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Kim LR CTLLUTF OBSEEZ A=,

Ac : acetyl

aqg. > aqueous solution

Ar - aryl

atm : 1 atmosphere = 10° Pa (pressure) = 0.1 MPa
BHT : 2,6-bis(1,1-dimethylethyl)-4-methylphenol
Bn : benzyl

Boc : tert-butoxycarbonyl

BOM : benzyloxymethyl

bp : boiling point

Bu - butyl

Bz : benzoyl

°C : degrees Celsius

ca. : circa

CAN : cerium(1V) diammonium nitrate

cat. : catalytic

cod : 1,5-cyclooctadiene

conc. : concentrated

COPD - chronic obstructive pulmonary disease
DBU : 1,8-diazabicyclo[5.4.0]Jundec-7-ene

DCM : dichloromethane

DEAD - diethyl azodicarboxylate

DIPAMP : 1,2-Bis[(2-methoxyphenyl)phenylphosphino]ethane

DME - 1,2-dimethoxyethane



DMF
DMSO
dppp
Ee
equiv
Et
Fmoc

gHMQC

Hex
HNE

HPLC

iSo.

LDA

mCPBA
min

mp

M

Me

MS
MTPACI
n

NHC

NMR

: N,N-dimethylformamide

: dimethyl sulfoxide

: 1,3-bis(diphenylphosphino)propane

: enantiomeric excess

> equivalent(s)

. ethyl

: 9-fluorenylmethoxycarbonyl

: gradient-enhanced heteronuclear multiple-quantum coherence
- hour(s)

: hexyl

: human neutrophil elastase

: high-performance liquid chromatography
: 1S0

- infrared spectroscopy

: isolated

- lithium diisopropylamide

: meta

: meta-chloroperoxybenzoic acid

- minute(s)

: melting point

: metal

: methyl

: mass spectrometry

. a-methoxy-a-(trifluoromethyl)phenylacetyl chloride
> normal

: N-heterocyclic carbene

: nuclear magnetic resonance
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pin
PMP
Pr
PTC
PTLC
quant.
R

rac

rec.

recryst.

rt

SM
tert, t
TASF
TBAB
TBAF
TBAI
TBAT
temp.
Tf
THF
TLC
TMAF

TMS

> ortho

: para

: phenyl

: pinacolate

. p-methoxyphenyl

. propyl

: phase transfer catalyst

. preparative thin layer chromatography
. quantitative yield

- alkyl group

: racemic

: recovery

: recrystallized

: room temperature

. starting material

: tertiary

- tris(dimethylamino)sulfonium difluorotrimethylsilicate
: tetra-n-butylammonium bromide

: tetra-n-butylammonium fluoride

: tetra-n-butylammonium iodide

- tetra-n-butylammonium triphenyldifluorosilicate
: temperature

- trifluoromethanesulfonate

: tetrahydrofuran

: thin-layer chromatography

: tetramethylammonium fluoride

- trimethylsilyl



Tol . p-tolyl

Ts : p-toluenesulfonyl
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Voo NIRICAEBILEMZ A LTI Z & T, Ao c BT b O Th o7, 19 i
H T AIZIE, Berthelot N XN U AZERTNEAT HZ ETAZ U E2GL72E, <D
HELABRICED D ERLEMNOEMRTEL 2 2R L, AXGaIZLd 2Rl L7 & Eb
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fbEWZRID M3 Z LI FEIZ L > TOTH 5| 3) Ho 2 T AEWIED BRI RIR
A ORI L > THERIE A ORI A IED W RN ARETH D, ZENBIT b D,

fElG. K. 2o RV BT & OEBRBR o084 B HFEEICE > TO 2 2H, B
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Figure 1
R R [NHR"]
N~ HN .
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Alkylation Carboxylation
R / a-Amino Acid \
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[R] + + [CO,R?
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JIEDEA, 4) T I oD IR FEDOEA, ThDH (Figure 1),

1975 4, Knowles & (3w 7 Afiliflt & fA7F- DIPAMP Z W TT & R 7 X B~OA
FRFIZ Lo THFAEM -7 X/ BEDOE AL ZERR L7- (Scheme 1)*, Z ORIGIE/ S—F
VOARIERER L L THW S LD L-DOPA O T A ELEEORESLIZ D228 ¥ L 2001 4512 BHEK

Sharpless & 32/ —~ULE O ITHEWN TV 5,

Scheme 1
Knowles (1975)

[Rh(cod)((R,R)-DIPAMP)]BF 4 (5 mol%)

AcOmAc H, (3.5 atm) AcOmAc
=
MeO CO,H MeO CO,H

OMe E 100%
E “'P\/\P"\ ' 95% ee
: i
i pn OMe
! ! HO
i (R,R)-DIPAMP | . :@\/f\ﬂt
"""""""""""""" 7 HO CO,H

L-DOPA
-7 X BONINBE AR T D2 FEX. 7V U R ERGBICAFARRT I B D
HAHDOREE R T Do-7 X/ BEBIEICARTED W) HTHHTHSD (Scheme 2), 7
Vo7 7T AT R Uit SEey y 7T ERIT T affLOKFED
MM m < HEIC K D7 1 h ALDBESITHET LT VXL TRE L 72 D, 1989 A
(2 O’Donnell HIZKIRHKTH D L v a=rnbipE L ARAEMEBEAE (PTC) 2k -
Ty THRIE~DT VX NACEAT 5 FIEZ D TRE L2 %2, 0%, 1999 £k & &
ES 7 b= VHROMA DX F LT =T MEMEAZFHE L, a-7 X JBOARFT X

Scheme 2

O'Donnell (1989)

)P\h o PTC-A (20 mol%) )P\h
50% NaOH aq.
J Br H
tBUOzC COztBU

95%, 64% ee !
(>99% ee after recrystallization) i PTC-A

b
\\
>3
ii"
O:o
\
W,

N7 “Ph + Br  PTC-B(1mol%) N7 > Ph VA
toluene AN :
'Buozc) 50% KOH aq. \)\cogsu : OO OO
i Ar
90% :
95% ee : PTC-B (Ar = B-Napthyl)
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RF-BRECGTRAFITIEE L OB REMo-T X VA AT 2 Fike LTiL, £H#1k
W REFHE LTHNVR= LAY & BOG S8 2 FIENRE ST 5 (Scheme 3),
Jorgensen © 1% 2002 A2 L-7' R Y R L LTT AT e RET Y UK URT AT )L
ERSESELZETHONVR=NDNEAREFT I /b, T VB~FEL WD 6 EHR
Ao L~DANVRF VIEOB ALY a-7 X /A ik E LTI, 1850 4FIZHAE &
7= Strecker BRI, L L<HMBENTWD D THD (Scheme 4), ZDFHFIET
IHNVREVIREMRTH D VT ) Fa A I v~ REMINEET2%, 7 2 EOMKI R
IZEV -7 I VBB EGIND B, Z OB KOG X 1996 4RI Lipton H 12 K - TERIRY
NI F REME L LTI TER SN P, Z0D%, Jacobsen HIXF T /LF 4w L 7 il
ROV REA AT ORF Strecker Bk OBIFICHKZI LT\ 5 ™6,

Scheme 3

Jorgensen (2002)

Boc
Hl{l Boc _Boc
H Boc N7 HN
W + N=N L-Proline (10 mol%) v = OMe
o) Boc DCM, 4 h, rt W
le} (0]
>90%
90% ee
Scheme 4
Strecker (1850)
NH2 NH2
.+ NHg + HCN —— HyO
R™ H R”ScN  heat R”™ "CO.H
Lipton (1996) ..
H
Ph Ph : N -NH:
cat-1 (2 mol%) PN ; o f
IN Ph  HCN (2 equiv) HN™ “Ph : HNJ\,‘\\ NH
—_—_— T 1
Ph) MeOH, -25 °C Ph” > CN 5 \\-K”/NH
97% : ||3h o]
>99% ee ! cat-1

Jacobsen (2009)

Ph cat-2 (2 mol%). Ph
TMSCN (2 equiv)

wen WeoHGewm | myen |yl Q |
toluene, -30 °C : ! : '

! . Ph N h

* 20h ﬁ/v\c"‘ : NJ\N CF |

99% 5 Ph O
93% ee i cat-2

....................................
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XTI, ZO—ERELTHEAZED TWDHONR LIKHE (LLT. CO)DHH
BA~OFIATH %, CO2 1EF~ AfHF L OEHEM S E LTI L TW D DA 53,
AEEOPER A AL, AMSORIRT 272 &AL RIE LB T AR T 270 & gk
FOAEMITE S TIHFIZHERGTFTHD, LLRB L, CO2 IF—MANIZITFEEDE L

DOFFEDITRL . ZOHIBIRCHAIES RO BTN D, R b, CO ITHIERIZIS 1T
DIRFPERIZB D TEABREI 21X T oD & 5 IRALAKFTE D B AR A WS H AT D e & A )
THY . £D CO ZHAMMT MM DIERITIHY T > TWDHERIENSLTH S, B
EDOFREITMH- T, NEMEABRE 2 HE U S5 B3R o &34 M 300 (&
IZHDIEY, BRRAOY A 7V TIEZOBLZ 0 LorERHATE 2w EEbiiTinsg &
DI, Foxr NRIZ CO DHHEAZMZ 5 & & HITHMAYIZ CO2 2 AT 5 71L& il
RLRTNTR S0, —T7 AL OBLRIZENT COTn FRIC— DD KRBT %
BALTWDZ LD, LM TEEIMEL HOMER BICEE AT D —RBEF L B2
ZEMWTED, ZOZEND, CO iFAMR EDILAERICRD D RFERE LTHER S
TEY ., CO ALY AT UG, T7205 CO EEASISDBIFIT AR At

FIZBW TR BIER SN TWDEHO—2TH D, CO 1TESIFIINCIERICLE/ 51T
HDTZOFIEICZ LD LD ZORERARRINE, FRZRFA KBRS TS D B
FITFIINC LI ICERBEN LB OND,

CO DEGHEIT R E K ZHMEE 2 b, —2I1 CO. DL EMEAMEZFIH L, B4R
AR T, IRFB-IRFBLHEEEGE /T HILEME CO & THX Y A X T A 7 VR E 4
B &85 KO (Figure 2a), & 9 —-21% CO2 DREFMEIRF 6T LKA 2 BUt S8 5 Fik

T&d % (Figure 2b),

Figure 2

a R? R2 b

R’ R! 0
M \% R_/<
R1 —_— R2 —_ ’M B — e M R-M —>CO
CO; (p=Cy"  oxidative e 2 0-M
O cycloaddition nucleophilic addition
or insertion




CO; DEZEFEAMEAFIA LIZSUSOF & LT, 1999 4FIZ77#E, LA DL, DBU A Fif7 1
T A I NBERERNWT 7 2= AT F Ll COMLAXTY =7 T A 7N
BEIRINICER SN D 2 & 2845 L7z (Scheme 5%, Z DA XV = 7T ¥4 7 LTl
KM TGRS ND Z & TEKRDB-REFRI B NVR V% 5 25, F12, 2001 FITHEA -
HOT, XV =TTV A 7 NVORREITAEERREEZ N T 2 X ZABHRI & LT
AHZETHX Y= T IV A 7 NVERAEIE, IR FTHEL cis OMLEIZT L /VEN
MATE D FELIE L%, 0% 5%, A HFRIE L HRI &0 DBU HF N2k
TIEA VAR X AL T2 Z L 2 L LT 5 %

Scheme 5

Saito, Yamamoto (1999)

CO, (1 atm)

Ni(cod), (1 equiv) Ph ® Ph

DBU (2 i — H30
Ph—= OU (2 equiv) dbu‘N>i_\/Q 3 —

0°C dbu” 0" O COH
1.1 equiv 85%

Takimoto, Mori (2001)
CO, (1 atm) R

Ni(cod), (1 equiv) ZnMe, ® MeO
MeO DBU (2 equiv) (2.5 equiv) H30 i
e ——1 ,/ S
<:> THF, 0°C 7 CoH | wme_°

Me ﬁé
1.1 equiv 78%
Takimoto, Mori, Sato (2006)
Ni(cod), (20 mol%) Ph Ph
/—Ph DBU (10 equiv) Ph Ph

Ph—= CO, (1 atm) —
Me,Zn (3.0 equiv) Me  CO;Me Ni o

0

then CH2N2 94
0

—J57C, CO, DRBEFMAFH L7 & LTIE, Grignard sl 1000 o8 U F 7 A 53K
10cd Z T CO2 ~D IS RHEITT 2 Z R HELS Mo TS, LanL, Zhb
DSOS BIRIZ BN T2 012, BVR = Lo 7V H A7 EORIGHED &V VE RE
EBLUOMETre b2 AT 2 REITENTERVW I LRRETH L, £DDH, SUGME
HHEH: & HIMFRRE T, B WAR S RIESUGTEA SRS (AR v R, A )& EE
ELTHWED VRS LRSS STV d  (Scheme 6), 1997 4F1Z Nicolas & 14,
T UNARIZH L COFIHR T /N7 V0 A2/ E S5 2 & T, D aRF L IUHENTE
BIICETT 22 LA R LM, ZORISTIET VLA XOBLHIMINC LV A LT n-



T VNIRRT VT MDRFE-/3T VT LRI CO AT D, TDO%, FiELITn YT LMl
MERW-Ra VAT VDO INVRF L EHRE L B, X512, Hou HI% X 0 21
IRERAfRIE A WD ZE THR B VRS AT NS DI IVRF L IALBEITT S Z L & R
LTWa M, ZnbDORETIHER Y Y AEIFHMEEE R Ve AT L ED T A A
ZMEICEVAECT- AR U0 A FE I ITAEERRIEN S COr ~DREM MNP EITT 5

(Scheme 6),
Scheme 6
Nicholas (1997) o}
Pd(PPhs), (8 mol%) MO/S"BUS 90% P
B CO, (33 atm) 17 co, /\)‘1
P 3 o * Pd — PdSnBu
A P 3
THF, 70 °C, 24 h o SnBus = o
/\)J\O/S”BUS 10%
Iwasawa (2006) CO, (1 atm, closed)
[Rh(OH)(cod)], (3 mol%)
dppp (7 mol%) ®
o CsF (3 equiv) H3O CO,
Ph-5 >< i——— Ph—CO,H Ph—[Rh] Ph—CO,[Rh]
o 89%
Hou (2008) CO, (1 atm) ‘ Ar—[Cu] C02, Ar—CO,[Cu]

(IPr)CuCI (1 mol%)

o ‘BUOK (1.05 equiv) _ HCl aq. e :
MeO B, MeO CO,H ! 5
o THF, reflux, 24 h ' N/:\N |

IPr
Figure 3
R R INHR']
N~ HN +
) R A,
R” “CO,R CO,R Hydro\gezation Ay R”CO,R?
.R!
BN
‘ R” “~CO,R?
Alkylation Carboxylation
R' a-Amino Acid \
R! 1
,l\]l\ or Rv/gNk HN/R
[R] +
CO,R? CO,R? R) * CO;
This Work

INHOERDOL EERIT, 7T IVOERFEFofin b COr ~DREAMMBETT 5 Z
& T, COrx—RFPE Lica-7 XV BOBMBEMR TE DD TIERWNE B X7 (Figure
3), CO2 Z—RHFPWEL LTHND Z & Thax RIERRI -7 X VAR TE 57 6133

WITHR IR SRS 7 B LIRS A,



LU AS S OB 2274,

7 X VERBIET EOKFED I DOHB DR S 72 N-Boc-a-7 X R A XUTxt L CO2 F7 P
T 7 oAz N5 Z L To-7 L/ FEEPFONL Z 2R L, T, K
% REA IR T 5 < JeEEME e Ntert 7' T /b-a-7 X KA X B OSLRERIRTY
IRANRF VAL Ko O RGN 2o 7 X/ BBFHEEROGHRICHEE LT GB—%F), 5%
fex . AEMEEA HWZERICERT 2720, N-ALKR=/bA I v ~DTF o F AR
72 U AL DRRET AT T DERMI D DI IVRF L ALEFT 5 2 & ThRFEME R a-T
L BFHERE MR FERIC L o TR Z EICRE L. (BE), £/, 7 vk
L CO 2 HNWT, LV Ra-7 X/ BFHERZEHT KT U E=T LA U FaHifi
RE LIeROREREL, MEICT VI NVEEZRET Da-7 I ) BBFHERO G ZER LT

Sfes — S

(5 =),



B a-T X ARET A A A BN VR VUG

i a7 X ARXERW -T2 BREERO A

Frim Cili 7= K 912, o-7 X/ BROFHLA BIED BRI b7 omm T FIC B 0
THWTHD—FH T, COUMLARRIIMDDIRFERE LTHEASN TS Z LD, #H
Bl CO2 [HEALSUGDBAFEIEL CO, DFFMIEL L THIE Th D & & I b BREN
EEADND, TITEHRIL COx—REWE LTHWa-T X/ BROETH A L% B
T HARLMFRICET LT,

