl cl
, c” >l -
: cl
213 215 : 213 \/\m 218
cat. yield [%] 45°C cat. yield [%]
BiRh(esp), 46 : BiRh(esp), 72
Rhy(esp), 0 f Rha(esp), 0
EtO,C_H cat.(2mol%) Egio0,c. A §
D | 2 \ﬁH (19) |
Ny 'BuCl, 40 °C Cl ;
H )
213 216 : <|3 C|>
cat. yield [%] ! MR
BiRh(esp), 53 g Qo0
Rhy(esp), 0 1
M = Bi; BiRh(esp),(219)
Rh; Rha(esp),(220)

2 & [FIFFIC Davies 513 ¥ I 47 2= Z/8 ¥ 7 L§EK BiRh(S-TBSP)4(226) % i 7= I BHF
L. KR Z WA F v 7 n F a3 ALROG, AF C-H ARG % # L 7z (Figure 23)%9),
a7 AURIE TR, REIICIERIZFR TN F2 A 35 7Yy A(0DEEEFRQ2T LD b
BLAERE o h, TF v FABERMEF LR HEREZTRL 72(eq. 22)**, 14-> 7 m~FHF
T VQ08)%HE & L7z C-HFAKIGOERICIE, BiRh(S-TBSP)4(226)!% Rhy(S-TBSP)4(227) & »
HIEFICIEE D EL . FREOMKREME 272912 720 15D ORI ZZ L T 2 (eq. 23)s
Iy rua~Fh vz E e LZBICbFEERTH D, vy A2 ] 28551315
LT (eq. 24)

*Dikarev & DFIEAER X D . Mayer f5&REUCEI L € Bi-Rh #5413 1.0, Bi-RufifriZ 1.2 TH 5
DL D& 7o T 5 008),
#% 2 ¢ 2 L, Firstner 512X o THF I 474 ¥ R~= /8 27 L§EHA BiRW(S-PTTL), Z W72 AR F > 7
o 7 u ARG AHE X, FERRM 7283 2% 1 Y7 A8A Rhy(S-PTTL), £ Y b Ewx v F 4%
RETCHIDE L LT % 660,
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M = Bi; BiRh(S-TBSP),(226)
Rh; Rh,(S-TBSP),(227)

ARG A28 2 O 1N
Figure 23. Chiral bismuth-rhodium paddlewheel carboxylates as catalyst for carbenoid transformations
CI3CvO\fO
Cl3C_ 0O 0O = H
cat. (1 mol %) X
+ —>» Ry (22)
AN |
RF N2 pentane, r.t. F
=
221 204 222
BiRh(S-TBSP),: up to 88% vyield, 93% ee
Rhy(S-TBSP),; up to 96% yield, 84% ee
Cl3C_ 0.0 Cl3C_ 00
cat. (1 mol %)
N, + —_— (- :u,,© (23)
pentane, r.t.
Br 208 Br
221a 223
cat. time yield [%]  ee [%]
BiRh(S-TBSP), 12h 75 71
Rhy(S-TBSP); 1 min 82 84
ClaC OO Cl3C_ 0. _0
cat. (1 mol %)
Ny T — o (24)
r.t.
Br 224 Br
221a (solvent) 225
cat. time yield [%]  ee [%]
BiRh(S-TBSP), 15h 78 86
Rhy(S-TBSP); 15 min 97 90

IC, H 1 EOFHTOUAZ (v Ll oot ] L woBlHadEETHL, B
VU LIRS G MR~ T v TRREHRICBI L Tk, N7 Yy s gL L 2RSS
1968 41T Claridge HIC X > T LH TH K E iz O, fEBIHF& LTXx Y v L gk f
AR ITLMEHBIAALTE D DIFZNETNFND TN — T X o TEHR I I, X A i i
WIZ XV HEERHAL o T b, ZD%, Vargaftik DIC X o TIEL A L DEHARICE
LT X #AS St 237 e b v, FRRICT FREEDIH O 2> & 7 o 7z 00060, 5 2y LD
WEBETFIILREICEATEY, a L=y T, flEvor8 4 FfloERERE
66166y B 7 5§, T ) SR 60000 T v & A | 6oneeneesson L L) IR DAL D 4T 70
b Twd*, Yok MR EEZE L T30, NEEFRTICX > T3 BE0 R A 21

Figure 24. Known molecular structures of palladium-based heterobimetallic paddlewheel acetate complexes

(a)

(b)

Me Me Me
Ao Ao e Ao
ol [ 12070l ]

/| / /1 /1o 07 I I\
?o.° P Y N

M = Ca(228), Sr(229), Ba(230)
Mn(231), Co(232), Ni(233)
Zn(234), TI(235)

LA BIEEF ZHHE L R WiGald, 7Yy A/M itk E KL T 5,

Me

M = Nd(236), Sm(237), Eu(238)
Tm(239), Yb(240), Ce(241)
Cd(242),
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Aim 28 FH2FE B 1E

EED D, QINETICBALZ LD M AIRE —EE d od oM h | (b)x
ERBIFRTHRES S S ICEBIN_EBRDO LI Ri#EEEZ DI OB D, (¢)3 20&BETFEE& AR
DHERNCHRGE I N D DOBFLEL TV 3B T & 2399 h - T 5 (Figure 24),

INODRTXCicHlis 2HIEE L <, F.oeB RIS Z 115 D Van deer Waals
PEOMED DR o T D, BERNAMEPFELET 2589 2iffliciion» L zo
TWARVEZH T b, Biho e vy LK, AT =7 LK, v XAvR/ayy L
PR L I RE (B 5T 5%,

ZDNT Yy LM R E W2 IGHENE, Chuang HIC K 537 2w L/a v b+ BEEEEEA
232)xHW CH T I 2ERIED HICR O T 5 O, KEIGTIE, BffEa <L b b L < Ik
FEfE X 2 ¥ LBRZ T CTIIRICOSETTR T, O LOFRELL 7287 Y7 L/a v + B
BER(Q232) R RINT B 2, BERE S b LRGN 5 2 AR FRF SIS 2 B2 5 3 (eq. 25)o
DRGNP, NTVT L-a N EFBOREIERRAERETH 5 2 L2389 DD R 505,
B A CHMEIT > THRFEORENGOND 2 25, IR S 2 L E T 7\ Al RE
P RB X LT B, Chuang © 134 DREEICBI L € C-H 7 3 LIS 2 RS L T 5 23,
ZDIREANEDBFREDINEICL EE>T 05,

O\\/,O catalyst O\\/,O catalyst mol % TM/SM ratio
.S y S
HoN PhI(OAc),, MgO HN 25) PdCo(OAc), 5 53:47
—_—
CH,Cly, 40 °C, 4 h Co(OAc), 10 0:100
Pd(OAc), 10 0:100
244 245 Pd(OAc),/Co(OAc), 10/10 49:51

FEabAbicd, HE R L L zglh cov oo £ ) 75 v B AL L L 72 Sl 00-660) ) G {5
INTEY, THEASEMEICEHL TR ~T o RO R R I Tn 5,

ZDXId, FEEIZNTIT LM EERICEIL T, REEHAZ AW/ KICHRESIZ E A LR
Bithcd 2 2 oz, ek LB SREE R & 13 R 2 b0 R 7 o wEE
FARH 2 XoTHZARNGREHIETE 2 WL, REEEICEE T 2 W52 ICHU Y fHA
7z

55



BN

okt
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o

%1 i

**7hao mc;ofﬂ?y‘ﬁA/M(M: VA Y, T,
e L <, @B RS
& HGES

VIS

BEGETER LW EHEETE 5,

=y, i FREHEERT 2 = v

ICBH$ % DFT ERfTAbN T B (TR)®, ZOfErb~wYH
@F‘ﬁ@,nm%ﬁ/ﬁk@“é LHEETE 20K L,

a 3L b

s = v oL - fighT

Electron configulations of metal-metal bonding in each stable Pd—M-MeCN complex

E (eV)
A
01T

0.2+

PdMn(O,CH), (sextet)

T (dyz-xz) 8% (d y'dxy) L (dVZ'dyz)
i

PdCo(O,CH), (quartet)
8* (dye.y2-dyzy2)

o* (dz-d,7)

™ (dX§ dxz) 5% (dyy-yy) " (dyz-dy)
8 (dyidy)  H—
7 (dyz-dyz) T (dyz'dyz)
6 (dp-dy2)

E (eV)

01T

-0.21

-0.3T

PdNi(O,CH), (triplet)

8" (dyz.y2-dyzy2) c* (d2-dz2)
T* (dyz-yz) ) m* (dyz'dyz)
? & (dxy'dxy) 1 I l
7 (dyz-dy,) ‘ n (dy,-dy,)
xz"Yxz S (dxy'dxy) yz ¥yz

o (dz-dp) _1"—

PdZn(O,CH), (quartet)

dyzy2(Pd) ——

l : Zn donated electron

dyz (Pd)

o (dd) -
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B2 BERIANT T LA b, 8T VY L=y 7 AR SRR O IR

Chuang & DFER O 5085 U7 L/a v b BEREEE AT RG %R T c oIS % MERF L <
WRWAREED FE 2 b, % 2T, AMmiLE Z X VB IC T 2 72007 5 — BIZERGRC AL
FHEAMHABAATZRT VT AIMEEROGERZ{TR > L, XEBEFELTa LB X
W=y T NZRE, 7T —RILUERL 7 & L T DuBois & 235 L 72 esp FCHzZ 1-(246)70% F >
el

oYy LR T = LERRIRRICEN 7R 7 v on Xy N EGE TS T AT
oL, RGP BEELEAR LT8R 25 Z LB TE LD o72(eq. 26), T T T, KGR
E% 70 °C I L CHERNMN 7% fiho7-L 25, TLC LTkl X O L 1387 3
Hirehfi—0 ARy PRI N, HAEBMIZ Y ATAA T Lru~ 757 4 —TH
BARECH Y, UL LGP OWTHEBINT 2T o MR, Ffifke— 2782 —vh
LDEALT BTV TL/GNVE, DBLFANTVY L=y T AOMEEIRT%EAT esp
FHR. PdCo(esp)»(247)% X UF PdNi(esp)2(248) 033 H LT\ B T & B33 o 72, F 7z X Hfh
MEEMATIC X 0 . MSEfAR & b ICHMmE RS2 A LT\ 5 2 L RIS AT L 72 (Figure 25,
26), fe\d T, BIHL L 72l #s ik % fE 4 ORI U7z 23, BIERS < i3 H 2 fs 1235 5
NTELT, SHOREEZMEHFL -V,

L
o7 >0 -
| _ --|\|/| + o >0 (26) temp. [°C] yield [%]
O/ o/ HO,C CO,H PhCI | ____|\|/| 140 decomp.
t ., 18h
— esp ligand (246) emp- O/ O/ 70 >99
u

M = Co(232), Ni(233)
M = Co(247), \i(248)

Figure 25. Left: thermal-elipsoid representation of H,O adduct of PdCo(esp), (247), (50% probability elipsoids).
Right: chemical structure of PdCo(esp),-2H,0. hydrogen atoms were omitted for clarity.

Figure 26. Left: thermal-elipsoid representation of H,O adduct of PdCo(esp), (248), (50% probability elipsoids).
Right: chemical structure of PdCo(esp),-2H,0. hydrogen atoms were omitted for clarity.

o
O|/ ] \

o |
( \i_ 94

_—0
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ARim B2 FH2FE B2 H

YHESTIC X > TR ORI Y — 7 32— v & TRITRT,

PdCo(esp):; Detected as [M+acetone+Na]*

izof:4
1 Measured 196.14230
207 800.14054
] 797.14189
] 80214189
] 79614214 799.14294 801.14936
i 80354353
i 804.54675
- 794,1I4356 795.16956 - | 801-‘77904 aoz.ss4ssl ¥ 805.5|6304
oAt 1 b et 0t b e Ay
794 796 798 800 802 804 806
HEEF(m/z)
A
100 798.14199
] Calculated 600.14168
797.14262
50 -
] 802.14321
| 796.14125 . 79914484 80114471
1 . 803.14610
79414276 79514616 804.14883 0515153 806.15419
D—I T T T T - T T LI T T L T T T T T LI T T T T T T T T - T T - v T
794 796 798 800 802 804 806
HERHLm/2)
: +
PdNi(esp):; Detected as [M+acetone+Na|
LiEbog: 14
1 Measured 767.14365 799.14176
10
] 801.14490
] 796.14421
] 798.14386
5_‘ 800.14409
] 795,14442 802.14687 803.54424
] 80454669
] 79316019 704 17811 | [ 805.56130 807.15203
Py T T N N A ,|£| |_| | | A A T
T T T T T T T T T T T T T T T T T v T T T T T T L T T T T T T T
792 794 796 798 800 802 804 806
HEBHFL(m/2)
X ME
100
1 Calculated 797.14358 799.14234
] 79614476 80114223
798.14303
50 -
1 800.14465
1 795,14330
] 80214464 Joo 140
804.14318
79314491 794.14831 | 80514054 gog.14222 807.14005
0 - I T T T T T T T T T T T T L T L T T T T T T T T
792 794 796 798 800 802 804 806
HEREHLE(m/2)
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DL EZEF 1, AR LB SR R 2 Bl FE 4 ORFFEICHL D FHA 72, AR D R %
BET2ERDE 1T B,

1. FiBWERENBFE L 2% 74 a7 L0)T 2 X — b K Rho(S-BPTPI), % A7 Lewis
MEfi it & U CH W2 ~7 2 Diels—Alder SJHIZDWT, FIALAETATE FEHAWEYT
AT L AR 7 ~7 7 Diels-Alder FUG~EAR ZIER L7z, 72, I CHEEME
TH o T ARFEAHRICB L C X MG AESEMITIC L ) Z oRE RS 20 & LTz,

2. Rhy(S-BPTPI), % f\» 72 A7~ 7 & Diels—Alder G DJGHFFE & L CilrEETUEGER
AP I8E-Y v e T uy F C O AF2EMICE Y A 72, A7 ~7 2 Diels-Alder
MIGEHE 1 TR LEZFREFNR 10 TR XN 16 TROAHIC X > C AENLEYoa T
WETHE~I/uT 7 N VEREST 20D 2007 37XV FEAK L. 2NLDH
y 7YV v 7R Y VATF AT RTALRERHAGDE TR o GERT S22
TE, Hid 2 TROLRTa THEOHEICHIN L 72, 2 Dtk, FIBHRESFEREL 26
Uy EERIC X 327 a v MURIGIC X o TR . FTELICBRFE L 22 v R v B
Julia &1L 7 4 vfLic ko Ty VlEEE 28 A L, BILEH 37 LR, RREMRLEICE
WTHRIGKR 2.1% T 18E-V v 7’7 u s F C DA EIERL 72,

3. MR w2y LD b OREHI & B, KGR ERRL T, FEEF I
gl v 7 = 7 A ALIDESA cis-Rua(S-BPTPI)4Cl & X U mer-Rux(S-BPTPI)Cl % B % L
Too X MG ARG AT IC X 0 MFE A OREIE Z B S 20 i L, KA % FEdo 26 Miftstic i
W7z ~7 1 Diels—Alder SGICHEH T2 2 L2 X o T AIBLL 72 kv 7 = 7 L (ILID il
B Yy A Z RS L. R e L CEE T2 LR T B TE 2,

4. ElATEOWEFEMNICEH L, BRilESElE T 28 A 2 /Mn g SRR I\ T
e 7 7 — BUZERGECA. F 2 M A0A T & & C FBUMREL S v L/ja s b Ty
TV L=y T A~Tu iR E AL T,

P EofEgiz, MEDALFIHI N TW S e vy LADEER, 20 Ke ¥ v L)
ZREBT2EREE Lo T =y LILIDEER, MEOERAM 2RI LD TH 5, Al
e MR KBRS B R R IR I %Téﬁn@ Biems b, REHIFR %M U CERRY!
— FMLAEYIoRIHICEH#RT %5 & L 2 HFFT
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Experimental Section
General

Melting points were determined on a Yamato melting point apparatus model MP-21 and were
uncorrected. Optical rotations were recorded on JASCO P-1030 digital polarimeter. IR spectra were
recorded on JASCO FT/IR-5300 spectrophotometer and absorbance bands are reported in
wavenumber (cm!). 'H NMR spectra were recorded on JEOL JNM-ECS 400 (400 MHz), JEOL
JNM-ECX 400P (400 MHz), JEOL JNM-ECA 500 (500 MHz) spectrometers with tetramethylsilane
(81 0.00), chloroform-d; (8n 7.26) or benzene-ds (On 7.16) as an internal standard. Coupling constants
(/) are reported in hertz (Hz). Abbreviations of multiplicity are as follows: s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet; br, broad. Data are presented as follows: chemical shift, multiplicity,
coupling constants, integration and assignment. 18F-lyngbyaloside C numbering is used for proton
assignments of all intermediates. *C NMR spectra were recorded on JEOL JNM-ECS 400 (400 MHz),
JEOL INM-ECX 400P (400 MHz), JEOL JNM-ECA 500 (500 MHz) spectrometers with
chloroform-d; (¢ 77.0) as an internal standard. ESI-HRMS was measured with Thermo Scientific

Exactive spectrometer and ESI-LRMS was measured with ACQUITY QDa spectrometer.

Column chromatography was carried out on Kanto silica gel 60 N (40—-50 mesh). Analytical thin layer
chromatography was carried out on Merck Kieselgel 60 F»ss plates. Visualization was accomplished

with ultraviolet light and anisaldehyde or phosphomolybdic acid stain, followed by heating.

Reagents and solvents were purified by standard means or used as received unless otherwise noted.
Acetyl chloride (AcCl) was refluxed with PCls then distilled from dimethylaniline prior to use. DMF
was dried with MS4A or distilled from calcium hydride prior to use. Diisopropylethylamine (‘Pr.NEt)
and MeOH were distilled from calcium hydride prior to use. 1,4-Benzoquinone was sublimated prior
to use. All reactions were conducted under an argon atmosphere. Dehydrated stabilizer-free THF,

dichloromethane (CH>Cl») and toluene were purchased from Kanto Chemical Co., Inc.
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Part 1 Chapter 2 Section 1

Typical procedure for diastereoselective hetero-Diels—Alder reactions with Rawal's diene:

(5)-2-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,3-dihydro-4 H-pyran-4-one (112b-A)*9
(TS10003)
o) Rawal’s diene (3a) (102 mg, 0.45 mmol) was added via syringe to a

f‘j\jMpM solution of aldehyde 113b (62.5 mg, 0.30 mmol) and Rhx(S-BPTPI)4(1) (4.30 mg,
7 0.003 mmol, 1 mol %) in CH,Cl, (0.6 mL) at —20 °C. After stirring for 19 h at this

o

Ty S

temperature, DMAD (85.3 mg, 0.60 mmol) in CH,Cl, (0.6 mL) was added and stirred
for 1.5 h at 0 °C. After that, the whole mixture was cooled to —78 °C, and treated dropwise with 1 M
solution of AcCl in CH,Cl, (0.60 mL, 0.60 mmol). After stirring for 1.5 h, the reaction was quenched
with saturated aqueous NaHCO3 (3 mL) and extracted with AcOEt (2x5 mL). The combined organic
extracts were washed with water (3 mL) and brine (3 mL), and dried over anhydrous Na,SOs.
Filtration and evaporation in vacuo furnished the crude product, which was purified by flash column
chromatography (silica gel, 4:1 n-hexane/AcOEt) to give 112b-A (73.2 g, 88%) as a pale-yellow oil: Ry
0.19 (2:1 n-hexane/AcOEt); [a]p'® +64.4 (¢ 1.09, CHCIs) for 96:4 2R-epimeric mixture; IR (NaCl)
1678, 1594, 1513, 1462, 1405, 1276, 1248, 1227, 1089, 1037 cm™'; '"H NMR (396 MHz, C¢Ds) 6 0.78
(d, J= 6.8 Hz, 3H, C1'-CH;), 1.58-1.68 (m, 1H, C1'-H), 2.09 (ddd, J =16.6, 3.7, 1.4 Hz, 1H, C3-H),
2.23 (dd, J=16.6, 14.8 Hz, 1H, C3-H), 3.07 (dd, J=9.3, 5.9 Hz, C2'-H), 3.18 (dd, J = 9.3, 6.8 Hz, 1H,
C2'-H), 3.31 (s, 3H, ArOCHj3), 4.16 (ddd, J = 14.8. 4.1, 3.7 Hz, 1H, C2-H), 4.21 (s, 2H, OCH,Ar),
5.21 (dd, J=5.9, 1.3 Hz, 1H, C5-H), 6.60 (d, J = 5.9 Hz, 1H, C6-H), 6.79-6.82 (m, 2H, ArH), 7.13—
7.16 (m, 4H, ArH); *C NMR (100 MHz, CDCl3) 8 11.6 (CH3), 37.3 (CH), 39.6 (CH»), 55.2 (CHa),
70.8 (CH>), 72.8 (CH>), 79.8 (CH), 106.9 (CH), 113.7 (CH), 129.2 (CH), 130.1 (C), 159.2 (C), 163.4
(CH), 193.0 (C); ESI-HRMS m/z calcd for CisH2004Na (M+Na)" 299.12538, found 299.12514. The
diastereomeric ratio of 112b-A was determined to be (2S,1'S)/(2R,1'S) = 96:4 by '"H NMR analysis.

(R)-2-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,3-dihydro-4 H-pyran-4-one (112b-B)*?
(TS10008)
o) The product was prepared following the procedure for the preparation of

mMpM 112b-A using diene 3a (102 mg, 0.45 mmol), aldehyde 113b (62.5 mg, 0.30 mmol)
2
o) and Rhy(R-BPTPI)4(134) (4.30 mg, 0.003 mmol, 1 mol %). The crude product was

purified by flash column chromatography (silica gel, 4:1 n-hexane/AcOEt) to give
112b-B (80.7 g, 97%) as a pale-yellow oil: Ry 0.19 (2:1 n-hexane/AcOEt); [a]p" —59.0 (¢ 1.10,
CHCI5); IR (NaCl) 1375, 1595, 1513, 1463, 1406, 1363, 1174, 1098, 1036 cm™'; '"H NMR (500 MHz,
CsDg) 6 0.69 (d, J= 6.9 Hz, 3H, C1'-CH3), 1.85-1.92 (m, 1H, C10-H), 2.17 (ddd, J=16.6, 4.9, 1.6 Hz,
2H, C3-H), 2.23 (dd, J=16.6, 13.5 Hz, 1H, C3-H), 3.11 (d, J = 5.7 Hz, C9-H), 3.30 (s, 3H, ArOCH}3),
4.08 (ddd, J=13.2. 5.7, 4.9 Hz, 1H, C2-H), 4.18 (d, J= 11.8 Hz, 1H, OCH,Ar), 4.21 (d, J = 11.8 Hz,
1H, OCH,Ar), 5.22 (dd, J= 6.0, 1.2 Hz, 1H, C5-H), 6.60 (d, J= 6.0 Hz, 1H, C6-H), 6.79-6.82 (m, 2H,

H:i"
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ArH), 7.13-7.14 (m, 4H, ArH); C NMR (100 MHz, CDCIl;) § 12.5 (CH,), 37.1 (CH), 38.4 (CH>),
55.2 (CHs), 70.5 (CH), 72.8 (CH»), 80.6 (CH), 106.9 (CH), 113.7 (CH), 129.2 (CH), 130.1 (C), 159.1
(C), 163.5 (CH), 193.0 (C); ESI-HRMS m/z calcd for Ci¢H2004Na (M+Na)" 299.12538, found
299.12543. The diastereomeric ratio of 112b-B was determined to be (2R,1'S)/(2S,1'S) = >98:2 by 'H
NMR analysis.

(R)-2-((S)-1-((tert-butyldimethylsilyl)oxy)propan-2-yl)-2,3-dihydro-4 H-pyran-4-one (112a-B)
(TS10050a)

o The product was prepared following the procedure for the preparation of
sz\)OTBS 112b-A using diene 3a (102 mg, 0.45 mmol), aldehyde 113a (60.7 mg, 0.30 mmol)

o) and Rhy(R-BPTPI)4(134) (4.30 mg, 0.003 mmol, 1 mol %). The crude product was
purified by flash column chromatography (silica gel, 10:1 toluene/Et,O) to give
112a-B (65.9 g, 81%) as a colorless oil: R;0.37 (10:1 toluene/Et;0O); [a]p'® —69.2 (¢ 1.13, CHCl;); IR
(NaCl) 1683, 1596, 1274. 1103, 837 cm™'; '"H NMR (500 MHz, C¢Ds) & -0.016 (s, 6H, Si(CHs),), 0.65
(d, J = 6.9 Hz, 3H, CI'-CH3), 0.91 (s, 9H, SiC(CH53)3), 1.69-1.76 (m, 1H, C1'-H), 2.17-2.25 (m, 2H,
C3-H), 3.36 (dd, /= 10.3, 5.7 Hz, 1H, C2'-H), 3.40 (dd, J = 10.3, 5.7 Hz, 1H, C2'-H), 4.05 (ddd, J =
13.2, 6.9, 6.9 Hz, 1H, C2-H), 5.24 (d, J = 6.0 Hz, 1H, C5-H), 6.62 (d, J = 6.0 Hz, 1H, C6-H); 13C
NMR (100 MHz, CDCls) & -5.57 (CH3), 12.2 (CHs), 18.2 (C), 25.8 (CH3), 38.7 (CH»), 39.2 (CH), 63.6
(CH»), 80.4 (CH), 106.9 (CH), 163.4 (CH), 193.0 (C); ESI-HRMS m/z calcd for C4H»O3NaSi
(M+Na)* 293.15434, found 293.15438. The diastereomeric ratio of 112a-B was determined to be
(2R,1'S)/(2S,1'S) = >98:2 by 'H NMR analysis.

H:iT

(5)-2-((S)-1-((tert-butyldimethylsilyl)oxy)propan-2-yl)-2,3-dihydro-4 H-pyran-4-one (112a-A)

(TS10050b)
0 The product was prepared following the procedure for the preparation of
f‘jz\)o-rss 112b-A using diene 3a (102 mg, 0.45 mmol), aldehyde 113a (60.7 mg, 0.30 mmol)
7 and Rhy(S-BPTPI)4(1) (4.30 mg, 0.003 mmol, 1 mol %). The crude product was

(0]

Tiny

purified by flash column chromatography (silica gel, 10:1 toluene/Et,O) to give
112a-A (55.4 mg, 68%) as a colorless oil: R 0.37 (10:1 toluene/Et,0); [a]p'” +77.1 (¢ 1.15, CHCl;)
for 92:8 2R-epimeric mixture; IR (NaCl) 1684, 1596, 1405, 1277, 1258, 1226, 1103, 1038, 838 cm’;
"H NMR (500 MHz, CsDs) & —0.015 (s, 6H, SiC(CHx),), 0.72 (d, J= 6.9 Hz, 3H, C1'-CH3), 0.92 (s, 9H,
SiC(CHs)3), 1.47-1.54 (m, 1H, C1'-H), 2.09 (ddd, J=16.6, 3.2, 1.2 Hz, 1H, C3-H), 2.30 (dd, J = 16.6,
149 Hz, 1H, C3-H), 3.31(dd, J=10.3, 5.7 Hz, C2'-H), 3.39 (dd, /= 10.3, 6.9 Hz, 1H, C2'-H), 4.21
(ddd, J=14.9, 3.4, 3.2 Hz, 1H, C2-H), 5.24 (dd, J = 5.7, 1.2 Hz, 1H, C5-H), 6.62 (d, J = 5.7 Hz, 1H,
C6-H); *C NMR (100 MHz, CDCls) & —5.57 (CH3), 11.1 (CH3), 18.2 (C), 25.8 (CH3), 39.3 (CH), 39.6
(CH), 63.8 (CH»), 79.4 (CH), 106.9 (CH), 163.4 (CH), 193.2 (C); ESI-HRMS m/z calcd for
C14H2603NaSi (M+Na)* 293.15434, found 293.15440. The diastercomeric ratio of 112a-A was
determined to be (2S,1'S)/(2R,1'S) = 92:8 by '"H NMR analysis.
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(R)-2-((S)-1-(benzyloxy)ethyl)-2,3-dihydro-4H-pyran-4-one (116b) (TS10043)
o The product was prepared following the procedure for the preparation of
sz\/ 112b-A using diene 3a (102 mg, 0.45 mmol), aldehyde 115 (49.3 mg, 0.30 mmol) and
SR Rhy(R-BPTPI)4(134) (4.30 mg, 0.003 mmol, 1 mol %). The crude product was purified by
flash column chromatography (silica gel, 3:1 n-hexane/AcOEt) to give 116b (52.7 mg,
76%) as a pale-yellow oil: R; 0.26 (3:1 n-hexane/AcOEt); [a]p'® ~113 (¢ 1.05, CHCIs) for 89:11
2S-epimeric mixture; IR (NaCl) 1681, 1596, 1406, 1275, 1226 cm™'; 'H NMR (392 MHz, C¢Ds) & 0.78
(d, J=6.5 Hz, 3H, C1'-CH3), 2.31 (ddd, J=16.9, 3.8, 1.5 Hz, 1H, C3-H), 2.48 (dd, /= 16.9, 14.2 Hz,
1H, C3-H), 3.29 (qd, J= 6.5, 4.0 Hz, 1H, C1'-H), 3.77 (ddd, J = 14.2, 4.0, 3.8 Hz, 1H, C2-H), 4.20 (d,
J=12.1 Hz, 1H, OCH-Ph), 4.27 (d, J= 12.1 Hz, 1H, OCH,Ph), 5.22 (dd, J = 6.0, 1.5 Hz, 1H, C5-H),
6.56 (d, J= 6.0 Hz, 1H, C6-H), 7.07-7.11 (m, 1H, ArH), 7.14-7.22 (m, 4H, ArH); *C NMR (99 MHz,
CDCls) 6 15.5 (CHs), 37.0 (CH,), 71.3 (CH»), 74.7 (CH), 81.9 (CH), 107.1 (CH), 127.5 (CH), 127.7
(CH), 128.3 (CH), 137.8 (C), 162.9 (CH), 192.5 (C); ESI-HRMS m/z calcd for C14Hs03Na (M+Na)*
255.09917, found 255.09922. The diastereomeric ratio of 116b was determined to be (2R,1'S)/(25,1'S)
=89:11 by '"H NMR analysis.

T
Bn

on

(5)-2-((S)-1-(benzyloxy)ethyl)-2,3-dihydro-4H-pyran-4-one (116a) (TS10042)
o] The product was prepared following the procedure for the preparation of
fﬁ{/ 112b-A using diene 3a (102 mg, 0.45 mmol), aldehyde 115 (49.3 mg, 0.30 mmol) and

o |§| 71 Rho(S-BPTPI)4(1) (4.30 mg, 0.003 mmol, 1 mol %). The crude product was purified by
Bn

on

flash column chromatography (silica gel, 3:1 n-hexane/AcOEt) to give 116a (55.7 mg,
80%) as a pale-yellow oil: Ry 0.24 (3:1 n-hexane/AcOEt); [a]p' +140 (¢ 1.03, CHCI) for 97:3
2R-epimeric mixture; IR (NaCl) 1677, 1594, 1405, 1277, 1226 cm™; "TH NMR (392 MHz, CsD¢) & 0.87
(d, J=6.3 Hz, 3H, C1'-CH3), 2.12 (ddd, J = 16.6, 3.6, 1.4 Hz, 1H, C3-H), 2.48 (dd, J = 16.6, 14.4 Hz,
1H, C3-H), 3.10 (qd, /= 6.3, 3.8 Hz, 1H, C1'-H), 3.80 (ddd, J = 14.4, 3.8, 3.6 Hz, 1H, C2-H), 4.11 (d,
J=12.1 Hz, 1H, OCH-Ph), 4.28 (d, /= 12.1 Hz, 1H, OCH,Ph), 5.22 (dd, J = 6.3, 1.4 Hz, 1H, C5-H),
6.59 (d, J= 6.3 Hz, 1H, C6-H), 7.07-7.11 (m, 1H, ArH), 7.13-7.21 (m, 4H, ArH); *C NMR (99 MHz,
CDCl3) 6 15.0 (CH3), 37.9 (CH»), 71.3 (CH>), 74.0 (CH), 81.3 (CH), 107.0 (CH), 127.8 (CH), 127.8
(CH), 128.4 (CH), 137.6 (C), 163.0 (CH), 192.6 (C); ESI-HRMS m/z calcd for C14H1s03Na (M+Na)*
255.09917, found 255.09933. The diastereomeric ratio of 116a was determined to be (25,1'S)/(2R,1'S)
=97:3 by 'H NMR analysis.

Typical procedure for diastereoselective hetero-Diels—Alder reactions with 4-methyl substituted

Rawal's diene:
(28,3R)-2-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-3-methyl-2,3-dihydro-4 H-pyran-4-one
(117b) (TS10092a)

Q 4-methyl substituted Rawal’s diene (3b) (147 mg, 0.45 mmol,

3 W
mMPM (1E32)/(1E,3E) = 74:26) in CH2Cl, (0.3 mL) was added to a solution of aldehyde
(0]

H:i"
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113b (62.5 mg, 0.30 mmol) and Rh,(R-BPTPI),s (134) (4.30 mg, 0.003 mmol, 1 mol %) in CH>Cl, (0.3
mL) at —20 °C. After stirring for 19 h at this temperature, DMAD (85.3 g, 0.60 mmol) in CH»Cl, (0.6
mL) was added and stirred for 1.5 h at 0 °C. After that, the whole mixture was cooled to —78 °C, and
treated dropwise with 1M solution of AcCl in CH2Cl, (0.60 mL, 0.60 mmol). After stirring for 1.5 h,
the reaction was quenched with saturated aqueous NaHCO; (3 mL) and extracted with AcOEt (2x5
mL). The combined organic extracts were washed with water (3 mL) and brine (3 mL), and dried over
anhydrous Na»SQs. Filtration and evaporation in vacuo furnished the crude product, which was
purified by flash column chromatography (silica gel, 5:1 n-hexane/AcOEt) to give 117b (80.1 mg,
92%) as a pale-yellow oil: Ry 0.16 (5:1 n-hexane/AcOEt); [a]p®® —56.1 (¢ 1.07, CHCls) for 95:5 2R-
and 3S-diastereomeric mixture; IR (NaCl) 1674, 1597, 1514, 1272, 1247 cm’'; '"H NMR (500 MHz,
CsDg) 60.66 (d, J = 6.9 Hz, 3H, C1'-CH3), 0.87 (d, J = 7.5 Hz, 3H, C3-CH3), 1.82-1.92 (1H, m,
Cl'-H),2.26 (qdd, J=17.5,2.6, 1.2 Hz, 1H, C3-H), 3.31 (s, 3H, ArOCH3), 3.33 (dd, J=8.9, 5.7 Hz, 1H,
C2'-H), 3.37 (dd, J = 8.9, 3.4 Hz, 1H, C2'-H), 3.92 (dd, J = 10.3, 2.6 Hz, 1H, C2-H), 4.28 (d,J=11.8
Hz, OCH:Ar), 4.31 (d, J = 11.8 Hz, OCH>Ar), 5.18 (dd, J = 6.3, 1.2 Hz, 1H, C5-H), 6.57 (d, J=6.3
Hz, 1H, C6-H), 6.79-6.82 (m, 2H, ArH), 7.16-7.17 (m, 2H, ArH); '*C NMR (100 MHz, CDCI;) § 9.23
(CH3), 12.8 (CH3), 34.2 (CH), 41.4 (CH), 55.1 (CH3), 70.5 (CH»), 72.7 (CH»), 82.1 (CH), 105.3 (CH),
113.6 (CH), 129.0 (CH), 130.4 (C), 159.0 (C), 162.7 (CH), 197.6 (C); ESI-HRMS m/z calcd for
C17H2,04Na (M+Na)* 313.14103, found 313.14111. The diastereomeric ratio of 117b was determined
to be (25,3R,1'S)/(2R,3S,1'S) = 95:5 by 'H NMR analysis and the relative configuration at C3 was
determined by NOE correlation between C2 and C3.

(2R,3S5)-2-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-3-methyl-2,3-dihydro-4 H-pyran-4-one
(117a) (TS10092b)
o) The product was prepared following the procedure for the preparation of

fjji)ompm 117b using diene 3a (147 mg, 0.40 mmol, (1E,32)/(1E,3E) = 74:26), aldehyde 113b
2
<t (62.5 mg, 0.30 mmol) and Rhy(S-BPTPI)4(1) (4.30 mg, 0.003 mmol, 1 mol %). The

(0]

Ty

crude product was purified by flash column chromatography (silica gel, 5:1
n-hexane/AcOEt) to give 117a (64.3 mg, 74%) as a pale-yellow oil: Ry 0.19 (5:1 n-hexane/AcOE);
[a]p?' +75.8 (¢ 1.13, CHCls) for 90:10 2S- and 3R-diastereomeric mixture; IR (NaCl) 1673, 1596,
1514, 1272, 1248, 1224 cm™"; '"H NMR (500 MHz, C¢Ds) & 0.98 (8, J = 7.5 Hz, 3H, C3-CHs), 1.05 (d,
J=6.9 Hz, 3H, C1'-CH3), 1.87-1.95 (m, 1H, C1'-H), 2.48 (qdd, J = 7.5, 2.9, 1.2 Hz, 1H, C3-H), 2.91
(dd, J=9.5,4.6 Hz, 1H, C2'-H), 2.95 (dd, J=9.5, 4.6 Hz, 1H, C2'-H), 3.30 (s, 3H, ArOCH3), 3.97 (dd,
J=9.7,2.9 Hz, 1H, C2-H), 4.10 (d, /= 11.8 Hz, OCH-Ar), 4.14 (d, J = 11.8 Hz, OCH,Ar), 5.19 (dd, J
=5.5,1.2 Hz, 1H, C5-H), 6.62 (d, J= 5.5 Hz, 1H, C6-H), 6.79-6.82 (m, 2H, ArH), 7.11-7.14 (m, 2H,
ArH); *C NMR (100 MHz, CDCls) & 10.0 (CH3), 14.3 (CHs), 34.2 (CH), 42.3 (CH), 55.2 (CH3), 71.0
(CH»), 72.9 (CH»), 84.2 (CH), 105.3 (CH), 113.7 (CH), 129.1 (CH), 129.9 (C), 159.1 (C), 163.0 (CH),
197.8 (C); ESI-HRMS m/z caled for Ci7H2,OsNa (M+Na)® 313.14103, found 313.1417. The
diastereomeric ratio of 117a was determined to be (2R,3S,1'S)/(2S,3R,1'S) = 90:10 by 'H NMR

analysis and the relative configuration at C3 was determined by NOE correlation between C2 and C3.
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Typical procedure for diastereoselective hetero-Diels—Alder reactions with
2-aza-3-silyloxy-1,3-butadiene: (2R,6R)-6-((S)-1-(benzyloxy)ethyl)-2-phenyl-1,3-0xazinan-4-one
(119b) (TS10100a)

0 A solution of Ghosez's diene (118) (52.3 mg, 0.20 mmol) in CH>Cl, (0.20

HNK ) mlL) was added to a solution of aldehyde 115 (49.3 mg, 0.30 mmol) and

Ph"'6 0 g o1 Rho(R-BPTPI)4(134) (2.86 mg, 0.002 mmol, 1 mol %) in CH>Cl, (0.2 mL) at 0 °C.
OBn

After stirring for 19 h at this temperature, the reaction mixture was treated dropwise
with MeOH (0.1 mL). After stirring for 1.5 h, the reaction was concentrated in vacuo and afforded the
crude product, which was purified by flash column chromatography (silica gel, 1:1 CHCI3/AcOEt) to
give 119b (30.9 mg, 50%) as a colorless amorphous: R;0.35 (1:1 CHCI3/AcOEt); [a]p® +16.6 (¢ 1.53,
CHCls) for 75:25 25- and 6S-diastereomeric mixture; IR (NaCl) 3392, 3270, 1660 cm™; 'H NMR (396
MHz, CDCls) 6 1.19 (d, J = 6.3 Hz, 3H, C1'-CH3), 2.55 (d, /= 7.3 Hz, 2H, C3-H), 3.57-3.64 (m, 1H,
C1'-H), 3.84 (ddd, J = 7.3, 7.3, 5.0 Hz, 1H, C2-H), 4.50 (d, J = 11.8 Hz, 1H, OCH,Ph), 4.58 (d, J =
11.8 Hz, 1H, OCH,Ph), 5.65 (s, 1H, C6-H), 6.45 (br, 1H, NH), 7.19-7.27 (m, 5H, ArH), 7.32-7.40 (m,
5H, ArH); *C NMR (100 MHz, CDCls) § 16.1 (CHs), 33.2 (CH>), 71.4 (CH,), 76.0 (CH), 78.1 (CH),
85.3 (CH), 126.6 (CH), 127.6 (CH), 127.7 (CH), 128.3 (CH), 128.7 (CH), 129.7 (CH), 137.8 (C),
138.2 (C), 169.5 (C); ESI-HRMS m/z calcd for C20H2003NNa (M+Na)* 334.14136, found 334.14151.
The diastereomeric ratio of 119b was determined to be (2R,6R,1'S)/(2S,6S,1'S) = 75:25 by 'H NMR

analysis and the relative configuration at C6 was determined by NOE correlation between C2 and C6.

(28,65)-6-((S)-1-(benzyloxy)ethyl)-2-phenyl-1,3-0xazinan-4-one (119a) (TS10100b)
o] The product was prepared following the procedure for the preparation of
H)N\)i/ 119b using diene 118 (52.3 mg, 0.20 mmol), aldehyde 115 (49.3 mg, 0.30 mmol) and
Ph™e 0" 5 6 I;n Rhy(S-BPTPI)4(1) (2.86 mg, 0.002 mmol, 1 mol %). The crude product was purified
by flash column chromatography (silica gel, 1:1 CHCI3/AcOEt) to give 119a (39.3
mg, 63%) as a colorless amorphous: R;0.27 (1:1 CHCI3/AcOEt); [a]p** —17.0 (¢ 1.91, CHCI5) for 98:2
2R- and 6R-diastereomeric mixture; IR (NaCl) 3384, 3225, 1666 cm™; '"H NMR (396 MHz, CDCl5)
6 1.18 (d, /= 6.2 Hz, 3H, C1'-CH;), 2.34 (dd, /= 17.2, 3.9 Hz, 1H, C3-H), 2.51 (dd, J=17.2, 10.4 Hz,
1H, C3-H), 3.63 (quin, J = 6.2 Hz, 1H, C1'-H), 3.97 (ddd, J=10.4, 6.2, 3.9 Hz, 1H, C2-H), 4.52 (d, J
=12.0 Hz, 1H, OCH-Ph), 4.61 (d, J = 12.0 Hz, 1H, OCH-Ph), 5.69 (s, 1H, C6-H), 6.69 (br, 1H, NH),
7.20-7.30 (m, 5H, ArH), 7.36-7.42 (m, 5H, ArH); '*C NMR (100 MHz, CDCls) & 14.9 (CHs), 32.9
(CH»), 71.6 (CH»), 75.4 (CH), 77.7 (CH), 85.3 (CH), 126.7 (CH), 127.5 (CH), 127.6 (CH), 128.3 (CH),
128.7 (CH), 129.7 (CH), 137.7 (C), 138.3 (C), 169.2 (C); ESI-HRMS m/z calcd for CyH203NNa
(M+Na)" 334.14136, found 334.14151. The diasterecomeric ratio of 119a was determined to be
(2S,6S,1'S)/(2R,6R,1'S) = 98:2 by 'H NMR analysis and the relative configuration at C6 was

determined by NOE correlation between C2 and C6.
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Part 1 Chapter 2 Section 2

[Preparation of single crystal of Rhy(S-BPTPI)4]

Rhy(S-BPTPI); was put into a micro test tube and dissolved in toluene. Then, small
amount of N,N-dimethylformamide was added to this mixture.* The test tube was equipped with cap
having a hole and stored in screw cap vial quarterly filled with n-pentane. n-Pentane was diffused to

the solution slowly and it afforded single crystal of Rh,(S-BPTPI), as platelet.

* If N,N-dimethylformamide was added to much, it resulted in two-layer of toluene-pentane mixture and
N,N-dimethylformamide. It does not afford single crystal.
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(5)-6-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-4-methyl-5,6-dihydro-2 H-pyran-2-one (120)
(TS05071)

13 MeLi (1.07 M in THF, 32.5 mL, 34.8 mmol) was added to a stirred
fj_{)o;leM solution of dihydropyranone 112b-A (8.74 g, 31.6 mmol) in THF (158 mL) at —

)

In

E 78 °C. After stirring for 2 h at this temperature, the reaction was quenched with pH
7.0 phosphorous buffer (80 mL). The whole was extracted with AcOEt (300 mL) and washed with
water (150 mL) and brine (150 mL), and dried over anhydrous Na,SOs. Filtration and evaporation in
vacuo furnished the crude product (9.80 g), which was used without further purification. To a stirred
solution of crude alcohol (9.80 g), MS4A (8.74 g, 100 wt %) and NaOAc (7.77 g, 94.8 mmol) in DCE
(316 mL) were added PCC (13.6 g, 63.2 mmol) at 0 °C. After stirring for 4 h at room temperature, the
reaction mixture was filtered through a layered-pad of Celite, silica gel, florisil, Celite washed with
AcOEt. The filtrate was evaporated in vacuo furnished the crude product (12.0 g), which was purified
by column chromatography (silica gel 180 g, 5:1 n-hexane/AcOEt then 2:1 n-hexane/AcOEt) to give
120 (7.39 g, 80%) as a colorless oil: R, 0.42 (2:1 n-hexane/AcOEt); [a]p* —53.6 (¢ 1.01, CHCl3); IR
(NaCl) 2936, 2908, 1717, 1513, 1249, 1032 cm™'; '"H NMR (396 MHz, CDCl;) § 1.04 (d, J = 6.8 Hz,
3H, C10-CH;), 1.96 (s, 3H, C13-CH;), 1.98-2.08 (m, 2H, C12-H), 2.43-2.51 (m, 1H, C10-H), 3.42
(dd, J=9.5, 5.0 Hz, C9-H), 3.52 (dd, J = 9.5, 7.7 Hz, C9-H), 3.81 (s, 3H, ArOCH3), 4.40 (d, /=113
Hz, 1H, OCH:Ar), 4.46 (d, J=11.3 Hz, 1H, OCH>Ar), 4.52 (dt, J = 13.0, 3.9 Hz, 1H, C11-H), 5.79 (s,
1H, C14-H), 6.86-6.90 (m 2H, ArH), 7.22-7.26 (m, 2H, ArH); C NMR (99 MHz, CDCls) & 11.7
(CH3), 23.0 (CH3), 32.4 (CH»), 37.4 (CH), 55.2 (CH3), 71.1 (CH»), 72.9 (CH>), 77.5 (CH), 113.7 (CH),
116.2 (CH), 129.3 (CH), 130.2 (C), 157.7 (C), 159.1 (C), 165.5 (C); ESI-HRMS m/z calcd for C7Ha2»-
OsNa (M+Na)* 313.14103, found 313.14093..

(1R,4S,6R)-4-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-6-methyl-3,7-dioxabicyclo[4.1.0] heptan
-2-one (111b) (TS05027)

6 M aqueous NaOH (0.53 mL) was added to a stirred solution of lactone
120 (1.55 g, 5.34 mmol) and 30% H,O (2.12 mL) in MeOH (76.3 mL) at 0 °C.

After stirring for 1 h at room temperature, the reaction mixture was poured into a

OMPM

H

two-layer mixture of Et;O (120 mL) and water (120 mL), then acidified until pH 3. The Et,O layer
was separated, and the aqueous layer was extracted with Et;O (300 mL). The combined organic
extracts were washed with brine (100 mL), and dried over anhydrous Na,SOs. Filtration and
evaporation in vacuo furnished the crude product (1.67 g), which was purified by column
chromatography (silica gel 50 g, 19:1 toluene/AcOEt) to give 111b (1.53 g, 93%) as a colorless oil: Ry
0.46 (2:1 toluene/AcOEL); [a]p'® +42.7 (¢ 1.02, CHCl3); IR (NaCl) 2968, 2934, 1738, 1612, 1514,
1248, 1103, 1033 cm™'; '"H NMR (396 MHz, CDCls) & 0.96 (d, J = 7.3 Hz, 3H, C10-CHs), 1.50 (s, 3H,
C13-CHs), 1.86-1.93 (m, 1H, C10-H), 2.05-2.07 (m, 1H, CI12-H), 3.36 (dd, J = 9.3, 5.4 Hz, 1H,
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C9-H), 3.38 (s, 1H, C14-H), 3.42 (dd, J = 9.3, 7.3 Hz, 1H, C9-H), 3.82 (s, 3H, ArOCHj), 4.39 (d, J =
11.3 Hz, 1H, OCHAr), 4.44 (d, J = 11.3 Hz, 1H, OCH,Ar), 4.66 (ddd, J = 10.0, 9.1, 4.1 Hz, 1H,
C11-H), 6.86-6.90 (m, 2H, ArH), 7.22-7.25 (m, 2H, ArH); '*C NMR (126 MHz, CDCl3) § 11.4 (CH),
20.2 (CHs), 31.9 (CHa), 37.0 (CH), 55.2 (CH), 55.4 (CHs), 59.3 (C), 71.0 (CH,), 72.8 (CHa), 75.1
(CH), 113.7 (CH), 129.3 (CH), 130.2 (C), 159.2 (C), 168.3 (C); ESI-HRMS m/z caled for C17HxnOsNa
(M+Na)" 329.13594, found 329.13584..

(3S,5S,65)-7-((4-methoxybenzyl)oxy)-3,6-dimethylheptane-1,3,5-triol (121) (TS05079)

HO OH OMPM Red-A1® (65% in toluene, 36.8 mL, 118 mmol) was added to a
° stirred solution of epoxide 111b (7.20 g, 23.5 mmol) in THF (235 mL) at 0 °C.
HO™ ™ After stirring for 4 h at this temperature, saturated aqueous Rochelle salt (100

mL) was added dropwise, then diluted AcOEt (200 mL). The AcOEt layer was separated, and the
aqueous layer was extracted with AcOEt (3 x 200 mL). The combined organic extracts were washed
with brine (200 mL), and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished
crude product (9.56 g), which was purified b column chromatography (silica gel, 150 g, 1:4
n-hexane/AcOEt) to give 121 (6.27 g, 86%) as a colorless oil: R;0.16 (1:2 n-hexane/AcOEt); [a]p?! —
6.16 (¢ 1.00, MeOH); IR (NaCl) 3375, 2937, 1613, 1514, 1248 cm™'; 'TH NMR (500 MHz, CDCls) &
0.93 (d, J = 7.2 Hz, 3H, C10-CHs), 1.26 (dd, J = 13.8, 1.7 Hz, 1H, C12-H), 1.33 (s. 3H, C13-CHj),
1.66-1.76 (m, 2H, C14-H), 1.87-1.92 (m, 2H, C10-H and C12-H), 3.50 (br, 2H, C9-H and OH), 3.56
(dd, J=9.4,4.5 Hz, 1H, C9-H), 3.70 (br, 1H, OH), 3.81 (s, 3H, ArOCH3), 3.87 (br, 1H, C15-H), 4.22—
4.24 (m, 1H, C11-H), 4.42 (d, J=11.7 Hz, 1H, OCH,Ar), 4.48 (d, J = 11.7 Hz, 1H, OCH>Ar), 4.62 (br,
1H, OH), 6.89-6.91 (m, 2H, ArH), 7.24-7.26 (m, 2H, ArH); *C NMR (100 MHz, CDCl;) & 11.5
(CH3), 26.3 (CH3), 38.3 (CH), 41.9 (CH>), 43.9 (CH>), 55.3 (CH3), 59.5 (CH>), 72.3 (CH), 73.2 (CH>),
74.0 (CHy), 74.1 (C), 113.9 (CH), 129.4 (CH), 129.7 (C), 159.3 (C); ESI-HRMS m/z calcd for
Ci7H230sNa (M+Na)" 335.18290, found 225.18285.

2-((2R,4S,65)-6-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-4-methyl-2-phenyl-1,3-dioxan-4-yl)et
hyl 4-methylbenzenesulfonate (122) (TS05031)

Ph TsCl (1.18 g, 6.20 mmol) was added to a stirred solution of triol 121
Q OMPM (1.29 g, 4.13 mmol), EtsN (1.04 g, 6.20 mmol) and MesN-HCI (244 mg, 4.13

9

Q

mmol) in toluene (8.26 mL) at 0 °C. After stirring for 1 h at this temperature,
Ts07 1 the reaction was quenched a bit of ice. The whole was extracted with AcOEt
(20 mL), and the organic extract was washed with water (8 mL) and brine (8 mL), and dried over
anhydrous Na,SOj. Filtration and evaporation in vacuo (until 4 mL) furnished the crude product (6.30
g), which was used without further purification. To a stirred solution of crude diol (6.30 g) and
benzaldehyde dimethyl acetal (1.89 g, 12.4 mmol) in CH,Cl, (41.3 mL) was added PPTS (104 mg,
0.413 mmol) at room temperature. After stirring for 12 h at this temperature, the reaction was
quenched with EtsN (1 mL). The whole was extracted with AcOEt (60 mL). The organic extract was
washed with saturated aqueous NaHCOs (30 mL) and brine (30 mL), and dried over anhydrous
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Na»S0Os. Filtration and evaporation in vacuo furnished the crude product (3.37 g), which was purified
by column chromatography (silica gel 90 g, 9:1 n-hexane/AcOEt) to give 122 (2.20 g, 96%) as a
colorless oil: Ry0.52 (2:1 n-hexane/AcOEt); [a]p?! +22.6 (¢ 1.14, CHCl3); IR (NaCl) 2971, 2909, 1612,
1513, 1362, 1176 ecm™'; '"H NMR (396 MHz, CDCls) & 0.99 (d, J = 6.8 Hz, 3H, C10-CHs), 1.31 (dd, J
=13.1, 2.2 Hz, 1H, C12-H), 1.39 (s, 3H, C13-CH3), 1.65 (dd, J = 13.1, 12.2 Hz, 1H, C12-H), 1.78-
1.83 (m, 1H, C10-H), 1.96-1.99 (m, 2H, C14-H), 2.43 (s, 3H, SArCHs), 3.34 (dd, /= 9.4, 5.4 Hz, 1H,
C9-H), 3.47 (dd, J = 9.4, 6.7 Hz, 1H, C9-H), 3.79 (s, 3H, ArOCHs), 4.02 (ddd, J =12.2, 4.9, 2.2 Hz,
1H, C11-H), 4.24-4.28 (m, 2H, C15-H), 4.23 (s, 2H, OCH>Ar), 5.63 (s, 1H, OCHPh), 6.84-6.88 (m,
2H, ArH), 7.23-7.32 (m, 9H, ArH), 7.77-7.79 (m, 2H, ArH); *C NMR (100 MHz, CDCls) § 12.3
(CH3), 21.0 (CHs), 21.6 (CHs), 37.1 (CH»), 38.4 (CH), 42.7 (CH»), 55.2 (CH3), 6.4 (CH»), 71.4 (CH>),
72.7 (CH>), 72.8 (C), 72.9 (CH), 94.4 (CH), 113.7 (CH), 126.0 (CH), 127.8 (CH), 128.0 (CH), 128.4
(CH), 129.2 (CH), 129.8 (CH), 130.5 (C), 133.0 (C), 139.1 (C), 14.7 (C), 159.1 (C); ESI-HRMS m/z
calcd for C31Hsg;SNa (M+Na)* 577.22305, found 577.22242.

3-((2R,4S,65)-6-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-4-methyl-2-phenyl-1,3-dioxan-4-yl)p
ropanenitrile (123) (TS05086)

NaCN (4.04 g, 82.5 mmol) was added to a stirred solution of acetal
122 (9.14 g, 16.5 mmol) in DMF (41.3 mL) at room temperature. After stirring
for 16 h at 40 °C, the reaction mixture was poured into a two-layer mixture of
AcOEt (80 mL) and water (40 mL). The AcOEt layer was separated, and the
aqueous layer was extracted with AcOEt (120 mL). The combined organic

extracts were washed with saturated aqueous NaHCO3 (50 mL), water (50 mL) and brine (50 mL), and

dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished the crude product (6.91 g),
which was purified by column chromatography (silica gel 120 g, 19:1 toluene/AcOEt) to give 123
(6.69 g, 99%) as a colorless oil: R;0.63 (9:1 toluene/AcOEt); [a]p®! +34.5 (¢ 1.04, CHCIs); IR (NaCl)
2934, 2248, 1612, 1512, 1247 cm™'; 'TH NMR (396 MHz, CDCl;) & 1.02 (d, J = 6.8 Hz, 3H, C10-CHs),
1.33 (dd, J = 12.7, 2.3 Hz, 1H, C12-H), 1.43 (s, 3H, C13-CH5), 1.67 (dd, J = 12.7, 12.3 Hz, 1H,
C12-H), 1.82-1.89 (m, 1H, C10-H), 1.91-1.99 (m, 2H, C14-H), 2.49-2.53 (m, 2H, C15-H), 3.37 (dd,
J=9.1,5.0 Hz, 1H, C9-H), 3.48 (dd, J=9.1, 6.8 Hz, 1H, C9-H), 3.79 (s, 3H, ArOCH3), 4.07 (ddd, J =
12.3, 5.0, 2.3 Hz, 1H, C11-H), 4.44 (s, 2H, OCH:Ar), 5.67 (s, 1H, OCHPh), 6.85-6.88 (m, 2H, ArH),
7.24-7.26 (m, 2H, ArH), 7.32-7.38 (m, 3H, ArH), 7.39-7.43 (m, 2H, ArH); C NMR (100 MHz,
CDCl3) 6 11.0 (CH»), 12.3 (CHs), 20.6 (CHs), 36.5 (CH>), 38.3 (CH), 39.4 (CH»), 55.2 (CHz3), 71.3
(CHy), 72.6 (C), 72.7 (CH3), 73.0 (CH), 94.7 (CH), 113.7 (CH), 120.3 (C), 126.0 (CH), 128.1 (CH),
128.5 (CH), 129.2 (CH), 130. (C), 159.1 (C); ESI-HRMS m/z calcd for C,sH3OsNNa (M+Na)*
432.21453, found 432.21412.
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3-((2R,4S,6S5)-6-((S)-1-hydroxypropan-2-yl)-4-methyl-2-phenyl-1,3-dioxan-4-yl)propanenitrile
(125) (TS06035)

En DDQ (1.25 g, 5.50 mmol) was added to a stirred solution of cyanide
123 (2.05 g, 5.00 mmol) in CH>Cl, (90.9 mL) and pH 7 phosphorous buffer
(9.09 mL) at 0 °C. After stirring for 4 h at room temperature, the reaction

N . . .
96 mixture was poured into a mixture of EtOH (90 mL) and saturated aqueous

NaHCOs (45 mL) and 10% aqueous Na»S,0; (45 mL). The whole was extracted with CH>Cl, (200
mL), and the organic extract was washed with saturated aqueous NaHCOs3 (50 mL), water (50 mL) and
brine (50 mL), and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished the
crude product (2.07 g), which was purified by column chromatography (silica gel 60 g, 1:1
n-hexane/AcOEt) to give 125 (1.43 g, 99%) as a colorless oil: Ry 0.24 (1:1 n-hexane/AcOEt); [a]p*
28.2 (¢ 1.06, CHCl5); IR (NaCl) 3467, 2973, 2932, 2249, 1026 cm™'; 'TH NMR (500 MHz, CDCl;) &
1.00 (d, J = 7.5 Hz, 3H, C10-CHs), 1.39 (dd, J = 12.6, 2.3 Hz, 1H, C12-H), 1.47 (s, 3H, C13-CHj),
1.79 (dd, J=12.6, 12.1 Hz, 1H, C12-H), 1.90-1.99 (m, 4H, C10-H and C14-H and OH), 2.49-2.60 (m,
2H, C15-H), 3.63-3.67 (m, 1H, C9-H), 3.71-3.76 (m, 1H, C9-H), 4.19 (ddd, J=12.1, 4.0, 2.3 Hz, 1H,
C11-H), 5.72 (s, 1H, OCHPh), 7.34-7.38 (m, 3H, ArH), 7.42-7.44 (m, 2H, ArH); *C NMR (100 MHz,
CDCls) 6 11.0 (CHy), 11.6 (CH3), 20.5 (CH3), 35.5 (CH>), 39.3 (CH>), 39.5 (CH), 65.1 (CH») 72.7 (C),
74. (CH), 94.9 (CH), 120.2 (C), 126.0 (CH), 128.2 (CH), 128.8 (CH), 138.6 (C); ESI-HRMS m/z calcd
for C17H2303NNa (M+Na)* 312.15701, found 312.15700.

3-((2R,4S,65)-4-methyl-6-((R)-1-oxopropan-2-yl)-2-phenyl-1,3-dioxan-4-yl)propanenitrile (126)

(TS06041)
Ph

Dess—Martion periodinane (4.20 g, 9.90 mmol) was added to a solution
(g) of alcohol 125 (1.91 g, 6.60 mmol) in CH>Cl, (33 mL) at 0 °C. After stirring for 5

N
: © hat room temperature, the reaction mixture was diluted with AcOEt (40 mL) and

N(is poured into a mixture of pH 7.4 phosphorous buffer (20 mL) and 10% aqueous

Na»S,03 (20 mL). The layers were separated, the organic layer was washed with pH 7.4 phosphorous
buffer (3 x 20 mL) and brine (20 mL), and dried over anhydrous Na,SOs. Filtration and evaporation in
vacuo furnished the crude product (3.05 g), which was purified by column chromatography (silica gel
60 g, 2:1 n-hexane/AcOEt) to give 126 (1.63 g, 86%) as a colorless oil: R;0.55 (1:1 n-hexane/AcOEt);
[a]p** +12.1 (¢ 1.00, CHCI5); IR (NaCl) 2979, 2248, 1724, 1390, 1087 cm!; 'H NMR (392 MHz,
CDCL) 6 1.23 (d, J = 7.2 Hz, 3H, C10-CH3), 1.50-1.55 (m, 4H, C12-H and C13-CH3), 1.69 (dd, J =
13.0, 12.4 Hz, 1H, C12-H), 1.97 (td, J = 8.1, 1.8 Hz, 2H, C14-H), 2.46-2.62 (m, 3H, C10-H and
C15-H), 4.40 (ddd, J=12.4, 5.4, 2.2 Hz, 1H, C11-H), 5.76 (s, 1H, OCHPh), 7.34-7.39 (m, 3H, ArH),
7.42-7.44 (m, 2H, ArH), 9.79 (s, 1H, C9-H); C NMR (99 MHz, CDCl;) & 8.89 (CH;), 11.0 (CH>),
20.3 (CHzs), 36.5 (CHa»), 39.2 (CH>), 50.7 (CH), 72.0 (CH), 72.7 (C), 94.9 (CH), 120.1 (C), 126.0 (CH),
128.2 (CH), 128.8 (CH), 138.3 (C), 203.2 (CH); ESI-HRMS m/z caled for Ci7H»OsN (M+H)"
288.15942, found 288.15949.
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3-((2R,4S,65)-6-((S)-but-3-en-2-yl)-4-methyl-2-phenyl-1,3-dioxan-4-yl)propanenitrile azx7)
(TS06043)
';h LiHMDS (1.0 M in THF, 8.51 mL, 8.51 mmol) was added to a stirred
VS
9

solution of PPh;CH;3Br (4.04 g, 11.3 mmol) in THF (50 mL) at 0 °C. After stirring
for 15 min at this temperature, a solution of aldehyde 126 (1.63 g, 5.67 mmol) in

9

NC16 THF (30 mL) was added dropwise at 0 °C. After stirring for 1 h at this

temperature, the reaction was quenched with saturated aqueous NH4Cl (20 mL). The whole was
extracted with EtOAc (150 mL), and the organic extract was washed with brine (40 mL), and dried
over anhydrous Na;SOg. Filtration and evaporation in vacuo furnished the crude product (3.26 g),
which was purified by column chromatography (silica gel 90 g, 9:1 n-hexane/AcOEFEt) to give 127
(1.39 g, 86%) as a colorless oil: Ry 0.62 (2:1 n-hexane/AcOEt); [a]p®® +4.38 (¢ 1.03, CHCl3); IR
(NaCl) 2976, 2248, 1200, 1028, 756 cm™'; 'H NMR (392 MHz, CDCl3) & 1.13 (d, J = 6.3 Hz,
C10-CHs), 1.43-1.53 (m, 5H, C12-H, C13-CHs), 1.90-1.99 (m, 2H, Cl14-H), 2.29-2.38 (m, 1H,
C10-H), 2.53 (t, J = 7.6 Hz, 2H, C15-H), 3.37 (ddd, J = 10.8, 7.6, 2.7 Hz, 1H, C11-H), 5.05-5.12 (m,
2H, =CH,), 5.68-5.77 (m, 2H, C9-H and OCHPh), 7.33-7.39 (m, 3H, ArH), 7.45-7.48 (m, 2H, ArH);
BC NMR (99 MHz, CDCl;) & 11.1 (CH,), 16.0 (CHs), 20.7 (CH3), 37.1 (CHz), 39.3 (CHa), 43.4 (CH),
72.7 (C), 75.9 (CH), 94.7 (CH), 115.7 (CH>), 120.3 (C), 126.0 (CH), 128.1 (CH), 128.6 (CH), 128.8
(C), 129.5 (CH); ESI-HRMS m/z calcd for CisH230,NNa (M+Na)* 308.16210, found 208.16201.

3-((2R,4S,65)-6-((S)-but-3-en-2-yl)-4-methyl-2-phenyl-1,3-dioxan-4-yl)propanal (128) (TS06045)
en DIBAL (1.0 M in toluene, 9.12 mL, 9.12 mmol) was added to a
solution of alkene 127 (2.17 g, 7.60 mmol) in CH,Cl, (76 mL) at —78 °C. After

stirring for 4 h at this temperature, the reaction was quenched with a mixture of

OH% AcOH and H,O (1:1, 6.0 mL) and then stirred for 30 min at 0 °C. The mixture

was poured into a two-layer of AcOEt (100 mL) and water (40 mL). The AcOEt layer was separated,
and the organic layer was washed with saturated aqueous NaHCOs3 (40 mL) and brine (40 mL), and
dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished the crude product (2.33 g),
which was purified by column chromatography (silica gel 60 g, 15:1 toluene/ether) to give 128 (1.94 g,
89%) as a colorless oil: R, 0.35 (15:1 toluene/ether); [a]p** +3.13 (¢ 1.02, MeOH); IR (NaCl) 2976,
1724, 1094, 1027, 755 cm™'; '"H NMR (392 MHz, CDCls) 8 1.14 (d, J = 6.7 Hz, 3H, C10-CHs), 1.39—
1.61 (m, 5H, C12-H and C13-CH»), 1.92 (t, J= 7.4 Hz, 2H, C14-H), 2.29-2.38 (m, 1H, C10-H), 2.63
(t, J = 7.4 Hz, 2H, C15-H), 3.74 (ddd, J = 10.8, 7.6, 2.7 Hz, 1H, C11-H), 5.04-5.11 (m, 2H, =CH>),
5.70-5.77 (m, 2H, C9-H and OCHPh), 7.32-7.38 (m, 3H, ArH), 7.45-7.48 (m, 2H, ArH), 9.79 (s, 1H,
C9-H); *C NMR (99 MHz, CDCl3) & 16.0 (CHs), 20.8 (CH3), 36.2 (CH>), 37.6 (CH>), 38.0 (CH>), 3.5
(CH), 73.3 (C), 76.0 (CH), 94.6 (CH), 115.5 (CH»), 126.0 (CH), 128.1 (CH), 128.5 (CH), 139.1 (C),
129.7 (CH), 202.6 (CH); ESI-HRMS m/z calcd for CisH»4OsNa (M+Na)" 311.16177, found
311.16164.
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3-((2R,4S,65)-6-((S)-but-3-en-2-yl)-4-methyl-2-phenyl-1,3-dioxan-4-yl)propan-1-ol (129)

(TS06047)

Ph NaBH4 (290 mg, 7.40 mmol) was added to a stirred solution of

aldehyde 128 (1.94 g, 6.73 mmol) in MeOH (34 mL) at 0 °C. After stirring for
N 2 h at room temperature, the reaction was quenched with saturated aqueous

16 NH4Cl (20 mL). The whole was extracted with AcOEt (2 x 100 mL), and the

organic extracts were washed with brine (30 mL), and dried over anhydrous Na,SOs. Filtration and

evaporation in vacuo furnished the crude product (2.00 g), which was purified by column
chromatography (silica gel 60 g, 2:1 n-hexane/AcOEt) to give 129 (1.81 g, 93%) as a colorless oil: Ry
0.32 (2:1 n-hexane/AcOEt); [a]p® +5.80 (¢ 1.21, CHCI3); IR (NaCl) 3403, 2953, 1093, 756 cm™!; 'H
NMR (392 MHz, CDCl3) 6 1.13 (d, J = 6.9 Hz, 3H, C10-CHs), 1.41 (s, 3H, C13-CH3), 1.45 (dd, J =
12.9, 2.3 Hz, 1H, C12-H), 1.59 (dd, J = 12.9, 11.8 Hz, 1H, C12-H), 1.65 (t, J = 7.5 Hz, 2H, C14-H),
1.71-1.81 (m, 2H, C15-H), 2.30-2.37 (m, 1H, C10-H), 3.65 (q, J = 6.3 Hz, 2H, C16-H), 3.74 (ddd, J =
11.8, 7.5, 2.3 Hz, 1H, C11-H), 5.04-5.10 (m, 2H, =CH.), 5.72-5.79 (m, 2H, C9-H and OCHPh), 7.31-
7.37 (m, 3H, ArH), 7.48-7.49 (m, 2H, ArH); C NMR (99 MHz, CDCIl;) § 16.0 (CHs), 20.5 (CH3),
37.9 (CHy), 40.9 (CH>), 43.5 (CH), 63.2 (CH»), 74.2 (C), 76.2 (CH), 94.7 (CH), 115.3 (CH>), 126.1
(CH), 128.1 (CH), 128.5 (CH), 139.2 (C), 139.9 (CH); ESI-HRMS m/z calcd for CisH26O3Na (M+Na)*
313.17742, found 313.17715.

(4S,6S,7S)-4,7-dimethylnon-8-ene-1,4,6-triol (130) (TS06073)
o 9\ A mixture of TFA in H,O (4:1, 62.3 mL) was added to a solution of
16 (\\\\)1\3):; alcohol 129 (1.81 g, 6.23 mmol) in CH,Cl, (125 mL) at 0 °C. After stirring for 15
OH min at this temperature, the reaction mixture was poured into a two-layer of
AcOEt (200 mL) and saturated aqueous NaHCO; (200 mL). The AcOEt layer was separated, the
organic layer was washed with saturated aqueous NaHCOs3 (3 x 60 mL). The combined water layers
were neutralized and extracted with AcOEt (6 x 200 mL). The combined organic layers were washed
with brine (150 mL), and dried over anhydrous Na,SQs. Filtration and evaporation in vacuo furnished
the crude product (3.19 g), which was purified by column chromatography (silica gel 90 g, AcOEt
only) to give 130 (1.13 g, 90%) as a colorless oil: R;0.23 (AcOEt only); [a]p?® —23.2 (¢ 1.02, MeOH);
IR (NaCl) 3388, 2948, 1640, 756 cm™'; 'TH NMR (500 MHz, CDCl3) & 1.04 (d, J = 6.9 Hz. C9-CH>),
1.27 (s, 3H, C13-CH;), 1.47 (dd, J = 14.3, 1.7 Hz, 1H, C12-H), 1.58-1.63 (m, 3H, C12-H and C14-H),
1.66-1.71 (m, 2H, C15-H), 2.20-2.27 (m, 1H, C10-H), 2.86 (br, 1H, OH), 3.65 (t, J = 5.7 Hz, 2H,
C16-H), 3.90 (ddd, J = 10.9, 5.7, 1.7 Hz, 1H, C11-H), 5.05-5.09 (m, 2H, =CH>), 5.72-5.79 (m, 1H,
C9-H); *C NMR (126 MHz, CDCls) & 14.9 (CHs), 25.8 (CH3), 26.6 (CH,), 41.5 (CH>), 42.9 (CH,),
44.4 (CH), 63.2 (CH,), 72.5 (CH), 72.7 (C), 115.5 (CHz), 140.5 (CH); ESI-HRMS m/z calcd for
Ci1H2,03Na (M+Na)* 225.14612, found 225.14594.
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(3S,4S,65)-9-((tert-butyldiphenylsilyl)oxy)-3,6-dimethylnon-1-ene-4,6-diol (131) (TS06074)

o 9\ TBDPSCI (1.87 g, 6.71 mmol) was added to a solution of triol 130 (1.13
H

16~ Wl o & 5.59 mmol) and imidazole (695 mg, 11.2 mmol) in DMF (11.2 mL) at 0 °C.
OTBDPS After stirring for 1 h at room temperature, the reaction was quenched with a bit of

ice. The whole was extracted with AcOEt (100 mL), and the organic extract was washed with water (2
x 20 mL) and brine (20 mL), and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo
furnished the crude product (5.00 g), which was purified by column chromatography (silica gel 100 g,
4:1 n-hexane/AcOEt) to give 131 (2.29 g, 93%) as a colorless oil: Ry 0.34 (3:1 n-hexane/AcOEt);
[a]p? —11.9 (¢ 1.06, CHCl5); IR (NaCl) 3352, 2958, 1111, 702 cm™!; 'H NMR (500 MHz, CDCl;) &
1.05-1.07 (m, 13H, C9-CH3 and SiC(CHs)3), 1.28 (s, 3H, C13-CH3), 1.48 (d, J=12.6 Hz, 1H, C12-H),
1.57-1.70 (m, 5SH, C12-H, C14-H and C15-H), 2.20-2.27 (m, 1H, C10-H), 3.64-3.71 (m, 3H, C16-H
and OH), 3.90 (dd, J = 12.6, 6.3 Hz, 1H, C11-H), 5.06-5.12 (m, 2H, =CH>), 5.80 (ddd, J = 17.8, 10.3,
7.5 Hz, 1H, C9-H), 7.37-7.45 (m, 6H, ArH), 7.66-7.68 (m, 4H, ArH); *C NMR (126 MHz, CDCl3) §
15.0 (CHz3), 19.1 (C), 25.6 (CH3), 26.6 (CH>), 26.8 (CH3), 41.6 (CH>), 43.3 (CH»), 44.3 (CH), 64.7
(CH»), 72.3 (CH), 73.0 (C), 115.1 (CH>), 127.7 (CH), 129.7 (CH), 133.4 (C), 135.6 (CH), 140.9 (CH);
ESI-HRMS m/z calcd for C27H4003SiNa (M+Na)* 463.26389, found 463.26352.

(5S,7S)-5-((S)-but-3-en-2-yl)-2,2,3,3,7,13,13-heptamethyl-12,12-diphenyl-4,11-dioxa-3,12-disilatet
radecan-7-ol (110) (T'S06075)

9\ TBSCI (4.58 g, 30.4 mmol) was added to a solution of diol 131 (670
HO

16 S ores TS 1.52 mmol) and DMAP (5.60 g, 45.6 mmol) in DMF (51 mL) at room
OTBDPS temperature. After stirring for 8 h at this temperature, the reaction was quenched

with a bit of ice. The whole was extracted with AcOEt (100 mL), and the organic extract was washed
with water (2 x 30 mL) and brine (30 mL), and dried over anhydrous Na,SOs. Filtration and
evaporation in vacuo furnished the crude product (7.30 g), which was purified by column
chromatography (silica gel 150 g, 30:1 n-hexane/AcOEt) to give 110 (437 mg, 52%; BRSM 98%) as a
colorless oil and recovered starting material (317 mg, 47% recovered): Ry 0.48 (5:1 n-hexane/AcOEt);
[a]p® —42.1 (¢ 1.01, CHCl); IR (NaCl) 3521, 2957, 2930, 2858, 1111, 702 cm™'; '"H NMR (396 MHz,
CDCls) 6 0.17 (s, 3H, SiCH3), 0.18 (s, 3H, SiCHs), 0.93 (s, 9H, SiC(CHs)s), 0.96 (d, J = 7.3 Hz, 3H
C10-CHs), 1.05 (s, 9H, SiC(CHs)3), 1.20 (s, 3H, C13-CHs3), 1.35 (dd, J = 15.0, 2.5 Hz, 1H, C12-H),
1,46 (1.50 (m, 2H, C14-H), 1.56-1.67 (m, 3H, C12-H and C15-H), 2.54-2.55 (m, 1H, C10-H), 3.66 (t,
J=6.3 Hz, 2H, C16-H), 3.81 (s, 1H, OH), 4.09 (ddd, J=10.4, 2.7, 2.5 Hz, 1H, C11-H), 5.04 (d, J =
16.8 Hz, 1H, =CHH), 5.14 (d, J = 10.7, 1H, =CHH), 6.06 (ddd, J = 16.8, 10.7, 5.0 Hz, 1H, C9-H),
7.35-7.44 (m, 6H, ArH), 7.66-7.68 (m, 4H, ArH); 3C NMR (100 MHz, CDCl3) § —4.60 (CH3), -3.26
(CH3), 14.8 (CHz3), 18.0 (C), 19.2 (C), 25.8 (CH3), 25.9 (CHz3), 26.8 (CH3), 26.9 (CHz), 29.8 (CH>),
40.4 (CH,), 42.1 (CH), 64.5 (CH,), 71.8 (C), 75.1 (CH), 114.9 (CH>), 127.6 (CH), 129.5 (CH), 129.5
(CH), 134.0 (C), 135.6 (C), 128.3 (CH); ESI-HRMS m/z calcd for C33Hs403Si:Na (M+Na)* 577.35037,
found 577.35044.
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Part 1 Chapter 3 Section 2

(R)-2-((benzyloxy)methyl)-2,3-dihydro4 H-pyran-4-one (108) (TS03013)""

o To a solution of benzyloxyacetoaldehyde (109) (593 mg, 3.94 mmol) in CH,Cl,

| 2 (3.94 mL) was added Rhx(R-BPTPI)s (134) (28.2 mg, 0.0197 mmol, 0.5 mol %). The

ol ¥ color of solution was changed from colorless to red and the mixture was stirred for 5 min
OBn

at room temperature. A solution of trans-1-methoxy-3-(triethylsilyloxy)-1,3-butadiene
(2a) (1.27 g, 5.92 mmol) in CH>Cl, (3.94 mL) was added to the mixture dropwise at —20 °C. After
stirring for 24 h at this temperature, a 10% solution of trifluoroacetic acid in CH>Cl, (ca. 1.4 mL) was
added and the mixture was stirred for an additional 2 h. The reaction was quenched with saturated
NaHCO; (6 mL), and then the whole was extracted with AcOEt (2 x15 mL). The organic extracts were
washed with water (10 mL) and brine (10 mL), and dried over anhydrous Na;SOjs. Filtration and
evaporation in vacuo furnished the crude product (2.00 g), which was purified by column
chromatography (silica gel 60 g, 5:1 n-hexane/AcOEt) to give 08 (673 mg, 78%) as a colorless oil: Ry
0.09 (5:1 n-hexane/AcOEt); [a]p'® —133.0 (¢ 1.16, CDCls) for 90% ee [lit.”", [a]p** +75.8 (¢ 0.455,
CHCls) for (S)-enantiomer]; '"H NMR (392 MHz, CDCls) & 2.34 (dd, J = 2.4, 16.8 Hz, 1H, C6-H),
2.67 (dd, J = 14.4, 16.8 Hz, 1H, C6-H), 3.61 (dd, J= 5.1, 10.8 Hz, 1H, C8-H), 3.65 (dd, J = 3.8, 10.8
Hz, 1H, C8-H), 4.50-4.58 (m, 3H, OCH>Ph and C7-H), 5.35 (d, /= 6.0 Hz, 1H, C4-H), 7.16-7.32 (m,
6H, ArH and C4-H). The enantiomer excess of 124 was determined to be 90% by HPLC with a
Chiralcel OD-H column (9:1 n-hecane/'PrOH, 1.0 mL/min): #g (major) = 17.0 min for (R)-enantiomer;

tr (minor) = 14.7 min for (S)-enantiomer.

Ethyl (R)-2-(2-((bensyloxy)methyl)-4-0x0-3,4-dihydro-2 H-pyran-6-yl)acetate (107) (TS03007)
o To a suspension of dihdropyranone 108 (794 mg, 3.64 mmol) and pulverized
MS4A (1.99 g, 250 wt % of 108) in toluene (3.64 mL) was added a solution of silyl

ketene acetal 135 (701 mg, 4.37 mmol) in toluene (3.64 mL) at room temperature.

1 H
COEL — OBN  Afier 1 hof stirring at this temperature, the reaction mixture was then filtered through

a plug of Celite washed with toluene. Evaporation in vacuo furnished the crude product (1.56 g),
which was used without further purification. To a solution of crude silyl enol ether (1.56 g) in DMSO
(36.4 mL) was added Pd(OAc): (81.7 mg, 0.364 mmol, 10 mol %), and the mixture was stirred for 24
h under 1 atm of oxygen atmosphere at 40 °C. The reaction was quenched with water (20 mL) and
extracted with AcOEt (3 x 60 mL). The combined organic extracts were washed with brine (60 mL),
and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished crude product (4.64
g), which was purified by column chromatography (silica gel 80 g, 2:1 n-hexane/AcOEt) to give 107
(787 mg, 70%) as a yellow oil: R;0.21 (2:1 n-hexane/AcOEt); [a]p** —87.8 (¢ 1.10, CHCls); IR (NaCl)
2922, 1734, 1669, 1616, 1398, 1338, 1255, 1027 cm™'; '"H NMR (392 MHz, CDCl3) & 1.27 (t, J=7.2
Hz, 3H, OCH,CH3), 2.41 (dd, J = 3.6, 16.6 Hz, 1H, C6-H), 2.71 (dd, J = 13.5, 16.6 Hz, 1H, C6-H),
3.29 (d, J=4.0 H, 2H, C2-H), 3.69 (dd, J= 4.9, 10.8 Hz, 1H, C8-H), 3.74 (dd, 1H, J = 4.9, 10.8 Hz,
C8-H), 4.18 (q, J = 7.2 Hz, 2H, OCH,CH3), 4.56-4.64 (m, 3H, OCH-Ph and C7-H), 5.44 (s, 1H,
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C4-H), 7.28-7.36 (m, 5H, ArH); 3C NMR (126 MHz, CDCIl5) § 14.2 (CHs), 37.6 (CH.), 40.8 (CH,),
61.6 (CH»), 70.5 (CH,), 73.6 (CH»), 78.8 (CH), 106.7 (CH), 127.8 (CH), 128,0 (CH), 128.6 (CH),
137.7 (C), 167.8 (C), 169.0 (C), 192.4 (C); ESI-HRMS m/z calcd for Ci7H20sNa (M+Na)*" 327.1208,
found 327.1203.

Ethyl 2-((2R,4R)-2-((benzyloxy)methyl)-4-hydroxy-3,4-dihydro-2H-pyran-6-yl)acetate  (137)
(TS03010)

OH To a solution of dihydropyranone 107 (785 mg, 2.58 mmol) and CeCl-7H,O
=5

o (961 mg, 2.58 mmol) in CH,Cl, (6.45 mL) and MeOH (6.45 mL) was added NaBH4
o} ®  at —78 °C. After stirring for 5 h at this temperature, the reaction was quenched with

'Copet OB saturated aqueous NH4Cl (5 mL). The whole was extracted with AcOEt (20 mL), and
the organic extract was washed with brine (10 mL), and dried over anhydrous Na,SOs. Filtration and
evaporation in vacuo furnished crude product (840 mg), which was purified by column
chromatography (silica gel 25 g, 2:1 n-hexane/AcOEt) to give 137 (725 mg, 92%) as a colorless oil: Ry
0.30 (1:1 n-hexane/AcOEt); [a]p?' —16.1 (¢ 1.08, CHCl5); IR (NaCl) 2923, 1722, 1612, 1512, 1461,
1450, 1371, 1299, 1243, 1081, 1027 cm™'; '"H NMR (392 MHz, CDCls) & 1.25 (t, J = 7.2 Hz, 3H,
OCH,CHs), 1.75 (ddd, J=3.1, 6.3 13.5 Hz, 1H, C6-H), 1.83 (br, 1H, OH), 2.21 (ddd, /=3.1, 6.3, 13.5
Hz, 1H, C6-H), 3.06 (s, 2H, C2-H), 3.62 (dd, J = 4.5, 11.3 Hz, 1H, C8-H), 3.67 (dd, J=4.5, 11.3 Hz,
1H, C8-H), 4.15 (q, J = 7.2 Hz, 2H, OCH>CH3), 4.23 (ddd, J = 3.2, 4.5, 9.0 Hz, 1H, C7-H), 4.41 (m,
1H, C5-H), 4.58 (d, J = 2.2 Hz, 2H, OCH,Ph), 4.80 (d, J = 2.2 Hz, 1H, C4-H), 7.26-7.35 (m, 5H,
ArH); “C NMR (126 MHz, CDCl3) 8 14.3 (CHs), 34.0 (CH>), 40.2 (CH>), 61.1 (CH>), 62.6 (CH), 72.1
(CH,), 73.6 (CH), 74.3 (CH), 103.9 (CH), 127.8 (CH), 127.9 (CH), 128.6 (CH), 138.0 (C), 149.5 (C),
170.0 (C); ESI-HRMS m/z calcd for Ci7H2,0sNa (M+Na)* 329.1365, found 329.1359.

Ethyl
2-((2R,4R)-2-((benzyloxy)methyl)-4-((tert-butyldiphenylsilyl)oxy)-3,4-dihydro-2 H-pyran-6-yl)ace
tate (138) (TS03023)

OTBDPS TBDPSCI (1.51 g, 5.49 mmol) was added to a stirred solution of alcohol 137
~ (1.12 g, 3.66 mmol) and DMAP (1.35 g, 11 mmol) and 'Pr,NEt (94.6 mg, 0.732

o} ®  mmol) in DMF (3.66 mL) at 0 °C. After stirring for 5 h at this temperature, the
]
CO,Et

3|

reaction was quenched by addition of a bit of ice. The whole was extracted with
AcOEt (25 mL), and the organic extract was washed with water (10 mL) and brine (10 mL), and dried
over anhydrous Na,SOj. Filtration and evaporation in vacuo furnished crude product (3.82 g) which
was purified by column chromatography (silica gel 100 g, 40:1 toluene/AcOEt) to give 138 (2.45 g, )
as a colorless oil: R;0.31 (20:1 toluene/AcOEL); [a]p*? —4.63 (¢ 1.49, CHCI;); IR (NaCl) 2926, 2853,
1740, 1679, 1424, 1108, 1068 cm™'; '"H NMR (392 MHz, CDCls) & 1.04 (s, 9H, SiC(CHs)3), 1.23 (t,J
= 6.9 Hz, 3H, OCH.CH»);, 1.82 (ddd, J= 7.5, 9.2, 13.2 Hz, 1H, C6-H), 1.89 (ddd, J = 2.5, 5.8, 13.2
Hz, 1H, C6-H), 3.01 (d, J=9.7 Hz, 2H, C2-H), 3.54 (dd, J=4.0, 10.3 Hz, 1H, C8-H), 3.72 (dd, J = 6.3,
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10.5 Hz, 1H, C8-H), 4.09—4.14 (m, 3H, C7-H and OCH->CH3), 4.40 (ddd, J = 2.8, 6.3, 6.3 Hz, 1H,
C5-H), 4.55 (s, 2H, OCHyPh), 4.65 (d, J = 2.3 Hz, 1H, C4-H), 7.28-7.43 (m, 11H, ArH), 7.64-7.67 (m,
4H, ArH); C NMR (126 MHz, CDCl3) 8 14.3 (CHs), 19.3 (C), 27.1 (CHs), 33.6 (CHa), 40.3 (CH.),
60.9 (CH,), 63.9 (CH), 71.8 (CH,), 73.4 (CH,), 74.5 (CH), 104.3 (CH), 127.7 (CH), 127.8 (CH), 128.5
(CH), 129.8 (CH), 134.1 (C), 135.9 (CH), 138.4 (C), 148.4 (C), 170.1 (C); ESI-HRMS m/z calcd for
C33H400sSiNa (M+Na)* 567.2543, found 567.2537.

Ethyl 2-((28, 4R,
6R)-6-((benzyloxymethyl)-4-((zert-butyldiphenylsilyl)oxy)-2-methoxytetrahydro-2H-pyran-2-yl)a
cetate (139) (TS03026)

OTBDPS PPh;-HBr (77.2 mg, 0.225 mmol, 5 mol %) was added to a stirred solution
=5
of dihydropyran 138 (2.45 g, 4.50 mmol) in CH>Cl, (20.5 mL) and MeOH (2.05 mL)
3
ok ®  at room temperature. After stirring for 3 h at this temperature, the reaction was
1 e
CO,Et

quenched with saturated aqueous NH4Cl (5 mL). The whole was extracted with
AcOEt (40 mL), and the organic extract was washed with brine (20 mL), and dried over anhydrous
Na»SOs. Filtration and evaporation in vacuo furnished crude product (3.00 g) which was purified by
column chromatography (silica gel 90 g, 30:1 toluene/AcOEt) to give 139 (2.20 g, 85%) as a colorless
oil: R, 0.29 (20:1 toluene/AcOEY); [a]p*' —33.8 (¢ 1.25, CHCl3); IR (NaCl) 3070, 2931,v2857, 1737,
1472, 1428, 1368, 1310, 1230 cm™'; "H NMR (392 MHz, CDCls) & 1.04 (s, 9H, SiC(CHs)3), 1.23 (t, J
= 6.9 Hz, 3H, OCH,CH3), 1.34 (dd, J = 10.9, 12.9 Hz, 1H, C6-H), 1.67 (m, 1H, C6-H), 1.69 (dd, J =
7.4, 13.2 Hz, 1H, C4-H), 2.23 (ddd, J = 1.7, 5.2, 13.2 Hz, C4-H), 2.55 (d, J = 13.7 Hz, 1H, C2-H),
2.76 (d, J = 13.7 Hz, C2-H), 3.12 (s, 3H, OCH?3), 3.36 (dd, J = 4.0, 10.3 Hz, 1H, C8-H), 3.44 (dd, J =
6.3, 10.3 Hz, 1H, C8-H), 3.55 (m, 1H, C5-H), 4.10-4.14 (m, 3H, C7-H and OCH-CHz), 4.52 (s, 2H,
OCH,Ph), 7.27-7.42 (m, 11H, ArH), 7.64-7.67 (m, 4H, ArH); 3C NMR (126 MHz, CDCl;) § 14.5
(CH3), 19.3 (C), 27.1 (CH3), 37.1 (CHz), 42.3 (CH»), 42.9 (CH), 48.0 (CH3), 60.6 (CH>), 66.2 (CH),
68.8 (CH), 73.0 (CH>), 73.4 (CH>), 99.9 (C), 127.5 (CH), 127.6 (CH), 127.7 (CH), 128.5 (CH), 129.7
(CH), 134.6 (C), 135.9 (CH), 138.5 (C), 169.5 (C); ESI-HRMS m/z calcd for C33HssOsSiNa (M+Na)*
599.2805, found 599. 2800.

Ethyl 2-((25, 4R,
6R)-4-((tert-butyldiphenylsilyl)oxy)-6-(hydroxymethyl)-2-methoxytetrahydro-2 H-pyran-2-yl)acet
ate (140) (TS03018)

OTBDPS To a stirred solution of tetrahydropyran 139 (41.5 mg, 0.0719 mmol) in

N MeOH (1.44 mL) was added 20% Pd(OH); on carbon (12.5 mg, 30 wt %) at 0 °C. The
1 KSOEM(}H\ mixture was stirred for 8§ h under 1 atm of hydrogen atmosphere. The catalyst was
filtered through a Celite pad, and the filtrate was evaporated in vacuo to furnish the
crude product (41.7 mg), which was purified by column chromatography (silica gel 5 g, 2:1
n-hexane/AcOEt) to give 140 (31.0 mg, 89%) as a colorless oil: R 0.29 (2:1 n-hexane/AcOEt); [a]p?
-31.2 (¢ 1.27, CHCl3); IR (NaCl) 3461, 3071, 2932, 2857, 1738, 1472, 1428, 1383, 1311, 1233, 1151,
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1112 em'; 'H NMR (396 MHz, CDCls) 1.04 (s, 9H, SiC(CHs)3), 1.25 (t, J = 6.9 Hz, 3H, OCH.CHs),
1.37 (m, 1H, C6-H), 1.57 (m, 1H, C6-H), 1.69 (dd, J = 10.9, 13.2 Hz, 1H, C4-H), 2.22 (ddd, J = 1.7,
5.7,13.2 Hz, C4-H), 2.59 (d, J = 13.7 Hz, C2-H), 2.69 (d, J = 13.7 Hz, 1H, C2-H), 3.10 (s, 3H, OCH3),
3.43-3.54 (m, 3H, C5-H and C8-H), 4.10-4.17 (m, 3H, C7-H and OCH,>CHs), 7.35-7.43 (m, 6H, ArH),
7.46-7.66 (m, 4H, ArH); *C NMR (126 MHz, CDCLs) § 14.3 (CHs), 19.2 (C), 27.0 (CHs), 36.1 (CHo),
42.2 (CHa), 42.8 (CHa), 48.0 (CHs), 60.6 (CHa), 65.7 (CH,), 66.0 (CH), 69.9 (CH), 99.6 (C), 127.7
(CH), 129.7 (CH), 134.5 (C), 135.9 (CH), 169.3 (C); ESI-HRMS m/z caled for CyHisO6SiNa
(M+Na)* 509.2335, found 509.2330.

Ethyl 2-((258, 4R,
6R)-4-((tert-butyldiphenylsilyl)oxy)-6-formyl-2-methoxytetrahydro-2 H-pyran-2-yl)acetate (141)
(TS03024)
OTBDPS Dess—Martin periodinane (1.81 g, 4.26 mmol) was added to a stirred solution
N of alcohol 140 (690 mg, 1.42 mmol) in CH,Cl, (14.2 mL) at 0 °C. After stirring for 6 h
o"™®  at room temperature, the mixture was diluted with AcOEt (120 mL) and poured into
COEt O the solution of saturated aqueous NaHCOs (18 mL) and 10% aqueous Na,S,0s (18
mL). The layers were separated and the organic layer was washed with brine (30 mL), and dried over
anhydrous Na,SQj. Filtration and evaporation in vacuo furnished the crude product (733 mg), which
was purified column chromatography (silica gel 25 g, 4:1 n-hexane/AcOEt) to give 141 (638 mg,
93%) as a colorless oil: R;0.41 (1:1 n-hexane/AcOEt); [a]p®® —32.4 (¢ 0.63, CHCI;); IR (NaCl) 2931,
2857, 1737, 1472, 1428, 1230, 1112, 1042, 703 cm'; '"H NMR (392 MHz, CDCls) 1.04 (s, 9H,
SiC(CHs)3), 1.25 (t, J = 7.2 Hz, 3H, OCH,CH;), 1.38 (q, J = 12.6 Hz, C6-H), 1.73 (dd, J = 12.8, 10.8
Hz, C4-H), 1.92-1.96 (m, 1H, C6-H), 2.24 (ddd, J=12.8, 4.9, 1.4 Hz, 1H, C4-H), 2.63 (d, J=13.7 Hz,
1H, C2-H), 2.80 (d, J = 13.7 Hz, 1H, C2-H), 3.12 (s, 3H, OCHs3), 3.79 (dd, J = 12.6, 2.7 Hz, 1H,
C7-H), 4.11-4.17 (m, 3H, C5-H and OCH>CH3), 7.35-7.44 (m, 6H, ArH), 7.64-7.65 (m, 4H, ArH),
9.54 (s, 1H, C8-H); *C NMR (99 MHz, CDCl3) § 14.2 (CH3), 19.1 (C), 26.8 (CH,), 34.6 (CH>), 41.7
(CH,), 42.5 (CH,), 60.7 (CH>), 65.3 (CH), 74.0 (CH), 100.1 (C), 127.6 (CH), 129.7 (CH), 133.9 (C),
135.7 (CH), 168.7 (C), 200.4 (CH); ESI-HRMS m/z calcd for C27H3606SiNa (M+Na)" 507.21734,
found 507.21790.

Ethyl 2-((28, 4R,

6R)-4-((tert-butyldiphenylsilyl)oxy)-2-methoxy-6-vinyltetrahydro-2H-pyran-2-yl)acetate ~ (142)
(TS03032)

OTBDPS NaHMDS (1.0 M solution in THF, 3.05 mL, 3.05 mmol) was added to a

~ stirred solution of Ph;PCH3Br (1.58 g, 4.42 mmol) in THF (18.4 mL) at 0 °C. After

o"PN®  stirring for 30 min at this temperature, a solution of aldehyde 141 (1.07 g, 2.21 mmol)

COoEL in THF (18.4 mL) was added dropwise at 0 °C. After stirring for 1 h at this temperature,

the reaction was quenched with saturated aqueous NH4Cl (20 mL). The whole was extracted with
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AcOEt (50 mL), and the organic extract was washed with brine (20 mL), and dried over anhydrous
Na,SOq. Filtration and evaporation in vacuo furnished the crude product (1.94 g), which was purified
b column chromatography (silica gel 60 g, 19:1 n-hexane/AcOEt) to give 142 (969 mg, 91%) as a
colorless oil: Ry 0.20 (19:1 n-hexane/AcOEt); [a]p? —39.9 (c 1.42, CHCl;); IR (NaCl) 2932, 2857,
1738, 1472, 1428, 1378, 1309, 1230, 1112, 1041 cm™'; "H NMR (500 MHz, CDCI3) & 1.03 (s, 9H,
SiC(CHs)3), 1.25 (t,J= 7.4 Hz, 3H, OCH,CH:), 1.36 (dd, J = 12.6, 12.6 Hz, C6-H), 1.70 (dd, J=10.3,
12.6 Hz, C6-H), 1.76 (ddd, J=2.3, 2.3, 12.6 Hz, C4-H), 2.23 (ddd, J = 2.3, 4.5, 12.6 Hz, C4-H), 2.58
(d,/J=9.2 Hz, C2-H), 2.76 (d, J=9.2 Hz, C2-H), 3.11 (s, 3H, OCH3), 3.80 (d, /= 5.7, 10.2 Hz, C5-H),
4.12 (m, 3H, C7-H and OCH-CHzs), 5.04 (dt, J = 10.3, 1.6 Hz, =CHH), 5.14 (dt, J = 16.9, 1.6 Hz,
=CHH), 5.73 (ddd, J = 16.9, 10.3, 5.8 Hz, 1H, C8-H), 7.35-7.43 (m, 6H, ArH), 7.64-7.69 (m, 4H,
ArH); 3C NMR (98.5 MHz, CDCls) § 19.2 (C), 27.1 (CH3), 40.4 (CH>), 42.3 (CH>), 42.7 (CH>), 47.9
(CH3), 60.6 (CH>), 66.1 (CH>), 69.9 (CH>), 99.7 (C), 115.3 (CH>), 127.7 (CH), 129.7 (CH), 134.4 (C),
135.9 (CH), 138.0 (CH), 169.2 (C); ESI-HRMS m/z calcd for CsH3305SiNa (M+Na)" 505.23807,
found 505.23838.

Ethyl 2-((258, 4R,
6R)-4-((tert-butyldiphenylsilyl)oxy)-2-methoxy-6-vinyltetrahydro-2H-pyran-2-yl)acetic acid
(106) (TS03036)

QEBDPS Ba(OH),-8H,0 (3.18 g, 10.1 mmol) was added to a stirred solution of alkene

, 142 (969 mg, 2.01 mmol) in MeOH (67 mL) at 0 °C. After stirring for 24 h at room
1 (g\ﬂﬁm temperature, 1 M aqueous HCI was added until pH 3. The whole was extracted with
COH AcOEt (3 x 100 mL), and the organic extracts were washed with brine (20 mL), and
dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished the crude product (1.16 g),
which was purified by column chromatography (silica gel 30 g, 2:1 n-hexane/AcOEt) to give 106 as a
colorless oil: R;0.51 (1:1 n-hexane/AcOEt); [a]p®® —43.3 (¢ 1.26, CHCls); IR (NaCl) 2931, 2857, 1713,
1472, 1428, 1379, 1310, 1255, 1148, 1112, 1047, 1007 cm™'; "H NMR (396 MHz, CDCls) & 1.04 (s,
9H, SiC(CHs)3), 1.40 (m, 1H, C6-H), 1.61 (dd, J = 11.1, 13.1 Hz, C6-H), 1.81 (dd, J = 2.3, 13.1 Hz,
C4-H), 2.14 (m, 1H, C6-H), 2.66 (d, J = 15.7 Hz, C2-H), 2.77 (d, J = 15.7 Hz, 1H, C2-H), 3.08 (s, 3H,
OCHs), 3.95 (, 1H, C5-H), 4.10 (m, 1H, C7-H), 5.15 (dt, J = 10.4, 1.4 Hz, 1H, =CHH), 5.18 (dt, J =
16.8, 1.4 Hz, 1H, =CHH), 5.76 (ddd, J = 16.8, 10.4, 5.7 Hz, 1H, C8-H), 7.33-7.46 (m, 6H, ArH),
7.61-7.69 (m, 4H, ArH); C NMR (99 MHz, CDCls) 8 19.7 (C), 27.5 (CHs), 40.7 (CHa), 42.5 (CH>),
42.8 (CH>), 48.7 (CH3), 66.3 (CH), 70.9 (CH), 100.0 (C), 116.3 (CH»), 128.2 (CH), 128.9 (CH), 130.2
(CH), 130.3 (CH), 134.6 (C), 134.9 (C), 136.3 (CH), 137.8 (CH), 173.6 (C); ESI-HRMS m/z calcd for
C6H3405Na (M+Na)" 477.2073, found 477.2061.
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S-(pyridin-2-yl) 2-((28, 4R,
6R)-4-((tert-butyldiphenylsilyl)oxy)-2-methoxy-6-vinyltetrahydro-2H-pyran-2-yl)ethanethioate
(143) (TS03038)
OTBDPS PPh; (1.38 g, 5.97 mmol) and 2,2-dipyridyl disulfide (1.32 g, 5.97
- mmol) were added to a stirred solution of carboxylic acid 106 (903 mg, 1.99
f | e H |
N~ 870 evaporation in vacuo furnished the crude product (3.30 g), which was purified

mmol) in THF (9.95 mL) at 0 °C. After stirring for 24 h at room temperature,

by column chromatography (silica gel 90 g, 20:1 toluene/AcOEt) to give 143 (947 mg, 87%) as a
yellow oil: R;0.56 (5:1 toluene/AcOEt); [a]p?® —39.3 (¢ 1.37, CHCl3); IR (NaCl) 2931, 2857, 1706,
1574, 1450, 1421, 1113, 704 cm™'; '"H NMR (396 MHz, CDCls) 8 0.96 (s, 9H, SiC(CHs)3), 1.30 (q, J =
11.1 Hz, 1H, C6-H), 1.63-1.69 (m, 2H, C4-H and C6-H), 2.18 (ddd, J = 13.1, 4.8, 1.4 Hz, 1H, C4-H),
291 (d, J=14.2 Hz, C2-H), 2.98 (d, J = 14.2 Hz, C2-H), 3.06 (s, 3H, OCH3), 3.76 (dd, J=11.1, 5.5
Hz, C7-H), 4.08 (h, J=4.5 Hz, 1H, C5-H), 4.99 (d, J = 10.4 Hz, 1H, =CHH), 5.13 (d, J = 17.2, 1H,
=CHH), 5.68 (ddd, /= 16.8, 10.4, 5.5 Hz, 1H, C8-H), 7.20-7.35 (m, 7H, ArH and PyH), 7.51-7.59 (m,
5H, ArH and PyH), 7.67 (td, J = 7.7, 1.8 Hz, 1H, PyH), 8.56 (d, J = 3.2 Hz, 1H, PyH); *C NMR (99
MHz, CDCl;) 6 19.1 (C), 26.9 (CH3), 40.2 (CH>), 42.4 (CH»), 48.0 (CH3), 50.1 (CH>), 65.9 (CH), 69.9
(CH), 99.4 (C), 115.2 (CH»), 123.5 (CH), 127.5 (CH), 129.5 (CH), 130.0 (CH), 134.1 (C), 134.3 (C),
135.7 (CH), 137.0 (CH), 137.6 (CH), 150.3 (CH), 151.6 (C), 191.8 (C); ESI-HRMS m/z calcd for
C31H3704NSSiNa (M+Na)* 570.21048, found 570.21077.

(5S,7S)-5-((S)-but-3-en-2-yl)-2,2,3,3,7,13,13-heptamethyl-12,12-diphenyl-4,11-dioxa-3,12-disilatet
radecan-7-yl
2-((2S,4R,6R)-4-((tert-butyldiphenylsilyl)oxy)-2-methoxy-6-vinyltetrahydro-2H-pyran-2-yl)aceta
te (105) (TS06087)

OTBDPS Dehydrated stabilizer-free toluene was refluxed with Dean—Stark

=5

apparatus for 24 h and then bubbled argon gas for 30 min.
1 ol Z AgOTf in toluene (100 mg/mL, 4.04 mL) was added in one portion to

o ;)\I\ a vigorously stirred solution of ester 143 (517 mg, 0.944 mmol), alcohol 110
16 w8

@

3

©

y otes (437 mg, 0.787 mmol) and 2,6-di-tert-butyl-4-methylpyridine (418 mg, 2.36
OTBDPS mmol) in toluene (7.87 mL) at room temperature. After stirring for 1 h, the
reaction was quenched with saturated aqueous NaHCO3 (15 mL) and then diluted with AcOEt (20 mL).
The mixture was then filtered through a pad of Celite washed with AcOEt and the filtrate was washed
with brine (10 mL), and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished
the crude product (1.32 g), which was purified by column chromatography (silica gel 30 g, 30:1
n-hexane/AcOEt) to give 105 (598 mg, 77%) as a colorless oil and recovered alcohol 110 (101 mg,

23%) and carboxylic acid 106 (55.9 mg, 13%): R, 0.43 (9:1 n-hexane/AcOEt); [a]p*® —30.0 (¢ 1.07,
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CHCI5); IR (NaCl) 2957, 2858, 1728, 1428, 1112, 759, 702 cm™'; 'H NMR (500 MHz, CDCls) 5 0.06
(s, 3H, SiCH3), 0.07 (s, 3H, SiCHs), 0.90 (s, 9H, SiC(CHs)3), 0.97 (d, J = 6.9 Hz, 3H, C9-CH3), 1.03 (s,
9H, SiC(CHs)s), 1.07 (s, 9H, SiC(CHs)s), 1.34 (ddd, J = 12.6, 12.6, 12.6 Hz, 1H, C6-H), 1.49 (s, 3H,
C13-CH»), 1.57-1.66 (m, 2H, C15-H), 1.71-1.77 (m, 4H, C4-H, C6-H, C12-H and C14-H), 1.93-1.99
(m, 1H, C14-H), 2.11 (dd, J = 14.6, 4.3 Hz, 1H, C12-H), 2.24 (ddd, J = 12.6, 5.5, 2.0 Hz, 1H, C4-H),
2.38-2.45 (m, 1H, C10-H), 2.50 (d, J = 13.5 Hz, 1H, C2-H), 2.62 (d, J = 13.5 Hz, 1H, C2-H), 3.09 (s,
3H, OCHj3), 3.66 (t, J = 6.6 Hz, 2H, C16-H), 3.76-3.84 (m, 2H, C7-H and C11-H), 4.10-4.19 (m, 1H,
C5-H), 4.98-5.06 (m, 3H, =CH, and =CHH), 5.14 (ddd, J = 16.6, 1.4, 1.4 Hz, 1H, =CH), 5.74 (ddd, J
=16.6, 10.0, 5.5 Hz, 1H, C8-H), 5.99 (ddd, J = 17.0, 10.0, 5.5 Hz, 1H, C9-H), 7.33-7.43 (m, 12H,
ArH), 7.64-7.69 (m, 8H, ArH); *C NMR (126 MHz, CDCl;) & —4.07 (CH3), —3.83 (CH3), 12.8 (CH3),
18.1 (C), 19.1 (C), 19.2 (C), 25.0 (CH3), 26.0 (CH3), 26.9 (CH3), 27.0 (CHz), 35.1 (CH>), 40.2 (CH>),
41.1 (CHy), 42.5 (CH>), 42.9 (CH), 43.1 (CHz3), 47.7 (CH3), 64.1 (CH»), 66.1 (CH), 69.7 (CH), 72.8
(CH), 84.9 (C), 99.7 (O), 114.2 (CH>), 115.1 (CH>), 127.5 (CH), 127.5 (CH), 127.6 (CH), 129.5 (CH),
129.6 (CH), 133.9 (C), 134.1 (C), 134.6 (C), 135.5 (CH), 135.7 (CH), 138.0 (CH), 140.4 (CH), 168.2
(C); ESI-HRMS m/z caled for CsoHssO7SisNa (M+Na)* 1013.55736, found 1013.55805.

(1S,5S,7S,8S,11R,13R,Z)-7-((tert-butyldimethylsilyl)oxy)-13-((tert-butyldiphenylsilyl)oxy)-5-(3-((
tert-butyldiphenylsilyl)oxy)propyl)-1-methoxy-5,8-dimethyl-4,15-dioxabicyclo[9.3.1]pentadec-9-
en-3-one (145) (TS06088)

OTBDPS Dehydrated stabilizer-free toluene was refluxed for 24 h with Dean—
R Stark apparatus and then bubbled argon gas for 30 min.
8 A solution of ester 105 (597 mg, 0.602 mmol), Hoveyda—Grubbs 2nd
0 generation catalyst (41.5 mg, 11 mol %), and 1,4-benzoquinone 104 mg, 0.963

18 otes Mmmol) in toluene (200 mL) was refluxed. After stirring for 7 h, the reaction

OTBDPS mixture was absorbed on silica gel (415 mg, 10 equiv. wt, relative to
Hoveyda-Grubbs 2nd generation catalyst) and passed through a pad of silica gel washed toluene. The
filtrate was stirred for 12 h with activated charcoal (2.08 g, 50 equiv. wt of 105). After the carbon was
filtered, the filtrate was evaporated in vacuo, which was purified by column chromatography (silica
gel 25 g, toluene only) to give 145 (530 mg, 91%) as a white amorphous: R;0.28 (toluene only); [a]p*
—43.6 (c 1.00, CHCI5); IR (NaCl) 2956, 2931, 2857, 1724, 1111, 759, 703 cm™!; 'TH NMR (500 MHz,
CDCl) & 0.06 (s. 3H, SiCHs), 0.08 (s, 3H, SiCH3), 0.90 (s, 9H, SiC(CH3)3), 0.92 (d, J = 6.9 Hz, 3H,
C9-CH3), 1.02 (s, 9H, SiC(CHs3)3), 1.06 (s, 9H, SiC(CHs)3), 1.39—1.46 (m, 4H, C6-H and C13-CH3),
1.57-1.67 (m, 3H, C4-H and C15-H), 1.73 (dd, /= 14.9, 2.9 Hz, 1H, C12-H), 1.77-1.84 (m, 2H, C6-H
and C14-H), 1.99 (dd, J = 12.6, 2.9 Hz, 1H, C4-H), 2.08-2.18 (m, 2H, C12-H and C14-H), 2.31 (dd, J
=13.2 Hz, 1H, C2-H), 2.66 (d, J=13.2 Hz, 1H, C2-H), 2.96 (s, 3H, OCH3), 3.10-3.16 (m, 1H, C9-H),
3.65-3.74 (m, 2H, C16-H), 4.00-4.06 (m, 1H, C5-H), 4.08-4.10 (m, 1H, C11-H), 4.13-4.17 (m, 1H,
C7-H), 5.04 (dd, J=11.8, 2.9 Hz, 1H, C8-H), 5.37 (ddd, 11.8, 9.2, 1.7 Hz, 1H, C9-H), 7.35-7.43 (m,
12H, ArH), 7.64-7.68 (m, 8H, ArH); *C NMR (126 MHz, CDCl5) & -3.99 (CH3), -3.95 (CH3), 12.5
(CH3), 18.3 (C), 19.0 (C), 19.2 (C), 25.1 (CH3), 26.0 (CH3), 26.9 (CH3), 27.4 (CH»), 36.2 (CH»), 36.7

81



fom

FEROH—5F 150 5453 5 1A

(CH), 41.1 (CH,), 42.1 (CH,), 44.4 (CH,), 45.5 (CH,), 38.9 (CH3), 64.1 (CCH>), 65.9 (CH), 68.3 (CH),
73.8 (CH), 83.3 (C), 100.3 (C), 126.3 (CH), 127.6 (CH), 129.5 (CH), 129.6 (CH), 133.9 (C), 134.0 (C),
134.2 (C), 134.4 (C), 135.5 (CH), 135.7 (CH), 138.7 (CH), 168.7 (C); ESI-HRMS m/z calcd for
Cs7Hs,07S1:Na (M+Na)" 985.52606, found 985.52551.

(1S,5S,7S,8S,11S,13R)-7-((tert-butyldimethylsilyl)oxy)-13-((tert-butyldiphenylsilyl)oxy)-5-(3-((te
rt-butyldiphenylsilyl)oxy)propyl)-1-methoxy-5,8-dimethyl-4,15-dioxabicyclo[9.3.1]pentadecan-3-
one (104) (TS06097)

OTBDPS A solution of alkene 145 (100 mg, 0.104 mmol) and 10% Pd/C (250
R mg, 250 wt %) in MeOH (34.7 mL) was stirred under 1 atm hydrogen
atmosphere. After stirring for 8 h, the mixture was filtered through a pad of
Celite washed with AcOEt. Evaporating filtrate in vacuo furnished the crude

16

product (113 mg), which was purified by column chromatography (silica gel 10
OTBDPS g, toluene only) to give 104 (96.8 mg, 96%) as a colorless oil: Rr0.28 (toluene
only); [a]p?® —26.8 (¢ 1.65, CHCI3); IR (NaCl) 2956, 2931, 2857, 1724, 1112, 760, 703 cm™'; "TH NMR
(500 MHz, CDCL3) & 0.11 (s, 6H, SiCH; and SiCHs), 0.81 (d, J = 6.9 Hz, 3H, C10-CH;), 0.89 (s, 9H,
SiC(CHs5)3), 1.05 (s, 9H, SiC(CHs)s), 1.08 (s, 9H, SiC(CHs)3), 1.14-1.20 (m, 1H, C9-H), 1.36—1.46 (m,
5H, C6-H, C9-H, and C13-CH3), 1.51-1.65 (m, 6H, C4-H, C6-H, C8-H and C15-H), 1.74 (td, J=11.5,
5.2 Hz, 1H, C14-H), 1.87 (dd, J = 14.9, 2.9 Hz, 1H, C12-H), 1.99 (dd, J = 13.2, 3.4 Hz, 1H, C4-H),
2.03-2.16 (m, 3H, C10-H, C12-H and C14-H), 2.27 (d, J = 12.6 Hz, 1H, C2-H), 2.58 (d, J = 12.6 Hz,
1H, C2-H), 2.98 (s, 3H, OCHs), 3.46-3.50 (m, 1H, C7-H), 3.65-3.73 (m, 2H, C16-H), 4.00-4.07 (m,
1H, C5-H), 4.19 (dd, J = 8.0, 2.9 Hz, 1H, C11-H), 7.35-7.45 (m, 12H, ArH), 7.66—7.70 (m, 8H, ArH);
B3C NMR (126 MHz, CDCls) & —4.08 (CHs), —3.35 (CH3), 12.7 (CH3), 18.4 (C), 19.1 (C), 19.2 (C),
25.1 (CH3), 26.0 (CH3), 26.9 (CH3), 27.4 (CH>), 32.1 (CH»), 32.2 (CH>), 35.7 (CH), 36.7 (CH>), 38.7
(CH3), 40.5 (CH»), 42.7 (CH»), 44.9 (CH»), 45.4 (CH»), 49.1 (CH3), 64.1 (CH,), 66.0 (CH), 69.3 (CH),
70.9 (C), 83.2 (C), 99.8 (O), 127.4 (CH), 127.5 (CH), 127.6 (CH), 129.5 (CH), 129.6 (CH), 133.9 (C),
134.0 (C), 134.3 (C), 134.4 (C), 135.6 (CH), 135.7 (CH), 168.9 (C); ESI-HRMS m/z calcd for
Cs7Hs407Si3Na (M+Na)" 987.54171, found 987.54076.

(1S,5S,7S,8S,11S,13R)-7-((tert-butyldimethylsilyl)oxy)-13-((tert-butyldiphenylsilyl)oxy)-5-(3-hyd
roxypropyl)-1-methoxy-5,8-dimethyl-4,15-dioxabicyclo[9.3.1]pentadecan-3-one (146) (TS06098)
QTBDPS A solution of AcOH (5.7 uL) in TBAF (1.0 M in THF, 0.10 mL) was
~ added to a solution of lactone 104 (96.8 mg, 0.100 mmol) in THF (2 mL) at
room temperature. After stirring for 12 h, the whole was extracted AcOEt (15
mL) and successively washed with saturated aqueous NaHCOs (4 mL), water (4

mL), and brine (4 mL), and dried over anhydrous Na,SOs. Filtration and

evaporation in vacuo furnished the crude product (113 mg), which was purified

by column chromatography (silica gel 10 g, 4:1 n-hexane/AcOEt then AcOEt only) to give 146 (23.2
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mg, 32%) and 147 (26.3 mg, 54%) as a colorless oils: R, 0.16 (4:1 n-hexane/AcOEt); '"H NMR (500
MHz, CDCL3) 6 0.10 (s, 6H, SiCH3 and SiCHs), 0.80 (d, J = 6.9 Hz, 3H, C10-CH3), 0.87 (s, 9H,
SiC(CH3)3), 1.04 (s, 9H, SiC(CH5)3), 1.25-1.27 (m, 1H, C9-H), 1.38-1.50 (m, 5H, C6-H, C9-H, and
C13-CHs), 1.53-1.71 (m, 7H, C4-H, C6-H, C8-H, C9-H and C15-H), 1.83 (dd, J = 14.3, 3.4 Hz, 1H,
C12-H), 1.97-2.00 (m, 2H, C4-H and C10-H), 2.07-2.17 (m, 2H, C12-H and C14-H), 2.30 (d, J =
12.6 Hz, 1H, C2-H), 2.60 (d, J = 12.6 Hz, 1H, C2-H), 2.96 (s, 3H, OCHs), 3.47-3.51 (m, 1H, C7-H),
3.63-3.71 (m, 2H, C16-H), 3.99-4.05 (m, 1H, C5-H), 4.17 (dd, J = 8.0, 3.4 Hz, 1H, C11-H), 7.35-
7.43 (m, 6H, ArH), 7.65-7.67 (m, 4H, ArH); *C NMR (126 MHz, CDCl;) & —4.03 (CH3), -3.42 (CH3),
14.7 (CHs), 18.4 (C), 19.1 (C), 25.1 (CH3), 26.0 (CH3), 26.9 (CH3), 27.2 (CH>), 32.1 (CH»), 32.2
(CH»), 35.8 (CH), 36.6 (CH>), 40.4 (CH>), 42.4 (CH>), 44.8 (CH>), 45.5 (CH>), 49.2 (CH3), 63.1 (CH»),
66.0 (CH), 69.4 (CH), 70.8 (CH), 83.1 (C), 99.9 (C), 127.5 (CH), 127.6 (CH), 129.5 (CH), 129.6 (CH),
134.3 (C), 1344 (C), 135.7 (CH), 169.0 (C); ESI-HRMS m/z calcd for C4HesO7Si-Na (M+Na)*
749.42393, found 749.42490.

3-((1S,58,7S,8S,11S,13R)-7-((tert-butyldimethylsilyl)oxy)-13-((tert-butyldiphenylsilyl)oxy)-1-met
hoxy-5,8-dimethyl-3-0x0-4,15-dioxabicyclo[9.3.1]pentadecan-5-yl)propanal (148) (TS06099)
QTBDPS Dess—Martion periodinane (20.3 mg, 47.9 pumol) was added to a
X solution of alcohol 146 (23.2 mg, 31.9 umol) in CH,Cl, (0.160 mL) at 0 °C.
After stirring for 1 h at room temperature, the reaction mixture was diluted with
AcOEt (5 mL) and poured into a mixture of saturated aqueous NaHCOs (1.5
mL) and 10% aqueous Na»S,0s (1.5 mL). The layers were separated, the organic

layer was washed with brine (2 mL), and dried over anhydrous Na;SOs.
Filtration and evaporation in vacuo furnished the crude product (23.6 mg), which was purified by
column chromatography (silica gel 10 g, 7:1 n-hexane/AcOEt) to give 148 (15.2 mg, 66%) as a
colorless oil: Rr0.33 (6:1 n-hexane/AcOEt); 'H NMR (500 MHz, CDCLs) & 0.10 (s, 3H, SiCHs), 0.12
(s, 3H, SiCH3), 0.79 (d, J = 6.9 Hz, 3H, C10-CHj3), 0.87 (s, 9H, SiC(CHs3)3), 1.04 (s, 9H, SiC(CHs)3),
1.12-1.18 (m, 1H, C9-H), 1.36-1.45 (m, 5H, C6-H, C8-H, and C13-CH3), 1.49 (dd, J=12.6, 10.9 Hz,
1H, C6-H), 1.55-1.68 (m, 4H, C4-H, C8-H, C9-H and C15-H), 1.79 (dd, J = 14.9, 3.4 Hz, 1H, C12-H),
1.84-1.93 (m, 2H, C10-H and C14-H), 1.99 (dd, J = 12.6, 4.6 Hz, 1H, C4-H), 2.24-2.32 (m, 2H, C2-H
and C12-H), 2.42-2.57 (m, 3H, C2-H and CI15-H), 2.95 (s, 3H, OCH3), 3.47-3.51 (m, 1H, C7-H),
3.97-4.03 (m, 1H, C5-H), 4.174.19 (m, 1H, C11-H), 7.35-7.44 (m, 6H, ArH), 7.65-7.67 (m, 4H,
ArH), 9.79 (s, 1H, C16-H); *C NMR (126 MHz, CDCl3) 8 —3.83 (CH3), —3.44 (CH3), 14.6 (CH3), 18.4
(©), 19.1 (C), 24.8 (CH3), 26.0 (CH3), 26.9 (CH3), 32.0 (CH>), 32.3 (CH»), 32.7 (CH»), 36.3 (CH), 39.0
(CH»), 40.7 (CH>), 42.7 (CH), 44.8 (CH>), 45.7 (CH>), 49.4 (CHz3), 65.9 (CH), 68.8 (CH), 71.0 (CH),
82.2 (C), 99.9 (C), 127.5 (CH), 127.6 (CH), 129.6 (CH), 134.2 (C), 134.3 (C), 135.7 (CH), 168.9 (C),
201.7 (CH); ESI-HRMS m/z calced for C41He307Si, (M—H)™ 723.41178, found 723.41226.
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(1S,5S,7S,8S,115,13R)-7-((tert-butyldimethylsilyl)oxy)-13-((tert-butyldiphenylsilyl)oxy)-1-metho
xy-5,8-dimethyl-5-((3E,SE)-6-(trimethylsilyl)hexa-3,5-dien-1-yl)-4,15-dioxabicyclo[9.3.1]pentade
can-3-one (150) (TS07001)

OTBDPS LiHMDS (1.0 M in THF, 54.6 uL, 54.6 umol) was added to
a stirred solution of silylallylphosphonate 149 (19.5 mg, 77.7 umol)
in THF (0.250 mL) at 0 °C. After stirring for 15 min at this
temperature, a solution of aldehyde 152 (1.63 g, 5.67 mmol) and
HMPA (20.8 mg, 116 pumol) in THF (0.300 mL) was added dropwise
at 0 °C. After stirring for 2 h at room temperature, the reaction was

quenched with saturated aqueous NH4Cl (1 mL). The whole was extracted with EtOAc (6 mL), and

the organic extract was washed with water (3 mL) and brine (3 mL), and dried over anhydrous Na;SOj.
Filtration and evaporation in vacuo furnished the crude product (30.9 mg), which was purified by
column chromatography (silica gel 10 g, 30:1 n-hexane/AcOEt) to give 150 (5.3 mg, 31%) as a
colorless oil: Ry 0.58 (9:1 n-hexane/AcOEt); '"H NMR (500 MHz, CDCLs) & 0.07 (s, 9H, Si(CHs)3),
0.10 (s, 6H, SiCH; and SiCH3), 0.79 (d, J = 6.9 Hz, 3H, C10-CH3), 0.87 (s, 9H, SiC(CHs3)3), 1.04 (s,
9H, SiC(CHs)3), 1.12-1.17 (m, 1H, C9-H), 1.39-1.46 (m, 5H, C6-H, C8-H, and C13-CH;), 1.54-1.64
(m, 4H, C4-H, C6-H, C8-H and C9-H), 1.67-1.76 (m, 1H, C14-H), 1.87 (dd, J = 14.9, 3.4 Hz, 1H,
C12-H), 1.96-2.06 (m, 3H, C4-H, C10-H and C12-H), 2.10-2.22 (m, 3H, C14-H and C15-H), 2.27 (d,
J =12.6 Hz, 1H, C2-H), 2.60 (d, J = 12.6 Hz, 1H, C2-H), 2.96 (s, 3H, OCH;), 3.46-3.50 (m, 1H,
C7-H), 3.99-4.05 (m, 1H, C5-H), 4.15-4.17 (m, 1H, C11-H), 5.68-5.75 (m, 2H, C16-H and C19-H),
6.09 (dd, J = 14.9, 10.3 Hz, 1H, C17-H), 6.48 (dd, J = 18.3, 10.3 Hz, 1H, C18-H), 7.35-7.43 (m, 6H,
ArH), 7.65-7.66 (m, 4H, ArH); *C NMR (126 MHz, CDCls) & —4.09 (CH3), —3.40 (CH3), —1.27 (CHs),
14.7 (CH3), 18.4 (C), 19.1 (C), 26.0 (CH3), 26.9 (CH3), 27.1 (CH»), 29.7 (CH>), 32.1 (CH>»), 35.7 (CH),
38.7 (CH3), 39.5 (CH»), 40.3 (CHa), 42.5 (CH>), 44.8 (CH»), 45.3 (CH>), 49.1 (CH3), 66.0 (CH), 69.5
(CH), 70.7 (CH), 82.9 (C), 99.8 (C), 127.5 (CH), 127.6 (CH), 129.6 (CH), 131.6 (CH), 133.5 (CH),
134.2 (C), 134.3 (C), 134.4 (CH), 134.8 (CH), 135.7 (CH), 144.2 (CH), 168.9 (C); ESI-HRMS m/z
caled for C47H7606Si:Na (M+Na)*™ 843.48419, found 843.48596.

(1S,5S,7S,8S,11S,13R)-5-((3E,SE)-6-bromohexa-3,5-dien-1-yl)-7-((tert-butyldimethylsilyl)oxy)-13
-((tert-butyldiphenylsilyl)oxy)-1-methoxy-5,8-dimethyl-4,15-dioxabicyclo[9.3.1]pentadecan-3-one
(151) (TS07005)

OTBDPS NBS (1.38 mg, 7.74 umol) was added to a solution of diene
:5 150 (5.3 mg, 6.45 umol) in CH3CN (0.650 mL) at room temperature.
After stirring for 40 min at this temperature in the dark, the mixture
was diluted with AcOEt (2 mL) and added water (1 mL). The layers
were separated and the organic layer was washed with water (2 mL),
5% aqueous Na,SOs (2 mL), water (2 mL) and brine (2 mL), and dried

over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished the crude product (5.6 mg),
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which was purified by preparative TLC (10:1 n-hexane/AcOEt) to give 151 (2.2 mg, 44%) as a
colorless oil: Ry 0.53 (9:1 n-hexane/AcOEt); '"H NMR (500 MHz, CDCL3) 8 0.10 (s, 6H, SiCH; and
SiCH3), 0.79 (d, J = 6.3 Hz, 3H, C10-CH3), 0.87 (s, 9H, SiC(CHs)3), 1.04 (s, 9H, SiC(CHs)s), 1.12—
1.17 (m, 1H, C9-H), 1.39-1.47 (m, 5H, C6-H, C9-H, and C13-CHs), 1.58-1.73 (m, 6H, C4-H, C6-H,
C8-H and C14-H), 1.82-1.87 (m, 1H, C12-H), 1.97-2.04 (m, 2H, C6-H and C6-H), 2.05-2.13 (m, 2H,
C12-H, C15-H), 2.27-2.37 (m, 2H, C2-H and C15-H), 2.59 (d, J = 12.6 Hz, 1H, C2-H), 2.95 (s, 3H,
OCHs), 3.47-3.51 (m, 1H, C7-H), 3.99—4.07 (m, 1H, C5-H), 4.13-4.18 (m, 1H, C11-H), 5.74 (dt, J =
14.7, 6.9 Hz, 1H, C16-H), 5.99 (dd, J=14.7, 10.9 Hz, 1H, C17-H), 6.19 (dd, J = 13.5 Hz, 1H, C19-H),
6.67 (dd, J = 13.5, 10.9 Hz, 1H, CI18-H), 7.35-7.44 (m, 6H, ArH), 7.65-7.67 (m, 4H, ArH);
ESI-HRMS m/z calcd for C44sHe706BrSi:Na (M+Na)* 849.35518, found 849.35559.

(18,5S5,75,88,115,13 R)-7-((tert-butyldimethylsilyl)oxy)-13-hydroxy-5-(3-hydroxypropyl)-1-metho
xy-5,8-dimethyl-4,15-dioxabicyclo[9.3.1]pentadecan-3-one (147)

TBAF/AcOH =1:1 solution was prepared by mixing AcOH (17.2 pL)
and TBAF (1.0 M in THF, 0.30 mL) and used immediately.

A solution of TBAF/AcOH (0.211 mL) was added to a solution of
lactone 104 (96.6 mg, 0.100 mmol) in THF (2 mL) at room temperature. After
stirring for 48 h, additional TBAF/AcOH (0.106 mL) was added and stirred for
24 h. The whole mixture was extracted AcOEt (15 mL) and successively

washed with saturated aqueous NaHCO; (4 mL), water (4 mL), and brine (4 mL), and dried over

anhydrous Na,SQs. Filtration and evaporation in vacuo furnished the crude product, which was
purified by flash column chromatography (silica gel, 1:4 n-hexane/AcOEt) to give 147 (46.3 mg, 95%)
as a white amorphous; Ry 0.22 (1:4 n-hexane/AcOEt); [a]p®® —56.3 (¢ 0.40, CHCls); IR (NaCl) 3368,
2952, 2930, 1721, 1250, 1043, 835 cm™'; 'TH NMR (500 MHz, CDCl3) 8 0.062 (s, 6H, Si(CHs),), 0.069
(s, 6H, Si(CH3)»), 0.82 (d, J = 6.4 Hz, 3H, C10-CH3), 0.86 (s, 9H, SiC(CHs)3), 1.23—-1.31 (m, 1H,
C9-H), 1.44 (s, 3H, C13-CHs3), 1.49 (dd, J=12.1, 11.5 Hz, 1H, C4-H), 1.57-1.69 (m, 6H, C8-H, C9-H,
C12-H and CI15-H), 1.76 (dd, J = 14.3, 2.9 Hz, 1H, C12-H), 1.83 (ddd, J = 12.0, 2.3, 2.3 Hz, 1H,
C6-H), 2.11 (m, 1H, C14-H), 2.17-2.22 (m, 3H, C11-H and C14-H), 2.35 (d, J = 12.6 Hz, 1H, C2-H),
2.74 (d, J =12.6 Hz, 1H, C2-H), 3.22 (s, 3H, C3-OCH5), 3.62-3.69 (m, 3H, C7-H and C16-H), 3.99—
4.05 (m, 1H, C5-H), 4.14 (d, J = 6.9 Hz, 1H, C11-H); *C NMR (126 MHz, CDCl3) § —4.14 (CH3), —
3.52 (CHas), 14.2 (CH3), 18.3 (C), 25.2 (CH3), 25.9 (CH3), 27.2 (CHy), 31.2 (CH>), 32.3 (CH»), 35.6
(CH), 36.0 (CH>), 39.9 (CH>), 43.0 (CH>), 45.1 (CH>), 45.5 (CH>), 49.0 (CH3), 62.9 (CH>), 64.5 (CH),
69.8 (CH), 71.2 (CH), 83.7 (C), 99.6 (C), 169.0 (C); ESI-HRMS m/z calcd for C30H4307SiNa (M+Na)*
511.30615, found 511.30659.
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3-((18,558,7S,8S,118,13R)-7-((tert-butyldimethylsilyl)oxy)-13-hydroxy-1-methoxy-5,8-dimethyl-3-
0x0-4,15-dioxabicyclo[9.3.1]pentadecan-5-yl)propyl acetate (152) (TS10023)

1.0 M AcCl in CH,Cl, (0.0982 mL, 98.2 pumol) was added to a
solution of diol 147 (45.7 mg, 93.5 umol) and collidine (23.8 mg, 0.196 mmol)
in CH,Cl (0.935 mL) at —78 °C. After stirring for 1 h, the reaction mixture was
quenched with saturated aqueous NaHCO; (2 mL) and whole mixture was
extracted with AcOEt (2x5 mL). The organic layer was washed with saturated
OAg aqueous NaHCO; (2 mL), saturated aqueous CuSOs (2 mL), water (2 mL),

brine (2 mL), and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished crude

product, which was purified by flash column chromatography (silica gel, 1:1 to 1:5 hexane/AcOEt) to
give 152 (38.2 mg, 77%, 85%brsm) as a colorless oil and recovered diol 147 (4.3 mg, 9%): R, 0.55
(1:4 hexane/AcOEt); [a]p* —56.3 (¢ 0.40, CHCl3); IR (NaCl) 3368, 2952, 2930, 1721, 1250, 1043,
835 cm™'; "H NMR (396 MHz, CDCl3) 8 0.059 (s, 3H, Si(CH)2), 0.064 (s, 3H, Si(CHs)2), 0.82 (d, J =
6.8 Hz, 3H, C10-CHs), 0.86 (s, 9H, SiC(CHs)3), 1.20-1.29 (m, 2H, C6-H and C9-H), 1.39-1.47 (m,
4H, C4-H and C13-CH;), 1.53-1.63 (m, 3H, C8-H, C9-H and C14-H), 1.64-1.70 (m, 3H, C8-H and
C15-H), 1.74 (dd, J = 15.0, 3.2 Hz, 1H, C12-H), 1.82-1.86 (m, 1H, C6-H), 2.05 (s, 3H, CH3CO),
2.11-2.17 (m, 3H, C4-H, C10-H and C14-H), 2.21 (dd, J= 15.0, 8.2 Hz, 1H, C12-H), 2.37 (d, J=12.7
Hz, 1H, C2-H), 2.71 (d, J = 12.7 Hz, 1H, C2-H), 3.23 (s, 3H, C3-OCH3), 3.64-3.69 (m, 1H, C7-H),
3.98-4.16 (m, 4H, C5-H, C11-H and C16-H); *C NMR (100 MHz, CDCl;) 8 —4.05 (CH3), —3.53
(CH3), 14.4 (CHs), 18.3 (C), 21.0 (CHs), 23.4 (CH>), 25.0 (CH3), 25.9 (CHs3), 31.8 (CH>), 32.4 (CH),
35.9 (CH), 36.2 (CH>), 40.3 (CH>), 43.2 (CH>), 45.2 (CH>), 45.6 (CH,), 49.2 (CH3), 64.4 (CH), 64.5
(CH»), 69.2 (CH), 71.3 (CH), 83.2 (C), 99.6 (C), 169.0 (C), 171.2 (C); ESI-HRMS m/z caled for
C27Hs00sSiNa (M+Na)* 553.31672, found 553.31683.
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Part 1 Chapter 4 Section 2

[Synthesis of phosphorous-containing glycosyl donors 153]*

OH
. W CIP(O)(OPh),, NMI OP(0)(OPh),
eO 0
MeO toluene, 0 °C, 4 h Meow

OMe
MeO OMe
249 90% (ou:p = 93:7)
153a
OH n : g )
o 1. "BuLi, THF, -78 °C, 30 min OP(NTs)Ph,
MeO .
MeO OMe 2. CIP(NTs)Ph,, -78 °C, 19 h MeONIeo
249 52% (c:p = 91:9) OMe
153b

OH

o CIP(OEt),, Et3N OP(OEt),

MeO y o@f

o e

MeO Lo CH,Cl,, 0°C, 4 h MeO
OMe

249 64% (o:p = 90:10) 153

diphenyl ((3R,4R,5S5,65)-3,4,5-trimethoxy-6-methyltetrahydro-2H-pyran-2-yl) phosphate (153a)
(TS06051)
OP(0)(OPh), Diphenyl chlorophosphate (0.36 mL, 1.74 mmol) was added to a
Meow solution of lactol 2497 (300 mg, 1.45 mmol), NMI (143 mg, 1.74 mmol),
MO ome and Et:N (176 mg, 1.74 mmol) in toluene (11.2 mL) at 0 °C. After stirring
for 4 h at this temperature, the reaction mixture was quenched with ice and whole mixture was poured
into a two-layered mixture of AcOEt (10 mL) and saturated aqueous NaHCOs (10 mL), and the whole
mixture was extracted with AcOEt (30 mL). The organic extract was washed with saturated aqueous
NaHCO;s (15 mL) and brine (15 mL), and dried over anhydrous Na,SOs. Filtration and evaporation in
vacuo furnished the crude product, which was purified by flash column chromatography (silica gel,
5% Et:N in 1:2 hexane/AcOEt) to give 153a (560 mg, 90%, o:p = 92:8) as a colorless oil: R,0.62 (1:2
hexane/AcOEt); '"H NMR (392 MHz, CDCls) & 1.18 (d, J= 6.3 Hz, 2.67H, a-C5-CHs), 1.31 (d,J=6.3
Hz, 0.23 H, B-C5-CH;), 3.13 (dd, J = 9.6, 9.4 Hz, 1H, a-C4-H), 3.37-3.41 (m, 4H, a-OCH; and
a-C3-H), 3.47 (s, 3H, a-OCH3), 3.53-3.54 (m, 4H, a-OCHs, a-C2-H), 3.63 (dq, J = 9.6, 6.3 Hz, 1H,
a-C5-H), 5.35 (d, J = 7.2 Hz, 0.08H, B-C1-H), 5.91 (dd, J = 6.3, 2.2 Hz, 0.92H, a-C1-H), 7.19-7.28
(m, 6H, ArH), 7.34-7.38 (m, 4H, ArH); ESI-LRMS m/z calcd for C;H,7OsPNa (M+Na)" 461.13,
found 460.93. The diastereomeric ratio was determined by 'H NMR analysis. Residual B-anomer

peaks were difficult to assign.

*Trichloroacetoimidate 153d was synthesized according to reported procedure™.
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(3R,4R,5S,65)-3,4,5-trimethoxy-6-methyltetrahydro-2 H-pyran-2-yl
P,P-diphenyl-N-tosylphosphinimidate (153b) (TS06030)
OP(NTs)Ph, "Buli (1.6 M in hexane, 0.95 mL, 1.52 mmol) was
MeO@?¢ added to a stirred solution of lactol 249’V (300 mg, 1.45 mmol) in THF
MO ome (439 mL) at -78 °C. After stirring for 30  min,
P,P-diphenyl-N-(p-toluenesulfonyl)phosphinimidic chloride’™ (850 mg, 2.18 mmol) in THF (1.0 M,
2.2 mL, 2.18 mmol) was added, After stirring at this temperature for 19 h, the reaction was quenched
by crushed ice. The mixture was poured into a two-layered mixture of AcOEt (10 mL) and saturated
aqueous NaHCOs3 (10 mL), and the whole mixture was extracted with AcOEt (30 mL). The organic
extract was washed with saturated aqueous NaHCO3 (15 mL) and brine (15 mL), and dried over
anhydrous Na»SQs. Filtration and evaporation in vacuo furnished the crude product, which was
purified by flash column chromatography (silica gel, 10% Et;N in 1:1 toluene/AcOEt) to give 153b
(560 mg, 52%, a:f = 91:9) as a colorless oil: R, 0.52 (1:1 toluene/AcOEt); 'H NMR (500 MHz,
CDCl3) 6 0.96 (d, J = 6.0 Hz, 2.67H, a-C5-CHs), 2.32 (s, 3H, SO.C¢H4CHs), 3.14 (dd, J=9.7, 9.6 Hz,
1H, a-C4-H), 3.51 (dd, J = 9.6, 6.0 Hz, 1H, a-C5-H), 3.53 (s, 3H, a-OCHs), 3.54 (s, 3H, a-OCHs),
3.55 (s, 3H, 0a-OCHs), 3.62 (dd, J = 9.7, 3.4 Hz, 1H, a-C3-H), 4.09—4.10 (m, 1H, a-C2-H), 4.69 (dd, J
=9.2,2.9 Hz, 1H, B-C1-H), 6.13 (dd, J = 9.2, 1.7 Hz, a-C1-H), 7.07 (d, J = 8.0 Hz, 2H, ArH), 7.37—
7.46 (m, SH, ArH), 7.53-7.63 (m, 5H, ArH), 7.80 (dd, J = 14.3, 8.6 Hz, 2H, ArH); ESI-LRMS m/z
caled for CosH3sNO;PSNa (M+Na)* 582.17, found 581.94. The diastereomeric ratio was determined
by 'H NMR analysis. Residual B-anomer peaks were difficult to assign.

diethyl ((3R,4R,5S,65)-3,4,5-trimethoxy-6-methyltetrahydro-2H-pyran-2-yl) phosphite (153c)
(TS10024)
OP(OED, 90% Chlorodiethylphosphite (0.65 mL, 4.04 mmol) was added to a
Meow solution of lactol 2497V (555 mg, 2.69 mmol) and Et;N (681 mg, 6.73 mmol)
MeO Ome in CH,Cl, (26.9 mL) at 0 °C. After stirring for 6 h at this temperature, the
reaction mixture was quenched with ice and whole mixture was extracted with CH>Cl> (30 mL). The
organic layer was washed with saturated aqueous NaHCO; (15 mL), water (15 mL), brine (15 mL),
and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished the crude product,
which was purified by flash column chromatography (silica gel, 10% Et;N in 4:1 hexane/AcOEt) to
give 153¢ (560 mg, 64%, a3 = 90:10) as a colorless oil: R, 0.63 (1:2 hexane/AcOEt); [a]p!” —33.9 (¢
1.20, CHCI5) for o = 90:10 anomeric mixture; IR (NaCl) 1445, 1388 cm™'; '"H NMR (392 MHz,
CDCl3) 6 1.25-1.30 (m, 8.7H, o,B-P(OCH.CH;), and o-C5-CH;), 1.33 (d, J = 5.8 Hz, 0.3 H,
B-C5-CHs3), 3.14 (dd, J = 9.0, 9.0 Hz, 1H, a,p-C4-H), 3.50 (s, 3H, a,p-OCH3), 3.51-3.53 (m, 3.7H,
a-OCH; and a,B-C3-H), 3.55-3.57 (m, 4H, a,p-OCH; and o,3-C2-H), 3.64-3.69 (m, 0.4H, B-C5-H
and B-OCHs), 3.72-3.74 (m, 0.9H, a-C5-H), 3.86-3.95 (m, 4H, o,B-P(OCH,CHs),), 4.97 (d, J = 8.5
Hz, 0.1H, B-C1-H), 5.53 (dd, J = 7.6, 0.9 Hz, 0.9H, a-C1-H); *C NMR (100 MHz, CDCIl;) & 16.8
(a,p-CH3), 16.8 (a,p-CHs3), 17.6 (a,p-CHs3), 57.5 (B-CHs), 57.7 (0-CHs), 58.3 (o,B-CH), 58.5
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(a,p-CH>), 58.9 (a-CH3), 59.0 (B-CH3), 60.9 (a-CH3), 61.7 (B-CH3), 68.7 (a-CH), 68.9 (d, Jcp = 9.5
Hz, B-CH), 72.1 (B-CH), 78.1 (d, Jcr = 3.8 Hz, a-CH), 80.5 (a-CH), 81.4 (B-CH), 81.9 (a-CH), 83.7
(B-CH), 91.0 (d, Jcp = 13.4 Hz, a-CH), 94.4 (d, Jcr = 13.4 Hz, B-CH); *'P NMR (160 MHz, CDCls)
6 139.6 (B-anomer), 140.5 (a-anomer); ESI-HRMS m/z calcd for Ci3H2707PNa (M+Na)" 349.13866,
found 349.13842. The diastereomeric ratio was determined by 'H NMR analysis.

[Preparation of model alcohol 154]

OH 1 M solution of TBAF in THF (2.45 mL, 2.45 mmol) was added to a stirred
' solution of tetrahydropyran 139 (706 mg, 1.22 mmol) in THF (12.2 mL) at room
|“ 5(;' | temperature for 15 h. The whole was extracted with EtOAc (50 mL), and the organic
COzEt " extract was washed with brine (20 mL), and dried over anhydrous Na,SO.. Filtration

and evapolation in vacuo furnished crude product (743 mg) which was purified by column
chromatography (silica gel, 1:1 hexane/EtOAc) to give alcohol 154 (367 mg, 89%) as a colorless oil:
R;0.14 (1:1 hexane/EtOAc); 'H NMR (392 MHz, CDCl;) & 1.25-1.27 (m, 4H, OCH,CH;, C6-H), 1.54
(dd, J=11.2, 12.6 Hz, 1H, C4-H), 1.94-1.99 (m, 1H, C6-H), 2.34 (ddd, J=2.2,4.9, 12.6 Hz, C4-H),
2.58 (d, J = 14.2 Hz, 1H, C2-H), 2.85 (d, J = 14.2 Hz, C2-H), 3.25 (s, 3H, OCHs), 3.48 (dd, J = 4.5,
10.3 Hz, 1H, C8-H), 3.55 (dd, J = 5.8, 10.3 Hz, 1H, C8-H), 3.78-3.80 (m, 1H, C7-H), 4.08-4.18 (m,
3H, C5-H and OCH-CH3), 4.58 (s, 2H, OCH,Ph), 7.29-7.33 (m, 5H, Ar-H); 3C NMR (126 MHz,
CDCl;) 8 14.1 (CHs), 36.6 (CHa), 42.0 (CH,), 42.7 (CHa), 48.0 (CHs), 60.6 (CH,), 64.4 (CH), 68.9
(CH), 72.8 (CH,), 68.8 (CH), 72.8 (CH>), 73.3 (CH>), 99.4 (C), 127.5 (CH), 127.6 (CH), 128.3 (CH),
138.2 (C), 169.1 (C); ESI-LRMS m/z calcd for Ci1sH2s0sNa (M+Na)* 361.16, found 361.15.

[Optimization of Reaction Conditions]

OMe
MeO,,, OMe
OP(OEt oH
o R M(OTf)q 0o
MeO + :
MeO  Sue |‘ 0 "’/l solvent, additive O
OMe temp., 1h »
153c CO,Et OBn |\ OMO |
e
donor 154 Lo OBn
acceptor 1552

General Procedure for the Glycosidation (TS07051-TS07060, TS07062-TS07065, TS07068,
TS07068, TS07076-TS07078, TS07087, TS07088)

Promotor (0.3 equiv.) was added to a solution of acceptor alcohol 154, glycosyl donor 153¢
(1.5 equiv. or 3.0 equiv.), and MS4A (100 wt %, if added) in solvent (0.1 M) at set temperature. After
stirring for 2 h at this temperature, the reaction mixture was quenched with Et;N (0.1 mL) and
extracted with AcOEt (5 mL). The organic layer was washed with saturated aqueous NaHCO3 (2 mL),
water (2 mL), brine (2 mL), and dried over anhydrous Na,SOs. Filtration and evaporation was

furnished crude product, which was analyzed by 'H NMR using benzyl benzoate as an internal
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standard in CDCls.

Data for ethyl
2-((25,4R,6R)-6-((benzyloxy)methyl)-2-methoxy-4-(((2R,3R,4R,5S,6S)-3,4,5-trimethoxy-6-methyltet
rahydro-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-2-yl)acetate (155a)
Colorless oil: R; 0.59 (1:2 hexane/AcOEt); 'H NMR (396 MHz,
CDCl3) 6 1.17-1.27 (m, 7H, CO,CH>CH3, C6-H and C5'-CH3), 1.61 (dd, J =
C 12.7, 11.3 Hz, 1H, C6-H), 1.99-2.04 (m, 1H, C4-H), 2.30 (ddd, J = 12.7, 5.3,
307 1.4 Hz, 1H, C4-H), 2.57 (d, J = 13.8 Hz, 1H, C2-H), 2.81 (d, J = 13.8, 1 h,
1 | OM% (|)Bn C2-H), 3.09 (dd, J=9.5, 9.5 Hz, 1H, C4'-H), 3.24 (s, 3H, C3-OCH;), 3.43-3.61
COoE (m, 13H, C8-H, C2'-H, C3"-H, C5'-H, C2'-OCHs, C3'-OCH; and C4'-OCHs),
4.03-4.19 (m, 3H, C5-H and OCH,CH3), 4.57 (s, 2H, OCH,Ph), 4.97 (d, J= 1.4 Hz, C1'-H), 7.28-7.35
(m, 5H, ArH); ESI-LRMS m/z calcd for C,7H4010Na (M+Na)" 549.27, found 548.99. The relative

configuration at C1' was determined by NOE correlation from C1' to C3' and C5' of isolated minor

isomer, -anomer product (see below).