CO &\ za-7 X VEBROERIEE LTE, 7 U FHERN O RISEDOE N a-T X/ H
JWNZF U B RS COp THIE T 2 FIEDBEICHE ST 5, Chong & 1L L AIEME
a7 X AR LIZHL "BuLi ZAE &, AR F U LARHSR PIZ LAY T UL
AT L CO2 UG EED Z LT MFEMR0-7 X /2 2B LTS 1%, ARY
F Ak, K< AR F IOABITVARRFF CTHEIT L T 5, F£72, Beak 51X "BuLi & 3L L
DARFENL A & U T2 ()-ASNT A U HRNT 52T, RUDALT I 30X
YUNMETARFRT v R ALDBHEIT L, i< CO2 & ORUR THEE M a-T 2 /e 4 D355
Nz EZRABLTND, £, ST MesSnCl Z:RE A& LTHWD Z & TEFEE
Mo 7 X ) AX5 25/ LT2%., "BuLi & ()- ANV T A U ERINSEDHZ ETAX-YF
DB HEIT L, AU h = v % CO, THItE 5 2 & T, SRRz D HLR
VIRIZE Vo-T R VA BRESND Z &2 HE L TW\% (Scheme 7) 13,

COZx—IRFPWE L, o-T I VBEAR LT 2 OB Fam Tl ~ 7o &l 72 L T
WanEBbho0, FOMDKISTERIC L Da-7 2/ BEKIZHSTHHAMEIES,
DRMAEIRL TWD, T72D5, 1) HEOIEMEOREFIZ-T8 CLLF ORIR A3 4B
Th b, 2) MBI THD "BuLi Z HNTWD Z &ENBERBETFAMENME, 3) 3R Lok
RETRIE L RTNEIR RN, 2EThd,
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Scheme 7

Chong (1992)

Me~\-BOC  mByLi (1.05 equiv) CO, (1atm)  Me~y-BOC
- o] i
/\SnBu3 THF, -95 °C, 10 min Et/\COZH
1 2
97%
94% ee

Beak (1997 !
sak { ) PMP._ .Boc ! H

CO, (1 atm) N~ ' N
1 N Z
Ph/'\COZH ! H
"BuLi (1.1 equiv) " (-)-spartei
R)-4 parteine
PMP\N’BOC (-)-sparteine (1.1 equiv) (95)% b
_78© 92% ee
Ph toluene, -78 °C °
3 "BuLi (1.1 equiv)
Me3SnCl PMP\N/Boc (-)-sparteine (1.1 equiv) PMP<_ _Boc
(1.2 equiv) /k toluene, -78 °C ’;l
SnMe; then CO; (1 atm) Ph” > CO,H
(S)-5 (S)-4
95% 81%
92% ee 90% ee

L AT, BREF LOREEDFTTOIH, K2 Boc X Fmoc DA Do-7 I/ il
Z DR, WMIREDES I 925 Merrifield D FIEIC L2 X7 F FERIZHW STV 4,
ZDI=h, CO & —RFEWE L TEHRFE T LOKED DI Boc HETHR#ESNTZa-T
BB ERTEIVTAREREWEBZ 6N, LPLRNRL, a-7 I/ AX 6 1TxfL
TAR-VF T ARG ZEITSE D720 "BuLi ZEH &85 &0 T HOITERMEE D

EWERRT LOKFRFBBIEHMIL, 7 I RT = BERKT D, 207 I K7 =4
YN DAR-Y T MRS, BT DT =4 U BN E R D OB NIRRT
REIRLV2-VT =F /o TLEI D, #ITLICSWE TIEENS (Scheme 8), +Z
T, EHITL 0 PHVEEEZ AW THRE O X XJFF- 28R TEM LT 2 2 & TEUEA
BIDANVHRF AR EIT L, a-7 I /BT BHEONLDTIE RV rE B2 AXFF L
BAMERNE N T kA A ACE R LIRET 5 2 & & LT,

Scheme 8

g

-Boc nByli Byl o©,,-Boc

BulLi 2N BulLi
HN N30 / )N

SnMes Ph”” > SnMes ph” ©

6 1,2-dianion
.B _.B

% HN-O° Cco, HN=0C
—_—
Fluoride anion ph © Ph” >CO,H
7



Al B

FTHUDOIZ, Beak LB H NN TWFo-T 2 ) ARXE5D T IRKEZILEE L, 7 v{bWA 4

PR E LT CsF A HWT 10 atm @ COx PR T\ SGIRE L IOt 217 - 7= (Table 1))

Table 1
PMP\N/Boc CsF (1.0 equiv) PMP\N/Boc . PMP\N/Boc
] SnMe; ooz (10atm) Ph ) COH Ph .
entry solvent temp. (°C) time (h) yield (%)°
4 3 5 rec.
1 THF 70 6 - - 100
2 dioxane 100 1 - - 100
3 MeCN 80 15 5 4 91
4 DMSO 100 12 16 84
5 DMF 100 17 93 7

a Conversion yields were determined by "H NMR analysis.

THF ° 14-UA XV O —T VRIEEZ W5 E, IVRF U bTIEE A EHEITL
727 (entries 1and 2), JFUBHEU S < B S 72 2 & ARSEMET Tl CsF 23 it

ATIZ DT EPER EHERI L 72, MeCN Z I W2 ERIS, BRIV oo B /Y
Do 7 X BEFHER 4 BEHNT-, 2D &5 "BuLi O X Zessti i A b &
t, CsF OFFEIEMESHTHO AR T L IR EIT T2 Z ENbho7z (entry 3), IR Z[H)
EEH2 <, ELICBEEOKRF 21T 572, DMSO ZIEEHC WD & CsF IR BEIZ T
JEBHIWHE L2 DD, A XbDHIZ T v F AT LR DT 2 v 3 BNE< AR

L7z (entry4), & Z TDMF ZEHICHWD & 3DERDB A bV, BRIOT X VB4 %
BUDULETHHFL Z LN TET2, B8E 5 < CsF & CO D J7 MZ DM OYEEEZ b~ T DMF
IZETROT WDl RWERTA NG &b s,

BEW USRI A DMF, BOSIREZ 100 CIZEE L, A XFAOIEELAIZ W TO
REtZ1T -7 (Table 2), £9°, ZADATHhU AF NV AXEBBBEEL, o-7 X/ T VBN
HAELTBRICA N AR T DAL DET LTV D aTREME 25 2, IEME(LFIFEFTE T OIS % K
i L7223, RORIEEL AT LRy~ 7= (entry 2), AREEHLIIAIToT W7 ok & L
TTVyE=U LYY I—FRIETHD TBAT 2 lnic 2 A, HOw-7 X /B 4 MFFE

i Beak 51%-78 CIZ T toluene A, AX-UF T ALZHUZ L > TS5 % CO, ELSHTWVDN, EH
IEROEH N SIS EARE LT, 7725, 1) ZAR-UF 7 LZHIK LT AtA AL D A
XE%@@ﬁMiﬁ(%ﬁTfi@ﬁb SWeEZx bl lod, MBS et L7z, 2) CsF I3IEMmR
PRV Z< Wz, toluene Tl < MREEIE 2 M5t L7, 3) MEASRSE T Tl CO, DI~ D
%@ﬂﬁT?é&%ztt@\ME%@(wmm?@%%ﬁot

11-
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EEMIZELN (entry3), TBAF Z VW=t 2 A, 413 BGond, XU 7 I3
NEBMIZHE LN (entry 4), Ziux, dillko TBAFTHF ImRICLZELAlE LTEENT

WHKWITm R ARE IR o TANRFLLE D B T e h AR EIT LI L ER D

Table 2
PMP.  -Boc Zcot';'?z%ratm) PMP. Boc PMP.. -Boc
_— +
Ph” SnMe; o 1% °C Ph)\COZH Ph
5 me 4 3
entry activgtor time (h) yield (%)?
(equiv) 4 3 5 rec.

1 CsF (1) 17 93 7
2 none 23 - - 100
3 TBAT (2) 44 97 3
4 TBAF (2) 13 - 100 -
5 KF (1) 14 21 - 79
6 CsCl (1) 39 - - 100
7 CsOAc (1) 16 64 - 36
8° CsF (3) 1 91 9

2 Conversion yields were determined by 'H NMR anaylsis.
b Conducted under 1 atm of CO,.

nNo, TVWHVEREERFLIcE 24, KFEBBEEIZHEFIZ WD B Oa-7 X /i 4
DOIRITARL . JFUBIANE < B S 472 (entry 5), & W AREESIEZ 6F4 D IsErED & & o
U L ORRE TR o7 & 2 A, CsCl T RIS EITHE T, CsOAc TIEHREEE DI
To-7 X /15172 (entries 6 and 7), A5 & LT, CsFX° TBAT 72 & D 7 v {bipikdE
XA RFA-OREMHALIZIZ#E LTV D Z &b o7z (entriesland 3), £72, AEE 5D BV
RFE AL CO, DL 1 atm DR TICBWTH RAFIZET T2 2 &b oTe
(entry 8),

TV F L ACD ROSTRAFE D RTE LT DT, EHRIFEF EDKFED /I D775 Boe & T
EEhizo7 2 AXEWTRRIGOMRGE 21T 5 2 & & L' EREF LOREN 5
DHDa-T X ) AR Ballxf L 3 4 &ED CsF ZH . Latm @ CO, Z5FHA T .DMF H 100 C

IR &8z, TORE, CHNIZ X D= 2T ALDBIZBHIDa-T 2 J BRI A F /LT

i RS R ITOHDa-T ) ARLS 0 BBALKIZRIFIC LD PMP R Z ifr# 5 2 L THiFbNL LT
BEndn, L0 RAGKOITEEZR T 5729, BusSnH 2> LR L 72 BusSnLi % N-Boc-1 > &
BOBEELZ ETHMLIES, Il b Y AF AR XRIETHIENEDN H Y (MesSn: bp 74-76 °C):EA3 I
HAZHRWIZD OGS TIE MU 7 F VAR IEH & L TN TV 5,
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Scheme 9
CsF (3.0 equiv)
.Boc .Boc P
HN CO, (1 atm) CH,N, Ij\l\ . Hn-BOC
0,

Ph”” > SnBus 2'\}:”:' 100°C  Et0 Ph” >CO,Me ph)
8a 9a 10a
55% 10%

A7V 9a & LT B5%DILHE T 57z (Scheme 9), F 7=, COz & UL I A LD #
PHEFT L7227 2 2 10a b 10% D IR T 57

FERBRA Sy FELEE (@binitio ENC X VBT 1 h U ALDAG &R, ZDOEMND pKa & T
M35 Jaguar & VT, 10a DX UANLDKFE L BRI EOKEZNLZEND pKa fiz
FAELIE A, EBREEOKED pKa L 229, XU PN OKFED pKa 1d 36.9 & TS
= Thbb, BHFEEOKBOFNRXDNAAIOKEL D GERMEER 104 E5mW2 &8 T
MENTZ, ZOZ LN, 8anbDHLRFIMMETIE, ARFFNFEH SN TELD
EBoND INAS=F o LIEEE DR WERIF T EOKFER T L ORI T m b BEIHE
ZORTWVWEEZ LD (Figure 4), HIVRF I IALD TN L 0 EIRAICHETT L2 2 & 1%
BURIRWVEE IR Td D,

Figure 4
pKa =22.9
&H\ _Boc H_ _Boc  © H_ _Boc Proton ©, Boc
N N F transfer N
Ph)\H Ph)\SnBu3 ' Ph)@ Ph)\H
102 ) 8a FSnBus
pKa = 36.9

pKa values were calculated on Jaguar 7.7.

SO PEROE EZHIEL, 7 UK ORE 21T > 72 (Table 3), 7 /L0 Y & @i

i ZEREA LOREN R T OHROGE . TR EEOREETIL H NMR <° TLC | TOff#T 23R T dH
ST, ZDTOROGHK THICHHEEEDORIC, 1-AFL-3-=fu-l-= e V77 =Y (11) & 40%KOH
KR L VAR LU 72 CHoNo IZ K > TATF IV AT b & T T2tk WIEEREL LC1,122-7 771
a4 2% Tz IH NMR ST CROGIER 2R E L T D, 728, CHoNR IZ K B =27 ki, ik
D7 2= T ) (12)% Boc ZeTHRE LTIALEM 7 ZH T, IZIEEEMICHEIT LA TF L AT L
9a NGO D Z & ZfER LTV % (Scheme 10),

Scheme 10
NH

[
ON\N)LN,NOZ gg?ﬁcaq_ CHaN,
me M 2%
1
Boc,0 (1.1 equiv) _Boc _Boc
NH; KHCO; (1.1 equiv) Iﬂ\l\ HN
Ph CO,H THF/H,O, rt, 11 h Ph” > CO,H Et,0, 0 °C Ph)\COZMe
ca. 10 min

7
94%

9a
96%
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DIFHZRWTIE LIF, NaF, KF OWFz 0D TH U ARF L bidiE & A EiEfT L7
Do 7o (entries 1-3), ZAUX T AR N EEICIE TS WD THLH B2 b, 7 v
A A DM E BT 57207 797 v 2—T L EFRML CROGETT S &, eI E
ENTHLOD BIERM THDHXPNT 2 10a %< ERR LT (entry 4), FiR & LT,
TNAH ) BRI TIXCSF R RWIGETHIIM 9a 2 525 Z L vbhoT2 (entry 5),
EZAT, ZHETILam ® CO FMK T TG ZAT O %5& 13 CO2 % Fe bl = W7 il &
POSFHRIZEENTW D, EEREG 2 MW TCEHR TG ZAT 9 Lo T X/ BRFER 9a DX
KPNETH ELT (entry 6), T2 T, &5ICCODENDF Z2ITR-T2L 2 A, EN%E
WIS Z LI X RPN T I 10a AR Z Hiv, BHE9Y 9a OIEERm\ BT 5
R 23 5407z (entries 6-8), FEFLAUIZ 10 atm @ CO DFEIZ HEEIN R 83% CHM Do 7
JBEFHER Qa WG ONT-D T, RIESEFETET & LTz (entry 8), 72ds, HBEDESIX, X
ALK OB LR % 10% KoCOs/SIOUZ L DN T Ly v~ b7 T 7 4 —8TRELE,

PTLCIZ X VW 7o b AkiK 10a Z 4L T\ 5, HEW T, CO DES % 10 atm IZ[EE L T

Table 3
CO
.B 2 .B
HNoOC activator (3.0 equiv) CHN, HN - OC . HN/BOC
Ph” “SnBus fi)ri\:leF, temp. Et,0 Ph” >CO,Me Ph
8a 9a 10a
. yield (%)?
i temp. (°C i h
entry activator p. (°C) CO, (atm) time (h) 9a 10 8a rec.
1 LiF 100 1 (balloon) 12 - 2 98
2 NaF 100 1 12 - 3 97
3 KF 100 1 12 10 9 59
4 KF + 18-crown-6 100 1 12 22 30 15
5 CsF 100 1 2 55 10
6 CsF 110 1 (Sealed tube) 3 62 (60) 21 7
7 CsF 110 5 3 84 (71) 2
8 CsF 100 10 3 95 (83) <1
9 TBAT 110 10 3 49 1 10
10 TBAF 110 10 3 77
11 TMAF 110 10 3 - 92

2Yields were determined by H NMR analysis with 1,1,2,2-tetrachloroethane as an internal standard.
The values in parentheses represent isolate yield.

T U= D MERO T AR ORGET 2T o T, o7 X ) AX 5 NEDIIVRF AL
TIRIZFEENICa-T 2/ Bx 5 272 TBAT # H\\ /=154 (Table 2, entry 3).8a 75 D /v
R VAL EOL TIEIRITHRRE TH -7 (entry 9), TBAF AW =581%, 5 2 FE & L

7234 (Table 2, entry 3) & [AIERIZ R UL T I UKD B % 5 2 HFER L 7257 (entry 10),

-14-
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ZOHA L LT, D TBAFTHF IRKICE N TWLKROMIZ, 7 T 7 FAT =
UABFAUN T FARE o TV Z ERHERI S LTz, T H . Hofmann i ik
T2 EICERFF BALOKZNT B S ARLER YD INVRFLIALEHIT TNDH I L
&z Hiviz (Scheme 11), & Z C, Hofmann BN EIT L7 &5 2 S5 KD TMAF
Z 7 oAb E L THWER, 2HH BRI RPN 7 I 10a DAL 5272 (entry
11), R L LT, 7oy AEROREL AW HAICE T e b ABER L AR LT
LEH 72, CsF ZIEHELAIE L CUBOBRFTHWS Z & & LTz,

Scheme 11
.Boc Boc
HN ® HN”
NBu f'
)e % s )
Ph ~__~H Ph
NBU3
NG

PRGN DIHNL TE DT, iV TEFIIEREORFTE LT, Hxlha T I ) AX%4H
B L VAR L A k& S L7z (Table 4), 7235, PARRIZ = A 7 AL DBEEIZ CHaN2 12D D |
LB HNBEG 7 TMSCHN, 2 VTV 5, 9, HEBR ST~ Bk a2
THa-T ) ARXBb-gHEK L, WNVRFIIAEIT-T-, ZOFEER, BRIOT X/ Bk
ARG LRIERMTHDLRU VAT 2210 OIEE, 1 X OURE8 DEIERZ L ENOHEIZ
B FEROEBEEIKRGET 2N A o0, T7b5, Hammett IIZIS 1T 2 BEHIEE
B (o) DENIETH D X O REFRNEEZAT Da-7 I/ A X 8b-d TITofENREL 25D

Table 4
HN-BOC CsF (3.0 equiv) HN- Boc N~ BoS
CO,(10atm)  TMSCHN, .
SnBus  DMF, 100°C  Et,0/MeOH CO-Me
R 3h R R
8 9 10
1198n NMR yleld (OA])B
entr
y R Hammett o (ppm) 9 10 8 rec.
1 CF4 (8b) 0.53 202 <1 >99
2 CO,Me (8c) 0.45 215 53 43
3 Cl (8d) 0.22 246 81 12
4 F (8e) 0.06 263 88 6
(JSn—F) =219 Hz
5 H (8a) 0.00 26.4 95(83) <1
6 Me (8f) -0.14 28.2 42 <1 43
7 OMe (8g) -0.28 292 15 <1 67

2 Yields were determined by "H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard. The values in parentheses represent isolated yield.

-15-
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[ZONTT 2/ BRFFER 9 OIEIME T L. 10 DU [H B L7- (entries 1-3), £7-. off
NATHD LI RBEAREGEEZETH0-7 2/ AR 8f-g DA TIE, HEMW 9 DILRITL
<. JRERREN E 7z (entries6and 7), #EFE LT, offA 0 IZT WV EHILZH T 5 8a X
8e 2OBITHMDT I BEFHEIR 9 NEWWIEETHE G- (entries 4 and 5), a7 I/ A X
8a-g TINZHIUZOWVT SN NMR ZHIE L7= & 2 A, TDLFEY 7 MEIZHHFEROE -5
EERWHBZ R Lz, ZORMBERER. DILRFIUIZET 55 FR LOEHL L
DOFHE A Hammett 7' = > hTHRT Z & 27z, Hammett 72 > FOAERRIZH WS /3T R
— =T 5 BERIEN R L D IS E DO log (Kelkn) KD B 121, 7 = = Va4
THRE 8a & BHEME A HEBRANTMICET HHEE 8d, e, f,g & L1 DEETRERA L
b D HNTHIVRF DAL EAITO, ISP RS TOARY) 9a & 9d, e, f, g DU
DWNORMET 22 ENUETHD YV, EHIIFEOEEDIREGW NG I VR F 2l
ATV, RS Z 30 43 TIE I S, £ OMARD 2 M9 % Z & TRIGHE DR H 257
720 'H NMR fi#HTIC X DR OB H 2 A 7223, TH NMR fi#fTiciv T 9a & 9d, e, f,g
=7 OERVPR LN HNMRICEDIELOFRMIIRE ChH 7z, A7 v~
T T 4= HWTINRLEDORE I 2R A 7228 9a & 9d, e, f,g D — 27 NERITHEET 5
SRRSO ET, ZOFETOREELOEMIIW & LT,

EZAT, FHBETHRARIELIICAIAVRF L Tlda 7 2/ BEFHER & i 2 XMz
EDRCVNLVT I UNERME LTHELND, ZDTDAERRY OSBRI E 7 % 5K
D % T2 DIZIEE OME O A NHE L2 iU e b7, ZOFEE AW TRGEE 2% K
DLDOIINETH D B AT, £ T, EF ISR THE SN EBEORDO LA
FOGEHEZRL LTHWASZ LIZL, Z2OEEZLUTOFECL > TR Lz, —fHlé LT,
RINZ 7 va iz 49 5HE 8d 122V T D log (Kelkn) DR EEIZ DWW TLL FIZ R,

8a & 8d % 0.025 mmol F*2>IEG L., TDOREMEEE L L THINARF UL EITo T,
Btz 15 43 TF Ik S, RO O BTG S HAERMIC SN T, H NMR fi#f 217 -
72, 8a & 8d DE—ZIZHHEARVNVALIL, ZREADENE L LTHRINT S Z LIXTE
ol WNEREREL LT 135-FU A MFIRUBUZHWT 8a & 8d DAEFFD[ENY
REHEH L, BFtOFEAE X 2RO, HLWVT, L OMAERMIZ SN T 19Sn NMR T 2

-16-
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752 LT, HABRMICEEN S 8a & 8d DIF{ELL y MBI, 19Sn NMR HIE 2D

X W= MEET A TV 7 BEPWTHIET S 2 & TNOE ZhRICK D E— 2 DY
KRB HNDZ LR, B—7 OFEGEN S A ZEE DR A RO D Z LN TE
Do WA O 8a & 8d DEFFOENEEAFELNHFONTZOT, TIbH 8a L 8d D
ENENOENENEH TE 2, FoNTEINEL D LRF T IICHWZEL R TH S
0.025 mmol 7> HIE 5 Z & T8a & 8d ZNEIICB T, RISHIHIBPEZ BV CIHEE &
NiREoEALBREB S, £Olk 5 Hammett 7 2y MCHWAEEZSS Z &N T
7= (Scheme 12), Z ®#A x=0.02151, y=3.85 23%F 541, log (Kekn) = 0.416 Z457-, <D
fhOEHILEZ AT HHE 8e, f, gIB VT H kelkn EEZFHH L, offllckLTF a2y L7z,
ZORER, BRI R LD RS EEZDO X log (kefkn) & oI I XEMRBILR Y R 417z
(Figure 5), F7-. EMOMEE O RIGEE (p)DOME+1.83 BEF LT, ZOMEMNIETHD Z
EMD . RKINVKAX VAL TITERBIRREBIZB W TGN AR TH DX DN A B TR
ENTWDZ EAURB ST, RERE R OfEN 095 THDHZ b, ZOEBILDE
OFERIIEEMENFm W EB X B,

FlEfeE, RINVERF AL A o PEFREAZ R LTV D 2 & 2l 5~ < MEE
K AT T, TDO—>2L LT, N-Boc-a-7 I RARX 8a (Zxf L TT VI AHIRAITH 5

BHT Z# 1 4 E/Nx T, BARFIIALEZIToT, FOFEE. BHTEE F TH I /LARF L

Scheme1t12
B :
HN oc ! HN/BOC
| methyl benzyl
' + .
SnBug ' SnBuj . ester amine
1) CsF (0.15 mmol) | i 9a 10a
H CO, (10 atm) ' H |
oozga | DMF, 100°C | a2
. mmo 15 min mmo
2) TMSCHN,
HN/Boc MeOH : HN/Boc |
SnBu, R=Cl - gd : SnBu, i, methyl , benzyl
F 1 oe | ' ester amine
R Me :8f R 9d, e, f, g 10d,e,f, g
8d,e, f, g OMe : 8g 8d,e, f, g
0.025 mmol . B mmol

.....................

—> | kelky=(0.025-A)/(0.025-B) |
A/B=y 1y from "°Sn NMR B

A+B=xmmol :xfrom'HNMR

-17-



Figure 5
R G X y log(kr/kn)
Cl 0.22 0.0215 3.85 0.416
F 0.06 0.0389 1.09 0.134
H 0 0
Me -0.14 0.0281 0.84 -0.100
OMe -0.28  0.0293 042 -0.559

LIZRTEZR < ET L, ARIDOT X/

ELE

08 1
p-Cl
_\;5 04 f
E p-F
g
= p-Me
-04 0.2 04

-08 o

y = 1.83x + 0.03
R?=0.95

FATHE(R 9a 728 90% DU T H a7 (Scheme 13a), =

DGR ORI NV IRF L IALIS T 2T VR Z R LT ROS TR 2N Z LAVRR E T,

F72. 8a DANARF U IABIZOWTEKFILEREZITo7-, COEHK T Tl 7=

Y TFIZBWT D0 & 1 UENMZ TCSFIZL D ARFADIENAL T2 2 A, THIE

DR DAL BT S HUT2 10a 23 66% D IR

T5%IZE E 728, ZOFREERND BRI

EoTa-T7 I VBN ERT D ERRIBI NI,
PERES T VIR = UE A )S° CSo, TV NNT A REE
ZEMARRTHDLZ L ERLTND,

BT, Bx REE 2 OV TART VAR F Ui

Jb MBI 25 9h <2 91,

Scheme 13
a.
_Boc
HN
SnBU3
8a
b.
_Boc
HN
SnBU3
8a

CsF (3.0 equiv)
BHT (1.0 equiv)

CO, (10 atm) TMSCHN,

DMF, 100 °C Et,0/MeOH

3h

CsF (3.0 equiv) B

D,0 (1.0 equiv) HNO¢

—_—

DMF, 100 °C

3h Ph H/D
10a

66%
(D contain 75%)

T B 7= (Scheme 13b), BE/KF(LFRIT

ISR S v, CO2 ~DREZH BRI

ZOFEBRFERIT. o-T I AXNHDIE

CO USDRBFAI L bIUSSHED

H#BHOMGF 21T > 72 (Table 5), A

HN/Boc

COyMe

9a
90%

FIFAREERETDH IR0k, £, An 1THDH XD
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Table 5
able CsF (3.0 equiv)
- BoC CO, (10 atm) TMSCHN, HN-B°
PR DMF, 100°C  Et,O/MeOH PN
R SnBuz 3 R COMe
8 9

Ortho-Substituted Arenes and Naphthalenes

9h 9i 9j 9k
85% 74% 83% 78%
Heteroarenes 0
0] | S
\_ \
912 9m 9n
60% 60% 89%

Cyclic and a,a-disubstituted a-Amino Acids

NBoc HN - tBU
NBoc A\
CO,Me Ph”\~CO,Me
CO,Me Me
90 9p? 9q
78% 84% 36%

Alkanes and Alkenes

% b PSS

9r 9s 9t
0% 0% 0%

Isolate yield. @ The reaction was performed at 120 °C.

AT UBEAT DR IR DORERkA o7 X BEHERNFREE D D@ WIETHE S
Nize BIRT I UMBARLET 2 AZXNHIE, 90 BEIOT 0 U UiFEEEk op & BAEA
I T B L7z, Boc J5 TR S 7z, B o7 2 ) ARITARBANEETH 72720,
N-Z LR = VA AT Da,o- EBo-T7 I ) ARXEZHWNTRIGSETo 17, FORE., KIX
RIRM Ba,o- BT I BEFHEAR 9q RO, — T, BRI TFofLIZ G HER % FF
Tl n7 ) U UFRER or 0, HFEEORDVIZTAFAEST V=V EREHT 5 9s X
o 2 EDaT I BEFHERITIELEGELNT. BHHOwT I AXNENINDDHATH >
Too ZDTEMDL RINVRF LV IAUITITERIFEF Dol LI HFERP LA TH D | ARSI
KXoTHELNDaT I /BIIT V=TV BN I ENbhoT,

E AT, Fi Tl 7= X 9 IZR D VR % 2 U kiT# O RS RUT BT Strecker St
XS D Z LR TE D, Strecker ST A v ~D LT b b < KGRz D R

-19-
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v N TTITWV, o7 X BN 6 5 (Figure 6),

Figure 6
Strecker Cyanation Boc Hydrolysis
Synthesis HCN HN” H3O®
ST T R a3
B S B 15 5
"5“\/ ¢ F JN/ ¢ 'j‘\/ oc
R” ~so,ph (base) | R R CO,H
13 @ ©) .Boc C) A )
14 M |-j]\ F /" oa-Amino Acid 7
(ef0)
This Work OF R™ “SnBug 202 @
+ TMSSnBujg

T ) ARG EET DERA IV 14 ~DOREER & 72D AXT =A%, BusSnH &
LDA DfAE D P offiict, VA XRIKE 7 vk A 4o OfAEDE TS 5
TEMHEETHD O, FORD, KB ARFIIUbIE, YU AARXRIEEH T VR Y
NG ~DORERBARETH o7z 20 REERA I ROV ZORIBEETH Ha-7 2/ A
JViR 18, TMSSnBus 38 KU CsF %z CO2 Z5PHX F DMF TN S ®2D Z L T=TROKX
JEN—ZITHEIT LT, a7 2 ISR Z mIGRTHE B4 5 (Scheme 14), Z OIS
T CsFIE, 1) A IV EAERSEDIEIL, 2) AXT =4 2RESEDLZODOTT U OIE
MAk, 3) AR FIIAIZE T HAXOIEMAL, &9 = OO&EIZH - T\%, Strecker
AR ELIET DL KU VR MNORTEEOEN YT = RREOHERAFBTx 52 &
R0 a7 X/ = b U 15 OAKGIRIZ LB ZRIREE DO miR SR Z LB L L2, Boc
Hrp CERMESRICBVERRE A AT Ho-T X JBOGHKICHE LTV Z ERHETH D,

Scheme 14
TMSSnBuj (1.1 equiv)

CsF (5.0 equiv)

.B .B
HN-O¢ €O, (10 atm) CH,N, HN- 0%
PN g

Ar SO,Ph DMF, 100 °C, 3 h Et,O Ar CO,Me
13 9
up to 88% yield

CsF N

(Base) CH,N,

.Boc .Boc
)'N TMSSnBu; N CO, HN

CsF CsF
Al SnB Al CO,H
r (Si activator) nBUs (Sn activator) ' 2
14 8 7
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5 SLIREIRA 2 0 VAR % 2 BBOGIT & D5 a7 X BRFEIR DB RL

TNETHRRTEZLIC, EFHIFa-T I/ ARXL CF OMAELEICLY CO &K
FRE Lizco-T7 2 VBOBRICHI LTc, S HIZ, RRISHEA I VATBRIEN S DT Ry
MR TE 5 2 & D | Strecker GRKDOREE L L TAINARF VLR ENTH S
ZENTRBINT, EHIISIORDLEME LT, IARF VMR L D HTFAER-T I/
BE DA RUZELY $LATE,

Rt EEO HIZHT 0, HFEN2a-T X ) ARXEIVARX IO E L L THWS
T L A U, FE DONARZ ORFFETIISHR L7 DN & I VAR F 2 AL EIT T 2 72 B,
COx &\ za-7 X FEDOARF RN AIREIZ 72 5 LB 2 72, & 2T, LD A FRIEITHEN,
JFE M pa- T R 7 A X 8al*, 51 16aal®, 16ab™ ZFhENEK L, BFHNTra-T
J AR T HNRF AL OMET 21T > 7= (Table 6), Boc %&2H 3 %a-7 2/ A X 8a
BIOSZHWEHEITE, WVRF IR RIFICET LI 00, Bbhica-7 X/

FeihEAR 9a, 41 TWNT N HIFIET v IR TH -7 (entries 1 and 2), Chong 5 DREVIZHES

Table 6

R. _R' CsF (3.0 equiv) R. _R'
N CO, (10 atm)  TMSCHN, N

Ph” “SnBus gl\r:IF, 100°C  Et;0MeOH  pp~"“co,Me

ee of yield ee of ee of yield ee of

entry  substrate .\ irate (%) (%)® product (%) SN substrate o iate (%) (%)°  product (%)°

(R
.Boc @ N
HN HN tBU
1 47 95 2 3 R 99 -¢
PN
Ph SnBug (compound 9a) Ph”(R)SnBug
(S)-8a 16aa
PMP. -Boc Q.0
2 84 80 2 4 HN"Bu  >99 67 47
Ph™ "SnBug (compound 4') Ph~ > SnBu; (compound 1_7_a_b)_f?) ______
(S)-5 (R)-16ab 0] +60.6

i (c=0.42, CHCI3) :

2 Yields were determined by TH NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.
b Ee's were determined by HPLC analysis. ° The corresponding imine was obtained in quantitative yield.

iv Chong &% 16aa 35 L 1N 16ab (0351F B R R B ORI ARE 4 S LG L Tna 18 Ui, #%
(2 16ab (2% hta 92 b U A F LA XK Z W= EFHE ORIEERIC LV . 16ab A SAETIER RIEATH D
T EWNRBENT, ZTDT2d, AHEITIE 16aa B L N 16ab (281 D AR IRFE DM AR EEZ R & LT
FKLLTND, FUAFIVARKREFHWZHRAEFEBR OOV IS —HmH k5,
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WTA LT N-ALT 4 =)b-g-T 2 KA X 16aa DEIE. HILRF A T4 < #ITE
T RHNT D AT 4 = A I UNEBIICEONTC (entry 3), ZOHMBELTANLT ¢
=AU BS NI SRR T O, IR F LI E D H A X T =4 OB
DEEMICHEIT LT b DB X b D, RIC 16aa kb9 52 & THLILD N-A/LER=
J-a-7 X RAX 16ab ZHE L L THONVRF UL EIT & M T Da-7 2/ BEFHEIR
17ab % 47% ee T35 Z &N TE T (entry 4), AR ORI NSARBLEIZ DWW TIE, HIROD
(S)-7 == VT U ATV AT IOVIRIERE D B FFE L7 17ab OFE AL & HPLC fiffr Co v
— 7 OR/N, BEOREAEOFF S LT 52 LT, S ThDHEPIEL (Scheme 15),
ZDOZ LMD, BKINVRFDIAGITILRRFF THEIT L TWD 2 & vbno Tz,

Scheme 15

o
Og Y
1) ¢I”Bu (1 equiv) o8, . ‘
NH5C pyridine (0.4 M), rt, 14 h AN Bu [0y +119.8 !
Ph(g)COzMe  2) mCPBA (2 equiv) Ph” > CO,Me i _(¢=0.50, CHCly, 99% ee). |
DCM, 0°C to rt, 49 h (S)-17ab

2 steps 45%
WIZARFINROE EAHIE L. a-7 I ) A X 16ab # EEH & LT 7 vk omst 21T
7= (Table 7). TBAT ZH W /=& 1%, CsF & AW HAIT AR TINER, RFICRL K

T 5RERE o7 (entry 2), TD%. TMAF X° TASF Z#iaf L7223, Wiy 17ab DIY

Table 7
o 0O o 0O o O
R activator (3.0 equiv) \\S// \\S//
HN""Bu  CO, (10 atm) TMSCHN, HN"Bu . HN" Bu
< o <
Ph/\SnBu3 gl\k:IF 100 °C Et,0/MeOH PhAcone Ph
(R)-16ab (S)-17ab 18a
>99% ee
) yield (%)? ee of
entry activator 17ab 183 17ab (%)°
1 CsF 67 - 47
2 TBAT 53 3 35
3 TMAF 47 6 38
4 TASF 32 - 14

2 Yields were determined by H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard. ? Ee's were determined by HPLC analysis.