Data for ethyl
2-((28,4R,6R)-6-((benzyloxy)methyl)-2-methoxy-4-(((2S,3R,4R,5S, 6S)-3,4,5-trimethoxy-6-methyltetr
ahydro-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-2-yl)acetate (155b)

OMe Colorless oil: Ry 0.53 (1:2 hexane/AcOEt); 'H NMR (396 MHz,

Meo;ij\/EOMe CDCls) 6 1.26 (t, J = 6.8 Hz, 3H, CO,CH,CH;), 1.31 (d, J = 5.9 HZ, 3H,
5 ,

o~ "o C5'-CHs), 1.39 (dd, J = 12.2, 12.2 Hz, 1H, C6-H), 2.12-2.20 (m, 1H, C4-H),

K

07 2.38 (ddd, J = 12.7, 5.0, 1.8 Hz, 1H, C4-H), 2.57 (d, J = 14.0 Hz, 1H, C2-H),
1 | OM% l;ljsn 2.86 (d, J = 14.0 Hz, 1H, C2-H), 3.07-3.08 (m, 1H, C3'-H), 3.14-3.18 (m, 1H,
COE C5'-H), 3.25 (s, 3H, C3-OCHs), 3.44-3.48 (m, 5H, C8-H, C4-H and OCH),
3.51-3.55 (m, 4H, C8-H and OCHj3), 3.59-3.60 (m, 4H, C2'-H and OCHs), 3.76-3.82 (m, 1H, C7-H),
4.03-4.16 (m, 3H, C5-H and CO,CH,CH3), 4.47 (s, 1H, C1'-H), 4.56 (s, 2H, OCH,Ph), 7.28-7.32 (m,
5H, ArH); ESI-LRMS m/z caled for C;H4010Na (M+Na)® 549.27, found 549.02. The relative
configuration at C1' was determined by NOESY correlation from C1'to C3' and C5' in C¢De.
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Part 1 Chapter 4 Section 3

[Synthesis of bromosulfones 157]

251
NaN; R.N-N,  DEAD, PPhy R.w-N.  NBS
R-NCS ———> < N - —
Solvent, reflux HS/LN THF, 0°C BU3Sn/\/\ S/L N CH;CN
250 252
Solvent R = R =
H,0 Ph 250a: CA Ph 252a: 82%

H,O p-MeO-CgH,4 250b: 97%

BusSn” X" “OH

p-MeO-CgH, 252b: 85%

PrOH/H,0  p-CF3-CgH4 250c: 87% p-CF3-CgHy4 252¢: 86%
PrOH/H,0 Me 250d: CA Me 252d: 87%
DMF iPr 250e: 78% iPr 252e: 88%
Bu 250f: 55% Bu 252f: 89%
adamantyl 250g: 98% adamantyl 252g: 88%
*CA: commercially available
(NHy4)gMo7024-4H,0 R
Ro-N 30% H,0, “N-N
N
S /L\ \/\N B /\/\S/L\N,N
Br~ g7 N EtOH, 0 °C to rt. r %
253 157
R= R=

Ph 157a: 40%
p-MeO-CgH, 157b: 44%
p-CF3-CgH4157¢: 55%
Me 157d: 91%

Pr157e: 75%

Bu 157f: 19%
adamantyl 1579g: 28%

Ph 253a: 98%
p-MeO-CgH, 253b: 97%
p-CF3-CgH, 253c¢: 96%
Me 253d: 96%

Pr253e: 97%

Bu 253f: 97%
adamantyl 253g: 96%

General Procedure for the Preparation of Mercaptotetrazole 250

A mixture of Isothiocyanate (1.0 equiv.) and sodium azide (1.5 equiv.) in appropriate solvent
(0.63 M) was refluxed for 6 h. When cool, this mixture was extracted with Et;O (2 times). The
aqueous phase was carefully acidified with ¢ HCI until pH < 2 with ice cooling, and then extracted
with Et,O (2 times). The combined organic phase was washed with H,O and brine, and dried over
anhydrous Na,SO.. Filtration and evaporation in vacuo furnished the crude product, which was used in

next step without further purification.

1-(4-methoxyphenyl)-1H-tetrazole-5-thiol (250b)™ (TS10010)
MeO Refluxed in H>0. 95% yield. White solid: m.p. 138-141 °C; R,0.19 (10:1
\©\N’N\ CHCI13/MeOH); IR (KBr) 3057, 2931, 2910, 2761, 1516, 1490, 1357, 1260, 1050,
LA™ 830 ey TH NMR (400 MHz, DMSO-ds) 3 3.83 (s, 3H, CH:OPhY, 7.13 (d, /= 9.0
Hz, 2H,ArH), 7.74 (d, J = 9.0 Hz, 2H, ArH); >C NMR (101 MHz, DMSO-de) 8 55.6 (CHs), 114.4
(CH), 126.3 (CH), 126.7 (C), 159.9 (C), 164.0 (C): ESI-HRMS m/z caled for CsH;ON4S (M—H)"
207.03470, found 207.03470.
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1-(4-(trifluoromethyl)phenyl)-1H-tetrazole-5-thiol (250c¢) (TS11078)
FsC Refluxed in H>O. 87% yield. Pale yellow solid: m.p. 123—-126 °C; R;0.36
\©\N”‘f\ (10:1 CHCIl3/MeOH); IR (KBr) 3083, 2949, 2833, 2755, 1484, 1400, 1356, 1277,
HS/L\N’N 1221, 1149, 847 cm™'; '"H NMR (400 MHz, CDCl;) 8 7.86 (d, J = 8.4 Hz, 2H, ArH),
8.22 (d, J = 8.4 Hz, 2H, ArH); *C NMR (99 MHz, CDCl3) § 123.3 (q, Jcr = 282.5 Hz, C), 123.6 (CH),
126.7 (q, Jor = 3.8 Hz, CH), 131.8 (q, Jcr = 33.8 Hz, C), 136.0 (C), 163.6 (C); "’F NMR (376 MHz,
CDCL) & —66.0 (s, ArCF3); ESI-HRMS m/z caled for CsHsN4F3S (M-H)~ 245.01142, found
245.01141.

1-isopropyl-1H-tetrazole-5-thiol (250¢)’® (TS11097)

ipr\N’N Refluxed in ‘PrOH/H,O = 3:1. 78% yield. White solid: m.p. 74-79 °C; R, 0.45

LS (10:1 CHCI/MeOH); IR (KBr) 3058, 2926, 2771, 1510, 1353, 1207, 1048, 785 em!; 'H
NMR (400 MHz, CDCls) § 1.56 (d, J = 6.7 Hz, 6H, CHCHs), 5.00 (sept, J = 6.7 Hz, 1H,

CH(CHs)2); *C NMR (101 MHz, CDCls) § 21.0 (CH), 50.6 (CH), 162.8 (C); ESI-HRMS m/z calcd for

C4sH7N4S (M—H) 143.03969, found 143.03968.

1-(tert-butyl)-1H-tetrazole-5-thiol (250f)"” (TS11098)

tB“\N—N Refluxed in 'PrOH/H,O = 3:1. 55% yield. White solid: m.p. 81-86 °C; R, 0.54

LS (10:1 CHCIYMeOH); IR (KBr) 3055, 2983, 2913, 2745, 2781, 1513, 1369, 1335, 1305,
1214, 1029, 805 cm™'; 'H NMR (500 MHz, CDCl3) & 1.85 (s, 9H, C(CH:)s); *C NMR

(100 MHz, CDCl3) & 27.6 (CHs), 63.5 (C), 162.9 (C); ESI-HRMS m/z caled for CsHsNsS (M—H)"

157.05534, found 157.05559.

1-(1-Adamantyl)-1H-tetrazole-5-thiol (250g)"® (TS11076)
Refluxed in DMF, then diluted with H,O. 98% yield. White solid: m.p. 166—
@ 169 °C; R;0.54 (10:1 CHCI3/MeOH); IR (KBr) 3064, 2909, 1503, 1335, 1032, 790 cm™
N\’N\N ; 'TH NMR (400 MHz, CDCl;) & 1.78 (m, 6H, 3 x CHCH>CH), 2.27 (brs, 3H, 3 X
HS™ "N CH,CHCH,), 2.59 (brd, 6H, 3 x CCH,CH); *C NMR (100 MHz, CDCls) & 29.5 (CH),
35.6 (CH>), 39.2 (CH,), 64.4 (C), 162.4 (C); ESI-HRMS m/z calcd for Ci;1H;sNsS (M—H)™ 235.10229,
found 235.10244.

General Procedure for the Preparation of Tributylstannylsulfide 252

To a stirred mixture of alcohol 2517 (1.0 equiv.), mercaptotetrazole (1.06 equiv.), PPh;
(1.10 equiv.) in THF (0.17 M) at 0 °C was added DEAD (1.10 equiv.). The consumption of starting
alcohol 2 was checked by TLC analysis. Then the solvent was evaporated in vacuo furnished crude
product, which was purified by flash column chromatography (silica gel, eluent: hexane/EtOAc) to

afford the title compound.
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(E)-1-phenyl-5-((3-(tributylstannyl)allyl)thio)-1H-tetrazole (252a)" (TS11082)
82% yield. colorless oil; Rr0.54 (9:1 hexane/EtOAc); IR (neat) 2955,
©\N"‘f\ 2925, 1499, 760, 693 cm™'; 'TH NMR (400 MHz, CDCl3) & 0.79-0.96 (m, 15H,
Bu3Sn/\/\s/L\N'N 3 x SnCH>CH: and 3 x CH.CH;), 1.27 (tq, J = 8.1, 8.1 Hz, 6H, 3 x
CH,CH>CH3), 1.35-1.55 (m, 6H, 3 x CH,CH,CH,), 4.08 (m; the 4 highest peaks presumably
interpretable as dd, J = 6.4, 1.3 Hz, flanking peaks probably due to *Js,u, 2H, CHCH,S), 6.07 (dt, J =
18.7, 6.4 Hz, each peak flanked by Sn isotope satellites as 2 interlocked d, 3J1195n’H = 57.5 Hz, 3J117Sn,H
=55.3 Hz, 1H, CHCHCH>), 6.34 (dt, J = 18.7, 1.3 Hz, each peak flanked by Sn isotope satellites as 2
interlocked d, 2J119$n,H = 66.6 Hz, 2J117Sn,H = 63.7 Hz, 1H, SnCHCH), 7.51-7.60 (m, 5H, ArH); *C
NMR (101 MHz, CDCl3) & 9.45 (CHa, flanked by Sn isotope satellites as 2 d, J“9sn,c = 346.7 Hz,
1J117Sn’C =331.3 Hz), 13.7 (CH3), 27.2 (CHa, flanked by Sn isotope satellites as 1 d, 3J119SmC =54.6 Hz,
g, o = 54.6 Hz), 29.0 (CHa, flanked by Sn isotope satellites as 1 d, Jiog, . = 20.8 Hz, *Jiirg, . =
20.8 Hz), 39.0 (CH»), 123.9 (CH), 129.7 (CH), 130.1 (CH), 133.7 (C), 136.1 (CH), 139.9 (CH), 153.9
(C); ESI-HRMS m/z calced for C22H3sN4SSnNa (M+Na)* 531.15803, found 531.15826.

(E)-1-(4-methoxyphenyl)-5-((3-(tributylstannyl)allyl)thio)-1H-tetrazole (252b) (TS09058)
MeO 85% yield. White solid: m.p. 4446 °C; R;0.67 (3:1 hexane/AcOEt);
\©\Nzr\g IR (KBr) 1608, 1589, 1513, 1462, 1440, 1408, 1387, 1316, 1258, 1171, 1082,
Buasn/\/\s/L\N'N 1040, 1021, 991, 835 cm™!; 'TH NMR (392 MHz, CDCl;) & 0.78-0.95 (m, 15H,
3 x SnCH-CH»), 1.27 (tq, J= 7.2, 7.2 Hz, 6H, 3 x CH,CH,CH3), 1.34-1.55 (m, 6H, 3 x CH,CH->CH>),
3.88 (s, 3H, OCHs3), 4.05 (m; the 4 highest peaks presumably interpretable as dd, J = 6.7, 1.3 Hz,
flanking peaks probably due to *Js,u, 2H, CHCH>S), 6.06 (dt, J = 18.4, 6.7 Hz, each peak flanked by
Sn isotope satellites as 2 interlocked d, 3J1198n’H =57.9 Hz, 3J117Sn’H = 55.2 Hz, 1H, CHCHCH>), 6.33
(dt, J = 18.4, 1.3 Hz, each peak flanked by Sn isotope satellites as 2 interlocked d, 2/, 19g, y = 00.4 Hz,
2‘]”7Sn,1-[ = 63.7 Hz, 1H, SnCHCH), 7.01-7.06 (m, 2H, ArH), 7.43-7.48 (m, 2H, ArH); 3C NMR (99
MHz, CDCl;) § 9.45 (CHj3, flanked by Sn isotope satellites as 2 d, J; 19, ¢ = 346.7 Hz, 'J g o™ 330.7
Hz), 13.7 (CHs), 27.2 (CH., flanked by Sn isotope satellites as 1 d, *Jisg, . = 54.5 Hz, *Jiizg, . = 54.5
Hz), 29.0 (CH,, flanked by Sn isotope satellites as 1 d, 2J119Sn’c =21.6 Hz, 2J117Sn’C = 21.6 Hz), 38.9
(CH,), 55.6 (CHz3), 114.8 (CH), 125.5 (CH), 126.3 (C), 135.9 (CH), 140.0 (CH), 154.0 (C), 160.7 (C);
EST-HRMS m/z caled for C23H3sON4SSnNa (M+Na)* 561.16860, found 561.16886.

(E)-5-((3-(tributylstannyl)allyl)thio)-1-(4-(trifluoromethyl)phenyl)-1H-tetrazole (252¢) (TS11081)
FaC 86% yield. Pale yellow oil; Ry 0.66 (3:1 hexane/EtOAc); IR (neat)
\©\Nzr\g 2925, 1325, 1135, 1070, 845 cm™'; '"H NMR (400 MHz, CDCl5) 6 0.78-0.96
Bu33n/\/\s/L\N'N (m, 15H, 3 x SnCH>CH>), 1.27 (tq, J = 8.1, 8.1 Hz, 6H, 3 x CH,CH->CH3),
1.35-1.55 (m, 6H, 3 x CH,CH>CH>), 4.11 (m; the 4 highest peaks presumably interpretable as dd, J =
6.4, 1.1 Hz, flanking peaks probably due to “Js,n, 2H, CHCH-S), 6.07 (dt, J = 18.7, 6.4 Hz, each peak
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flanked by Sn isotope satellites as 2 interlocked d, 3J11<>SH’H = 57.9 Hz, 3J117SH’H = 549 Hz, 1H,
CHCHCH,), 6.38 (dt, J = 18.7, 1.1 Hz, each peak flanked by Sn isotope satellites as 2 interlocked d,
2‘]119$n,H =65.9 Hz, 2J117SH’H =63.0 Hz, 1H, SnCHCH), 7.78 (d, J = 8.4 Hz, 2H, ArH), 7.85 (d, J = 8.4
Hz, 2H, ArH); *C NMR (101 MHz, CDCls) & 9.49 (CH,, flanked by Sn isotope satellites as 2 d,
1J119$n,C =346.7 Hz, 1J117Smc =331.3 Hz), 13.7 (CH3), 27.2 (CHa, flanked by Sn isotope satellites as 1 d,
o, o = 554 Hz, g, . = 55.4 Hz), 29.0 (CH,, flanked by Sn isotope satellites as 1 d, 2Jinog, . =
20.8 Hz, 2J117Sn,C =20.8 Hz), 39.1 (CH), 123.2 (q, Jcr = 272.9 Hz, CH), 123.9 (CH), 127.0 (q, Jcr =
3.8 Hz, CH), 132.0 (q, Jcr = 33.1 Hz), 136.5 (C), 136.7 (CH), 139.5 (CH), 154.1 (C); '°F NMR (376
MHz, CDCls) 6 —66.0 (CF3); ESI-HRMS m/z calcd for C23H3sFsN4sSSnNa (M+Na)™ 599.14542, found
599.14567.

(E)-1-methyl-5-((3-(tributylstannyl)allyl)thio)-1H-tetrazole (252d) (TS11079)
Mewy N 87% yield. Colorless oil; R,0.49 (3:1 hexane/EtOAc); IR (neat) 2955,
S/L\N\,N 2925, 1593, 1463, 1171, 986, 734 cm™'; 'TH NMR (396 MHz, CDCls) & 0.76—
0.95 (m, 15H, 3 x SnCH,CH>), 1.27 (tq, /= 7.7, 7.7 Hz, 6H, 3 x CH,CH,CH3),
1.34-1.55 (m, 6H, 3 x CH,CH-CH>), 3.91 (s, 3H, NCH3), 4.00 (m; the 4 highest peaks presumably
interpretable as dd, J = 6.8, 1.3 Hz, flanking peaks probably due to *Js,u, 2H, CHCH>S), 6.03 (dt, J =
18.6, 6.8 Hz, each peak flanked by Sn isotope satellites as 2 interlocked d, 3J119$n,H = 57.1 Hz, 3J]17Sn’H
=55.3 Hz, 1H, CHCHCH,), 6.29 (dt, J = 18.6, 1.3 Hz, each peak flanked by Sn isotope satellites as 2
interlocked d, 2J119$n,H = 66.2 Hz, 2J117SH’H = 63.4 Hz, 1H, SnCHCH); C NMR (99 MHz, CDCl;) &
9.44 (CH,, flanked by Sn isotope satellites as 2 d, 'iwog, . = 347.1 Hz, 'Jui7g, . = 331.2 Hz), 13.6 (CHs),
27.2 (CH, flanked by Sn isotope satellites as 1 d, *Jiog, . = 54.4 Hz, *Jiirg, . = 54.4 Hz), 28.9 (CH,,
flanked by Sn isotope satellites as 1 d, 2’]”9Sn,C =21.0 Hz, 2J117Sn’c =21.0 Hz), 33.4 (CHs), 39.1 (CH»),
135.9 (CH), 140.1 (CH), 153.4 (C); ESI-HRMS m/z calcd for Ci7H34sN4SSnNa (M+Na)" 469.14238,
found 469.14251.

Bu3Sn/\/\

(E)-1-isopropyl-5-((3-(tributylstannyl)allyl)thio)-1H-tetrazole (252¢) (TS12001)
88% yield. Colorless oil; Rr0.50 (5:1 hexane/EtOAc); IR (neat) 2955,
“ /NL:NN 2925, 1593, 1427, 1384, 1107, 984 cm™'; '"H NMR (396 MHz, CDCls) & 0.78—
BusSn™STSTINT ) 05 (m 15H, 3 % SnCHACHy). 127 (tq,J = 7.3, 7.3 Hz, 6H, 3 x CH:CH>CHy),
1.34-1.53 (m, 6H, 3 x CH,CH,CH,), 1.57 (d, J = 6.8 Hz, 6H, NCH(CHs),), 4.02 (m; the 4 highest
peaks presumably interpretable as dd, J = 6.3, 0.9 Hz, flanking peaks probably due to “Jsun, 2H,
CHCH-S), 4.59 (sept, J = 6.8 Hz, 1H, NCH(CH3),), 6.04 (dt, J = 19.0, 6.3 Hz, each peak flanked by
Sn isotope satellites as 2 interlocked d, 3J1|9$n,H = 57.5 Hz, 3J1|7SH,H = 55.3 Hz, 1H, CHCHCH>), 6.30
(dt, J=19.0, 1.1 Hz, each peak flanked by Sn isotope satellites as 2 interlocked d, 2J1]9Sn,H = 66.6 Hz,
2J117Sn,H = 63.9 Hz, 1H, SnCHCH); *C NMR (100 MHz, CDCl;) & 9.45 (CH,, flanked by Sn isotope
satellites as 2 d, 'Jiog, . = 346.2 Hz, iig, . = 330.1 Hz), 13.6 (CHs), 21.8 (CHs), 27.2 (CH,, flanked
by Sn isotope satellites as 1 d, 3JI]9Sn,C = 54.4 Hz, 3JI]7Sn,C = 54.4 Hz), 28.9 (CH,, flanked by Sn

iP <
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isotope satellites as 1 d, 2Jiog, . = 21.0 Hz, %/117g, . = 21.0 Hz), 38.9 (CHy), 51.1 (CH), 135.7 (CH),

140.3 (CH), 152.2 (C); ESI-HRMS m/z calcd for CioH3sN4sSSnNa (M+Na)® 497.17368, found
497.17385.

(E)-1-(tert-butyl)-5-((3-(tributylstannyl)allyl)thio)-1H-tetrazole (252f) (TS12002)
By, 89% yield. Colorless oil; R/0.58 (5:1 hexane/EtOAc); IR (neat) 2955,
“ /NL: N 2925, 1593, 1391, 1363, 1226, 987 cm™'; 'H NMR (400 MHz, CDCls) 8 0.79—
BusSI” TSN 05 (. 15H, 3  SnCHCHY), 127 (tq, J = 7.3, 7.3 Hz, 6H. 3 x CH:CH:CH),
1.35-1.56 (m, 6H, 3 x CH,CH>CH>), 1.72 (s, 9H, NC(CHs)3), 4.07 (m; the 4 highest peaks presumably
interpretable as d, J = 6.6 Hz, flanking peaks probably due to “Js,u, 2H, CHCH-S), 6.07 (dt, J = 18.7,
6.6 Hz, each peak flanked by Sn isotope satellites as 2 interlocked d, 3J11<>Sn’H =56.8 Hz, 3J117Sn’H =56.8
Hz, 1H, CHCHCH,, 1H, CHCHCH>), 6.33 (dd, J = 18.7, 1.1 Hz, each peak flanked by Sn isotope
satellites as 2 interlocked d, *Jiog, ,, = 66.3 Hz, *Jui7g = 66.3 Hz, 1H, SnCHCH); *C NMR (100
MHz, CDCl;) 8 9.47 (CH,, flanked by Sn isotope satellites as 2 d, 1J1195n,c =3459 Hz, 1']“7Sn,c =330.5
Hz), 13.7 (CHs), 27.2 (CHa, flanked by Sn isotope satellites as 1 d, *Jiiog, . = 54.6 Hz, *Jui7g, . = 54.6
Hz), 29.0 (CH,, flanked by Sn isotope satellites as 1 d, 2J119Sn’c =20.8 Hz, 2J117Sn’C = 20.8 Hz), 39.7
(CH»), 60.9 (C), 135.6 (CH), 140.4 (CH), 152.3 (C); ESI-HRMS m/z calcd for Cy0HsoN4SSnNa
(M+Na)" 511.18933, found 511.18952.

1-(1-Adamantyl)-5-(((E)-3-(tributylstannyl)allyl)thio)-1H-tetrazole (252g) (TS11080)
88% yield. Colorless oil; R,0.71 (3:1 hexane/EtOAc); IR (neat) 2956,
@ 2916, 2854, 1594, 1359, 11035, 733 cm™'; '"H NMR (400 MHz, CDCls) &
NN 0.78-0.96 (m, 15H, 3 x SnCH,CH), 1.27 (tq, J = 7.7, 7.7 Hz, 6H, 3 x
CH>.CH-CH3), 1.35-1.56 (m, 6H, 3 x CH,CH,CH,), 1.76-1.78 (m, 6H, 3 x
CHCH,CH), 2.25 (brs, 3H, 3 x CH.CHCH,), 2.35 (brd, 6H, 3 x CCH,CH), 4.07 (m; the 4 highest
peaks presumably interpretable as dd, J = 6.3, 1.0 Hz, flanking peaks probably due to “Jsun, 2H,
CHCH-S), 6.07 (dt, J = 18.8, 6.3 Hz, each peak flanked by Sn isotope satellites as 2 interlocked d,
g,y = 58.4 Hz, *Jurg, = 55.7 Hz, 1H, CHCHCHa), 6.31 (dd, J = 18.8, 1.0 Hz, each peak flanked
by Sn isotope satellites as 2 interlocked d, 2J”"sn,ﬁ = 68.0 Hz, 2J117Sn’H = 65.2 Hz, 1H, SnCHCH); *C
NMR (100 MHz, CDCl3) 6 9.46 (CH», flanked by Sn isotope satellites as 2 d, lJllgSn,C = 346.2 Hz,
1J1]7Sn,C =330.9 Hz), 13.7 (CH3), 27.2 (CHa», flanked by Sn isotope satellites as 1 d, Jiog, = 54.4 Hz,
3‘]1]7Sn,C = 54.4 Hz), 29.0 (CH,, flanked by Sn isotope satellites as 1 d, 2J119Sn’C = 21.0 Hz, 2J117Sn’C =
21.0 Hz), 35.6 (CH»), 39.7 (CHy), 40.9 (CH), 61.7 (C), 135.5 (CH), 140.5 (CH), 151.8 (C);

EST-HRMS m/z caled for CacHasNsSSnNa (M+Na)* 589.23628, found 589.23661.

Bu3Sn/\/\S/LN/

General Procedure for the Preparation of Bromosulfide 253
A mixture of tributylstannylsulfide (1.0 equiv.) and NBS (1.2 equiv.) in CH3CN (0.1 M) was
stirred for 1 h. Then, the mixture was diluted with H,O and whole mixture was extracted with EtOAc.

The organic phase was washed with H>O and brine, and dried over anhydrous Na,SO;. Filtration and
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evaporation in vacuo furnished crude product, which was purified by flash column chromatography

(10% w/w K»COs in silica gel, eluent: hexane/EtOAc) to afford the title compoundss

(E)-5-((3-bromoallyl)thio)-1-phenyl-1H-tetrazole (253a) (TS11089)
98% yield. White solid: 42-44 °C; Ry 0.33 (5:1 hexane/EtOAc); IR
©\N”‘f\ (KBr) 1406, 1498, 1381, 948, 759 cm™'; '"H NMR (396 MHz, CDCl3) 6 4.00 (dd, J
Br/\/\s/L\N'N =17.7,0.9 Hz, 2H, CHCH.S), 6.36 (dt, /= 13.6, 7.7 Hz, 1H, CHCHCH>), 6.54 (dt,
J=13.6,0.9 Hz, 1H, BrCHCH), 7.52-7.60 (m, 5H, ArH); *C NMR (101 MHz, CDCls) & 34.6 (CH,),
111.4 (CH), 123.8 (CH), 129.8 (CH), 130.3 (CH), 130.6 (CH), 133.4 (C), 153.1 (C); ESI-HRMS m/z
caled for CioHoN4BrSNa (M+Na)" 318.96235, found 318.96244.

(E)-5-((3-bromoallyl)thio)-1-(4-methoxyphenyl)-1H-tetrazole (253b) (TS09062)
MeO 97% yield. White solid: m.p. 102—103 °C; Ry 0.34 (3:1 hexane/AcOEt);
\©\N"‘f\ IR (KBr) 1621, 1609, 1519, 1438, 1391, 1307, 1266, 1207, 1173, 1089, 1024, 942,
Br/\/\S/L\N’N 835 cm™!; '"H NMR (396 MHz, CDCIs) & 3.89 (s, 3H, OCH3), 3.98 (dd, J = 7.7,
0.9 Hz, 2H, CHCH.S), 6.35 (dt, J =13.6, 7.7 Hz, 1H, CHCHCH,), 6.54 (dt, J = 13.6, 0.9 Hz, 1H,
BrCHCH), 7.03-7.07 (m, 2H, ArH), 7.42-7.46 (m, 2H, ArH); *C NMR (99 MHz, CDCls) & 34.5
(CH,), 55.7 (CH3), 111.3 (CH), 114.9 (CH), 125.5 (CH), 126.0 (C), 130.6 (CH), 153.2 (C), 160.8 (C);

ESI-HRMS m/z calcd for C11H;;ON4BrSNa (M+Na)*" 348.97292, found 348.97293.

(E)-5-((3-bromoallyl)thio)-1-(4-(trifluoromethyl)phenyl)-1H-tetrazole (253c) (TS11088)
FsC 96% yield. White solid: m.p. 73-76 °C; Rr0.52 (3:1 hexane/EtOAc); IR
\©\N"‘f\ (KBr) 3058, 1614, 1383, 1321, 1170, 1061, 933, 849 cm™'; 'H NMR (396 MHz,
Br/\/\S/L\N’N CDCls) 6 4.04 (dd, J = 8.2, 1.2 Hz, 2H, CHCH-S), 6.36 (dt, J =13.4, 8.2 Hz, 1H,
CHCHCH,), 6.58 (dt, J=13.4, 1.2 Hz, 1H, BrCHCH), 7.76 (d, J = 8.2 Hz, 2H, ArH), 7.86 (d, J = 8.2
Hz, 2H, ArH); *C NMR (100 MHz, CDCls) & 34.8 (CH>), 55.7 (CH3), 111.8 (CH), 114.9 (CH), 123.2
(q, J—r = 273 Hz, CH), 126.0 (C), 127.1 (q, Jcr = 3.8 Hz, CH), 130.3 (CH), 132.2 (q, Jcr = 33.4 Hz,
CH), 136.3 (C), 153.2 (C); "F NMR (373 MHz, CDCls) 8 —66.1 (CF5); ESI-HRMS m/z caled for
Ci1HoN4BrF;S (M)* 364.96779, found 364.96822.

(E)-5-((3-bromoallyl)thio)-1-methyl-1H-tetrazole (253d) (TS11087)
Vo 96% yield. Colorless oil; Ry 0.21 (3:1 hexane/EtOAc); IR (neat) 3066,
“N-N
/NL\ N 2948, 1618, 146+, 1389, 1281, 1172, 1226, 909, 699 cm™'; 'H NMR (500 MHz,
B N"Ng SN
CDCl3) 6 3.92 (s, 3H, NCHs), 3.94 (dd, J = 8.0, 1.2 Hz, 2H, CHCH.S), 6.32 (dt, J
=13.5, 8.0 Hz, 1H, CHCHCH.>), 6.48 (dt, J = 13.5, 1.2 Hz, 1H, BrCHCH); *C NMR (100 MHz,
CDCls) 6 33.4 (CH3), 34.7 (CHy), 111.3 (CH), 130.6 (CH), 153.0 (C); ESI-HRMS m/z calcd for
CsH7N4BrSNa (M+Na)* 256.94670, found 256.94676.
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(E)-5-((3-bromoallyl)thio)-1-isopropyl-1H-tetrazole (253¢) (TS12003)
97% vyield. Colorless oil; Ry 0.37 (3:1 hexane/EtOAc); IR (neat) 2984,
PN /NL:NN 1618, 1428, 1385, 1218, 1108, 938, 888 cm™'; '"H NMR (396 MHz, CDCl;) 6 1.57
Br SN
(d, J = 6.6 Hz, 6H, NCH(CH5)2), 3.94 (dd, J = 8.0, 1.1 Hz, 2H, CHCH.,S), 4.55
(sept, J = 6.6 Hz, 1H, NCH(CHa),), 6.32 (dt, J=13.4, 7.7 Hz, 1H, CHCHCH>), 6.46 (dt, J=13.4, 1.1
Hz, 1H, BrCHCH); '*C NMR (100 MHz, CDCls) § 21.8 (CH3), 34.6 (CH»), 51.3 (CH), 111.1 (CH),
130.8 (CH), 151.4 (C); ESI-HRMS m/z calcd for C;H;1NJ4sBrSNa (M+Na)* 284.97800, found
284.97820.

iP <~

(E)-5-((3-bromoallyl)thio)-1-(tert-butyl)-1H-tetrazole (253f) (TS12004)
B 97% yield. White solid: m.p. 61-63 °C; Rr0.48 (3:1 hexane/EtOAc); IR
“ /[ N (KBr) 2980, 1617, 1389, 1334, 1103, 949 cm™!; '"H NMR (396 MHz, CDCl;) &
BrTNTSTON ) (s, 9H, NC(CHs)3), 3.99 (dd, J = 7.7, 0.9 Hz, 2H, CHCH-S) 6.34 (dt, J=13.6,
7.3 Hz, 1H, CHCHCHa), 6.50 (dt, J = 13.6, 0.9 Hz, 1H, BrCHCH); *C NMR (100 MHz, CDCIl;) &
28.7 (CHz3), 35.3 (CHy), 61.1 (C), 111.0 (CH), 130.9 (CH), 151.3 (C); ESI-HRMS m/z calcd for
CgHi3N4BrSNa (M+Na)" 298.99365, found 2968.99384.

1-(1-Adamantyl)-5-(((E)-3-bromoallyl)thio)-1H-tetrazole (253g) (TS11086)
96% yield. White solid: m.p. 118121 °C; Ry 0.52 (3:1 hexane/EtOAc);
@ IR (KBr) 3052, 2930, 2855, 1619, 139, 1358, 1033, 953, 833, 715 cm!; 'H NMR
N-N (500 MHz, CDCls) & 1.74-1.80 (m, 6H, 3 x CHCH,CH), 2.26 (brs, 3H, 3 x
BF/\/\S/L\N’ CH,CHCH,), 2.33 (brd, 6H, 3 x CCH,CH), 4.00 (dd, J = 7.5, 1.2 Hz, 2H,
CHCH-S), 6.37 (dt, J =13.8, 7.5 Hz, 1H, CHCHCH>), 6.49 (dt, J = 13.8, 1.2 Hz, 1H, BrCHCH); '*C
NMR (128 MHz, CDCls) & 29.8 (CH), 35.2 (CH,), 35.6 (CHz), 40.9 (CH), 61.9 (C), 110.9 (CH),
131.0 (CH), 151.0 (C); ESI-HRMS m/z caled for CisHi9NsBrSNa (M+Na)" 377.04060, found

377.04080.

General Procedure for the Preparation of Bromosulfone 157

(NH4)6M07024-4H,O (0.20 equiv.) was added to a stirred solution of bromosulfide (1.0
equiv.) in EtOH (0.20 M) at room temperature. The mixture was cooled to 0 °C and 30% H,O, (10
equiv.) was added. After stirring for 1 h at this temperature, the reaction mixture was additionally
stirred at room temperature until consumption of starting sulfide and intermediate sulfoxide (checked
by TLC monitoring). The reaction mixture was quenched by saturated aqueous Na,S,0; solution at
0 °C and extracted with EtOAc (2 times). The combined organic phase was washed with H>O and
brine, and dried over anhydrous Na,SOs. Filtration and evaporation n vacuo furnished crude product,
which was purified by flash column chromatography (silica gel, eluent; hexane/EtOAc) to afford the

title compound.
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(E)-5-((3-bromoallyl)sulfonyl)-1-phenyl-1H-tetrazole (157a) (TS10005)
40% yield. White solid: m.p. 86—89 °C; R,0.61 (2:1 hexane/EtOAc); IR
©\N’N\ (KBr) 3075, 2980, 2901, 1497, 1352, 1155, 949, 890, 763 ¢cm!; 'H NMR (500
Br/\/\,/s\\/L\N\'N MHz, CDCl3) 6 4.43 (dd, /= 6.9, 1.2 Hz, 2H, CHCH.S), 6.30 (dt, /= 13.8, 8.0 Hz,
o ° 1H, CHCHCH,), 6.71 (dt, J = 13.8, 1.2 Hz, 1H, BrCHCH), 7.59-7.69 (m, 5H,
ArH); 3C NMR (126 MHz, CDCI5) & 59.1(CH,), 118.2 (CH), 121.2 (CH), 125.0 (CH), 129.7 (CH),
136.1 (CH), 132.8 (C), 152.7 (C); ESI- HRMS m/z caled for CioHoO,N4sBrSNa (M+Na)" 350.95218,

found 350.95248.

(E)-5-((3-bromoallyl)sulfonyl)-1-(4-methoxyphenyl)-1H-tetrazole (157b) (TS09065)

MeO 44% yield. White solid: m.p. 83—88 °C; R, 0.55 (3:1 hexane/AcOEt); IR
\©\N’N (KBr) 1621, 1605, 1588, 1508, 1456, 1389, 1338, 1312, 1303, 1252, 1175, 1139,
Br/\/\,s\/L\N\'\N 1100, 1041 ecm™'; 'TH NMR (392 MHz, CDCls) & 3.90 (s, 3H, OCHs), 4.41 (dd, J =
oo 7.6, 0.9 Hz, 2H, CHCH,S), 6.27 (dt, J = 14.8, 7.6 Hz, 1H, CHCHCH.), 6.69 (dt, J
=14.8, 0.9 Hz, 1H, BrCHCH), 7.03-7.07 (m, 2H, ArH), 7.53-7.54 (m, 2H, ArH); 3*C NMR (126 MHz,
CDCl) & 55.7 (CH3), 59.0(CH»), 114.8 (CH), 118.1 (CH), 121.2 (CH), 125.3 (C), 126.5 (CH), 152.7

(C), 161.8 (C); ESI-HRMS m/z caled for C1H;103N4BrSNa (M+Na)* 380.96274, found 380.96299.

(E)-5-((3-bromoallyl)sulfonyl)-1-(4-(trifluoromethyl)phenyl)-1H-tetrazole (157¢) (TS09070)
FsC 65% yield. White solid: m.p. 117-120 °C; Ry 0.23 (3:1 hexane/EtOAc);
\©\N’N\ IR (KBr) 3083, 2919, 1617, 1330, 1173, 1128, 1070, 943, 851, 732 cm'; H NMR
Br/\/\,s{L\N\'N (500 MHz, CDCls) & 4.47 (dd, J= 7.5, 1.2 Hz, 2H, CHCH-S), 6.30 (dt, J = 13.8,
oo 8.0 Hz, 1H, CHCHCH,), 6.75 (d, J = 13.8 Hz, 1H, BrCHCH), 7.86 (d, J = 8.6 Hz,
2H, ArH), 7.90 (d, J = 8.6 Hz, 2H, ArH); *C NMR (100MHz, CDCIl5) & 59.2(CH>), 118.5 (CH), 121.0
(CH), 123.1 (q, Jc—r = 273 Hz, CH), 125.6 (CH), 127.1 (q, Jc—r = 3.8 Hz, CH), 133.6 (q, Jcr = 33.4 Hz,
CH), 135.4 (C), 152.8 (C); "F NMR (373 MHz, CDCls) 8 —66.2 (CF5); ESI-HRMS m/z caled for

Ci11H70,N4BrF3S (M)* 394.94307, found 394.94352.

(E)-5-((3-bromoallyl)sulfonyl)-1-methyl-1H-tetrazole (157d) (TS09067)

Me.. N 91% yield. White solid: m.p. 77-79 °C; R;0.28 (3:1 hexane/EtOAc); IR
N-N
5 /\/\S/L\N,N (KBr) 3072, 2969, 2907, 1621, 1337, 1140 944, 891, 739 ¢cm!; 'H NMR (396
r 7N\
0 MHz, CDCl3) 6 4.34-4.36 (m, 5H, NCH; and CHCH-S), 6.26(dt, J= 13.8, 8.2 Hz,

1H, CHCHCH,), 6.63 (dt, J= 13.8, 1.1 Hz, 1H, BrCHCH); '>C NMR (126 MHz, CDCls) & 36.1 (CHj),
58.9 (CHy), 1183 (CH), 120.9 (CH), 152.4 (C); ESI-HRMS m/z caled for CsHeO.NsBrS (M)*
264.94003, found 264.94052.
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(E)-5-((3-bromoallyl)sulfonyl)-1-isopropyl-1H-tetrazole (157¢) (TS12005)
Pre 75% yield. White solid: m.p. 3641 °C; R, 0.64 (3:1 hexane/EtOAc); IR
“ /NL: ‘N (neat) 3070, 2986, 2923, 1621, 1342, 1157, 942, 892, 741 cm™'; 'H NMR (396
BT80N MHz CDCly) 8 168 (d, J = 6.8 Hz, 6H. NCH(CHa)s), 438 (dd, J = 8.2, 13 Hz,
2H, CHCH,S), 5.28 (sept, J = 6.3 Hz, 1H, NCH(CHs),), 6.27 (dt, J = 13.6, 8.2 Hz, 1H, CHCHCH.,),
6.64 (dt, J = 13.6, 1.3 Hz, 1H, BrCHCH); '*C NMR (100 MHz, CDCls) & 22.6 (CH3), 54.4 (CH), 59.0
(CH,), 118.2 (CH), 121.2 (CH), 151.7 (C); ESI-HRMS m/z calcd for C7H;10,N4sBrSNa (M+Na)*

316.96783, found 316.96770.

(E)-5-((3-bromoallyl)sulfonyl)-1-(zert-butyl)-1 H-tetrazole (157f) (TS12006)
19% yield. White solid: m.p. 61-64 °C; R, 0.57 (3:1 hexane/EtOAc); IR
-N
/NL\ N (KBr) 2990, 2923, 1626, 1378, 1346, 1163, 939, 884, 719 cm™'; '"H NMR (400
B " Ss SN
oo MHz, CDCls) 6 1.85 (s, 9H, NC(CHs)3), 4.51 (dd, J= 8.1, 1.1 Hz, 2H, CHCH.S),
6.35 (dt, J=13.9, 7.7 Hz, 1H, CHCHCH,), 6.73 (dt, J = 13.9, 1.1 Hz, 1H, BrCHCH); '*C NMR (101
MHz, CDCl;) & 29.6 (CH3), 59.7 (CH>), 65.6 (C), 117.8 (CH), 121.8 (CH), 153.4 (C); ESI-HRMS m/z
calcd for CgH130,NsBaSNa (M+Na)" 330.98348, found 330.98343.

Bu.

1-(1-Adamantyl)-5-(((E)-3-bromoallyl)sulfonyl)-1H-tetrazole (157g) (TS09066)
28% yield. White solid: m.p. 128—-131 °C; Ry 0.58 (3:1 hexane/EtOAc);
IR (KBr) 2912, 2560, 1624, 1351, 1342, 1139, 934, 737 cm™!; 'H NMR (500 MHz,
Br/\/\s/[l\,l\j\'\N CDCls) 6 1.76-1.83 (m, 6H, 3 x CHCH,CH), 2.31 (brs, 3H, 3 x CH.CHCH.,),
oo 2.45 (brd, 6H, 3 x CCH,CH), 4.51 (dd, J = 7.8 1.2 Hz, 2H, CHCH,S), 6.35 (dt, J
=13.8, 7.8 Hz, 1H, CHCHCH>), 6.72 (dt, J = 13.8, 1.2 Hz, 1H, BrCHCH); *C NMR (100 MHz,
CDCl) 6 29.7 (CH), 35.4 (CH»), 41.8 (CH>), 59.8 (CH»), 66.3 (C), 117.7 (CH), 121.9 (CH), 153.5 (C);

ESI-HRMS m/z caled for C14H190.N4BrSNa (M+Na)* 409.03043, found 409.03065.

[Julia Olefination]

sulfone 157 (1.1 equiv.)
base (1.05 equiv.)

Oy R B N X R
156 solvent (0.07 M) 158

—-78°C2h,thentort., 20 h

General Procedure for the Julia Olefination

To a stirred solution of sulfone 157 (0.33 mmol) in solvent (1.3 mL) was added base (0.315
mL, 0.315 mmol, 1.0 M THF solution) at =78 °C (dry ice/acetone bath). After stirring for 5 min,
aldehyde 156 (0.30 mmol) in solvent (1.5 mL) was added to the solution dropwisely and rinsed 2
times with DME (1.0 mL, 0.5 mL). The whole mixture was stirred at this temperature for 2 h, and then
warmed to room temperature gradually by removing dry ice and stirred for 20 h. The reaction mixture
was quenched with H>O (2 mL) and the whole mixture was extracted with EtOAc. The organic layer

was washed with H,O and brine, and dried over anhydrous Na,SOs. Filtration and evaporation in
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vacuo furnished crude product, which was purified by flash column chromatography (silica gel,

eluent: hexane only) to afford bromodiene 158.

(1E,3Z2)-1-bromotrideca-1,3-diene (158a) (TS11095, TS12013, TS12017, TS12018, TS12066,
TS12067)
Br 18-78% yield ((1E,3E)/(1E/3Z) = 52:48-2:>98). Colorless oil;
N R 0.77 (hexane only); IR (neat) 2925, 1574, 1465, 929, 799 cm!; 'H
NS NMR (500 MHz, CDCls) 6 0.88 (t, J = 6.8 Hz, 3H, CH.CH2CH3), 1.27 (m,
14H, CHCH:(CH»);CH3), 1.35-1.41 (m, 2H, CHCH»(CH»)7), 2.13 (td, J = 7.5, 1.2 Hz, 2H,
CHCH,CH,), 549 (dt, J = 10.9, 7.5 Hz, 1H, CHCHCH,), 590 (dd, J = 11.2, 10.9 Hz, 1H,
CHCHCHCH,), 6.27 (d, J = 13.8 Hz, 1H, BrCHCH), 6.99 (ddd, J = 13.8, 11.2, 1.2 Hz, 1H,
BrCHCHCH); *C NMR (100 MHz, CDCl3) § 14.1 (CHs), 22.7 (CH>), 27.9 (CH,), 29.2 (CH>), 29.3
(CH), 29.4 (CH>), 29.5 (CH»), 29.6 (CH>), 31.9 (CH»), 108.6 (CH), 125.6 (CH), 133.2 (CH), 133.9
(CH); EI-HRMS m/z caled for Ci3Ha3Br (M)* 258.09831, found 258.09938. 'H NMR and '*C NMR
spectra of pure (1£,3Z)-isomer obtained from the reaction with adamantyl sulfone 5g are provided in

Supporting Information.

((1E,3Z2)-1-bromohexa-1,3-dien-6-yl)benzene (158b) (TS12030)
Br 57% yield ((1E,3E)/(1E/3Z) = 6:94). Colorless oil; R0.38 (hexane only);
iﬁ IR (neat) 3062, 3042, 2925, 2856, 1573, 1496, 1453, 929, 800, 745, 698 cm™!; 'H
X \/© NMR (400 MHz, CDCls) 6 2.48 (dtd, J = 7.6, 7.4, 1.2 Hz, 2H, CHCH,CH>Ar),
2.72 (t,J=17.4 Hz, 2H, CH,CH:Ar), 5.53 (dt, J = 10.8, 7.6 Hz, 0.94H, CHCHCH: of (1E,3Z)-isomer),
5.77 (dt, J=15.1, 7.0 Hz, 0.06H, CHCHCH: of (1E,3E)-isomer), 5.90-6.03 (m, 1H, CHCHCHCH>),
6.20 (d, J = 13.4 Hz, 0.06H, BrCHCHCH of (1E,3E)-isomer), 6.23 (d, J = 13.4 Hz, 0.94H,
BrCHCHCH of (1F,3Z)-isomer), 6.68 (dd, J = 13.4, 10.6 Hz, 0.06H, BrCHCHCH), 6.95 (ddd, J =
13.4,11.6, 1.2 Hz, 0.79H, BrCHCHCH of (1E,3Z)-isomer); *C NMR (126 MHz, CDCls) § 29.6 (CH.
of (1E,3Z)-isomer), 34.3 (CH» of (1E,3F)-isomer), 35.3 (CH, of (1E,3E)-isomer), 35.5 (CH; of
(1E,3Z)-isomer), 106.6 (CH of (1E,3E)-isomer), 109.2 (CH of (1E,3Z)-isomer), 1259 (CH of
(1E,3E)-isomer), 126.0 (CH of (1E,3E)-isomer), 126.3 (CH of (1E,3Z)-isomer), 128.1 (CH of
(1E,3E)-isomer), 128.3 (CH of (1E,3Z)-isomer), 128.4 (CH of (1E,3Z)-isomer), 128.6 (CH of
(1E,3E)-isomer), 132.2 (CH of (1E,3Z)-isomer), 132.9 (CH of (1E,3Z)-isomer), 135.1 (CH of
(1E,3E)-isomer), 137.5 (CH of (1E,3E)-isomer), 141.2 (C of (1E,3Z)-isomer), 141.3 (C of
(1E,3E)-isomer); EI-HRMS m/z caled for Ci>Hi3Br (M)* 236.02006, found 236.01997.

((1E,3Z2)-1-bromobuta-1,3-dien-4-yl)cyclohexane (158¢c) (TS12021a)

Br 77% yield (1E,3E)/(1E/3Z) = 16:84). Colorless oil; R, 0.76 (hexane only); IR

A (neat) 2925, 2849, 1574, 1447, ,930, 801, 755 cm™'; 'H NMR (500 MHz, CDCl;) &
1.05-1.13 (m, 2H, one of C2'-CH, and one of C6'-CH>), 1.15-1.22 (m, 1H, one of

NN
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C4'-CH>), 1.27-1.35 (m, 3H, one of C3'-CH.>, one of C4'-CH> and one of C5'-CH>), 1.62—1.75 (m, 4H,
one of C2'-CH>, one of C3'-CH>, one of C5'-CH, and one of C6'-CH>), 1.95-2.01 (m, 0.16H, C1'-CH
of (1E,3E)-isomer), 2.34-2.42 (m, 0.84H, C1'-CH of (1E,3Z)-isomer), 5.34 (dd, J = 10.9, 10.3 Hz,
0.84H, CHCHCy of (1E,3Z)-isomer), 5.68 (dd, J=15.5, 6.9 Hz, 0.16H, CHCHCy of (1E,3E)-isomer),
5.80 (dd, J = 11.8, 10.9 Hz, 0.84H, CHCHCHCYy of (1E,3Z)-isomer), 5.92 (dd, J = 15.5, 10.9 Hz,
0.16H, CHCHCHCYy of (1E,3E)-isomer), 6.18 (d, J = 13.5 Hz, 0.16H, BrCHCH of (1E,3E)-isomer),
6.27 (d, J=12.6 Hz, 0.84H, BrCHCH of (1E,3Z)-isomer), 6.66 (dd, J = 13.5, 10.9 Hz, BrCHCHCH of
(1E,3E)-isomer), 7.00 (dd, J = 12.6, 11.8 Hz, 0.88H, BrCHCHCH of (1E,3Z)-isomer); *C NMR (126
MHz, CDCls) 6 25.7 (CH>), 25.8 (CHa), 26.0 (CH: of (1E,3E)-isomer), 32.5 (CH; of (1E,3E)-isomer),
33.0 (CH» of (1E,32)-isomer), 37.0 (CH of (1E,3Z)-isomer), 40.7 (CH of (1E,3E)-isomer), 106.0 (CH
of (1E,3E)-isomer), 108.5 (CH of (1E£,3Z)-isomer), 123.8 (CH of (1E,3Z)-isomer), 125.0 (CH of
(1E,3E)-isomer), 133.4 (CH of (1E,32)-isomer), 137.7 (CH of (1E,3E)-isomer), 139.5 (CH of
(1E,3Z)-isomer), 142.1 (CH of (1E,3E)-isomer); EI-HRMS m/z caled for CioH;sBr (M)" 214.03571,
found 214.03490.

(1E,3Z)-1-bromo-5,5-dimethylhexa-1,3-diene (158d) (TS12021b)
Br 39% vyield ((1E,3E)/(1E/3Z) = 21:79). Colorless oil; Ry 0.74 (hexane only); IR
M (neat) 2959, 2927, 1363, 1211, 980, 929, 770 cm™'; "H NMR (500 MHz, CDCls) & 1.07 (s,
X 2.2H, C(CH3)3 of (1E,3E)-isomer), 1.21 (s, 6.8H, C(CH3); of (1E,3Z)-isomer), 5.48 (d, J =
12.0 Hz, 0.79H, CHCHC of (1E,3Z)-isomer), 5.75-5.81 (m, 1H, CHCHCHC of (1E,3Z)-isomer and
CHCHC of (1E,3E)-isomer), 5.93 (dd, J=15.5, 10.3 Hz, 0.21H, CHCHCHC of (1E,3E-isomer), 6.23—
6.28 (m, 1H, BrCHCH), 6.71 (dd, J = 13.2, 10.3 Hz, 0.21H, BrCHCHCH of (1E,3E)-isomer), 7.27
(ddd, J=13.2, 12.0, 1.2 Hz, 0.79H, BrCHCHCH of (1E,3Z)-isomer); *C NMR (126 MHz, CDCl;) &
29.2 (CH;3 of (1E,3E)-isomer), 31.3 (CH3 of (1E,3Z)-isomer), 106.0 (CH of (1E,3E)-isomer), 109.2
(CH of (1E,3Z)-isomer), 122.6 (CH of (1E,3E)-isomer), 123.8 (CH of (1£,3Z)-isomer), 133.4 (CH of
(1E,3Z)-isomer), 138.0 (CH of (1E,3E)-isomer), 142.9 (CH of (1E,3Z)-isomer), 147.2 (CH of
(1E,3E)-isomer); EI-HRMS m/z calcd for CsHi3Br (M)" 188.02006, found 188.01924.

1-((1E,3Z)-1-bromobuta-1,3-dien-4-yl)-4-chlorobenzene (158¢) (TS12021c¢)
B 25% yield ((1E,3E)/(1E/3Z) = 7:93). Colorless oil; R 0.53 (hexane only);
iﬁ Cl' IR (neat) 1490, 1093, 934, 848, 798 cm™'; '"H NMR (500 MHz, CDCl;) 6 6.17 (dd, J
X ©/ =11.5, 11.5 Hz, 1H, CHCHCHAr of (1E,3Z)-isomer), 6.25-6.47 (m, 1H, CHCHAr),
6.51-6.54 (m, 1H, BrCHCH), 6.64 (dd, J = 15.5, 10.9 Hz, 0.70H, CHCHCHAr of (1E,3E)-isomer),
6.86 (dd, J=13.2, 10.9 Hz, 0.70H, BrCHCHCH of (1E,3E)-isomer), 7.14 (ddd, J = 13.7, 12.0, 1.2 Hz,
0.93H, BrCHCHCH), 7.21-7.24 (m, 2H, ArH), 7.90-7.35 (m, 2H, ArH); '*C NMR (126 MHz, CDCls)
6 109.6 (CH of (1E,3E)-isomer), 112.4 (CH of (1E,32)-isomer), 126.6 (CH of (1E,3E)-isomer), 127.5
(CH of (1E,3Z)-isomer), 127.6 (CH of (1E,3E)-isomer), 128.6 (CH of (1£,3Z)-isomer), 128.9 (CH of
(1E,3E)-isomer), 129.5 (CH of (1E,3Z)-isomer), 130.1 (CH of (1£,3Z2)-isomer), 131.9 (CH of
(1E,3Z)-isomer), 133.3 (C of (1E,3Z)-isomer) 133.5 (CH of (1E,3Z)-isomer), 135.1 (CH of
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(1E,32)-isomer), 137.4 (C of (1E,3E)-isomer); EI-HRMS m/z calcd for CioHsBrCl (M) 241.94979,
found 241.94923.
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3-((15,58,7S5,85,118,13R)-7-((tert-butyldimethylsilyl)oxy)-1-methoxy-5,8-dimethyl-3-oxo0-13-(((2R
J3R,4R,5S8,65)-3,4,5-trimethoxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-4,15-dioxabicyclo[9.3.1]
pentadecan-5-yl)propyl acetate (160a)

OMe Eu(OTf)3 (12.6 mg, 21 umol) was added to a solution of alcohol 152
MeO,, X sOMe (37.2 mg, 70.1 umol), phosphite donor 153¢ (68.5 mg, 210 umol) and MS4A
(37.2 mg, 100 wt %) in CH>Clo/toluene = 1:1 (0.70 mL) at 0 °C. After stirring
for 2 h at this temperature, the reaction mixture was quenched with Et;N (0.2
mL) and extracted with AcOEt (15 mL). The organic layer was washed with
saturated aqueous NaHCOs (5 mL), water (5 mL), brine (5 mL), and dried

over anhydrous Na,SOs. Filtration and evaporation was furnished crude

OAc product, which was purified by flash column chromatography (silica gel, 3:1

then 2:1 hexane/AcOEt) to give 160a (38.6 mg, 77%) as a colorless oil and anomeric isomer 160b (9.8
mg, 19%) as a colorless oil: R;0.61 (1:1 hexane/AcOEt); [a]p'® —66.5 (¢ 1.17, CHCI5); IR (NaCl) 1741,
1727, 1239, 1119, 1104, 1044 cm™'; '"H NMR (500 MHz, CDCls) 8 0.067 (s, 3H, SiC(CHs)2), 0.069 (s,
3H, SiC(CHs)»), 0.82 (d, J= 6.9 Hz, 3H, C10-CH3), 0.86 (s, 9H, SiC(CH3)3), 1.19-1.27 (m, 5H, C6-H,
C9-H and C5'-CHs), 1.43 (s, 3H, C13-CH;), 1.51-1.71 (m, 7H, C4-H, C8-H, C9-H, Cl14-H and
C15-H), 1.82 (dd, J = 14.9, 2.9 Hz, 1H, C12-H), 1.87-1.90 (m, 1H, C6-H), 2.05-2.19 (m, 7H, C4-H,
C10-H, C12-H, C14-H and COCH3), 2.35 (d, J=12.6 Hz, 1H, C2-H), 2.70 (d, /= 12.6 Hz, 1H, C2-H),
3.09 (dd, J=9.7, 9.5 Hz, 1H, C4'-H), 3.22 (s, 3H, C3-OCH»), 3.44 (dd, J = 9.5, 3.4 Hz, 1H, C3'-H),
3.47-3.50 (m, 7H, OCH3, OCH3 and C2'-H), 3.53 (s, 3H, OCH3), 3.54-3.59 (m, 1H, C5'-H), 3.63-3.67
(m, 1H, C7-H), 3.79-4.12 (m, 3H, C5-H and C16-H), 4.16 (dd, /= "7.5,2.9 Hz, 1H, C11-H), 4.96 (d, J
= 1.4 Hz, 1H, C1'-H); *C NMR (126 MHz, CDCl;) & —4.08 (CHs), —3.44 (CH3), 14.6 (CH3), 17.8
(CH3), 18.4 (C), 21.0 (CH3), 23.3 (CH>), 25.0 (CH3), 26.0 (CHs), 32.1 (CH»), 32.2 (CH»), 36.1 (CH),
36.4 (CH»), 36.5 (CH>), 40.9 (CH>), 45.0 (CH»), 45.5 (CH»), 49.2 (CH3), 57.7 (CH3), 59.0 (CHs), 60.9
(CH3), 64.6 (CH>), 68.0 (CH), 69.0 (CH), 69.1 (CH), 70.8 (CH), 77.8 (CH), 81.0 (CH), 82.2 (CH),
83.0 (C), 94.3 (CH), 99.6 (C), 168.9 (C), 171.1 (C); ESI-HRMS m/z calcd for C3sHeO12SiNa (M+Na)*
741.42157, found 741.42194. The relative configuration at C1' was determined by NOESY correlation

between C1', C3' and C5' of isolated minor isomer, B-anomer product (see below).
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Data for
3-((1S,58,7S,8S,11S,13R)-7-((tert-butyldimethylsilyl) oxy)- I-methoxy-5,8-dimethyl-3-oxo-13-(((2S,3
R,4R,58,6S5)-3,4,5-trimethoxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-4,15-dioxabicyclo[9.3.1]penta
decan-5-yl)propyl acetate (160b)

OMe Colorless oil: Ry 0.42 (1:1 hexane/AcOEt); [a]p'® —66.5 (¢ 1.17,
"
Meci(K/EOMe CHCly); IR (NaCl) 1741, 1727, 1239, 1119, 1104, 1044 cm™'; 'H NMR (500
.
0o MHz, CsDs) § 0.321 (s, 3H, SiC(CHs)2), 0.23 (s, 3H, SiC(CHs)y), 1.03 (s, 12H,

C10-CH; and SiC(CHs)3), 1.19-1.24 (m, 1H, C9-H), 1.34-1.36 (m, 3H,
C13-CHs and C5'-CHs), 1.39-1.69 (m, 7H, C4-H, C6-H, C8-H, C14-H and
C15-H), 1.74-1.80 (m, 4H, C9-H and COCHs), 1.97-2.04 (m, 2H, C6-H and
Cl12-H), 2.15-2.22 (m, 2H, C4-H and C12-H), 2.26-2.32 (m, 2H, C2-H and
C10-H), 2.69 (d, J = 12.6 Hz, 1H, C2-H), 2.95 (dd, J = 9.5, 3.4 Hz, 1H,
C3'-H), 3.01 (s, 3H, C3-OCH3), 3.13 (dd, J=9.2, 5.7 Hz, 1H, C5'-H), 3.23 (s, 3H, OCH3), 3.33 (dd, iJi
=9.5,9.2 Hz, 1H, C4'-H), 3.41-3.44 (m, 4H, C2'-H and OCH}3), 3.47-3.51 (m, 1H, C7-H), 3.61 (s, 3H,
OCHs), 3.96 (t, J= 6.3 Hz, C16-H), 4.19-4.25 (m, 2H, C5-H and C1'-H), 4.34 (dd, J = 8.6, 2.3 Hz, 1H,
C11-H); *C NMR (126 MHz, CDCls) 8§ —4.13 (CH3), —3.55 (CH3), 14.6 (CH>), 17.7 (CH>), 18.3 (C),
20.9 (CH3), 23.3 (CH»), 25.1 (CHs), 25.9 (CH3), 31.9 (CH»), 32.0 (CH>), 36.1 (CH3), 36.2 (CH), 38.3
(CH3), 40.2 (CHy), 45.2 (CHy), 45.4 (CH»), 48.9 (CH3), 57.3 (CH3), 61.0 (CH3), 61.7 (CH3), 64.5
(CH,), 69.4 (CH), 71.2 (CH), 71.3 (CH), 71.7 (CH), 81.7 (CH), 83.2 (C), 83.8 (CH), 91.6 (CH), 99.2
(CH), 99.5 (C), 169.0 (C), 171.0 (C); ESI-HRMS m/z calcd for C36HesO012SiNa (M+Na)" 741.42157,
found 741.42186. The relative configuration at C1' was determined by NOESY correlation between
C1', C3"and C5'.

(18,5S,75,88,115,13 R)-7-((tert-butyldimethylsilyl)oxy)-5-(3-hydroxypropyl)-1-methoxy-5,8-dimet
hyl-13-((2R,3R,4R,5S,6S5)-3,4,5-trimethoxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-4,15-dioxab
icyclo[9.3.1]pentadecan-3-one (161)

OMe A solution of glycoside 160a (38.6 mg, 53.7 pmol) and K,COs3 (5.04
3
Mec:@’OMe mg, 36.5 pmol) in MeOH (0.537 mL) was stirred for 3 h at room temperature.
5 5 . .
0" "0 The mixture was quenched with saturated aqueous NH4Cl (2 mL), water (1

mL) and whole mixture was extracted with AcOEt (8 mL). Organic layer was
washed with brine (3 mL) and dried over anhydrous Na,SO.. Filtration and
evaporation in vacuo furnished the crude product, which was purified by flash
column chromatography (silica gel, 1:1 hexane/AcOEt) to give 161 (36.0 mg,
99%) as a colorless oil: Ry 0.34 (1:1 hexane/AcOEt); [a]p!® —66.3 (¢ 1.03,
CHCIs); IR (NaCl) 3488, 1723, 1119, 1104, 1046, 835 cm™'; '"H NMR (396 MHz, CDCls) & 0.068 (s,
3H, SiC(CHs),), 0.071 (s, 3H, SiC(CHs),), 0.82 (d, J= 6.8 Hz, 3H, C10-CH), 0.85 (s, 9H, SiC(CH3)3),
1.21-1.30 (m, 6H, C6-H, C9-H, C14-H and C5'-CHs3), 1.43 (s, 3H, C13-CH3), 1.56-1.66 (m, 6H, C4-H,
C8-H, C9-H, C14-H and C15-H), 1.77-1.85 (m, 2H, C6-H and C12-H), 2.04-2.22 (m, 4H, C4-H,
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C8-H, C10-H and C12-H), 2.31 (d, J = 12.7 Hz, 1H, C2-H), 2.71 (d, J = 12.7 Hz, 1H, C2-H), 3.10 (dd,
J=93,9.1 Hz, 1H, C4-H), 3.20 (s, 3H, C3-OCH), 3.41-3.46 (m, 8H, OCHs, OCH:, C2'-H and
C3"-H), 3.53 (s, 3H, OCHs), 3.57 (dd, J = 9.3, 6.3 Hz, 1H, C5-H), 3.60-3.68 (m, 3H, C7-H and
C16-H), 3.97-4.05 (m, 1H, C5-H), 4.13 (dd, J = 7.7, 1.8 Hz, 1H, C11-H), 4.96 (d, J = 1.4 Hz, 1H,
CI'-H); 13C NMR (126 MHz, CDCls) 5 —4.17 (CHs), —3.47 (CHs), 14.5 (CHs), 17.7 (CHs), 18.3 (C),
25.1 (CHs), 25.9 (CHs), 37.2 (CH,), 31.8 (CHa), 32.1 (CHa), 36.0 (CH and CH,), 36.3 (CH,), 10.7
(CHa), 44.8 (CHa), 45.4 (CH,), 48.8 (CHs), 57.6 (CHs), 58.9 (CHs), 60.9 (CHs), 62.8 (CHa), 67.9 (CH),
69.8 (CH), 70.0 (CH), 70.6 (CH), 77.8 (CH), 81.0 (CH), 82.2 (CH), 83.4 (C), 94.7 (CH), 99.5 (C),
168.8 (C); ESI-HRMS m/z caled for C34HesO1SiNa (M+Na)* 699.41101, found 699.41143.

3-((18,58,7S,85,115,13R)-7-((tert-butyldimethylsilyl) oxy)-1-methoxy-5,8-dimethyl-3-oxo0-13-(((2R
J3R,4R,5S8,65)-3,4,5-trimethoxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-4,15-dioxabicyclo[9.3.1]
pentadecan-5-yl)propanal (162)

OMe Dess—Martin periodinane (67.7 mg, 160 umol) was added to a
MeO;(%,OMe solution of alcohol 161 (36.0 mg, 53.2 umol) and NaHCO; (179 mg, 2.13
> 0 '1';/0 mmol) in CH,Cl, (1.06 mL) at 0 °C. After stirring for 1 h at room temperature,

additional Dess—Martin periodinane (67.7 mg, 160 umol) was added at 0 °C.
The reaction mixture was stirred for 1 h at room temperature and diluted with
AcOEt (10 mL), then quenched with saturated aqueous NaHCO; (5 mL) and
aqueous 10% Na,S,0; (5 mL). The aqueous layer was extracted with AcOEt

(30 mL) and combined organic layer was washed with saturated aqueous
NaHCOs (10 mL), water (10 mL) brine (10 mL) and dried over anhydrous Na;SOjs. Filtration and
evaporation in vacuo furnished the crude product, which was purified by flash column
chromatography (silica gel, 2:1 hexane/AcOEt) to give 162 (29.4 mg, 82%) as a colorless oil: Ry 0.52
(1:1 hexane/AcOEt); [a]p® —61.7 (¢ 1.47, CeHp); IR (NaCl) 1727, 1119, 1103, 1045, 835 cm™!; 'H
NMR (500 MHz, C¢D¢) 6 0.25 (s, 6H, SiC(CHs),), 1.02-1.04 (m, 12H, C10-CH3 and SiC(CHs)3),
1.19-1.26 (m, 5H, C6-H, C9-H and C13-CH;), 1.35-1.41 (m, 4H, C8-H and C5'-CH3), 1.56 (dd, J =
12.0, 12.0, 1H, C4-H), 1.62—1.77 (m, 4H, C6-H, C8-H, C9-H and C15-H), 1.87 (dd, J = 14.6, 3.4 Hz,
1H, C12-H), 1.91-1.97 (m, 1H, C15-H), 2.05-2.11 (m, 1H, C15-H), 2.17-2.22 (m, 3H, C2-H, C4-H
and C10-H), 2.37 (dd, J = 14.9, 8.0 Hz, 1H, C12-H), 2.43-2.49 (m, 1H, C14-H), 2.52 (d, /= 12.6 Hz,
1H, C2-H), 3.10 (s, 3H, C3-OCH»), 3.32 (s, 3H, OCH:), 3.38 (s, 3H, OCH3), 3.42-3.50 (m, 5H, C7-H,
C4'-H and OCH3), 3.57 (dd, J = 2.9, 2.0 Hz, 1H, C2'-H), 3.72 (dd, J = 9.2, 2.9 Hz, 1H, C3'-H), 3.85-
3.91 (m, 1H, C5'-H), 4.09—4.15 (m, 1H, C5-H), 4.26 (dd, J=17.5, 2.9 Hz, 1H, C11-H), 5.09 (d, /= 2.0
Hz, 1H, C1'-H), 9.35 (s, 1H, C16-H); *C NMR (126 MHz, C¢Ds) 6 —3.69 (CH3), —3.03 (CH3), 15.1
(CH3), 18.2 (CH3), 18.8 (C), 24.9 (CH3), 26.4 (CH3), 32.6 (CH»), 32.8 (CH»), 36.8 (CH), 37.0 (CH>),
39.0 (CH>), 41.7 (CH>), 45.3 (CH>), 46.0 (CH,), 49.3 (CH3), 57.4 (CH3), 59.2 (CH3), 60.9 (CH3), 69.0
(CH), 69.3 (CH), 69.6 (CH), 71.1 (CH), 78.4 (CH), 82.2 (CH), 82.5 (CH), 82.9 (C), 95.8 (CH), 100.0
(C), 168.6 (C), 199.9 (CH); ESI-HRMS m/z calcd for CHgO11SiNa (M+Na)”™ 697.39536, found
697.39734.
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(18,5S,75,88,115,13R)-5-((5E)-6-bromohexa-3,5-dien-1-yl)-7-((tert-butyldimethylsilyl)oxy)-1-met
hoxy-5,8-dimethyl-13-(((2R,3R,4R,5S,6S5)-3,4,5-trimethoxy-6-methyltetrahydro-2 H-pyran-2-yl)ox
y)-4,15-dioxabicyclo[9.3.1]pentadecan-3-one (163)

LiHMDS (45.5 pL, 45.5 umol) was added to a solution of

OMe
MeO,, ¥ _,OMe bromosulfone 157b (18.7 mg, 52.0 pmol) in DME (0.58 mL) at —
> o '1/'/0 78 °C with dry ice-acetone bath. After stirring for 5 min at this
N temperature, aldehyde 162 (29.2 mg, 43.3 umol) in DME (0.58 mL,
- 0 B rinsed 2x0.29 mL) was added and stirred for 2 h at —78 °C. The
Oﬁ\gMe Hm reaction mixture was warmed to room temperature by removing dry
Br X XN N otes ice and stirred for 19 h. Water (2 mL) was added at 0 °C and whole

18 16
mixture was extracted with AcOEt (10 mL). Organic layer was washed

with brine, and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished crude
product, which was purified by flash column chromatography (silica gel, 3:1 hexane/AcOEt) to give
163 (24.6 mg, 73%, (16E,18E)/(16Z,18E) = 51:49) as a colorless oil: R;0.69 (1:1 hexane/AcOEt); 'H
NMR (500 MHz, CsDs) & 0.23 (s, 1.5H, SiC(CHs)2), 0.24 (s, 1.5H, SiC(CHs).), 0.26 (s, 1.5H,
SiC(CHs)2), 0.26 (s, 1.5H, SiC(CHs),), 1.04-1.07 (m, 12H, C10-CH3 and SiC(CHs3)3), 1.23-1.30 (m,
2H, C6-H and C9-H), 1.34 (s, 1.5H, C13-CHs), 1.40-1.47 (m, 5.5H, C8-H, C13-CH; and C5'-CHj3),
1.61-1.75 (m, 4H, C4-H, C8-H and C14-H), 1.78-1.85 (m, 1H, C9-H), 1.94-2.00 (m, 1H, C15-H),
2.03-2.09 (m, 1.5H, C12-H and C15-H), 2.16-2.38 (m, 6H, C2-H, C4-H, C6-H, C10-H, C12-H and
C15-H), 2.57 (d, J = 12.6 Hz, 0.5H, C2-H), 2.60 (d, J = 12.6 Hz, 0.5H, C2-H), 3.06 (s, 1.5H,
C3-OCH3), 3.09 (s, 1.5H, C3-OCH3), 3.32 (s, 1.5H, OCHs), 3.33 (s, 1.5H, OCHs3), 3.38 (m, 1.5H,
OCHs), 3.39 (s, 1.5H, OCHs3), 3.47-3.52 (m, 5H, C7-H, C4'-H and OCH3), 3.57-3.59 (m, 1H, C2'-H),
3.71-3.75 (m, 1H, C3'-H), 3.86-3.93 (m, 1H, C5'-H), 4.11-4.17 (m, 1H, C5-H), 4.39-4.41 (m, 1H,
C11-H), 5.10 (m, 1H, C1'-H), 5.31 (dt, J=10.9, 7.5Hz, 0.5H, C16-H), 5.38 (dt, J = 15.5, 6.9 Hz, 0.5H,
Cl16-H), 5.62 (dd, J=11.2,10.9 Hz, 0.5H, C15-H), 5.70 (dd, J = 15.5, 10.9 Hz, 0.5H, C15-H), 5.87 (d,
J = 13.5 Hz, 0.5H, C19-H), 5.93 (d, J = 13.2 Hz 0.5H, C19-H), 6.55 (dd, J = 13.5, 10.9 Hz, 0.5H,
C18-H), 7.07 (dd, J = 13.2, 11.2 Hz, 0.5H, C18-H); '*C NMR (126 MHz, C¢Ds¢) 8 —3.91 (CH3), —3.84
(CH3), —3.03 (CH3), —2.98 (CH3), 15.2 (CH3), 15.2 (CHs), 18.2 (CHz3), 18.7 (C), 22.7 (CH>), 25.2
(CH3), 25.4 (CHs), 26.3 (CHs), 26.3 (CHzs), 27.5 (CH»), 32.3 (CH»), 32.4 (CH»), 32.7 (CH>), 32.8
(CH), 36.3 (CH), 36.3 (CH), 36.6 (CH), 36.7 (CH>), 40.3 (CH>), 41.1 (CH>), 41.3 (CH>), 44.9 (CH>),
45.1 (CH,), 45.6 (CH,), 45.7 (CHa), 48.9 (CH3), 49.1 (CH3), 57.3 (CH3), 59.1 (CH3), 60.8 (CHs), 68.9
(CH), 69.5 (CH), 69.5 (CH), 70.2 (CH), 70.8 (CH), 70.9 (CH), 78.4 (CH), 82.5 (CH), 82.5 (C), 82.6
(C), 82.8 (CH), 95.8 (CH), 95.8 (CH), 99.9 (C), 100.0 (C), 107.1 (CH), 109.9 (CH), 126.5 (CH), 132.5
(CH), 133.1 (CH), 135.3 (CH), 137.8 (CH), 168.6 (C), 168.6 (C); ESI-HRMS m/z calcd for
C37Hes010BrSiNa  (M+Na)® 799.34226, found 799.34332. The regioisomeric ratio of @ was
determined to be (16E,18E)/(16Z,18E) = 51:49 by 'H NMR analysis.
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(1S5,55,75,85,115,13R)-5-((3E,SE)-6-bromohexa-3,5-dien-1-yl)-1,7-dihydroxy-5,8-dimethyl-13-(((2

R,3R,4R,5S8,65)-3,4,5-trimethoxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-4,15-dioxabicyclo[9.3.1
|pentadecan-3-one, 18 E-lyngbyaloside C (103)

OMe 46% aqueous HF (0.10 mL) was added to a solution of

MeO;(%,OMe protected macrolide 163 (5.6 mg, 7.20 umol) in CH3CN (1.8 mL, 4 mM)

> o '1",0 at 0 °C. After stirring for 5.5 h at room temperature, the reaction

N mixture was cooled to 0 °C and quenched with saturated aqueous

\\\%‘ 0 'Z,, NaHCOs (3 mL, dropwise) with vigorous stirring. The whole mixture
OH H
01//]‘\0 - was extracted with AcOEt (15 mL) and organic layer was washed with
S e Ny N oy brine (3 mL), and dried over anhydrous NaSOs. Filtration and

18 16 .. . . .
evaporation in vacuo furnished the crude product, which was purified by

flash column chromatography (silica gel, 2:1 hexane/AcOEt). Further purification by preparative
HPLC (column: COSMOSIL S5SL-II packed column (10 mm ID. X 250 mm); eluent:
hexane/IPA/MeOH = 88:1:1; flow rate: 4.7 mL/min; temperature: room temperature; UV detection:
254 nm) afforded 103 (1.5 mg, 32%, tr = 20.0 min) as a white amorphous and 164 (1.3 mg, 28%, r =
24.0 min) as a white amorphous together with unidentified minor isomers (0.4 mg, 9%, tr = 21.4 min;
0.5 mg, 11%, tr = 26.0 min): R, 0.49 (1:1 hexane/AcOEt); [a]p?*' —18.3 (c 0.43, MeOH) [/it.|®, [a]p*°
—13 (¢ 0.13, MeOH)]; '"H NMR (500 MHz, CDCl3) 8 0.81 (d, J = 6.9 Hz, 3H, C10-CHs), 1.19 (ddd, J
= 11.6, 12.0 ,12.0 Hz, 1H, C6-H), 1.27 (d, J = 6.3 Hz, 3H, C5'-CH3), 1.30-1.38 (m, 2H, C4-H and
C9-H), 1.41-1.49 (m, 3H, C8-H, C9-H, C10-H and C12-H), 1.52 (s, 3H, C13-CH3), 1.61-1.75 (m, 2H,
C8-H and C14-H), 1.92 (dt, J = 12.0, 1.9 Hz, 1H, C6-H), 1.95-2.00 (m, 1H, C14-H), 2.13 (dd, J =
12.0, 4.6 Hz, 1H, C4-H), 2.16-2.23 (m, 2H, C15-H), 2.41 (d, J=12.0 Hz, 1H, C2-H), 2.52 (d, J=12.0
Hz, 1H, C2-H), 2.79 (d, J = 15.5 Hz, 1H, C12-H), 3.10 (dd, J=9.5, 9.4 Hz, 1H, C4'-H), 3.44 (dd, J =
9.4, 2.9 Hz, 1H, C3'-H), 3.48-3.49 (m, 7H, C2'-H, C2'-OCH3 and C3'-OCHs3), 3.54-3.57 (m, 4H,
C5'-H and C4'-OCHs), 3.80 (ddd, J = 11.6, 8.6, 1.9 Hz, 1H, C7-H), 4.09—-4.14 (m, 1H, C5-H), 4.29 (d,
J=5.7Hz, 1H, C11-H), 4.60 (d, J= 2.3 Hz, 1H, C3-OH), 4.99 (d,J= 1.2 Hz 1H, C1'-H), 5.76 (dt, J =
15.5, 6.9 Hz, 1H, C16-H), 6.01 (dd, J = 15.5, 10.9 Hz, 1H, C17-H), 6.19 (d, J = 13.8 Hz, 1H, C18-H),
6.67 (dd, J = 13.8, 10.9 Hz, 1H, C19-H); *C NMR (126 MHz, CDCI3) § 13.6 (CHs), 17.8 (CH3), 23.5
(CH3), 26.7 (CH>), 31.6 (CH>), 32.5 (CH>), 37.1 (CH), 38.0 (CH>), 38.7 (CH>), 41.5 (CH»), 44.2 (CH»),
47.1 (CHy), 57.7 (CHz3), 59.0 (CH3), 60.9 (CH3), 65.7 (CH), 68.1 (CH), 69.2 (CH), 69.8 (CH), 77.8
(CH), 81.0 (CH), 82.2 (CH), 86.4 (C), 94.4 (CH), 96.8 (C), 106.5 (CH), 127.7 (CH), 135.6 (CH),
137.5 (CH), 172.4 (C); ESI-HRMS m/z calcd for C3HsO10BrNa (M+Na)" 671.24013, found
671.24164.
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Data for
(18,5S,78,8S8,11S,13R)-5-((3Z,5E)-6-bromohexa-3,5-dien- 1-yl)- 1, 7-dihydroxy-5,8-dimethyl- 13- (((2R
,3R,4R,5S,68)-3,4,5-trimethoxy-6-methyltetrahydro-2H-pyran-2-yl)oxy)-4,15-dioxabicyclo[9.3.1]pen
tadecan-3-one, (16Z,18E)-lyngbyaloside C (164)
OMe White amorphous: R;0.43 (1:1 hexane/AcOEY)); [a]p?? —36.1 (¢ 0.33,
MeO, *3 OMe MeOH); IR (NaCl) 3478, 1698, 1203, 1140, 1120, 1102, 1054, 1043, 1010
/5'@1, cm™'; "TH NMR (500 MHz, CDCls5) 6 0.82 (d, J = 6.9 Hz, 3H, C10-CHs), 1.18—
Q 1.23 (m, 1H, C6-H), 1.27 (d, J = 6.3 Hz, 3H, C5'-CH3), 1.29-1.38 (m, 2H,
Br 2 o ¥ C4-H and C9-H), 1.41-1.50 (m, 4H, C8-H, C9-H, C10-H and C12-H), 1.56 (s,
%i/\oﬂ/\gk' N 3H, C13-CHs), 1.60-1.74 (m, 2H, C8-H and C14-H), 1.91-1.97 (m, 2H, C6-H
x o 3 and C14-H), 2.13 (dd, J=12.0, 3.4 Hz, 1H, C4-H), 2.19-2.31 (m, 2H, C15-H),
242 (d,J=12.3 Hz, 1H, C2-H), 2.54 (d, J=12.3 Hz, 1H, C2-H), 2.80 (d, J =
15.5 Hz, 1H, C12-H), 3.10 (dd, J = 9.6, 9.5 Hz, 1H, C4'-H), 3.44 (dd, J = 9.6, 3.4 Hz, 1H, C3'-H),
3.47-3.49 (m, 7H, C2'-H, OCH3 and OCH3), 3.54-3.58 (m, 4H, C5'-H and OCH}3), 3.80 (ddd, J=11.7,
8.6, 1.7 Hz, 1H, C7-H), 4.09-4.15 (m, 1H, C5-H), 4.29 (d, J= 5.7 Hz, 1H, C11-H), 4.61 (d, /= 1.7 Hz,
1H, C3-OH), 4.99 (d, J = 1.7 Hz, 1H, C1'-H), 5.52 (dt, J = 10.9, 7.5 Hz, 1H, C16-H), 5.92 (dd, J =
11.5,10.9 Hz, 1H, C17-H), 6.30 (d, /= 12.6 Hz, 1H, C18-H), 7.04 (dd, /= 12.6, 11.5 Hz, 1H, C19-H);
BC NMR (126 MHz, CDCl;) & 13.6 (CHs), 17.8 (CH3), 22.3 (CH>), 23.5 (CH3), 31.6 (CH,), 32.5
(CH»), 37.1 (CH), 38.0 (CH>), 39.2 (CH>), 41.5 (CH»), 44.2 (CH>), 47.1 (CH>), 57.7 (CH3), 59.0 (CHz),
60.9 (CH3), 65.7 (CH), 68.1 (CH), 69.2 (CH), 69.8 (CH), 77.8 (CH), 81.0 (CH), 82.2 (CH), 86.4 (C),
94.4 (CH), 96.8(C), 109.1 (CH), 126.1 (CH), 132.8 (CH), 133.1 (CH), 172.5 (C); ESI-HRMS m/z
caled for C30H49010BrNa (M+Na)* 671.24013, found 671.24127.