B ARFIEL HIZ CsF DBE LV IRVFERTH 72 (entries 3and 4), Z DFEFHIIBL
T NPT IV 18a BIFE A /LN TNRWICH D 5 U LRF 2 ALDULE)

BETEH 6 BREEICEESTWVWAZ LITOWVWTIEROBERE 2 b, Thbb, 7v



Al B

b A AN L - THE 16ab DA XFFNIEME(L SIS Z & TEL S L b EHR
TN DEEMND A IV EEMRT DL IINCELBIILD Z & TALKR=VERINTL
F O AIBEMEDNE 2 HALTZ (Scheme 16), Z O AR IE LiFAUE, TR L O 2 D43

Scheme 16
NH (@]
O O
3 O\\S/,O Ph)J\H Ph)J\H
.S .
HN Bu CsF HN"Y Bu N Volatile
Ph”” “SnBus ph ©
(e} TMSCHN, O
16ab d — s
HO "By MeO” "By
Volatile

IZEDVELD tert-7F N ANLT 4 =)V AF LT RAT )L (bp 179 °C) XU X7 V7 K (bp
179°C I EL L BT H D72 DT E ST LEW, HNMR T TiIk i S u7zu,
LIFEEOR DTN IREIZ LV AL DMbam 2Bl 5 ~< | BRI F Eoki#ELE, &
D TFEOREN N UNVIEIZEZ T70-7 2/ AR 16ac = W THALRFE L AALEFT > T
DR ZORER KET DT X BEFER 17ac 53 59% L5 B olzxt LT . TMSCHN;
IZED AFILENTZ AN T f = AF LT AT )L 19 8 29% 4R LT A Z & 23 H NMR
FEATICB W THER SN, 2T b, EEFDUNLRFLIEDHEIZENTEH, AL
R NVIEOBBEZ R T 2B DO NMRNR—EHTEITLTWD ZERBEZHND (Scheme

17),
Scheme 17
Q\S,,O CsF (3.0 equiv) Q.0 Q.0 o
HN S Tol  CO2(10atm)  TMSCHN; - NS g HN"S > Tol g
DMF, 100 °C Et,0/MeOH )\ + ) * MeO T ol
Ph SnBuj 3h Ph CO,Me Ph

16ac 17ac 18ac 19

59% 0% 29%

RN T 7 o AbEddE % CsF IZREE L, B & SOSSFE Ot 21T > 72 (Table 8), %7,
AFWROR EZHOIGEREZ 80 CIT T SE7223, 100 CORE & RRE DR T
HEJOT I/ EsEEA 17ab 3550, AFIERO M FIFBIH SR> 7 (entry 2),
DMSO Z B HIWZHEITIE, IR, AFIERE I DMF L0 IR T 5/R L 72 -
7= (entry 3), ML=l ZRELZH WD & 80% ee DARFKINHET 17ab NEHNTZH DD,
BOGHERIE 13% K< . JREHE 39%[EIU T D5 R & 2o 72 (entry 4), 14-TFFH % H

WA, ICRIT 47% & DMF B IZH R TIRW S DD, 75% ee DARFINRTHEY
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Wintg iz (entry 5), ZDOFRERND, = —T VRSB HE ORFFIZE L TW\WDH 2
ENTHSNTZ, DME 2L LTHWEL 24 IR, RFICE L H12 DMF O5E1C
EEA_TH BT 5/RBE LT (entry6), & HIZ, DME XV & RFEH KV diglyme Z¥&
L L THWZEZ A, ELIAFNELM ETHRRNBAONT (entry 7), Z£Z T, &
HIZRBEDNE triglyme &2 VWD Z & T85% ee DAFINERTHBIDO T 2/ R E(K 17ab
BAGDH Z LNTE - (entry 8), AH LR F U IAIZ G DRI THE ONARDMERF S 7=
ZEMB, NN F TR EERAL 7 VA e A X S — A LT LRF R
HITLTWD EEB X LD, W triglyme &2 WD Z & TRFME D & < R FF S 7z B
& LTiE, FOMDOMIEIABIZ T CsF 23 triglyme [ZIETIZ < Wi, FRIKTSH
L7 NFu AL F— s ORISR T ORENMESRTINTZTDTHDH EEZTND,

Table 8
0 0 ) 0 0
/\\S//\ CsF (3.0 equiv) /\\S//\
Hl;l By CO, (10 atm) + HN™ "By
Ph/\SnBu3 :ssorllvent, 100 °C Ph)
(R)-16ab 18a
>99% ee
entry solvent —yield (o) ee of b
17ab 18a 17ab (%)
1 DMF 67 - 47
2° DMF 71 - 46
3 DMSO 45 10 31
49 toluene 13 4 80
5 1,4-dioxane 47 3 75
6° DME 85 7 74
diglyme 71 8 79
triglyme 69 7 85

2 Yields were determined by H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard. ? Ee's were determined by HPLC analysis.
¢ The reaction was performed at 80 °C. 9 39% of SM was recovered.

—HITIHRARZL T, 0T I ARDIIVARF VAL TIIEEFROELBEEITEFEL
TRERD SN (B—EE i, Tabled), DO b, AFNRLFERRICHFEEROE
FEEIC L > TEIT H2D TRV EE L, RISEE A triglyme (CEE L, HHEER LD
BEHELOMET 21T o 72 (Table 9), MRFTORR., FHEE AN TICEBRLEZ AT 5 HHE 16e-g
DANKF TV IALIZEB W TIER VLT I > 18 OIERIZEBWVT N-Boc-a-7 X R A XDY;

B LEAROBERB A O, TRbb, FERMNEFNERIEE 16e, BLU16f 2513
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Table 9
O\‘S”O CsF (3.0 equiv) O\\S’p O\\S’p
HN" "By CO, (10 atm) TMSCHN, HN gy HN™ gy
. - S .
| AN SnBus glalyme, 100°C Et,0/MeOH N CO,Me | SN
R R R
Pz Pz Pz
(R)-16 (S)-17 18
>99% ee
119 ield (%)?
entry Sn NMR _ yield(%)* ee of
(ppm) 17 18 17 (%)
1 H (16ab) -36 69 7 85
2 p-F (16e) 3.6 50 10 80
(JSn—F =17.6 HZ)
3 p-Cl (16f) 1.9 70 14 72
4  p-Me (16g) 6.1 32 5 90
5 0-OMe (16h)  -4.9 73 3 50

2 Yields were determined by TH NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard. ? Ee's were determined by HPLC analysis.

NRUPT 218, BLOVI8F 8L < AR L (entries 2 and 3). HEERNE 1 EE R LE
169 N5 IFR LT 22 18g OAERMNIIZ BTz (entry 4), S HIZ, A THDa-7
T BEFHEARDOAFIRIC S HEEROE T HBEILFT MmN A b7, HERNE
IR 72 FE DO FOG TIHARF IR LI RO R & 72 > 7228 (entries 2 and 3), 5 HERNE
FEEREHEENND Z LT 90% ee DAFINRTHIIOT I/ RFHEREFDL Z LB T
=72 (entry 4), TlZdl 7= X 912, RANKF AT VA=A 2 TlE < EBUL 7 v
A AZF—FERBELTOILRF B EITL TS LB X 5405 (Scheme 18, path
Q). Flo, RENERIEFFTERWVWEBE LT, Z7rA X ZF— Mpb—EHTh AN
=HAUPERT D EBEZ LI, TEIODBIZHARF VLR EITL TS L
Z T % (Scheme 18, path b), =D 78, 16e ° 16f Z#FEH & L-LA 1IN Vv T =4
UHERT D path b TORIGN O HRREFHET D Z LD ARFNEED K<, 16g &
FANWTEBEAITIER DT = N ER LI . path a TORISBEVEEIND D
ICAFIERN R E L Ieolo B bD, TNENOEEIZEIT S 19Sn NMR Db
V7 MEICEBWTHHEROBFEE LK LIER SO, RIZ, N-Boc-a-7" I KA
R AN T VIR 2 AE D B ERFHI B W TR b mWIER THBY 9h #5272 (Table
5), A/ A NXT T 2= VAT DY 16h 2 W CTRFTE21T - 72, 1°%n NMR 01k
T MENOIIFERNEFEE CTHDL I ENTRINTN, NIMICEREELHT 5

FEE LI MEHRA R . B 17Th ORFIRIL 50% ee Th 72 (entry 5), FE 16h D5
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Stereoselective
Scheme 18 Carboxylation
0.0 Q.0 path a 0 0
\ /7 P R \\S//
PAAN t _S.
HN gy CsF__ HN® _Bu CO, HN> By
b P > <
o Ar” “SnBuj then PN
A" SnBu £ ® esterification " CO2Me
16 Cs
(S)17
TR FSnBus
I O\ /O '
: sl path b
| HN™ "By O\\Sp O\\S/P
‘ / | ) then
! a i Ar ® esterification AT~ CO2Me
' € : Cs
' 16h"’ '
(R 6. ....... ; racemization rac-17

AT ANV MIDORA FFRVER WD X SIS TV LA F A ICF L— 52 L TH
IR ZF AR Lo < AR 572012, path b OFJSBET L9 <7220 17Th O
FUERNFREICH E T2 B2 BND,

ZOX DI EEIT IR N- A VR = b-q-7 2 FAXZRE L LCTHWS Z & Tir
PRI 72 VAR 2 AL ST 5 Z L 2 R L, 5 & 90% ee D ARFULE Ta-7 2/ 8
FER AL Z LTI LTz, 100 CL W) BIRSMFIC B BEL T RE O FHE N &
SIRFFCEZ LIFHRIRVERTH 5,



A S
B CO A —RZFIRE L THW-a-T I/ BB R &R

B o-7T X T EHWTENLEIRIY 72 D VR U ARG D B

BT X O, EHITa-T I ) AREANT AR OB L,
S DATSLARBRIR 22 VAR % 2 AR K D R TE M 2R o-T XV BR DA Z R Lo, AR
JEDERRIARMEZ LA ESED - EFTHTRERE LT, KRISZA I U6
DR R T B~ FERESED Z LB 2T,

NS SRR AR D LR R L O IR & L THWTOL R 2RIE M2 N-
AR = b-0-7 I R A X 16ab 1%, Ellman OF F VANV T 4 =/ A I 200 ~DTT AT
L AP 2 2 =k, i BMIZ Lo THEE L5 (Scheme 19)%20, J-7piot, |
OIHFTIE 20T < BRO BRRIEIE I FIE R 19 2P R L E & T 5, £ 0T,
N-Z /LR =)/b-0-7 I R AX 16ab & LA ARFA SUGIC &> THRTE a7 X/ BROfik

IAIARFT AR AIREIC 2 D & PRI D,

Scheme 19
LiSnBuj

e or ©0
©0 : . @z (R) Y
= PhCHO D3 LiZnEtSnBug 3. mCPBA .S,
®.  — e~ Ny HN"" By = HY B
HN" By H J Diastereoselective - PN
Ph Stannylation Ph/(E)SnBug, Ph”™ ~SnBuj
(R)>-19 (R)-20a 16aa (R)-16ab

L L2eRS, a7 2/ AREFIEO B O A RFT- % &7, AR THhiuE A XJFE T
ZRBED A ZRRFICERL T EROARAFERDEB TE RV NEE T, AXRTFE7
vHERT, BIXOTARET L7 vRET EO-GZXLE—ILZNE N 414 Kimol,
565kJ/mol ToH b | A XJF 1 L IRFIRT. BELOT A BT L RFFRA & OfEA =R/ —
X EH 225 kiimol, 301 kd/mol TH D 2, ZInba-7 I/ AR Lide-7 X/ 7
B HIVIRF D IALD B IZ WA OFE S O, AR EE S = Z L v —Z{KAH %
RFEESL D &, AXFEADOEEITITIAH = 189 ki/mol, 7 A FEIFEF DA IZIZAH = 264 kd/mol
ERD 0T X T U ERAWTE VR LD TR =R L X —CER E TEIND,

FITET, TEIERTIEIH DD N-Boc-a-7 X KT 2la ZHWTHIVRF UL EFa
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FL7z&E ZA, Latm © COx ZRPHR T, iR 1 WFE ThROGIESERE L, ST Do-7 X/ BEsh
K 9a 2% 90% DU R TH: 5 417- (Table 10, entry 1), a-7 X / A X & HW\ = /LR S L1k
TliE, IGIRN G HEROE EEICRE S EASINTZN (Table 4), o-7 2/ v 7 %A
We VIR VIR, SEEDNE AR REEE 21d R FENE B E R EE 21g 2 M
WG AT S BAFIZHEIT L7 (entries2and 3), S B2, o\l T V7 =V EEEH T 5 HE D
B, a7 2 AR OISR EIT Lo 72 (Table 5)DIZk L, -7 2/ 7
V2Lt 251X 5 atm @ CO2 ZPHAL T 100 ‘CIZ THNR T LA HETT L, IERE < B
ot # 5-27= (entry 4), ZDXIIZEHIT, o7 I ) AXOKRDYIZa-7T 2/ VT EE
ELTHWSZ & T, AXREOFEMELZEHRETEZDOHL 6T, LVIRMARFHETTOR
WAL VT V=T U PN L2/ LTE, b2, -7 V7=
TV DEBICOARRIENEAARETH D Z Enbmnole B, 2k, HFEMRa-T
VT v 2la ERHOWTIRIEIRN e VAR X VbR AT, ARIXIRET B IR
ToH-7= (Scheme 20), -G N-Boc-o-7 X KA X 8a & HW\ e W VR 4k s 7 &
SRDOERM Z G- 272 Z L 26 (Table 6), SLAAREEIRAY 7R 1 /L AR % 2 AGIZIZ A VAR =L S

WA TEHH Z &R I T,

Table 10
CsF (3.0 equiv)
un-Bo° Cco, CH,N, un-Bo°
R” > siMe,ph  DMF. temp., time  Et,0 R”>CO,Me
21 9
co, ooyt 1 (o
entry R (atm) temp. (°C) time (h) vyield (%)
1 Ph (21a) 1 rt 1 90
2 p-Cl-CgHy- (21d) 1 rt 1 95
3 p-OMe-CgHy- (219g) 1 rt 1 81
4 Me,C=C- (21t) 5 100 3 68

2Yields were determined by H NMR analysis using 1,1,2,2-tetrachloroethane
as an internal standard.

Scheme 20
CsF (3.0 equiv)
HN’BOC CO, (1 atm) TMSCHN, HN’BOC
A DMF, rt, 1 h Et,0/MeOH
Ph” > SiMe,Ph 2oe Ph}\COZMe

(R)-21a 9a

97% ee 75% iso.