16

108



FEROEH—FE 28 5152 52 i

Part 2 Chapter 1 Section 2

Tetrakis[(S)-3-(1,3-dioxobenzo[f]isoindol-2-yl)-2-piperidonate]diruthenium(ILIII) chloride,
Ru(S-BPTPI)4Cl (TS14009)

A mixture of Rux(OAc)4Cl (166)**% (237 mg, 0.50 mmol) and (S)-BPTPI ligand (185)*?
(2.94 g, 10 mmol) in 100 mL of chlorobenzene, contained in a round-bottom flask fitted with a Soxlet
extraction apparatus was heated at reflux (set temperature: 165 °C) with vigorous stirring under Ar.
The thimble in the Soxlet extraction apparatus was charged with an oven-dried mixture of one-part
sodium carbonate and one-part sea sand. After completion of the reaction (monitored by LC-MS), the
mixture was cooled to room temperature and then filtered through Hirsch funnel washed with CH,Cl..
The filtrate was absorbed in silica gel (9 g) and evaporated in vacuo. Chromatography (silica gel,
CH;CN only followed by 20:1 CHCl3/MeOH, then 5:1 CHCl;/MeOH) afforded cis-Rux(S-BPTPI)4Cl
(186-Cl) (164 mg, 24%, more polar) and mer-Ru,(S-BPTPI)4Cl (187-Cl) (342 mg, 48%, less polar) as
a brown solid. cis-Rux(R-BPTPI)4Cl (254-Cl) and mer-Rux(R-BPTPI)4Cl1 (255-Cl) were synthesized

by same procedure.

Data  for  cis-tetrakis[(S)-3-(1,3-dioxobenzolf]isoindol-2-yl)-2-piperidonate]diruthenium(I1,111)
chloride, cis-Ru>(S-BPTPI)CI (186-Cl)
o R = 0.07 (20:1 CHCIs/MeOH); & = 12.706 (LC-MS; column:
N InertSustainSwift™ C18 column (3 pm, 3.0 x 100 mm); CH3CN/H>O (CH3;CN:
G:E 0 15% to 80% linear gradient for 8 min, then CH3CN: 80% constant for 7 min, then
I

N7>0

RluERu—Cl CH3CN: 15% constant for 5 min); IR (KBr) 2358, 2343, 1768, 1710, 1378, 1348,
AR
No O 768, 619 cm™'; ESI-HRMS m/z caled for CesHs:O12Ruz (M—Cl)* 1376.18240,

found 1376.17765. Isotopic peaks indicate bimetallic ruthenium-ruthenium core.

Data for meridional-tetrakis[(S)-3-(1,3-dioxobenzo[flisoindol-2-yl)-2-piperidonate]
diruthenium(ILIII) chloride, mer-Ru(S-BPTPI),CI (187-Cl)
o Ry = 0.29 (20:1 CHCIl3/MeOH); ®& = 12.563 (LC-MS; column:

(:EN InertSustainSwift™ C18 column (3 pm, 3.0 x 100 mm); CH3;CN/H>O (CH;3;CN:
H

15% to 80% linear gradient for 8 min, then CH3CN: 80% constant for 7 min, then

N7>0

=Rl CH5CN: 15% constant for 5 min); IR (KBr) 2939, 2860, 1768, 1711, 1378, 1348,
/ /
QoN 765, 622 cm'; ESI-HRMS m/z caled for CesHs2O12Ru, (M—C1)*™ 1376.18240,

found 1376.17892. Isotopic peaks indicate bimetallic ruthenium-ruthenium core.
Single crystal suitable for X-ray crystallography was obtained by bellow procedure:
mer-Rux(S-BPTPI)4Cl and mer-Rux(R-BPTPI)4Cl were put into a micro test tube and dissolved in
CHCIs. Then, small amount of N,N-dimethylformamide was added to this mixture.* The test tube was
equipped with cap having a hole and stored in screw cap vial quarterly filled with n-pentane.
n-Pentane was diffused to the solution slowly and it afforded single crystal of mer-Ru,(BPTPI)4Cl as
platelet.
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General procedure for the preparation of cationic complexes, Rux(S-BPTPI)4NTf, (186-NTf>,
187-NTft>) (TS14026)

Rux(S-BPTPI)4Cl (186-Cl1 or 187-Cl) (1.0 equiv.) and AgNTf; (1.1 equiv.) in CH2Cl> (0.04
M) was stirred at 35 °C for 24 h in dark. A precipitate was removed by passing through silica gel short
column (eluent: 1:1 CH,Clo/AcOEt) and the filtrate was evaporated. Desired complexes were obtained

in >95% yield as a brown solid.

General procedure for the preparation of cationic complexes, Rux(S-BPTPI);ClO4 (186-ClO,,
187-Cl10y) (TS12071, TS12088)

Rux(S-BPTPI)4Cl1 (186-Cl1 or 187-Cl) (1.0 equiv.) and AgClOs4 (1.1 equiv.) in CH>Cl, (0.04
M) was stirred at 35 °C for 24 h in dark. A precipitate was removed by passing through silica gel short
column (eluent: 1:1 CH,Cl,/AcOEt) and the filtrate was evaporated. Desired complexes were obtained
in >95% yield as a brown solid. Single crystal of cis-Rux(BPTPI)4ClOs suitable for X-ray
crystallography ~ was  obtained by  bellow  procedure:  cis-Ru (S-BPTPI)4ClOs  and
cis-Rua(R-BPTPI)4Cl0O4 was put into a micro test tube and dissolved in CHCl3. Then, small amount of
N,N-dimethylformamide was added to this mixture.* The test tube was equipped with cap having a
hole and stored in screw cap vial quarterly filled with n-pentane. n-Pentane was diffused to the

solution slowly and it afforded single crystal of cis-Ru(BPTPI)4ClO;, as platelet.

* If N,N-dimethylformamide was added to much, it resulted in two-layer of toluene-pentane mixture and
N,N-dimethylformamide. It does not afford single crystal.
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Part 2 Chapter 1 Section 3

General procedure for optimization of reaction conditions of enantioselective hetero-Diels—Alder
reactions with Danishefsky's diene: (8)-2-((benzyloxy)methyl)-2,3-dihydro4H-pyran-4-one
(ent-108)

To a solution of benzyloxyacetoaldehyde (109) (15.1 mg, 0.10 mmol) in CH,Cl, (0.1 mL)
was added cis-Rux(S-BPTPI)4Cl (186-Cl) (1.41 mg, 0.001 mmol, 1 mol %). A solution of
Danishefsky's diene (2a) (32.2 mg, 0.15 mmol) in CH>Cl, (0.1 mL) was added to the mixture dropwise
at —20 °C. After stirring for 24 h at this temperature, a 10% solution of trifluoroacetic acid in CH,Cl»
(ca. 0.1 mL) was added and the mixture was stirred for an additional 2 h. The reaction was quenched
with saturated NaHCO3, and then the whole was extracted with AcOEt. The organic extracts were
washed with water and brine, and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo
furnished the crude product, which was passed through silica gel short column (eluent: 1:4
hexane/Et,0) and evaporated. The product was analyzed by '"H NMR using 1,1,2,2-tetrachloroethane
as an internal standard. The enantiomer excess was determined by HPLC with a CHIRALPACK IB
column (96:4 n-hecane/PrOH, 1.0 mL/min) after preparative TLC purification (eluent: 1:2
hexane/Et,0).

Typical procedure for isolated scale of enantioselective hetero-Diels—Alder reactions with
Danishefsky's diene: (5)-2-((benzyloxy)methyl)-2,3-dihydro4 H-pyran-4-one (ent-108)
(TS14071a)™

o] To a solution of benzyloxyacetoaldehyde (109) (45.2 mg, 0.30 mmol) in CH,Cl,

| (0.3 mL) was added cis-Rux(S-BPTPI)4Cl (186-Cl) (4.23 mg, 0.003 mmol, 1 mol %). A

o H solution of Danishefsky's diene (2a) (96.5 mg, 0.45 mmol) in CH,Cl, (0.3 mL) was added
OBn

to the mixture dropwise at —20 °C. After stirring for 24 h at this temperature, a 10%
solution of trifluoroacetic acid in CH>Cl: (ca. 0.1 mL) was added and the mixture was stirred for an
additional 2 h. The reaction was quenched with saturated NaHCO3 (3 mL), and then the whole was
extracted with AcOEt (2 x10 mL). The organic extracts were washed with water (3 mL) and brine (3
mL), and dried over anhydrous Na,SOs. Filtration and evaporation in vacuo furnished the crude
product, which was passed through silica gel short column (eluent: 1:4 hexane/Et,O) and evaporated.
The product was purified by flash column chromatography (silica gel, 5:1 n-hexane/AcOEc) to give
ent-108 (58.9 mg, 90%) as a colorless oil: Analytical data was corresponded with reported data.®) The
enantiomer excess of ent-108 was determined to be 91% by HPLC with a CHIRALPACK IB column
(96:4 n-hecane/'PrOH, 1.0 mL/min): fr (major) = 14.3 min for (S)-enantiomer; ¢z (minor) = 15.6 min

for (R)-enantiomer.
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(S)-2-((benzyloxy)methyl)-2,3-dihydro4 H-pyran-4-one (108) (TS14071b)""
o According to the typical procedure for isolated scale of enantioselective
@ hetero-Diels—Alder reaction, 108 was prepared from diene 2a (96.5 mg, 0.45 mmol),
o4 aldehyde 109 (45.2 mg, 0.30 mmol) and cis-Rux(R-BPTPI)4Cl (203-Cl) (4.23 mg, 0.003
mmol, 1 mol %). The crude product was passed through silica gel short column (eluent:
1:4 hexane/Et,0) and evaporated. Purifying by flash column chromatography (silica gel, 5:1
n-hexane/AcOE}t) afforded 108 (56.6 mg, 86%) as a pale-yellow oil: Analytical data was corresponded
with Part 1 Chapter 3 Section 2 data. The enantiomer excess of 108 was determined to be 91% by
HPLC with a CHIRALPACK IB column (96:4 n-hecane/'PrOH, 1.0 mL/min): tx (major) = 16.0 min

for (S)-enantiomer; fr (minor) = 14.8 min for (R)-enantiomer.

General procedure for optimization of reaction conditions of diastereoselective hetero-Diels—
Alder reactions with Rawal's diene:
(5)-2-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,3-dihydro-4H-pyran-4-one (112b-A)!?%
Rawal’s diene (3a) (23.4. mg, 0.103 mmol) was added via syringe to a solution of aldehyde
113b (20.8 mg, 0.10 mmol) and mer-Ru,(S-BPTPI)4Cl (187-Cl) (1.41 mg, 0.001 mmol, 1 mol %) in
CH>Cl; (0.2 mL) at 0 °C. After stirring for 2 h at this temperature, the whole mixture was cooled to —
78 °C, and treated dropwise with 1 M solution of AcCl in CH>Cl, (0.20 mL, 0.20 mmol). After stirring
for 2 h, the reaction was quenched with saturated aqueous NaHCO3 and extracted with AcOEt . The
combined organic extracts were washed with water and brine, and dried over anhydrous Na>SOs.
Filtration and evaporation in vacuo furnished the crude product, which was passed through silica gel
short column (eluent: 1:4 hexane/Et,O) and evaporated. The product was analyzed by '"H NMR using
1,1,2,2-tetrachloroethane as an internal standard. The diastereomeric ratio of 112b-A was finely

determined by 'H NMR analysis after preparative TLC purification.

Typical procedure for isolated scale of diastereoselective hetero-Diels—Alder reactions with
Rawal's diene: (5)-2-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,3-dihydro-4H-pyran-4-one
(112b-A)* (TS14074a)

o) Rawal’s diene (3a) (70.3 mg, 0.309 mmol) was added via syringe to a

f‘j\jMpM solution of aldehyde 113b (62.5 mg, 0.30 mmol) and mer-Rux(S-BPTPI)4Cl (187-Cl)
<t (4.23 mg, 0.003 mmol, 1 mol %) in CH>Cl, (0.6 mL) at 0 °C. After stirring for 2 h at

Ty S

O
this temperature, the whole mixture was cooled to —78 °C, and treated dropwise with

1 M solution of AcCl in CHxCl (0.60 mL, 0.60 mmol). After stirring for 2 h, the reaction was
quenched with saturated aqueous NaHCO; (3 mL) and extracted with AcOEt (2x10 mL). The
combined organic extracts were washed with water (3 mL) and brine (3 mL), and dried over
anhydrous Na;SOs. Filtration and evaporation in vacuo furnished the crude product, which was passed
through silica gel short column (eluent: 1:4 hexane/Et,O) and evaporated. The product was purified by
flash column chromatography (silica gel, 4:1 n-hexane/AcOEt) to give 112b-A (67.6 mg, 82%) as a
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pale-yellow oil: Analytical data was corresponded with Part 1 Chapter 2 Section 1 data. The
diastereomeric ratio of 112b-A was determined to be (2S,1'S)/(2R,1'S) = 98:2 by '"H NMR analysis.

(R)-2-((S)-1-((4-methoxybenzyl)oxy)propan-2-yl)-2,3-dihydro-4 H-pyran-4-one (112b-B)**®
(TS10008)
o) According to the typical procedure for isolated scale of diastereoselective

mmpm hetero-Diels—Alder reaction, 112b-B was prepared from diene 3a (70.3 mg, 0.309
2

o) mmol), aldehyde 113b (62.5 mg, 0.30 mmol) and mer-Rux(R-BPTPI)4Cl (204-Cl)
(4.23 mg, 0.003 mmol, 1 mol %). The crude product was passed through silica gel

H:"

short column (eluent: 1:4 hexane/Et,O) and evaporated. Purifying by flash column chromatography
(silica gel, 4:1 n-hexane/AcOEt) afforded 112b-B (68.5 mg, 83%) as a pale-yellow oil: Analytical data
was corresponded with Part 1 Chapter 2 Section 1 data. The diastereomeric ratio of 112b-B was
determined to be (2R,1'S)/(25,1'S) = >98:2 by 'H NMR analysis.
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Bis[(a,0,0',0'-tetramethyl-1,3-benzenedipropionic acid)] (cobalt) palladium (247) (TS10068)
A mixture of PdCo(OAc)4(232)%k%6% (177 mg, 0.40 mmol) and
{% a,0,0',0'-tetramethyl-1,3-benzenedipropionic aci’” (111.5 mg, 0.40 mmol) in 20 mL of
(I),_rl?} chlorobenzene was heated at 70 °C with vigorous stirring under Ar for 1 h. A second
portion of a,a,0',a'-tetramethyl-1,3-benzenedipropionic acid (111.5 mg, 0.40 mmol) was
added. After completion of the reaction (monitored by TLC), the mixture was cooled to
room temperature and evaporated in vacuo. Chromatography (silica gel, 1:1 hexane/AcOEt) afforded
PdCo(esp)2(247) (335 mg, >99%) as a dark brown solid: Ry=0.58 (1:1 hexane/AcOEt); IR (KBr) 2985,
2970, 2952, 2939, 2919, 2867, 1594, 1472, 1400, 1374, 359, 1261, 1242, 708, 634 cm™'; ESI-HRMS
m/z caled for CssHisO9RCoPdNa (M+acetone+Na)" 798.14199, found 798.14239. Isotopic peaks
indicate bimetallic palladium-cobalt core. Single crystal suitable for X-ray crystallography was
obtained by bellow procedure: PdCo(esp), was put into a micro test tube and dissolved in acetone.
Then, the test tube was equipped with cap having a hole and stored in screw cap vial quarterly filled

with n-pentane. n-Pentane was diffused to the solution slowly and it afforded single crystal of
PdCo(esp): as block.

Bis[(a,0,0',0'-tetramethyl-1,3-benzenedipropionic acid)] (nickel) palladium (248) (TS07061)

A mixture of PANi(OAc)4(233)%%669 (162 mg, 0.366 mmol) and
a,0,0,0'-tetramethyl-1,3-benzenedipropionic acid’® (102 mg, 0.366 mmol) in 18 mL of
07 >0

chlorobenzene was heated at 70 °C with vigorous stirring under Ar for 1 h. A second
portion of a,a,a',a'-tetramethyl-1,3-benzenedipropionic acid (102 mg, 0.366 mmol) was
\L// added. After completion of the reaction (monitored by TLC), the mixture was cooled to
room temperature and evaporated in vacuo. Chromatography (silica gel, 4:1 hexane/AcOEt) afforded
PdNi(esp)2(248) (264 mg, >99%) as a yellowish brown solid: R;= 0.74 (1:1 hexane/AcOEt); IR (KBr)
2983, 2970, 2952, 2939, 2920, 2867, 1594, 1473, 1402, 1375, 1359, 1262, 1243, 708, 634 cm;
EST-HRMS m/z calcd for C3sHssO9RNiPdNa (M+acetone+Na)™ 799.14234, found 799.14176. Isotopic
peaks indicate bimetallic palladium-nickel core. Single crystal suitable for X-ray crystallography was
obtained by bellow procedure: PdNi(esp), was put into a micro test tube and dissolved in acetone.
Then, the test tube was equipped with cap having a hole and stored in screw cap vial quarterly filled
with n-pentane. n-Pentane was diffused to the solution slowly and it afforded single crystal of
PdNi(esp). as block.
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Rhy(S-BPTPI)s-2DMF

Figure 27. Full ortep plot (up) and stereoview of one dirhodium(Il) molecule (down).

F E Prob
Temp

o0
133

61

(141217)

6 December 201

w

=

o

=

a

|

[\

Z 82 20170217 P 21 21 21 R = 0.06 RES= 0 -120 X
[>-FORCED RES=2 OMBUE FORCED
<t

o

= =

'CE o

= -

™ PLATON-sday, 6 Oecember 201
PLATON-sday. 6 December 201

-85 20170217 P 21 2 3 X 20170217 P 21 2

123



Table 1. Crystal data and structure refinement for Rh2(S-BPTPI)4.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.687°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [1>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

20170217

C224.50 H203.50 N31 047 Rh6
4705.13

133.15(2) K

1.54187 A

Orthorhombic

P212121

a=15.0273(3) A a=90°.
b = 33.1425(6) A B=90°.
¢ = 55.0922(10) A y=90°,
27438.2(9) A3

4

1.139 Mg/m3

3.408 mm-!

9654

0.158 x 0.142 x 0.065 mm3

3.048 to 68.214°.

-18<=h<=18, -39<=k<=39, -65<=1<=66
310404

50012 [R(int) = 0.0589]

99.9 %

Semi-empirical from equivalents
1.0000 and 0.6692

Full-matrix least-squares on F2

50012 / 2059 / 2662

1.040

R1 =0.0624, wR2 = 0.1504

R1 =0.0828, wR2 = 0.1597

0.083(3)

n/a

0.797 and -0.456 e. A3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for Rh2(S-BPTPI)4. U(eq) is defined as one third of the trace of the orthogonalized U'i tensor.

X y z U(eq)
Rh(1) 1747(1) 5689(1) 6111(1) 39(1)
Rh(2) -1406(1) 5282(1) 3980(1) 36(1)
Rh(3) -2868(1) 5434(1) 4129(1) 36(1)
Rh(4) 3300(1) 5760(1) 6031(1) 38(1)
Rh(5) 3154(1) 2102(1) 3097(1) 45(1)
Rh(6) 1745(1) 2438(1) 3092(1) 45(1)
0(18) -1792(5) 4398(2) 4922(1) 56(2)
0(19) -2697(5) 5706(2) 5015(1) 53(2)
0(34) 2363(4) 4710(2) 5347(1) 50(2)
0(35) 3639(5) 5849(2) 5028(1) 64(2)
0(57) 1293(6) 4318(3) 6656(1) 81(2)
0(58) 2737(4) 4191(2) 5931(1) 63(2)
0(59) 1975(4) 5085(2) 6172(1) 44(2)
0(62) -2484(4) 5231(2) 4464(1) 41(2)
0(64) 3097(4) 5543(2) 5688(1) 39(1)
0(72) 2642(4) 1717(2) 3363(1) 54(2)
0(73) 1746(4) 1510(2) 4018(1) 55(2)
0(74) 2730(5) 709(2) 3400(2) 72(2)
0(98) 2881(5) 847(2) 2385(1) 70(2)
0(99) 632(6) 1140(3) 2912(2) 89(3)
0(100) 2640(5) 1702(2) 2841(1) 53(2)
0(114) 2092(6) 3846(3) 3462(2) 78(2)
0(122) 2159(5) 3781(2) 2483(1) 69(2)
0(130) 2314(5) 2875(2) 2884(1) 55(2)
0(142) -2851(5) 3748(2) 4181(1) 66(2)
0(143) -1556(5) 3971(2) 3436(1) 64(2)
0(146) -1835(4) 4690(2) 3923(1) 40(1)
0(158) 2936(5) 2890(3) 4029(2) 87(3)
0(170) -406(5) 6190(2) 4593(2) 71(2)
0(171) -2763(4) 7016(2) 4458(1) 52(2)
0(176) -2347(4) 5997(2) 4234(1) 49(2)
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0(191)
0(192)
0(193)
0(200)
0(206)
0(207)
0(223)
0(224)
0(227)
0(231)
0(247)
0(271)
0(276)
0(279)
0(288)
0(291)
0(292)
0(305)
0(306)
0(307)
0(308)
0(309)
N(7)
N(33)
N(56)
N(60)
N(61)
N(63)
N(65)
N(71)
N(75)
N(97)
N(101)
N(115)
N(126)
N(129)

-1261(7)
-3101(6)
-1854(4)

2001(5)
1169(7)
3083(6)
1816(6)
3884(6)
3027(5)
4399(5)
2150(4)
4758(5)

275(5)
4479(5)

-4230(4)

475(5)
-50(4)

-1977(8)
-3043(6)

2562(6)
1260(16)
1325(6)

-2026(5)

2861(5)
2200(5)
3479(5)
1582(5)
1647(6)

-1028(5)

1290(5)
2048(5)
1742(6)
1451(6)
2685(6)
3346(5)
3539(5)

5984(3)
4937(2)
5415(2)
5792(2)
6339(3)
5306(3)
6677(2)
7361(2)
6330(2)
3445(3)
2776(2)
5888(2)
5613(3)
1727(3)
5619(2)
2800(3)
5090(2)
2554(3)
3296(3)
3869(3)

5782(16)

6891(4)
5080(2)
5344(2)
4320(3)
5218(3)
5616(2)
6289(2)
5192(2)
1977(2)
1156(3)
1090(3)
2111(3)
3339(3)
3533(3)
2483(3)
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3081(2)
3241(1)
3637(1)
6476(1)
7011(2)
6911(1)
5417(2)
5863(1)
5894(1)
3009(1)
3378(1)
5927(1)
6228(2)
3102(1)
4307(1)
3096(2)
3824(1)
4670(2)
5476(2)
5443(2)
2585(4)
4591(2)
4926(1)
5211(1)
6313(2)
6190(1)
5742(1)
6062(1)
4331(1)
3298(1)
3669(2)
2620(2)
2786(1)
3707(2)
2707(1)
2828(1)

96(3)
72(2)
46(2)
48(2)
91(3)
74(2)
71(2)
70(2)
52(2)
74(2)
45(2)
57(2)
70(2)
61(2)
59(2)
69(2)
59(2)
122(4)
83(2)
108(3)
122(16)
142(5)
40(2)
41(2)
50(2)
51(2)
40(2)
48(2)
42(2)
44(2)
52(2)
57(2)
52(2)
66(3)
50(2)
52(2)



N(141)
N(145)
N(172)
N(175)
N(182)
N(183)
N(198)
N(199)
N(211)
N(246)
N(272)
N(277)
N(278)
N(287)
N(290)
N(294)
N(304)
C(8)
C(9)
C(10)
C(11)
C(15)
C(14)
C(13)
C(41)
C(12)
C(16)
C(17)
C(20)
c(21)
C(22)
C(23)
C(24)
C(26)
c(27)
C(25)

-2365(6)
-3276(4)
-1518(5)
-1119(5)
-3161(5)
-2331(6)

3418(6)
2298(7)
2672(7)
3562(5)
5557(7)
-608(15)
4750(6)

-4648(6)

663(6)
47(7)

-1625(6)
-2666(6)
-2221(7)
-2947(6)
-4141(3)
-4456(4)
-5220(4)
-5670(3)
-5356(4)
-4592(4)
-3974(6)
-3243(7)
-1363(6)
-1639(6)

4753(5)
-80(6)
192(7)

3997(7)

5110(4)

4771(3)

3937(3)
4881(2)
6624(2)
5861(2)
5655(2)
5526(3)
5996(3)
5897(3)
7028(3)
2534(3)
6180(3)
5378(5)
1101(3)
6115(3)
4896(3)
3448(4)
3062(3)
5351(4)
4681(3)
4695(3)
4471(2)
4864(2)
4944(2)
4632(2)
4239(2)
4158(2)
5174(3)
5074(3)
5240(3)
5207(3)
5124(3)
5175(4)
5244(4)
4442(4)
4022(2)
4406(2)
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3811(2)
4001(1)
4463(1)
4016(1)
3791(1)
3185(1)
6366(1)
6944(2)
5688(2)
3342(1)
5620(2)
6538(3)
2955(2)
4563(2)
3492(2)
3040(2)
4936(2)
5038(2)
4993(2)
5159(2)
5428(1)
5447(1)
5580(1)
5695(1)
5676(1)
5543(1)
5330(2)
5192(1)
4768(1)
4502(2)
4824(2)
4379(2)
4634(2)
5040(2)
4843(1)
4884(1)

60(2)
39(2)
43(2)
45(2)
47(2)
55(2)
63(2)
65(2)
58(2)
46(2)
80(3)
209(11)
75(3)
54(2)
74(3)
85(3)
62(2)
48(3)
48(3)
43(2)
53(3)
38(2)
53(3)
63(3)
61(3)
59(3)
39(2)
43(2)
38(2)
47(2)
42(2)
52(2)
58(3)
60(3)
48(3)
58(3)



C(43)
C(28)
C(42)
C(210)
C(29)
C(30)
C(31)
C(32)
C(36)
C(37)
C(38)
C(39)
C(40)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(228)
C(249)
C(150)
C(149)
C(54)
C(55)
C(66)
C(67)
C(68)
C(69)
C(70)
C(76)
c(77)

5170(3)
5909(4)
6248(3)
5848(3)
3653(6)
4023(6)
3516(5)
2871(6)
1250(6)
2185(6)
2275(6)

669(6)

635(6)
2753(7)
2824(7)
4365(6)
4404(7)
2168(6)
1417(8)

977(7)
1395(6)
1067(7)

289(4)
-135(4)
-919(4)

-1280(4)

-856(5)
-72(5)
248(7)
232(6)
-99(7)
485(7)

1482(6)

1810(6)

2660(9)

3231(7)

4739(2)
4689(2)
4305(2)
3971(2)
4796(2)
5154(4)
5496(3)
4916(3)
5512(3)
5593(3)
5591(3)
5682(3)
5781(3)
5000(3)
4606(3)
5117(3)
4776(3)
4129(3)
4178(4)
3884(3)
3876(3)
3636(3)
3393(2)
3419(2)
3207(2)
2969(2)
2944(2)
3156(2)
3667(3)
1931(3)
1552(4)
1386(4)
1319(3)
1693(3)

853(4)

769(3)
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4777(2)
4628(1)
4587(1)
4694(1)
5082(2)
4980(2)
5066(2)
5231(2)
5239(2)
5325(1)
5608(1)
5654(1)
5378(2)
6233(2)
6391(2)
6265(2)
6468(2)
6077(2)
6449(2)
6300(2)
6073(2)
5899(2)
5942(1)
6166(1)
6206(1)
6023(2)
5799(1)
5759(1)
6348(2)
3314(2)
3426(2)
3612(2)
3499(2)
3381(2)
3600(2)
3812(2)

46(3)
71(4)
49(3)
61(3)
33(2)
59(3)
37(2)
46(2)
48(2)
36(2)
35(2)
43(2)
48(2)
49(2)
53(2)
51(2)
55(3)
48(2)
64(3)
53(2)
49(2)
54(2)
56(2)
63(3)
61(3)
77(3)
76(3)
68(3)
57(3)
55(3)
62(3)
59(3)
53(2)
43(2)
70(4)
60(3)



C(78)
C(79)
C(80)
c(81)
C(84)
C(83)
C(82)
C(240)
C(86)
C(85)
Cc(87)
C(88)
C(89)
C(90)
C(91)
C(92)
C(95)
C(96)
C(102)
C(104)
C(105)
C(106)
C(107)
C(108)
C(109)
C(111)
C(112)
C(113)
C(156)
C(110)
C(120)
C(103)
C(117)
C(116)
C(118)
C(119)

2940(6)
2162(7)
4008(6)
3325(6)
4077(3)
4464(4)
5280(4)
5709(3)
5321(4)
4505(4)

-3370(6)

1940(7)
1689(7)
781(9)
2178(7)
2539(7)
2321(6)
1200(7)
640(9)
2078(7)
1516(6)
1745(7)
1329(8)
578(4)
345(4)
-380(5)
-872(4)
-640(5)
86(6)
837(6)
2864(5)
3525(5)
3859(5)
3533(5)
2873(5)
2538(4)

1013(3)
1264(3)
546(3)
990(3)
739(2)
542(2)
350(2)
355(2)
553(2)
745(1)
4386(3)
1799(3)
1510(3)
1581(4)
440(4)
68(3)
799(4)
944(4)
2181(4)
3659(3)
3708(3)
3420(3)
3392(4)
3647(2)
3931(2)
4183(2)
4153(2)
3869(2)
3617(2)
3955(3)
4837(2)
4735(2)
5026(3)
5418(2)
5520(2)
5229(2)
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4000(2)
3914(2)
3835(2)
4229(2)
4263(1)
4067(1)
4094(1)
4318(1)
4514(1)
4486(1)
5284(1)
2737(2)
2533(2)
2425(2)
2677(2)
2681(2)
2544(2)
2805(2)
2661(2)
3657(2)
3858(2)
4031(2)
4255(2)
4307(1)
4132(1)
4170(1)
4383(1)
4557(1)
4519(1)
3917(2)
2960(1)
3126(1)
3284(1)
3275(1)
3109(2)
2952(1)

46(2)
53(3)
39(2)
51(2)
50(3)
49(3)
50(3)
55(3)
51(3)
54(3)
42(2)
50(2)
56(2)
83(3)
56(2)
63(3)
52(3)
59(3)
71(3)
54(3)
51(2)
66(3)
79(3)
63(3)
47(2)
58(3)
64(3)
87(3)
76(3)
51(2)
62(3)
59(2)
77(3)
79(3)
74(3)
74(3)



Cc(121)
C(123)
C(124)
C(127)
C(128)
C(131)
C(132)
C(133)
C(134)
C(135)
C(136)
C(137)
C(138)
C(139)
C(151)
C(268)
C(152)
C(235)
C(140)
C(144)
C(147)
C(148)
C(153)
C(154)
C(264)
C(254)
C(238)
C(302)
C(93)

C(155)
C(157)
C(159)
C(160)
C(161)
C(162)
C(163)

2476(7)
2697(7)
3592(7)
3090(7)
3380(7)
-435(6)

-2702(5)
-2960(7)
-2370(6)
-1621(6)
-1219(7)
-1717(6)

-533(6)
-210(4)
-600(4)
-244(5)
503(5)
893(4)
537(4)

-1317(7)
-4224(5)
-4448(6)

1198(8)
1565(5)
1249(5)
1604(6)
2276(6)
2592(5)
2236(5)
-555(17)
2530(7)
4345(7)
4451(8)

-2186(7)
-1023(6)
-1327(7)

4541(3)
3821(4)
4081(4)
2779(3)
3112(4)
5040(3)
4649(3)
4281(3)
3704(3)
3415(3)
3486(3)
3811(3)
3255(3)
2938(2)
2864(2)
2571(2)
2354(2)
2429(2)
2721(2)
3111(3)
4803(3)
4536(3)

240(3)
-157(2)
-455(3)
-842(2)
-930(2)
-632(3)
-245(2)
5184(8)
3192(4)
2390(4)
2584(4)
6847(3)
6430(3)
6573(3)
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2796(2)
2645(2)
2960(2)
2784(2)
2596(2)
4816(2)
3914(2)
3756(2)
4016(2)
3976(2)
3754(2)
3644(2)
3682(2)
3832(1)
4056(1)
4209(1)
4137(1)
3913(1)
3760(1)
4130(2)
3976(2)
3771(2)
3002(2)
3003(2)
3158(1)
3148(2)
2983(2)
2828(1)
2838(1)
6760(4)
3927(2)
2703(2)
2464(2)
4565(2)
4641(2)
4868(2)

56(2)
59(3)
58(3)
50(2)
65(3)
50(2)
38(2)
50(2)
42(2)
50(2)
46(2)
44(2)
49(2)
56(2)
58(2)
79(3)
71(3)
67(3)
66(3)
61(3)
48(2)
56(2)
68(3)
69(3)
78(3)
89(3)
96(4)
84(3)
71(3)
260(20)
71(3)
62(3)
69(3)
51(3)
41(2)
57(3)



C(164)
C(165)
C(166)
C(168)
C(236)
C(169)
C(258)
C(167)
C(173)
C(174)
C(177)
C(178)
C(179)
C(180)
C(181)
C(184)
C(185)
C(186)
C(187)
C(188)
C(190)
C(256)
C(189)
C(255)
C(125)
C(94)

C(194)
C(195)
C(196)
C(197)
C(201)
C(202)
C(203)
C(204)
C(205)
C(208)

-1019(8)
-1467(5)
-2190(5)
-2599(4)
-2286(6)
-1563(6)
-1154(5)
-2508(7)
-1383(6)
-1631(6)
-2768(7)
-2617(6)
-4035(8)
-4177(9)
-3785(7)
-2515(7)
-1881(5)
-1286(5)
-1605(9)

-608(5)
179(4)
-514(4)

-1079(4)

-951(5)
-258(6)
307(5)
2750(8)
4155(9)
4160(10)
3776(9)
2476(9)
1452(10)
1220(7)
504(8)
1683(9)
381(5)

6512(3)
6719(2)
6975(2)
7151(2)
7071(2)
6815(2)
6639(2)
7015(3)
6544(3)
6106(3)
5778(4)
5588(3)
5830(3)
6079(4)
5827(4)
5123(4)
4990(2)
5302(2)
5656(4)
5250(2)
4827(2)
4883(2)
4564(2)
4189(2)
4134(2)
4453(2)
5961(3)
6220(4)
6506(4)
6230(4)
5506(4)
6036(5)
5675(4)
5648(4)
4992(4)
5277(2)
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5103(2)
5292(1)
5260(1)
5460(1)
5692(1)
5725(1)
5525(2)
5017(2)
4200(2)
4149(2)
3371(2)
3628(2)
3767(2)
3525(2)
3321(2)
3143(2)
2962(1)
2917(1)
3067(2)
2748(2)
2464(1)
2628(1)
2684(1)
2576(1)
2412(1)
2356(1)
6513(2)
6420(2)
6641(2)
6845(2)
6994(2)
7052(2)
7202(2)
7365(2)
7281(2)
7486(1)

67(3)
72(4)
55(3)
85(4)
69(3)
83(4)
88(4)
58(3)
49(2)
42(2)
55(2)
41(2)
68(3)
84(3)
60(3)
56(2)
67(3)
61(2)
69(3)
82(3)
102(4)
89(3)
93(3)
108(4)
108(4)
103(4)
54(3)
80(3)
88(3)
85(3)
65(3)
73(3)
70(3)
87(3)
78(3)
86(3)



C(209)
C(301)
C(239)
C(266)
C(265)
C(212)
C(213)
C(214)
C(219)
C(215)
C(216)
C(217)
C(300)
C(218)
C(220)
C(221)
C(222)
C(225)
C(226)
C(229)
C(230)
C(232)
C(233)
C(234)
C(237)
C(241)
C(242)
C(243)
C(244)
C(245)
C(248)
C(250)
C(251)
C(252)
C(253)
C(257)

960(4)
851(5)
162(5)
-417(4)
-308(5)
3498(9)
3763(4)
4480(4)
3904(3)
4534(3)
5240(3)
5315(4)
4685(4)
3979(4)
3196(4)
3137(4)
2466(7)
2258(8)
2288(8)
3893(8)
3835(7)
2868(7)
623(10)
1489(7)
1806(8)
3005(7)
4837(8)
4297(8)
3348(7)
4563(7)
4295(8)
1227(10)
808(8)
899(9)

-1315(18)
-1776(5)

4957(3)
4597(2)
4557(3)
4878(3)
5237(3)
7229(3)
7257(2)
7429(2)
7182(2)
7403(1)
7582(2)
7540(2)
7319(1)
7140(2)
7003(2)
7033(2)
6879(3)
6941(3)
6472(3)
4350(3)
3646(4)
4170(4)
2019(4)
516(4)
5363(4)
2805(3)
2853(4)
3208(4)
3174(4)
2561(4)
3044(4)
7103(4)
6491(3)
6955(3)
5660(15)
4620(2)
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7446(1)
7572(1)
7739(1)
7779(1)
7653(1)
5693(2)
5423(1)
5302(1)
4922(1)
5050(1)
4928(1)
4678(1)
4550(1)
4672(1)
5044(1)
5295(1)
5469(2)
5911(2)
5965(2)
3121(2)
2904(2)
2798(2)
2407(2)
2845(2)
7162(2)
3422(2)
3552(3)
3593(3)
3540(2)
3378(2)
2501(2)
5919(3)
6149(2)
6172(2)
6523(6)
2846(2)

88(3)
91(4)
113(4)
105(4)
100(4)
61(3)
48(3)
63(3)
51(3)
54(3)
55(3)
55(3)
82(4)
52(3)
46(2)
49(2)
45(2)
66(3)
52(2)
66(3)
54(3)
60(3)
89(4)
60(3)
67(3)
56(3)
93(4)
91(4)
74(3)
61(3)
72(3)
87(3)
62(3)
78(3)
190(30)
77(3)



C(259)
C(260)
C(261)
C(262)
C(263)
C(267)
C(269)
C(270)
C(273)
C(274)
C(275)
C(280)
C(281)
C(282)
C(283)
C(284)
C(285)
C(286)
C(289)
C(293)
C(295)
C(296)
C(297)
C(298)
C(299)
C(303)
0(3)

-2074(6)

-322(8)
-439(8)
-339(6)
3782(8)
2824(10)

-3989(6)

4814(8)
5639(12)
6441(9)
194(10)
4228(8)
5619(8)
4478(11)

-4045(6)
-4438(7)
-5502(7)
-2529(9)

655(9)
-106(8)
-876(10)

261(11)
1529(8)

556(11)

-1064(8)
-1440(8)

1467(17)

6819(3)
6468(4)
6673(4)
6014(3)
4453(4)
6127(4)
4165(3)
6039(4)
6410(5)
6097(6)
5436(5)
1374(5)
1206(7)

683(5)
5852(3)
6390(3)
6172(4)
3286(4)
3151(5)
4968(4)
3331(6)
3854(5)
4949(5)
4807(6)
3215(4)
2703(4)

6098(17)

4830(2)
3857(2)
4131(2)
3887(2)
6404(2)
6760(2)
3767(2)
5724(2)
5395(3)
5735(3)
6409(3)
3062(2)
2871(4)
2907(3)
4481(2)
4756(2)
4453(2)
4859(2)
3071(3)
3629(2)
2980(4)
3065(3)
3586(3)
3231(2)
5111(2)
4836(2)
2493(10)

38(2)
70(3)
77(3)
56(3)
68(3)
81(3)
57(3)
64(3)
129(6)
129(6)
95(5)
71(3)
166(9)
128(7)
51(3)
60(3)
77(4)
88(4)
85(3)
70(3)
160(7)
114(5)
96(4)
128(6)
76(4)
71(4)
150(20)
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Table3.  Bond lengths [A] and angles [] for
Rh2(S-BPTPI)4.

Rh(1)-Rh(4)
Rh(1)-O(59)
Rh(1)-0(200)
Rh(1)-0(276)
Rh(1)-N(61)
Rh(1)-N(63)
Rh(2)-Rn(3)
Rh(2)-O(146)
Rh(2)-0(193)
Rh(2)-0(292)
Rh(2)-N(65)
Rh(2)-N(175)
Rh(3)-0(62)
Rh(3)-O(176)
Rh(3)-0(288)
Rh(3)-N(145)
Rh(3)-N(182)
Rh(4)-O(64)
Rh(4)-0(227)
Rh(4)-0(271)
Rh(4)-N(60)
Rh(4)-N(198)
Rh(5)-Rn(6)
Rh(5)-0(72)
Rh(5)-0(100)
Rh(5)-0(279)
Rh(5)-N(129)
Rh(5)-N(246)
Rh(6)-0(130)
Rh(6)-0(247)
Rh(6)-0(291)
Rh(6)-N(71)

2.3852(10)
2.057(6)
2.075(6)
2.319(7)
2.060(7)
2.014(8)
2.3988(9)
2.089(6)
2.058(5)
2.303(6)
2.036(7)
1.976(8)
2.049(6)
2.103(7)
2.350(6)
2.059(7)
2.048(7)
2.044(6)
2.077(6)
2.304(7)
2.016(8)
2.012(9)
2.3926(10)
2.088(7)
2.086(7)
2.349(8)
2.035(9)
2.059(8)
2.036(7)
2.027(6)
2.254(7)
2.024(8)

134

Rh(6)-N(101)
0(18)-C(9)
0(19)-C(8)
0(34)-C(32)
0(35)-C(31)
0(57)-C(49)
0(58)-C(48)
0(59)-C(44)
0(62)-C(21)
0(64)-C(38)
0(72)-C(70)
0(73)-C(79)
0(74)-C(76)
0(98)-C(95)
0(99)-C(96)
0(100)-C(88)
0(114)-C(104)
0(122)-C(123)
0(130)-C(127)
0(142)-C(134)
0(143)-C(137)
0(146)-C(132)
0(158)-C(157)
0(170)-C(162)
0(171)-C(161)
0(176)-C(174)
0(191)-C(187)
0(192)-C(184)
0(193)-C(178)
0(200)-C(194)
0(206)-C(202)
0(207)-C(201)
0(223)-C(222)
0(224)-C(212)
0(227)-C(226)

2.051(8)

1.204(11)
1.184(11)
1.205(11)
1.203(10)
1.240(13)
1.192(10)
1.248(11)
1.289(11)
1.322(10)
1.257(11)
1.176(11)
1.202(12)
1.222(11)
1.224(13)
1.239(11)
1.243(13)
1.212(11)
1.327(11)
1.173(11)
1.287(11)
1.310(10)
1.301(14)
1.249(11)
1.191(11)
1.228(10)
1.206(13)
1.202(12)
1.283(11)
1.275(12)
1.116(15)
1.218(14)
1.218(11)
1.189(12)
1.267(12)



0(231)-C(230)
0(247)-C(241)
0(271)-C(270)
0(276)-C(275)
0(279)-C(280)
0(288)-C(283)
0(291)-C(289)
0(292)-C(293)
0(305)-C(303)
N(7)-C(8)
N(7)-C(9)
N(7)-C(20)
N(33)-C(31)
N(33)-C(32)
N(33)-C(37)
N(56)-C(45)
N(56)-C(48)
N(56)-C(49)
N(60)-C(44)
N(60)-C(46)
N(61)-C(38)
N(61)-C(39)
N(63)-C(226)
N(63)-C(251)
N(65)-C(21)
N(65)-C(23)
N(71)-C(66)
N(71)-C(70)
N(75)-C(69)
N(75)-C(76)
N(75)-C(79)
N(97)-C(89)
N(97)-C(95)

1.225(12)
1.311(12)
1.232(11)
1.164(16)
1.248(14)
1.260(12)
1.203(15)
1.148(12)
1.319(15)
1.455(12)
1.401(12)
1.425(10)
1.365(11)
1.423(12)
1.452(11)
1.400(12)
1.444(12)
1.474(12)
1.330(12)
1.434(12)
1.281(11)
1.472(11)
1.259(13)
1.505(13)
1.318(11)
1.450(11)
1.599(12)
1.305(11)
1.373(12)
1.414(15)
1.408(13)
1.474(13)
1.366(14)

135

N(97)-C(96)
N(101)-C(88)
N(101)-C(102)
N(115)-C(104)
N(115)-C(157)
N(115)-C(244)
N(126)-C(123)
N(126)-C(128)
N(126)-C(230)
N(129)-C(127)
N(129)-C(159)
N(141)-C(133)
N(141)-C(134)
N(141)-C(137)
N(145)-C(132)
N(145)-C(147)
N(172)-C(161)
N(172)-C(162)
N(172)-C(173)
N(175)-C(174)
N(175)-C(262)
N(182)-C(178)
N(182)-C(179)
N(183)-C(177)
N(183)-C(184)
N(183)-C(187)
N(198)-C(194)
N(198)-C(195)
N(199)-C(201)
N(199)-C(202)
N(199)-C(267)
N(211)-C(212)
N(211)-C(222)

1.391(13)
1.298(12)
1.419(13)
1.422(14)
1.328(15)
1.465(13)
1.406(13)
1.523(14)
1.365(12)
1.214(12)
1.428(12)
1.480(12)
1.366(12)
1.402(12)
1.251(10)
1.454(11)
1.368(11)
1.388(11)
1.488(12)
1.338(11)
1.462(11)
1.236(11)
1.443(13)
1.476(12)
1.382(14)
1.340(14)
1.293(13)
1.366(14)
1.351(16)
1.478(17)
1.493(15)
1.409(15)
1.340(12)



N(211)-C(225)
N(246)-C(241)
N(246)-C(245)
N(272)-C(270)
N(272)-C(273)
N(272)-C(274)
N(277)-C(155)
N(277)-C(253)
N(277)-C(275)
N(278)-C(280)
N(278)-C(281)
N(278)-C(282)
N(287)-C(283)
N(287)-C(284)
N(287)-C(285)
N(290)-C(293)
N(290)-C(297)
N(290)-C(298)
N(294)-C(289)
N(294)-C(295)
N(294)-C(296)
N(304)-C(286)
N(304)-C(299)
N(304)-C(303)
C(8)-C(17)
C(9)-C(10)
C(10)-C(17)
C(10)-C(87)
C(11)-C(15)
C(11)-C(12)
C(11)-C(87)
C(15)-C(14)
C(15)-C(16)

1.406(12)
1.303(12)
1.521(12)
1.338(13)
1.460(14)
1.496(15)
1.39(2)
1.42(2)
1.41(2)
1.334(14)
1.428(14)
1.469(14)
1.336(11)
1.435(11)
1.431(12)
1.401(13)
1.411(14)
1.480(13)
1.352(16)
1.479(16)
1.393(15)
1.604(15)
1.381(13)
1.337(13)
1.520(13)
1.425(11)
1.345(11)
1.388(11)
1.3900
1.3900
1.434(9)
1.3900
1.413(10)

136

C(14)-H(14)
C(14)-C(13)
C(13)-H(13)
C(13)-C(41)
C(41)-H(41)
C(41)-C(12)
C(12)-H(12)
C(16)-H(16)
C(16)-C(17)
C(20)-H(20)
C(20)-C(21)
C(20)-C(131)
C(22)-H(22)
C(22)-C(43)
C(22)-C(30)
C(23)-H(23A)
C(23)-H(23B)
C(23)-C(24)
C(24)-H(24A)
C(24)-H(24B)
C(24)-C(131)
C(26)-H(26)
C(26)-C(25)
C(26)-C(29)
C(27)-H(27)
C(27)-C(25)
C(27)-C(210)
C(25)-C(43)
C(43)-C(28)
C(28)-H(28)
C(28)-C(42)
C(42)-H(42)
C(42)-C(210)

0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
0.9500
1.376(11)
1.0000
1.527(12)
1.566(13)
0.9500
1.444(10)
1.398(11)
0.9900
0.9900
1.483(12)
0.9900
0.9900
1.533(13)
0.9500
1.450(10)
1.304(12)
0.9500
1.3900
1.3900
1.3900
1.3900
0.9500
1.3900
0.9500
1.3900



C(210)-H(210)
C(29)-C(30)
C(29)-C(32)
C(30)-C(31)
C(36)-H(36A)
C(36)-H(36B)
C(36)-C(37)
C(36)-C(40)
C(37)-H(37)
C(37)-C(38)
C(39)-H(39A)
C(39)-H(39B)
C(39)-C(40)
C(40)-H(40A)
C(40)-H(40B)
C(44)-C(45)
C(45)-H(45)
C(45)-C(263)
C(46)-H(46A)
C(46)-H(46B)
C(46)-C(47)
C(47)-H(47A)
C(47)-H(47B)
C(47)-C(263)
C(48)-C(51)
C(49)-C(50)
C(50)-C(51)
C(50)-C(55)
C(51)-C(52)
C(52)-H(52)
C(52)-C(53)
C(53)-C(228)
C(53)-C(54)

0.9500
1.427(12)
1.487(12)
1.445(13)
0.9900
0.9900
1.506(12)
1.495(13)
1.0000
1.563(11)
0.9900
0.9900
1.557(11)
0.9900
0.9900
1.573(13)
1.0000
1.527(15)
0.9900
0.9900
1.591(13)
0.9900
0.9900
1.463(15)
1.432(14)
1.437(15)
1.398(12)
1.339(13)
1.340(13)
0.9500
1.439(10)
1.3900
1.3900

137

C(228)-C(249)
C(228)-C(55)
C(249)-H(249)
C(249)-C(150)
C(150)-H(150)
C(150)-C(149)
C(149)-H(149)
C(149)-C(54)
C(54)-H(54)
C(55)-H(55)
C(66)-H(66A)
C(66)-H(66B)
C(66)-C(67)
C(67)-H(67A)
C(67)-H(67B)
C(67)-C(68)
C(68)-H(68A)
C(68)-H(68B)
C(68)-C(69)
C(69)-H(69)
C(69)-C(70)
C(76)-C(77)
C(77)-C(78)
C(77)-C(80)
C(78)-C(79)
C(78)-C(81)
C(80)-H(80)
C(80)-C(83)
C(81)-H(81)
C(81)-C(84)
C(84)-C(83)
C(84)-C(85)
C(83)-C(82)

1.3900
1.419(11)
0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
0.9500
0.9900
0.9900
1.487(15)
0.9900
0.9900
1.455(14)
0.9900
0.9900
1.637(14)
1.0000
1.485(14)
1.474(14)
1.387(13)
1.389(12)
1.512(12)
1.388(12)
0.9500
1.451(9)
0.9500
1.414(10)
1.3900
1.3900
1.3900



C(82)-H(82)
C(82)-C(240)
C(240)-H(240)
C(240)-C(86)
C(86)-H(86)
C(86)-C(85)
C(85)-H(85)
C(87)-H(87)
C(88)-C(89)
C(89)-H(89)
C(89)-C(90)
C(90)-H(90A)
C(90)-H(90B)
C(90)-C(233)
C(91)-C(92)
C(91)-C(95)
C(91)-C(234)
C(92)-H(92)
C(92)-C(93)
C(96)-C(234)
C(102)-H(10A)
C(102)-H(10B)
C(102)-C(233)
C(104)-C(105)
C(105)-C(106)
C(105)-C(110)
C(106)-C(107)
C(106)-C(157)
C(107)-H(107)
C(107)-C(108)
C(108)-C(109)
C(108)-C(156)
C(109)-C(111)

0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
0.9500
1.525(13)
1.0000
1.508(15)
0.9900
0.9900
1.474(17)
1.347(13)
1.415(15)
1.412(13)
0.9500
1.425(12)
1.500(16)
0.9900
0.9900
1.500(15)
1.403(14)
1.391(13)
1.349(12)
1.386(13)
1.513(14)
0.9500
1.438(11)
1.3900
1.3900
1.3900

138

C(109)-C(110)
C(111)-H(111)
C(111)-C(112)
C(112)-H(112)
C(112)-C(113)
C(113)-H(113)
C(113)-C(156)
C(156)-H(156)
C(110)-H(110)
C(120)-C(103)
C(120)-C(119)
C(120)-C(121)
C(103)-C(117)
C(103)-C(229)
C(117)-H(117)
C(117)-C(116)
C(116)-H(116)
C(116)-C(118)
C(118)-H(118)
C(118)-C(119)
C(119)-H(119)
C(121)-H(121)
C(121)-C(232)
C(123)-C(232)
C(124)-C(229)
C(124)-C(230)
C(124)-C(232)
C(127)-C(128)
C(128)-H(128)
C(128)-C(248)
C(131)-H(13A)
C(131)-H(13B)
C(132)-C(133)

1.398(10)
0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
0.9500
1.3900
1.3900
1.457(11)
1.3900
1.391(12)
0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
0.9500
1.363(13)
1.455(15)
1.335(13)
1.519(15)
1.438(13)
1.574(14)
1.0000
1.489(15)
0.9900
0.9900
1.547(12)



C(133)-H(133)
C(133)-C(269)
C(134)-C(135)
C(135)-C(136)
C(135)-C(144)
C(136)-C(137)
C(136)-C(138)
C(138)-H(138)
C(138)-C(139)
C(139)-C(151)
C(139)-C(140)
C(151)-C(268)
C(151)-C(144)
C(268)-H(268)
C(268)-C(152)
C(152)-H(152)
C(152)-C(235)
C(235)-H(235)
C(235)-C(140)
C(140)-H(140)
C(144)-H(144)
C(147)-H(14A)
C(147)-H(14B)
C(147)-C(148)
C(148)-H(14C)
C(148)-H(14D)
C(148)-C(269)
C(153)-H(153)
C(153)-C(154)
C(153)-C(234)
C(154)-C(264)
C(154)-C(93)

C(264)-H(264)

1.0000
1.595(14)
1.494(12)
1.385(11)
1.396(12)
1.443(13)
1.343(11)
0.9500
1.421(10)
1.3900
1.3900
1.3900
1.413(10)
0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
0.9500
0.9900
0.9900
1.476(13)
0.9900
0.9900
1.412(14)
0.9500
1.425(12)
1.334(13)
1.3900
1.3900
0.9500

139

C(264)-C(254)
C(254)-H(254)
C(254)-C(238)
C(238)-H(238)
C(238)-C(302)
C(302)-H(302)
C(302)-C(93)

C(155)-H(15A)
C(155)-H(15B)
C(155)-H(15C)
C(159)-H(15D)
C(159)-H(15E)
C(159)-C(160)
C(160)-H(16A)
C(160)-H(16B)
C(160)-C(248)
C(161)-C(259)
C(162)-C(163)
C(163)-C(164)
C(163)-C(259)
C(164)-H(164)
C(164)-C(165)
C(165)-C(166)
C(165)-C(258)
C(166)-C(168)
C(166)-C(167)
C(168)-H(168)
C(168)-C(236)
C(236)-H(236)
C(236)-C(169)
C(169)-H(169)
C(169)-C(258)
C(258)-H(258)

1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9800
0.9800
0.9800
0.9900
0.9900
1.472(14)
0.9900
0.9900
1.557(17)
1.471(14)
1.416(14)
1.390(12)
1.404(12)
0.9500
1.418(13)
1.3900
1.3900
1.3900
1.427(12)
0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500



C(167)-H(167)
C(167)-C(259)
C(173)-H(173)
C(173)-C(174)
C(173)-C(261)
C(177)-H(177)
C(177)-C(178)
C(177)-C(181)
C(179)-H(17A)
C(179)-H(17B)
C(179)-C(180)
C(180)-H(18A)
C(180)-H(18B)
C(180)-C(181)
C(181)-H(18C)
C(181)-H(18D)
C(184)-C(185)
C(185)-C(186)
C(185)-C(257)
C(186)-C(187)
C(186)-C(188)
C(188)-H(188)
C(188)-C(256)
C(190)-H(190)
C(190)-C(256)
C(190)-C(94)

C(256)-C(189)
C(189)-C(255)
C(189)-C(257)
C(255)-H(255)
C(255)-C(125)
C(125)-H(125)
C(125)-C(94)

0.9500
1.381(12)
1.0000
1.524(13)
1.529(14)
1.0000
1.565(12)
1.560(14)
0.9900
0.9900
1.587(15)
0.9900
0.9900
1.518(16)
0.9900
0.9900
1.447(11)
1.3908(12)
1.3906(11)
1.514(12)
1.3910(12)
0.9500
1.3918(11)
0.9500
1.3900
1.3900
1.3900
1.3900
1.3910(11)
0.9500
1.3900
0.9500
1.3900

140

C(94)-H(94)

C(194)-C(267)
C(195)-H(19A)
C(195)-H(19B)
C(195)-C(196)
C(196)-H(19C)
C(196)-H(19D)
C(196)-C(197)
C(197)-H(19E)
C(197)-H(19F)
C(197)-C(267)
C(201)-C(237)
C(202)-C(203)
C(203)-C(204)
C(203)-C(237)
C(204)-H(204)
C(204)-C(208)
C(205)-H(205)
C(205)-C(209)
C(205)-C(237)
C(208)-C(209)
C(208)-C(265)
C(209)-C(301)
C(301)-H(301)
C(301)-C(239)
C(239)-H(239)
C(239)-C(266)
C(266)-H(266)
C(266)-C(265)
C(265)-H(265)
C(212)-C(213)
C(213)-C(214)
C(213)-C(221)

0.9500
1.475(14)
0.9900
0.9900
1.541(16)
0.9900
0.9900
1.561(16)
0.9900
0.9900
1.544(18)
1.448(14)
1.494(17)
1.405(13)
1.378(14)
0.9500
1.411(14)
0.9500
1.419(12)
1.404(14)
1.3900
1.3900
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
1.541(10)
1.3905(12)
1.3913(12)



C(214)-H(214)
C(214)-C(215)
C(219)-C(215)
C(219)-C(218)
C(219)-C(220)
C(215)-C(216)
C(216)-H(216)
C(216)-C(217)
C(217)-H(217)
C(217)-C(300)
C(300)-H(300)
C(300)-C(218)
C(218)-H(218)
C(220)-H(220)
C(220)-C(221)
C(221)-C(222)
C(225)-H(225)
C(225)-C(226)
C(225)-C(250)
C(229)-H(229)
C(233)-H(23C)
C(233)-H(23D)
C(241)-C(244)
C(242)-H(24C)
C(242)-H(24D)
C(242)-C(243)
C(242)-C(245)
C(243)-H(24E)
C(243)-H(24F)
C(243)-C(244)
C(244)-H(244)
C(245)-H(24G)
C(245)-H(24H)

0.9500
1.3921(11)
1.3900
1.3900
1.3903(11)
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
1.3900
0.9500
0.9500
1.3910(11)
1.481(10)
1.0000
1.583(14)
1.639(17)
0.9500
0.9900
0.9900
1.478(15)
0.9900
0.9900
1.449(13)
1.424(12)
0.9900
0.9900
1.460(14)
1.0000
0.9900
0.9900
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C(248)-H(241)

C(248)-H(243)

C(250)-H(25A)
C(250)-H(25B)
C(250)-C(252)

C(251)-H(25C)
C(251)-H(25D)
C(251)-C(252)

C(252)-H(25E)
C(252)-H(25F)
C(253)-H(25G)
C(253)-H(25H)
C(253)-H(251)

C(257)-H(257)
C(260)-H(26C)
C(260)-H(26D)
C(260)-C(261)

C(260)-C(262)

C(261)-H(26E)
C(261)-H(26F)
C(262)-H(26G)
C(262)-H(26H)
C(263)-H(26A)
C(263)-H(26B)
C(267)-H(267)
C(269)-H(261)

C(269)-H(26J)

C(270)-H(270)
C(273)-H(27A)
C(273)-H(27B)
C(273)-H(27C)
C(274)-H(27D)
C(274)-H(27E)

0.9900
0.9900
0.9900
0.9900
1.563(16)
0.9900
0.9900
1.546(15)
0.9900
0.9900
0.9800
0.9800
0.9800
0.9500
0.9900
0.9900
1.664(16)
1.515(16)
0.9900
0.9900
0.9900
0.9900
0.9900
0.9900
1.0000
0.9900
0.9900
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800



C(274)-H(27F)
C(275)-H(275)
C(280)-H(280)
C(281)-H(28G)
C(281)-H(28H)
C(281)-H(281)
C(282)-H(28))
C(282)-H(28K)
C(282)-H(28L)
C(283)-H(283)
C(284)-H(28A)
C(284)-H(28B)
C(284)-H(28C)
C(285)-H(28D)
C(285)-H(28E)
C(285)-H(28F)
C(286)-H(28M)
C(286)-H(28N)
C(286)-H(280)
C(289)-H(289)
C(293)-H(293)
C(295)-H(29G)
C(295)-H(29H)
C(295)-H(291)
C(296)-H(29J)
C(296)-H(29K)
C(296)-H(29L)
C(297)-H(29A)
C(297)-H(29B)
C(297)-H(29C)
C(298)-H(29D)
C(298)-H(29E)
C(298)-H(29F)

0.9800
0.9500
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9500
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
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C(299)-H(29M)
C(299)-H(29N)
C(299)-H(290)
C(303)-H(303)

0(59)-Rh(1)-Rh(4)
0(59)-Rh(1)-0(200)
0(59)-Rh(1)-0(276)
0(59)-Rh(1)-N(61)
0(200)-Rh(1)-Rh(4)
0(200)-Rh(1)-0(276)
0(276)-Rh(1)-Rh(4)
N(61)-Rh(1)-Rh(4)
N(61)-Rh(1)-0(200)
N(61)-Rh(1)-0(276)
N(63)-Rh(1)-Rh(4)
N(63)-Rh(1)-O(59)
N(63)-Rh(1)-0(200)
N(63)-Rh(1)-0(276)
N(63)-Rh(1)-N(61)
0(146)-Rh(2)-Rh(3)
0(146)-Rh(2)-0(292)
0(193)-Rh(2)-Rh(3)
0(193)-Rh(2)-0(146)
0(193)-Rh(2)-0(292)
0(292)-Rh(2)-Rh(3)
N(65)-Rh(2)-Rh(3)
N(65)-Rh(2)-O(146)
N(65)-Rh(2)-O(193)
N(65)-Rh(2)-0(292)
N(175)-Rh(2)-Rh(3)
N(175)-Rh(2)-O(146)
N(175)-Rh(2)-O(193)

0.9800
0.9800
0.9800
0.9500

87.90(16)
88.3(2)
90.4(3)
93.9(3)
88.96(19)
85.6(3)
174.3(2)
87.1(2)
175.4(3)
98.4(3)
87.2(3)
174.4(3)
88.8(3)
94.1(3)
88.6(3)
88.11(15)
87.5(2)
88.28(17)
87.7(2)
90.2(2)
175.4(2)
87.9(2)
95.3(3)
175.0(3)
93.9(3)
87.8(2)
173.7(3)
87.4(3)



N(175)-Rh(2)-0(292)
N(175)-Rh(2)-N(65)
0(62)-Rh(3)-RN(2)
0(62)-Rh(3)-O(176)
0(62)-Rh(3)-0(288)
0(62)-Rh(3)-N(145)
0(176)-Rh(3)-Rh(2)
0(176)-Rh(3)-0(288)
0(288)-Rh(3)-Rh(2)
N(145)-Rh(3)-Rh(2)
N(145)-Rh(3)-O(176)
N(145)-Rh(3)-O(288)
N(182)-Rh(3)-Rh(2)
N(182)-Rh(3)-0(62)
N(182)-Rh(3)-O(176)
N(182)-Rh(3)-O(288)
N(182)-Rh(3)-N(145)
0(64)-Rh(4)-Rh(1)
0(64)-Rh(4)-0(227)
0(64)-Rh(4)-0(271)
0(227)-Rh(4)-Rh(1)
0(227)-Rh(4)-0(271)
0(271)-Rh(4)-Rh(1)
N(60)-Rh(4)-Rh(1)
N(60)-Rh(4)-O(64)
N(60)-Rh(4)-0(227)
N(60)-Rh(4)-0(271)
N(198)-Rh(4)-Rh(1)
N(198)-Rh(4)-O(64)
N(198)-Rh(4)-0(227)
N(198)-Rh(4)-0(271)
N(198)-Rh(4)-N(60)
0(72)-Rh(5)-Rh(6)

96.4(3)
89.3(3)
88.89(16)
86.5(3)
87.4(2)
95.8(3)
86.50(17)
88.8(3)
174.19(17)
88.16(19)
174.2(3)
96.7(3)
87.7(2)
175.8(3)
90.7(3)
95.7(3)
86.7(3)
89.35(16)
87.4(2)
88.7(2)
87.9(2)
86.0(3)
173.66(18)
87.9(2)
96.2(3)
174.5(3)
98.3(3)
87.5(3)
175.9(3)
89.9(3)
94.2(3)
86.4(3)
88.12(18)
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0(72)-Rh(5)-0(279)
0(100)-Rh(5)-Rh(6)
0(100)-Rh(5)-0(72)
0(100)-Rh(5)-0(279)
0(279)-Rh(5)-Rh(6)
N(129)-Rh(5)-Rh(6)
N(129)-Rh(5)-0(72)
N(129)-Rh(5)-O(100)
N(129)-Rh(5)-0(279)
N(129)-Rh(5)-N(246)
N(246)-Rh(5)-Rh(6)
N(246)-Rh(5)-0(72)
N(246)-Rh(5)-0(100)
N(246)-Rh(5)-0(279)
0(130)-Rh(6)-Rh(5)
0(130)-Rh(6)-0(291)
0(130)-Rh(6)-N(101)
0(247)-Rh(6)-Rh(5)
0(247)-Rh(6)-0(130)
0(247)-Rh(6)-0(291)
0(247)-Rh(6)-N(101)
0(291)-Rh(6)-Rh(5)
N(71)-Rh(6)-Rh(5)
N(71)-Rh(6)-O(130)
N(71)-Rh(6)-0(247)
N(71)-Rh(6)-0(291)
N(71)-Rh(6)-N(101)
N(101)-Rh(6)-Rh(5)
N(101)-Rh(6)-0(291)
C(44)-0(59)-Rh(1)
C(21)-0(62)-Rh(3)
C(38)-0(64)-Rh(4)
C(70)-0(72)-Rh(5)

88.9(3)
87.67(19)
87.2(3)
89.2(3)
175.8(2)
87.3(2)
174.9(3)
90.3(3)
95.5(3)
87.7(3)
87.0(2)
94.4(3)
174.4(3)
96.2(3)
88.09(19)
89.0(3)
90.1(3)
88.97(18)
85.5(3)
87.3(3)
174.4(3)
175.5(2)
86.6(2)
174.7(3)
94.7(3)
96.3(3)
89.4(3)
87.4(2)
96.1(3)
114.9(7)
116.4(5)
114.1(5)
117.5(7)



C(88)-0(100)-Rh(5)
C(127)-0(130)-Rh(6)
C(132)-0(146)-Rh(2)
C(174)-0(176)-Rh(3)
C(178)-0(193)-Rh(2)
C(194)-0(200)-Rh(1)
C(226)-0(227)-Rh(4)
C(241)-0(247)-Rh(6)
C(270)-0(271)-Rh(4)
C(275)-0(276)-Rh(1)
C(280)-0(279)-Rh(5)
C(283)-0(288)-Rh(3)
C(289)-0(291)-Rh(6)
C(293)-0(292)-Rh(2)
C(9)-N(7)-C(8)
C(9)-N(7)-C(20)
C(20)-N(7)-C(8)
C(31)-N(33)-C(32)
C(31)-N(33)-C(37)
C(32)-N(33)-C(37)
C(45)-N(56)-C(48)
C(45)-N(56)-C(49)
C(48)-N(56)-C(49)
C(44)-N(60)-Rh(4)
C(44)-N(60)-C(46)
C(46)-N(60)-Rh(4)
C(38)-N(61)-Rh(1)
C(38)-N(61)-C(39)
C(39)-N(61)-Rh(1)
C(226)-N(63)-Rh(1)
C(226)-N(63)-C(251)
C(251)-N(63)-Rh(1)
C(21)-N(65)-Rh(2)

117.6(7)
115.6(6)
114.2(5)
118.9(6)
115.1(5)
113.0(6)
113.5(6)
118.4(6)
111.5(7)
113.2(10)
103.7(7)
106.5(6)
108.9(8)
112.4(7)
109.5(8)
131.0(8)
119.4(8)
114.0(8)
123.3(8)
122.7(7)
126.5(8)
126.4(9)
107.0(8)
116.8(7)
125.7(9)
117.2(6)
118.7(6)
125.2(7)
114.8(5)
118.4(7)
124.2(9)
117.5(6)
118.6(6)
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C(21)-N(65)-C(23)
C(23)-N(65)-Rh(2)
C(66)-N(71)-Rh(6)
C(70)-N(71)-Rh(6)
C(70)-N(71)-C(66)
C(69)-N(75)-C(76)
C(69)-N(75)-C(79)
C(79)-N(75)-C(76)
C(95)-N(97)-C(89)
C(95)-N(97)-C(96)
C(96)-N(97)-C(89)
C(88)-N(101)-Rh(6)
C(88)-N(101)-C(102)
C(102)-N(101)-Rh(6)
C(104)-N(115)-C(244)
C(157)-N(115)-C(104)
C(157)-N(115)-C(244)
C(123)-N(126)-C(128)
C(230)-N(126)-C(123)
C(230)-N(126)-C(128)
C(127)-N(129)-Rh(5)
C(127)-N(129)-C(159)
C(159)-N(129)-Rh(5)
C(134)-N(141)-C(133)
C(134)-N(141)-C(137)
C(137)-N(141)-C(133)
C(132)-N(145)-Rh(3)
C(132)-N(145)-C(147)
C(147)-N(145)-Rh(3)
C(161)-N(172)-C(162)
C(161)-N(172)-C(173)
C(162)-N(172)-C(173)
C(174)-N(175)-Rh(2)

123.8(8)
117.0(5)
115.9(6)
122.6(6)
120.6(8)
119.9(9)
128.9(9)
111.1(8)
126.8(9)
110.8(10)
122.4(9)
118.1(7)
120.9(9)
120.0(7)
126.5(11)
109.6(9)
123.8(11)
123.3(9)
112.3(9)
123.5(9)
119.2(7)
123.5(10)
117.3(7)
126.8(9)
112.1(9)
121.1(9)
118.2(6)
122.1(8)
118.8(6)
110.7(8)
126.7(8)
122.1(8)
121.3(6)