2% ee

TOXEIREEDOL L EZIIN-ANLF= N -a-T 2 R T o2k eE Liza-7 3 ik

O REZ R A FE Lz, 7205, N-ALKR=/LA I 2D O AR > U il
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WX THFEEMR -7 2 ) T UDELI, O EERa-T X ) VT b SRR
W22 VR AL EITT 572 H1E, CO &2 —RkEBIRE L THW=a-7 2/ BROfilill
IARF AN AIREIC 22 D & & 2 7= (Scheme 21),

Scheme 21 Catalytic
Enantioselective Stereoselective

Silylation Carboxylation
Q\S/,O QL QA
IN/ “tgy Chiral cat. Hl;l/ “Bu F, CO, Hl;l/ “Bu
R R” > SiMe,Ph R™>COLH

Scheidt H1XF TNV ANVT 4 =)L A I 20 IZxF LT PhMeSiLi # S35 Z & T,
Chong & 23#%5 LTV % BusSnLi DOFUG & FIERDOSARERME TS VUL EIT 55 2 & %
AL TW5D (Scheme 22)%, 7=, a-7 X/ RO ARF GO A TH 5 N-A /LK
=b-0-T X R 722218, U MEDERM) 2222186 T 5 Z L TERATRETH -T2, £
ZTEHT. SR bFEREONFEERELZ AN TND DD, N-A/VR=/b-0-7
Ry T2 22 58 L LT SEISRIRI 7 D VR X L ML ORFT &7 H 2 & & Lz, 7eks,
Scheidt &{Za-7 X 7 T 0 2220128 TEFR T of v R 38 OfE e SLARLE 2 X s fo i G g
FHZk > TR ERELTEY, EHEIREKDw-T I /T2 22 ZHNTHLRF VAL
DIRFEITH Z & & LTz,

Scheme 22

X-ray
(R=1Bu)
©0 0
- = O 0O
o0 oK 05 (R Y
@& RCHO N By LiSiMe,Ph HN" "By _mCPBA HN™ "By
HoN" 1By ® . . PN -
H R) gl{iays;;(:irj:selectlve R (R)SiMezPh R/\SiMezPh
(R)-19 (R)-20 22' (R)-22

£9°, triglyme 2R AW TRIETHOALRF UL EIT 72, 1 atm @ CO HEFHK T,
R 2 R CROINTZER L. TMSCHN2 IC L2 =27 /b d b, BRIOT I/ BEiFER
17ab 7% 68%IY R 46% ee TIHH AL, N LT I 2 18a b 25%F H 7= (Table 9, entry 1),
AR A VIR F AL Scheme 18 TR L7za-7 2/ A XD NAREIRAY B VR F 2 Ak & [FEk
2, @B 7 VA ) I — N EFIERUAT =AU B IR F UL EETT LT
HEBEZOLND, TIZ T, RIBSEETHLRXF LI E T LA, RUVUAT =4
DERBIMZ BT RPN T 22 18a OILEME T 5 & 4512 17ab O AR FINE
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23] B A MEmA R Sz (entries 1-3), — . DMF & FRUGSEELIZ W2 35-A 135 IR T
triglyme Z H W\ =356 LR, RAEDGE L HIZFIFEE Th o7 (entries L vs 4), -20 CET
POSREZIRT S5 & RUSOEMICERHEZZLIZH DD DMF OHAICBWTHIL

OARFIEDM LI F S 88%DINE, 78% ee THIM 17ab %157 (entry 5), DMF %

Table 11 Stereoretention
CsF (3~4 equiv) (0]
N N\ 7/ \/
.S. CO, (1 at TMSCHN _S. DY
HN"" By 2 (1 atm) 2 HN"Bu 4 HN Sy
: solvent, temp, Et,0/MeOH :
Ph” >SiMe,Ph  time Ph” >CO,Me Ph
(R)-22ab (S)-17ab 18a
0,
99% ee [Uv]21D +96.6
(c =1.0, CHCI3, 85% ee)
yield (%)?
entry solvent temp. (°C) time (h) ee oof 1b7ab

17ab 18a  22ab rec. (%)
1 triglyme rt 2 68 25 - 46
2 triglyme 0 6 67 17 - 59
3 triglyme -20 71 75 9 - 72
4 DMF rt 1 63 1 42
5 DMF -20 71 88 1 - 78
6 DMF -30 70 65 1 10 83
7° DMF -20 46 91 - - 85
8¢ DMF -30 46 35 - 62 82

aYields were determined by 'H NMR analysis using internal standards.
b Ee's were determined by HPLC analysis. ¢ 5 equiv of CsF was used.

VI WD 2 & T otriglyme X0 bR DT I v 18a DAERA I HILD &L BT, B

RN FME 2 RFF CE 27290, DMF 28 L L TS bITa 217272, -30 C T/

AT D T & T 83% ee DARFIE THAAE -7 I/ BEFFEMAENE ST W, ROSHTERE

FITIFEEIAEIX & 7= (entry 6), T Dk, CsF & 5 ¥EH VT, -20 CTHIGETT > 7B

(2 46 IR CROUG 2N 784S L 91%UX 3R . 85% ee THMDa-7 X/ BEHERNS L LTz (entry 7),
-30 COSMETIE, CsF %2 5 YEMW T 46 R TIIIS D 5EME Lie o 7=7=D entry 7 O

Sl RS & UTe, AER 17ab O SRRLE 1Ta-7 X ) A X Z W VR F 21

{LOHFE & RS, FTRDS)-7 = =T Y 2 v AF VT AT VIR X 0 8 U7 A0 &
PEREREE O B 45 Z & ¢S LRE L7= (Scheme 15), R {KDa-7 I/ ¥ F D H )V

REIMIZEBWNT SIKD -7 X/ BEFHER 17Tab NERKD E L THE LN Z &b KD

VAR F S AITSIR R FF THEAT L T D 2 & AR S 47z,

RV T, Bk 2200 Ea-7 X T 2 W T I VAR F vk 24T o 72 (Table 10), 75

B

BB/ NTANCY o a2 A4 5IE 22d AV AICE T RFIERPMEOCGE R L 722572
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. HEROBEFEEIIZTRFAE IS, BEFRNRB L ORFNRTa-7 X/ IRk 5
17d, e, f MBI, afLIZT VT =V 2 A4 5 HE 22t Z VT2 85512i3, G KO

CO DINESMZBELL L=y, 38%INER, 84%ee T o-7 X/ BEFHEEIR 17Tt N5 OB,

Table 12
?\\S/? 8ij (ﬁ e?uw) TMSCHN %
H’;j Bu 212 T) Et,O/M OZH HY"Bu
DMF, -20 °C ,0/Me :
R7SiMesPh 46 p R”>CO,Me
(R)-22 (S)17
97-99% ee
Cl F Me
17ab 17d 17e 17f 17t
91% 93% 82% 89% 38%
85% ee 78% ee 85% ee 86% ee 84% ee

(60 °C, 10 atm CO,, 3 h)

Isolated yields.

WIZ, REEDOREIZOW TR LTz, EFREF LD tert-7 F LA NVKR=VIKITT =
—/vE AlICL Z N5 Z & T BFIZREET., IETELZEBMbNTND ®, £ T,
TIIVRF L ACDERMA) 17ab (2 LREZ AT L 2 A, BiDa-T I/ BEFEAR 23
DI 21T & A LR D 2 &7 <5 B iviz (Scheme 23),

Scheme 23
0,0 AICl3 (2.0 equiv)
HN/S‘tBu anisole (3.0 equiv) NH,
3 DCM, rt, 1.5 h :
Ph” > CO,Me Ph” > CO,Me
(R)-17ab (S)-23
85% ee 91%, 83% ee

AT, FEE M TR L 91T Chong Hia-7 I / AKX 16ab % S 1K & i
LTEY ., ZRITHEWEE L, B9] 16ab D 1 LR X VAL SRR iR % £ > T 795 &
BRI B, Thbb, a7 I ARXMBITNKRNEE, a-7 X VT U BIFRREFTO
ANVR T IACPEITT 2 L WS HmBAR S Tnvie, AXRRIEL 7 A FHalHK & DOENT
B D SR80 59 5 Z OB EE R 2 a0 7= 1. Chong & O IZESWTEH
A L7ca-7 2 AR 16ab ORI STARRLE A2 X #kG MRS T I L 0 R 5 2 & 2l A
oo a-7 X 7 AR 16ab L=\ TR, B U AFIVAIFERII N Y 7T LA XGHE
RED HREAPER R W2, Chong H DM IZESWTHIGT D b U X F /LA XFHEMR
24ab ZER L7z L Z A, 24ab BNEAREKRE L THLAL7- (Scheme 24), D%, 24ab %
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Scheme 24
Me3SnSnM63
S (1.6 equiv) ©0
Q "BuLi (2.2 equiv) 52 (R)
s, Et,Zn (2,2 equiv) AN
N~ "By HN™ " "By
j THF, -78 °C, 30 min Pe
Ph Ph” “SnMes
(R)-20a [P 24aa
R 83%
dr =>95:5
Figure 7 o

0
3)
= &

\\F;?f,%}r—\‘

\ /7

AcOOH (3 equiv) HN/S‘fBu
DCM, rt, 20 min :
Ph” > SnMe,
(R)-24ab
70%
96% ee
White solids

Space group : P2,
R1 [I>2.06(1)] : 1.70%
wR [all data] : 4.34%

GOF : 1.037

Flack Parameter : -0.008(14)
ORTEP figure of 24ab

AW THFE OB AT > 7, FREALIC X 0 ORFHEED 98% ee (ZM) L7272, X #Rfkdh
REIEfMT 21T > 7= & Z A, Figure 7 |27~k L 7= ORTEP X D& 1Z%f L. Flack parameter?” O
1%-0.008 Td -7z, i@% . Flack parameter MDfE A 0 (23T 14X ORTEP [X D #aei & 23 1E L
< LIGETFIUTZ DR ORI EE N IE LW E SNd, Le-> T, ZOHH 24ab O
K& L Figure 7 IR T80 TH YO, ZOMINAREEIZIR THHZ EnbhroT-, Lz
3o T, 24aa BT D BRI A oL OFEARLE S R ThH D Z &R ST, 61T,

24ab H B L L CTHARF LV IULEIT oI L 2 A SIKDa-T 2/ BEHER 17ab 235F H L,
AKINVIRZF D IACDPSEIEGRFF THEIT L TV D Z L bhrole, AXFEF LIZATF IR LE T
FNIELEDENIHD DD, 24ab L RO TFIETHR L b Y 7 F /L 2 558K 16ab

Scheme 25
Q.0 CsF (3 equiv) Q.0
HN-Sg, €Oz (10atm)  TMSCHN, NSy
B triglyme, 100 °C  Et,0/MeOH -
PR SnMe; ﬁy 20Me Ph >CO,Me
(R)-24ab (S)-17ab
96% ee 53%
+74% ee
same enantiosense
Y CsF (3 equiv) Q.0
HN-Svgy  CO2(10atm)  TMSCHN, NS gy
: triglyme, 100 °C  Et,0/MeOH 2
Ph)\SnBu3 3'ﬁ y 20Ve Ph >CO,Me
16ab (S)-17ab
99% ee 69%
@ +85% ee
R
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HLRIETHLLEBADI., a-7 X AXNDLDANRF I M ba-7 X/ T LEERIZ
SEARRFFCHEIT L TN D Z EAVURIE X 7= (Scheme 25), Chong & ia-7 2 / A X 16aa %
SCERBEAM LA ~3F5 3 5 Z & T 16aa 35 L UY 16ab O IAREIE 2R E L TV 528, B
% 5 < Z O SLARELE O EEICTEY BN o To b D & bl s,
INETHRARZ X ST, HFEER0-T 2 ) ARRa-T 2 ) T DHNARF IS

BWT, ARV EEFT HEE 16ab X° 22ab & W 7= 5 ISR REFRL D 1 VR %o
JAEDELT L, ST 0-7" X/ 8 17ab 235 B ATz, VAR F 2 ARIZI T D el
DIRFFIIANR=NVEOFENEETH Y . BL O @ENL T VA r A ZF— Rk
FdoaFue Y h— MREERERB L THOLRF AR EITL TS &b s
(Scheme 26a,b), —/7 T, Boc K& AT 25HE 8a <° 2la Z W oG 1L T & KD AR
9a & G212 Lo, INAN=F PR ERER LT I VR Vb EIT L TS &5

2 BivD (Scheme 26¢,d),

Scheme 26
a Q\S,P CsF (3 equiv) Q\S,,O
0,
NS By CO, (10 atm)o 85% ee HM@“BU
: triglyme, 100 °C, 3 h z
Ph” SnBu, then TMSCHN, Q.0 Ph” " SnBus
os.
(R)-16ab HN gy [ F ]
>99% ee Ph/:\CO M
2Vle r A
b O\ /O CsF (5 equiv) ¥
Y CO, (1 atm) (S)-17ab N
HN" " tBy HN™ "By
s DMF, -20 °C, 46 h 66% o6 5
Ph” SiMe,ph  then TMSCHN, ° Ph/\§iMe2Ph
(R)-22ab i F ]
99% ee
¢ CsF (3 equiv)
) equiv
HN-BOC CO, (10 atm) 2% e
DMF, 100 °C, 3 h
Ph™ ~SnBu, then TMSCHN, 5 Bo
(S)-8a HN = ¢ HN"
47% ee — }\ )
d Ph”” > CO,Me Ph” ©
.Boc CsF (3 equiv)
HN CO, (1 atm) 9a
Ph” > SiMe,Ph E':MF,Tr'\t/,I 1 hHN 2% ee
(R)-21a then TMSCHN,
97% ee

INGEBEEZ, -7 2 )T T D IIVIRF L IAIZEBW TRE S5 BOSHERE 2D
T Scheme 27 12777y N-ALAKR = b-0-7 2 KT 22 DT Y VN CsF I L IEMAL S

N5z Lcmbdi7vtAa s ) h— Mgk LCERT D, 2074 ey ) h—
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O BBEBIRAE A ZRE THNVRX L IAEREITT 5 2 & TREDIMEBRFF S o

72 BN 17 M5 5D (Scheme 27a, path a), £2E O SE2AME & s IR T & 22

Stereoretentive
Scheme 27 Carboxylation
a By
\ 7/ \ //O path a F@ (o) O\\ //O
Sy CsF HNTY PhMe,Si” -S.
HN™ "By sk, - 0 CO, BUO e;Si “c=0 HN™ "By
A R” XSiMe,Ph  then BUOSHN—Y. o N
R™ "SiMe,Ph © I I H R™ "CO,Me
£ ®Cs esterification
(R)-22 A ()17
FSiMe,Ph 4
path b
0 0 o 0 o 0
\ S// proton \\S// \\S//
HN" By _transfer  HN“gy  C92 0 HNTTBy
o ® then
R R Cs  esterificaton R CO2Me
18 racemization rac-17
ath a
b _Boc HN’BOC g Boc
HN CsF s CO, HN"
R A e Bh Tt > R
R” > SiMe,Ph R™ @$MePh then = r“>co,Me
£® esterification
(R)-21 Cs (S)-9
] fast
FSiMe,Ph
0'Bu path b
.Boc proton _Boc
HN transfer HN" 0 CO, HN
- D A men T r Mo
R™ Cs esterification 2
10 racemization rac-9

B LT, Z0Av s U h— b —HThOAN=F AR L, T8 IR EIT L
BRIV ARF I MERNEIT L TND Z EMBE X HLS (pathb), Table 11 (278 L7 fgt D H
TRUVULNT I VA8 WA LI SIRIZEB W T, 20 =F v EERFT EAKFED
7 R UOBEINET LI EBEADBND, — T N-Boc-o-7 X R T 21 W2 LR
XL TIZ, ZAAdua T U D—ENLDO NN F U OAERRNBIEFIZHELS . 78 3I{bD
BRI NVRF D MRS ETT D7D 7' k& LTHHILD (Scheme 27b, path
b), EREFofLIZ T NNR=F o B RAEIE LB, TEO VR = VNGB T4
([CRNLT 2 Z L TCANAN=F B ZEITEDZENMOBNATWD %, LEeRn>T, 20
FOSIZENTH Boc FD B IVAR=)VENE T DD TF A AN T D L ThAN=F
ERENNTE DO, ZvArs U I— L0 b I AN=F MBI AR LT &R
bbb, a7 X ARXDINVAFVIMUIZBNTYH, o-7 2/ T 20V LRk

OEAN RSN &b 16aD LR F LT ERN 7 VA a 2 X F— SRR A,



EL -~

8a DINVARF LTI N AN =F PR Z TN ENRH L TS LB BN D,
ZOXIT, EHEFHEEL L Cou-T I /T EHWTE D IRMAREE T TOIARE
IAEDEIT T 5 2 2 A LTc, ZO85E1Fe-7 X ) AXEHWIGE LITRRD | XS
T DHo-T X BEFEEN S FROBEFEEICEHD L TICEINETHE LN, £2, N-A L
Re=-0-7 2 RV 700 bida-7 2/ AR EHWEEA LD SRS THr O R
(CHFMEDMRFF S 4L, s 86% ee D RFIWE TG T Ho-7 X/ ek BRI’ S b,

i Chong LA SIAL A Liza-7 2/ A X 16ab ORI IRELE OPEEICOWTHHAT 5, #51E S
BOXT VAT 4 =)L A4 I 208’ & BusSnLi & DL 16aa’ > SR L. (RELEZ A VT ¢ =LKL
MBS A VR ERT D 2 kfi%&ﬂmA%25N£%Lto%@% HPLC 2\ TR E 7=
SEAR AR O (R EFIRF RN 242 5L & el g™ % 2 & T, 16aa ICB T D EHIFFafiLDRFEDIIKZ R LIRE L
7= (Scheme 28a) %2, Z D#ERMNLM S, RIADA 2 2 20a 76 A X =)L b LRk L D S{AD 16ab
NELND EME LTS B, = 2T, (LAEW 25 OFESIE, R KD BINAL-H Z W=7 2L A X 26
DARFKRFE . Fi< J‘I:LEJE BLOR#EEOL B Z R TEMR I TS (Scheme 28b) 132, = DARFE K
Fbb £ Chong HIZEZWMETHY | RHEKFELTHOLNDo-B R F T XX 27 ORI TARRLE 2