C(174)-N(175)-C(262)
C(262)-N(175)-Rh(2)

C(178)-N(182)-Rh(3)

C(178)-N(182)-C(179)
C(179)-N(182)-Rh(3)

C(184)-N(183)-C(177)
C(187)-N(183)-C(177)
C(187)-N(183)-C(184)
C(194)-N(198)-Rh(4)

C(194)-N(198)-C(195)
C(195)-N(198)-Rh(4)

C(201)-N(199)-C(202)
C(201)-N(199)-C(267)
C(202)-N(199)-C(267)
C(222)-N(211)-C(212)
C(222)-N(211)-C(225)
C(225)-N(211)-C(212)
C(241)-N(246)-Rh(5)

C(241)-N(246)-C(245)
C(245)-N(246)-Rh(5)

C(270)-N(272)-C(273)
C(270)-N(272)-C(274)
C(273)-N(272)-C(274)
C(155)-N(277)-C(253)
C(155)-N(277)-C(275)
C(275)-N(277)-C(253)
C(280)-N(278)-C(281)
C(280)-N(278)-C(282)
C(281)-N(278)-C(282)
C(283)-N(287)-C(284)
C(283)-N(287)-C(285)
C(285)-N(287)-C(284)
C(293)-N(290)-C(297)

121.1(8)
117.6(7)
117.3(7)
127.4(8)
114.9(6)
125.0(9)
121.1(10)
113.1(10)
118.1(8)
122.8(10)
118.8(7)
112.8(11)
121.6(11)
124.6(11)
113.2(9)
127.6(11)
118.1(10)
120.6(7)
123.4(9)
114.9(6)
127.9(12)
119.8(10)
112.3(12)
114(2)
117(2)
122(2)
121.2(14)
123.7(12)
115.1(13)
121.1(9)
123.3(9)
115.3(8)
122.9(10)
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C(293)-N(290)-C(298)
C(297)-N(290)-C(298)
C(289)-N(294)-C(295)
C(289)-N(294)-C(296)
C(296)-N(294)-C(295)
C(299)-N(304)-C(286)
C(303)-N(304)-C(286)
C(303)-N(304)-C(299)
0(19)-C(8)-N(7)
0(19)-C(8)-C(17)
N(7)-C(8)-C(17)
0(18)-C(9)-N(7)
0(18)-C(9)-C(10)
N(7)-C(9)-C(10)
C(17)-C(10)-C(9)
C(17)-C(10)-C(87)
C(87)-C(10)-C(9)
C(15)-C(11)-C(12)
C(15)-C(11)-C(87)
C(12)-C(11)-C(87)
C(11)-C(15)-C(16)
C(14)-C(15)-C(11)
C(14)-C(15)-C(16)
C(15)-C(14)-H(14)
C(15)-C(14)-C(13)
C(13)-C(14)-H(14)
C(14)-C(13)-H(13)
C(41)-C(13)-C(14)
C(41)-C(13)-H(13)
C(13)-C(41)-H(41)
C(13)-C(41)-C(12)
C(12)-C(41)-H(41)
C(11)-C(12)-H(12)

118.0(11)
118.8(10)
118.1(13)
122.4(13)
119.5(13)
122.0(9)
118.7(10)
119.2(11)
126.5(9)
129.7(9)
103.9(9)
122.7(8)
129.9(10)
107.4(9)
111.7(9)
118.1(8)
130.2(9)
120.0
120.0(5)
120.0(5)
118.3(5)
120.0
121.7(5)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0



C(41)-C(12)-C(11)
C(41)-C(12)-H(12)
C(15)-C(16)-H(16)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(10)-C(17)-C(8)
C(10)-C(17)-C(16)
C(16)-C(17)-C(8)
N(7)-C(20)-H(20)
N(7)-C(20)-C(21)
N(7)-C(20)-C(131)
C(21)-C(20)-H(20)
C(21)-C(20)-C(131)
C(131)-C(20)-H(20)
0(62)-C(21)-N(65)
0(62)-C(21)-C(20)
N(65)-C(21)-C(20)
C(43)-C(22)-H(22)
C(30)-C(22)-H(22)
C(30)-C(22)-C(43)
N(65)-C(23)-H(23A)
N(65)-C(23)-H(23B)
N(65)-C(23)-C(24)
H(23A)-C(23)-H(23B)
C(24)-C(23)-H(23A)
C(24)-C(23)-H(23B)
C(23)-C(24)-H(24A)
C(23)-C(24)-H(24B)
C(23)-C(24)-C(131)
H(24A)-C(24)-H(24B)
C(131)-C(24)-H(24A)
C(131)-C(24)-H(24B)
C(25)-C(26)-H(26)

120.0
120.0
1205
119.0(8)
1205
107.5(8)
124.3(9)
128.0(8)
107.2
111.7(7)
111.2(7)
107.2
111.9(8)
107.2
125.0(8)
114.7(7)
120.0(8)
119.6
119.6
120.9(9)
108.3
108.3
116.0(8)
107.4
108.3
108.3
109.1
109.1
112.5(8)
107.8
109.1
109.1
120.1
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C(29)-C(26)-H(26)
C(29)-C(26)-C(25)
C(25)-C(27)-H(27)
C(25)-C(27)-C(210)
C(210)-C(27)-H(27)
C(27)-C(25)-C(26)
C(27)-C(25)-C(43)
C(43)-C(25)-C(26)
C(25)-C(43)-C(22)
C(28)-C(43)-C(22)
C(28)-C(43)-C(25)
C(43)-C(28)-H(28)
C(43)-C(28)-C(42)
C(42)-C(28)-H(28)
C(28)-C(42)-H(42)
C(210)-C(42)-C(28)
C(210)-C(42)-H(42)
C(27)-C(210)-H(210)
C(42)-C(210)-C(27)
C(42)-C(210)-H(210)
C(26)-C(29)-C(30)
C(26)-C(29)-C(32)
C(30)-C(29)-C(32)
C(22)-C(30)-C(29)
C(22)-C(30)-C(31)
C(29)-C(30)-C(31)
0(35)-C(31)-N(33)
0(35)-C(31)-C(30)
N(33)-C(31)-C(30)
0(34)-C(32)-N(33)
0(34)-C(32)-C(29)
N(33)-C(32)-C(29)
H(36A)-C(36)-H(36B)

120.1
119.9(9)
120.0
120.0
120.0
117.8(6)
120.0
122.2(5)
116.0(4)
123.9(4)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
121.6(9)
130.8(9)
107.6(8)
119.4(10)
132.1(10)
108.5(7)
124.8(8)
128.7(8)
106.4(8)
126.8(9)
129.8(10)
103.4(8)
108.4



C(37)-C(36)-H(36A)
C(37)-C(36)-H(36B)
C(40)-C(36)-H(36A)
C(40)-C(36)-H(36B)
C(40)-C(36)-C(37)
N(33)-C(37)-C(36)
N(33)-C(37)-H(37)
N(33)-C(37)-C(38)
C(36)-C(37)-H(37)
C(36)-C(37)-C(38)
C(38)-C(37)-H(37)
0(64)-C(38)-C(37)
N(61)-C(38)-O(64)
N(61)-C(38)-C(37)
N(61)-C(39)-H(39A)
N(61)-C(39)-H(39B)
N(61)-C(39)-C(40)

H(39A)-C(39)-H(39B)

C(40)-C(39)-H(39A)
C(40)-C(39)-H(39B)
C(36)-C(40)-C(39)

C(36)-C(40)-H(40A)
C(36)-C(40)-H(40B)
C(39)-C(40)-H(40A)
C(39)-C(40)-H(40B)

H(40A)-C(40)-H(40B)

0(59)-C(44)-N(60)
0(59)-C(44)-C(45)
N(60)-C(44)-C(45)
N(56)-C(45)-C(44)
N(56)-C(45)-H(45)
N(56)-C(45)-C(263)
C(44)-C(45)-H(45)

110.1
110.1
110.1
110.1
108.0(8)
114.5(7)
105.5
111.6(7)
105.5
113.2(7)
105.5
114.6(7)
124.9(7)
120.4(7)
109.1
109.1
112.6(7)
107.8
109.1
109.1
110.7(8)
109.5
109.5
109.5
109.5
108.1
126.7(10)
113.6(8)
119.5(9)
110.3(8)
106.6
114.9(9)
106.6
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C(263)-C(45)-C(44)
C(263)-C(45)-H(45)
N(60)-C(46)-H(46A)
N(60)-C(46)-H(46B)
N(60)-C(46)-C(47)

H(46A)-C(46)-H(46B)

C(47)-C(46)-H(46A)
C(47)-C(46)-H(46B)
C(46)-C(47)-H(47A)
C(46)-C(47)-H(47B)

H(47A)-C(47)-H(47B)

C(263)-C(47)-C(46)

C(263)-C(47)-H(47A)
C(263)-C(47)-H(47B)

0(58)-C(48)-N(56)
0(58)-C(48)-C(51)
C(51)-C(48)-N(56)
0(57)-C(49)-N(56)
0(57)-C(49)-C(50)
C(50)-C(49)-N(56)
C(51)-C(50)-C(49)
C(55)-C(50)-C(49)
C(55)-C(50)-C(51)
C(50)-C(51)-C(48)
C(52)-C(51)-C(48)
C(52)-C(51)-C(50)
C(51)-C(52)-H(52)
C(51)-C(52)-C(53)
C(53)-C(52)-H(52)
C(228)-C(53)-C(52)
C(228)-C(53)-C(54)
C(54)-C(53)-C(52)
C(53)-C(228)-C(249)

111.5(8)
106.6
108.8
108.8
113.8(8)
107.7
108.8
108.8
109.9
109.9
108.3
109.0(8)
109.9
109.9
120.4(10)
132.2(10)
107.4(8)
118.0(10)
135.1(10)
106.9(9)
108.6(9)
128.9(10)
122.3(10)
109.7(9)
131.1(9)
119.1(9)
119.6
120.9(9)
119.6
118.9(7)
120.0
121.0(7)
120.0



C(53)-C(228)-C(55)
C(249)-C(228)-C(55)

C(228)-C(249)-H(249)
C(150)-C(249)-C(228)
C(150)-C(249)-H(249)
C(249)-C(150)-H(150)
C(249)-C(150)-C(149)
C(149)-C(150)-H(150)
C(150)-C(149)-H(149)

C(54)-C(149)-C(150)
C(54)-C(149)-H(149)
C(53)-C(54)-H(54)
C(149)-C(54)-C(53)
C(149)-C(54)-H(54)
C(50)-C(55)-C(228)
C(50)-C(55)-H(55)
C(228)-C(55)-H(55)
N(71)-C(66)-H(66A)
N(71)-C(66)-H(66B)

H(66A)-C(66)-H(66B)

C(67)-C(66)-N(71)

C(67)-C(66)-H(66A)
C(67)-C(66)-H(66B)
C(66)-C(67)-H(67A)
C(66)-C(67)-H(67B)

H(67A)-C(67)-H(67B)

C(68)-C(67)-C(66)
C(68)-C(67)-H(67A)
C(68)-C(67)-H(67B)
C(67)-C(68)-H(68A)
C(67)-C(68)-H(68B)
C(67)-C(68)-C(69)

H(68A)-C(68)-H(68B)

118.5(6)
121.5(6)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.2(9)
119.9
119.9
108.3
108.3
107.4
115.7(8)
108.3
108.3
108.7
108.7
107.6
114.1(9)
108.7
108.7
109.7
109.7
109.7(9)
108.2
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C(69)-C(68)-H(68A)
C(69)-C(68)-H(68B)
N(75)-C(69)-C(68)
N(75)-C(69)-H(69)
N(75)-C(69)-C(70)
C(68)-C(69)-H(69)
C(70)-C(69)-C(68)
C(70)-C(69)-H(69)
0(72)-C(70)-N(71)
0(72)-C(70)-C(69)
N(71)-C(70)-C(69)
0(74)-C(76)-N(75)
0(74)-C(76)-C(77)
N(75)-C(76)-C(77)
C(78)-C(77)-C(76)
C(78)-C(77)-C(80)
C(80)-C(77)-C(76)
C(77)-C(78)-C(79)
C(81)-C(78)-C(77)
C(81)-C(78)-C(79)
0(73)-C(79)-N(75)
0(73)-C(79)-C(78)
N(75)-C(79)-C(78)
C(77)-C(80)-H(80)
C(77)-C(80)-C(83)
C(83)-C(80)-H(80)
C(78)-C(81)-H(81)
C(78)-C(81)-C(84)
C(84)-C(81)-H(81)
C(83)-C(84)-C(81)
C(83)-C(84)-C(85)
C(85)-C(84)-C(81)
C(84)-C(83)-C(80)

109.7
109.7
111.3(9)
106.4
114.9(8)
106.4
110.8(9)
106.4
121.5(9)
114.7(9)
123.8(8)
125.8(10)
126.7(13)
107.4(9)
107.5(9)
120.4(9)
131.5(11)
109.2(8)
121.1(9)
129.7(9)
125.4(9)
129.8(10)
104.8(8)
1205
118.9(8)
1205
1205
119.1(8)
1205
120.5(6)
120.0
118.7(6)
118.8(5)



C(84)-C(83)-C(82)
C(82)-C(83)-C(80)
C(83)-C(82)-H(82)
C(240)-C(82)-C(83)
C(240)-C(82)-H(82)
C(82)-C(240)-H(240)
C(86)-C(240)-C(82)
C(86)-C(240)-H(240)
C(240)-C(86)-H(86)
C(240)-C(86)-C(85)
C(85)-C(86)-H(86)
C(84)-C(85)-H(85)
C(86)-C(85)-C(84)
C(86)-C(85)-H(85)
C(10)-C(87)-C(11)
C(10)-C(87)-H(87)
C(11)-C(87)-H(87)
0(100)-C(88)-N(101)
0(100)-C(88)-C(89)
N(101)-C(88)-C(89)
N(97)-C(89)-C(88)
N(97)-C(89)-H(89)
N(97)-C(89)-C(90)
C(88)-C(89)-H(89)
C(90)-C(89)-C(88)
C(90)-C(89)-H(89)
C(89)-C(90)-H(90A)
C(89)-C(90)-H(90B)
H(90A)-C(90)-H(90B)
C(233)-C(90)-C(89)
C(233)-C(90)-H(90A)
C(233)-C(90)-H(90B)
C(92)-C(91)-C(95)

120.0
121.2(5)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0(7)
120.0
120.0
126.2(9)
112.7(9)
121.1(9)
109.8(8)
107.7
109.1(10)
107.7
114.6(9)
107.7
109.9
109.9
108.3
109.1(12)
109.9
109.9
135.9(11)
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C(92)-C(91)-C(234)
C(234)-C(91)-C(95)
C(91)-C(92)-H(92)
C(91)-C(92)-C(93)
C(93)-C(92)-H(92)
0(98)-C(95)-N(97)
0(98)-C(95)-C(91)
N(97)-C(95)-C(91)
0(99)-C(96)-N(97)
0(99)-C(96)-C(234)
N(97)-C(96)-C(234)
N(101)-C(102)-H(10A)
N(101)-C(102)-H(10B)
N(101)-C(102)-C(233)
H(10A)-C(102)-H(10B)
C(233)-C(102)-H(10A)
C(233)-C(102)-H(10B)
0(114)-C(104)-N(115)
0(114)-C(104)-C(105)
C(105)-C(104)-N(115)
C(106)-C(105)-C(104)
C(110)-C(105)-C(104)
C(110)-C(105)-C(106)
C(105)-C(106)-C(157)
C(107)-C(106)-C(105)
C(107)-C(106)-C(157)
C(106)-C(107)-H(107)
C(106)-C(107)-C(108)
C(108)-C(107)-H(107)
C(109)-C(108)-C(107)
C(109)-C(108)-C(156)
C(156)-C(108)-C(107)
C(108)-C(109)-C(111)

116.6(11)
107.5(10)
118.4
123.2(10)
118.4
124.5(11)
125.8(11)
109.7(9)
125.3(12)
129.3(11)
105.4(10)
108.7
108.7
114.3(10)
107.6
108.7
108.7
121.8(10)
129.5(11)
108.7(10)
108.2(9)
135.6(11)
116.2(10)
105.9(10)
122.8(10)
131.1(11)
1203
119.4(10)
1203
117.3(7)
120.0
122.7(7)
120.0



C(108)-C(109)-C(110)
C(111)-C(109)-C(110)
C(109)-C(111)-H(111)
C(109)-C(111)-C(112)
C(112)-C(111)-H(111)
C(111)-C(112)-H(112)
C(111)-C(112)-C(113)
C(113)-C(112)-H(112)
C(112)-C(113)-H(113)
C(156)-C(113)-C(112)
C(156)-C(113)-H(113)
C(108)-C(156)-H(156)
C(113)-C(156)-C(108)
C(113)-C(156)-H(156)
C(105)-C(110)-C(109)
C(105)-C(110)-H(110)
C(109)-C(110)-H(110)
C(103)-C(120)-C(119)
C(103)-C(120)-C(121)
C(119)-C(120)-C(121)
C(120)-C(103)-C(117)
C(120)-C(103)-C(229)
C(117)-C(103)-C(229)
C(103)-C(117)-H(117)
C(116)-C(117)-C(103)
C(116)-C(117)-H(117)
C(117)-C(116)-H(116)
C(118)-C(116)-C(117)
C(118)-C(116)-H(116)
C(116)-C(118)-H(118)
C(116)-C(118)-C(119)
C(119)-C(118)-H(118)
C(120)-C(119)-H(119)

119.5(6)
120.5(6)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
124.5(9)
117.7
117.7
120.0
122.1(7)
117.9(7)
120.0
119.5(7)
120.3(7)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
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C(118)-C(119)-C(120)
C(118)-C(119)-H(119)
C(120)-C(121)-H(121)
C(232)-C(121)-C(120)
C(232)-C(121)-H(121)
0(122)-C(123)-N(126)
0(122)-C(123)-C(232)
N(126)-C(123)-C(232)
C(229)-C(124)-C(230)
C(229)-C(124)-C(232)
C(232)-C(124)-C(230)
0(130)-C(127)-C(128)
N(129)-C(127)-0(130)
N(129)-C(127)-C(128)
N(126)-C(128)-C(127)
N(126)-C(128)-H(128)
C(127)-C(128)-H(128)
C(248)-C(128)-N(126)
C(248)-C(128)-C(127)
C(248)-C(128)-H(128)
C(20)-C(131)-H(13A)
C(20)-C(131)-H(13B)
C(24)-C(131)-C(20)
C(24)-C(131)-H(13A)
C(24)-C(131)-H(13B)
H(13A)-C(131)-H(13B)
0(146)-C(132)-C(133)
N(145)-C(132)-O(146)
N(145)-C(132)-C(133)
N(141)-C(133)-C(132)
N(141)-C(133)-H(133)
N(141)-C(133)-C(269)
C(132)-C(133)-H(133)

120.0
120.0
1223
115.3(10)
1223
124.6(11)
129.1(12)
106.1(9)
133.4(10)
122.0(11)
104.5(9)
110.3(9)
126.9(10)
122.8(9)
111.6(8)
108.1
108.1
108.1(10)
112.5(9)
108.1
110.8
110.8
104.6(8)
110.8
110.8
108.9
110.6(7)
127.4(8)
121.8(8)
110.1(7)
106.2
113.1(8)
106.2



C(132)-C(133)-C(269)
C(269)-C(133)-H(133)
0(142)-C(134)-N(141)
0(142)-C(134)-C(135)
N(141)-C(134)-C(135)
C(136)-C(135)-C(134)
C(136)-C(135)-C(144)
C(144)-C(135)-C(134)
C(135)-C(136)-C(137)
C(138)-C(136)-C(135)
C(138)-C(136)-C(137)
0(143)-C(137)-N(141)
0(143)-C(137)-C(136)
N(141)-C(137)-C(136)
C(136)-C(138)-H(138)
C(136)-C(138)-C(139)
C(139)-C(138)-H(138)
C(151)-C(139)-C(138)
C(151)-C(139)-C(140)
C(140)-C(139)-C(138)
C(139)-C(151)-C(144)
C(268)-C(151)-C(139)
C(268)-C(151)-C(144)
C(151)-C(268)-H(268)
C(151)-C(268)-C(152)
C(152)-C(268)-H(268)
C(268)-C(152)-H(152)
C(235)-C(152)-C(268)
C(235)-C(152)-H(152)
C(152)-C(235)-H(235)
C(140)-C(235)-C(152)
C(140)-C(235)-H(235)
C(139)-C(140)-H(140)

114.5(8)
106.2
125.1(9)
131.1(9)
103.7(8)
110.4(9)
121.1(9)
128.4(8)
105.6(8)
119.9(9)
134.4(9)
126.2(9)
125.7(8)
108.0(9)
119.6
120.8(8)
119.6
120.3(5)
120.0
119.6(5)
118.3(5)
120.0
121.6(5)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
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C(235)-C(140)-C(139)
C(235)-C(140)-H(140)
C(135)-C(144)-C(151)
C(135)-C(144)-H(144)
C(151)-C(144)-H(144)
N(145)-C(147)-H(14A)
N(145)-C(147)-H(14B)
N(145)-C(147)-C(148)
H(14A)-C(147)-H(14B)
C(148)-C(147)-H(14A)
C(148)-C(147)-H(14B)
C(147)-C(148)-H(14C)
C(147)-C(148)-H(14D)
H(14C)-C(148)-H(14D)
C(269)-C(148)-C(147)
C(269)-C(148)-H(14C)
C(269)-C(148)-H(14D)
C(154)-C(153)-H(153)
C(234)-C(153)-H(153)
C(234)-C(153)-C(154)
C(264)-C(154)-C(153)
C(264)-C(154)-C(93)
C(93)-C(154)-C(153)
C(154)-C(264)-H(264)
C(254)-C(264)-C(154)
C(254)-C(264)-H(264)
C(264)-C(254)-H(254)
C(264)-C(254)-C(238)
C(238)-C(254)-H(254)
C(254)-C(238)-H(238)
C(302)-C(238)-C(254)
C(302)-C(238)-H(238)
C(238)-C(302)-H(302)

120.0
120.0
119.6(8)
120.2
120.2
108.8
108.8
113.7(8)
107.7
108.8
108.8
108.5
108.5
107.5
115.0(9)
108.5
108.5
119.8
119.8
120.4(11)
121.7(7)
120.0
118.3(7)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0



C(93)-C(302)-C(238)
C(93)-C(302)-H(302)
C(154)-C(93)-C(92)
C(302)-C(93)-C(92)
C(302)-C(93)-C(154)
N(277)-C(155)-H(15A)
N(277)-C(155)-H(15B)
N(277)-C(155)-H(15C)
H(15A)-C(155)-H(15B)
H(15A)-C(155)-H(15C)
H(15B)-C(155)-H(15C)
0(158)-C(157)-N(115)
0(158)-C(157)-C(106)
N(115)-C(157)-C(106)
N(129)-C(159)-H(15D)
N(129)-C(159)-H(15E)
N(129)-C(159)-C(160)
H(15D)-C(159)-H(15E)
C(160)-C(159)-H(15D)
C(160)-C(159)-H(15E)
C(159)-C(160)-H(16A)
C(159)-C(160)-H(16B)
C(159)-C(160)-C(248)
H(16A)-C(160)-H(16B)
C(248)-C(160)-H(16A)
C(248)-C(160)-H(16B)
0(171)-C(161)-N(172)
0(171)-C(161)-C(259)
N(172)-C(161)-C(259)
0(170)-C(162)-N(172)
0(170)-C(162)-C(163)
N(172)-C(162)-C(163)
C(164)-C(163)-C(162)

120.0
120.0
118.4(7)
121.6(7)
120.0
109.5
109.5
109.5
109.5
109.5
109.5
126.5(11)
125.8(12)
107.5(10)
108.4
108.4
115.4(10)
107.5
108.4
108.4
1103
1103
107.2(9)
108.5
1103
1103
125.7(11)
127.3(9)
106.8(8)
122.9(9)
129.8(9)
107.2(8)
132.0(10)

152

C(164)-C(163)-C(259)
C(259)-C(163)-C(162)
C(163)-C(164)-H(164)
C(163)-C(164)-C(165)
C(165)-C(164)-H(164)
C(166)-C(165)-C(164)
C(166)-C(165)-C(258)
C(258)-C(165)-C(164)
C(165)-C(166)-C(167)
C(168)-C(166)-C(165)
C(168)-C(166)-C(167)
C(166)-C(168)-H(168)
C(166)-C(168)-C(236)
C(236)-C(168)-H(168)
C(168)-C(236)-H(236)
C(169)-C(236)-C(168)
C(169)-C(236)-H(236)
C(236)-C(169)-H(169)
C(258)-C(169)-C(236)
C(258)-C(169)-H(169)
C(165)-C(258)-H(258)
C(169)-C(258)-C(165)
C(169)-C(258)-H(258)
C(166)-C(167)-H(167)
C(259)-C(167)-C(166)
C(259)-C(167)-H(167)
N(172)-C(173)-H(173)
N(172)-C(173)-C(174)
N(172)-C(173)-C(261)
C(174)-C(173)-H(173)
C(174)-C(173)-C(261)
C(261)-C(173)-H(173)
O(176)-C(174)-N(175)

119.3(10)
108.6(8)
121.4
117.2(10)
121.4
124.9(7)
120.0
115.1(6)
116.0(6)
120.0
123.8(6)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.1
119.9(9)
120.1
107.7
108.3(8)
108.6(8)
107.7
116.6(9)
107.7
122.2(9)



0(176)-C(174)-C(173)
N(175)-C(174)-C(173)
N(183)-C(177)-H(177)
N(183)-C(177)-C(178)
N(183)-C(177)-C(181)
C(178)-C(177)-H(177)
C(181)-C(177)-H(177)
C(181)-C(177)-C(178)
0(193)-C(178)-C(177)
N(182)-C(178)-0(193)
N(182)-C(178)-C(177)
N(182)-C(179)-H(17A)
N(182)-C(179)-H(17B)
N(182)-C(179)-C(180)
H(17A)-C(179)-H(17B)
C(180)-C(179)-H(17A)
C(180)-C(179)-H(17B)
C(179)-C(180)-H(18A)
C(179)-C(180)-H(18B)
H(18A)-C(180)-H(18B)
C(181)-C(180)-C(179)
C(181)-C(180)-H(18A)
C(181)-C(180)-H(18B)
C(177)-C(181)-H(18C)
C(177)-C(181)-H(18D)
C(180)-C(181)-C(177)
C(180)-C(181)-H(18C)
C(180)-C(181)-H(18D)
H(18C)-C(181)-H(18D)
0(192)-C(184)-N(183)
0(192)-C(184)-C(185)
N(183)-C(184)-C(185)
C(186)-C(185)-C(184)

115.2(8)
122.6(8)
108.4
109.5(8)
111.9(8)
108.4
108.4
110.0(8)
110.2(8)
129.9(8)
119.4(8)
108.7
108.7
114.1(10)
107.6
108.7
108.7
110.4
110.4
108.6
106.5(10)
110.4
110.4
110.1
110.1
107.9(9)
110.1
110.1
108.4
124.5(10)
129.3(11)
106.2(8)
108.7(6)

153

C(257)-C(185)-C(184)
C(257)-C(185)-C(186)
C(185)-C(186)-C(187)
C(185)-C(186)-C(188)
C(188)-C(186)-C(187)
0(191)-C(187)-N(183)
0(191)-C(187)-C(186)
N(183)-C(187)-C(186)
C(186)-C(188)-H(188)
C(186)-C(188)-C(256)
C(256)-C(188)-H(188)
C(256)-C(190)-H(190)
C(256)-C(190)-C(94)
C(94)-C(190)-H(190)
C(190)-C(256)-C(188)
C(190)-C(256)-C(189)
C(189)-C(256)-C(188)
C(256)-C(189)-C(257)
C(255)-C(189)-C(256)
C(255)-C(189)-C(257)
C(189)-C(255)-H(255)
C(125)-C(255)-C(189)
C(125)-C(255)-H(255)
C(255)-C(125)-H(125)
C(255)-C(125)-C(94)
C(94)-C(125)-H(125)
C(190)-C(94)-H(94)
C(125)-C(94)-C(190)
C(125)-C(94)-H(94)
0(200)-C(194)-N(198)
0(200)-C(194)-C(267)
N(198)-C(194)-C(267)
N(198)-C(195)-H(19A)

131.3(6)
119.98(8)
105.9(5)
119.99(8)
134.0(5)
127.4(11)
126.6(11)
105.9(9)
120.0
119.96(7)
120.0
120.0
120.0
120.0
119.94(8)
120.0
119.94(7)
120.00(8)
120.0
120.00(7)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
128.6(10)
112.3(10)
119.1(11)
107.2



N(198)-C(195)-H(19B)
N(198)-C(195)-C(196)
H(19A)-C(195)-H(19B)
C(196)-C(195)-H(19A)
C(196)-C(195)-H(19B)
C(195)-C(196)-H(19C)
C(195)-C(196)-H(19D)
C(195)-C(196)-C(197)
H(19C)-C(196)-H(19D)
C(197)-C(196)-H(19C)
C(197)-C(196)-H(19D)
C(196)-C(197)-H(19E)
C(196)-C(197)-H(19F)
H(19E)-C(197)-H(19F)
C(267)-C(197)-C(196)
C(267)-C(197)-H(19E)
C(267)-C(197)-H(19F)
0(207)-C(201)-N(199)
0(207)-C(201)-C(237)
N(199)-C(201)-C(237)
0(206)-C(202)-N(199)
0(206)-C(202)-C(203)
N(199)-C(202)-C(203)
C(204)-C(203)-C(202)
C(237)-C(203)-C(202)
C(237)-C(203)-C(204)
C(203)-C(204)-H(204)
C(203)-C(204)-C(208)
C(208)-C(204)-H(204)
C(209)-C(205)-H(205)
C(237)-C(205)-H(205)
C(237)-C(205)-C(209)
C(209)-C(208)-C(204)

107.2
120.7(11)
106.8
107.2
107.2
111.4
111.4
102.0(10)
109.2
111.4
111.4
110.8
110.8
108.9
104.7(11)
110.8
110.8
126.3(11)
125.8(13)
107.9(12)
121.8(13)
138.2(15)
100.0(12)
125.7(13)
111.4(10)
122.9(12)
121.4
117.3(12)
121.4
121.0
121.0
118.1(12)
120.5(7)

154

C(209)-C(208)-C(265)
C(265)-C(208)-C(204)
C(208)-C(209)-C(205)
C(301)-C(209)-C(205)
C(301)-C(209)-C(208)
C(209)-C(301)-H(301)
C(209)-C(301)-C(239)
C(239)-C(301)-H(301)
C(301)-C(239)-H(239)
C(301)-C(239)-C(266)
C(266)-C(239)-H(239)
C(239)-C(266)-H(266)
C(265)-C(266)-C(239)
C(265)-C(266)-H(266)
C(208)-C(265)-H(265)
C(266)-C(265)-C(208)
C(266)-C(265)-H(265)
0(224)-C(212)-N(211)
0(224)-C(212)-C(213)
N(211)-C(212)-C(213)
C(214)-C(213)-C(212)
C(214)-C(213)-C(221)
C(221)-C(213)-C(212)
C(213)-C(214)-H(214)
C(213)-C(214)-C(215)
C(215)-C(214)-H(214)
C(215)-C(219)-C(218)
C(215)-C(219)-C(220)
C(218)-C(219)-C(220)
C(219)-C(215)-C(214)
C(219)-C(215)-C(216)
C(216)-C(215)-C(214)
C(215)-C(216)-H(216)

120.0
119.5(7)
121.3(8)
118.7(8)
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
128.2(10)
127.9(12)
103.9(8)
133.5(6)
119.97(8)
106.4(5)
120.0
119.94(8)
120.0
120.0
120.08(7)
119.92(7)
119.91(7)
120.0
120.03(8)
120.0



C(215)-C(216)-C(217)
C(217)-C(216)-H(216)
C(216)-C(217)-H(217)
C(300)-C(217)-C(216)
C(300)-C(217)-H(217)
C(217)-C(300)-H(300)
C(218)-C(300)-C(217)
C(218)-C(300)-H(300)
C(219)-C(218)-H(218)
C(300)-C(218)-C(219)
C(300)-C(218)-H(218)
C(219)-C(220)-H(220)
C(219)-C(220)-C(221)
C(221)-C(220)-H(220)
C(213)-C(221)-C(222)
C(220)-C(221)-C(213)
C(220)-C(221)-C(222)
0(223)-C(222)-N(211)
0(223)-C(222)-C(221)
N(211)-C(222)-C(221)
N(211)-C(225)-H(225)
N(211)-C(225)-C(226)
N(211)-C(225)-C(250)
C(226)-C(225)-H(225)
C(226)-C(225)-C(250)
C(250)-C(225)-H(225)
0(227)-C(226)-C(225)
N(63)-C(226)-0(227)

N(63)-C(226)-C(225)

C(103)-C(229)-H(229)
C(124)-C(229)-C(103)
C(124)-C(229)-H(229)
0(231)-C(230)-N(126)

120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
119.95(8)
120.0
108.4(4)
119.95(8)
131.6(4)
126.8(10)
125.6(9)
107.4(8)
108.1
110.5(8)
111.9(10)
108.1
110.0(9)
108.1
109.4(9)
128.5(10)
122.1(10)
1203
119.5(10)
1203
126.8(11)
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0(231)-C(230)-C(124)
N(126)-C(230)-C(124)
C(121)-C(232)-C(123)
C(121)-C(232)-C(124)
C(124)-C(232)-C(123)
C(90)-C(233)-C(102)
C(90)-C(233)-H(23C)
C(90)-C(233)-H(23D)
C(102)-C(233)-H(23C)
C(102)-C(233)-H(23D)
H(23C)-C(233)-H(23D)
C(91)-C(234)-C(96)
C(153)-C(234)-C(91)
C(153)-C(234)-C(96)
C(203)-C(237)-C(201)
C(203)-C(237)-C(205)
C(205)-C(237)-C(201)
0(247)-C(241)-C(244)
N(246)-C(241)-0(247)
N(246)-C(241)-C(244)
H(24C)-C(242)-H(24D)
C(243)-C(242)-H(24C)
C(243)-C(242)-H(24D)
C(245)-C(242)-H(24C)
C(245)-C(242)-H(24D)
C(245)-C(242)-C(243)
C(242)-C(243)-H(24E)
C(242)-C(243)-H(24F)
C(242)-C(243)-C(244)
H(24E)-C(243)-H(24F)
C(244)-C(243)-H(24E)
C(244)-C(243)-H(24F)
N(115)-C(244)-C(241)

126.0(10)
107.1(9)
129.5(10)
121.2(11)
109.3(10)
106.6(11)
110.4
110.4
110.4
110.4
108.6
106.7(10)
123.0(11)
130.4(11)
107.4(11)
120.0(11)
132.6(13)
118.9(9)
121.2(9)
119.6(9)
106.9
107.4
107.4
107.4
107.4
119.7(11)
108.1
108.1
116.8(11)
107.3
108.1
108.1
110.4(9)



N(115)-C(244)-H(244)
C(241)-C(244)-H(244)
C(243)-C(244)-N(115)
C(243)-C(244)-C(241)
C(243)-C(244)-H(244)
N(246)-C(245)-H(24G)
N(246)-C(245)-H(24H)
C(242)-C(245)-N(246)
C(242)-C(245)-H(24G)
C(242)-C(245)-H(24H)
H(24G)-C(245)-H(24H)
C(128)-C(248)-C(160)
C(128)-C(248)-H(241)
C(128)-C(248)-H(24J)
C(160)-C(248)-H(241)
C(160)-C(248)-H(24J)
H(241)-C(248)-H(24J)
C(225)-C(250)-H(25A)
C(225)-C(250)-H(25B)
H(25A)-C(250)-H(25B)
C(252)-C(250)-C(225)
C(252)-C(250)-H(25A)
C(252)-C(250)-H(25B)
N(63)-C(251)-H(25C)
N(63)-C(251)-H(25D)
N(63)-C(251)-C(252)
H(25C)-C(251)-H(25D)
C(252)-C(251)-H(25C)
C(252)-C(251)-H(25D)
C(250)-C(252)-H(25E)
C(250)-C(252)-H(25F)
C(251)-C(252)-C(250)
C(251)-C(252)-H(25E)

100.3
100.3
120.5(10)
119.7(11)
100.3
108.6
108.6
114.5(9)
108.6
108.6
107.6
109.4(10)
109.8
109.8
109.8
109.8
108.2
111.2
111.2
109.2
102.6(10)
111.2
111.2
108.9
108.9
113.3(10)
107.7
108.9
108.9
110.7
110.7
105.3(10)
110.7
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C(251)-C(252)-H(25F)
H(25E)-C(252)-H(25F)
N(277)-C(253)-H(25G)
N(277)-C(253)-H(25H)
N(277)-C(253)-H(25)
H(25G)-C(253)-H(25H)
H(25G)-C(253)-H(25)
H(25H)-C(253)-H(251)
C(185)-C(257)-C(189)
C(185)-C(257)-H(257)
C(189)-C(257)-H(257)
C(163)-C(259)-C(161)
C(167)-C(259)-C(161)
C(167)-C(259)-C(163)
H(26C)-C(260)-H(26D)
C(261)-C(260)-H(26C)
C(261)-C(260)-H(26D)
C(262)-C(260)-H(26C)
C(262)-C(260)-H(26D)
C(262)-C(260)-C(261)
C(173)-C(261)-C(260)
C(173)-C(261)-H(26E)
C(173)-C(261)-H(26F)
C(260)-C(261)-H(26E)
C(260)-C(261)-H(26F)
H(26E)-C(261)-H(26F)
N(175)-C(262)-C(260)
N(175)-C(262)-H(26G)
N(175)-C(262)-H(26H)
C(260)-C(262)-H(26G)
C(260)-C(262)-H(26H)
H(26G)-C(262)-H(26H)
C(45)-C(263)-H(26A)

110.7
108.8
109.5
109.5
109.5
109.5
109.5
109.5
119.97(7)
120.0
120.0
106.1(8)
130.9(8)
122.6(9)
108.5
110.1
110.1
110.1
110.1
107.8(9)
102.1(9)
111.4
111.4
111.4
111.4
109.2
114.2(9)
108.7
108.7
108.7
108.7
107.6
109.3



C(45)-C(263)-H(26B)
C(47)-C(263)-C(45)
C(47)-C(263)-H(26A)
C(47)-C(263)-H(26B)
H(26A)-C(263)-H(26B)
N(199)-C(267)-C(197)
N(199)-C(267)-H(267)
C(194)-C(267)-N(199)
C(194)-C(267)-C(197)
C(194)-C(267)-H(267)
C(197)-C(267)-H(267)
C(133)-C(269)-H(261)
C(133)-C(269)-H(261)
C(148)-C(269)-C(133)
C(148)-C(269)-H(261)
C(148)-C(269)-H(261)
H(261)-C(269)-H(26J)
0(271)-C(270)-N(272)
0(271)-C(270)-H(270)
N(272)-C(270)-H(270)
N(272)-C(273)-H(27A)
N(272)-C(273)-H(27B)
N(272)-C(273)-H(27C)
H(27A)-C(273)-H(27B)
H(27A)-C(273)-H(27C)
H(27B)-C(273)-H(27C)
N(272)-C(274)-H(27D)
N(272)-C(274)-H(27E)
N(272)-C(274)-H(27F)
H(27D)-C(274)-H(27E)
H(27D)-C(274)-H(27F)
H(27E)-C(274)-H(27F)
0(276)-C(275)-N(277)

109.3
111.8(9)
109.3
109.3
107.9
113.5(10)
104.2
113.4(10)
115.6(11)
104.2
104.2
110.7
110.7
105.3(9)
110.7
110.7
108.8
126.0(11)
117.0
117.0
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
126.0(18)
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0(276)-C(275)-H(275)
N(277)-C(275)-H(275)
0(279)-C(280)-N(278)
0(279)-C(280)-H(280)
N(278)-C(280)-H(280)
N(278)-C(281)-H(28G)
N(278)-C(281)-H(28H)
N(278)-C(281)-H(28)
H(28G)-C(281)-H(28H)
H(28G)-C(281)-H(28l)
H(28H)-C(281)-H(28)
N(278)-C(282)-H(28J)
N(278)-C(282)-H(28K)
N(278)-C(282)-H(28L)
H(28J)-C(282)-H(28K)
H(28J)-C(282)-H(28L)
H(28K)-C(282)-H(28L)
0(288)-C(283)-N(287)
0(288)-C(283)-H(283)
N(287)-C(283)-H(283)
N(287)-C(284)-H(28A)
N(287)-C(284)-H(28B)
N(287)-C(284)-H(28C)
H(28A)-C(284)-H(28B)
H(28A)-C(284)-H(28C)
H(28B)-C(284)-H(28C)
N(287)-C(285)-H(28D)
N(287)-C(285)-H(28E)
N(287)-C(285)-H(28F)
H(28D)-C(285)-H(28E)
H(28D)-C(285)-H(28F)
H(28E)-C(285)-H(28F)
N(304)-C(286)-H(28M)

117.0
117.0
122.3(12)
118.9
118.9
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
120.6(10)
119.7
119.7
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5



N(304)-C(286)-H(28N)
N(304)-C(286)-H(280)
H(28M)-C(286)-H(28N)
H(28M)-C(286)-H(280)
H(28N)-C(286)-H(280)
0(291)-C(289)-N(294)
0(291)-C(289)-H(289)
N(294)-C(289)-H(289)
0(292)-C(293)-N(290)
0(292)-C(293)-H(293)
N(290)-C(293)-H(293)
N(294)-C(295)-H(29G)
N(294)-C(295)-H(29H)
N(294)-C(295)-H(291)
H(29G)-C(295)-H(29H)
H(29G)-C(295)-H(291)
H(29H)-C(295)-H(291)
N(294)-C(296)-H(29J)
N(294)-C(296)-H(29K)
N(294)-C(296)-H(29L)
H(29J)-C(296)-H(29K)
H(29J)-C(296)-H(29L)
H(29K)-C(296)-H(29L)
N(290)-C(297)-H(29A)
N(290)-C(297)-H(29B)
N(290)-C(297)-H(29C)
H(29A)-C(297)-H(29B)
H(29A)-C(297)-H(29C)
H(29B)-C(297)-H(29C)
N(290)-C(298)-H(29D)
N(290)-C(298)-H(29E)
N(290)-C(298)-H(29F)
H(29D)-C(298)-H(29E)

109.5
109.5
109.5
109.5
109.5
124.5(13)
117.7
117.7
120.1(12)
120.0
120.0
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(29D)-C(298)-H(29F)
H(29E)-C(298)-H(29F)
N(304)-C(299)-H(29M)
N(304)-C(299)-H(29N)
N(304)-C(299)-H(290)
H(29M)-C(299)-H(29N)
H(29M)-C(299)-H(290)
H(29N)-C(299)-H(290)
0(305)-C(303)-N(304)
0(305)-C(303)-H(303)
N(304)-C(303)-H(303)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
119.4(12)
1203
1203

Symmetry transformations used to generate

equivalent atoms:



Table 4.  Anisotropic displacement parameters  (A2x 103) for Rh2(S-BPTPI)4.  The anisotropic

displacement factor exponent takes the form: -2n2[ h2 a*2Ull + ... +2hka*b* U12]

Ull U22 U33 U23 U13 U12
Rh(1) 39(1) 45(1) 32(1) 3(1) 6(1) 2(1)
Rh(2) 30(1) 47(1) 31(1) 0(1) 2(1) 2(1)
Rh(3) 29(1) 42(1) 37(1) -2(1) 3(1) 1(1)
Rh(4) 40(1) 45(1) 31(1) 5(1) 2(1) -4(1)
Rh(5) 39(1) 51(1) 44(1) -4(1) -1(1) 5(1)
Rh(6) 39(1) 51(1) 45(1) -2(1) -3(1) 4(1)
0(18) 63(4) 58(5) 48(4) -3(3) 19(4) 1(4)
0(19) 73(5) 31(4) 54(4) 3(3) 7(3) -12(4)
0(34) 46(4) 45(4) 60(4) -6(3) 18(3) -5(3)
0(35) 64(5) 58(5) 70(5) -15(4) 32(4) -8(4)
0(57) 82(6) 109(7) 52(4) 18(4) 16(4) -23(5)
0(58) 47(4) 70(5) 72(5) 7(4) 19(4) -16(4)
0(59) 28(3) 52(4) 51(4) 17(3) 6(3) 4(3)
0(62) 30(3) 58(4) 35(3) 3(3) 5(3) -4(3)
0(64) 31(3) 50(4) 36(3) 4(3) -2(3) 3(3)
0(72) 39(4) 54(5) 71(5) -8(4) 2(3) -3(3)
0(73) 41(4) 66(5) 57(4) 14(4) 2(3) 9(4)
0(74) 67(5) 51(5) 98(6) 10(5) -28(5) 4(4)
0(98) 77(5) 80(6) 52(4) -15(4) -12(4) 21(5)
0(99) 70(6) 129(8) 67(5) -34(5) 10(4) -8(6)
0(100)  54(4) 49(5) 58(4) -6(3) -16(3) 7(4)
0(114)  82(6) 72(6) 79(5) -8(4) 20(5) -8(5)
0(122)  60(5) 87(6) 59(5) -7(4) -12(4) 5(4)
0(130)  59(5) 52(5) 54(4) -4(3) -3(3) 20(4)
0(142)  57(4) 58(5) 83(5) 11(4) 36(4) 29(4)
0(143)  66(5) 80(5) 45(4) 1(4) 2(4) 16(4)
0(146)  25(3) 54(4) 40(3) -2(3) 0(2) 3(3)
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0(158)
0(170)
0(171)
0(176)
0(191)
0(192)
0(193)
0(200)
0(206)
0(207)
0(223)
0(224)
0(227)
0(231)
0(247)
0(271)
0(276)
0(279)
0(288)
0(291)
0(292)
0(305)
0(306)
0(307)
0(308)
0(309)
N(7)
N(33)
N(56)
N(60)
N(61)
N(63)
N(65)

70(5)
56(5)
46(4)
43(4)
120(8)
78(6)
43(4)
68(5)
116(8)
89(6)
73(5)
105(6)
79(5)
69(5)
34(3)
54(4)
56(5)
62(5)
43(4)
51(4)
34(3)
142(10)
76(6)
72(6)
61(13)
57(6)
45(5)
61(5)
37(4)
40(4)
50(4)
74(5)
35(4)

108(7)
55(5)
44(4)
36(4)
101(7)
74(6)
66(5)
38(4)
97(7)
80(6)
42(5)
46(5)
40(4)
98(7)
48(4)
63(5)
87(6)
62(5)
91(6)
58(5)
105(6)
107(8)
77(6)
104(8)
190(40)
246(14)
37(5)
42(5)
54(5)
76(6)
33(4)
41(4)
52(5)

82(5)
101(6)
67(4)
69(4)
66(5)
65(5)
29(3)
38(3)
60(5)
52(4)
97(6)
58(5)
38(3)
54(4)
54(4)
55(4)
67(5)
60(4)
42(4)
98(5)
38(3)
117(8)
96(6)
147(9)

116(17)

125(8)
39(4)
20(3)
59(4)
38(4)
39(4)
28(3)
39(4)

-44(5)
-22(4)
-2(3)
-2(3)
8(5)
-6(4)
9(3)
-2(3)
-4(5)
0(4)
11(4)
-10(4)
8(3)
14(4)
-11(3)
11(3)
-5(5)
-8(4)
-18(4)
-17(5)
2(4)
-32(7)
-18(5)
56(7)
53(17)
29(9)
-6(3)
3(3)
14(4)
13(4)
8(3)
14(3)
9(3)
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-14(4)

-7(4)
3(3)
4(3)
27(5)
-9(4)
4(3)
0(3)
15(5)
20(4)
11(5)
-7(4)
7(3)

-12(4)

7(3)
6(3)
38(4)
6(4)
5(3)

-17(4)

4(3)
25(8)
2(5)
24(6)

-44(11)
-35(6)

14(3)
13)
9(4)
-4(3)
6(3)
9(4)
10(3)

63(5)
9(4)
6(3)
11(3)
14(6)
7(5)
11(4)

-18(4)

38(6)

-21(5)

6(4)

-12(4)

7(4)
10(5)
0(3)
-4(4)
-4(4)
-4(4)
2(4)
20(4)
9(4)
36(8)
-8(5)
5(6)
8(17)

-60(8)

-1(4)
10(4)
9(4)

-10(4)

12(3)
3(4)
5(4)



N(71)
N(75)
N(97)
N(101)
N(115)
N(126)
N(129)
N(141)
N(145)
N(172)
N(175)
N(182)
N(183)
N(198)
N(199)
N(211)
N(246)
N(272)
N(277)
N(278)
N(287)
N(290)
N(294)
N(304)
c(8)
C(9)
C(10)
C(11)
C(15)
C(14)
C(13)
C(41)
C(12)

40(4)
37(5)
37(4)
60(5)
46(6)
46(5)
47(4)
53(5)
20(3)
42(5)
31(4)
46(4)
58(5)
80(6)
81(6)
83(7)
38(4)
70(6)
310(30)
55(6)
59(6)
57(5)
68(6)
64(6)
34(5)
57(6)
35(5)
36(5)
43(5)
40(6)
45(6)
52(6)
56(7)

60(5)
56(6)
80(7)
48(5)
74(7)
57(6)
63(5)
58(6)
47(4)
33(5)
61(5)
52(5)
72(6)
68(6)
76(6)
37(6)
59(5)
85(7)
121(14)
89(8)
48(6)
116(7)
78(7)
52(6)
68(8)
59(7)
55(7)
75(8)
31(5)
60(7)
79(9)
60(8)
54(8)

30(3)
62(5)
54(5)
47(4)
78(7)
48(5)
46(4)
70(6)
51(4)
55(5)
42(4)
43(4)
35(4)
40(4)
37(4)
54(5)
42(4)
87(6)
199(18)
81(7)
55(5)
48(5)
108(7)
69(6)
41(5)
29(4)
40(5)
48(6)
40(5)
57(6)
65(7)
71(7)
68(7)

-7(3)
-5(4)
-18(5)
-5(4)
-26(6)
-1(4)
-16(4)
-20(5)
-3(3)
-10(4)
0(4)
-4(3)
2(4)
27(4)
-7(4)
6(4)
-2(4)
20(5)
13(12)
-30(6)
-16(4)
16(5)
32(6)
-12(5)
-4(5)
-6(5)
1(4)
11(5)
-14(4)
12(5)
-4(6)
0(6)
-8(6)
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2(3)
-13(4)
2(4)
-11(4)
23(5)
-3(4)
9(4)
0(5)
5(3)
2(4)
-2(3)
-9(3)
-2(4)
12(4)
6(4)
8(5)
9(3)
12(5)
200(20)
16(5)
0(4)
14(4)
-8(6)
19(5)
8(4)
8(4)
18(4)
19(4)
12(4)
4(5)
12(5)
20(5)
17(5)

1(4)
11(4)

-13(5)

7(4)
7(5)
20(4)
2(4)
6(5)
Q)
4(4)

-11(4)

4(4)
28(4)

-18(5)
-19(5)

18(5)

-12(4)
-20(5)

1(15)
-2(6)
-1(4)
41(5)
7(6)
-8(5)
-4(5)
-4(6)
14(5)
-3(5)
8(4)
7(5)

-16(6)

15(6)
1(6)



C(16)
C(17)
C(20)
C(21)
C(22)
C(23)
C(24)
C(26)
C(27)
C(25)
C(43)
C(28)
C(42)
C(210)
C(29)
C(30)
C(31)
C(32)
C(36)
C(37)
C(38)
C(39)
C(40)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)

34(5)
69(6)
39(4)
43(5)
21(4)
31(4)
49(5)
47(6)
47(6)
52(6)
31(5)
94(9)
47(6)
73(8)
38(5)
39(5)
31(5)
36(5)
40(5)
33(4)
46(5)
43(5)
48(5)
48(5)
64(6)
43(5)
47(5)
42(4)
72(6)
50(5)
42(4)
57(5)
46(5)

46(6)
30(5)
45(5)
57(6)
54(7)
84(7)
82(7)
88(9)
50(7)
69(8)
70(8)
63(8)
63(7)
57(8)
16(5)
108(10)
41(6)
66(8)
69(6)
44(5)
36(5)
54(6)
56(6)
62(6)
49(6)
75(7)
62(6)
51(6)
60(6)
50(6)
43(5)
42(6)
45(5)

38(5)
29(4)
30(4)
40(4)
50(5)
40(5)
44(5)
45(6)
48(5)
53(6)
36(5)
56(6)
38(5)
54(6)
45(5)
30(5)
38(5)
35(5)
33(4)
32(4)
24(4)
31(4)
39(4)
36(4)
45(5)
37(4)
56(5)
51(5)
60(5)
58(5)
63(5)
62(5)
78(6)

-9(4)
0(4)
5(4)
16(4)
8(5)
6(5)
-16(5)
-4(6)
10(5)
-33(6)
-22(5)
12(6)
-12(5)
-23(5)
3(4)
-7(5)
-17(4)
-7(5)
2(4)
4(4)
5@)
-5(4)
-4(4)
1(4)
19(4)
13(4)
15(5)
11(4)
11(5)
8(4)
13(4)
24(4)
11(5)
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13(4)
9()
503)
9(4)
6(4)
10(4)
5(4)
14(5)
17(5)
-1(5)
12(4)
39(6)
13(4)
15(6)
12(4)
12(4)
10(4)
-1(4)

-10(4)

4(3)
-6(3)
-2(4)
-3(4)
7(4)
0(4)
-9(4)
-6(4)
18(4)
25(5)
3(4)
10(4)
21(5)
12(4)

-1(4)
6(5)
-8(4)
-6(4)
-1(4)
-4(5)
0(5)

-15(6)

11(5)
20(6)

-27(5)

-5(7)
-1(5)

-13(6)

0(4)
-6(6)
-9(4)
12(5)
3(5)
0(4)
6(4)
2(4)
-7(5)
-8(5)
-9(5)

-18(5)

-1(5)
12(4)

-14(5)

-5(4)
0(4)
3(4)
17(4)



C(228)
C(249)
C(150)
C(149)
C(54)
C(55)
C(66)
C(67)
C(68)
C(69)
C(70)
C(76)
c(77)
C(78)
C(79)
C(80)
C(81)
C(84)
C(83)
C(82)
C(240)
C(86)
C(85)
C(87)
C(88)
C(89)
C(90)
C(91)
C(92)
C(95)
C(96)
C(102)
C(104)

54(5)
36(5)
63(6)
54(6)
50(6)
62(6)
35(5)
39(5)
42(5)
34(5)
25(4)
85(9)
62(7)
27(4)
51(6)
45(5)
40(5)
65(7)
35(5)
38(5)
50(6)
65(7)
68(7)
55(6)
55(6)
55(5)
90(7)
46(5)
49(5)
37(6)
32(5)
93(7)
36(5)

47(6)
40(6)
54(6)
52(6)
51(6)
47(6)
77(7)
68(7)
79(7)
50(6)
49(6)
81(9)
39(6)
61(7)
21(5)
22(5)
39(6)
40(6)
48(7)
37(6)
25(6)
30(6)
49(7)
33(5)
55(6)
69(6)
95(8)
68(6)
70(7)
82(9)
91(10)
71(7)
52(6)

88(6)
108(7)
115(8)
123(8)
103(7)
62(6)
53(5)
79(6)
57(5)
76(6)
57(5)
43(6)
79(7)
50(5)
87(8)
50(5)
72(7)
46(5)
63(6)
75(7)
90(8)
58(6)
45(5)
39(5)
40(4)
43(5)
65(6)
53(5)
68(6)
37(5)
52(6)
47(5)
76(6)

9(5)
13(5)
19(6)
12(6)
2(6)
8(5)
0(5)
-7(5)
4(5)
-1(5)
-4(4)

-11(6)

13(5)
-2(9)
4(5)
-3(4)

-10(5)

-9(5)
-5(5)
-5(5)
24(5)
10(5)

-12(5)

20(4)
0(4)
-8(5)

-25(6)
-18(5)
-26(5)

-4(5)
-6(6)
-1(5)

-26(5)
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15(5)
18(5)
13(6)
15(6)
-3(5)
16(5)
-7(4)
-6(5)

-11(4)
-16(4)

-7(4)

-29(6)
-30(6)

-5(4)
-8(6)
3(4)
2(5)

-13(5)
-12(4)

-4(5)
-1(6)
-1(5)

-10(5)

8(4)
-8(4)
7(4)

-20(6)
-15(4)

1(5)
3(4)
-9(5)

-19(5)

3(5)

5(5)
0(4)
-6(5)
18(5)
3(5)
2(5)
12(5)
1(5)

-23(5)

-3(4)
-3(4)

-13(7)

-6(6)
7(4)
18(5)
-3(4)
-3(5)
22(5)
0(5)
-4(4)
6(5)
-2(5)
3(6)
9(5)
6(5)
22(5)
20(7)
0(5)
9(5)

-14(6)

1(6)
26(6)
-8(5)



C(105)
C(106)
C(107)
C(108)
C(109)
C(111)
C(112)
C(113)
C(156)
C(110)
C(120)
C(103)
C(117)
C(116)
C(118)
C(119)
C(121)
C(123)
C(124)
C(127)
C(128)
C(131)
C(132)
C(133)
C(134)
C(135)
C(136)
C(137)
C(138)
C(139)
C(151)
C(268)
C(152)

42(5)
47(5)
65(6)
83(6)
62(5)
55(6)
76(6)
102(8)
110(8)
40(5)
60(5)
71(6)
75(7)
82(7)
64(6)
71(6)
53(5)
50(6)
58(6)
36(5)
57(6)
39(5)
32(4)
52(5)
35(5)
54(5)
55(5)
29(5)
50(5)
57(5)
68(6)
96(7)
99(7)

59(6)
95(7)
114(8)
57(6)
38(5)
65(6)
49(6)
84(8)
54(6)
57(6)
69(6)
58(6)
83(7)
90(7)
79(7)
72(7)
71(6)
99(10)
81(7)
62(6)
77(7)
69(6)
35(5)
41(5)
26(5)
49(5)
35(5)
27(5)
61(6)
64(6)
60(6)
56(7)
51(6)

53(5)
55(5)
59(6)
48(5)
41(4)
54(5)
67(6)
76(7)
63(6)
55(5)
56(5)
50(5)
72(6)
66(6)
78(7)
80(7)
45(5)
28(5)
33(4)
51(5)
62(6)
42(5)
47(5)
57(5)
64(6)
47(5)
48(5)
77(7)
36(4)
46(5)
45(5)
86(7)
63(6)

-17(4)
-35(5)
3(6)
-14(4)
-6(4)
-14(5)
0(5)
-18(6)
0(5)
-10(4)
-4(5)
14(4)
-12(6)
1(6)
-6(6)
15(6)
10(5)
26(5)
5(4)
1(5)
19(5)
9(4)
-8(4)
-7(4)
6(5)
-15(4)
-10(4)
-7(5)
-12(4)
-15(4)
4(4)
3(5)
5(5)
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-18(4)
-22(4)

-2(5)
2(5)

-16(4)
-12(4)

6(5)
16(6)
27(6)

-18(4)

9(4)
-3(4)
4(6)
10(5)
17(5)
19(6)
10(4)
2(5)
7(4)
11(4)
3(5)
-6(4)
-6(4)

-19(4)

7(5)
23(4)
0(4)
7(5)
2(4)
12(4)
17(4)
33(6)
2(6)

2(4)
24(5)
29(6)
26(5)

9(4)
3(5)
34(5)
18(7)
40(6)
17(4)
-2(5)
-6(5)
-3(6)
-1(6)
-2(6)

-12(6)
-11(5)
-26(6)

-5(5)
-5(5)
0(6)
-6(5)
5(4)
9(5)
8(4)
2(4)
2(4)
6(4)
14(5)
17(5)
14(5)
26(6)
33(6)



C(235)  83(7) 53(6) 67(6) -8(5) -16(5) 12(5)

C(140)  68(6) 53(6) 78(6) -14(5) -8(5) 23(5)
C(144)  73(6) 57(6) 51(5) 2(5) 35(5) 24(5)
C(147)  25(4) 53(6) 65(5) -12(5) 1(4) -4(4)
C(148)  28(4) 69(6) 71(6) -15(5) -7(4) 8(5)
C(153)  70(6) 77(7) 57(6) -1(5) 7(5) 6(6)
C(154)  74(6) 76(6) 57(5) -3(5) -11(5) 2(5)
C(264)  80(7) 85(7) 70(6) 7(6) -21(6) 1(6)
C(254)  91(8) 102(8) 74(7) 12(6) -16(6) -3(7)
C(238)  90(8) 106(9) 91(8) -11(7) -19(6) 28(7)
C(302)  77(7) 93(8) 82(7) -14(6) -14(6) 23(6)
C(93) 65(6) 76(6) 71(6) -13(5) -15(5) 12(5)
C(155)  320(40) 320(40) 140(20) -60(20) 130(20) -240(30)
C(157)  52(6) 80(8) 83(7) -55(6) -29(6) 23(6)
C(159)  64(6) 77(7) 47(5) -4(5) 9(5) 14(6)
C(160)  57(6) 88(7) 63(6) 7(6) 14(5) 13(6)
C(161)  43(6) 16(5) 95(8) 0(5) -1(6) 15(4)
C(162)  39(5) 30(6) 54(6) -6(4) -14(4) 9(4)
C(163)  63(7) 45(7) 64(7) 11(5) -22(6) -9(6)
C(164)  63(7) 46(7) 93(9) 29(6) -31(7) -5(6)
C(165)  85(9) 77(9) 55(7) 6(6) -5(6) -17(8)
C(166)  48(6) 62(8) 56(6) 0(5) 10(5) 3(6)
C(168)  80(9) 101(11) 74(8) 29(8) 29(7) -21(8)
C(236)  82(9) 79(9) 45(6) -18(6) 9(6) -5(7)
C(169)  72(9) 115(12) 62(7) 21(7) -25(7) -40(8)
C(258)  90(10) 66(9) 109(11) 23(8) 27(9) -2(8)
C(167)  34(5) 56(7) 86(8) 8(6) -7(5) 4(5)
C(173)  30(4) 62(6) 56(5) -6(5) 1(4) 1(4)
C(174)  24(4) 52(6) 51(5) -3(4) -5(4) -2(4)
C(177)  65(6) 66(6) 35(4) -4(4) -4(4) 20(5)
C(178)  50(5) 39(5) 33(4) -10(4) -12(4) 9(4)
C(179)  67(6) 67(7) 69(6) -6(5) -5(5) 21(6)
C(180)  81(7) 93(8) 78(7) 4(6) -19(6) 24(6)
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C(181)
C(184)
C(185)
C(186)
C(187)
C(188)
C(190)
C(256)
C(189)
C(255)
C(125)
C(94)

C(194)
C(195)
C(196)
C(197)
C(201)
C(202)
C(203)
C(204)
C(205)
C(208)
C(209)
C(301)
C(239)
C(266)
C(265)
C(212)
C(213)
C(214)
C(219)
C(215)
C(216)

63(6)
51(5)
67(6)
55(5)
76(7)
86(7)
95(8)
87(7)
97(7)
105(8)
107(9)
96(8)
95(7)
94(8)
119(8)
100(8)
73(6)
90(7)
64(6)
78(7)
82(7)
65(6)
79(6)
88(7)
86(8)
78(8)
68(6)
109(11)
51(6)
67(7)
60(7)
70(7)
69(7)

74(7)
84(7)
95(7)
95(7)
83(7)
117(8)
128(9)
112(8)
105(8)
104(9)
122(10)
138(10)
31(5)
99(8)
85(8)
96(8)
86(7)
85(7)
114(7)
141(9)
120(8)
161(9)
139(8)
136(9)
163(10)
173(11)
188(10)
18(6)
31(6)
36(7)
55(7)
48(7)
54(7)

43(5)
33(5)
41(5)
34(4)
46(5)
42(5)
83(7)
68(6)
78(6)
114(8)
95(8)
T4(7)
36(5)
45(5)
61(6)
57(6)
36(5)
43(5)
31(4)
42(5)
33(5)
34(5)
46(5)
50(6)
91(7)
63(7)
44(5)
57(6)
63(6)
84(8)
38(5)
45(6)
41(5)

7(5)
-4(5)
5(5)
1(5)
4(5)
5(6)
-18(7)
-9(6)
-16(6)
-31(7)
-11(8)
-10(7)
9(4)
3(6)
-7(6)
0(6)
0(5)
-11(5)
-4(5)
-14(6)
-5(5)
-3(6)
15(6)
11(6)
29(8)
-1(7)
6(7)
2(5)
1(5)
-4(6)
3(5)
7(5)
8(5)
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-9(5)
-1(4)
-6(5)
-8(4)
11(5)
5()
17(6)
19(6)
13(6)
16(7)
12(7)
10(7)
13(5)
5(6)
21(6)
16(6)
4(5)
-4(5)
5(4)
9()
9()
2(5)
2(5)
-1(5)
-7(7)
5(6)
-9(5)
11(7)
22(5)

-32(6)

6(5)
-3(5)
-1(5)

10(5)
7(5)
22(5)
17(5)
19(6)
23(7)
20(8)
17(6)
13(7)
16(8)
31(8)
35(8)

-12(5)
-27(7)
-37(7)
-24(7)
-33(6)
-22(6)
-32(6)
-28(7)
-50(6)
-44(6)
-52(6)
-65(7)
-57(8)
-55(7)
-56(7)

21(6)
11(5)
29(6)
22(6)
13(6)
38(6)



C(217)  63(7) 39(6) 64(7) 22(5) 25(6) 9(5)

C(300)  68(8) 121(12) 57(7) 7(8) 11(6) 30(8)
C(218)  61(7) 45(7) 51(6) -3(5) -2(5) -1(5)
C(220)  55(6) 25(5) 59(6) -5(4) -1(5) -3(5)
C(221)  62(7) 26(5) 59(6) 14(4) -5(5) 2(5)
C(222)  62(6) 21(5) 51(6) 4(4) -2(5) -7(5)
C(225)  94(7) 37(6) 67(6) 12(5) 43(5) 11(5)
C(226)  68(6) 39(5) 50(5) 8(4) 8(5) 12(5)
C(229)  70(6) 77(7) 49(5) 9(5) 5(5) 5(6)
C(230)  54(7) 66(8) 42(6) 0(5) 2(5) 9(6)
C(232)  53(5) 80(7) 48(5) 1(5) -7(4) -2(5)
C(233)  107(8) 107(8) 53(6) -15(6) -16(6) 34(7)
C(234)  56(6) 64(7) 59(6) -7(5) -8(5) -5(5)
C(237)  78(6) 93(7) 30(4) -6(4) 11(4) -39(6)
C(241)  44(5) 65(7) 58(5) -21(5) 16(4) 0(5)
C(242)  60(6) 98(8) 120(8) -44(7) -9(6) -9(6)
C(243)  63(6) 101(8) 108(8) -56(7) 16(6) 4(6)
C(244)  50(6) 89(7) 82(6) -37(6) 0(5) -12(6)
C(245)  54(5) 66(7) 62(6) -8(5) -17(5) 13(5)
C(248)  66(6) 93(7) 56(6) 31(6) 24(5) 4(6)
C(250)  111(8) 48(6) 102(7) 13(6) 37(7) 17(6)
C(251)  76(6) 47(6) 64(6) 12(5) 12(5) 15(5)
C(252)  87(7) 54(6) 94(7) 6(6) 32(6) 14(6)
C(253)  45(17) 420(80) 110(30) 30(40) 35(17) 80(30)
C(257)  81(7) 103(8) 47(5) 4(5) 0(5) -8(7)
C(259)  32(5) 31(5) 50(5) 10(4) -5(4) 9(4)
C(260)  60(6) 72(7) 77(6) 0(6) 27(5) -11(6)
C(261)  63(6) 72(7) 95(7) -12(6) 25(6) -11(6)
C(262)  40(5) 74(6) 54(5) -11(5) 20(4) -22(5)
C(263)  74(7) 54(7) 78(6) 12(5) 4(6) -1(5)
C(267)  109(8) 88(7) 47(5) -14(5) -7(6) -15(7)
C(269)  43(5) 62(6) 66(6) -14(5) -17(5) 14(5)
C(270)  67(6) 77(7) 49(5) 14(5) 5(5) -25(6)
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C(273)
C(274)
C(275)
C(280)
C(281)
C(282)
C(283)
C(284)
C(285)
C(286)
C(289)
C(293)
C(295)
C(296)
C(297)
C(298)
C(299)
C(303)
0(3)

149(13)
74(9)
86(10)
50(7)
25(7)
118(14)
28(5)
61(7)
55(7)
86(9)
67(7)
58(6)
84(11)
108(12)
62(8)
119(12)
52(7)
53(7)
60(15)

127(13)
154(14)
96(12)
99(10)
220(20)
96(13)
45(7)
66(8)
93(10)
75(10)
80(8)
113(8)
158(16)
114(13)
120(11)
206(16)
88(10)
79(10)
180(40)

110(11)
158(14)
103(11)
63(7)
260(30)
170(17)
80(7)
53(6)
83(8)
103(10)
108(8)
40(5)
239(19)
121(12)
106(10)
60(8)
88(9)
81(8)
210(40)

40(9)
46(12)

-21(10)

4(7)
-9(19)

-62(12)

-3(6)
-25(5)
-51(7)
-24(8)
-17(7)

8(5)
15(15)

-24(11)

29(9)

-50(10)

-14(7)
-25(7)
40(30)

93(10)
30(9)
33(9)
-5(6)
4(11)

31(12)
23(5)
0(5)
-18(6)
-20(8)
9(6)
12(5)
-9(13)
16(10)
-6(7)
-26(8)
-14(7)
8(6)

-48(18)

43(11)

-15(10)

-34(9)
24(7)

-20(10)
-30(11)

7(5)
11(6)
42(7)
-11(8)
12(7)
28(6)
48(12)
17(11)
7(8)
25(12)
18(7)
-9(7)

-12(18)
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Table 5.  Hydrogen coordinates ( x 104) and isotropic  displacement parameters (A2x 10 3)
for Rh2(S-BPTPI)4.

X y z U(eq)
H(14) -5435 5213 5593 63
H(13) -6192 4687 5786 75
H(41) -5664 4025 5755 74
H(12) -4377 3889 5530 71
H(16) -4151 5448 5346 47
H(20) -1304 5534 4806 46
H(22) 4977 5360 4747 50
H(23A) 218 5379 4276 62
H(23B) 142 4907 4328 62
H(24A) 205 5538 4667 70
H(24B) 802 5138 4658 70
H(26) 3740 4207 5110 72
H(27) 4837 3794 4916 58
H(28) 6182 4917 4555 85
H(42) 6753 4270 4485 59
H(210) 6080 3709 4665 73
H(36A) 1202 5568 5063 57
H(36B) 1093 5226 5267 57
H(37) 2320 5876 5274 44
H(39A) 399 5908 5746 51
H(39B) 310 5437 5686 51
H(40A) 20 5745 5317 57
H(40B) 808 6066 5352 57
H(45) 2652 4683 6560 63
H(46A) 4659 5363 6328 62
H(46B) 4706 5024 6122 62
H(47A) 5015 4666 6480 66
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H(47B)
H(52)
H(249)
H(150)
H(149)
H(54)
H(55)
H(66A)
H(66B)
H(67A)
H(67B)
H(68A)
H(68B)
H(69)
H(80)
H(81)
H(82)
H(240)
H(86)
H(85)
H(87)
H(89)
H(90A)
H(90B)
H(92)
H(10A)
H(10B)
H(107)
H(111)
H(112)
H(113)
H(156)
H(110)

4241
1351
-1209
-1816
-1102
218
-14

-13
-690
-179
244
515
1420
4237
3086
5545
6267
5614
4240
-3148
2138
748
320
3020
528
149
1537
-539
-1368
-976
245
683

4892
3627
3225
2825
2781
3138
3678
2162
1950
1604
1347
1126
1574
1113
398
1140
215
224
556
879
4118
1542
1457
1455
12
2475
2055
3207
4377
4325
3848
3423
4161

170

6628
5745
6359
6051
5674
5606
6505
3408
3147
3499
3297
3670
3751
3368
3701
4361
3960
4337
4667
4620
5274
2400
2261
2528
2574
2655
2754
4373
4050
4409
4703
4639
3804

66
64
73
92
91
82
68
66
66
75
75
71
71
64
47
61
60
66
61
65
51
67

100

100
75
85
85
95
70
77

105
91
61



H(117)
H(116)
H(118)
H(119)
H(121)
H(128)
H(13A)
H(13B)
H(133)
H(138)
H(268)
H(152)
H(235)
H(140)
H(144)
H(14A)
H(14B)
H(14C)
H(14D)
H(153)
H(264)
H(254)
H(238)
H(302)
H(15A)
H(15B)
H(15C)
H(15D)
H(L5E)
H(16A)
H(16B)
H(164)
H(168)

4310
3762
2650
2087
1984
2956
-238
-461
-2834
-261
-510
746
1403
803
-1590
-4538
-4445
-5095
-4321
743
790
1388
2519
3051
-1153
-286
-187
4378
4853
4014
5057
-529
-3093

4956
5617
5788
5299
4602
3104
5090
4745
4359
3304
2520
2154
2280
2772
3070
5064
4679
4481
4682
308
-394
-1045
-1195
-692
5108
5366
4941
2094
2470
2474
2535
6339
7326
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3397
3383
3104
2839
2694
2457
4985
4788
3585
3529
4362
4242
3864
3607
4284
3955
4128
3775
3617
3115
3271
3254
2976
2715
6814
6880
6744
2680
2807
2347
2400
5136
5438

92
95
88
89
68
78
60
60
60
59
95
85
81
80
73
57
57
67
67
82
94
106
115
101
396
396
396
75
75
83
83
81
102



H(236)
H(169)
H(258)
H(167)
H(173)
H(177)
H(17A)
H(17B)
H(18A)
H(18B)
H(18C)
H(18D)
H(188)
H(190)
H(255)
H(125)
H(94)

H(19A)
H(19B)
H(19C)
H(19D)
H(19E)
H(19F)
H(204)
H(205)
H(301)
H(239)
H(266)
H(265)
H(214)
H(216)
H(217)
H(300)

-2566
-1349
-660
-3017
-1807
-2488
-4142
-4484
-4819
-3871
-3881
-4075
-209
565
-1337
-170
781
4291
4656
3777
4771
4138
3764
118
2071
1246
87
-888
-703
4931
5671
5798
4736

7192
6760
6464
7175
6719
6052
6011
5612
6127
6343
5962
5559
5465
5045
3971
3878
4415
6385
6029
6744
6597
5982
6375
5870
4771
4378
4312
4850
5456
7565
7733
7663
7291

172

5829
5884
5547
4984
4108
3368
3908
3774
3496
3535
3163
3316
2714
2426
2614
2338
2244
6275
6441
6613
6680
6864
7003
7393
7252
7544
7825
7893
7681
5390
5015
4594
4378

82
99
106
70
59
66
81
81
101
101
72
72
98
122
129
129
123
95
95
106
106
102
102
104
94
109
136
126
120
75
66
67
98



H(218)
H(220)
H(225)
H(229)
H(23C)
H(23D)
H(24C)
H(24D)
H(24E)
H(24F)
H(244)
H(24G)
H(24H)
H(241)

H(24J)

H(25A)
H(25B)
H(25C)
H(25D)
H(25E)
H(25F)
H(25G)
H(25H)
H(251)

H(257)
H(26C)
H(26D)
H(26E)
H(26F)
H(26G)
H(26H)
H(26A)
H(26B)

3548
2754
2597
4356
39
1093
5438
4899
4542
4360
3296
4786
4844
4738
4367
1200
870
641
321
1335
318
-1849
-1437
-1148
-2180
-813
249

-385
-318

203
3821
3953

6989
6860
7083
4280
2073
2148
2946
2712
3431
3287
3370
2293
2626
3153
3187
7401
6983
6378
6430
7025
7078
5545
5722
5908
4406
6556
6554
6565
6971
5888
5929
4236
4338

173

4584
4955
6042
3230
2330
2307
3505
3710
3494
3766
3402
3429
3220
2616
2344
5906
5786
6308
6033
6300
6214
6598
6353
6609
2878
3749
3784
4247
4124
3724
3975
6527
6245

63
55
79
79
107
107
111
111
109
109
89
73
73
86
86
104
104
75
75
94
94
287
287
287
92
84
84
92
92
67
67
82
82



H(267)
H(261)
H(26J)
H(270)
H(27A)
H(27B)
H(27C)
H(27D)
H(27E)
H(27F)
H(275)
H(280)
H(28G)
H(28H)
H(281)
H(28J)
H(28K)
H(28L)
H(283)
H(28A)
H(28B)
H(28C)
H(28D)
H(28E)
H(28F)
H(28M)
H(28N)
H(280)
H(289)
H(293)
H(29G)
H(29H)
H(291)

2518
-4160
-4122
4281
5970
5957
5044
6353
6798
6752
716
3645
5892
5575
5987
4021
4995
4235
-3472
-3953
-4964
-4252
-5428
-5798
-5865
-2391
-2921
-2828
1265
-675
-1279
-1047
-916

6394
4005
4006
6056
6251
6663
6471
6005
6345
5888
5319
1297
1398
1329

962

603

505

663
5841
6278
6429
6649
6220
6404
5930
3557
3306
3131
3225
4914
3555
3094
3265

174

6751
3622
3914
5631
5276
5427
5332
5902
5735
5642
6476
3110
2984
2710
2861
3025
2922
2742
4553
4854
4858
4688
4279
4528
4478
4799
5001
4732
3072
3562
3017
3076
2807

98
69
69
77
193
193
193
193
193
193
114
85
249
249
249
192
192
192
61
90
90
90
116
116
116
132
132
132
102
85
240
240
240



H(29J)
H(29K)
H(29L)
H(29A)
H(29B)
H(29C)
H(29D)
H(29E)
H(29F)
H(29M)
H(29N)
H(290)
H(303)

80

905
1780
1906
1503

903
768
-894
-530
-1371
-927

3948
4011
3890
5202
4723
4959
4758
4566
5036
3492
3047
3216
2557

3227
2941
3046
3524
3536
3764
3195
3189
3135
5068
5122
5268
4886

171
171
171
144
144
144
193
193
193
114
114
114

85
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Table 6. Torsion angles [°] for Rh2(S-BPTPI)4.