DOWNWTIE, KB ZRGE L 7= D AR ERFRIC KL D A K-V ?WAxTﬁ < AF iz L > TiEL T2k
B30 L, TIRENTWD RIKD 2-7 % J — )L bikiE U85 & Tl EN I S TWD, £
DFERB, HH1E S KD BINAL-H ZHWERIC R (KOAEBINELNDL Z EZ2WEL TS
(Scheme28¢c) 2%, F7=. % HIX RAD 27 12k L R {AD MTPACI % {EH &, Mosher 512 & > T #fakir
ARELEZRE LT D, ZOFED Mosher VEIZZEIE X R EE SN HHTOFIETH Y | S EATD Mosher
BITEEEMER, 070, 27 6 L IZHPLC IZ X W e &7z 25 O# LR E SRR Y Th - 7=
DTIT7eW N EHELRER S LD,

Scheme 28

© © .
@ o3 i ®2 (S) 1)55:(%5) o )CL
N/S"tBu M HN” "By 2 > HN Ph
i . 2) HCl/MeOH B8
Et Et SnBug Et SnBug
(S)-20a’ Q 16aa’ (R)-25
@Q 0.0
® \ 7/
N~ -S. tgy 1) BuaSnLi HN/S“Bu Compared
J moPBA o > s with HPLC
Ph m Ph SnBuj retention times
(R)-20a 16ab
b ! ® |
Phthalimide R i ! OO L
PPhj ' 0 OH i
i (R)-BINAL-H i* DEAD OF 70 1) HNNH, HN™ “Ph e
H 2) (PhCO),0 £~ 1 o OMe !
Et” “SnB ‘ ‘
nBuj Et SnBujg Et/\SnBu3 Et SnBug | OO :
26 (8)-27 (R)-28 (R)-25 ; }
Authentic sample ! (R)-BINAL-H
C L oo
Q (S)-BINAL-H oH BOMCI OBOM 4y npyL; OBOM
—_— —_— —_—
SnBujg Et/\SnBu3 Et/\SnBu3 2) Me,S0, Et” Me
26 (R)-27 (R)-29 (R)-30
i Compared with
! optical rotation
Determined by OH BOMCI QBOM
also Mosher's method Et/\Me Et/\Me
(R)-2-butanol (R)-30

Authentic sample
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ii

WHFZEEDOTF I a-7 2/ T 2 22ab & TBAT % DMF I TG S8, ISR O °F NMR 2 #IE L7z
(NEAZAELZ DMF-d; & VN 2), £ OfESR, -114 ppm fHTlc e —27 28I L7-, £7-. °F-2Si NMR (**F->Si
gradient-enhanced heteronuclear multiple-quantum coherence (gHMQC) experiment *°F irradiated, '°F observed, and
29Sj decoupling mode) Z & L. 2Si NMR (281} 5-110 ppm D > VU A — ME 3HIC 7 0 A — 7 2 #1H]
L 7= (Figure 8)%2, Z Of&HEH S F NMR IZH1) %-114 ppm D B — 7 87 A 2-7 v BB 2 AT HAb5HE,
ThbLIAARY Y = R L TWA I ENbhote, LIZBNo>T, a7 X/ 7 22ab DAL AKRF
I AN R =N Lo TRERENTZ 7 FA a2 B — R ZREE LTV 7D E 0
MENRRE SN LB BN D, 708, Boc A2 A7 5 5H 21a # V72 19F NMR SR CIIi#lo by fl &
B s v—27 38l I Then,

Figure 8

1
Bu\ //O
N2 O
HN/S"tBu TBAT HN \,O retentive
R DMF, rt. P addition
’ Ph SiMe,Ph
Ph” SiMe,Ph under Ar ofMe:
22ab F o e
' cf. 2Si NMR Chemical Shifts of Silicate ‘
i ‘
-100 110 120 130 -140 ® ®
: i 114 ppm ('°F NMR) i i K(18-crown-6) K(18-crown-6)
' | - i | O'Pr
I I | 1
‘ ! ! ! : O 0|0
& e A o E— | PhSi(OEY, sic
1 a 1 | ¢ o
r I I I
s } . ' ' ! ! -117.3 ppm3'@ -108.2 ppm3'@
e} \ I I I
8 - Jsir = 207 Hz | i
| 1 . 0. | | '
| I |
~ . | 110 ppm (?°Si NMR) ! ! |
Bp----- S SN CoATTTTT I T i
N I I I
L ! | . |
| f | co )
I | . 1 vl
| , | |
I ) ] I
Br-—- pobo o R A s i
1 i 1
I ] I
| | |
| ‘ i |
L 1 L
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W SRAARIE A N N-R LR =LA S U A~DARF U AR S D BRFE

-7 X T U OISR 72 VAR VU K o TR R o-T R IR
BARZAGD FIEPHESL L2720, WV TEFIIN-ZLR =)V A I DT o F i8R
72V AL DBIFICE D MATE, BB AR 2 VTR 2 ) ki T a,B-REaFn 2 v
=B ~D LAMINEOG3 2 < i S TER YD | 1988 FIZHHE - MBIk - THI®D
THE SNz, WHIFTRT VT AL IR T VWD Z L TRV T UT
Y BLDOARFEF 1,4-2 ) bR Z R L7 (Scheme 292)%2, Z DG TlXE A X XL
AEN AT T BIBAEMIMINT 2 2 E TERT IR U AT DT AN FRIA L
LTEZLINTWD, E72, 2006 4F|Z Oestreich HITF T v Uy At > VLR T %
ATy 7 a~dxt /) 33)~0D LA-KRF Y VALK Z#HE L7z (Scheme 29b)%2, X5
(2. 2010 2213 Hoveyda & 78 & 0 Zffi Ze @ifiii 2 FIV T B RIS DSOS T 5 2 & 2 J
H L7 (Scheme 29¢)®2, ZNOLOMIETIXEET LV axy KEV VAR T v & DM TS
JHF & AR FEFRA L OB (A= %/L¥—536 kiimol)? ZEiE#i /1L Lz h T &
AL AT L, U a YT AEE T VLN 7 A FREAIE U CTAERT D, KEZ

Scheme 29
a. Ito, Hayashi (1988)

[(+)-BINAP]PdCI,

©05mol%) .
PhCI,Si-SiMe,Ph _ _ . : o »
/\j’\ (2 equiv) PhCIzi%\)OiMeQPh 1) MeLi PhMezi;\)CJ)\ | Oxidative addtion
PhN CoHe, reflux, 17 h P N 2) Hy0" Ph L pd Y i pisi |
(R)-32 o ;
31 71%
. 78% ee
b. Oestreich (2006)
o [((S)-BINAP)Rh(cod)ICIO, (5.0 mol%)
(S)-BINAP (5.0 mol%), Et3N (1.0 equiv)
PhMe,Si-Bpin (2.5 equiv)
0, 0,
1,4-dioxane/H,0 (10/1), 50 °C 45%, 96% ee
33 0 i Transmetalation i
! Si—B :
R R \ o — - S™
c. Hoveyda (2010) . ©gr, Ph_  Ph e é\ i M—OR :
CuCl (1.0 mol%) N I?EN B SiMePh - B-OR E
u .0 mol% 1 Me F i | _

o NHC salt A (1.1 mol%) : aPh Etm E (S)-34 5 ( g—_ E hf'BCu > :
NaO'Bu (2.2 mol%) g ; SR TR ¢
PhMe,Si-Bpin (1.1 equiv)  \______ NHCsaltA ;

92%, 95% ee
THF, -78°C, 1 h
33
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B> U AT ZE DR E >V VR T & WIS 2 OIS BUEICE D £ TRAICHE
ZEEN TG 397,

LirL, 20Xz D LAMIMBISDOMEFNIBZ < HD DD, A I
VIR = AEE~D 1,2-2 U ALBOSITERE B R 50T %, 2011 41 Oestreich &%
N- kS vA 22 (35ac) DR U b A A L7y, AT U MEORBEHI Tt T
72\ (Scheme 30)%6, F7-. 2013 4EIC Riant HXF T NVKR AT ¢ -Gl 36 &V LR T
YERWET VT E RAOARF 1,2-2 U ULRIG & 3 L7c (Scheme 30b)%°, 235 H3fF4t
ZRRAE L7224, A 2 U~ OB AT 1,2-3 UV UERUS OWMEFIT 4 < T 2 2
DARFE 1,2-2 VAR EH 2 IBAFE CE UL, CO2 MW o7 X/ OB AR &
FRICIEN D DH2 BT, P B IEFICEBIRN L E 2 T,

Scheme 30
a. Oestreich (2011)

_Ts CUCN (5.0 mol%), NaOMe (10 mol%) Ts
IN PhMe,Si-Bpin (1.5 equiv) HN
Ph) MeOH (4.0 equiv), THF, 0 °C Ph}\SiMezPh
35ac 22ac
90%

b. Riant (2013) e X

el
| < O Ar JAr 'Bu
; P
o) 36 (5 mol%) H ) \ _NCMe _
I PhMe,Si-Bpin (1.5 equiv) Q : Cu_ Ar= - OMe

Lo _
Ph™ “H MeOH (4.0 equiv) Ph” > SiMe,Ph ' ( ‘ R, FHF
o

' Ar 'Bu
37 THR 1, 16h (R)-38 : Ar
87% ! 36 |
99% ee  TTTTTTTTTTTTTTToTmmTmmosomsosoomosomoosomsosooooes ’

i 7233 O L [RIFEYIC Oestreich <P He 512X > TH A U ~DARF L Y IALDOHIZERTHhILTED
1% & 1 IR & 2 F L NHC BUNL 1 DA O K D s &2 s L Cuv% (Scheme 31)36de,

Scheme 31
Oestreich (2014) T T i

Cu cat. B (5.5 mol%) ‘ N ‘
Ts  NaOMe (1.5 equiv) Ts } = Neph !

N PhMe,Si-Bpin (1.1 equiv HN ; N__N
J 2 ! pin (1.1 equiv) i - Mes NN
Ph Etz0, 0 °C~rt Ph”” “SiMe,Ph | Cu Ph
' |
35ac (R)-22ac : Cl
85%, 91% ee i
B
He (2014) .
CuCl (5 mol%) 1 o
NHC salt C (5.5 mol%) } BFy |
T NaO'Bu (11 mol%) _Ts ! @ Ph,  Ph
N . HN ‘ :
) PhMe,Si-Bpin (1.1 equiv) " Y4 ®>—\ ‘
Ph toluene, -78 °C, 2 h Ph” O SiMe,Ph ! @NVN‘MeS 3
35ac (S)-22ac ‘
75%, 97% ee { c
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—H T, A I~V I ILRIGOAERM E LTHRELNDa-T 2/ v 7 UIFAIEIEFO
DEIZBWTHERH IR TWAILEMTH S (Figure 9%, BEFED Y )y 1 D RBIR 1% /7
A FRIRFIZERRT 5 Z & T, BEHEOM LY O RN TOH S ED R BN HIRES i

Figure 9

a

“\/U\ Ph Ph HiHo\ pHi
\)J\N/\H/NH“BU S*Z,N\/S'\//?i }i‘N\/SI\//?:

................

\gi
oo R S €

39 40 41 42
IC50 =145 ].,lM |C50 =14.3 ],J.M |050 =18.2 IJM
Noncompetitive inhibitor Noncompetitive inhibitor Uncompetitive inhibitor
Poor selectivity Poor selectivity Excellent selectivity

b, HTH, GUART I/ BIINTF RII v I OEMIHNHN TS, 2006 412
Giralt 51377 vl > Q)MilaEZEENTTF Fo7m ) VR EEL I D Z & T,
ARTF ROEENES IR THIEIZITEE L 5 2 T O ~DWIN % 20 f512m L SH
52 EmME LT (Figure9a)%, 7=, YU NLEOERERY T ) —/VICE#T 52 LT
B O D KBREEMR &2 HOTEEM O EMTEN:Z Bl L, BEFEEOIEMER om0
DOFEFN B B~ IMb 72 ST TR 1T TV 5, il 21X, 2012 4712 Skrydstrup
. IEPEPAZEMEATYR . (COPD) DIRRICZVRAHIfFEND b MR T X 2 —F
(HNE) BREANZx LTy U VEEDE A E{T 7= (Figure 9b), (LA 40 O 7 I RIEDNLE
IZ U NEAEBALTLE ZAEHRIZIZEED LRSI, VT VA=) 42 ~E L
L ZAENE R T ERINMEN LTSN B, 512, Y Fax vy U oEA
(28D HNE ~DHFE AN REEHEN S HBAHFICEL LI Z L6 AWTETE LS
W~ A FOBFNITERER S MDA ~DOICH B S D, Z oM bEk~
Ro-7 X T UDBRIFEMIZEDTZDIZ A SN TV DA, £ 5 ONEFAER DA I IE
o —HiCub 7= Scheidt D FIEIZHES T2 Ellman DF TV AN T 4 =) A 2 ~DIT AT
VABRI 72> UV Y F 0 AOMINIE # BREICHNLN TN D, Z0O7H, L0 EIRKY
RERIEE LTA I U ~OMIERRFE V) b Z B IC R 2 A TEE, AT
EA~OEBRG SN D,
N- 2R = A I ~DARF L Vb ERETT 5I2h7--> T £T4EHIL Riant b O#H
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HEEBEBIZHRAT 4 -HiGER 36 AR L, 4 I 3bab ZWEH L LTV U b E Toc b
A KIET Da-T X /T v 22ab 3 B1% DR T H v b OO KR IFEEE T, =
VI AEPFEORE S R 570 o7 (Scheme 32), Dk, Sfilt 2 W T T LR A~
A VBN AR BRIFA EOPRERACU L2 8 RUS S ORRE A FEREAITAT o 7273,
WL T F BRI DO RBUNTE S o T,

Scheme 32
0
Ar 1
\\S// 36 (5 mol%) \\S// <O O ;D,ATNCM Bu
N~ PhMe,Si-Bpin (1.5 equiv HN™ Y \ e
J > MeOI-|2(4 OpeQLfiV) - e 0 7 A=t oMe
Ph ; Ph” “SiMe,Ph | . F~HF
THF, 23°C, 12 h ' (O Ar’ Ar Bu
35ab 22ab !
51% %%
0% ee

+ SM rec. 32%

& AT, 2010 FEIZERIRE - e HIE, @Al L T 007 I VRN T B8a B LU EA Y
Fa—nviarEfWexz ) v 44 ~ORFE 14KV MU EHE LTV b (Scheme
33)%, ZOMIETIE, KM VL ERRRICEIT L aF v REPRrY D TV ARXH
JAEI LR Y VHINTEEREE L TRELTWDL EEZEX NG, £2C, EFEHELZOYT I
VBN AR LA L U ~DORF VY MABICHW TR 21T 7o, 2 OfER. Al g0 —
g NV 77— FR_RUB VBRI LY RRIED YT I 43a F/EF. A I 35ab %
PhMezSi-Bpin 38 LWV 2-7' /X —)L & DME S+ 30 CTRIGS /=& 2 A, 2 IR T

JRIEZERE L RRDa-7 2 /7 7 2 22ab 7 93%IX %, 83% ee THFH A7~ (Scheme 32),

Scheme 33 Shibasaki, Kanai (2010)
CuPFg*4MeCN (10 mol%)
BuOLi (15 mol%)
CuOTf-1/2CgHg (10 mol%) ,
W (R,R)-43a (20 mol%) QL o "Bu (S,5)-43a (12 mol%) O Bpin
N"SMgy  PhMe,Si-Bpin (1.2 equiv) HN S By Mo “F e PNB-Bpin (1.5 equiv)
| IPrOH (2.0 equiv) /:\ PrOH (2.0 equiv) Me ng Me
Ph DME, 30 °C, 2 h Ph™ “SiMe,Ph DME, tt, 24 h u
35ab e (R)-22ab 44 (S)-45
Ph Ph 93% 86%
\ : 83% ee 92% ee
P EtHN  NHEt |
' (RR)-43a

V72V F LV T R RO AN T o FARRVE ORISR TH D =
EMDNSTZD T, BT OFEMRRET 21T Z & & L7z (Table 13), Z O, HDa-
T TT Yy 22ab OMITA I U MIMKGIRS N TAEK LIZANVEAR ST I K46 H—EH DR

A2 HOIZHEA G LNz, 7, EREF LoEREZHRE Lo, ZREF EICATF
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NIEEHT S 430 W HE1T, ROSIEMEICET L72s, REFEDERIZREICER T Lz
(entry 2), — . BFRF LT v VEEZET S 43¢ Z HWTCHGEIZIIARFIRITE WD
DD, FIGH 2 R TIXSEREE T IREDS 23%FII E 4172 (entry 3), ZAUHOFERNG . K
VU IARIZEB T DT o F AR O RBUITE R B H DR & O E AL
VEETH DN, WElmsE S IIRISOETTEZ T2 Z LR bhole, it T, BHRFF I
B A VI EE L CHFRORHN Z1To72, £, MRS TWH YT I Ui
WRIE N DRAE L 72 43d B LM 43e 2 W TS 21T o 72, 177 F Az A9 % 43d z2
WZIGA T, o7 X/ ¥ T 2 22ab DILEB LOARFIFEIT E ITIK T Lz (entry 4),