Rh(1)-O(59)-C(44)-N(60) -22.4(13)
Rh(1)-O(59)-C(44)-C(45) 153.0(6)
Rh(1)-0(200)-C(194)-N(198) -16.0(14)
Rh(1)-0(200)-C(194)-C(267) 165.2(8)
Rh(1)-0(276)-C(275)-N(277) 173.1(14)
Rh(1)-N(61)-C(38)-0(64) 11.4(12)
Rh(1)-N(61)-C(38)-C(37) -171.9(6)
Rh(1)-N(61)-C(39)-C(40) 158.8(6)
Rh(1)-N(63)-C(226)-0(227) -1.7(15)
Rh(1)-N(63)-C(226)-C(225) 177.9(8)
Rh(1)-N(63)-C(251)-C(252) 163.3(8)
Rh(2)-O(146)-C(132)-N(145) -22.1(12)
Rh(2)-O(146)-C(132)-C(133) 152.9(6)
Rh(2)-0(193)-C(178)-N(182) -7.3(14)
Rh(2)-0(193)-C(178)-C(177) 164.6(6)
Rh(2)-0(292)-C(293)-N(290) 170.0(9)
Rh(2)-N(65)-C(21)-0(62) 7.9(14)

Rh(2)-N(65)-C(21)-C(20) -165.6(7)
Rh(2)-N(65)-C(23)-C(24) 160.7(8)
Rh(2)-N(175)-C(174)-O(176) -7.9(12)
Rh(2)-N(175)-C(174)-C(173) 174.1(7)
Rh(2)-N(175)-C(262)-C(260) 161.8(7)
Rh(3)-0(62)-C(21)-N(65) -19.7(13)
Rh(3)-0(62)-C(21)-C(20) 154.1(6)
Rh(3)-O(176)-C(174)-N(175) -8.2(12)
Rh(3)-O(176)-C(174)-C(173) 169.9(6)
Rh(3)-0(288)-C(283)-N(287) 156.6(8)
Rh(3)-N(145)-C(132)-O(146) 10.2(13)
Rh(3)-N(145)-C(132)-C(133) -164.3(7)
Rh(3)-N(145)-C(147)-C(148) 146.8(7)
Rh(3)-N(182)-C(178)-0(193) -3.9(15)
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Rh(3)-N(182)-C(178)-C(177)
Rh(3)-N(182)-C(179)-C(180)
Rh(4)-O(64)-C(38)-N(61)
Rh(4)-O(64)-C(38)-C(37)
Rh(4)-0(227)-C(226)-N(63)
Rh(4)-0(227)-C(226)-C(225)
Rh(4)-0(271)-C(270)-N(272)
Rh(4)-N(60)-C(44)-0(59)
Rh(4)-N(60)-C(44)-C(45)
Rh(4)-N(60)-C(46)-C(47)
Rh(4)-N(198)-C(194)-0(200)
Rh(4)-N(198)-C(194)-C(267)
Rh(4)-N(198)-C(195)-C(196)
Rh(5)-0(72)-C(70)-N(71)
Rh(5)-0(72)-C(70)-C(69)
Rh(5)-0(100)-C(88)-N(101)
Rh(5)-0(100)-C(88)-C(89)
Rh(5)-0(279)-C(280)-N(278)
Rh(5)-N(129)-C(127)-0(130)
Rh(5)-N(129)-C(127)-C(128)
Rh(5)-N(129)-C(159)-C(160)
Rh(5)-N(246)-C(241)-0(247)
Rh(5)-N(246)-C(241)-C(244)
Rh(5)-N(246)-C(245)-C(242)
Rh(6)-0(130)-C(127)-N(129)
Rh(6)-0(130)-C(127)-C(128)
Rh(6)-0(247)-C(241)-N(246)
Rh(6)-0(247)-C(241)-C(244)
Rh(6)-0(291)-C(289)-N(294)
Rh(6)-N(71)-C(66)-C(67)
Rh(6)-N(71)-C(70)-0(72)
Rh(6)-N(71)-C(70)-C(69)
Rh(6)-N(101)-C(88)-O(100)

-175.2(7)
167.8(8)
-26.4(11)
156.7(6)
-15.4(14)
164.9(7)
173.7(11)
4.5(13)
-170.7(7)
158.7(7)
0.4(15)
179.2(8)
162.0(9)
-21.3(12)
157.9(6)
-6.1(14)
173.2(7)
152.0(10)
-5.3(15)
174.2(8)
160.7(8)
10.3(14)
-162.9(8)
-178.4(9)
-9.4(14)
171.0(6)
-22.3(13)
151.0(8)
173.0(12)
169.0(7)
9.1(12)
-170.0(7)
-9.0(15)
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Rh(6)-N(101)-C(88)-C(89)
Rh(6)-N(101)-C(102)-C(233)
0(18)-C(9)-C(10)-C(17)
0(18)-C(9)-C(10)-C(87)
0(19)-C(8)-C(17)-C(10)
0(19)-C(8)-C(17)-C(16)
0(57)-C(49)-C(50)-C(51)
0(57)-C(49)-C(50)-C(55)
0(58)-C(48)-C(51)-C(50)
0(58)-C(48)-C(51)-C(52)
0(59)-C(44)-C(45)-N(56)
0(59)-C(44)-C(45)-C(263)
0(74)-C(76)-C(77)-C(78)
0(74)-C(76)-C(77)-C(80)
0(99)-C(96)-C(234)-C(91)
0(99)-C(96)-C(234)-C(153)
0(100)-C(88)-C(89)-N(97)
0(100)-C(88)-C(89)-C(90)
0(114)-C(104)-C(105)-C(106)
0(114)-C(104)-C(105)-C(110)
0(122)-C(123)-C(232)-C(121)
0(122)-C(123)-C(232)-C(124)
0(130)-C(127)-C(128)-N(126)
0(130)-C(127)-C(128)-C(248)
0(142)-C(134)-C(135)-C(136)
0(142)-C(134)-C(135)-C(144)
0(146)-C(132)-C(133)-N(141)
0(146)-C(132)-C(133)-C(269)
0(170)-C(162)-C(163)-C(164)
0(170)-C(162)-C(163)-C(259)
0(171)-C(161)-C(259)-C(163)
0(171)-C(161)-C(259)-C(167)
0(192)-C(184)-C(185)-C(186)
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171.8(7)
162.7(9)
179.5(10)
-0.8(18)

-179.7(10)

4.0(17)
175.5(14)
1(2)
175.1(11)
-1.5(19)
36.2(12)
165.1(9)
177.3(12)
6(2)

-178.8(11)

1(2)
48.8(12)
171.9(10)
178.5(11)
-1(2)
-0.8(19)

-178.0(10)

51.6(11)
173.4(10)

-177.7(11)

1.8(19)
42.5(11)
171.2(8)

4(2)

-176.5(10)

177.0(10)
-9.9(18)

-175.5(11)



0(192)-C(184)-C(185)-C(257)
0(200)-C(194)-C(267)-N(199)
0(200)-C(194)-C(267)-C(197)
0(206)-C(202)-C(203)-C(204)
0(206)-C(202)-C(203)-C(237)
0(207)-C(201)-C(237)-C(203)
0(207)-C(201)-C(237)-C(205)
0(224)-C(212)-C(213)-C(214)
0(224)-C(212)-C(213)-C(221)
0(247)-C(241)-C(244)-N(115)
0(247)-C(241)-C(244)-C(243)
N(7)-C(8)-C(17)-C(10)
N(7)-C(8)-C(17)-C(16)
N(7)-C(9)-C(10)-C(17)
N(7)-C(9)-C(10)-C(87)
N(7)-C(20)-C(21)-0(62)
N(7)-C(20)-C(21)-N(65)
N(7)-C(20)-C(131)-C(24)
N(33)-C(37)-C(38)-0(64)
N(33)-C(37)-C(38)-N(61)
N(56)-C(45)-C(263)-C(47)
N(56)-C(48)-C(51)-C(50)
N(56)-C(48)-C(51)-C(52)
N(56)-C(49)-C(50)-C(51)
N(56)-C(49)-C(50)-C(55)
N(60)-C(44)-C(45)-N(56)
N(60)-C(44)-C(45)-C(263)
N(60)-C(46)-C(47)-C(263)
N(61)-C(39)-C(40)-C(36)
N(63)-C(251)-C(252)-C(250)
N(65)-C(23)-C(24)-C(131)
N(71)-C(66)-C(67)-C(68)
N(75)-C(69)-C(70)-O(72)

2(2)
30.3(15)
163.8(11)

-6(2)
174.2(16)

-177.1(11)

4(2)
-0.1(18)
175.7(10)
32.2(15)
178.8(12)
-1.2(10)
-177.6(9)
2.8(11)
-177.5(9)
31.4(12)
-154.4(9)
-179.9(8)
30.4(11)
-146.7(8)
175.6(9)
-3.4(11)
180.0(10)
-6.4(12)
178.6(11)
-148.0(9)
-19.1(13)
43.9(13)
42.9(11)
54.7(14)
40.0(14)
31.0(13)
30.2(13)



N(75)-C(69)-C(70)-N(71)
N(75)-C(76)-C(77)-C(78)
N(75)-C(76)-C(77)-C(80)
N(97)-C(89)-C(90)-C(233)
N(97)-C(96)-C(234)-C(91)
N(97)-C(96)-C(234)-C(153)
N(101)-C(88)-C(89)-N(97)
N(101)-C(88)-C(89)-C(90)
N(101)-C(102)-C(233)-C(90)
N(115)-C(104)-C(105)-C(106)
N(115)-C(104)-C(105)-C(110)
N(126)-C(123)-C(232)-C(121)
N(126)-C(123)-C(232)-C(124)
N(126)-C(128)-C(248)-C(160)
N(129)-C(127)-C(128)-N(126)
N(129)-C(127)-C(128)-C(248)
N(129)-C(159)-C(160)-C(248)
N(141)-C(133)-C(269)-C(148)
N(141)-C(134)-C(135)-C(136)
N(141)-C(134)-C(135)-C(144)
N(145)-C(132)-C(133)-N(141)
N(145)-C(132)-C(133)-C(269)
N(145)-C(147)-C(148)-C(269)
N(172)-C(161)-C(259)-C(163)
N(172)-C(161)-C(259)-C(167)
N(172)-C(162)-C(163)-C(164)
N(172)-C(162)-C(163)-C(259)
N(172)-C(173)-C(174)-O(176)
N(172)-C(173)-C(174)-N(175)
N(172)-C(173)-C(261)-C(260)
N(182)-C(179)-C(180)-C(181)
N(183)-C(177)-C(178)-O(193)
N(183)-C(177)-C(178)-N(182)

-150.6(9)
1.3(13)
-169.6(10)
162.7(10)
-0.9(10)
179.1(11)
-131.9(10)
-8.8(15)
59.1(16)
-1.3(11)
179.4(11)
174.1(11)
-3.1(11)
161.7(9)
-128.0(11)
-6.2(16)
52.1(14)
166.0(9)
-0.4(11)
179.1(11)
-142.2(9)
-13.5(13)
53.6(13)
-0.1(10)
173.0(10)
-173.0(11)
6.7(11)
48.3(11)
-133.5(9)
167.2(9)
44.4(14)
33.4(12)
-153.8(9)
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N(183)-C(177)-C(181)-C(180)
N(183)-C(184)-C(185)-C(186)
N(183)-C(184)-C(185)-C(257)
N(198)-C(194)-C(267)-N(199)
N(198)-C(194)-C(267)-C(197)
N(198)-C(195)-C(196)-C(197)
N(199)-C(201)-C(237)-C(203)
N(199)-C(201)-C(237)-C(205)
N(199)-C(202)-C(203)-C(204)
N(199)-C(202)-C(203)-C(237)
N(211)-C(212)-C(213)-C(214)
N(211)-C(212)-C(213)-C(221)
N(211)-C(225)-C(226)-0(227)
N(211)-C(225)-C(226)-N(63)
N(211)-C(225)-C(250)-C(252)
N(246)-C(241)-C(244)-N(115)
N(246)-C(241)-C(244)-C(243)
C(8)-N(7)-C(9)-0(18)
C(8)-N(7)-C(9)-C(10)
C(8)-N(7)-C(20)-C(21)
C(8)-N(7)-C(20)-C(131)
C(9)-N(7)-C(8)-0(19)
C(9)-N(7)-C(8)-C(17)
C(9)-N(7)-C(20)-C(21)
C(9)-N(7)-C(20)-C(131)
C(9)-C(10)-C(17)-C(8)
C(9)-C(10)-C(17)-C(16)
C(9)-C(10)-C(87)-C(11)
C(11)-C(15)-C(14)-C(13)
C(11)-C(15)-C(16)-C(17)
C(15)-C(11)-C(12)-C(41)
C(15)-C(11)-C(87)-C(10)
C(15)-C(14)-C(13)-C(41)

181

178.4(9)
5.2(11)

-177.4(11)
-148.7(11)

-15.2(17)
47.5(17)
2.1(12)

-177.2(11)

174.0(10)
-5.7(11)
177.4(9)
-6.7(10)
38.0(14)

-141.7(11)

177.1(10)

-154.5(10)

-7.8(18)
179.4(9)
-3.6(10)
-96.4(10)
137.7(8)

-178.5(10)

3.0(9)
80.4(12)
-45.4(13)
-0.9(11)
175.6(9)
-174.9(9)
0.0
3.5(10)
0.0
-1.3(11)
0.0



C(15)-C(16)-C(17)-C(8)
C(15)-C(16)-C(17)-C(10)
C(14)-C(15)-C(16)-C(17)
C(14)-C(13)-C(41)-C(12)
C(13)-C(41)-C(12)-C(11)
C(12)-C(11)-C(15)-C(14)
C(12)-C(11)-C(15)-C(16)
C(12)-C(11)-C(87)-C(10)
C(16)-C(15)-C(14)-C(13)
C(17)-C(10)-C(87)-C(11)
C(20)-N(7)-C(8)-O(19)
C(20)-N(7)-C(8)-C(17)
C(20)-N(7)-C(9)-O(18)
C(20)-N(7)-C(9)-C(10)
C(21)-N(65)-C(23)-C(24)
C(21)-C(20)-C(131)-C(24)
C(22)-C(43)-C(28)-C(42)
C(22)-C(30)-C(31)-O(35)
C(22)-C(30)-C(31)-N(33)
C(23)-N(65)-C(21)-0(62)
C(23)-N(65)-C(21)-C(20)
C(23)-C(24)-C(131)-C(20)
C(26)-C(25)-C(43)-C(22)
C(26)-C(25)-C(43)-C(28)
C(26)-C(29)-C(30)-C(22)
C(26)-C(29)-C(30)-C(31)
C(26)-C(29)-C(32)-0(34)
C(26)-C(29)-C(32)-N(33)
C(27)-C(25)-C(43)-C(22)
C(27)-C(25)-C(43)-C(28)
C(25)-C(26)-C(29)-C(30)
C(25)-C(26)-C(29)-C(32)
C(25)-C(27)-C(210)-C(42)

175.7(8)
0.0(14)
-177.3(6)
0.0
0.0
0.0
179.2(6)
176.7(6)
-179.2(6)
4.7(13)
-1.0(14)
-179.6(7)
2.4(15)
179.4(8)
-9.9(16)
54.4(10)
-177.7(7)
-3.8(18)
178.5(10)
178.3(10)
4.8(15)
-60.7(11)
-1.8(8)
-179.7(7)
2.1(14)
-178.4(9)
-0.6(17)
178.2(10)
177.9(7)
0.0
-0.2(14)
179.6(8)
0.0

182



C(25)-C(43)-C(28)-C(42)
C(43)-C(22)-C(30)-C(29)
C(43)-C(22)-C(30)-C(31)
C(43)-C(28)-C(42)-C(210)
C(28)-C(42)-C(210)-C(27)
C(210)-C(27)-C(25)-C(26)
C(210)-C(27)-C(25)-C(43)
C(29)-C(26)-C(25)-C(27)
C(29)-C(26)-C(25)-C(43)
C(29)-C(30)-C(31)-O(35)
C(29)-C(30)-C(31)-N(33)
C(30)-C(22)-C(43)-C(25)
C(30)-C(22)-C(43)-C(28)
C(30)-C(29)-C(32)-0(34)
C(30)-C(29)-C(32)-N(33)
C(31)-N(33)-C(32)-0(34)
C(31)-N(33)-C(32)-C(29)
C(31)-N(33)-C(37)-C(36)
C(31)-N(33)-C(37)-C(38)
C(32)-N(33)-C(31)-0(35)
C(32)-N(33)-C(31)-C(30)
C(32)-N(33)-C(37)-C(36)
C(32)-N(33)-C(37)-C(38)
C(32)-C(29)-C(30)-C(22)
C(32)-C(29)-C(30)-C(31)
C(36)-C(37)-C(38)-0(64)
C(36)-C(37)-C(38)-N(61)
C(37)-N(33)-C(31)-0(35)
C(37)-N(33)-C(31)-C(30)
C(37)-N(33)-C(32)-0(34)
C(37)-N(33)-C(32)-C(29)
C(37)-C(36)-C(40)-C(39)
C(38)-N(61)-C(39)-C(40)

0.0
-3.9(13)
176.8(9)

0.0
0.0
179.7(7)
0.0

-179.6(7)
0.1(12)

176.9(10)
-0.8(10)
3.7(10)

-178.5(7)

179.2(10)

-2.0(9)
-179.6(9)
1.6(9)
115.3(9)

-114.4(9)

-178.3(9)
-0.5(10)

-61.4(10)
68.8(10)

-177.7(8)
1.7(10)
161.3(8)

-15.7(12)
4.7(14)

-177.6(7)
-2.5(14)
178.6(7)

-62.6(10)
-8.1(13)

183



C(39)-N(61)-C(38)-0(64)
C(39)-N(61)-C(38)-C(37)
C(40)-C(36)-C(37)-N(33)
C(40)-C(36)-C(37)-C(38)
C(44)-N(60)-C(46)-C(47)
C(44)-C(45)-C(263)-C(47)
C(45)-N(56)-C(48)-0(58)
C(45)-N(56)-C(48)-C(51)
C(45)-N(56)-C(49)-O(57)
C(45)-N(56)-C(49)-C(50)
C(46)-N(60)-C(44)-0(59)
C(46)-N(60)-C(44)-C(45)
C(46)-C(47)-C(263)-C(45)
C(48)-N(56)-C(45)-C(44)
C(48)-N(56)-C(45)-C(263)
C(48)-N(56)-C(49)-0(57)
C(48)-N(56)-C(49)-C(50)
C(48)-C(51)-C(52)-C(53)
C(49)-N(56)-C(45)-C(44)
C(49)-N(56)-C(45)-C(263)
C(49)-N(56)-C(48)-0(58)
C(49)-N(56)-C(48)-C(51)
C(49)-C(50)-C(51)-C(48)
C(49)-C(50)-C(51)-C(52)
C(49)-C(50)-C(55)-C(228)
C(50)-C(51)-C(52)-C(53)
C(51)-C(50)-C(55)-C(228)
C(51)-C(52)-C(53)-C(228)
C(51)-C(52)-C(53)-C(54)
C(52)-C(53)-C(228)-C(249)
C(52)-C(53)-C(228)-C(55)
C(52)-C(53)-C(54)-C(149)

C(53)-C(228)-C(249)-C(150)

177.8(9)
-5.5(14)
178.4(7)
48.9(11)
-15.7(14)
49.2(13)
4.5(15)
-176.8(9)
-1.1(16)
-179.5(9)
178.8(10)
3.6(15)
-61.1(12)
63.1(12)
-63.9(12)
-177.3(10)
4.3(11)
177.1(9)
-112.4(10)
120.6(11)
-179.3(10)
-0.6(10)
6.2(12)
-176.7(10)
173.8(10)
0.7(15)
-0.7(16)
1.8(12)
177.7(7)
175.9(7)
-3.7(8)
-175.8(7)
0.0

184



C(53)-C(228)-C(55)-C(50)

C(228)-C(53)-C(54)-C(149)
C(228)-C(249)-C(150)-C(149)
C(249)-C(228)-C(55)-C(50)
C(249)-C(150)-C(149)-C(54)
C(150)-C(149)-C(54)-C(53)
C(54)-C(53)-C(228)-C(249)

C(54)-C(53)-C(228)-C(55)
C(55)-C(50)-C(51)-C(48)
C(55)-C(50)-C(51)-C(52)

C(55)-C(228)-C(249)-C(150)

C(66)-N(71)-C(70)-0(72)
C(66)-N(71)-C(70)-C(69)
C(66)-C(67)-C(68)-C(69)
C(67)-C(68)-C(69)-N(75)
C(67)-C(68)-C(69)-C(70)
C(68)-C(69)-C(70)-0(72)
C(68)-C(69)-C(70)-N(71)
C(69)-N(75)-C(76)-O(74)
C(69)-N(75)-C(76)-C(77)
C(69)-N(75)-C(79)-0(73)
C(69)-N(75)-C(79)-C(78)
C(70)-N(71)-C(66)-C(67)
C(76)-N(75)-C(69)-C(68)
C(76)-N(75)-C(69)-C(70)
C(76)-N(75)-C(79)-0(73)
C(76)-N(75)-C(79)-C(78)
C(76)-C(77)-C(78)-C(79)
C(76)-C(77)-C(78)-C(81)
C(76)-C(77)-C(80)-C(83)
C(77)-C(78)-C(79)-0(73)
C(77)-C(78)-C(79)-N(75)
C(77)-C(78)-C(81)-C(84)

185

3.2(13)
0.0
0.0

-176.4(8)
0.0
0.0
0.0

-179.6(7)

-178.4(10)

-1.3(16)
179.6(8)
177.4(8)
-1.7(13)
-55.6(13)
-178.9(9)
52.0(12)
157.4(8)
-23.4(13)
-1.8(18)
174.3(9)
3.6(18)
-174.0(9)
0.0(13)
139.5(10)
-93.6(12)
179.5(11)
1.9(12)
-0.1(12)
177.2(10)
175.4(10)

-178.5(11)

-1.1(11)
5.7(15)



C(77)-C(80)-C(83)-C(84)
C(77)-C(80)-C(83)-C(82)
C(78)-C(77)-C(80)-C(83)
C(78)-C(81)-C(84)-C(83)
C(78)-C(81)-C(84)-C(85)
C(79)-N(75)-C(69)-C(68)
C(79)-N(75)-C(69)-C(70)
C(79)-N(75)-C(76)-O(74)
C(79)-N(75)-C(76)-C(77)
C(79)-C(78)-C(81)-C(84)
C(80)-C(77)-C(78)-C(79)
C(80)-C(77)-C(78)-C(81)
C(80)-C(83)-C(82)-C(240)
C(81)-C(78)-C(79)-0(73)
C(81)-C(78)-C(79)-N(75)
C(81)-C(84)-C(83)-C(80)
C(81)-C(84)-C(83)-C(82)
C(81)-C(84)-C(85)-C(86)
C(84)-C(83)-C(82)-C(240)
C(83)-C(84)-C(85)-C(86)
C(83)-C(82)-C(240)-C(86)
C(82)-C(240)-C(86)-C(85)
C(240)-C(86)-C(85)-C(84)
C(85)-C(84)-C(83)-C(80)
C(85)-C(84)-C(83)-C(82)
C(87)-C(10)-C(17)-C(8)
C(87)-C(10)-C(17)-C(16)
C(87)-C(11)-C(15)-C(14)
C(87)-C(11)-C(15)-C(16)
C(87)-C(11)-C(12)-C(41)

C(88)-N(101)-C(102)-C(233)

C(88)-C(89)-C(90)-C(233)
C(89)-N(97)-C(95)-0(98)

4.4(10)

-174.8(7)

5.6(14)
4.6(10)
174.5(7)

-44.9(14)

82.1(13)

-178.1(12)

-2.1(13)

-177.7(9)

171.9(9)

-10.8(16)

179.2(7)
4.5(19)

-178.1(10)

-9.5(6)
169.7(6)

-169.9(6)

0.0
0.0
0.0
0.0
0.0

-179.2(7)
0.0

179.4(8)
-4.1(15)

178.0(7)
-2.8(8)

-178.0(7)

-29.3(16)

39.1(14)

-0.9(15)



C(89)-N(97)-C(95)-C(91)
C(89)-N(97)-C(96)-0(99)
C(89)-N(97)-C(96)-C(234)
C(89)-C(90)-C(233)-C(102)
C(91)-C(92)-C(93)-C(154)
C(91)-C(92)-C(93)-C(302)
C(92)-C(91)-C(95)-0(98)
C(92)-C(91)-C(95)-N(97)
C(92)-C(91)-C(234)-C(96)
C(92)-C(91)-C(234)-C(153)
C(95)-N(97)-C(89)-C(88)
C(95)-N(97)-C(89)-C(90)
C(95)-N(97)-C(96)-0(99)
C(95)-N(97)-C(96)-C(234)
C(95)-C(91)-C(92)-C(93)
C(95)-C(91)-C(234)-C(96)
C(95)-C(91)-C(234)-C(153)
C(96)-N(97)-C(89)-C(88)
C(96)-N(97)-C(89)-C(90)
C(96)-N(97)-C(95)-0(98)
C(96)-N(97)-C(95)-C(91)
C(102)-N(101)-C(88)-O(100)
C(102)-N(101)-C(88)-C(89)
C(104)-N(115)-C(157)-O(158)
C(104)-N(115)-C(157)-C(106)
C(104)-N(115)-C(244)-C(241)
C(104)-N(115)-C(244)-C(243)
C(104)-C(105)-C(106)-C(107)
C(104)-C(105)-C(106)-C(157)
C(104)-C(105)-C(110)-C(109)
C(105)-C(106)-C(107)-C(108)
C(105)-C(106)-C(157)-0(158)
C(105)-C(106)-C(157)-N(115)

187

178.3(8)
0.3(15)
-177.8(8)
-62.2(15)
-3.3(13)
176.3(8)
-0.3(19)

-179.5(11)

180.0(9)
0.0(16)

-114.5(10)

119.1(11)
178.4(10)
0.3(10)

-179.0(10)

1.0(11)

-178.9(10)

63.3(12)

-63.1(11)

-178.9(9)
0.3(11)

-177.3(10)

3.5(15)
177.5(10)
1.8(12)
-97.6(13)
116.0(15)
178.4(11)
2.2(11)
177.0(10)
5.3(18)

-178.3(10)

-2.5(12)



C(106)-C(105)-C(110)-C(109)
C(106)-C(107)-C(108)-C(109)
C(106)-C(107)-C(108)-C(156)
C(107)-C(106)-C(157)-0(158)
C(107)-C(106)-C(157)-N(115)
C(107)-C(108)-C(109)-C(111)
C(107)-C(108)-C(109)-C(110)
C(107)-C(108)-C(156)-C(113)
C(108)-C(109)-C(111)-C(112)
C(108)-C(109)-C(110)-C(105)
C(109)-C(108)-C(156)-C(113)
C(109)-C(111)-C(112)-C(113)
C(111)-C(109)-C(110)-C(105)
C(111)-C(112)-C(113)-C(156)
C(112)-C(113)-C(156)-C(108)
C(156)-C(108)-C(109)-C(111)
C(156)-C(108)-C(109)-C(110)
C(110)-C(105)-C(106)-C(107)
C(110)-C(105)-C(106)-C(157)
C(110)-C(109)-C(111)-C(112)
C(120)-C(103)-C(117)-C(116)
C(120)-C(103)-C(229)-C(124)
C(120)-C(121)-C(232)-C(123)
C(120)-C(121)-C(232)-C(124)
C(103)-C(120)-C(119)-C(118)
C(103)-C(120)-C(121)-C(232)
C(103)-C(117)-C(116)-C(118)
C(117)-C(103)-C(229)-C(124)
C(117)-C(116)-C(118)-C(119)
C(116)-C(118)-C(119)-C(120)
C(119)-C(120)-C(103)-C(117)
C(119)-C(120)-C(103)-C(229)
C(119)-C(120)-C(121)-C(232)

188

-2.2(14)
-4.2(15)
175.1(9)
5.9(19)

-178.3(12)

179.3(9)
0.2(10)

-179.3(9)

0.0
3.1(12)
0.0
0.0

-176.0(8)

0.0
0.0
0.0

-179.1(8)

-2.1(16)

-178.3(9)

179.1(8)
0.0
-1.6(13)

-174.6(9)

2.2(14)
0.0
-6.5(11)
0.0

-176.8(8)

0.0
0.0
0.0

-175.2(8)

175.0(7)



C(121)-C(120)-C(103)-C(117)
C(121)-C(120)-C(103)-C(229)
C(121)-C(120)-C(119)-C(118)
C(123)-N(126)-C(128)-C(127)
C(123)-N(126)-C(128)-C(248)
C(123)-N(126)-C(230)-0(231)
C(123)-N(126)-C(230)-C(124)
C(127)-N(129)-C(159)-C(160)
C(127)-C(128)-C(248)-C(160)
C(128)-N(126)-C(123)-0(122)
C(128)-N(126)-C(123)-C(232)
C(128)-N(126)-C(230)-0(231)
C(128)-N(126)-C(230)-C(124)
C(131)-C(20)-C(21)-0(62)

C(131)-C(20)-C(21)-N(65)

C(132)-N(145)-C(147)-C(148)
C(132)-C(133)-C(269)-C(148)
C(133)-N(141)-C(134)-0(142)
C(133)-N(141)-C(134)-C(135)
C(133)-N(141)-C(137)-0(143)
C(133)-N(141)-C(137)-C(136)
C(134)-N(141)-C(133)-C(132)
C(134)-N(141)-C(133)-C(269)
C(134)-N(141)-C(137)-O(143)
C(134)-N(141)-C(137)-C(136)
C(134)-C(135)-C(136)-C(137)
C(134)-C(135)-C(136)-C(138)
C(134)-C(135)-C(144)-C(151)
C(135)-C(136)-C(137)-0(143)
C(135)-C(136)-C(137)-N(141)
C(135)-C(136)-C(138)-C(139)
C(136)-C(135)-C(144)-C(151)
C(136)-C(138)-C(139)-C(151)

189

-178.4(8)
6.4(9)
178.5(7)

-108.0(10)

127.7(10)
174.3(10)
-9.1(11)
-20.9(16)
37.9(13)
-7.6(14)
177.2(8)
5.0(17)
-178.5(8)
156.9(8)
-29.0(13)
-22.2(13)
38.8(12)
-0.9(17)
-178.3(9)
0.9(15)
177.1(8)
72.9(12)
-56.6(13)
-180.0(9)
-3.8(11)
-1.8(11)
-179.4(9)
179.0(9)
179.5(9)
3.3(11)
-0.3(15)
-1.5(16)
-0.1(12)



C(136)-C(138)-C(139)-C(140)
C(137)-N(141)-C(133)-C(132)
C(137)-N(141)-C(133)-C(269)
C(137)-N(141)-C(134)-0(142)
C(137)-N(141)-C(134)-C(135)
C(137)-C(136)-C(138)-C(139)
C(138)-C(136)-C(137)-0(143)
C(138)-C(136)-C(137)-N(141)
C(138)-C(139)-C(151)-C(268)
C(138)-C(139)-C(151)-C(144)
C(138)-C(139)-C(140)-C(235)
C(139)-C(151)-C(268)-C(152)
C(139)-C(151)-C(144)-C(135)
C(151)-C(139)-C(140)-C(235)
C(151)-C(268)-C(152)-C(235)
C(268)-C(151)-C(144)-C(135)
C(268)-C(152)-C(235)-C(140)
C(152)-C(235)-C(140)-C(139)
C(140)-C(139)-C(151)-C(268)
C(140)-C(139)-C(151)-C(144)
C(144)-C(135)-C(136)-C(137)
C(144)-C(135)-C(136)-C(138)
C(144)-C(151)-C(268)-C(152)
C(147)-N(145)-C(132)-O(146)
C(147)-N(145)-C(132)-C(133)
C(147)-C(148)-C(269)-C(133)
C(153)-C(154)-C(264)-C(254)
C(153)-C(154)-C(93)-C(92)
C(153)-C(154)-C(93)-C(302)
C(154)-C(153)-C(234)-C(91)
C(154)-C(153)-C(234)-C(96)
C(154)-C(264)-C(254)-C(238)
C(264)-C(154)-C(93)-C(92)

-175.9(8)
-108.2(10)
122.4(10)
-179.9(10)
2.6(11)
-177.0(10)
-3.5(18)
-179.6(11)
-175.7(8)
-0.3(9)
175.8(8)
0.0
1.1(13)
0.0
0.0
176.5(8)
0.0
0.0
0.0
175.4(8)
178.7(10)
1.1(15)
-175.3(9)
179.2(9)
4.8(14)
-59.0(12)
178.0(9)
1.6(9)
-178.0(9)
-1.6(17)
178.5(10)
0.0
179.6(8)
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C(264)-C(154)-C(93)-C(302)
C(264)-C(254)-C(238)-C(302)
C(254)-C(238)-C(302)-C(93)
C(238)-C(302)-C(93)-C(92)
C(238)-C(302)-C(93)-C(154)
C(93)-C(154)-C(264)-C(254)
C(155)-N(277)-C(275)-0(276)
C(157)-N(115)-C(104)-O(114)
C(157)-N(115)-C(104)-C(105)
C(157)-N(115)-C(244)-C(241)
C(157)-N(115)-C(244)-C(243)
C(157)-C(106)-C(107)-C(108)
C(159)-N(129)-C(127)-0(130)
C(159)-N(129)-C(127)-C(128)
C(159)-C(160)-C(248)-C(128)
C(161)-N(172)-C(162)-O(170)
C(161)-N(172)-C(162)-C(163)
C(161)-N(172)-C(173)-C(174)
C(161)-N(172)-C(173)-C(261)
C(162)-N(172)-C(161)-0(171)
C(162)-N(172)-C(161)-C(259)
C(162)-N(172)-C(173)-C(174)
C(162)-N(172)-C(173)-C(261)
C(162)-C(163)-C(164)-C(165)
C(162)-C(163)-C(259)-C(161)
C(162)-C(163)-C(259)-C(167)
C(163)-C(164)-C(165)-C(166)
C(163)-C(164)-C(165)-C(258)
C(164)-C(163)-C(259)-C(161)
C(164)-C(163)-C(259)-C(167)
C(164)-C(165)-C(166)-C(168)
C(164)-C(165)-C(166)-C(167)
C(164)-C(165)-C(258)-C(169)
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0.0
0.0
0.0

-179.6(8)
0.0
0.0

-175.1(17)

179.8(10)
-0.4(12)
78.3(14)
-68.1(17)

-179.5(10)

176.2(10)
-4.2(16)
-60.1(13)
176.0(9)
-6.8(11)

-107.1(10)

125.4(10)
-172.8(9)
4.3(10)
64.4(10)
-63.1(12)
177.3(10)
-4.1(11)
-177.9(9)
0.3(13)
178.0(7)
175.7(9)
1.9(15)
177.6(9)
2.4(9)
-177.9(8)



C(165)-C(166)-C(168)-C(236)
C(165)-C(166)-C(167)-C(259)
C(166)-C(165)-C(258)-C(169)
C(166)-C(168)-C(236)-C(169)
C(166)-C(167)-C(259)-C(161)
C(166)-C(167)-C(259)-C(163)
C(168)-C(166)-C(167)-C(259)
C(168)-C(236)-C(169)-C(258)
C(236)-C(169)-C(258)-C(165)
C(258)-C(165)-C(166)-C(168)
C(258)-C(165)-C(166)-C(167)
C(167)-C(166)-C(168)-C(236)
C(173)-N(172)-C(161)-0(171)
C(173)-N(172)-C(161)-C(259)
C(173)-N(172)-C(162)-O(170)
C(173)-N(172)-C(162)-C(163)
C(174)-N(175)-C(262)-C(260)
C(174)-C(173)-C(261)-C(260)
C(177)-N(183)-C(184)-0(192)
C(177)-N(183)-C(184)-C(185)
C(177)-N(183)-C(187)-0(191)
C(177)-N(183)-C(187)-C(186)
C(178)-N(182)-C(179)-C(180)
C(178)-C(177)-C(181)-C(180)
C(179)-N(182)-C(178)-O(193)
C(179)-N(182)-C(178)-C(177)
C(179)-C(180)-C(181)-C(177)
C(181)-C(177)-C(178)-0(193)
C(181)-C(177)-C(178)-N(182)
C(184)-N(183)-C(177)-C(178)
C(184)-N(183)-C(177)-C(181)
C(184)-N(183)-C(187)-0(191)
C(184)-N(183)-C(187)-C(186)
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0.0
-2.9(11)
0.0
0.0

-171.2(9)

0.9(15)

-178.0(7)

0.0
0.0
0.0

-175.3(6)

174.9(6)
-0.5(16)
176.6(8)
3.3(14)

-179.5(8)
-16.7(13)

44.6(13)
5.7(16)

-174.9(8)

-5.2(18)
173.3(8)

-19.9(16)

56.4(12)

-176.1(10)

12.7(16)

-62.5(13)

156.8(9)

-30.4(13)

58.8(12)

-63.4(12)
-175.3(12)

3.2(11)



C(184)-C(185)-C(186)-C(187)
C(184)-C(185)-C(186)-C(188)
C(184)-C(185)-C(257)-C(189)
C(185)-C(186)-C(187)-0(191)
C(185)-C(186)-C(187)-N(183)
C(185)-C(186)-C(188)-C(256)
C(186)-C(185)-C(257)-C(189)
C(186)-C(188)-C(256)-C(190)
C(186)-C(188)-C(256)-C(189)
C(187)-N(183)-C(177)-C(178)
C(187)-N(183)-C(177)-C(181)
C(187)-N(183)-C(184)-0(192)
C(187)-N(183)-C(184)-C(185)
C(187)-C(186)-C(188)-C(256)
C(188)-C(186)-C(187)-0(191)
C(188)-C(186)-C(187)-N(183)
C(188)-C(256)-C(189)-C(255)
C(188)-C(256)-C(189)-C(257)
C(190)-C(256)-C(189)-C(255)
C(190)-C(256)-C(189)-C(257)
C(256)-C(190)-C(94)-C(125)

C(256)-C(189)-C(255)-C(125)
C(256)-C(189)-C(257)-C(185)
C(189)-C(255)-C(125)-C(94)

C(255)-C(189)-C(257)-C(185)
C(255)-C(125)-C(94)-C(190)

C(94)-C(190)-C(256)-C(188)

C(94)-C(190)-C(256)-C(189)

C(194)-N(198)-C(195)-C(196)
C(195)-N(198)-C(194)-0(200)
C(195)-N(198)-C(194)-C(267)
C(195)-C(196)-C(197)-C(267)
C(196)-C(197)-C(267)-N(199)

-3.4(11)
-179.7(9)
-177.5(10)
178.8(12)
0.3(11)
-1.3(15)
-0.4(15)
-178.2(7)
-2.3(12)
-110.0(11)
127.7(11)
175.4(10)
-5.3(11)
-176.4(10)
-6(2)
175.8(10)
-175.9(7)
4.5(8)
0.0
-179.6(7)
0.0
0.0
-3.1(12)
0.0
177.2(7)
0.0
175.9(7)
0.0
-10.7(19)
173.3(11)
-7.9(17)
-62.8(14)
-174.1(10)
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C(196)-C(197)-C(267)-C(194)
C(201)-N(199)-C(202)-0(206)
C(201)-N(199)-C(202)-C(203)
C(201)-N(199)-C(267)-C(194)
C(201)-N(199)-C(267)-C(197)
C(202)-N(199)-C(201)-0(207)
C(202)-N(199)-C(201)-C(237)
C(202)-N(199)-C(267)-C(194)
C(202)-N(199)-C(267)-C(197)
C(202)-C(203)-C(204)-C(208)
C(202)-C(203)-C(237)-C(201)
C(202)-C(203)-C(237)-C(205)
C(203)-C(204)-C(208)-C(209)
C(203)-C(204)-C(208)-C(265)
C(204)-C(203)-C(237)-C(201)
C(204)-C(203)-C(237)-C(205)
C(204)-C(208)-C(209)-C(205)
C(204)-C(208)-C(209)-C(301)
C(204)-C(208)-C(265)-C(266)
C(205)-C(209)-C(301)-C(239)
C(208)-C(209)-C(301)-C(239)
C(209)-C(205)-C(237)-C(201)
C(209)-C(205)-C(237)-C(203)
C(209)-C(208)-C(265)-C(266)
C(209)-C(301)-C(239)-C(266)
C(301)-C(239)-C(266)-C(265)
C(239)-C(266)-C(265)-C(208)
C(265)-C(208)-C(209)-C(205)
C(265)-C(208)-C(209)-C(301)
C(212)-N(211)-C(222)-0(223)
C(212)-N(211)-C(222)-C(221)
C(212)-N(211)-C(225)-C(226)
C(212)-N(211)-C(225)-C(250)

52.4(15)
-172.8(12)
7.2(11)
62.4(15)
-72.1(14)
173.1(11)
-6.1(12)
-105.2(13)
120.2(13)
178.6(10)
2.5(13)
-178.0(9)
0.9(13)
178.8(7)
-177.1(10)
2.4(17)
-0.6(9)
177.9(8)
-177.9(8)
178.5(5)
0.0
177.4(10)
-1.9(15)
0.0
0.0
0.0
0.0
-178.5(5)
0.0
176.4(10)
-8.0(11)
-109.2(11)
127.8(11)
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C(212)-C(213)-C(214)-C(215)
C(212)-C(213)-C(221)-C(220)
C(212)-C(213)-C(221)-C(222)
C(213)-C(214)-C(215)-C(219)
C(213)-C(214)-C(215)-C(216)
C(213)-C(221)-C(222)-0(223)
C(213)-C(221)-C(222)-N(211)
C(214)-C(213)-C(221)-C(220)
C(214)-C(213)-C(221)-C(222)
C(214)-C(215)-C(216)-C(217)
C(219)-C(215)-C(216)-C(217)
C(219)-C(220)-C(221)-C(213)
C(219)-C(220)-C(221)-C(222)
C(215)-C(219)-C(218)-C(300)
C(215)-C(219)-C(220)-C(221)
C(215)-C(216)-C(217)-C(300)
C(216)-C(217)-C(300)-C(218)
C(217)-C(300)-C(218)-C(219)
C(218)-C(219)-C(215)-C(214)
C(218)-C(219)-C(215)-C(216)
C(218)-C(219)-C(220)-C(221)
C(220)-C(219)-C(215)-C(214)
C(220)-C(219)-C(215)-C(216)
C(220)-C(219)-C(218)-C(300)
C(220)-C(221)-C(222)-0(223)
C(220)-C(221)-C(222)-N(211)
C(221)-C(213)-C(214)-C(215)
C(222)-N(211)-C(212)-0(224)
C(222)-N(211)-C(212)-C(213)
C(222)-N(211)-C(225)-C(226)
C(222)-N(211)-C(225)-C(250)
C(225)-N(211)-C(212)-0(224)
C(225)-N(211)-C(212)-C(213)
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-180.0(9)

179.5(8)
2.4(10)
-4.1(10)
178.7(6)
178.8(9)
3.1(11)
-4.0(13)
178.9(8)
177.1(5)
0.0
2.8(13)
179.1(9)
0.0
-2.3(11)
0.0
0.0
0.0

-177.2(5)

0.0
177.8(6)
2.9(7)

-179.9(7)

179.9(7)
2.2(17)

-173.5(10)

4.7(13)

-173.3(10)

9.2(10)
57.4(15)

-65.6(14)

-4.7(16)
177.7(8)



C(225)-N(211)-C(222)-0(223)
C(225)-N(211)-C(222)-C(221)
C(225)-C(250)-C(252)-C(251)
C(226)-N(63)-C(251)-C(252)
C(226)-C(225)-C(250)-C(252)
C(229)-C(103)-C(117)-C(116)
C(229)-C(124)-C(230)-0(231)
C(229)-C(124)-C(230)-N(126)
C(229)-C(124)-C(232)-C(121)
C(229)-C(124)-C(232)-C(123)
C(230)-N(126)-C(123)-0(122)
C(230)-N(126)-C(123)-C(232)
C(230)-N(126)-C(128)-C(127)
C(230)-N(126)-C(128)-C(248)
C(230)-C(124)-C(229)-C(103)
C(230)-C(124)-C(232)-C(121)
C(230)-C(124)-C(232)-C(123)
C(232)-C(124)-C(229)-C(103)
C(232)-C(124)-C(230)-0(231)
C(232)-C(124)-C(230)-N(126)
C(234)-C(91)-C(92)-C(93)
C(234)-C(91)-C(95)-0(98)
C(234)-C(91)-C(95)-N(97)
C(234)-C(153)-C(154)-C(264)
C(234)-C(153)-C(154)-C(93)
C(237)-C(203)-C(204)-C(208)
C(237)-C(205)-C(209)-C(208)
C(237)-C(205)-C(209)-C(301)
C(241)-N(246)-C(245)-C(242)
C(242)-C(243)-C(244)-N(115)
C(242)-C(243)-C(244)-C(241)
C(243)-C(242)-C(245)-N(246)
C(244)-N(115)-C(104)-O(114)

9.2(17)
-175.2(9)
-71.4(13)
-15.8(15)
53.8(13)
175.1(8)

1.2(19)

-175.4(11)

2.2(16)

179.7(10)
-177.0(10)

7.8(11)
60.2(13)
-64.1(12)
179.7(10)

-179.5(10)

-2.1(11)

-2.6(16)
-176.7(11)

6.7(11)

2.5(15)
178.4(10)

-0.9(11)
-177.3(8)

0.7(14)

-1.8(16)

1.1(11)
-177.4(7)
13.7(16)
136.3(14)

7(2)

-28.9(19)

-3.8(16)
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C(244)-N(115)-C(104)-C(105)
C(244)-N(115)-C(157)-O(158)
C(244)-N(115)-C(157)-C(106)
C(245)-N(246)-C(241)-0(247)
C(245)-N(246)-C(241)-C(244)
C(245)-C(242)-C(243)-C(244)
C(250)-C(225)-C(226)-0(227)
C(250)-C(225)-C(226)-N(63)

C(251)-N(63)-C(226)-0(227)

C(251)-N(63)-C(226)-C(225)

C(253)-N(277)-C(275)-0(276)
C(257)-C(185)-C(186)-C(187)
C(257)-C(185)-C(186)-C(188)
C(257)-C(189)-C(255)-C(125)
C(259)-C(163)-C(164)-C(165)
C(261)-C(173)-C(174)-0(176)
C(261)-C(173)-C(174)-N(175)
C(261)-C(260)-C(262)-N(175)
C(262)-N(175)-C(174)-O(176)
C(262)-N(175)-C(174)-C(173)
C(262)-C(260)-C(261)-C(173)
C(267)-N(199)-C(201)-0(207)
C(267)-N(199)-C(201)-C(237)
C(267)-N(199)-C(202)-0(206)
C(267)-N(199)-C(202)-C(203)
C(273)-N(272)-C(270)-0(271)
C(274)-N(272)-C(270)-0(271)
C(281)-N(278)-C(280)-0(279)
C(282)-N(278)-C(280)-0(279)
C(284)-N(287)-C(283)-0(288)
C(285)-N(287)-C(283)-0(288)
C(286)-N(304)-C(303)-0(305)
C(295)-N(294)-C(289)-0(291)

197

176.0(9)
1.0(18)
-174.7(9)
177.5(9)
4.4(16)
26(2)
162.1(9)
-17.6(15)
177.4(10)
-2.9(16)
-28(4)
179.0(9)
2.6(15)
179.6(6)
-2.4(15)
171.1(9)
-10.7(14)
54.0(12)
170.6(9)
-7.5(13)
-65.6(12)
4.1(18)
-175.1(9)
-4.2(18)
175.7(9)

-170.9(13)

11(2)
-3(2)
179.5(13)

-178.3(10)

-4.6(16)
3.7(17)
-14(2)



C(296)-N(294)-C(289)-0(291) 165.3(15)

C(297)-N(290)-C(293)-0(292) 3(2)
C(298)-N(290)-C(293)-0(292) -169.6(13)
C(299)-N(304)-C(303)-0(305) 179.5(12)

Symmetry transformations used to generate equivalent atoms:
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Figure 28. Full ortep plot (up) and stereoview of diruthenium core (down)

cis-Ru2(S-BPTPI1)4ClO4-2DMF
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Table 1. Crystal data and structure refinement for cis-Ru2(RS-BPTPI)4CIO4.

Identification code shelx_trans

Empirical formula C77 H72 CI N11 020 Ru2

Formula weight 1709.04

Temperature 133.15(2) K

Wavelength 1.5418 A

Crystal system Monoclinic

Space group P121/n1

Unit cell dimensions a=11.3245(2) A a=90°.
b = 37.6524(7) A B=96.594(7)°.
c=18.9138(3) A y=90°,

Volume 8011.4(3) A3

4 4

Density (calculated) 1.417 Mg/m3

Absorption coefficient 4.004 mm-!

F(000) 3504

Crystal size 0.1 x 0.089 x 0.04 mm3

Theta range for data collection 3.323 t0 68.211°.

Index ranges -13<=h<=13, -45<=k<=45, -22<=|<=22

Reflections collected 90600

Independent reflections 14606 [R(int) = 0.0729]

Completeness to theta = 67.680° 99.6 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.0000 and 0.7329

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 14606 / 36 /1034

Goodness-of-fit on F2 1.257

Final R indices [I>2sigma(l)] R1=0.0762, wR2 = 0.1941

R indices (all data) R1=0.1018, wR2 = 0.2064

Extinction coefficient n/a

Largest diff. peak and hole 1.083 and -0.747 e.A3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for cis-Ru2(RS-BPTPI)4CIO4. U(eq) is defined as one third of the trace of the orthogonalized Ui tensor.

X y z U(eq)
Ru(01) 7227(1) 5719(1) 6666(1) 34(1)
Ru(02) 7535(1) 5717(1) 7874(1) 33(1)
CI(03) 14244(2) 7152(1) 4090(1) 75(1)
0(004) 6160(3) 6063(1) 7914(2) 36(1)
0(005) 8537(3) 5351(1) 6631(2) 37(1)
0(006) 10884(3) 4669(1) 5826(2) 44(1)
0(007) 6358(3) 5310(1) 7908(2) 37(1)
0(008) 8483(3) 6102(1) 6630(2) 39(1)
0(009) 11507(3) 6654(1) 6129(2) 44(1)
0(00A) 6834(3) 6845(1) 7964(2) 51(1)
0(00B) 3742(3) 5650(1) 7611(2) 44(1)
0(00C) 10970(3) 5752(1) 6928(2) 45(1)
0(00D) 7636(3) 6865(1) 6486(2) 52(1)
O(00E) 4514(3) 4597(1) 8781(2) 50(1)
N(0OF) 10806(4) 5175(1) 6513(2) 35(1)
N(00G) 5959(4) 5331(1) 6708(2) 36(1)
O(00H) 3132(3) 6552(1) 8520(2) 54(1)
N(001) 9602(4) 6714(1) 6462(3) 42(1)
N(00J) 4930(4) 6653(1) 8085(3) 40(1)
N(00K) 4174(4) 5084(1) 8046(2) 36(1)
N(00L) 5951(4) 6098(1) 6711(2) 37(1)
0(00M) 7108(4) 5727(1) 5463(2) 46(1)
O(00N) 7633(3) 5709(1) 9102(2) 44(1)
N(000) 8916(3) 5372(1) 7830(2) 36(1)
N(OOP) 8675(4) 6135(1) 7843(2) 39(1)
N(00Q) 7798(4) 6035(1) 4559(3) 44(1)
C(00R) 10488(5) 6747(1) 5998(3) 41(1)
N(00S) 7021(5) 5946(1) 10093(3) 55(1)
c(00T) 12278(5) 5850(2) 4760(3) 40(1)
C(00U) 11522(4) 5248(2) 5430(3) 39(1)
C(00V) 11886(5) 5881(1) 5449(3) 41(1)
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C(00W)
C(00X)
C(00Y)
C(002)
C(010)
C(011)
C(012)
C(013)
C(014)
C(015)
C(016)
C(017)
C(018)
C(019)
C(01A)
C(01B)
C(01C)
C(01D)
C(01E)
C(01F)
0(01G)
C(01H)
c(o1l)
c(01J)
C(01K)
C(01L)
C(01M)
O(01N)
C(010)
C(01P)
C(01Q)
C(01R)
C(01S)
C(01T)
C(01U)
C(01V)

9712(5)
11535(4)
3408(5)
11098(5)
9875(5)
5655(5)
11037(4)
10258(5)
11850(4)
3771(4)
4694(5)
4739(5)
6035(5)
5741(4)
9109(5)
8311(5)
4167(5)
10458(5)
5282(6)
9181(5)
13029(4)
8928(5)
9827(5)
12231(4)
3643(5)
8671(5)
10123(5)
2558(6)
8518(5)
10303(5)
9506(5)
5925(5)
5201(5)
2588(5)
4790(5)
11141(4)

5293(2)
5583(2)
5471(2)
5539(2)
6910(1)
6198(1)
4980(2)
5032(1)
5206(1)
5434(2)
6472(1)
4961(1)
6815(1)
5214(1)
6321(1)
7233(2)
4894(2)
4967(2)
7121(2)
5264(1)
7073(1)
6246(1)
6539(1)
5514(2)
5147(2)
6970(1)
6570(2)
4143(2)
6848(1)
7000(1)
7165(2)
6935(1)
5231(2)
5353(2)
6855(1)
5003(1)
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8490(3)
5768(3)
8812(3)
6471(3)
5344(3)
7330(3)
5915(3)
7107(3)
4771(3)
8087(3)
7405(3)
7439(3)
8313(3)
7327(3)
8507(3)
4296(3)
8673(3)
8423(3)
10363(3)
7210(3)
4090(3)
7215(3)
7155(3)
4411(3)
9170(3)
5444(3)
8454(3)
7606(3)
6172(3)
4729(3)
4183(3)
9049(3)
6044(3)
10903(4)
9222(3)
7785(3)

44(1)
37(1)
40(1)
44(2)
40(1)
40(1)
40(1)
40(1)
39(1)
39(1)
41(1)
40(1)
42(1)
36(1)
40(1)
45(2)
43(1)
44(2)
48(2)
40(1)
102(2)
39(1)
41(1)
39(1)
42(1)
39(1)
53(2)
115(2)
40(1)
41(1)
44(1)
41(1)
45(2)
62(2)
41(1)
40(1)



C(01W)
C(01X)
C(01Y)
C(012)
C(020)
C(021)
C(022)
C(023)
C(024)
C(025)
C(026)
C(027)
C(028)
C(029)
C(02A)
C(02B)
C(02C)
C(02D)
C(02E)
C(02F)
C(02G)
C(02H)
c(021)
C(02J)
C(02K)
c(02L)
C(02M)
O(02N)
N(020)
C(02P)
C(02Q)
C(02R)
C(025)
C(02T)
C(02V)
C(02V)

4517(5)
3840(5)
4142(5)
3375(5)
7922(5)
12977(5)
6427(6)
9919(5)
12922(5)
12649(5)
2619(5)
6751(5)
7554(5)
2893(5)
12553(5)
5463(5)
6888(6)
2068(7)
2870(5)
7879(5)
4348(5)
4507(5)
5758(7)
7984(6)
9149(6)
4439(6)
4951(7)
64(5)
3752(9)
9886(5)
8828(6)
2080(6)
1812(7)
6621(6)
6896(8)
7233(6)

4889(2)
4915(2)
6670(1)
5098(2)
5850(2)
6123(2)
7207(2)
6792(2)
5795(2)
6153(2)
5706(2)
7106(1)
7415(2)
5749(2)
5500(2)
6275(2)
5867(2)
5629(2)
5384(2)
7129(1)
6497(2)
6722(2)
7405(2)
7522(2)
7448(2)
6941(2)
7226(2)
4112(2)
3664(2)
7272(2)
6147(2)
5985(2)
5950(2)
6108(2)
7491(2)
7398(2)
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6117(3)
6771(3)
8606(3)
9848(3)
5158(3)
3728(4)
10178(3)
7775(3)
3386(3)
4397(3)
9826(4)
9509(3)
3762(3)
9122(3)
3717(3)
6045(3)
9409(3)
11225(4)
10190(3)
4946(3)
6110(3)
6771(3)
11509(4)
3154(4)
3034(3)
9864(3)
11035(4)
7680(3)
7665(3)
3527(3)
4219(3)
10177(4)
10861(4)
4208(4)
11316(4)
10677(4)

45(2)
42(1)
40(1)
43(1)
44(1)
56(2)
51(2)
52(2)
50(2)
50(2)
49(2)
50(2)
51(2)
46(2)
43(1)
46(2)
47(2)
74(2)
47(2)
46(2)
52(2)
50(2)
62(2)
55(2)
54(2)
51(2)
70(2)
118(2)
116(3)
49(2)
59(2)
68(2)
78(2)
71(2)
75(2)
60(2)



C(02W)
C(02X)
c(02Y)
C(022)
C(031)
0(2)
0(4)
0(9)
0(6)
0(8)
0(0AA)

3659(12)
6091(8)
8054(6)
5038(11)
2677(11)
14980(20)
14531(14)
14409(16)
14729(16)
14920(20)
14418(17)

4013(2)
6142(2)
5848(2)
3533(3)
3409(3)
6903(6)
7477(4)
7154(9)
7233(9)
6892(6)
7466(7)

7662(4)
10412(4)
10554(4)

7781(6)

7577(5)

4419(14)

4339(16)

3297(9)

4869(12)

3920(20)

3763(18)

118(4)
99(3)
79(2)

175(6)

191(7)

123(12)

111(9)

162(10)

160(11)

144(14)

154(15)
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Table3.  Bond lengths [A] and angles [] for N(00G)-C(019) 1.302(6)

cis-RU2(RS-BPTPI)4CIO4. N(00G)-C(01S) 1.486(6)
O(00H)-C(01Y) 1.221(6)
Ru(01)-Ru(02) 2.2702(6) N(001)-C(00R) 1.413(7)
Ru(01)-O(005) 2.037(3) N(001)-C(011) 1.464(7)
Ru(01)-O(008) 2.030(4) N(001)-C(010) 1.382(6)
Ru(01)-N(00G) 2.056(4) N(00J)-C(016) 1.452(6)
Ru(01)-N(00L) 2.039(4) N(00J)-C(018) 1.414(7)
Ru(01)-O(00M) 2.264(4) N(00J)-C(01Y) 1.406(7)
Ru(02)-0(004) 2.038(3) N(00K)-C(015) 1.399(6)
Ru(02)-0(007) 2.038(3) N(00K)-C(017) 1.453(7)
Ru(02)-O(00N) 2.312(4) N(00K)-C(01C) 1.387(7)
Ru(02)-N(000) 2.042(4) N(00L)-C(011) 1.310(7)
Ru(02)-N(00P) 2.040(5) N(00L)-C(02B) 1.476(6)
CI(03)-0(01G) 1.407(4) 0(00M)-C(020) 1.233(6)
CI(03)-0(2) 1.357(16) O(00N)-C(02C) 1.233(6)
CI(03)-0(4) 1.336(12) N(000)-C(00W) 1.484(6)
CI(03)-0(9) 1.534(15) N(000)-C(01F) 1.309(7)
CI(03)-0(6) 1.54(2) N(00P)-C(01A) 1.472(6)
CI(03)-0(8) 1.302(19) N(00P)-C(01H) 1.321(7)
CI(03)-O(0AA) 1.360(15) N(00Q)-C(020) 1.324(7)
0(004)-C(011) 1.289(6) N(00Q)-C(02Q) 1.457(7)
0(005)-C(01F) 1.288(6) N(00Q)-C(02T) 1.445(7)
0(006)-C(012) 1.193(6) C(00R)-C(010) 1.481(8)
0(007)-C(019) 1.284(6) N(00S)-C(02C) 1.318(7)
0(008)-C(01H) 1.283(6) N(00S)-C(02X) 1.472(8)
0(009)-C(00R) 1.203(6) N(00S)-C(02Y) 1.425(8)
O(00A)-C(018) 1.186(6) C(00T)-C(00V) 1.428(7)
0(00B)-C(015) 1.209(6) C(00T)-C(01J) 1.426(7)
0(00C)-C(002) 1.200(6) C(00T)-C(025) 1.422(7)
0(00D)-C(010) 1.221(6) C(00U)-C(00X) 1.416(7)
O(00E)-C(01C) 1.193(6) C(00U)-C(012) 1.508(7)
N(00F)-C(002) 1.415(7) C(00U)-C(014) 1.350(7)
N(00F)-C(012) 1.400(6) C(00V)-H(00V) 0.9300
N(00F)-C(013) 1.449(6) C(00V)-C(00X) 1.354(7)
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C(00W)-H(00A)
C(00W)-H(00B)
C(00W)-C(01D)
C(00X)-C(002)
C(00Y)-C(015)
C(00Y)-C(01K)
C(00Y)-C(029)
C(010)-C(01L)
C(010)-C(01P)
C(011)-C(016)
C(013)-H(013)
C(013)-C(01F)
C(013)-C(01V)
C(014)-H(014)
C(014)-C(01J)
C(016)-H(016)
C(016)-C(02H)
C(017)-H(017)
C(017)-C(019)
C(017)-C(01X)
C(018)-C(01R)
C(01A)-H(01A)
C(01A)-H(01B)
C(01A)-C(01M)
C(01B)-C(01Q)
C(01B)-C(028)
C(01B)-C(02F)
C(01C)-C(01K)
C(01D)-H(01C)
C(01D)-H(01D)
C(01D)-C(01V)
C(01E)-C(022)
C(01E)-C(02L)

0.9700
0.9700

1.504(7)
1.481(8)
1.482(8)
1.406(7)
1.363(7)
1.416(7)
1.354(7)
1.518(7)
0.9800

1.529(7)
1.536(7)
0.9300

1.433(7)
0.9800

1.519(7)
0.9800

1.513(7)
1.538(7)
1.481(8)
0.9700

0.9700

1.495(7)
1.418(7)
1.423(8)
1.429(8)
1.508(8)
0.9700

0.9700

1.513(7)
1.418(8)
1.433(8)
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C(01E)-C(02M)
C(01H)-C(011)
C(011)-H(011)
C(011)-C(023)
C(013)-C(02A)
C(01K)-C(012)
C(01L)-C(010)
C(01L)-C(02F)
C(01M)-H(01E)
C(01M)-H(01F)
C(01M)-C(023)
O(01N)-C(02W)
C(01P)-H(01P)
C(01P)-C(01Q)
C(01Q)-C(02P)
C(01R)-C(01U)
C(01R)-C(027)
C(01S)-H(01G)
C(01S)-H(01H)
C(01S)-C(01W)
C(01T)-H(01T)
C(01T)-C(02D)
C(01T)-C(02E)
C(01U)-C(01Y)
C(01U)-C(02L)
C(01V)-H(01J)
C(01V)-H(01K)
C(01W)-H(01L)
C(01W)-H(01M)
C(01W)-C(01X)
C(01X)-H(01N)
C(01X)-H(010)
C(012)-H(01Z)

1.420(8)
1.515(7)
0.9800
1.503(7)
1.403(7)
1.363(7)
1.478(7)
1.363(7)
0.9700
0.9700
1.527(8)
1.331(12)
0.9300
1.433(7)
1.417(8)
1.395(7)
1.364(7)
0.9700
0.9700
1.520(7)
0.9300
1.370(9)
1.427(8)
1.478(7)
1.360(8)
0.9700
0.9700
0.9700
0.9700
1.531(7)
0.9700
0.9700
0.9300



C(012)-C(02E)
C(020)-H(020)
C(021)-H(021)
C(021)-C(024)
C(021)-C(025)
C(022)-C(027)
C(022)-C(02V)
C(023)-H(02A)
C(023)-H(02B)
C(024)-H(024)
C(024)-C(02A)
C(025)-H(025)
C(026)-C(029)
C(026)-C(02E)
C(026)-C(02R)
C(027)-H(027)
C(028)-H(028)
C(028)-C(02J)
C(029)-H(029)
C(02A)-H(02C)
C(02B)-H(02D)
C(02B)-H(02E)
C(02B)-C(02G)
C(02C)-H(02F)
C(02D)-H(02G)
C(02D)-C(02S)
C(02F)-H(02H)
C(02G)-H(021)
C(02G)-H(02J)
C(02G)-C(02H)
C(02H)-H(02K)
C(02H)-H(02L)
C(021)-H(02M)

1.410(8)
0.9300
0.9300
1.393(8)
1.363(8)
1.410(8)
1.430(8)
0.9700
0.9700
0.9300
1.363(7)
0.9300
1.411(8)
1.406(8)
1.419(8)
0.9300
0.9300
1.362(8)
0.9300
0.9300
0.9700
0.9700
1.532(7)
0.9300
0.9300
1.407(10)
0.9300
0.9700
0.9700
1.504(7)
0.9700
0.9700
0.9300
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C(021)-C(02M)
C(021)-C(02V)
C(023)-H(02N)
C(023)-C(02K)
C(02K)-H(020)
C(02K)-C(02P)
C(02L)-H(02P)
C(02M)-H(02Q)
N(020)-C(02W)
N(020)-C(022)
N(020)-C(031)
C(02P)-H(02R)
C(02Q)-H(02S)
C(02Q)-H(02T)
C(02Q)-H(02U)
C(02R)-H(02V)
C(02R)-C(02S)
C(02S)-H(02W)
C(02T)-H(02X)
C(02T)-H(02Y)
C(02T)-H
C(02U)-H(022)
C(02U)-C(02V)
C(02V)-H(02)
C(02X)-H(0AA)
C(02X)-HA
C(02X)-HB
C(02Y)-H(1AA)
C(02Y)-HC
C(02Y)-HD
C(022)-HR2AA)
C(022)-HE
C(022)-HF

1.381(9)
1.418(9)
0.9300
1.392(8)
0.9300
1.353(8)
0.9300
0.9300
1.319(9)
1.529(12)
1.544(12)
0.9300
0.9600
0.9600
0.9600
0.9300
1.368(9)
0.9300
0.9600
0.9600
0.9600
0.9300
1.355(9)
0.9300
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600



C(031)-H(03A)
C(031)-H(03B)
C(031)-H(03C)

0(005)-Ru(01)-Ru(02)
0(005)-Ru(01)-N(00G)
0(005)-Ru(01)-N(00L)
0(005)-Ru(01)-O(00M)
0(008)-Ru(01)-Ru(02)
0(008)-Ru(01)-O(005)
0(008)-Ru(01)-N(00G)
0(008)-Ru(01)-N(00L)
0(008)-Ru(01)-O(00M)
N(00G)-Ru(01)-Ru(02)
N(00G)-Ru(01)-O(00M)
N(00L)-Ru(01)-Ru(02)
N(00L)-Ru(01)-N(00G)
N(00L)-Ru(01)-O(00M)
0(00M)-Ru(01)-Ru(02)
Ru(01)-Ru(02)-O(00N)
0(004)-Ru(02)-Ru(01)
0(004)-Ru(02)-0(007)
0(004)-Ru(02)-O(00N)
0(004)-Ru(02)-N(000)
0(004)-Ru(02)-N(00P)
0(007)-Ru(02)-Ru(01)
0(007)-Ru(02)-O(00N)
0(007)-Ru(02)-N(000)
0(007)-Ru(02)-N(00P)
N(000)-Ru(02)-Ru(01)
N(000)-Ru(02)-O(00N)
N(00P)-Ru(02)-Ru(01)
N(00P)-Ru(02)-O(00N)

0.9600
0.9600
0.9600

90.15(10)
91.83(15)
178.42(15)
86.29(14)
90.53(11)
88.07(14)
179.73(17)
90.44(16)
85.30(14)
89.22(13)
94.94(16)
89.34(13)
89.65(17)
94.12(16)
174.60(10)
173.93(10)
90.33(10)
88.58(14)
85.42(14)
179.70(17)
89.84(15)
90.50(10)
85.07(13)
91.67(15)
178.42(15)
89.50(13)
94.77(16)
89.59(13)
94.72(16)

208

N(00P)-Ru(02)-N(000)
0(01G)-CI(03)-0(9)
0(01G)-CI(03)-0(6)
0(2)-CI(03)-0(01G)
0(2)-CI(03)-0(9)
0(4)-CI(03)-0(01G)
0(4)-CI(03)-0(2)
0(4)-CI(03)-0(9)
0(8)-CI(03)-0(01G)
0(8)-CI(03)-0(6)
0(8)-CI(03)-O(0AA)
O(0AA)-CI(03)-O(01G)
O(0AA)-CI(03)-O(6)
C(011)-0(004)-Ru(02)
C(01F)-0(005)-Ru(01)
C(019)-0(007)-Ru(02)
C(01H)-O(008)-Ru(01)
C(00Z)-N(00F)-C(013)
C(012)-N(00F)-C(002)
C(012)-N(00F)-C(013)
C(019)-N(00G)-Ru(01)
C(019)-N(00G)-C(01S)
C(01S)-N(00G)-Ru(01)
C(00R)-N(001)-C(011)
C(010)-N(001)-C(00R)
C(010)-N(001)-C(011)
C(018)-N(00J)-C(016)
C(01Y)-N(00J)-C(016)
C(01Y)-N(00J)-C(018)
C(015)-N(00K)-C(017)
C(01C)-N(00K)-C(015)
C(01C)-N(00K)-C(017)
C(011)-N(00L)-Ru(01)

89.91(17)
103.3(8)
106.5(8)
113.7(11)
108.3(12)
113.1(7)
111.0(13)
106.8(11)
116.1(11)
102.9(14)
115.2(15)
112.2(9)
102.1(14)
119.1(4)
119.3(3)
118.6(3)
118.6(4)
121.9(5)
113.4(5)
124.6(5)
118.8(4)
121.6(5)
119.1(4)
122.2(5)
112.6(5)
125.2(5)
122.6(5)
125.1(5)
112.1(5)
121.3(5)
113.9(5)
123.9(5)
119.6(4)



C(011)-N(00L)-C(02B)
C(02B)-N(00L)-Ru(01)
C(020)-0(00M)-Ru(01)
C(02C)-O(00N)-Ru(02)
C(00W)-N(000)-Ru(02)
C(01F)-N(000)-Ru(02)
C(01F)-N(000)-C(00W)
C(01A)-N(00P)-Ru(02)
C(01H)-N(00P)-Ru(02)
C(01H)-N(00P)-C(01A)
C(020)-N(00Q)-C(02Q)
C(020)-N(00Q)-C(02T)
C(02T)-N(00Q)-C(02Q)
0(009)-C(00R)-N(001)
0(009)-C(00R)-C(010)
N(001)-C(00R)-C(010)
C(02C)-N(00S)-C(02X)
C(02C)-N(00S)-C(02Y)
C(02Y)-N(00S)-C(02X)
C(013)-C(00T)-C(00V)
C(025)-C(00T)-C(00V)
C(025)-C(00T)-C(01J)
C(00X)-C(00U)-C(012)
C(014)-C(00U)-C(00X)
C(014)-C(00U)-C(012)
C(00T)-C(00V)-H(00V)
C(00X)-C(00V)-C(00T)
C(00X)-C(00V)-H(00V)
N(000)-C(00W)-H(00A)
N(000)-C(00W)-H(00B)
N(000)-C(00W)-C(01D)
H(00A)-C(00W)-H(00B)
C(01D)-C(00W)-H(00A)

121.6(5)
118.6(4)
120.9(4)
120.7(4)
119.2(4)
119.4(4)
120.7(5)
119.5(4)
118.3(4)
122.0(5)
121.2(5)
119.6(5)
119.1(5)
125.4(6)
129.7(6)
104.9(5)
120.6(6)
122.4(6)
117.0(6)
119.7(5)
121.1(5)
119.1(6)
107.9(5)
122.0(5)
130.0(5)
120.7

118.5(5)
120.7

109.0

109.0

112.7(5)
107.8

109.0
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C(01D)-C(00W)-H(00B)
C(00U)-C(00X)-C(00Z)
C(00V)-C(00X)-C(00U)
C(00V)-C(00X)-C(00Z)
C(01K)-C(00Y)-C(015)
C(029)-C(00Y)-C(015)
C(029)-C(00Y)-C(01K)
0(00C)-C(00Z)-N(00F)
0(00C)-C(00Z)-C(00X)
N(00F)-C(00Z)-C(00X)
C(01L)-C(010)-C(00R)
C(01P)-C(010)-C(00R)
C(01P)-C(010)-C(01L)
0(004)-C(011)-N(00L)
0(004)-C(011)-C(016)
N(00L)-C(011)-C(016)
0(006)-C(012)-N(00F)
0(006)-C(012)-C(00U)
N(00F)-C(012)-C(00U)
N(00F)-C(013)-H(013)
N(00F)-C(013)-C(01F)
N(00F)-C(013)-C(01V)
C(01F)-C(013)-H(013)
C(01F)-C(013)-C(01V)
C(01V)-C(013)-H(013)
C(00U)-C(014)-H(014)
C(00U)-C(014)-C(01J)
C(013)-C(014)-H(014)
0(00B)-C(015)-N(00K)
0(00B)-C(015)-C(00Y)
N(00K)-C(015)-C(00Y)
N(00J)-C(016)-C(011)
N(00J)-C(016)-H(016)