Table 13

o CuOTf-1/2C¢Hg (10 mol%) 0.0
\\S’/ ligand (20 mol%) /S\t
N""By PhMe,Si-Bpin (1.2 equiv) HN™ Bu ¢
J - - /\ + BUSOzNHQ
Ph 'PrOH (2.0 equiv), DME, 30 °C, 2 h Ph SiMe,Ph
35ab (R)-22ab 46
93%
83% ee
entry ligand yield (%) eeo0f22ab  ,TTTTTTTTITTTTTTTommmTooooomtooooomootooooos :
22ab 46 35ab rec. (%)° ' Ph ~ Ph |
! (R (R) R? R?
1 43a 93 - - 83 5 R'™HN  NHR'
2 43b 88 2 - 10 E 43aR' = Et O O
i 43b:R' = Me
3 43c 65 5 23 77 |
-------------------------------------------------------- | 43¢cR' = "Pr (8)—.(S)
4 43d 30 - 44 22 ! EtHN  NHEt
5 43e 83 2 6 78 O O 43e:R2 = OMe
' 2
com om0 S
i g:
7 43g 24 8 57 -78 : (S)—A9) 43h:R2=ClI
! EtHN  NHEt "
8 43h 40 12 39 -67 ' 43i :R? = CF,4
! 43d
9 43i 34 7 37 -3 i

a Yields were determined by '"H NMR anaylsis
b Ee's were determined by HPLC analysis.

p-A N¥ T 7 = VEEFT S 43e AW HATL, 43a DFRERITITS D H OO BAF IR
BILOARFNETHIMMNE LT (entry 5), 43d OFEERNG . HFEHEERE D O E 313K
JIGDOEITE L O F o FARIMEORBLHET D &E 2. RICHFFR NI 2 DFE
FHE G E I ITE TR A AT DRI 43e-i ZAK LRE 21T - 7o, BHEBR/ ST LI A
FVEEEGT D 43F Z AV THAICIE 43e DA & RBRICBE2RIVER LORFINETH
W% 5 2 7= (entry 6), —JF5. BEER/NTNIZETREIFEEZHGT 5 43g X 43h 2 H 725
ANIISOCIRN KEEIZIE T L (entries 7 and 8), /XTI b Y 7t AF VAT D
431 VBT o F RO RBL L 1E L AL R Do 7o (entry 9), BHESRN
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BT ARSI ETYINHMOREMEMET L2 EREZ6ND,

43a % Fe 2R B & LN,

ZNFAT

P8R 7T —R1ETVILRT L EDREITRT A RX X AL HELT

}ﬁ‘a‘éo
T252LT I BNERKRT S,

Zua hoRE L TT I a— B RINEnTEL .,

Naxy FaefFAEsSE ok

L LSRRG E RS ED 2 & T A 22 3565 &3t

WEETDLIEEZLND,

IZBWTHEE SN A il 1 7 L% Scheme 34 1277, £,

WIZ N A N-ANLF=/LA I 35

BRI 2 TSR 2 ) U RS Tl

L -~

PLEDFERNG

T UMMEML L
L. v UJLER 1234
(2t L o F AR A SR AN BOR A3 AT
%< DA

VU b O AE 7 e b AL LER T

BN D, T70bb, REINTIEET va—un |l Z27a ko

W7 axs RELTI

Scheme 34
.S0,B
HNS o2 Et. H
H Ph N
R s \
22 L Cu-0R Si-B (PhMe,Si-Bpin)
Ph™ TN
ROH gf H
Protonation Transmetalation
I
Et
\ H
Ph N
PN U 802 Bu (TN
SRR “Cu—-OR
i !
Si B
1]
Ph Et\N/H A
-S0,Bu o B-OR
IN Cu-Si
R) PR N
35 Silylation Et H

v 2235, BN T 43e-i 13 Xu B DOHEFNC
T AT AR 7R T

Scheme 35
©o
®g
2 o 0
1) 1)
2©) Bu\ NH HN JBu
R (R)g® ®% (r)
(R)-20 e e

(L3AN
B 8 b O 0 B IREEL DL, Hi< 7 I FOEICI

Sml, Z HAW7Z Ellman ¥ TNV ANV T 4 =) A I DY
ZX VAR L7 (Scheme 35),

1) HCl in dioxane
2) Ac,0, pyridine

o 0
% (S)

NH HN EtHN NHEt
W/ e

0 (0]

>99% ee 43e-i
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At

T T . TN a—LORNMNNREHERT D EEHITT e b IROKG 21T -7 (Table 14),
7'a N ARETRIN LR 725813, RFNEE QIZIKT L (entry 2), a2 b
EIEAFIE FICHBW T, YU BB OLFERE 1L LV AVRT U EDRT R AR H L
EAEIT LTV D ERHER S TS, BOSOIEIZIE T Vv a— L OUIMA RN TH D Z &
PR STz, £O%., SRR v a— Vv aBRI Lo E 2A @mn 7 va—LazfHng
Z & TARFIEN N LT D AN R S (entries 3-5), mAMEWT L a— L& W5 A
[ZIXT T — VBB T D 2 & T, U7 I OEMLN—ERTHN D T2 O R F PR D
TETLIEEBAbND, 7o/ — VLB FURELTHEMAIEETHY , 26-F L/
— V& W25 1T 91%IEE | 86% ee T HBIMAMG AL (entry 7), BHT Z W /23551
(7 V3=V IEAFAE T TOSE LABROFERDGF LI Z Lo b KEREEE D ol 7e
BmEDEDIZT e FUPEE LTURITHEE L o728 E 2 BN 5 (entry 8), Zi 5 DOfER
N, 2,6-F UL =N ERER T m P UJRE LTHWD Z L L L,

Table 14
CuOTf1/2CgHg (10 mol%)
O\\S//O 43a (20 mol%) o\\S//o
N“"tgy PhMe,Si-Bpin (1.2 equiv) HN” tBy
| - =z
) proton source (2.0 equiv) A,
Ph DME, 30 OC, 2h h S|M62Ph
35ab 22ab
proton yield (%)7 ee of 22ab (TTTTTTTTTTTTTTTm AT mm o m T m e '
entry source 22 (%)° I :
ab 35ab rec. Ph Ph
) (R) \—< (R)
1 'PrOH 93 - 83 S
r . EtHN  NHEt
2 None 42 54 68 5 43a
3 MeOH 72 2 83 :
! ‘Bu

4 EtOH 84 8 82 !
5  'BUOH 76 9 87 | OH OH
6 PhOH 87 - 81 Bu
7 2,6-Xylenol 91 - 86 2,6-Xylenol BHT
8 BHT 45 44 63 1

aYields were determined by "H NMR analysis.
bEe's were determined by HPLC analysis.

BOSSRAE S HESL LT T8, AR U AL E i 2 PR D << k2 724 I Tx LT
YU MALEIT o7 (Table 15), AINIHFHERVEFEERA I VREFARRA I T
L THRERSHEITL, ZNENEWIEEB L OAFNETCHRNDO-T X/ 7 2 22d-j

J

BHzZ, ANVMAFNLNT 2= VEEHETHA X2 351 WA 95% ee THAYW) 22i
DEONT, £7-. 2ER S EREZAETHAIVBINT 7FLERSTF A 7 = U BE2 AT

-43-



L -~

L4 D bARBIGHHBICHET L, ST 2a-7 X/ 7 2 22k-n 28 BAF7RIERES K
OARFWNRTH LN, Fo, TAT =0 A I v ZREICHWTESAITIE, L2-MME0
BIRAITHEAT LTo BB 220 <0 22p DIEIWAFINETH LN, S HIT, REISET V¥
NA I L THEHAIEETH D L A IV DBRLEERT-OIERITIER NS DD 76% ee Tkt
& Bo-T X T 22 BFLIL, tert-T F A IR T b A R U E AW TERE AT
STZN, A I VOREFHENMENTZDHD, 60 CETMALZZSFMHITBNTHXINT Ha-

T )T 22r Ro,a- _EHa-T X ) T 228 1T B Lo T,

Table 15
CuOTf -1/2C¢gHg (10 mol%) grTTTTmmTemmy :
) ¢ 43a (20 mol%) Q.0 i Ph  Ph
T PhMe,Si-Bpin (1.2 equiv) HN/S\tBU E (R)\—<(R) :
| 2,6-Xylenol (2.0 equiv) : i EtHN NHEt .
R DME, 30°C,2h “SiMe,ph | 43a
35 (R)-22
Cl
©}< C|/©}{ F/©}i Me/©}{ Me0/©}{ ©/%
22ab 22d 22e 22f 22g 22h
91% 81% 99% 94% 80% 75%
86% ee 83% ee 86% ee 87% ee 88% ee 81% ee
(3 h) 3h)
MeO
Me MeO MeO € :@X s
I ) MeO “‘O \_
MeO
e MeO
22i 22j 22k 221 22m 22n
100% 83% 90% 92% 91% 97%
95% ee 86% ee 88% ee 88% ee 87% ee 83% ee
Q.0
ph/ﬁ}f Bh /\2&/ %}{ S
NH
o AN .
Me SiMe,Ph
220 22p 22q 22r 22s
75% 76% 27% 0% 0%
93% ee 92% ee 76% ee (60 °C) (60 °C)
(3h) (0°C, 13 h)

Isolated yields.

RIZ, EFHNSHIRE20-T X ) VT &G oK T T LA =L TOV Y bl LU
fhmh A7 (Scheme 36), ZALE TOMG D 335D A — ) Z&H -5 6.7 mmol, 72
H15g DA I 3bab ZHWTT Vb Z T o728 2 A, ROSIFIMEIZETT La-T X /7 &
7 22ab 73 Q%I 86% ee THFDH ALz, & HIT, ~FH UITHF RIC T EDOHH L&

179 Z & TR 20-T 2 ) T 0 % B2NINETL129H/5 LR TEZ, 5T,
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LR it

Z 2 TH LN 22ab & AW CHE SR A FRRL U X BUEE SLEERENT 21T - 7=, Figure 10 (2R
72 ORTEP X D& 2%} L, Flack parameter OfEAS 0.00 7~ L7z Z Enb, KU Ak

L
SELND0-T )T DMHRNRELEN R THDHZ ENbhoiz,

Scheme 36
CuOTf -1/2CgHg (10 mol%)
v 43a (20 mol%) Q.0
N PhMe,Si-Bpin (1.2 equiv) HN/S“‘BU 99%, 86% ee, 1.8 g Recryst from
J 2,6-Xylenol (2.0 equiv) i hexane/THF
Ph DME, 30°C, 2 h Ph” “SiMe,Ph  52%, >99% ee, 1.2 g twice
35ab (R)-22ab
159
Figure 10

Space group : P2,

R1 [[>2.00(1)] : 2.60%
wR [all data] : 6.61%
GOF : 1.071

Flack Parameter : 0.00(3)

ORTEP figure of 22ab

A X O ARFT 2 U BIZ Ko TREFEMISHR Ra-7 X /) T U MEHNTZD T,
INERAWTE B TR AR NRRIR 72 I VRV b &4T 5 2 & T, it o R FIR
DB IEEEME R a-T X BERAEAR 17ab A s T & 72 (Scheme 37), Scheme 23 |27~ L7z &
INTNFMEZER D e R IREROREL R TH D, T IICEHRIL, CO & —KHK
JRe LTHWoo-7 X/ B ORI 7 il i) R 75 A Rl & 22 L 72,

Seheme 374y CUOTF -1/2CeH (10 mol%)
43a (20 mol%) AlCl,
PhMe;Si-Bpin (1.2 equiv) 1) CsF (5 equiv) (2.0 equiv)
Q.0 2,6-Xylenol (2.0 equiv) O\\S//O CO, (1 atm) O\\S//O anisole
IN/S\tBu DME, 30°C, 2 h Hl;l/ gy DMF, -20 °C, 46 h HN ">ty (3.0 equiv) NH,
2) Recrystalization : 2) TMSCHN B DCM, rt, 1.5h B
ph) Ph”” > SiMe,Ph ) 2 Ph” >CO,Me Ph” >CO,Me
35ab Catalytic (R)-22ab (S)-17ab (S)-23
Enantioselective 52% Stereoselective 91% 91%
Silylation >99% ee Carboxylation 85% ee 83% ee
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WwomeE

B TUE=ULLY ROINLKRXIIALZRBT S

a-7 I JBEOT Ry NERK

—Hi WO R

—EBIOE _ETHRCLHIZ

CEHITICOm
BLOo-T I /)T DHNVREIIMALERRE LTZ, 512, 40 ~DORFL VL)

REPFE L THWV-0-T I AR

O ONREIRI 2 IV R F I L - Ta-7 2/ BROME AR FSRICKI LT-, Zh
HDOHIVIREF L IABIZBWNT, -7 2/ ARX8BILN16 DAIIVARF I IAITEZ R Aol
ICHEBEEREZR T 5 REEOGE1CE

TLEbOO, FERPESEE, FRFEFREDS

BITITI DMK > 7= (Scheme 38a), — 7, o-7 X /v T2l BLUN2 DI/VHRF UL

BIXEFEE, BLXOEIF AR T FREZATHHREICE T BFICEITL, a7

U= 7 ) UNEWNICRTE LI, S5, aflic T V7=V EE AT Ha-T X ) VT

YU ANREFIUICERATRETH Y, T =T ) v A 2 7= (Scheme 38b), 4

L5 _FEE TR Tma- 7T 2 T U ONARIRIRI T LR LU ORREHERRRIC BV T,
Scheme 38
a b
Hn- Boe 8802 ((i(?gtjrlr\]/)) N~ Bo° HN-B° 8?)2 ((?;fgglt\;)q) HN-B°
s s, UGS
8 9 21 9

up to 100% yield

up to 95% yield

P CSF (3 equiv) V. Q0 CsF (5 equiv) ),
HN/ By CO, (10 atm) HN/ HN/S Bu €O, (1~10 atm) HN/S Bu
) ) N 5 N
A triglyme, 100 °C, 3 h A R DMF, -20~60 °C
SnBuz  then TMSCHN, r~ "COyMe “SiMe,Ph  then TMSCHN, “>co,Me
16 17 22 17

up to 73% yield
up to 90% ee

up to 93% yield

Ar = electron neutral aryl R = electron rich/neutral/poor aryl up to 86% ee

alkenyl
Cc
O\\S//O CsF ),
~Ovy CO, (1 atm) TMSCHN S R
SN DMZF< = E,OMeOH HN™ By + NSy 4 SMrec.
N N 2 -
SiMe,Ph ~"co,Me A~
22u 17u 18u
95% ee .
CsF (3 equiv), rt, 23 h 0% 0% 52%
CsF (5 equiv), 100°C, 24 h 0% 20% 0%
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At B

ERIFTofIZT VR NIEEET HIE 22u VTR BT o 7223, VAR F bk
17U X< BT, ERTIEEED 52%EI Sz, IEEECORIEbRRIZE Z A
JEEHIWR L7b oD, BRI 1Tu 3G 67 1 b AR 18u 23 20% D IR T bz
(Scheme 38c), ZHU 5 DFERNG, RUNVERX L IALOBITIZITERIE Ao\l OFHR £ 72
XTI = VEOFAENEECTHH Z LRI, FEoEwF -HTh7-L 5z, K
HANHRF AT AR =F RS U< IEEBL 7 v A e o U — R AR H L
TWbHEEZLND, LTER->T, IS T =AU MERRRN G FRST V7 = VI &
STEERSIND Z ENUSDEITICHNHETH D Z BB 2 b (Figure 11), £ Z TF
Fix, ST VR AVEEFT Da-T 2 JBROEKRE BINE L, HEERST V7 = VIS
L D BB DL EACNMRATE LI WH T2 22 VR % L AL Z BRSE 9 5 < BFZEICET LTz,

Figure 11
1
HN-B° Bu\s//o

HN” \\O

o :

6 X ,‘\)\ {

I | n” X "SiMe,Ph

NSl 1 | | e

~ SNSSC F

~

BRIFTFNLDO TN AR=F | Thbbo-T 2 ) DN F U BRAESE L FEICE, 1)
BRFFaf OB T 1 kAl B4 2) XA R F 7 LA (55— ) 284 3) A I
FFA I UEMARORE TN FA L 2 A ERME STV DA, WL AESER
FRO—BEIZETAIZ N BB R ORUS TH D720, BRAFAMEICHREZ K L T
W5, —h., BEFREFOFLAEFRIVBENBIZERELIN TV DIGEITIE. EFEET

Scheme 39

a. Kanemasa (1985)

o) o)
/™S 0 TBAF (0.1 equi E ° o
1 equiv —
N . P TBAF (0.1 equiv) _ 5 N oA N
Ph” H DMF, 100°C, 8 h \_<

(0] Ph 0
46 1.4 equiv 47
60%

b. Ogata (1988)

0 O\Iv\/\ OH
— T™MS . N =
o~ _ N ve TBAFOIeai) NN o~ _n-°
— THF, rt, 3 h —
cl Cl
48 1 equiv 49
1.2 equiv 70%
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At B