109.0
108.6(5)
121.7(5)
129.7(5)
107.9(5)
130.4(5)
121.7(6)
124.0(6)
130.7(6)
105.2(5)
108.6(5)
130.0(5)
121.4(5)
121.2(5)
116.2(5)
122.6(5)
126.3(6)
128.9(5)
104.8(5)
108.0

107.7(4)
112.2(4)
108.0

112.7(5)
108.0

120.8

118.4(5)
120.8

124.8(6)
129.7(5)
105.4(5)
109.8(4)
106.7



N(00J)-C(016)-C(02H)
C(011)-C(016)-H(016)
C(011)-C(016)-C(02H)
C(02H)-C(016)-H(016)
N(00K)-C(017)-H(017)
N(00K)-C(017)-C(019)
N(00K)-C(017)-C(01X)
C(019)-C(017)-H(017)
C(019)-C(017)-C(01X)
C(01X)-C(017)-H(017)
O(00A)-C(018)-N(00J)
O(00A)-C(018)-C(01R)
N(00J)-C(018)-C(01R)
0(007)-C(019)-N(00G)
0(007)-C(019)-C(017)
N(00G)-C(019)-C(017)
N(00P)-C(01A)-H(01A)
N(00P)-C(01A)-H(01B)
N(00P)-C(01A)-C(01M)
H(01A)-C(01A)-H(01B)
C(01M)-C(01A)-H(01A)
C(01M)-C(01A)-H(01B)
C(01Q)-C(01B)-C(028)
C(01Q)-C(01B)-C(02F)
C(028)-C(01B)-C(02F)
O(00E)-C(01C)-N(00K)
O(00E)-C(01C)-C(01K)
N(00K)-C(01C)-C(01K)
C(00W)-C(01D)-H(01C)
C(00W)-C(01D)-H(01D)
C(00W)-C(01D)-C(01V)
H(01C)-C(01D)-H(01D)
C(01V)-C(01D)-H(01C)

113.8(5)
106.7
112.6(5)
106.7
107.7
108.4(4)
112.0(4)
107.7
113.1(5)
107.7
125.1(6)
130.3(6)
104.6(5)
122.2(5)
113.6(5)
124.2(5)
108.5
108.5
115.1(5)
107.5
108.5
108.5
119.1(6)
120.5(5)
120.4(6)
126.6(6)
129.1(6)
104.3(5)
109.7
109.7
109.7(5)
108.2
109.7
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C(01V)-C(01D)-H(01D)
C(022)-C(01E)-C(02L)
C(022)-C(01E)-C(02M)
C(02M)-C(01E)-C(02L)
0(005)-C(01F)-N(000)
0(005)-C(01F)-C(013)
N(000)-C(01F)-C(013)
0(008)-C(01H)-N(00P)
0(008)-C(01H)-C(011)
N(00P)-C(01H)-C(01I)
N(001)-C(011)-C(01H)
N(001)-C(011)-H(011)
N(001)-C(011)-C(023)
C(01H)-C(011)-H(011)
C(023)-C(011)-C(01H)
C(023)-C(011)-H(01I)
C(00T)-C(01J)-C(014)
C(02A)-C(013)-C(00T)
C(02A)-C(01J)-C(014)
C(00Y)-C(01K)-C(01C)
C(012)-C(01K)-C(00Y)
C(012)-C(01K)-C(01C)
C(010)-C(01L)-C(010)
C(02F)-C(01L)-C(010)
C(02F)-C(01L)-C(010)
C(01A)-C(01M)-H(01E)
C(01A)-C(01M)-H(01F)
C(01A)-C(01M)-C(023)
H(01E)-C(01M)-H(01F)
C(023)-C(01M)-H(01E)
C(023)-C(01M)-H(01F)
0(00D)-C(010)-N(001)
0(00D)-C(010)-C(01L)

109.7
120.2(6)
120.0(6)
119.7(6)
121.1(5)
114.8(5)
124.1(5)
122.4(5)
116.4(5)
121.0(5)
110.2(4)
106.4

113.8(4)
106.4

112.9(5)
106.4

119.6(5)
117.7(5)
122.7(5)
108.3(5)
121.4(6)
130.3(5)
107.1(5)
123.0(5)
129.9(5)
109.5

109.5

110.9(5)
108.1

109.5

109.5

124.3(5)
128.9(5)



N(001)-C(010)-C(01L)
C(010)-C(01P)-H(01P)
C(010)-C(01P)-C(01Q)
C(01Q)-C(01P)-H(01P)
C(01B)-C(01Q)-C(01P)
C(02P)-C(01Q)-C(01B)
C(02P)-C(01Q)-C(01P)
C(01U)-C(01R)-C(018)
C(027)-C(01R)-C(018)
C(027)-C(01R)-C(01U)
N(00G)-C(01S)-H(01G)
N(00G)-C(01S)-H(01H)
N(00G)-C(01S)-C(01W)
H(01G)-C(01S)-H(01H)
C(01W)-C(01S)-H(01G)
C(01W)-C(01S)-H(01H)
C(02D)-C(01T)-H(01T)
C(02D)-C(01T)-C(02E)
C(02E)-C(01T)-H(01T)
C(01R)-C(01U)-C(01Y)
C(02L)-C(01U)-C(01R)
C(02L)-C(01U)-C(01Y)
C(013)-C(01V)-H(01J)
C(013)-C(01V)-H(01K)
C(01D)-C(01V)-C(013)
C(01D)-C(01V)-H(01J)
C(01D)-C(01V)-H(01K)
H(01J)-C(01V)-H(01K)
C(01S)-C(01W)-H(01L)
C(01S)-C(01W)-H(01M)
C(01S)-C(01W)-C(01X)
H(01L)-C(01W)-H(01M)
C(01X)-C(01W)-H(01L)

106.8(5)
121.0
118.1(5)
121.0
120.1(5)
118.3(6)
121.6(6)
109.5(5)
128.1(6)
122.4(6)
109.0
109.0
112.9(5)
107.8
109.0
109.0
119.6
120.7(7)
119.6
107.7(5)
121.9(6)
130.3(6)
109.8
109.8
109.2(4)
109.8
109.8
108.3
109.9
109.9
109.0(4)
108.3
109.9
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C(01X)-C(01W)-H(01M)
C(017)-C(01X)-H(01N)
C(017)-C(01X)-H(010)
C(01W)-C(01X)-C(017)
C(01W)-C(01X)-H(01N)
C(01W)-C(01X)-H(010)
H(01N)-C(01X)-H(010)
O(00H)-C(01Y)-N(00J)
O(00H)-C(01Y)-C(01U)
N(00J)-C(01Y)-C(01U)
C(01K)-C(012)-H(012)
C(01K)-C(01Z)-C(02E)
C(02E)-C(01Z)-H(012)
0(00M)-C(020)-N(00Q)
0(00M)-C(020)-H(020)
N(00Q)-C(020)-H(020)
C(024)-C(021)-H(021)
C(025)-C(021)-H(021)
C(025)-C(021)-C(024)
C(01E)-C(022)-C(02V)
C(027)-C(022)-C(01E)
C(027)-C(022)-C(02V)
C(011)-C(023)-C(01M)
C(011)-C(023)-H(02A)
C(011)-C(023)-H(02B)
C(01M)-C(023)-H(02A)
C(01M)-C(023)-H(02B)
H(02A)-C(023)-H(02B)
C(021)-C(024)-H(024)
C(02A)-C(024)-C(021)
C(02A)-C(024)-H(024)
C(00T)-C(025)-H(025)
C(021)-C(025)-C(00T)

109.9
109.9
109.9
109.0(4)
109.9
109.9
108.3
123.4(6)
130.6(6)
106.0(5)
120.8
118.3(6)
120.8
126.0(6)
117.0
117.0
119.9
119.9
120.2(6)
119.0(6)
120.0(6)
121.0(6)
107.4(5)
110.2
110.2
110.2
110.2
108.5
119.8
120.5(6)
119.8
119.7
120.6(6)



C(021)-C(025)-H(025)
C(029)-C(026)-C(02R)
C(02E)-C(026)-C(029)
C(02E)-C(026)-C(02R)
C(01R)-C(027)-C(022)
C(01R)-C(027)-H(027)
C(022)-C(027)-H(027)
C(01B)-C(028)-H(028)
C(02)-C(028)-C(01B)
C(02)-C(028)-H(028)
C(00Y)-C(029)-C(026)
C(00Y)-C(029)-H(029)
C(026)-C(029)-H(029)
C(013)-C(02A)-H(02C)
C(024)-C(02A)-C(01J)
C(024)-C(02A)-H(02C)
N(00L)-C(02B)-H(02D)
N(00L)-C(02B)-H(02E)
N(00L)-C(02B)-C(02G)
H(02D)-C(02B)-H(02E)
C(02G)-C(02B)-H(02D)
C(02G)-C(02B)-H(02E)
O(00N)-C(02C)-N(00S)
O(00N)-C(02C)-H(02F)
N(00S)-C(02C)-H(02F)
C(01T)-C(02D)-H(02G)
C(01T)-C(02D)-C(02S)
C(02S)-C(02D)-H(02G)
C(012)-C(02E)-C(01T)
C(026)-C(02E)-C(01T)
C(026)-C(02E)-C(012)
C(01B)-C(02F)-H(02H)
C(01L)-C(02F)-C(01B)

119.7
120.6(6)
120.5(6)
118.8(6)
118.0(6)
121.0
121.0
120.0
119.9(6)
120.0
117.9(6)
121.0
121.0
119.1
121.9(6)
119.1
108.7
108.7
114.2(5)
107.6
108.7
108.7
124.4(6)
117.8
117.8
119.7
120.7(7)
119.7
121.2(6)
118.7(6)
120.2(6)
1215
116.9(5)
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C(01L)-C(02F)-H(02H)
C(02B)-C(02G)-H(021)
C(02B)-C(02G)-H(02J)
H(021)-C(02G)-H(02J)
C(02H)-C(02G)-C(02B)
C(02H)-C(02G)-H(021)
C(02H)-C(02G)-H(02J)
C(016)-C(02H)-H(02K)
C(016)-C(02H)-H(02L)
C(02G)-C(02H)-C(016)
C(02G)-C(02H)-H(02K)
C(02G)-C(02H)-H(02L)
H(02K)-C(02H)-H(02L)
C(02M)-C(021)-H(02M)
C(02M)-C(021)-C(02U)
C(02U)-C(021)-H(02M)
C(028)-C(02J)-H(02N)
C(028)-C(02J)-C(02K)
C(02K)-C(02J)-H(02N)
C(023)-C(02K)-H(020)
C(02P)-C(02K)-C(02J)
C(02P)-C(02K)-H(020)
C(01E)-C(02L)-H(02P)
C(01U)-C(02L)-C(01E)
C(01U)-C(02L)-H(02P)
C(01E)-C(02M)-H(02Q)
C(021)-C(02M)-C(01E)
C(021)-C(02M)-H(02Q)
C(02W)-N(020)-C(022)
C(02W)-N(020)-C(031)
C(022)-N(020)-C(031)
C(01Q)-C(02P)-H(02R)
C(02K)-C(02P)-C(01Q)

1215
109.5
109.5
108.1
110.7(5)
109.5
109.5
110.2
110.2
107.4(5)
110.2
110.2
108.5
120.1
119.9(7)
120.1
1195
121.0(6)
1195
119.7
120.6(6)
119.7
1213
117.4(6)
1213
120.2
119.6(7)
120.2
113.3(10)
123.9(10)
122.8(8)
1195
121.1(6)



C(02K)-C(02P)-H(02R)
N(00Q)-C(02Q)-H(02S)
N(00Q)-C(02Q)-H(02T)
N(00Q)-C(02Q)-H(02U)
H(02S)-C(02Q)-H(02T)
H(02S)-C(02Q)-H(02U)
H(02T)-C(02Q)-H(02U)
C(026)-C(02R)-H(02V)
C(02S)-C(02R)-C(026)
C(02S)-C(02R)-H(02V)
C(02D)-C(02S)-H(02W)
C(02R)-C(025)-C(02D)
C(02R)-C(02S)-H(02W)
N(00Q)-C(02T)-H(02X)
N(00Q)-C(02T)-H(02Y)
N(00Q)-C(02T)-H
H(02X)-C(02T)-H(02Y)
H(02X)-C(02T)-H
H(02Y)-C(02T)-H
C(021)-C(02U)-H(022)
C(02V)-C(02U)-C(021)
C(02V)-C(02U)-H(022)
C(022)-C(02V)-H(02)
C(02U)-C(02V)-C(022)
C(02U)-C(02V)-H(02)
N(020)-C(02W)-O(01N)
N(00S)-C(02X)-H(0AA)
N(00S)-C(02X)-HA
N(00S)-C(02X)-HB
H(0AA)-C(02X)-HA
H(0AA)-C(02X)-HB
HA-C(02X)-HB
N(00S)-C(02Y)-H(1AA)

1195
109.5
109.5
109.5
109.5
109.5
109.5
119.1
121.7(7)
119.1
1203
119.3(7)
1203
109.5
109.5
109.5
109.5
109.5
109.5
119.1
121.9(7)
119.1
120.2
119.6(7)
120.2
116.0(11)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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N(00S)-C(02Y)-HC
N(00S)-C(02Y)-HD
H(LAA)-C(02Y)-HC
H(LAA)-C(02Y)-HD
HC-C(02Y)-HD
N(020)-C(022)-H(2AA)
N(020)-C(02Z)-HE
N(020)-C(02Z)-HF
H(2AA)-C(02Z)-HE
H(2AA)-C(022)-HF
HE-C(022)-HF
N(020)-C(031)-H(03A)
N(020)-C(031)-H(03B)
N(020)-C(031)-H(03C)
H(03A)-C(031)-H(03B)
H(03A)-C(031)-H(03C)
H(03B)-C(031)-H(03C)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate

equivalent atoms:



Table 4.  Anisotropic displacement parameters  (A2x 103) for cis-Ru2(RS-BPTP1)4CIO4. The anisotropic

displacement factor exponent takes the form: -2n2[ h2 a*2Ull + ... +2hka*b* U12]

Ull U22 U33 U23 U13 U12
Ru(01)  29(1) 41(1) 32(1) -1(1) 1(1) 2(1)
Ru(02)  27(1) 41(1) 31(1) 0(1) 1(1) 1(1)
Cl(03)  53(1) 63(1) 110(2) 5(1) 15(1) 2(1)
0(004)  31(2) 43(2) 34(2) -3(2) 4(2) 2(2)
0(005)  31(2) 47(2) 31(2) -1(2) -3(2) 2(2)
0(006)  44(2) 38(2) 51(3) -3(2) 7(2) 3(2)
0(007)  30(2) 49(2) 32(2) 2(2) 1(2) 2(2)
0(008)  33(2) 49(2) 35(2) -2(2) 3(2) 1(2)
0(009)  32(2) 43(2) 57(3) 5(2) 7(2) 3(2)
O(00A)  38(2) 60(3) 53(3) 1(2) 3(2) 1(2)
0(00B)  39(2) 48(2) 46(3) 5(2) 6(2) -1(2)
0(00C)  43(2) 49(2) 45(3) -11(2) 8(2) 0(2)
0(00D)  42(2) 63(3) 52(3) 8(2) 11(2) 4(2)
O(00E)  56(3) 43(2) 50(3) 8(2) 1(2) 4(2)
N(OOF)  29(2) 35(2) 41(3) -4(2) 6(2) -2(2)
N(00G)  26(2) 44(3) 35(3) -6(2) -4(2) 4(2)
O(00H)  38(2) 52(2) 73(3) -11(2) 7(2) -1(2)
N@©OI)  36(3) 48(3) 43(3) 6(2) 4(2) -1(2)
N(©00J)  31(2) 44(3) 43(3) -5(2) 4(2) 0(2)
N(OOK)  28(2) 43(3) 36(3) 1(2) 3(2) 2(2)
N(OOL)  27(2) 46(3) 36(3) 5(2) -5(2) 2(2)
O(00M)  45(2) 60(3) 33(2) 5(2) 0(2) 1(2)
O(00N)  42(2) 58(3) 33(2) 1(2) 9(2) 2(2)
N(000)  25(2) 41(3) 40(3) 2(2) 2(2) -6(2)
N(OOP)  38(3) 46(3) 33(3) 0(2) 6(2) 6(2)
N(00Q)  53(3) 50(3) 32(3) 2(2) 8(2) 7(2)
C(00R)  41(3) 35(3) 48(4) -9(3) 8(3) -5(3)
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N(00S)
C(00T)
C(00V)
C(00V)
C(00W)
C(00X)
C(00Y)
C(002)
C(010)
C(011)
C(012)
C(013)
C(014)
C(015)
C(016)
C(017)
C(018)
C(019)
C(01A)
C(01B)
C(01C)
C(01D)
C(01E)
C(01F)
0(01G)
C(01H)
c(o11)
c(01J)
C(01K)
C(01L)
C(01M)
O(01N)
C(010)

86(4)
38(3)
24(3)
38(3)
29(3)
24(3)
33(3)
31(3)
39(3)
34(3)
28(3)
33(3)
22(3)
24(3)
27(3)
39(3)
39(3)
27(3)
41(3)
46(3)
28(3)
36(3)
69(4)
28(3)
42(3)
33(3)
37(3)
27(3)
30(3)
37(3)
54(4)
168(7)
35(3)

49(3)
46(3)
50(3)
36(3)
63(4)
48(3)
45(3)
45(4)
39(3)
45(3)
43(3)
41(3)
41(3)
43(3)
46(3)
42(3)
41(3)
47(3)
39(3)
46(3)
53(4)
56(4)
37(3)
44(3)
89(4)
38(3)
38(3)
48(3)
49(3)
40(3)
56(4)
82(4)
40(3)

30(3)
36(4)
44(4)
48(4)
39(4)
38(4)
41(4)
54(4)
43(4)
40(4)
46(4)
47(4)
52(4)
51(4)
48(4)
37(4)
44(4)
34(3)
39(4)
41(4)
46(4)
40(4)
39(4)
50(4)
179(6)
47(4)
47(4)
42(4)
44(4)
42(4)
47(4)
94(5)
44(4)

2(2)
0(3)
-3(3)
-7(3)
33)
-4(3)
1(3)
-3(3)
-2(3)
4(3)
-9(3)
7(3)
-13(3)
2(3)
-12(3)
-2(3)
0(3)
2(3)
-6(3)
-4(3)
2(3)
12(3)
-3(3)
-9(3)
13(4)
-1(3)
1(3)
-2(3)
33)
2(3)
-5(3)
1(4)
0(3)
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11(3)
0(3)
3(3)
3(3)
1(3)
5(2)
1(3)
-9(3)
2(3)
-4(3)
-5(3)
5(3)
-1(3)
3(3)
-2(3)
-1(3)
2(3)
2(2)
-3(3)
-2(3)
-4(3)
-3(3)
4(3)
8(3)
27(3)
10(3)
-1(3)
0(3)
-3(3)
13(3)
5(3)
6(5)
4(3)

8(3)
-2(3)
5(2)
-4(3)
33)
3(2)
-8(3)
8(3)
-5(3)
0(3)
9(2)
4(2)
0(2)
-3(2)
-1(2)
1(3)
6(3)
2(2)
-2(2)
-6(3)

-10(3)

6(3)
4(3)
-6(2)
-8(3)
2(2)
-3(2)
4(2)
-5(3)
-1(2)
-9(3)
13(4)
-3(3)



C(01P)
C(01Q)
C(01R)
C(01S)
c(01T)
C(01V)
C(01V)
C(01W)
C(01X)
Cc(01Y)
C(012)
C(020)
C(021)
C(022)
C(023)
C(024)
C(025)
C(026)
C(027)
C(028)
C(029)
C(02A)
C(02B)
C(02C)
C(02D)
C(02E)
C(02F)
C(02G)
C(02H)
c(021)
C(02J)
C(02K)
c(02L)

34(3)
50(4)
42(3)
37(3)
50(4)
50(4)
30(3)
39(3)
35(3)
38(3)
35(3)
45(4)
57(4)
58(4)
50(4)
51(4)
52(4)
42(4)
53(4)
40(3)
42(3)
36(3)
44(3)
56(4)
76(5)
39(3)
35(3)
48(4)
46(4)
97(6)
54(4)
70(5)
56(4)

42(3)
42(3)
36(3)
60(4)
82(5)
38(3)
44(3)
54(4)
52(4)
37(3)
51(4)
46(3)
53(4)
46(4)
56(4)
60(4)
43(3)
53(4)
44(3)
55(4)
44(3)
50(4)
46(3)
58(4)
99(6)
65(4)
48(3)
55(4)
51(4)
54(4)
65(4)
52(4)
45(4)

46(4)
41(4)
43(4)
38(4)
53(5)
32(4)
45(4)
40(4)
37(4)
48(4)
42(4)
41(4)
56(5)
47(4)
49(4)
39(4)
53(4)
54(4)
50(4)
56(4)
54(4)
43(4)
45(4)
31(4)
51(5)
36(4)
53(4)
50(4)
50(4)
36(4)
45(4)
42(4)
52(4)

1(3)
-4(3)
-1(3)
-10(3)
0(4)
-2(3)
1(3)
-10(3)
-5(3)
3(3)
6(3)
-4(3)
4(3)
1(3)
0(3)
3(3)
0(3)
7(3)
-2(3)
1(3)
3(3)
-7(3)
5(3)
6(3)
-10(5)
-2(3)
4(3)
1(3)
-5(3)
2(3)
-1(3)
5(3)
6(3)
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4(3)
8(3)
-4(3)
2(3)
1(3)
0(3)
-4(3)
-2(3)
-4(3)
11(3)
-4(3)
4(3)
7(3)
-1(3)
5(3)
9(3)
-1(3)
12(3)
-4(3)
-3(3)
9(3)
5(3)
-1(3)
14(3)
24(4)
2(3)
13)

-10(3)

-2(3)
5(4)
-5(3)
11(3)
6(3)

0(2)

-10(3)

0(3)
1(3)

-16(4)

2(3)
702)
-1(3)
7(3)
6(3)
-2(3)
3(3)

-11(3)

1(3)

-15(3)

0(3)
-7(3)
-3(3)
3(3)
0(3)
-4(3)
-1(3)
3(3)
11(3)

-14(5)
-13(3)

-5(3)
11(3)
13(3)
11(4)

-10(3)
-11(3)

4(3)



c(02M)
O(02N)
N(020)
C(02P)
C(02Q)
C(02R)
C(02S)
c(02T)
C(02V)
c(02V)
C(02W)
C(02X)
c(02Y)
C(022)
C(031)
0(2)
O(4)
0(9)
0(6)
0(8)
O(0AA)

112(6)
121(5)
229(10)
50(4)
83(5)
71(5)
83(6)
73(5)
102(7)
76(5)
257(14)
168(9)
86(6)
201(13)
370(20)
63(10)
80(9)
162(15)
124(14)
75(14)
76(10)

50(4)
113(5)
64(5)
48(4)
55(4)
72(5)
84(6)
86(5)
63(5)
50(4)
54(5)
81(5)
111(6)
131(9)
64(6)
102(17)
44(9)
240(30)
200(30)
67(14)
170(20)

46(5)
122(6)
58(5)
49(4)
43(4)
63(5)
71(6)
52(5)
57(5)
50(5)
45(5)
60(5)
35(4)
213(14)
123(10)
190(20)
220(30)
94(13)
160(20)
300(40)
220(30)

5(3)
-19(4)
7(4)
-3(3)
2(3)
-10(4)
-20(5)
16(4)
1(4)
-4(3)
4(4)
15(4)
-14(4)
91(9)
13(6)
78(18)
-37(11)
-7(14)
-41(18)
-60(20)
150(20)

0(4)
18(4)
25(6)
8(3)
17(4)
14(4)
32(5)
-4(4)
-6(5)
-6(4)
25(7)
59(6)
-6(4)
110(11)
-36(11)
-29(14)
41(15)
68(11)
35(13)
70(20)
38(17)

13(4)
-3(4)
17(6)
-5(3)
-4(4)
-3(4)
2(5)
19(4)
2(4)
7(3)
40(7)
61(6)
2(5)
75(9)
-94(9)
16(9)
-16(7)
31(16)

-11(15)

3(10)
-8(12)
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Table 5.  Hydrogen coordinates ( x 104) and isotropic  displacement parameters (A2x 10 3)
for cis-Ru2(RS-BPTPI1)4CIO4.

X y z U(eq)
H(00V) 11872 6100 5673 49
H(00A) 9234 5259 8879 53
H(00B) 10232 5494 8607 53
H(013) 9970 4792 6978 48
H(014) 11829 4984 4555 47
H(016) 3949 6341 7416 49
H(017) 5091 4728 7560 48
H(01A) 9353 6145 8869 48
H(01B) 8454 6454 8665 48
H(01C) 9951 4758 8368 53
H(01D) 11008 4937 8851 53
H(011) 10604 6423 7167 49
H(O1E) 10853 6435 8454 63
H(01F) 10209 6726 8864 63
H(01P) 11091 6956 4663 49
H(01G) 5699 5205 5663 54
H(01H) 4641 5422 5913 54
H(01T) 2758 5143 11153 74
H(01J) 11651 4798 7753 48
H(01K) 11637 5214 7835 48
H(01L) 5063 4689 6170 54
H(01M) 3963 4850 5694 54
H(01N) 3375 4702 6814 51
H(010) 3302 5117 6722 51
H(01z) 3521 4882 10079 52
H(020) 8693 5809 5368 53
H(021) 13239 6322 3500 67
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H(02A)
H(02B)
H(024)
H(025)
H(027)
H(028)
H(029)
H(02C)
H(02D)
H(02E)
H(02F)
H(02G)
H(02H)
H(021)
H(02J)
H(02K)
H(02L)
H(02M)
H(02N)
H(020)
H(02P)
H(02Q)
H(02R)
H(02S)
H(02T)
H(02U)
H(02V)
H(02W)
H(02X)
H(02Y)
H
H(022)
H(02)

9192
10575
13139
12669

7505

6767

2728
12513

5273

6071

6185

1882

7094

4191

3670

3809

5190

5554

7492

9422

3682

4196
10656

8808

8812

9542

1905

1465

6500

6542

6039

7427

7985

6929
6955
5777
6374
7156
7460
5961
5285
6095
6427
5936
5603
7167
6649
6341
6868
6877
7469
7648
7521
6885
7173
7219
6400
6033
6081
6197
6137
5977
6357
6036
7615
7459
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7770
7749
2927
4617
9384
3829
8877
3476
5682
5887
9141
11689
5025
5695
6127
6801
6764
11955
2813
2612
9975
11154
3433
4155
3764
4513
9937
11083
3769
4111
4511
11637
10562

62
62
60
60
60
61
56
52
55
55
57
89
55
63
63
60
60
75
66
65
61
84
58
89
89
89
82
93
107
107
107
90
72



H(0AA)
HA
HB
H(LAA)
HC
HD
H(2AA)
HE
HF
H(03A)
H(03B)
H(03C)

5405
6385
5878
8493
7821
8543
5567
5191
5163
2650
2756
1958

6168
6373
6014
5672
5752
6054
3733
3383
3402
3276
3249
3544

10067
10559
10817
10325
10987
10661
7806
7392
8218
8008
7190
7477

149
149
149
118
118
118
262
262
262
286
286
286
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mer-Rux(S-BPTPI1)4Cl-DMF

Figure 29. Full ortep plot (up) and stereoview of S-isomer of diruthenium molecule (down)
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Table 1. Crystal data and structure refinement for mer-Ru2(RS-BPTPI)4CI.

Identification code shelx

Empirical formula C148 H132 CI2 N20 028 Ru4

Formula weight 3113.91

Temperature 133(2) K

Wavelength 1.5418 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=13.4802(2) A o= 93.000(7)°.
b = 23.3087(4) A B=96.973(7)°.
¢ =26.3994(5) A y=92.289(7)°.

Volume 8213.2(3) A3

4 2

Density (calculated) 1.259 Mg/m3

Absorption coefficient 3.795 mm1

F(000) 3188

Crystal size 0.287 x 0.098 x 0.060 mm3

Theta range for data collection 3.306 to 68.244°.

Index ranges -16<=h<=16, -27<=k<=28, -31<=I<=31

Reflections collected 91778

Independent reflections 29391 [R(int) = 0.0858]

Completeness to theta = 67.680° 98.0 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.0000 and 0.4065

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 29391/0/1827

Goodness-of-fit on F2 1.198

Final R indices [1>2sigma(l)] R1=0.0907, wR2 = 0.2199

R indices (all data) R1=0.1326, wR2 = 0.2379

Extinction coefficient n/a

Largest diff. peak and hole 1.352 and -0.851 e.A3

222



Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)
for mer-Ru2(RS-BPTPI)4CI.  U(eq) is defined as one third of the trace of the orthogonalized Ui tensor.

X y z U(eq)
Ru(01) 682(1) 3214(1) 528(1) 48(1)
Ru(02) 4148(1) 1984(1) 4699(1) 50(1)
Ru(03) 3798(1) 2743(1) 5224(1) 50(1)
Ru(04) 1070(1) 2382(1) 117(1) 51(1)
CI(05) 3345(1) 3532(1) 5872(1) 66(1)
CI(06) 1579(1) 1507(1) -412(1) 70(1)
0(007) 1370(3) 2842(2) -496(2) 51(1)
0(008) 2128(3) 3402(2) 782(2) 49(1)
0(009) 6394(3) 3177(2) 4206(2) 65(2)
0(00A) 5633(3) 2102(2) 4902(2) 58(1)
0(00B) 542(3) 2788(2) 1172(2) 54(1)
0(00C) 2267(3) 2633(2) 3515(2) 59(1)
0(00D) 5280(4) 2023(2) 6658(2) 69(2)
O(00E) 4188(4) 4334(2) 1507(2) 66(2)
0(00F) -1625(4) 2240(2) 1146(2) 71(2)
0(00G) -789(3) 3067(2) 316(2) 59(1)
O(00H) 498(4) 992(2) 3774(2) 64(1)
0(001) 2533(3) 2669(2) 1801(2) 56(1)
0(00J) 2695(3) 1834(2) 4451(2) 52(1)
0(00K) 8416(3) 2232(2) 4664(2) 64(2)
0(00L) 4258(3) 2522(2) 4122(2) 57(1)
0(00M) 445(4) 2487(2) 2661(2) 72(2)
N(0ON) 2302(4) 2642(3) 4872(2) 57(2)
0(000) 3547(3) 2169(2) 5766(2) 53(1)
0(00P) 2732(4) 3612(3) -1686(2) 77(2)
0(00Q) 4237(4) 2898(2) 2713(2) 68(2)
N(OOR) 805(4) 3637(2) 117(2) 44(1)
N(00S) 3501(4) 3424(3) 1575(2) 54(2)
0(00T) 4486(4) 1286(2) 4102(2) 73(2)
0(00V) -1873(4) 3525(2) 714(2) 72(2)
N(00V) 5172(4) 3135(3) 3501(2) 59(2)
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0(00W)
N(00X)
N(00Y)
0(002)
0(010)
N(011)
N(012)
N(013)
N(014)
N(015)
0(016)
N(017)
N(018)
N(019)
N(01A)
C(01B)
C(01C)
C(01D)
C(01E)
0(01F)
C(01G)
N(O1H)
c(o1l)
c(01J)
C(01K)
C(01L)
C(01M)
C(01N)
C(010)
C(01P)
N(01Q)
C(01R)
C(01S)
C(01T)
C(01U)
C(01V)

2272(4)
2536(4)
1227(4)

-3574(4)

-348(4)

-2658(4)

7499(4)
-431(4)
4076(4)
5344(4)
6722(4)
-447(4)
3731(4)
4045(4)

749(4)
2743(5)

-3868(5)

2080(5)

-3342(5)

328(4)
1040(5)
1228(4)
3400(5)
8227(5)

-3897(5)
-4229(6)

595(5)

-3291(5)

5942(5)
2108(5)
5485(6)
-255(6)
4219(5)
7617(5)
1115(5)
1055(5)

1139(3)
2523(2)
1890(3)
2948(2)
2861(3)
3099(3)
1993(3)
2274(3)
1442(3)
2811(3)
1475(2)
2296(3)
1557(3)
3287(3)
1937(3)
1722(4)
4835(4)
2221(4)
5036(4)
4001(2)
1320(4)
3290(3)
1765(3)
64(4)
4251(3)
5838(4)
2748(3)
5610(4)
2484(4)
1699(4)
847(3)
2536(4)
3060(4)
1920(3)
3365(4)
2137(3)
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6848(2)
494(2)
3713(2)
589(2)

-1444(2)

-84(2)
5308(2)
1853(2)
5273(2)
5495(2)
5897(2)
-174(2)
6627(2)
4653(2)

736(2)
2661(3)

404(3)
4536(3)

5(3)
1031(2)
3570(3)

-1442(2)

7448(3)
5062(3)
523(3)
604(3)

-2181(3)

-108(3)
5265(3)
3046(3)
3587(3)
2346(3)
4221(3)
3089(3)
-519(3)
4210(3)

83(2)
54(2)
49(2)
71(2)
79(2)
59(2)
54(2)
64(2)
57(2)
55(2)
77(2)
60(2)
57(2)
56(2)
58(2)
61(2)
57(2)
56(2)
59(2)
72(2)
57(2)
54(2)
56(2)
62(2)
56(2)
72(3)
57(2)
65(2)
63(2)
58(2)
83(2)
63(2)
53(2)
55(2)
60(2)
58(2)



C(01W)
C(01X)
C(01Y)
C(012)
C(020)
C(021)
C(022)
C(023)
C(024)
C(025)
C(026)
C(027)
C(028)
C(029)
C(02A)
C(02B)
C(02C)
C(02D)
C(02E)
C(02F)
C(02G)
C(02H)
c(021)
C(02J)
C(02K)
c(02L)
C(02M)
C(02N)
C(020)
C(02P)
C(02Q)
C(02R)
C(025)
C(02T)
C(02V)
C(02V)

3688(5)
6085(5)
2610(5)
3133(5)
2742(5)
6529(5)

383(6)

-2271(5)

8232(6)

-2877(5)

4384(5)
3739(5)
8730(5)
2827(5)
2790(6)

-2409(6)

5866(5)
4530(6)

-2919(5)

1544(5)
4969(6)
7732(5)
1299(5)

-1150(5)

8743(5)
8630(6)
6941(5)

-1318(5)

3007(7)
1917(5)
4387(5)
8101(5)
1258(5)
3556(6)
3798(5)
7080(5)

4006(4)
2998(3)
3609(4)
4118(4)
2998(3)
2593(3)
2364(4)
3568(3)
-528(4)
4069(4)
3401(4)
3156(3)

312(4)
3164(4)
1202(4)
3549(4)
2506(3)
1891(4)
3465(3)
2983(3)
2852(3)

446(4)
4093(4)
2905(4)

903(4)
-886(4)
1825(3)
2423(4)
1440(4)
2138(4)
2627(3)
1871(4)
3673(3)
2113(4)
1646(4)
2552(3)

225

1722(3)
3772(3)
2260(3)
2174(3)

771(3)
3413(3)

-3044(3)

2733(3)
5137(3)
-157(3)
3760(3)
1114(3)
4677(3)
1875(3)
2348(3)
-371(3)
2962(3)
6856(3)
2254(3)

-2251(3)

3017(3)
5395(3)
3346(3)
2397(3)
4605(3)
4784(3)
2627(3)
1586(3)
6958(3)
3414(3)
1196(3)
4917(3)
-985(3)
8306(3)
5698(3)
5389(3)

61(2)
57(2)
55(2)
60(2)
50(2)
54(2)
67(2)
56(2)
67(2)
52(2)
61(2)
53(2)
57(2)
49(2)
66(2)
66(2)
57(2)
64(2)
60(2)
54(2)
57(2)
63(2)
64(2)
60(2)
60(2)
75(3)
59(2)
61(2)
63(2)
58(2)
65(2)
57(2)
58(2)
68(2)
57(2)
53(2)



C(02W)
C(02X)
c(02Y)
N(022)
C(030)
C(031)
C(032)
C(033)
C(034)
C(035)
C(036)
C(037)
C(038)
C(039)
N(03A)
C(03B)
C(03C)
C(03D)
C(03E)
C(03F)
C(03G)
C(03H)
C(031)
C(03J)
C(03K)
C(03L)
C(03M)
C(03N)
C(030)
C(03P)
C(03Q)
C(03R)
C(03S)
C(03T)
C(03U)
C(03V)

7400(5)
1934(5)
7263(5)
8024(6)

-3385(5)

1345(6)
1612(5)
4318(5)
6058(5)
4601(6)

-3266(5)

1713(6)

-2662(5)

420(6)
-583(7)

-1366(5)

46(6)

-2201(5)

1568(5)
458(5)
4872(6)

-3727(6)

1951(6)
391(6)

-2849(5)

8267(5)
6830(6)

523(6)
3226(5)

-3377(6)

635(6)
2033(5)
1962(6)
3683(5)

-1075(5)

7398(5)

2305(3)
4077(4)
1497(3)
4624(4)
3888(3)
2594(3)
3132(3)
2036(3)
2144(4)
4052(4)
3254(4)
2514(3)
3118(3)
4227(3)
4409(3)
3249(4)
1310(4)
2543(3)
1188(4)
2682(4)
2346(4)
6000(4)
2902(3)
2948(4)
4607(4)
1241(3)
3364(3)
4151(3)
2057(3)
4216(4)
4539(3)
3587(4)
3329(4)
1259(3)
2636(3)
2827(3)

226

3486(3)
2950(3)
5561(3)
4716(3)

239(3)

-3108(3)

4929(3)
7396(3)
2577(3)
3887(3)

296(3)

-3593(3)

1847(3)
-138(3)
1596(3)
2780(3)
1563(3)
-105(3)
3111(3)
4188(3)
7787(3)

198(3)

-2701(3)
-1648(3)

-299(3)
4919(3)
5983(3)

-1069(3)

549(3)
3048(3)
-585(3)
2641(3)

-1774(3)

6130(3)
7(3)
5933(3)

58(2)
61(2)
58(2)
86(2)
54(2)
58(2)
62(2)
57(2)
68(2)
72(3)
59(2)
56(2)
58(2)
71(2)
98(3)
67(2)
82(3)
63(2)
57(2)
66(2)
76(3)
75(2)
59(2)
63(2)
66(2)
54(2)
77(3)
65(2)
64(2)
73(2)
64(2)
59(2)
62(2)
58(2)
54(2)
70(2)



C(03W) -1795(6) 2825(3) 1928(3) 59(2)

C(03X) -4300(6) 5259(4) 711(3) 68(2)
C(03Y) 169(7) 2034(4) -3926(3) 81(3)
C(032) 4675(7) 2698(4) 9165(3) 75(3)
C(040) 3008(5) 1808(3) 7898(3) 62(2)
C(041) 3914(6) 4246(4) 4272(3) 71(2)
C(042) 4283(6) 468(3) 5617(3) 68(2)
C(043) 8482(5) 1598(3) 3154(3) 65(2)
C(044) -228(6) 2068(4) -3464(3) 81(3)
C(045) 3434(6) 1209(4) 1952(3) 78(3)
C(046) 9167(5) 77(4) 4335(3) 66(2)
C(047) 6(6) 2441(4) -2563(3) 78(3)
C(048) -3807(5) 3792(4) 2197(3) 71(2)
C(049) 7751(5) 1015(4) 5300(3) 58(2)
0(04A) 10493(7) 4201(4) 7527(3) 151(3)
C(04B) 548(5) 2241(4) 1150(3) 59(2)
C(04C) 4438(6) 790(3) 6135(3) 65(2)
C(04D) 4470(6) 876(3) 5202(3) 63(2)
N(04E) 10658(7) 4126(4) 6671(4) 109(3)
C(04F) 1627(6) 705(4) 2832(3) 70(2)
C(04G) 4502(6) 2373(4) 8268(3) 64(2)
C(04H) 328(5) 1960(4) 1627(3) 62(2)
C(041) 2359(6) 5095(4) 3187(3) 74(3)
C(043) 9113(6) -663(4) 4385(3) 71(2)
C(04K) -4021(6) 4150(4) 2591(4) 83(3)
C(04L) 5055(6) 2655(4) 8708(3) 74(3)
C(04M) 2460(6) 4588(4) 2872(3) 69(3)
C(04N) 7151(5) 1428(3) 2243(3) 61(2)
C(040) 4315(5) 2255(3) 707(3) 64(2)
C(04P) 5714(5) 3206(3) 5933(3) 67(2)
C(04Q) -797(5) 1827(3) -563(3) 72(3)
C(04R) 755(5) 1037(4) 1217(3) 71(2)
0(04S) 9320(5) 4289(4) 4349(3) 142(3)
C(04T) 1093(7) 2243(4) -3990(3) 73(3)
C(04U) 3082(5) 4603(4) 2460(3) 61(2)
C(04V) 1218(6) 4584(4) 3641(3) 78(3)
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C(04W)
C(04X)
c(04Y)
C(050)
C(051)
C(052)
C(053)
C(054)
C(055)
C(056)
C(057)
C(058)
C(059)
C(05A)
C(05B)
C(05C)
C(05D)
C(05E)
C(05H)
C(051)
C(05J)
C(05K)
C(05M)
C(05P)
C(05Q)
C(05U)
C(067)

2255(6)
8651(6)
660(6)
3191(6)
-2501(6)
-2545(6)
535(5)
7985(6)
2962(7)
5329(9)
2353(7)
4122(5)
3752(7)
8514(8)
1725(7)
6510(7)
-1883(6)
3499(7)
156(11)
8404(7)
10382(7)
-457(9)
10275(9)
7024(7)
-1615(8)
4736(9)
11322(10)

713(4)
1204(4)
1310(3)
2181(4)
3936(3)
2171(4)
2966(4)
1116(4)

221(5)
1184(4)

207(5)
3917(3)
2465(4)
4215(5)
5070(5)

707(4)
1640(3)

714(5)
4592(6)
5211(5)
3850(5)
4113(4)
3972(5)
4532(4)
4560(5)

648(5)
4630(6)

2427(3)
2774(3)

691(3)
8802(3)
3123(3)
-586(4)
4708(3)
2305(3)
1726(4)
4007(4)
2107(3)
4752(3)
9202(3)
4519(4)
3559(3)
3515(4)
-571(4)
1658(4)
1977(5)
4806(4)
6167(4)
1178(4)
7065(5)
4881(4)
1679(4)
3230(4)
6669(7)

71(3)
72(2)
70(2)
90(3)
68(2)
92(3)
71(2)
85(3)
94(3)
106(4)
95(3)
63(2)
86(3)
101(3)
80(3)
104(3)
93(3)
88(3)
252(11)
122(4)
121(4)
109(4)
110(4)
118(4)
129(4)
163(6)
232(10)

228



Table3.  Bond lengths [A] and angles [°] for
mer-Ru2(RS-BPTPI)4CI.

Ru(01)-Ru(04)
Ru(01)-0(008)
Ru(01)-O(00B)
Ru(01)-O(00G)
Ru(01)-N(OOR)
Ru(01)-O(01F)
Ru(02)-Ru(03)
Ru(02)-O(00A)
Ru(02)-0(00J)
Ru(02)-O(00L)
Ru(02)-O(00T)
Ru(02)-N(014)
Ru(03)-CI(05)
Ru(03)-N(0ON)
Ru(03)-0(000)
Ru(03)-N(015)
Ru(03)-N(019)
Ru(04)-CI(06)
Ru(04)-0(007)
Ru(04)-N(00X)
Ru(04)-N(017)
Ru(04)-N(01A)
0(007)-C(01U)
0(008)-C(020)
0(009)-C(01X)
0(00A)-C(010)
0(00B)-C(04B)
0(00C)-C(02P)
0(00D)-C(02D)
O(00E)-C(01W)
O(00F)-C(02N)
0(00G)-C(03U)

2.2827(7)
2.005(4)
2.039(5)
2.006(5)
2.032(5)
2.307(5)
2.2890(7)
2.013(4)
1.998(4)
2.038(5)
2.302(5)
2.033(6)
2.5887(18)
2.115(6)
2.057(5)
2.116(5)
2.068(6)
2.5741(18)
2.059(5)
2.107(6)
2.093(6)
2.061(6)
1.281(8)
1.280(7)
1.217(8)
1.293(8)
1.273(9)
1.232(9)
1.229(8)
1.208(8)
1.233(8)
1.275(8)
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O(00H)-C(01G)
0(001)-C(029)
0(00J)-C(01D)
0(00K)-C(02R)
0(00L)-C(01S)
O(00M)-C(01R)
N(0ON)-C(01D)
N(0ON)-C(032)
0(000)-C(02U)
0(00P)-C(03S)
0(00Q)-C(02G)
N(0OR)-C(01U)
N(0OR)-C(039)
N(00S)-C(01W)
N(00S)-C(027)
N(00S)-C(029)
0(00T)-C(056)
0(00U)-C(02B)
N(00V)-C(01X)
N(00V)-C(026)
N(00V)-C(02G)
0(00W)-C(020)
N(00X)-C(020)
N(00X)-C(030)
N(00Y)-C(01G)
N(00Y)-C(01V)
N(00Y)-C(02P)
0(00Z)-C(036)
0(010)-C(03J)
N(011)-C(02B)
N(011)-C(036)
N(011)-C(03D)
N(012)-C(02R)
N(012)-C(02V)
N(012)-C(02Y)

1.227(8)
1.202(8)
1.278(8)
1.196(9)
1.270(8)
1.192(8)
1.290(9)
1.514(8)
1.288(8)
1.198(8)
1.206(8)
1.325(8)
1.491(8)
1.397(10)
1.416(8)
1.413(9)
1.225(10)
1.225(9)
1.404(8)
1.471(8)
1.398(9)
1.188(9)
1.296(8)
1.460(8)
1.367(9)
1.453(8)
1.417(9)
1.179(9)
1.204(8)
1.379(10)
1.412(9)
1.458(9)
1.413(8)
1.457(8)
1.409(9)



N(013)-C(01R)
N(013)-C(02N)
N(013)-C(04H)
N(014)-C(02U)
N(014)-C(04D)
N(015)-C(010)
N(015)-C(04P)

0(016)-C(02Y)
N(017)-C(03U)
N(017)-C(04Q)
N(018)-C(02D)
N(018)-C(020)
N(018)-C(03T)
N(019)-C(01S)

N(019)-C(058)

N(01A)-C(04B)
N(01A)-C(04Y)
C(01B)-H(01B)
C(01B)-C(01P)
C(01B)-C(02A)
C(01C)-C(01E)
C(01C)-C(01K)
C(01C)-C(03X)
C(01D)-C(01V)
C(01E)-C(01N)
C(01E)-C(03K)
0(01F)-C(05K)
C(01G)-C(03E)
N(01H)-C(02S)
N(01H)-C(03J)
N(01H)-C(03S)
C(011)-C(020)

C(011)-C(033)

1.398(9)
1.378(8)
1.449(9)
1.297(8)
1.454(8)
1.311(8)
1.464(8)
1.216(8)
1.299(8)
1.481(8)
1.362(9)
1.414(9)
1.446(8)
1.283(9)
1.476(8)
1.333(9)
1.459(9)
0.9500
1.409(10)
1.438(11)
1.426(10)
1.413(10)
1.431(10)
1.536(9)
1.387(10)
1.478(10)
1.204(10)
1.502(10)
1.460(8)
1.392(9)
1.401(8)
1.492(10)
1.392(9)
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C(011)-C(040)
C(013)-C(024)
C(013)-C(028)
C(013)-C(02H)
C(01K)-H(01K)
C(01K)-C(030)
C(01L)-H(01L)
C(01L)-C(03H)
C(01L)-C(03X)
C(01M)-C(02F)
C(01M)-C(03J)
C(01M)-C(047)
C(01N)-H(01N)
C(01N)-C(03H)
C(010)-C(02V)
C(01P)-C(02P)
C(01P)-C(03E)
N(01Q)-C(056)
N(01Q)-C(05C)
N(01Q)-C(05U)
C(01R)-C(02J)
C(01S)-C(026)
C(01T)-C(02M)
C(01T)-C(02W)
C(01T)-C(043)
C(01U)-C(02S)
C(01V)-H(01V)
C(01V)-C(03F)
C(01W)-C(012)
C(01X)-C(021)
C(01Y)-C(012)
C(01Y)-C(029)
C(01Y)-C(03R)

1.359(9)
1.403(10)
1.422(10)
1.456(10)
0.9500
1.364(9)
0.9500
1.396(10)
1.394(11)
1.408(9)
1.518(9)
1.358(9)
0.9500
1.381(10)
1.530(9)
1.426(10)
1.399(10)
1.365(10)
1.464(10)
1.346(11)
1.525(10)
1.524(10)
1.432(9)
1.410(9)
1.409(9)
1.486(10)
1.0000
1.531(10)
1.499(10)
1.495(10)
1.399(10)
1.477(10)
1.346(9)



C(012)-C(04U)
C(020)-C(027)
C(021)-C(02C)
C(021)-C(02W)
C(022)-C(031)
C(022)-C(044)
C(022)-C(047)
C(023)-C(02E)
C(023)-C(03B)
C(023)-C(051)
C(024)-H(024)
C(024)-C(02L)
C(025)-C(02B)
C(025)-C(030)
C(025)-C(03K)
C(026)-H(026)
C(026)-C(035)
C(027)-H(027)
C(027)-C(02Q)
C(028)-C(02K)
C(028)-C(046)
C(02A)-C(045)
C(02A)-C(04W)
C(02C)-C(02G)
C(02C)-C(034)
C(02D)-C(033)
C(02E)-C(038)
C(02E)-C(048)
C(02F)-C(031)
C(02F)-C(03S)
C(02H)-H(02H)
C(02H)-C(049)
C(021)-H(021)

1.335(10)
1.547(9)
1.399(9)
1.375(9)
1.416(10)
1.426(10)
1.430(9)
1.451(9)
1.450(9)
1.378(10)
0.9500
1.390(10)
1.505(10)
1.390(9)
1.328(10)
1.0000
1.546(10)
1.0000
1.550(9)
1.402(10)
1.438(9)
1.437(10)
1.363(11)
1.498(9)
1.342(10)
1.512(9)
1.395(9)
1.442(9)
1.376(9)
1.498(9)
0.9500
1.362(10)
0.9500

231

C(021)-C(02X)
C(021)-C(04V)
C(02J)-C(03B)
C(023)-C(03W)
C(02K)-H(02K)
C(02K)-C(03L)
C(02L)-H(02L)
C(02L)-C(04J)
C(02M)-C(034)
C(02M)-C(04N)
C(02N)-C(03W)
C(02Q)-H(02A)
C(02Q)-H(02B)
C(02Q)-C(040)
C(02R)-C(03L)
C(02S)-H(02S)
C(02S)-C(03N)
C(02T)-C(040)
C(02T)-C(04G)
C(02T)-C(050)
C(02U)-C(03T)
C(02V)-H(02V)
C(02V)-C(03V)
C(02W)-H(02W)
C(02X)-C(03R)
C(02X)-C(04M)
C(02Y)-C(049)
N(02Z)-C(05A)
N(022)-C(05)
N(02Z)-C(05P)
C(030)-C(036)
C(031)-C(037)
C(031)-C(031)

1.429(10)
1.365(10)
1.325(10)
1.424(10)
0.9500
1.348(9)
0.9500
1.413(11)
1.426(9)
1.398(9)
1.486(10)
0.9900
0.9900
1.509(9)
1.496(11)
1.0000
1.526(9)
1.377(10)
1.406(10)
1.455(10)
1.509(10)
1.0000
1.545(9)
0.9500
1.389(10)
1.399(11)
1.503(10)
1.303(11)
1.439(11)
1.476(10)
1.507(11)
1.434(9)
1.412(9)



C(032)-H(03Q)
C(032)-H(03S)
C(032)-C(053)
C(033)-C(03G)
C(034)-H(034)
C(035)-H(03T)
C(035)-H(03U)
C(035)-C(041)
C(037)-H(037)
C(037)-C(04T)
C(038)-H(038)
C(038)-C(03W)
C(039)-H(03A)
C(039)-H(03B)
C(039)-C(03Q)
N(03A)-C(05H)
N(03A)-C(05K)
N(03A)-C(05Q)
C(03B)-H(03C)
C(03C)-H(03D)
C(03C)-H(03E)
C(03C)-C(04H)
C(03C)-C(04R)
C(03D)-H(03F)
C(03D)-C(03U)
C(03D)-C(052)
C(03E)-C(04F)
C(03F)-H(03V)
C(03F)-H(03W)
C(03F)-C(053)
C(03G)-H(03Z)
C(03G)-C(04G)
C(03H)-H(03H)

0.9900
0.9900
1.524(9)
1.356(9)
0.9500
0.9900
0.9900
1.520(9)
0.9500
1.369(10)
0.9500
1.377(9)
0.9900
0.9900
1.471(10)
1.365(12)
1.303(11)
1.486(11)
0.9500
0.9900
0.9900
1.543(11)
1.536(10)
1.0000
1.515(9)
1.513(10)
1.325(10)
0.9900
0.9900
1.483(9)
0.9500
1.418(10)
0.9500
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C(031)-H(031)
C(03K)-H(03K)
C(03L)-C(049)
C(03M)-H(03)
C(03M)-H
C(03M)-C(03V)
C(03M)-C(04P)
C(03N)-H(03G)
C(03N)-H(03J)
C(03N)-C(03Q)
C(030)-H(03L)
C(030)-H(03M)
C(030)-C(040)
C(03P)-H(03P)
C(03P)-C(04K)
C(03P)-C(051)
C(03Q)-H(03N)
C(03Q)-H(030)
C(03R)-H(03R)
C(03T)-H(0AA)
C(03T)-C(04C)
C(03V)-H(1AA)
C(03V)-HA
C(03X)-H(03X)
C(03Y)-H(03Y)
C(03Y)-C(044)
C(03Y)-C(04T)
C(032)-H(2AA)
C(032)-C(04L)
C(032)-C(059)
C(040)-H(040)
C(041)-H(04L)
C(041)-H(04M)

0.9500
0.9500
1.403(10)
0.9900
0.9900
1.501(9)
1.522(9)
0.9900
0.9900
1.516(9)
0.9900
0.9900
1.523(8)
0.9500
1.396(10)
1.369(9)
0.9900
0.9900
0.9500
1.0000
1.522(9)
0.9900
0.9900
0.9500
0.9500
1.391(10)
1.352(10)
0.9500
1.368(10)
1.354(11)
0.9500
0.9900
0.9900



C(041)-C(058)
C(042)-H(04N)
C(042)-H(040)
C(042)-C(04C)
C(042)-C(04D)
C(043)-H(043)
C(043)-C(04X)
C(044)-H(044)
C(045)-H(045)
C(045)-C(05E)
C(046)-H(046)
C(046)-C(04J)
C(047)-H(047)
C(048)-H(048)
C(048)-C(04K)
0(04A)-C(05M)
C(04B)-C(04H)
C(04C)-H(04P)
C(04C)-H(04Q)
C(04D)-H(04R)
C(04D)-H(04S)
N(04E)-C(05J)
N(04E)-C(05M)
N(04E)-C(067)
C(04F)-H(04W)
C(04F)-C(04W)
C(04G)-C(04L)
C(04H)-H(04H)
C(041)-H(041)
C(041)-C(04M)
C(041)-C(05B)
C(043)-H(04X)
C(04K)-H(04K)

1.518(10)
0.9900
0.9900
1.512(9)
1.523(10)
0.9500
1.370(10)
0.9500
0.9500
1.369(12)
0.9500
1.379(10)
0.9500
0.9500
1.365(11)
1.301(12)
1.505(10)
0.9900
0.9900
0.9900
0.9900
1.447(12)
1.279(13)
1.449(13)
0.9500
1.442(10)
1.417(10)
1.0000
0.9500
1.431(11)
1.381(10)
0.9500
0.9500
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C(04L)-H(04Y)
C(04M)-C(04U)
C(04N)-H(04Z)
C(04N)-C(054)
C(040)-H(04A)
C(040)-H(04B)
C(04P)-H(04)
C(04P)-HB
C(04Q)-H(04C)
C(04Q)-H(04D)
C(04Q)-C(05D)
C(04R)-H(04E)
C(04R)-H(04F)
C(04R)-C(04Y)
0(04S)-C(05A)
C(04T)-H(04T)
C(04U)-H(04U)
C(04V)-H(04V)
C(04V)-C(05B)
C(04W)-C(057)
C(04X)-H(3AA)
C(04X)-C(054)
C(04Y)-H(04G)
C(04Y)-H(04J)
C(050)-H(050)
C(050)-C(059)
C(051)-H(051)
C(052)-H(05A)
C(052)-H(05B)
C(052)-C(05D)
C(053)-H(05M)
C(053)-H(05N)
C(054)-H(054)

0.9500
1.454(9)
0.9500
1.361(10)
0.9900
0.9900
0.9900
0.9900
0.9900
0.9900
1.509(10)
0.9900
0.9900
1.550(10)
1.233(11)
0.9500
0.9500
0.9500
1.341(11)
1.434(12)
0.9500
1.438(10)
0.9900
0.9900
0.9500
1.348(10)
0.9500
0.9900
0.9900
1.554(10)
0.9900
0.9900
0.9500



C(055)-H(055)
C(055)-C(057)
C(055)-C(05E)
C(056)-H(056)
C(057)-H(057)
C(058)-H(050)
C(058)-H(05P)
C(059)-H(059)
C(05A)-H(05X)
C(05B)-H(05C)
C(05C)-H(05Q)
C(05C)-H(05R)
C(05C)-H(05S)
C(05D)-H(05D)
C(05D)-H(05E)
C(05E)-H(05T)
C(05H)-H(05F)
C(05H)-H(05G)
C(05H)-H(05H)
C(051)-H(05Y)
C(051)-HC
C(051)-HD
C(05J)-H(05)
C(05J)-HE
C(05J)-HF
C(05K)-H(05K)
C(05M)-H(4AA)
C(05P)-H(052)
C(05P)-HG
C(05P)-HH
C(05Q)-H(051)
C(05Q)-H(05J)
C(05Q)-H(05L)

0.9500
1.376(11)
1.365(12)
0.9500
0.9500
0.9900
0.9900
0.9500
0.9500
0.9500
0.9800
0.9800
0.9800
0.9900
0.9900
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9500
0.9500
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
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C(05U)-H(05U)
C(05U)-H(05V)
C(05U)-H(05W)
C(067)-H(06A)
C(067)-H(06B)
C(067)-H(06C)

Ru(04)-Ru(01)-O(01F)
0(008)-Ru(01)-Ru(04)
0(008)-Ru(01)-O(00B)
0(008)-Ru(01)-0(00G)
0(008)-Ru(01)-N(00R)
0(008)-Ru(01)-O(01F)
0(00B)-Ru(01)-Ru(04)
0(00B)-Ru(01)-O(01F)
0(00G)-Ru(01)-Ru(04)
0(00G)-Ru(01)-O(00B)
0(00G)-Ru(01)-N(0OR)
0(00G)-Ru(01)-O(01F)
N(0OR)-Ru(01)-Ru(04)
N(0OR)-Ru(01)-O(00B)
N(0OR)-Ru(01)-O(01F)
Ru(03)-Ru(02)-0(00T)
0(00A)-Ru(02)-Ru(03)
0(00A)-Ru(02)-O(00L)
0(00A)-Ru(02)-O(00T)
0(00A)-Ru(02)-N(014)
0(00J)-Ru(02)-Ru(03)
0(00J)-Ru(02)-O(00A)
0(00J)-Ru(02)-O(00L)
0(00J)-Ru(02)-0(00T)
0(00J)-Ru(02)-N(014)
0(00L)-Ru(02)-Ru(03)

0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

173.32(13)
91.37(12)
89.63(17)

175.75(18)
91.05(19)
86.82(18)
90.34(14)
83.23(19)
92.60(14)
88.84(18)
90.5(2)
89.1(2)
89.59(15)

179.3(2)
96.9(2)

173.97(14)
92.83(13)
89.03(19)
87.91(19)
89.6(2)
91.18(13)

175.75(17)
89.54(18)
87.96(19)
91.8(2)
90.13(14)



0(00L)-Ru(02)-O(00T)
N(014)-Ru(02)-Ru(03)
N(014)-Ru(02)-O(00L)
N(014)-Ru(02)-O(00T)
Ru(02)-Ru(03)-CI(05)
N(0ON)-Ru(03)-Ru(02)
N(0ON)-Ru(03)-CI(05)
N(0ON)-Ru(03)-N(015)
0(000)-Ru(03)-Ru(02)
0(000)-Ru(03)-CI(05)
0(000)-Ru(03)-N(00N)
0(000)-Ru(03)-N(015)
0(000)-Ru(03)-N(019)
N(015)-Ru(03)-Ru(02)
N(015)-Ru(03)-CI(05)
N(019)-Ru(03)-Ru(02)
N(019)-Ru(03)-CI(05)
N(019)-Ru(03)-N(0ON)
N(019)-Ru(03)-N(015)
Ru(01)-Ru(04)-CI(06)
0(007)-Ru(04)-Ru(01)
0(007)-Ru(04)-CI(06)
0(007)-Ru(04)-N(00X)
0(007)-Ru(04)-N(017)
0(007)-Ru(04)-N(01A)
N(00X)-Ru(04)-Ru(01)
N(00X)-Ru(04)-CI(06)
N(017)-Ru(04)-Ru(01)
N(017)-Ru(04)-CI(06)
N(017)-Ru(04)-N(00X)
N(01A)-Ru(04)-Ru(01)
N(01A)-Ru(04)-CI(06)
N(01A)-Ru(04)-N(00X)

83.90(19)
90.58(16)
178.51(19)
95.4(2)
174.72(5)
87.34(17)
91.92(17)
173.5(2)
88.56(13)
86.25(13)
92.35(19)
90.98(19)
177.2(2)
87.19(16)
93.84(17)
88.81(16)
96.38(17)
86.7(2)
89.7(2)
174.25(5)
89.40(12)
84.97(13)
93.1(2)
90.7(2)
178.7(2)
87.38(15)
91.75(15)
86.33(16)
94.90(17)
172.6(2)
89.38(18)
96.25(19)
87.3(2)
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N(0LA)-Ru(04)-N(017)
C(01U)-0(007)-Ru(04)
C(020)-0(008)-Ru(01)
C(010)-O(00A)-Ru(02)
C(04B)-O(00B)-Ru(01)
C(03U)-0(00G)-Ru(01)
C(01D)-0(00J)-Ru(02)
C(01S)-O(00L)-Ru(02)
C(01D)-N(0ON)-Ru(03)
C(01D)-N(00N)-C(032)
C(032)-N(00N)-Ru(03)
C(02U)-0(000)-Ru(03)
C(01U)-N(00R)-Ru(01)
C(01U)-N(00R)-C(039)
C(039)-N(00R)-Ru(01)
C(01W)-N(00S)-C(027)
C(01W)-N(00S)-C(029)
C(029)-N(00S)-C(027)
C(056)-0(00T)-Ru(02)
C(01X)-N(00V)-C(026)
C(02G)-N(00V)-C(01X)
C(02G)-N(00V)-C(026)
C(020)-N(00X)-Ru(04)
C(020)-N(00X)-C(030)
C(030)-N(00X)-Ru(04)
C(01G)-N(00Y)-C(01V)
C(01G)-N(00Y)-C(02P)
C(02P)-N(00Y)-C(01V)
C(02B)-N(011)-C(036)
C(02B)-N(011)-C(03D)
C(036)-N(011)-C(03D)
C(02R)-N(012)-C(02V)
C(02Y)-N(012)-C(02R)

88.8(2)
119.5(4)
118.2(5)
117.9(4)
119.1(5)
118.4(4)
119.1(5)
118.3(5)
117.7(5)
122.0(6)
118.8(5)
118.7(4)
120.0(5)
122.3(6)
117.3(4)
124.7(7)
111.3(7)
122.3(7)
123.9(7)
121.6(6)
113.8(6)
122.0(6)
117.7(4)
119.2(6)
121.5(5)
122.9(6)
110.3(7)
123.0(7)
113.7(7)
123.5(7)
122.0(7)
122.8(7)
112.0(7)



C(02Y)-N(012)-C(02V)
C(01R)-N(013)-C(04H)
C(02N)-N(013)-C(01R)
C(02N)-N(013)-C(04H)
C(02U)-N(014)-Ru(02)
C(02U)-N(014)-C(04D)
C(04D)-N(014)-Ru(02)
C(010)-N(015)-Ru(03)
C(010)-N(015)-C(04P)
C(04P)-N(015)-Ru(03)
C(03U)-N(017)-Ru(04)
C(03U)-N(017)-C(04Q)
C(04Q)-N(017)-Ru(04)
C(02D)-N(018)-C(020)
C(02D)-N(018)-C(03T)
C(020)-N(018)-C(03T)
C(01S)-N(019)-Ru(03)
C(01S)-N(019)-C(058)
C(058)-N(019)-Ru(03)
C(04B)-N(01A)-Ru(04)
C(04B)-N(01A)-C(04Y)
C(04Y)-N(01A)-Ru(04)
C(01P)-C(01B)-H(01B)
C(01P)-C(01B)-C(02A)
C(02A)-C(01B)-H(01B)
C(01E)-C(01C)-C(03X)
C(01K)-C(01C)-C(01E)
C(01K)-C(01C)-C(03X)
0(00J)-C(01D)-N(00N)
0(00J)-C(01D)-C(01V)
N(0ON)-C(01D)-C(01V)
C(01C)-C(01E)-C(03K)
C(01N)-C(01E)-C(01C)

124.8(6)
122.0(6)
113.1(7)
124.1(7)
118.0(5)
124.4(7)
117.0(5)
117.9(5)
122.0(6)
120.1(4)
119.5(5)
120.9(6)
119.6(4)
113.4(6)
124.6(6)
121.1(6)
118.0(5)
120.5(7)
121.3(5)
117.7(6)
122.5(7)
119.6(5)
121.8

116.4(8)
121.8

117.1(8)
122.0(7)
120.6(8)
122.5(7)
114.5(7)
123.0(7)
117.8(8)
122.5(7)
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C(01N)-C(01E)-C(03K)
C(05K)-O(01F)-Ru(01)
O(00H)-C(01G)-N(00Y)
O(00H)-C(01G)-C(03E)
N(00Y)-C(01G)-C(03E)
C(033)-N(01H)-C(02S)
C(033)-N(01H)-C(03S)
C(03S)-N(01H)-C(02S)
C(033)-C(011)-C(020)
C(040)-C(011)-C(020)
C(040)-C(011)-C(033)
C(024)-C(01J)-C(028)
C(024)-C(01J)-C(02H)
C(028)-C(01J)-C(02H)
C(01C)-C(01K)-H(01K)
C(030)-C(01K)-C(01C)
C(030)-C(01K)-H(01K)
C(03H)-C(01L)-H(01L)
C(03X)-C(01L)-H(01L)
C(03X)-C(01L)-C(03H)
C(02F)-C(01M)-C(03J)
C(047)-C(01M)-C(02F)
C(047)-C(01M)-C(03J)
C(01E)-C(01N)-H(01N)
C(03H)-C(01N)-C(01E)
C(03H)-C(01N)-H(01N)
0(00A)-C(010)-N(015)
0(00A)-C(010)-C(02V)
N(015)-C(010)-C(02V)
C(01B)-C(01P)-C(02P)
C(03E)-C(01P)-C(01B)
C(03E)-C(01P)-C(02P)
C(056)-N(01Q)-C(05C)

119.6(8)
128.3(7)
124.7(7)
127.4(9)
107.8(7)
123.7(6)
113.2(6)
121.7(6)
109.2(7)
129.9(8)
120.9(7)
121.8(8)
120.2(8)
118.0(8)
121.8

116.4(7)
121.8

1203

1203

119.4(8)
107.3(7)
121.8(7)
130.8(7)
121.1

117.8(8)
121.1

123.7(7)
114.5(6)
121.8(7)
129.2(8)
120.2(8)
110.7(7)
118.9(9)



C(05U)-N(01Q)-C(056)
C(05U)-N(01Q)-C(05C)
O(00M)-C(01R)-N(013)
0(00M)-C(01R)-C(02J)
N(013)-C(01R)-C(02J)
0(00L)-C(01S)-N(019)
0(00L)-C(01S)-C(026)
N(019)-C(01S)-C(026)
C(02W)-C(01T)-C(02M)
C(043)-C(01T)-C(02M)
C(043)-C(01T)-C(02W)
0(007)-C(01U)-N(00R)
0(007)-C(01U)-C(02S)
N(0OR)-C(01U)-C(02S)
N(00Y)-C(01V)-C(01D)
N(00Y)-C(01V)-H(01V)
N(00Y)-C(01V)-C(03F)
C(01D)-C(01V)-H(01V)
C(03F)-C(01V)-C(01D)
C(03F)-C(01V)-H(01V)
O(00E)-C(01W)-N(00S)
O(00E)-C(01W)-C(012)
N(00S)-C(01W)-C(012)
0(009)-C(01X)-N(00V)
0(009)-C(01X)-C(021)
N(00V)-C(01X)-C(021)
C(012)-C(01Y)-C(029)
C(03R)-C(01Y)-C(012)
C(03R)-C(01Y)-C(029)
C(01Y)-C(01Z)-C(01W)
C(04U)-C(012)-C(01W)
C(04U)-C(012)-C(01Y)
0(008)-C(020)-N(00X)

122.6(10)
118.4(8)
127.8(8)
127.0(8)
105.2(7)
124.3(7)
111.6(7)
124.1(8)
121.0(7)
118.9(7)
120.0(7)
120.3(7)
118.7(6)
120.8(7)
107.1(6)
107.2
114.3(6)
107.2
113.6(7)
107.2
124.4(8)
129.7(9)
105.9(8)
125.0(7)
130.6(7)
104.5(7)
107.8(7)
121.1(8)
131.1(8)
108.2(8)
129.7(9)
122.1(8)
122.7(6)
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0(008)-C(020)-C(027)
N(00X)-C(020)-C(027)
C(02C)-C(021)-C(01X)
C(02W)-C(021)-C(01X)
C(02W)-C(021)-C(02C)
C(031)-C(022)-C(044)
C(031)-C(022)-C(047)
C(044)-C(022)-C(047)
C(03B)-C(023)-C(02E)
C(051)-C(023)-C(02E)
C(051)-C(023)-C(03B)
C(013)-C(024)-H(024)
C(02L)-C(024)-C(01J)
C(02L)-C(024)-H(024)
C(030)-C(025)-C(02B)
C(03K)-C(025)-C(02B)
C(03K)-C(025)-C(030)
N(00V)-C(026)-C(01S)
N(00V)-C(026)-H(026)
N(00V)-C(026)-C(035)
C(01S)-C(026)-H(026)
C(01S)-C(026)-C(035)
C(035)-C(026)-H(026)
N(00S)-C(027)-C(020)
N(00S)-C(027)-H(027)
N(00S)-C(027)-C(02Q)
C(020)-C(027)-H(027)
C(020)-C(027)-C(02Q)
C(02Q)-C(027)-H(027)
C(013)-C(028)-C(046)
C(02K)-C(028)-C(01J)
C(02K)-C(028)-C(046)
0(001)-C(029)-N(00S)

111.8(6)
125.5(6)
108.7(6)
129.6(7)
121.6(7)
120.2(7)
120.2(7)
119.6(8)
115.5(7)
122.7(7)
121.8(7)
120.8

118.4(8)
120.8

106.9(7)
129.5(8)
123.7(7)
108.5(6)
107.2

112.5(6)
107.2

114.0(7)
107.2

107.5(5)
108.0

113.5(6)
108.0

111.9(6)
108.0

117.1(8)
122.2(7)
120.6(8)
122.4(7)



0(001)-C(029)-C(01Y)
N(00S)-C(029)-C(01Y)
C(045)-C(02A)-C(01B)
C(04W)-C(02A)-C(01B)
C(04W)-C(02A)-C(045)
0(00U)-C(02B)-N(011)
0(00U)-C(02B)-C(025)
N(011)-C(02B)-C(025)
C(021)-C(02C)-C(02G)
C(034)-C(02C)-C(021)
C(034)-C(02C)-C(02G)
0(00D)-C(02D)-N(018)
0(00D)-C(02D)-C(033)
N(018)-C(02D)-C(033)
C(038)-C(02E)-C(023)
C(038)-C(02E)-C(048)
C(048)-C(02E)-C(023)
C(01M)-C(02F)-C(03S)
C(031)-C(02F)-C(01M)
C(031)-C(02F)-C(03S)
0(00Q)-C(02G)-N(00V)
0(00Q)-C(02G)-C(02C)
N(00V)-C(02G)-C(02C)
C(013)-C(02H)-H(02H)
C(049)-C(02H)-C(01J)
C(049)-C(02H)-H(02H)
C(02X)-C(021)-H(021)
C(04V)-C(021)-H(021)
C(04V)-C(021)-C(02X)
C(03B)-C(02])-C(01R)
C(03B)-C(02)-C(03W)
C(03W)-C(02J)-C(01R)
C(028)-C(02K)-H(02K)

130.9(8)
106.7(7)
117.9(9)
121.4(8)
120.7(9)
125.9(8)
127.8(9)
106.1(7)
108.2(7)
121.7(7)
130.0(7)
125.6(7)
128.1(8)
106.3(7)
122.9(7)
120.9(7)
116.0(7)
108.4(6)
122.7(7)
128.9(7)
126.4(7)
128.8(8)
104.8(6)
121.4

117.3(8)
121.4

119.3

119.3

121.5(8)
131.1(8)
122.0(7)
106.9(7)
121.1
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C(03L)-C(02K)-C(028)
C(03L)-C(02K)-H(02K)
C(024)-C(02L)-H(02L)
C(024)-C(02L)-C(04J)
C(043)-C(02L)-H(02L)
C(034)-C(02M)-C(01T)
C(04N)-C(02M)-C(01T)
C(04N)-C(02M)-C(034)
O(00F)-C(02N)-N(013)
O(00F)-C(02N)-C(03W)
N(013)-C(02N)-C(03W)
0(00W)-C(020)-N(018)
0(00W)-C(020)-C(011)
N(018)-C(020)-C(011)
0(00C)-C(02P)-N(00Y)
0(00C)-C(02P)-C(01P)
N(00Y)-C(02P)-C(01P)
C(027)-C(02Q)-H(02A)
C(027)-C(02Q)-H(02B)
H(02A)-C(02Q)-H(02B)
C(040)-C(02Q)-C(027)
C(040)-C(02Q)-H(02A)
C(040)-C(02Q)-H(02B)
0(00K)-C(02R)-N(012)
0(00K)-C(02R)-C(03L)
N(012)-C(02R)-C(03L)
N(01H)-C(02S)-C(01U)
N(01H)-C(02S)-H(02S)
N(01H)-C(02S)-C(03N)
C(01U)-C(02S)-H(02S)
C(01U)-C(02S)-C(03N)
C(03N)-C(02S)-H(02S)
C(040)-C(02T)-C(04G)

117.8(8)
121.1
119.2
121.6(9)
119.2
117.9(7)
120.3(7)
121.8(7)
124.1(8)
128.7(7)
107.2(7)
125.1(7)
130.6(8)
104.3(7)
120.9(7)
132.6(8)
106.3(7)
109.7
109.7
108.2
109.9(6)
109.7
109.7
123.4(8)
130.4(7)
106.2(8)
113.2(7)
106.7
111.2(6)
106.7
111.8(6)
106.7
121.8(8)



C(040)-C(02T)-C(050)
C(04G)-C(02T)-C(050)
0(000)-C(02U)-N(014)
0(000)-C(02U)-C(03T)
N(014)-C(02U)-C(03T)
N(012)-C(02V)-C(010)
N(012)-C(02V)-H(02V)
N(012)-C(02V)-C(03V)
C(010)-C(02V)-H(02V)
C(010)-C(02V)-C(03V)
C(03V)-C(02V)-H(02V)
C(01T)-C(02W)-H(02W)
C(021)-C(02W)-C(01T)
C(021)-C(02W)-H(02W)
C(03R)-C(02X)-C(021)
C(03R)-C(02X)-C(04M)
C(04M)-C(02X)-C(021)
N(012)-C(02Y)-C(049)
0(016)-C(02Y)-N(012)
0(016)-C(02Y)-C(049)
C(05A)-N(022)-C(051)
C(05A)-N(022)-C(05P)
C(051)-N(022)-C(05P)
C(01K)-C(030)-C(025)
C(01K)-C(030)-C(036)
C(025)-C(030)-C(036)
C(022)-C(031)-C(037)
C(031)-C(031)-C(022)
C(031)-C(031)-C(037)
N(0ON)-C(032)-H(03Q)
N(0ON)-C(032)-H(03S)
N(0ON)-C(032)-C(053)
H(03Q)-C(032)-H(03S)

121.8(8)
116.4(8)
123.1(7)
116.2(6)
120.6(7)
108.4(6)
107.8
112.9(6)
107.8
111.9(6)
107.8
121.1
117.9(7)
121.1
123.2(8)
119.6(8)
117.2(8)
105.4(7)
125.6(7)
128.8(8)
123.7(10)
123.6(9)
112.7(8)
122.9(8)
127.3(7)
109.8(7)
119.6(7)
121.1(7)
119.2(7)
109.2
109.2
112.1(6)
107.9
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C(053)-C(032)-H(03Q)
C(053)-C(032)-H(03S)
C(011)-C(033)-C(02D)
C(03G)-C(033)-C(011)
C(03G)-C(033)-C(02D)
C(02C)-C(034)-C(02M)
C(02C)-C(034)-H(034)
C(02M)-C(034)-H(034)
C(026)-C(035)-H(03T)
C(026)-C(035)-H(03U)
H(03T)-C(035)-H(03U)
C(041)-C(035)-C(026)
C(041)-C(035)-H(03T)
C(041)-C(035)-H(03U)
0(00Z)-C(036)-N(011)
0(00Z)-C(036)-C(030)
N(011)-C(036)-C(030)
C(031)-C(037)-H(037)
C(04T)-C(037)-C(031)
C(04T)-C(037)-H(037)
C(02E)-C(038)-H(038)
C(03W)-C(038)-C(02E)
C(03W)-C(038)-H(038)
N(0OR)-C(039)-H(03A)
N(0OR)-C(039)-H(03B)
H(03A)-C(039)-H(03B)
C(03Q)-C(039)-N(00R)
C(03Q)-C(039)-H(03A)
C(03Q)-C(039)-H(03B)
C(05H)-N(03A)-C(05Q)
C(05K)-N(03A)-C(05H)
C(05K)-N(03A)-C(05Q)
C(023)-C(03B)-H(03C)

109.2
109.2
106.8(7)
122.5(7)
130.7(8)
120.0(7)
120.0
120.0
110.1
110.1
108.4
107.9(7)
110.1
110.1
126.6(8)
129.9(8)
103.4(7)
120.8
118.4(8)
120.8
121.2
117.6(7)
121.2
108.5
108.5
107.5
115.1(6)
108.5
108.5
115.9(9)
125.6(11)
118.5(10)
119.6



C(02)-C(03B)-C(023)
C(023)-C(03B)-H(03C)
H(03D)-C(03C)-H(03E)
C(04H)-C(03C)-H(03D)
C(04H)-C(03C)-H(03E)
C(04R)-C(03C)-H(03D)
C(04R)-C(03C)-H(03E)
C(04R)-C(03C)-C(04H)
N(011)-C(03D)-H(03F)
N(011)-C(03D)-C(03U)
N(011)-C(03D)-C(052)
C(03U)-C(03D)-H(03F)
C(052)-C(03D)-H(03F)
C(052)-C(03D)-C(03U)
C(01P)-C(03E)-C(01G)
C(04F)-C(03E)-C(01G)
C(04F)-C(03E)-C(01P)
C(01V)-C(03F)-H(03V)
C(01V)-C(03F)-H(03W)
H(03V)-C(03F)-H(03W)
C(053)-C(03F)-C(01V)
C(053)-C(03F)-H(03V)
C(053)-C(03F)-H(03W)
C(033)-C(03G)-H(032)
C(033)-C(03G)-C(04G)
C(04G)-C(03G)-H(032)
C(01L)-C(03H)-H(03H)
C(01N)-C(03H)-C(01L)
C(01N)-C(03H)-H(03H)
C(02F)-C(031)-C(031)
C(02F)-C(031)-H(031)
C(031)-C(031)-H(031)
0(010)-C(03J)-N(01H)

120.9(7)
119.6
108.5
1103
1103
1103
1103
107.3(7)
106.3
109.0(6)
114.2(6)
106.3
106.3
114.0(6)
104.6(8)
131.6(9)
123.6(8)
109.9
109.9
108.3
109.0(6)
109.9
109.9
121.2
117.6(8)
121.2
118.6
122.8(8)
118.6
116.6(7)
121.7
121.7
125.6(7)
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0(010)-C(03J)-C(01M)
N(01H)-C(03J)-C(01M)
C(01E)-C(03K)-H(03K)
C(025)-C(03K)-C(01E)
C(025)-C(03K)-H(03K)
C(02K)-C(03L)-C(02R)
C(02K)-C(03L)-C(049)
C(049)-C(03L)-C(02R)
H(03)-C(03M)-H
C(03V)-C(03M)-H(03)
C(03V)-C(03M)-H
C(03V)-C(03M)-C(04P)
C(04P)-C(03M)-H(03)
C(04P)-C(03M)-H
C(02S)-C(03N)-H(03G)
C(02S)-C(03N)-H(03J)
H(03G)-C(03N)-H(03J)
C(03Q)-C(03N)-C(02S)
C(03Q)-C(03N)-H(03G)
C(03Q)-C(03N)-H(03J)
N(00X)-C(030)-H(03L)
N(00X)-C(030)-H(03M)
N(00X)-C(030)-C(040)
H(03L)-C(030)-H(03M)
C(040)-C(030)-H(03L)
C(040)-C(030)-H(03M)
C(04K)-C(03P)-H(03P)
C(051)-C(03P)-H(03P)
C(051)-C(03P)-C(04K)
C(039)-C(03Q)-C(03N)
C(039)-C(03Q)-H(03N)
C(039)-C(03Q)-H(030)
C(03N)-C(03Q)-H(03N)

128.7(7)
105.5(6)
1215
117.1(8)
1215
130.0(8)
122.0(8)
107.7(7)
108.2
109.8
109.8
109.5(7)
109.8
109.8
110.2
110.2
108.5
107.5(6)
110.2
110.2
108.7
108.7
114.4(6)
107.6
108.7
108.7
118.8
118.8
122.4(8)
112.0(7)
109.2
109.2
109.2



C(03N)-C(03Q)-H(030)
H(03N)-C(03Q)-H(030)
C(01Y)-C(03R)-C(02X)
C(01Y)-C(03R)-H(03R)
C(02X)-C(03R)-H(03R)
O(00P)-C(03S)-N(01H)
O(00P)-C(03S)-C(02F)
N(01H)-C(03S)-C(02F)
N(018)-C(03T)-C(02U)
N(018)-C(03T)-H(0AA)
N(018)-C(03T)-C(04C)
C(02U)-C(03T)-H(0AA)
C(02U)-C(03T)-C(04C)
C(04C)-C(03T)-H(0AA)
0(00G)-C(03U)-N(017)
0(00G)-C(03U)-C(03D)
N(017)-C(03U)-C(03D)
C(02V)-C(03V)-H(1AA)
C(02V)-C(03V)-HA
C(03M)-C(03V)-C(02V)
C(03M)-C(03V)-H(1AA)
C(03M)-C(03V)-HA
H(LAA)-C(03V)-HA
C(023)-C(03W)-C(02N)
C(038)-C(03W)-C(02J)
C(038)-C(03W)-C(02N)
C(01C)-C(03X)-H(03X)
C(01L)-C(03X)-C(01C)
C(01L)-C(03X)-H(03X)
C(044)-C(03Y)-H(03Y)
C(04T)-C(03Y)-H(03Y)
C(04T)-C(03Y)-C(044)
C(04L)-C(03Z)-H(2AA)

109.2
107.9
120.1(8)
120.0
120.0
125.1(7)
129.2(7)
105.6(6)
114.5(7)
106.9
111.0(6)
106.9
110.3(6)
106.9
122.3(7)
114.1(6)
123.5(7)
1103
1103
107.3(6)
1103
1103
108.5
107.6(7)
121.0(7)
131.4(7)
119.9
120.2(8)
119.9
117.9
117.9
124.1(8)
120.2
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C(059)-C(032)-H(2AA)
C(059)-C(032)-C(04L)
C(011)-C(040)-C(02T)
C(011)-C(040)-H(040)
C(02T)-C(040)-H(040)
C(035)-C(041)-H(04L)
C(035)-C(041)-H(04M)
H(04L)-C(041)-H(04M)
C(058)-C(041)-C(035)
C(058)-C(041)-H(04L)
C(058)-C(041)-H(04M)
H(04N)-C(042)-H(040)
C(04C)-C(042)-H(04N)
C(04C)-C(042)-H(040)
C(04C)-C(042)-C(04D)
C(04D)-C(042)-H(04N)
C(04D)-C(042)-H(040)
C(01T)-C(043)-H(043)
C(04X)-C(043)-C(01T)
C(04X)-C(043)-H(043)
C(022)-C(044)-H(044)
C(03Y)-C(044)-C(022)
C(03Y)-C(044)-H(044)
C(02A)-C(045)-H(045)
C(05E)-C(045)-C(02A)
C(05E)-C(045)-H(045)
C(028)-C(046)-H(046)
C(04J)-C(046)-C(028)
C(04J)-C(046)-H(046)
C(01M)-C(047)-C(022)
C(01M)-C(047)-H(047)
C(022)-C(047)-H(047)
C(02E)-C(048)-H(048)

120.2
119.6(8)
118.2(8)
120.9
120.9
109.8
109.8
108.2
109.4(6)
109.8
109.8
108.2
109.7
109.7
109.9(6)
109.7
109.7
120.4
119.2(7)
120.4
121.8
116.3(8)
121.8
120.8
118.5(9)
120.8
119.4
121.2(8)
119.4
117.5(8)
121.2
121.2
120.0



C(04K)-C(048)-C(02E)
C(04K)-C(048)-H(048)
C(02H)-C(049)-C(02Y)
C(02H)-C(049)-C(03L)
C(03L)-C(049)-C(02Y)
0(00B)-C(04B)-N(01A)
0(00B)-C(04B)-C(04H)
N(01A)-C(04B)-C(04H)
C(03T)-C(04C)-H(04P)
C(03T)-C(04C)-H(04Q)
C(042)-C(04C)-C(03T)
C(042)-C(04C)-H(04P)
C(042)-C(04C)-H(04Q)
H(04P)-C(04C)-H(04Q)
N(014)-C(04D)-C(042)
N(014)-C(04D)-H(04R)
N(014)-C(04D)-H(04S)
C(042)-C(04D)-H(04R)
C(042)-C(04D)-H(04S)
H(04R)-C(04D)-H(04S)
C(053)-N(04E)-C(067)
C(05M)-N(04E)-C(05J)
C(05M)-N(04E)-C(067)
C(03E)-C(04F)-H(04W)
C(03E)-C(04F)-C(04W)
C(04W)-C(04F)-H(04W)
C(02T)-C(04G)-C(03G)
C(02T)-C(04G)-C(04L)
C(04L)-C(04G)-C(03G)
N(013)-C(04H)-C(03C)
N(013)-C(04H)-C(04B)
N(013)-C(04H)-H(04H)
C(03C)-C(04H)-H(04H)

120.0(8)
120.0
128.7(8)
122.6(7)
108.7(7)
122.5(7)
115.3(7)
122.1(8)
110.1
110.1
107.8(6)
110.1
110.1
108.5
114.3(6)
108.7
108.7
108.7
108.7
107.6
112.9(12)
123.0(12)
123.8(13)
121.1
117.9(9)
121.1
118.8(8)
119.3(8)
121.8(8)
111.3(7)
109.0(6)
106.8
106.8
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C(04B)-C(04H)-C(03C)
C(04B)-C(04H)-H(04H)
C(04M)-C(041)-H(041)
C(05B)-C(041)-H(04I)
C(05B)-C(041)-C(04M)
C(02L)-C(04J)-H(04X)
C(046)-C(04J)-C(02L)
C(046)-C(04J)-H(04X)
C(03P)-C(04K)-H(04K)
C(048)-C(04K)-C(03P)
C(048)-C(04K)-H(04K)
C(032)-C(04L)-C(04G)
C(032)-C(04L)-H(04Y)
C(04G)-C(04L)-H(04Y)
C(02X)-C(04M)-C(041)
C(02X)-C(04M)-C(04U)
C(041)-C(04M)-C(04U)
C(02M)-C(04N)-H(042)
C(054)-C(04N)-C(02M)
C(054)-C(04N)-H(042)
C(02Q)-C(040)-C(030)
C(02Q)-C(040)-H(04A)
C(02Q)-C(040)-H(04B)
C(030)-C(040)-H(04A)
C(030)-C(040)-H(04B)
H(04A)-C(040)-H(04B)
N(015)-C(04P)-C(03M)
N(015)-C(04P)-H(04)
N(015)-C(04P)-HB
C(03M)-C(04P)-H(04)
C(03M)-C(04P)-HB
H(04)-C(04P)-HB
N(017)-C(04Q)-H(04C)

115.8(7)
106.8
120.7
120.7
118.6(9)
1203
119.4(8)
1203
1195
120.9(8)
1195
121.4(9)
119.3
119.3
120.0(8)
119.6(8)
120.4(9)
119.6
120.9(7)
119.6
108.9(6)
109.9
109.9
109.9
109.9
108.3
114.7(6)
108.6
108.6
108.6
108.6
107.6
108.8



N(017)-C(04Q)-H(04D)
N(017)-C(04Q)-C(05D)
H(04C)-C(04Q)-H(04D)
C(05D)-C(04Q)-H(04C)
C(05D)-C(04Q)-H(04D)
C(03C)-C(04R)-H(04E)
C(03C)-C(04R)-H(04F)
C(03C)-C(04R)-C(04Y)
H(04E)-C(04R)-H(04F)
C(04Y)-C(04R)-H(04E)
C(04Y)-C(04R)-H(04F)
C(037)-C(04T)-H(04T)
C(03Y)-C(04T)-C(037)
C(03Y)-C(04T)-H(04T)
C(012)-C(04U)-C(04M)
C(012)-C(04U)-H(04U)
C(04M)-C(04U)-H(04U)
C(021)-C(04V)-H(04V)
C(05B)-C(04V)-C(021)
C(05B)-C(04V)-H(04V)
C(02A)-C(04W)-C(04F)
C(02A)-C(04W)-C(057)
C(057)-C(04W)-C(04F)
C(043)-C(04X)-H(3AA)
C(043)-C(04X)-C(054)
C(054)-C(04X)-H(3AA)
N(01A)-C(04Y)-C(04R)
N(01A)-C(04Y)-H(04G)
N(01A)-C(04Y)-H(04J)
C(04R)-C(04Y)-H(04G)
C(04R)-C(04Y)-H(04J)
H(04G)-C(04Y)-H(04J)
C(02T)-C(050)-H(050)

108.8
114.0(6)
107.6
108.8
108.8
109.5
109.5
110.8(6)
108.1
109.5
109.5
119.4
121.2(8)
119.4
117.6(8)
121.2
121.2
119.8
120.5(9)
119.8
120.5(9)
118.4(9)
121.1(9)
119.0
122.1(8)
119.0
112.9(7)
109.0
109.0
109.0
109.0
107.8
119.5
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C(059)-C(050)-C(02T)
C(059)-C(050)-H(050)
C(023)-C(051)-H(051)
C(03P)-C(051)-C(023)
C(03P)-C(051)-H(051)
C(03D)-C(052)-H(05A)
C(03D)-C(052)-H(05B)
C(03D)-C(052)-C(05D)
H(05A)-C(052)-H(05B)
C(05D)-C(052)-H(05A)
C(05D)-C(052)-H(05B)
C(032)-C(053)-H(05M)
C(032)-C(053)-H(05N)
C(03F)-C(053)-C(032)
C(03F)-C(053)-H(05M)
C(03F)-C(053)-H(05N)
H(05M)-C(053)-H(05N)
C(04N)-C(054)-C(04X)
C(04N)-C(054)-H(054)
C(04X)-C(054)-H(054)
C(057)-C(055)-H(055)
C(05E)-C(055)-H(055)
C(05E)-C(055)-C(057)
0(00T)-C(056)-N(01Q)
0(00T)-C(056)-H(056)
N(01Q)-C(056)-H(056)
C(04W)-C(057)-H(057)
C(055)-C(057)-C(04W)
C(055)-C(057)-H(057)
N(019)-C(058)-C(041)
N(019)-C(058)-H(050)
N(019)-C(058)-H(05P)
C(041)-C(058)-H(050)

121.0(9)
1195
121.0
118.0(8)
121.0
110.4
110.4
106.7(6)
108.6
110.4
110.4
109.1
109.1
112.7(6)
109.1
109.1
107.8
118.7(8)
120.7
120.7
120.0
120.0
120.0(11)
121.7(10)
119.2
119.2
119.8
120.4(11)
119.8
113.4(7)
108.9
108.9
108.9



C(041)-C(058)-H(05P)
H(050)-C(058)-H(05P)
C(032)-C(059)-H(059)
C(050)-C(059)-C(032)
C(050)-C(059)-H(059)
N(02Z)-C(05A)-H(05X)
0(04S)-C(05A)-N(022)
0(04S)-C(05A)-H(05X)
C(041)-C(05B)-H(05C)
C(04V)-C(05B)-C(041)
C(04V)-C(05B)-H(05C)
N(01Q)-C(05C)-H(05Q)
N(01Q)-C(05C)-H(05R)
N(01Q)-C(05C)-H(05S)
H(05Q)-C(05C)-H(05R)
H(05Q)-C(05C)-H(05S)
H(05R)-C(05C)-H(05S)
C(04Q)-C(05D)-C(052)
C(04Q)-C(05D)-H(05D)
C(04Q)-C(05D)-H(05E)
C(052)-C(05D)-H(05D)
C(052)-C(05D)-H(05E)
H(05D)-C(05D)-H(05E)
C(045)-C(05E)-H(05T)
C(055)-C(05E)-C(045)
C(055)-C(05E)-H(05T)
N(03A)-C(05H)-H(05F)
N(03A)-C(05H)-H(05G)
N(03A)-C(05H)-H(05H)
H(05F)-C(05H)-H(05G)
H(05F)-C(05H)-H(05H)
H(05G)-C(05H)-H(05H)
N(022)-C(051)-H(05Y)

108.9
107.7
118.9
122.2(8)
118.9
117.7
124.6(12)
117.7
118.9
122.2(9)
118.9
109.5
109.5
109.5
109.5
109.5
109.5
110.3(7)
109.6
109.6
109.6
109.6
108.1
119.0
122.0(10)
119.0
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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N(02Z)-C(051)-HC
N(02Z)-C(05l)-HD
H(05Y)-C(051)-HC
H(05Y)-C(051)-HD
HC-C(051)-HD
N(04E)-C(05J)-H(05)
N(04E)-C(05J)-HE
N(04E)-C(05J)-HF
H(05)-C(05J)-HE
H(05)-C(05J)-HF
HE-C(05J)-HF
O(01F)-C(05K)-N(03A)
0(01F)-C(05K)-H(05K)
N(03A)-C(05K)-H(05K)
0(04A)-C(05M)-H(4AA)
N(04E)-C(05M)-O(04A)
N(04E)-C(05M)-H(4AA)
N(02Z)-C(05P)-H(052)
N(02Z)-C(05P)-HG
N(02Z)-C(05P)-HH
H(052)-C(05P)-HG
H(052)-C(05P)-HH
HG-C(05P)-HH
N(03A)-C(05Q)-H(051)
N(03A)-C(05Q)-H(05J)
N(03A)-C(05Q)-H(05L)
H(051)-C(05Q)-H(05J)
H(051)-C(05Q)-H(05L)
H(05J)-C(05Q)-H(05L)
N(01Q)-C(05U)-H(05U)
N(01Q)-C(05U)-H(05V)
N(01Q)-C(05U)-H(05W)
H(05U)-C(05U)-H(05V)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
126.8(12)
116.6
116.6
117.1
125.8(14)
117.1
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5



H(05U)-C(05U)-H(05W)
H(05V)-C(05U)-H(05W)
N(04E)-C(067)-H(06A)
N(04E)-C(067)-H(06B)
N(04E)-C(067)-H(06C)
H(06A)-C(067)-H(06B)
H(06A)-C(067)-H(06C)
H(06B)-C(067)-H(06C)

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate

equivalent atoms:
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Table 4.  Anisotropic displacement parameters  (A2x 103) for mer-Ru2(RS-BPTP1)4CI.  The anisotropic

displacement factor exponent takes the form: -2n2[ h2 a*2Ull + ... +2hka*b* U12]

Ull U22 U33 U23 U13 U12
Ru(01)  46(1) 59(1) 41(1) 4(1) 4(1) 21(1)
Ru(02)  43(1) 64(1) 45(1) 4(1) 2(1) 16(1)
Ru(03)  41(1) 62(1) 49(1) 2(1) 4(1) 14(1)
Ru(04)  45(1) 57(1) 51(1) 2(1) 3(1) 20(1)
Cl(05)  55(1) 75(1) 69(1) -7(1) 12(1) 16(1)
Cl(06)  60(1) 67(1) 81(1) -11(1) 7(1) 22(1)
0(007)  53(3) 57(3) 45(3) -3(2) 8(2) 20(2)
0(008)  51(3) 49(3) 50(3) 10(2) 10(2) 16(2)
0(009)  36(3) 96(4) 62(3) -11(3) 5(2) 8(3)
O(00A)  46(3) 78(4) 48(3) -17(3) 1(2) 24(3)
0(00B)  47(3) 68(4) 51(3) 6(3) 12(2) 17(3)
0(00C)  46(3) 80(4) 51(3) 17(3) 0(2) 3(3)
0(00D)  60(3) 85(4) 63(4) -2(3) 16(3) -1(3)
O(00E)  64(4) 77(4) 61(4) -1(3) 16(3) 11(3)
O(00F)  50(3) 95(4) 70(4) 13(3) 6(3) 23(3)
0(00G)  46(3) 81(4) 52(3) 3(3) 6(2) 24(3)
O(00H)  62(3) 78(4) 53(3) 12(3) 7(3) 11(3)
0(00l)  58(3) 56(3) 52(3) 16(3) -2(2) 5(3)
0(00J)  49(3) 63(3) 44(3) -1(2) 4(2) 17(2)
O(00K)  47(3) 70(4) 74(4) 5(3) 5(3) 4(3)
O(00L)  43(3) 63(4) 65(3) 4(3) 0(2) 19(3)
O(00M)  50(3) 102(5) 64(4) 27(3) -4(3) 16(3)
N(OON)  47(4) 71(5) 58(4) 22(4) 15(3) 22(3)
0(000)  43(3) 63(3) 54(3) 1(3) 4(2) 17(2)
O(00P)  66(4) 106(5) 59(4) -5(3) 18(3) -9(3)
0(00Q)  52(3) 94(4) 60(3) 15(3) -3(3) 21(3)
N(OOR)  44(3) 47(4) 42(3) 1(3) 6(3) 10(3)
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N(00S)
0(00T)
0(00U)
N(00V)
0(00W)
N(00X)
N(00Y)
0(002)
0(010)
N(011)
N(012)
N(013)
N(014)
N(015)
0(016)
N(017)
N(018)
N(019)
N(01A)
C(01B)
C(01C)
C(01D)
C(01E)
O(01F)
C(01G)
N(01H)
c(o11)
c(01J)
C(01K)
C(01L)
C(01M)
C(01N)
C(010)

47(4)
82(4)
72(4)
40(3)
73(4)
53(4)
47(4)
51(3)
68(4)
55(4)
39(3)
43(4)
52(4)
43(3)
62(4)
55(4)
47(4)
47(4)
45(4)
35(4)
34(4)
56(5)
53(5)
83(4)
47(5)
50(4)
50(5)
43(4)
45(4)
74(6)
52(5)
55(5)
50(5)

50(4)
73(4)
96(4)
84(5)
126(6)
49(4)
68(5)
81(4)
111(5)
66(5)
67(5)
91(5)
63(4)
68(4)
105(5)
68(4)
73(5)
49(4)
66(5)
79(6)
71(6)
65(6)
58(6)
78(4)
90(7)
67(4)
63(5)
82(6)
63(6)
96(7)
64(5)
71(6)
80(6)

64(4)
64(4)
56(3)
56(4)
48(3)
59(4)
33(3)
82(4)
56(3)
58(4)
59(4)
63(4)
55(4)
57(4)
71(4)
55(4)
46(4)
71(4)
64(4)
68(5)
63(5)
49(5)
62(5)
59(4)
35(4)
43(4)
55(5)
57(5)
60(5)
44(5)
57(5)
74(6)
60(5)

-1(3)
1(3)
19(3)
14(4)
11(3)
-5(3)
12(3)
28(3)
-30(3)
17(4)
9Q3)
32(4)
-5(3)
14(3)
15(3)
-3(3)
-5(3)
-1(3)
14(4)
20(5)
-1(4)
14(4)
-6(4)
-6(3)
19(4)
-7(3)
12(4)
7(5)
6(4)
-3(5)
-4(4)
14(5)
5(5)

247

-5(3)
0@3)
28(3)
73)
503)
33)
4(3)
6(3)
19(3)
2(3)
10(3)
4(3)
6(3)
11(3)
23(3)
-2(3)

-10(3)

8(3)
10(3)

-10(4)

-5(3)
6(4)
-3(4)
13(3)
33)
4(3)
0(4)
-9(4)
5(4)
0(4)
21(4)
15(4)
11(4)

16(3)
27(3)
34(3)
12(3)

-17(4)

19(3)
6(3)
11(3)
-6(3)
22(3)
13(3)
17(3)
22(3)
21(3)
29(3)
25(3)
-3(3)
16(3)
15(3)
11(4)
4(4)
10(4)
10(4)
36(3)
12(4)
-5(3)
13(4)
14(4)
11(4)
27(5)
(4)
22(4)
21(4)



C(01P)
N(01Q)
C(01R)
C(01S)
c(01T)
C(01V)
C(01V)
C(01W)
C(01X)
Cc(01Y)
C(012)
C(020)
C(021)
C(022)
C(023)
C(024)
C(025)
C(026)
C(027)
C(028)
C(029)
C(02A)
C(02B)
C(02C)
C(02D)
C(02E)
C(02F)
C(02G)
C(02H)
c(021)
C(02J)
C(02K)
c(02L)

44(4)
108(6)
43(5)
32(4)
45(4)
56(5)
45(4)
33(4)
36(4)
48(5)
53(5)
47(4)
47(4)
57(5)
39(4)
79(6)
46(4)
34(4)
45(4)
51(5)
43(4)
59(5)
48(5)
42(4)
63(5)
43(4)
57(5)
53(5)
46(5)
57(5)
46(5)
51(5)
61(5)

76(6)
85(6)
87(7)
70(6)
68(6)
87(6)
82(6)
95(7)
69(6)
62(6)
69(6)
67(5)
69(5)
90(7)
74(6)
57(6)
70(6)
79(6)
57(5)
70(6)
64(6)
80(7)
80(7)
79(6)
85(6)
81(6)
53(5)
62(5)
71(6)
69(6)
78(6)
76(6)
77(7)

59(5)
56(5)
63(6)
62(5)
54(5)
36(4)
46(4)
51(5)
71(6)
50(5)
58(5)
39(4)
46(4)
56(5)
56(5)
64(5)
40(4)
73(6)
56(5)
52(5)
40(4)
60(5)
64(6)
53(5)
45(5)
59(5)
49(5)
62(5)
78(6)
67(6)
61(5)
52(5)
86(7)

27(5)
-4(4)
31(5)
23(5)
2(4)
1(4)
17(4)
11(5)
9(5)
10(4)
6(4)
17(4)
8(4)
-7(3)
14(4)
14(4)
4(4)
22(5)
2(4)
0(4)
21(4)
17(5)
-7(3)
26(4)
0(4)
14(4)
-10(4)
28(4)
25(5)
15(5)
16(5)
7(4)
14(6)
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5(4)
15(4)
14(4)
11(3)
9(4)
-8(3)
-2(3)
-4(3)
22(4)

-15(4)

0(4)
9(3)
2(3)
18(4)
6(4)
-3(4)
4(3)
8(4)
3(3)
5(4)
-3(3)
4(4)

-22(4)

12(4)
5(4)
9(4)
11(4)
14(4)
15(4)
12(4)
10(4)
-2(4)
-1(5)

20(4)
13(5)
10(4)
15(4)
6(4)
29(4)
7(4)
6(4)
8(4)
13(4)
26(4)
16(4)
5(4)
15(5)
4(4)
17(5)
20(4)
15(4)
12(4)
26(4)
15(4)
23(5)
27(4)
15(4)
31(5)
17(4)
-9(4)
13(4)
11(4)
9(4)
12(4)
28(4)
18(5)



c(02M)
C(02N)
C(020)
C(02P)
C(02Q)
C(02R)
C(02S)
c(02T)
C(02V)
c(02V)
C(02W)
C(02X)
c(02Y)
N(022)
C(030)
C(031)
C(032)
C(033)
C(034)
C(035)
C(036)
C(037)
C(038)
C(039)
N(03A)
C(03B)
C(03C)
C(03D)
C(03E)
C(03F)
C(03G)
C(03H)
Cc(031)

52(5)
43(5)
69(6)
31(4)
46(4)
34(4)
57(5)
71(6)
48(4)
36(4)
48(4)
42(4)
37(4)
90(6)
34(4)
78(6)
35(4)
51(5)
51(5)
61(5)
41(4)
74(5)
41(4)
81(6)
136(8)
50(5)
57(5)
41(4)
50(5)
49(5)
47(5)
78(6)
64(5)

67(6)
84(6)
83(7)
84(7)
75(6)
91(7)
77(6)
83(6)
79(6)
54(5)
63(5)
89(7)
56(5)
71(6)
70(6)
59(5)
65(5)
78(6)
97(7)
86(7)
81(7)
54(5)
73(6)
74(6)
91(6)
90(7)
114(8)
71(6)
67(6)
99(7)
113(8)
67(6)
61(5)

59(5)
60(5)
37(4)
55(5)
74(6)
45(5)
41(4)
49(5)
44(5)
70(5)
60(5)
53(5)
78(6)
95(6)
60(5)
42(4)
86(6)
42(4)
56(5)
81(6)
54(5)
47(5)
58(5)
56(5)
75(6)
63(5)
78(6)
79(6)
57(5)
52(5)
66(6)
83(7)
54(5)

8(4)
29(5)
5(4)
7(5)
-5(5)
-8(4)
-3(4)
5(5)
7(4)
6(4)
13(4)
20(5)
1(5)
-7(5)
23(4)
2(4)
0(4)
-6(4)
3(5)
36(5)
9(5)
9(4)
12(4)
7(5)
-6(5)
22(5)
27(6)
10(5)
14(4)
12(5)
-22(5)
24(5)
8(4)
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11(4)
5(4)
0(4)
-7(3)
1(4)
0(3)
7Q3)
0(4)
7(3)
2(4)
-5(4)
0(4)
-2(4)
0(5)
1(3)
17(4)
7(4)
-1(4)
2(4)
34(4)
-4(4)
27(4)
0(4)
-4(4)
39(5)
4(4)
6(4)
1(4)
8(4)
9(4)
0(4)
3(5)
21(4)

20(4)
8(4)
11(5)
11(4)
19(4)
10(4)
18(4)
34(5)
15(4)
6(3)
3(4)
9(4)
19(4)
22(5)
6(4)
14(4)
13(4)
21(4)
10(5)
27(5)
14(4)
16(4)
2(4)
37(5)
34(5)
3(4)
35(5)
17(4)
15(4)
16(4)
27(5)
15(5)
0(4)



C(03J)
C(03K)
C(03L)
C(03M)
C(03N)
C(030)
C(03P)
C(03Q)
C(03R)
C(03S)
C(03T)
C(03V)
C(03V)
C(03W)
C(03X)
C(03Y)
C(032)
C(040)
C(041)
C(042)
C(043)
C(044)
C(045)
C(046)
C(047)
C(048)
C(049)
0(04A)
C(04B)
C(04C)
C(04D)
N(04E)
C(04F)

59(5)
52(5)
41(4)
63(5)
72(5)
37(4)
67(6)
85(6)
54(5)
54(5)
59(5)
45(4)
47(5)
52(5)
63(5)
75(6)
79(6)
54(5)
61(5)
73(6)
46(5)
74(6)
56(5)
65(5)
49(5)
47(5)
43(4)
208(9)
41(4)
85(6)
79(6)
113(8)
63(5)

84(6)
80(6)
65(6)
73(6)
69(6)
68(5)
87(7)
55(5)
80(6)
83(6)
62(5)
63(5)
83(6)
72(6)
96(7)
116(8)
92(7)
85(6)
82(6)
57(5)
82(6)
96(7)
121(9)
72(6)
129(8)
96(7)
68(6)
134(7)
82(7)
67(6)
53(5)
110(8)
82(7)

48(5)
67(6)
53(5)
90(7)
49(5)
83(6)
68(6)
52(5)
44(5)
45(5)
48(5)
55(5)
78(6)
55(5)
48(5)
47(5)
52(5)
51(5)
80(6)
70(6)
67(5)
67(6)
65(6)
60(5)
55(5)
71(6)
62(5)
107(6)
55(5)
42(5)
53(5)
107(8)
65(6)

-10(4)
16(5)
-1(4)
-20(5)
5(4)
1(4)
4(5)
-3(4)
9(4)
-3(4)
-4(4)
4(4)
0(5)
15(4)
9(5)
-25(5)
-15(5)
10(4)
23(5)
-5(5)
-2(5)
-26(5)
34(6)
3(5)
-20(5)
7(5)
5(4)
-22(6)
27(5)
9(4)
-2(4)
-3(7)
14(5)
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18(4)
2(4)
-7(3)
-8(5)
-3(4)
-7(4)
23(5)
1(4)
3(4)
6(4)

-14(4)

1(4)
-1(4)
5(4)
9(4)
7(4)
-4(4)
18(4)
28(4)
-6(4)
2(4)
-4(5)
9(4)
6(4)
6(4)
3(4)
0(4)
-7(6)
1(4)
1(4)
-6(4)
24(6)
2(4)

7(5)
24(4)
12(4)
14(5)
1(4)
20(4)
14(5)
30(4)
9(4)

-14(4)

14(4)
11(4)
21(4)
10(4)
24(5)
45(6)
47(5)
6(4)
27(4)
12(4)
11(4)
14(5)
30(5)
17(4)
1(5)
15(4)
8(4)
71(6)
14(4)
4(5)
29(4)
23(6)
22(5)



C(04G)
C(04H)
c(041)
C(04J)
C(04K)
C(04L)
C(04M)
C(04N)
C(040)
C(04P)
C(04Q)
C(04R)
0(04S)
c(04T)
C(04U)
C(04V)
C(04W)
C(04X)
C(04Y)
C(050)
C(051)
C(052)
C(053)
C(054)
C(055)
C(056)
C(057)
C(058)
C(059)
C(05A)
C(05B)
C(05C)
C(05D)

50(5)
48(5)
63(5)
67(6)
50(5)
65(5)
46(5)
49(5)
34(4)
46(5)
52(5)
53(5)
89(5)
84(6)
52(5)
64(6)
64(6)
57(5)
62(5)
79(6)
59(5)
44(5)
43(4)
65(6)
85(7)
118(9)
83(7)
53(5)
96(7)
98(8)
79(7)
97(8)
76(6)

89(6)
74(6)
69(6)
69(6)
100(8)
100(7)
109(8)
86(6)
69(6)
71(6)
74(6)
73(6)
164(8)
86(7)
75(6)
99(8)
90(7)
77(6)
62(6)
140(9)
79(6)
96(7)
107(7)
104(8)
118(9)
107(9)
136(9)
54(5)
120(9)
98(8)
106(8)
90(8)
56(6)

54(5)
67(5)
85(7)
76(6)
105(8)
56(5)
58(5)
46(5)
87(6)
77(6)
84(6)
90(7)
187(8)
53(5)
56(5)
72(6)
64(6)
84(7)
87(7)
52(5)
69(6)
125(8)
65(5)
85(7)
86(7)
94(8)
72(7)
86(6)
43(5)
105(9)
63(6)
133(9)
135(9)

-4(5)
31(5)
-17(5)
-9(5)
19(6)
-8(5)
24(5)
4(4)
-3(5)
-16(5)
-14(5)
18(5)
38(6)
9(5)
1(4)
0(6)
19(5)
-3(5)
17(5)
-6(6)
5(5)
-5(6)
15(5)
-19(6)
20(7)
-6(7)
23(6)
11(5)
-16(5)
A(7)
13(6)
8(6)
-25(6)
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3(4)
-1(4)
-3(5)
4(5)
15(5)
0(4)
12(4)
4(4)
6(4)

-10(4)
-16(4)

10(4)
56(5)
17(5)
9(4)
6(5)
13(4)
19(5)
8(4)
16(5)
20(4)

-31(5)

3(4)
10(5)
16(6)
11(7)
18(5)
27(4)
9(5)
-3(7)
23(5)
43(7)

-33(6)

36(4)
21(4)
14(4)
15(5)
18(5)
33(5)
29(5)
6(4)
8(4)
12(4)
23(4)
22(4)
46(5)
38(5)
12(4)
26(5)
38(5)
9(4)
13(4)
21(6)
6(4)
22(5)
21(4)
9(5)
62(7)
34(7)
54(6)
9(4)
33(6)
34(7)
34(6)
12(6)
21(5)



C(05E)
C(05H)
C(051)
C(05J)
C(05K)
C(05M)
C(05P)
C(05Q)
C(05V)
C(067)

70(6)
315(19)
125(9)
127(9)
147(11)
128(10)
85(8)
132(10)
185(12)
159(13)

122(9)
259(18)
109(10)
124(10)

73(7)

73(8)
109(9)
110(9)
150(11)
133(13)

81(7)
138(11)
132(10)
121(10)
121(10)
129(12)
156(11)
156(11)
130(10)
420(30)

23(7)

-128(12)

24(8)
1(8)
2(7)
15(8)

-38(8)
1(8)

-37(9)

-64(15)

28(5)
-154(13)
5(7)
32(8)
66(8)
0(9)
16(7)
64(8)
-90(9)
159(15)

45(6)
218(16)
21(8)
62(7)
2(7)
41(7)
15(6)
-4(8)
91(9)
-54(11)
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Table 5.  Hydrogen coordinates ( x 104) and isotropic  displacement parameters (A2x 10 3)
for mer-Ru2(RS-BPTPI)4CI.

X y z U(eq)
H(01B) 3119 2063 2610 74
H(01K) -4253 4119 786 67
H(O1L) -4519 6119 806 86
H(01N) -2968 5731 -388 78
H(01V) 657 1842 4372 69
H(024) 7969 -680 5423 80
H(026) 3752 3358 3517 73
H(027) 4124 3445 939 63
H(02H) 7409 305 5667 76
H(021) 925 3754 3406 76
H(02K) 9077 1062 4344 72
H(02L) 8578 -1290 4811 90
H(02A) 5093 2756 1304 78
H(02B) 4153 2401 1470 78
H(02S) 1943 3864 -925 69
H(02V) 7332 2815 5141 64
H(02W) 7842 2363 3796 69
H(03Q) 1853 3466 4753 74
H(03S) 1633 3251 5296 74
H(034) 5605 2101 2271 82
H(03T) 5309 4127 4033 87
H(03V) 4476 4266 3574 87
H(037) 2370 2647 -3637 68
H(038) -3070 3086 1527 69
H(03A) -313 4199 -135 85
H(03B) 714 4455 175 85
H(03C) -922 3288 3089 81
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H(03D)
H(03E)
H(03F)
H(03V)
H(03W)
H(032)
H(03H)
H(031)
H(03K)
H(03)
H
H(03G)
H(03J)
H(03L)
H(03M)
H(03P)
H(03N)
H(030)
H(03R)
H(0AA)
H(LAA)
HA
H(03X)
H(03Y)
H(2AA)
H(040)
H(04L)
H(04M)
H(04N)
H(040)
H(043)
H(044)
H(045)

120
-658
-2419
726
-253
5487
-3683
2606
-2526
6969
7046
672
171
3177
3013
-3552
1327
174
1692
3004
7240
8127
-4637
-235
5057
2373
4029
3207
3591
4748
8941
-871
3805

1139
1245
2330
2947
2581
2539
6396
3047
4711
3624
3567
4372
3985
1828
1800
4464
4709
4857
3236
1063
2557
2922
5146
1853
2891
1632
4664
4174

300

151
1653
1904
1550
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1900
1406
185
3952
4061
7741
130
-2737
-583
5713
6319
-1363
-1142
219
807
3317
-523
-632
2698
6056
6192
5984
988
-4215
9455
7931
4358
4123
5550
5612
3457
-3429
1896

98
98
76
79
79
92
91
70
79
93
93
77
77
76
76
87
77
77
71
70
84
84
82
97
90
75
86
86
82
82
78
97
94



H(046) 9499

H(047) -633
H(048) -4244
H(04P) 5127
H(04Q) 4335
H(04R) 5201
H(04S) 4165
H(04W) 1266
H(04H) 952
H(041) 2721
H(04X) 9397
H(04K) -4616
H(04Y) 5704
H(042) 6705
H(04A) 4731
H(04B) 4565
H(04) 5565
HB 5344
H(04C) -383
H(04D) -692
H(04E) 592
H(04F) 1453
H(04T) 1316
H(04U) 3439
H(04V) 799
H(3AA) 9227
H(04G) 1187
H(04J) 3
H(050) 2547
H(051) -2066
H(05A) -2463
H(05B) -3259
H(05M) 241

74
2283
3758

963

524

922

699

363
2008
5443
-914
4356
2818
1376
1917
2476
3029
3563
1492
1957

618
1093
2200
4946
4581

981
1165
1187
2023
3994
2387
2049
2702

4070 79
-2512 94
1885 85
6203 78
6406 78
5191 75
4868 75
2896 84
1875 74
3141 89
4153 85
2554 100
8684 89
1935 73

759 76

435 76
6250 80
5905 80
-498 86
-904 86
1166 85
1383 85
-4317 87
2396 73
3905 94
2822 86

494 84

498 84
8844 107
3434 81
-893 110
-597 110
4938 85
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H(05N)
H(054)
H(055)
H(056)
H(057)
H(050)
H(05P)
H(059)
H(05X)
H(05C)
H(05Q)
H(05R)
H(05S)
H(05D)
H(05E)
H(05T)
H(05F)
H(05G)
H(05H)
H(05Y)
HC

HD
H(05)
HE

HF
H(05K)
H(4AA)
H(052)
HG

HH
H(051)
H(05J)
H(05L)

142
8124
3008
5890
1995
4804
3642
3492
8232
1645
6980
6650
6584
-1970
-2096
3932
782

248
9114
8326
8031

10984
10049
9926
-1046
9788
6558
7067
6784
-1735
-2098
-1690

3316

846
-113
1342
-140
4030
4027
2502
3834
5408

918

817

293
1429
1377

713
4417
4480
5012
5234
5346
5452
3723
4124
3517
3970
3661
4791
4613
4132
4470
4339
4972
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4696
2044
1509
4230
2159
4920
4992
9520
4504
3764
3779
3177
3541
-262
-875
1400
1915
2307
1983
4759
5156
4563
6029
5941
6189

968
7017
4706
5251
4796
2025
1429
1636

85
103
113
127
113

75

75
104
121

96
156
156
156
112
112
105
377
377
377
182
182
182
182
182
182
131
132
177
177
177
194
194
194



H(05U)
H(05V)
H(05W)
H(06A)
H(06B)
H(06C)

4462
4992
4208

12010

11120

11284

280
592
926
4533
4935
4764

3328
2900
3202
6784
6900
6322

245
245
245
349
349
349

257



258



PdCo(esp).-2H20

Figure 30. Full Ortep plot (up) and stereoview (down)
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Table 1. Crystal data and structure refinement for PdCo(esp)2.

Identification code shelx_trans

Empirical formula C32H42 Co O9 Pd

Formula weight 735.98

Temperature 133(2) K

Wavelength 1.5418 A

Crystal system Monoclinic

Space group P12l/cl

Unit cell dimensions a =6.58100(10) A a=90°.
b =19.1863(4) A B=93.737(7)°.
c=12.6742(2) A y=90°,

Volume 1596.91(5) A3

4 2

Density (calculated) 1.531 Mg/m3

Absorption coefficient 9.048 mm1

F(000) 758

Crystal size 0.280 x 0.200 x 0.130 mm3

Theta range for data collection 4.187 to0 68.226°.

Index ranges -7<=h<=7, -22<=k<=23, -15<=I<=15

Reflections collected 17455

Independent reflections 2916 [R(int) = 0.0371]

Completeness to theta = 67.680° 99.9 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 1.0000 and 0.5645

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2916 /0/204

Goodness-of-fit on F2 0.899

Final R indices [1>2sigma(l)] R1=0.0322, wR2 = 0.1000

R indices (all data) R1=0.0354, wR2 = 0.1031

Extinction coefficient n/a

Largest diff. peak and hole 0.407 and -0.934 e A3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)

for PdCo(esp)2. U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
Pd(01) 8342(1) 4803(1) 5381(1) 19(1)
0(002) 10391(3) 6165(1) 4577(1) 30(1)
0(003) 10269(3) 4916(1) 3185(1) 31(1)
0(004) 7332(3) 4611(1) 3859(1) 31(1)
0(005) 7455(3) 5811(1) 5198(1) 30(1)
C(006) 7595(4) 6258(1) 2411(2) 29(1)
C(007) 8614(4) 6272(1) 4865(2) 28(1)
C(008) 8444(5) 4696(1) 3106(2) 29(1)
C(009) 7836(5) 7031(1) 4809(2) 35(1)
C(00A) 3524(4) 6500(2) 1871(2) 37(1)
C(00B) 6638(4) 6824(1) 2858(2) 30(1)
Cc(00C) 7581(5) 4514(2) 1981(2) 38(1)
C(00D) 4588(4) 6941(1) 2579(2) 34(1)
C(0OE) 4494(4) 5929(2) 1444(2) 35(1)
C(0OF) 7852(4) 7282(1) 3640(2) 33(1)
C(00G) 5732(5) 7089(2) 5202(2) 48(1)
C(00H) 7638(6) 5177(1) 1287(2) 37(1)
c(ool) 6546(4) 5798(1) 1708(2) 31(1)
C(00J) 9363(6) 7478(2) 5491(2) 50(1)
C(00K) 5422(5) 4233(2) 2002(2) 49(1)
0(00L) 5836(5) 4525(2) 5991(2) 21(1)
C(00M) 8941(6) 3949(2) 1538(2) 59(1)
Co(1) 8342(1) 4803(1) 5381(1) 19(1)
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Table3.  Bond lengths [A] and angles [] for

PdCo(esp)2.

Pd(01)-Pd(01)#1
Pd(01)-O(002)#1
Pd(01)-O(003)#1
Pd(01)-0(004)
Pd(01)-0(005)
Pd(01)-O(00L)
0(002)-C(007)
0(003)-C(008)
0(004)-C(008)
0(004)-Co(1)
0(005)-C(007)
0(005)-Co(1)
C(006)-H(006)
C(006)-C(00B)
C(006)-C(001)
C(007)-C(009)
C(008)-C(00C)
C(009)-C(00F)
C(009)-C(00G)
C(009)-C(00J)
C(00A)-H(00A)
C(00A)-C(00D)
C(00A)-C(00E)
C(00B)-C(00D)
C(00B)-C(00F)
C(00C)-C(00H)
C(00C)-C(00K)
C(00C)-C(00M)
C(00D)-H(00D)
C(00E)-H(00E)
C(00E)-C(001)
C(00F)-H(00B)

2.5576(4)
2.0358(17)
2.0519(19)
2.0321(17)
2.0276(18)
1.942(3)
1.265(3)
1.271(4)
1.251(4)
2.0321(17)
1.259(3)
2.0276(18)
0.9300
1.395(4)
1.403(4)
1.542(4)
1.540(4)
1.558(3)
1.507(4)
1.543(4)
0.9300
1.389(4)
1.394(4)
1.390(4)
1.512(3)
1.548(4)
1.522(5)
1.536(4)
0.9300
0.9300
1.393(4)
0.9700
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C(00F)-H(00C)
C(00G)-H(00F)
C(00G)-H(00G)
C(00G)-H(00H)
C(00H)-H(00I)
C(00H)-H(00J)
C(00H)-C(001)
C(00J)-H(00K)
C(00J)-H(00L)
C(00J)-H(00M)
C(00K)-H(0ON)
C(00K)-H(000)
C(00K)-H(00P)
0(00L)-H(00Q)
O(00L)-H(00R)
C(00M)-H(00S)
C(00M)-H(00T)
C(00M)-H(00U)

0(002)#1-Pd(01)-Pd(01)#1

0(002)#1-Pd(01)-O(003)#1

0(003)#1-Pd(01)-Pd(01)#1
0(004)-Pd(01)-Pd(01)#1
0(004)-Pd(01)-O(002)#1
0(004)-Pd(01)-O(003)#1
0(005)-Pd(01)-Pd(01)#1
0(005)-Pd(01)-O(002)#1
0(005)-Pd(01)-O(003)#1
0(005)-Pd(01)-0(004)
0(00L)-Pd(01)-Pd(01)#1
0(00L)-Pd(01)-O(002)#1
0(00L)-Pd(01)-O(003)#1
0(00L)-Pd(01)-0(004)
0(00L)-Pd(01)-0(005)
C(007)-0(002)-Pd(01)#1

0.9700
0.9600
0.9600
0.9600
0.9700
0.9700
1.506(4)
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.8808
0.8799
0.9600
0.9600
0.9600

85.46(5)
93.33(7)
85.12(6)
85.95(6)
88.13(7)
170.82(8)
85.52(6)
170.80(7)
87.68(7)
89.46(7)
178.34(10)
95.49(11)
93.46(11)
95.43(11)
93.57(12)
121.75(16)



C(008)-0(003)-Pd(01)#1
C(008)-0(004)-Pd(01)
C(008)-0(004)-Co(1)
C(007)-0(005)-Pd(01)
C(007)-0(005)-Co(1)
C(00B)-C(006)-H(006)
C(00B)-C(006)-C(001)
C(001)-C(006)-H(006)
0(002)-C(007)-C(009)
0(005)-C(007)-0(002)
0(005)-C(007)-C(009)
0(003)-C(008)-C(00C)
0(004)-C(008)-0(003)
0(004)-C(008)-C(00C)
C(007)-C(009)-C(00F)
C(007)-C(009)-C(00J)
C(00G)-C(009)-C(007)
C(00G)-C(009)-C(00F)
C(00G)-C(009)-C(00J)
C(00J)-C(009)-C(00F)
C(00D)-C(00A)-H(00A)
C(00D)-C(00A)-C(00E)
C(00E)-C(00A)-H(00A)
C(006)-C(00B)-C(00F)
C(00D)-C(00B)-C(006)
C(00D)-C(00B)-C(00F)
C(008)-C(00C)-C(00H)
C(00K)-C(00C)-C(008)
C(00K)-C(00C)-C(00H)
C(00K)-C(00C)-C(00M)
C(00M)-C(00C)-C(008)
C(00M)-C(00C)-C(00H)
C(00A)-C(00D)-C(00B)

121.44(17)
121.98(18)
121.98(18)
122.21(16)
122.21(16)
118.9
122.1(2)
118.9
116.8(2)
125.0(2)
118.2(2)
116.0(3)
125.4(2)
118.6(3)
108.2(2)
107.3(2)
111.4(2)
110.8(2)
110.6(2)
108.4(2)
119.9
120.3(2)
119.9
119.0(2)
118.6(2)
122.4(2)
108.6(2)
110.6(2)
111.0(2)
108.8(3)
108.0(2)
109.7(3)
120.4(3)
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C(00A)-C(00D)-H(00D)
C(00B)-C(00D)-H(00D)
C(00A)-C(00E)-H(00E)
C(001)-C(00E)-C(00A)
C(001)-C(00E)-H(00E)
C(009)-C(00F)-H(00B)
C(009)-C(00F)-H(00C)
C(00B)-C(00F)-C(009)
C(00B)-C(00F)-H(00B)
C(00B)-C(00F)-H(00C)
H(00B)-C(00F)-H(00C)
C(009)-C(00G)-H(00F)
C(009)-C(00G)-H(00G)
C(009)-C(00G)-H(00H)
H(00F)-C(00G)-H(00G)
H(00F)-C(00G)-H(00H)
H(00G)-C(00G)-H(00H)
C(00C)-C(00H)-H(00I)
C(00C)-C(00H)-H(00J)
H(001)-C(00H)-H(00J)
C(001)-C(00H)-C(00C)
C(001)-C(00H)-H(00I)
C(001)-C(00H)-H(003J)
C(006)-C(001)-C(00H)
C(00E)-C(001)-C(006)
C(00E)-C(001)-C(00H)
C(009)-C(00J)-H(00K)
C(009)-C(00J)-H(00L)
C(009)-C(00J)-H(00M)
H(00K)-C(00J)-H(00L)
H(00K)-C(00J)-H(00M)
H(00L)-C(00J)-H(00M)
C(00C)-C(00K)-H(00N)

119.8
119.8
119.7
120.7(2)
119.7
108.7
108.7
114.0(2)
108.7
108.7
107.6
109.5
109.5
109.5
109.5
109.5
109.5
108.6
108.6
107.6
114.7(3)
108.6
108.6
119.7(3)
117.9(3)
122.4(3)
109.5
109.5
109.5
109.5
109.5
109.5
109.5



C(00C)-C(00K)-H(000)
C(00C)-C(00K)-H(00P)

H(0ON)-C(00K)-H(000)
H(0ON)-C(00K)-H(00P)
H(000)-C(00K)-H(00P)
Pd(01)-O(00L)-H(00Q)

Pd(01)-O(00L)-H(0OR)

H(00Q)-O(00L)-H(00R)
C(00C)-C(00M)-H(00S)
C(00C)-C(00M)-H(00T)
C(00C)-C(00M)-H(00U)
H(00S)-C(00M)-H(00T)
H(00S)-C(00M)-H(00U)
H(00T)-C(00M)-H(00U)

0(002)#1-Co(1)-O(003)#1

0(004)-Co(1)-O(002)#1
0(004)-Co(1)-O(003)#1
0(005)-Co(1)-0(002)#1
0(005)-Co(1)-O(003)#1
0(005)-Co(1)-0(004)

109.5
109.5
109.5
109.5
109.5
111.8
111.3
1025
109.5
109.5
109.5
109.5
109.5
109.5
93.33(7)
88.13(7)
170.82(8)
170.80(7)
87.68(7)
89.46(7)

Symmetry transformations used to generate

equivalent atoms:

#1 -x+2,-y+1,-z+1
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Table 4.  Anisotropic displacement parameters  (A2x 103) for PdCo(esp)2. The anisotropic

displacement factor exponent takes the form: -2n2[ h2 a*2Ull + ... +2hka*b* U12]

Ull U22 U33 U23 U13 U12
Pd(01)  16(1) 21(1) 20(1) 0(1) 3(1) -2(1)
0(002)  39(1) 22(1) 26(1) -2(1) -3(1) 3(1)
0(003)  40(1) 32(1) 22(1) -3(1) -1(1) 8(1)
0(004)  41(1) 29(1) 21(1) -3(1) -9(1) 2(1)
0(005)  39(1) 24(1) 26(1) 1(1) -2(1) 8(1)
C(006)  39(1) 28(1) 20(1) 8(1) 0(1) 1(1)
C(007)  40(2) 24(1) 17(1) -1(1) -6(1) 7(1)
C(008)  44(2) 21(1) 23(1) -3(1) -6(1) 11(1)
C(009)  57(2) 24(1) 23(1) -2(1) -3(1) 11(1)
C(00A)  37(1) 39(2) 33(2) 11(1) -5(1) 4(1)
C(00B)  43(2) 23(1) 23(1) 8(1) -1(1) 1(1)
C(00C)  59(2) 29(2) 22(1) -8(1) -13(1) 10(1)
C(00D)  45(2) 28(1) 30(1) 9(1) 1(1) 9(1)
C(00E)  47(2) 33(2) 23(1) 6(1) -11(1) -1(1)
C(00F)  50(2) 20(1) 29(1) 3(1) -2(1) 4(1)
C(00G)  77(2) 36(2) 32(2) 4(1) 12(1) 28(2)
C(00H)  58(2) 36(2) 16(1) -6(1) -7(1) 4(1)
c(ool)y  48(2) 28(1) 17(1) 4(1) -3(1) 4(1)
C(00J)  84(2) 29(2) 35(2) -10(1) -14(2) 11(2)
C(00K)  80(2) 31(2) 34(2) -2(1) -24(2) -9(2)
O(00L)  19(2) 24(2) 21(2) 4(1) -1(1) -2(1)
C(00M)  95(3) 45(2) 34(2) -19(1) -16(2) 32(2)
Co(1) 16(1) 21(1) 20(1) 0(1) 3(1) -2(1)
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Table 5.  Hydrogen coordinates ( x 104) and isotropic  displacement parameters (A2x 10 3)
for PdCo(esp)2.

X y z U(eq)
H(006) 8972 6182 2585 35
H(00A) 2158 6586 1681 44
H(00D) 3925 7316 2868 41
H(OOE) 3763 5633 979 42
H(00B) 7309 7751 3592 40
H(00C) 9251 7299 3442 40
H(OO0F) 4793 6824 4752 72
H(00G) 5320 7570 5195 72
H(00H) 5741 6912 5911 72
H(00I) 9049 5304 1214 45
H(00J) 7038 5069 587 45
H(00K) 9346 7337 6217 75
H(O0L) 8986 7960 5427 75
H(00M) 10706 7415 5253 75
H(OON) 5443 3798 2376 74
H(000) 4866 4162 1291 74
H(00P) 4595 4562 2351 74
H(00Q) 5072 4263 5554 32
H(OOR) 5045 4886 6086 32
H(00S) 10288 4131 1480 89
H(00T) 8384 3807 852 89
H(00V) 9001 3554 2005 89
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PdNi(esp)2-2H.0

Figure 31. Full ortep plot (up) and stereoview (down)
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Table 1. Crystal data and structure refinement for PdNi(esp)2.

Identification code sx16018r_2

Empirical formula C32H42 Ni 09 Pd

Formula weight 735.76

Temperature 93.15 K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P12l/cl

Unit cell dimensions a=6.4807(2) A a=90°.
b = 19.2908(7) A B=93.202(3)°.
c=12.6415(5) A y=90°,

Volume 1577.95(10) A3

4 2

Density (calculated) 1.549 Mg/m3

Absorption coefficient 1.219 mm1

F(000) 760

Crystal size 0.027 x 0.02 x 0.018 mm3

Theta range for data collection 2.658 to 27.485°.

Index ranges -8<=h<=6, -19<=k<=25, -16<=I<=16

Reflections collected 12038

Independent reflections 3622 [R(int) = 0.0247]

Completeness to theta = 25.242° 99.9 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.904 and 0.823

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3622/7/211

Goodness-of-fit on F2 1.007

Final R indices [1>2sigma(l)] R1=0.0244, wR2 = 0.0535

R indices (all data) R1=0.0327, wR2 = 0.0558

Extinction coefficient n/a

Largest diff. peak and hole 0.693 and -0.497 e. A3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103)

for PdNi(esp)2. U(eq) is defined as one third of the trace of the orthogonalized U'i tensor.

X y z U(eq)
Pd(1) 8341(1) 4810(1) 5371(1) 16(1)
Ni(1) 8341(1) 4810(1) 5371(1) 16(1)
0(2) 10414(2) 6152(1) 4563(1) 24(1)
0(3) 7416(2) 5806(1) 5202(1) 25(1)
0(4) 10323(2) 4929(1) 3191(1) 25(1)
0(5) 7319(2) 4615(1) 3862(1) 25(1)
0(16) 5900(3) 4525(1) 5997(2) 17(1)
C(6) 8487(3) 4703(1) 3104(1) 22(1)
c(7) 8611(3) 6263(1) 4858(1) 22(1)
C(8) 7825(3) 7015(1) 4800(2) 27(1)
C(9) 7653(3) 6252(1) 2398(1) 22(1)
C(10) 7632(3) 4518(1) 1978(2) 28(1)
C(11) 3547(3) 6499(1) 1840(2) 28(1)
C(12) 4533(3) 5933(1) 1417(2) 27(1)
C(13) 7887(3) 7270(1) 3637(2) 25(1)
C(14) 7736(3) 5176(1) 1277(2) 27(1)
C(15) 4603(3) 6937(1) 2552(2) 26(1)
C(17) 5654(4) 7074(1) 5191(2) 35(1)
C(18) 6683(3) 6817(1) 2844(1) 22(1)
C(19) 6613(3) 5800(1) 1694(1) 24(1)
C(20) 5420(4) 4243(1) 1989(2) 35(1)
c(21) 9347(4) 7458(1) 5495(2) 37(1)
C(22) 9048(4) 3959(1) 1541(2) 44(1)
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Table3.  Bond lengths [A] and angles [] for

PdNi(esp)2.

Pd(1)-Pd(1)#1
Pd(1)-O(2)#1
Pd(1)-0(3)
Pd(1)-O(4)#1
Pd(1)-O(5)
Pd(1)-O(16)
Ni(1)-0(2)#1
Ni(1)-0(3)
Ni(1)-O(4)#1
Ni(1)-0(5)
0(2)-C(7)
0(3)-C(7)
0(4)-C(6)
0(5)-C(6)
0(16)-H(16A)
0(16)-H(16B)
C(6)-C(10)
C(7)-C(8)
C(8)-C(13)
C(8)-C(17)
C(8)-C(21)
C(9)-H(9)
C(9)-C(18)
C(9)-C(19)
C(10)-C(14)
C(10)-C(20)
C(10)-C(22)
C(11)-H(11)
C(11)-C(12)
C(11)-C(15)
C(12)-H(12)
C(12)-C(19)

2.5028(3)
2.0236(12)
2.0205(13)
2.0331(12)
2.0186(12)
1.890(2)
2.0236(12)
2.0205(13)
2.0331(12)
2.0186(12)
1.265(2)
1.266(2)
1.266(2)
1.266(2)
0.964(10)
0.958(10)
1.540(2)
1.537(2)
1.554(3)
1.522(3)
1.542(3)
0.9500
1.393(3)
1.393(3)
1.553(3)
1.529(3)
1.539(3)
0.9500
1.387(3)
1.387(3)
0.9500
1.398(3)
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C(13)-H(13B)
C(13)-H(13A)
C(13)-C(18)

C(14)-H(14A)
C(14)-H(14B)
C(14)-C(19)

C(15)-H(15)

C(15)-C(18)

C(17)-H(17B)
C(17)-H(17C)
C(17)-H(17A)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(21)-H(21A)
C(21)-H(21B)
C(21)-H(21C)
C(22)-H(22A)
C(22)-H(22C)
C(22)-H(22B)

O(2)#1-Pd(1)-Pd(1)#1
0(2)#1-Pd(1)-O(4)#1
0(3)-Pd(1)-Pd(1)#1
0(3)-Pd(1)-0(2)#1
0(3)-Pd(1)-O(4)#1
O(4)#1-Pd(1)-Pd(1)#1
0(5)-Pd(1)-Pd(1)#1
0(5)-Pd(1)-0(2)#1
0(5)-Pd(1)-0(3)
0(5)-Pd(1)-O(4)#1
0(16)-Pd(1)-Pd(1)#1
0(16)-Pd(1)-O(2)#1
0(16)-Pd(1)-0(3)
0(16)-Pd(1)-O(4)#1

0.9900
0.9900
1.513(3)
0.9900
0.9900
1.516(3)
0.9500
1.397(3)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

86.33(4)
92.38(5)
86.41(4)

172.66(6)

88.16(5)
86.02(4)
86.82(4)
88.70(5)
89.86(5)

172.68(6)
177.23(7)

93.29(8)
94.01(8)
91.26(8)



0(16)-Pd(1)-O(5)
0(2)#1-Ni(1)-O(4)#1
0(3)-Ni(1)-0(2)#1
0(3)-Ni(1)-O(4)#1
0(5)-Ni(1)-0(2)#1
0(5)-Ni(1)-0(3)
0(5)-Ni(1)-O(4)#1
C(7)-0(2)-Pd(1)#1
C(7)-0(3)-Pd(1)
C(7)-0(3)-Ni(1)
C(6)-O(4)-Pd(1)#1
C(6)-O(5)-Pd(1)
C(6)-0(5)-Ni(1)
Pd(1)-O(16)-H(16A)
Pd(1)-O(16)-H(16B)

H(16A)-O(16)-H(16B)

0(4)-C(6)-O(5)
0(4)-C(6)-C(10)
0(5)-C(6)-C(10)
0(2)-C(7)-0(3)
0(2)-C(7)-C(8)
0(3)-C(7)-C(8)
C(7)-C(8)-C(13)
C(7)-C(8)-C(21)
C(17)-C(8)-C(7)
C(17)-C(8)-C(13)
C(17)-C(8)-C(21)
C(21)-C(8)-C(13)
C(18)-C(9)-H(9)
C(19)-C(9)-H(9)
C(19)-C(9)-C(18)
C(6)-C(10)-C(14)
C(20)-C(10)-C(6)

95.91(8)
92.38(5)
172.66(6)
88.16(5)
88.70(5)
89.86(5)
172.68(6)
121.02(12)
121.01(12)
121.01(12)
120.95(12)
120.77(12)
120.77(12)
97.3(17)
124(4)
102.5(14)
125.39(17)
116.64(17)
117.97(17)
125.19(17)
117.00(17)
117.80(17)
108.54(15)
107.24(16)
111.44(17)
110.88(16)
110.28(17)
108.33(17)
118.8
118.8
122.34(17)
108.24(15)
111.22(17)
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C(20)-C(10)-C(14)
C(20)-C(10)-C(22)
C(22)-C(10)-C(6)

C(22)-C(10)-C(14)
C(12)-C(11)-H(11)
C(15)-C(11)-H(11)
C(15)-C(11)-C(12)
C(11)-C(12)-H(12)
C(11)-C(12)-C(19)
C(19)-C(12)-H(12)
C(8)-C(13)-H(13B)
C(8)-C(13)-H(13A)

H(13B)-C(13)-H(13A)

C(18)-C(13)-C(8)

C(18)-C(13)-H(13B)
C(18)-C(13)-H(13A)
C(10)-C(14)-H(14A)
C(10)-C(14)-H(14B)

H(14A)-C(14)-H(14B)

C(19)-C(14)-C(10)
C(19)-C(14)-H(14A)
C(19)-C(14)-H(14B)
C(11)-C(15)-H(15)
C(11)-C(15)-C(18)
C(18)-C(15)-H(15)
C(8)-C(17)-H(17B)
C(8)-C(17)-H(17C)
C(8)-C(17)-H(17A)

H(17B)-C(17)-H(17C)
H(17B)-C(17)-H(17A)
H(17C)-C(17)-H(17A)

C(9)-C(18)-C(13)
C(9)-C(18)-C(15)

111.02(16)
109.77(18)
107.66(16)
108.83(18)
119.7
119.7
120.53(18)
119.8
120.46(18)
119.8
108.8
108.8
107.7
113.87(16)
108.8
108.8
108.6
108.6
107.6
114.44(16)
108.6
108.6
119.8
120.30(18)
119.8
109.5
109.5
109.5
109.5
109.5
109.5
119.46(17)
118.28(17)



C(15)-C(18)-C(13)
C(9)-C(19)-C(12)
C(9)-C(19)-C(14)
C(12)-C(19)-C(14)
C(10)-C(20)-H(20A)
C(10)-C(20)-H(20B)
C(10)-C(20)-H(20C)
H(20A)-C(20)-H(20B)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)
C(8)-C(21)-H(21A)
C(8)-C(21)-H(21B)
C(8)-C(21)-H(21C)
H(21A)-C(21)-H(21B)
H(21A)-C(21)-H(21C)
H(21B)-C(21)-H(21C)
C(10)-C(22)-H(22A)
C(10)-C(22)-H(22C)
C(10)-C(22)-H(22B)
H(22A)-C(22)-H(22C)
H(22A)-C(22)-H(22B)
H(22C)-C(22)-H(22B)

122.25(17)
118.07(18)
119.64(17)
122.26(17)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate

equivalent atoms:

#1 -x+2,-y+1,-z+1

272



Table 4.  Anisotropic displacement parameters  (A2x 103) for PdNi(esp)2. The anisotropic

displacement factor exponent takes the form: -2n2[ h2 a*2Ull + ... +2hka*b* U12]

Ull U22 U33 U23 U13 U12
Pd(1) 19(1) 15(1) 13(1) 0(1) 1(1) 0(1)
Ni(1) 19(1) 15(1) 13(1) 0(1) 1(1) 0(1)
0(2) 34(1) 17(1) 19(1) -1(1) -3(1) 5(1)
0(3) 36(1) 19(1) 19(1) 0(1) -2(1) 7(1)
0(4) 36(1) 23(1) 14(1) -2(1) -4(1) 5(1)
0(5) 36(1) 22(1) 16(1) -3(1) -7(1) 3(1)
0(16) 14(1) 18(1) 18(1) 3(1) 1(1) -3(1)
C(6) 35(1) 14(1) 17(1) -1(1) -6(1) 8(1)
c(7) 36(1) 19(1) 10(1) -3(1) -6(1) 5(1)
Cc(8) 42(1) 18(1) 20(1) -2(1) -3(1) 8(1)
C(9) 28(1) 22(1) 15(1) 6(1) -1(1) 1(1)
C(10) 45(1) 21(1) 17(1) -6(1) -9(1) 7(1)
C(11) 29(1) 30(1) 26(1) 10(1) -5(1) 1(1)
C(12) 36(1) 26(1) 18(1) 5(1) -8(1) -3(1)
C(13) 34(1) 16(1) 23(1) 2(1) -2(1) 2(1)
C(14) 40(1) 28(1) 14(1) -3(1) -5(1) 4(1)
C(15) 34(1) 21(1) 23(1) 7(1) 0(1) 6(1)
C(17) 56(1) 24(1) 25(1) 2(1) 7(1) 18(1)
C(18) 32(1) 18(1) 16(1) 6(1) -1(1) 0(1)
C(19) 36(1) 22(1) 13(1) 5(1) -1(1) 1(1)
C(20) 57(1) 24(1) 23(1) -1(1) -16(1) -5(1)
C(21) 60(2) 23(1) 28(1) -9(1) -11(1) 9(1)
C(22) 70(2) 33(1) 26(1) -14(1) -13(1) 20(1)
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Table 5.  Hydrogen coordinates ( x 104) and isotropic  displacement parameters (A2x 10 3)
for PdNi(esp)2.

X y z U(eq)
H(16A) 5350(40) 4981(7) 6112(11) 80(20)
H(16B) 4770(40) 4296(9) 5620(40) 67(18)
H(9) 9075 6172 2582 26
H(11) 2136 6587 1641 34
H(12) 3789 5634 936 32
H(13B) 7324 7746 3590 30
H(13A) 9345 7289 3443 30
H(14A) 9205 5301 1210 33
H(14B) 7139 5066 559 33
H(15) 3909 7320 2842 31
H(17B) 4698 6798 4734 42
H(17C) 5219 7561 5170 42
H(17A) 5646 6902 5920 42
H(20A) 4528 4599 2276 42
H(20B) 5396 3827 2432 42
H(20C) 4918 4128 1264 42
H(21A) 8947 7947 5437 45
H(21B) 10748 7399 5255 45
H(21C) 9311 7309 6235 45
H(22A) 8552 3836 819 52
H(22C) 9030 3546 1993 52
H(22B) 10462 4138 1533 52
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Table 6. Torsion angles [°] for PdNi(esp)2.

Pd(1)#1-0(2)-C(7)-0(3) -0.9(2)
Pd(1)#1-0(2)-C(7)-C(8) 178.65(11)
Pd(1)-0(3)-C(7)-0(2) 2.2(2)
Pd(1)-0(3)-C(7)-C(8) -177.29(11)
Pd(1)#1-0(4)-C(6)-0(5) -0.2(2)
Pd(1)#1-0(4)-C(6)-C(10) -179.74(11)
Pd(1)-O(5)-C(6)-0(4) -1.8(2)
Pd(1)-O(5)-C(6)-C(10) 177.74(11)
Ni(1)-0(3)-C(7)-0(2) 2.2(2)
Ni(1)-0(3)-C(7)-C(8) -177.29(11)
Ni(1)-0(5)-C(6)-O(4) -1.8(2)
Ni(1)-O(5)-C(6)-C(10) 177.74(11)
0(2)-C(7)-C(8)-C(13) 58.4(2)
0(2)-C(7)-C(8)-C(17) -179.26(15)
0(2)-C(7)-C(8)-C(21) -58.5(2)
0(3)-C(7)-C(8)-C(13) -122.09(18)
0(3)-C(7)-C(8)-C(17) 0.3(2)
0(3)-C(7)-C(8)-C(21) 121.08(19)
0(4)-C(6)-C(10)-C(14) -58.5(2)
0(4)-C(6)-C(10)-C(20) 179.23(16)
0(4)-C(6)-C(10)-C(22) 58.9(2)
0(5)-C(6)-C(10)-C(14) 121.85(18)
0(5)-C(6)-C(10)-C(20) -0.4(2)
0(5)-C(6)-C(10)-C(22) -120.7(2)
C(6)-C(10)-C(14)-C(19) -56.3(2)
C(7)-C(8)-C(13)-C(18) 56.0(2)
C(8)-C(13)-C(18)-C(9) -88.0(2)
C(8)-C(13)-C(18)-C(15) 90.8(2)
C(10)-C(14)-C(19)-C(9) 88.3(2)
C(10)-C(14)-C(19)-C(12) -90.0(2)
C(11)-C(12)-C(19)-C(9) -0.3(3)
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C(11)-C(12)-C(19)-C(14)
C(11)-C(15)-C(18)-C(9)
C(11)-C(15)-C(18)-C(13)
C(12)-C(11)-C(15)-C(18)
C(15)-C(11)-C(12)-C(19)
C(17)-C(8)-C(13)-C(18)
C(18)-C(9)-C(19)-C(12)
C(18)-C(9)-C(19)-C(14)
C(19)-C(9)-C(18)-C(13)
C(19)-C(9)-C(18)-C(15)
C(20)-C(10)-C(14)-C(19)
C(21)-C(8)-C(13)-C(18)
C(22)-C(10)-C(14)-C(19)

178.12(18)
0.3(3)

-178.50(17)

0.6(3)

-0.6(3)
-66.7(2)

1.2(3)

-177.21(17)

177.60(17)
-1.3(3)
66.1(2)

172.14(16)

-173.02(17)

Symmetry transformations used to generate equivalent atoms:

#1 -x+2,-y+1,-z+1
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