DAL TORL YV MEIZ L D o-T X AANR=A L BERT D Z ERNHMBN TN D, BBH
Z7HNA I RPLFHB L Tza-T 2/ T 46 ICfiliE B TBAF Z{EH S5 Z L Ta-
T ANNRZFUPRHEAEL TATE REDRIGIZEV 7 I 7 7 va— V47 B3 565
Z L EWE L7 (Scheme 39a)%, 72, BEOLIFa-T X /T 48 # HWEHAIC=EIRT
-7 X AR =F U PIAERRETH H Z & & L L7z (Scheme 39b)*®,

ZDOEIT, FERST NV =NV 8B MOLENEZ T T Ca-T X A=
F U EFESE L FEIFIOL O STV AN, IR ROREHECE SRR - EofR#E
FATHIRA B -T2, £ 2 TEFIL, FimoINVRBXI bt LTT v E=TU LAY REH
MR E T HRISEFE Lz, 7o E=U AL U R ELFFRST VT = VRIC K DL E
CEZ T PITRAERRRINNAN=F L THY . 7 Ao I 2 iz UV EOTEMEA
ICEDRARRETHD Z EDAHI TN D %%, Vedejs HILE =7 I > 50 1Zxf L7 /L
JAEAI 51 Z2 O TEMET =0 MEZRI L, i T CsF Z2FHSEL 2 LT, 7
F=U LAY RDFEA L 2,3-Stevens S 3 HEI T 5 Z & ¥4 L7= (Scheme 40a) *42, F 7=,
gD IL, ERE Tl T = =V EZ AT 58K I B HKRDT VE=T LA U Rin
SIXFHFEER AN MLA~DHENL (Sommelet-Hauser Ha(7) 12 & D BRIEKSIGHETTHZ & &

R L7 (Scheme 40b)*%, Z DX 512, 7TrE=D LAV RE2HWZRIGIES FNEENA R

Scheme 40
a. Vedejs (1979)

PN ©
O TMS OTf @ oT CsE | O @
51 (5 equiv) N
N . N A e N NS
v\ CH,Cl, ( diglyme N o C
Ph 20°C,5h ™S N 20°C, 16 h §Z
50 Ph Fh Ph
- 2,3-Stevens 52
b. Sato (1989) Rearrangement 54%
e
TMS |
d ™S / o
N Mel (10 equiv) < Me CsF (4.3 equiv) N H,C Me
DMF, 60 °C N DMF, t, 20 h N NO
53 ) 54
74%
c. Sato (1997)
1© =
® ® ®
NMe3 ,ji CsF (3 equiv) MesN  OH [ NMe,
+ RN >
Ph” TMS Ph” “H HMPA, 11, 3 h PW  Ph Ph” ©
55 2.85 equiv 56

61%
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At B

i MRBRILASS SR EICHE SN TVWA OO, TUE=U LA U RAPRZEIH T
THRIST 2 BNIIERIT D220 8, ek DI, IR T o E=0 LA 57 Ol U/ KIZ &Y
FAELIEZAY Rinb, TATE R~OREMMBOSPETT 22 LE2@E L TWD
(Scheme 40c), Z D X 9 2 RABE X TEHIL W UV MbIZ KXo TRELET VE=DY
LAY RInD CO~DANRF LIACBETT 272 61E, a-7 2V BAIHELND O TIER
WonEBz T,

TrE=ZTLALY RECO & DRI Ho-T R/ aE AT B 1EXEMGR%Z Scheme 41 12
Y, TMS AFIVEEHTLHE k7 I 571ext L, 7 UM LA 58 2 s SE5H 2 & T
FIURRT =0 L 59 ZFMT 5, £ ZIC COHRAR T CsF #EFHs¥nZ LTy
F=ULA U R0 RAEL, WVARIF VIR EITT D E TPREING, 22 TEHELILES
WIRF AR 61 N XTI L ST AL EY) 62 13, HREEDIEMIZ K > T 2,3-Stevens #ir(iz
WEATL, o7 X/ BHFERELEZ D52 LRMbNATWD Y, 20720, 7UoE=U LA
U ROINVRF AL TREE Y EITT 572 513, Hi< =27 (ki X O 2,3-Stevens {7
IZE S TafiZIiZT A FAVENBEASIND Z LT, 2NE TOERLOAMIETITEO L)
Sl ST T VR NEE R T Ho-T 2 BRHEAR 63 N ELND &P,

Scheme 41
S)
X X R'
N
R! R? Z / R2 / R? /R2
N 58 @'\t CsF @T
§ 00
kTMs T™MS O ‘\f(
CsX ammonium ylide
57 59 TMSF 60

Carboxylation

X R! R!
e / R? / R2 R! _R?
58 (g N Base @N ® N
KWOAnyl \_© OAllyl /\)\H/OAIIyI
o

X o} o o
62 63
Esterification 2,3-Stevens a-Alkylated
Rearrangement o-Amino Acid

ZORISIZE > THEOND0-T XV BFHERITIZTEIKRTHLID, MESNTWDHAE
2,3-Stevens #5(\. B OFIELHAEDOEDLZ E T, o-7 2 JBEORFEMICEN D Z L HH
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WwomeE

Fransdl, 22T, FTETEIROEEL L TARKSEHLSEHZ L8 L,

BT XU BIEF T IVEREZA T HENURT =7 LM 64 & V2R 2,3-Stevens 517 A& HLH L
for < BRAL RO IRFEIC KV o7 X/ FEFREAR 66 25 L TU D (Scheme 42) 4,

Scheme 42
Xu (2012)
OMe
Br R R. R e ﬂ[:
LR NaH (1.5 equiv) N 1) CAN (6 equiv) NHBz R . _ Meo
[ o) . MssA Ph._J__OMe _ MeCN, Pho b _ome | NE = "°C N4
r)\ﬂ/ DME, 0 °C : 2) BzCl, K,CO4 : R
Ph O /// o acetone /// > MeO
64 65 66 OMe
92% 76%
98% de 96% ee

-50-



At B

W AR IMMERIEB LT ARy NRSIZEB T A RSSO fET

BEFIX, IR ARIAFENG A S Lo T X BRFEERE S X MRICEF LT, 1)
BRRETE LT, BB BB L =Hk7 I 57a [Zkf L. I v{kT UL (58a)%
TER &5 2 & THMNKT = LM 59aa #15%7-, il T 59a (2%t L 1 atm @ COz 5%
PHST 1.1 M8 CsF Z{EH S E2E 24, BRIDOUVIRF LB EIT L9 57 >
= LY 61laa A 88%DINE T H L7z (Scheme 43a), % Z C. 57a, 58a B L U5 Y&
D CsF Z#HWTHIGE T>72 L 2 A, THEY 58a N A7 /L kHlE LTHIEH L, =ik
T IEAERL D A R W) 63aa 7% 82% DI THF: 5 L7z (Scheme 43b), F 7=, 58a (2t v BALT
V=L B8 Z MW=L 2 A, WikkFZ2ZTTMEHEZ AT Da-7 2/ BEFEA 63af 23155
iz (Scheme 43c), ZOfERMND ., BRIFFafiLd T L LAk 2,3-Stevens (71T LV i

ITLTWD Z ERbnoT,

Scheme 43
a | ®|
e . 00
CsF (1.1
S\, TMS  58a (5 equiv) /TS G ((1 at?r?)w) Ve
o N 22 ~ g NO 2" > 3 N® O
__/ MeCN, reflux __/ \_\ DMF, rt, 16 h __/ \_\
14 h A\ AN
57a 59aa 61aa
98% 88%
_
b
™S CSF (5 equiv) 0 o
o N + o~ Co20atm) o N
—
__/ DMF, rt, 24 h __/
A
57a 58a 63aa
5 equiv 82%

/__2>__
CsF (5 equiv) 0
S\ M8 Br  CO, (1atm) /\ o o
g N + % ———> g N o
_/ DMF, rt, 24 h N /\
\ 7

57a 58f 63af
5 equiv 95%

WIZ, T 2 UENE DR & Eifi L7 (Table 16), TMS A F LR EZH T HFE 4 OF =T
IV 57a-h #HHWTHRFTEZITo /R, EXV DUV BIORTCTIAT I UNLENZEILM
B 7= 57b, 57¢ Z W =EA1CiX.57a 2 HE & L72G A IR TIRRIZLE D L O D,

A E T 2a-7 3/ BEHEIR 63b, 63c NN ZNfF L7 (entries 2 and 3), 4-E XU K
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At B

HROE 57d W= 2 A, TUoE=TU LA U RPERY RO b VR =V s Kk
L7720, BT E<ELNR)-7= (entry 4), £ T, DAR=NVIERT X —)L
TR SNV 57e 2 W28 2 A, 60%DIERTH I 63e 235 H4L7= (entry 5), —
. vu B AT HHE 51f-h W& 2 A, HIOA R 63fa-ha 134:< 15
N, a,a-P 7 XAV 67fa-ha ST FREEDINR TENENE Bz (entries 6-8), Z 1
X, Er ) CUFRERN Y U UFFERICH AN TERE A ORI e
TNARMEPET LI BZZA LD, TRLORMRNG, NEROT I BRLOEHIRY 2
YHRDOIEE DD 1Ta-F ) TAF A 63 23, HEEROT I VHKROEE )b Ta,0- 2T
NF AR 67 NERD E LTHLND Z ERbh T,

Table 16 /_// /_//

: o )
. CsF (5 equiv) . .
TN TMS TN O TN (0]
' N_/ + /\/l M ' N + ' N
./ DMF, rt, 24 h S ./ N
A A
57 58a 63aa-ha 67aa-ha
5 equiv
yield (%)? yield (%)?
entry substrate ﬁ entry substrate ﬁ
1 0 N (57a) 82 -
__/ MeO
6 :@;\Né— (57) - 52
2 ( Nt (57b) b - MeO
\/\
3 N+ (57c) 60 -
o~ 7 Nt (579) - 45

4 o:<:/\N~§— (57d)

o CN%— (57h) - 320
[ >CN-§— (57e) 68

o

2Yields were determined by H NMR analysis using 1,1,2,2-tetrachloroethane as an internal standard.
b 1,3,5-trimethoxybenzene was used as an internal standard.

[¢;]
[e2)

EZAT, AUGEe-T R/ BOGRIEE U THNLS D702, KISH OB R#
FOVEJT IVBHEONDL I ERUEATHDL, ZORFHIBWTBREIC LV E KT
U ADOERINARE L b D AR 1T 63ca, 63ea, 67fa T 5 (entries 3, 5, and 6), ZEHE
F EOT VNVEDBRET AT DU Ll E AW FERR M TWD 908, JE 57c
ERAWDLERZIEE 7T U AL O T U nT A R W51 2,3-Stevens S507 235 &
TR, TINNTA FEREOERFT LEOT U NVERFE—TRINIERER 0
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At B

WOHIKIR B D, —J7, 63ea DT & X — /N ENKSRELTZBRCA BN D 4-ERY R FHs
TE T I EHOWTREETHD Z EAHRESNTND P, Renaud 5%, 4-°XY
R BEK 68 OEREIEICH L 2-7F LT I U EZEASEL 2L TUE—RT I U nEoh
T I ~NEEHTE L LA R LT (Scheme 44a)%%, Z %, Carreira 5237 3/ A
FNIEEHT DRI ZAF VR (PS-NH)Z VWD Z & T, LW RUBENES R Fika#
L TCW5 (Scheme 44b)5®, F£7-. 67fa ICHHND 34U A FEXT A VA R BT
STROEREZRTRENARETH D, HILGIL 2,3-Stevens #4074 DALMY 73 % BifkE
WL VB BT I 76 ~EH L TV D (Scheme 43¢), E#F 1T T a-F / 7/ F/L{HIK 63
PIBIRAICE DN DRG0 2 L & L, 57e ZRREICHWTEZOROMRF 21T 2

e LT,
Scheme 44
a. Renaud (1995) b. Carriera (2006)
Ph 1) PS-NH, (1.5 equiv) Ph
1)HCl gas NH,CI (1.0 equiv
PhO,S 2) 2-BuNHs, (5 equiv) PhO,S J E(OH 20'0 os 2] Vi
_2* EtOH/H,0 O:<:/\N , : .
2
(6] N 3) CbzCl CbzHN Pr 2) HCI, MeOH pr
| PS-NH,; |
70 | 2 ' 71
68 6? ' Aminomethyl | 91%
77% . polystyrene resin |
c. Tayama (2012)
@B Cl
r i
BuOK CICO,CH,CCI MeO
MeO 2LH2LLI3
MeO /®\COZMe (1.1 equiv) :@i)N COMe (1.5 equiv) EOZCCHCZ)CSE’
N —_— _— oMe
I j:) THF, 0°C DCE, reflux MeO
MeO N 8h MeO AQ_\\ 62h \%
72 73 74 |
90%
Zn (10 equiv) N CO;Me CO,Me
KH,PO, MeO AQ_\ CAN (3 equiv) H,N
S EE— _—
THF-H,O, rt A\ MeCN-H,0, rt \
7h MeO 48 h
75 76
85% 72%

WA, USSR OF 21T > 7= (Table 17), 38 57e Z W TIGRE BT L2 & 2 A,
RIRSIECRIGESE 5 Z & T 63ea DILEN M L, 0 C, -20 CTHISZ e LIZERIZ#
ALEI 79%, 80% DI THAIY) 63ea 2155 Z L TE 72 (entry 3), L22L., -40 CTK
INEAT ST AR, BT G&Eonho7- (entry 4), MOSEEZEZ 0 CIZREE LR
WOLBLHRF LA, IUT UL (B58a)% 2.2 HEITEB S B -LIFICBV TS
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80% DL T H ¥ 63ea 235 H4L7- (entry 5), — 5T, CsF DI ZRAT-E Z A, 44
=D CsF Z W TRISZAT o To BB I IRD 65% F TR T L7z, ZOfRMNG . ABUSIC
(TR ED CSF DUETHDH T b oole, £IZ T, CsFOREZ 6 HEIZHINS YL
Z AUED 88%IZ 1M E L7 (entry 7), 10 & D CsF Z H W\ 25 H 1T - 72 23R IT 90%7)>
SIEA BT, 5~6 Y EN#EY) /e CSF OmTH D Z ERbhho7z (entry8), 7z, 5 ¥ ED
CsF 2 W TSR DI EE 0.2 MIC L TRISZITo 7oL 24, IR 83%E T kL
T2 Emb, ZOERFERESME LT- (entry 9),

Table 17 /_//
CsF (y equiv 0
[O><:/\N_/TMS + o~ CO, ((); a?m)) [O@N{O\
o) DMF, temp., 24 h o
0.1M \
57e 58a 63ea
X equiv
entry X y temp. (°C) yield (%)?
1 5 5 68
2 5 5 0 79
3 5 5 -20 80 (77)
4 5 5 -40 0
5 2.2 5 0 80
6 2.2 4 0 65
7 22 6 0 88 (84)
8 2.2 10 0 90
9b 2.2 5 0 83 (81)

aYields were determined by 'H NMR analysis using
1,3,5-trimethoxybenzene as an internal standard. Isolated yields
were described in parenthesis.

b Conducted in 0.2 M.

WIS, REOE 3 AT VRO Y . BT VI VEEZ WIS b R < 1T
TODEMENDDZ L L LI, TUNANATA FOI VA THRSN TV D DI 7L
—IRENCALE TR DR EE LW 2D, BREICAFARETRVZERT U AT A FIRAK
BOSIZHE A fTRE Th AL, ABNCA N TH L LW s, 3 vikT Vv (58a)izfli
DB LT U (58a’) & WA ITIE. 78% DUV R T B ¥ 63ea 2345 H 417~ (Scheme 45a),
LML, 3-7 aE-2-AF)L-1-7'm~ (58b)& W 7=8E12id, B9 63eb DU 40%
Td o7 (Scheme 45b), ZHNHDFIRNOLEZIL. 7 U AT A FORISHED FOSERIZ
RELEEBTHLEZ . WIFNCE DT VAANTA ROIEHALEZR BT, KISPEDE =
AT VIV E R CRAESE DL, 3T BE2-AF)L-1-T aX (58b)% T U LA
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Scheme 45

_
s CsF (5 equiv) 0 o
N 0 e ol 20
DMF, 0°C, 24 h
0 o \

57e 58a’ 63a
2.2 equiv 78%
b ,:
o ™S CsF (5 equiv) o & o
CO, (1 at
0D AR N L B
o DMF, 0°C, 24 h o
57e 58b 63eb
2.2 equiv 40%

[ZHWT = A ORI Z /5t L7z (Table 18), Nal, B L KI Z¥IN L7288 & 121K
JEIERAMEE T L7= (entries 2 and 3), WK, TBAI(Z 7{bT b T 7 F T =7 L) ZHRMN
L2k 2 A, RN T73%FE CTlH E L (entry4), & 512, 5mmol A7 — /L CRIGNEIT> T2
BANC S OSTMEICEIT L. 83% DR THBIMNE S (entry 5), TBAI OFMMA
BOSHCR D BTG Lizizh, TBAI OREI 2RO D Z & & Lic, £7 CsF IFFET
TRIGZEAT) &0 FEHIHA L2 b 00 BEIIT RGN T, RISH% OWIR % B —
JVIK T U721tk KED G 7 =7 L 5%b N EEMICH LN (entry 6), D2
EMB VA F TV VEZRIEMHALE T, TBALIZT VE=TU A4 U ROFAEIZIT
BIH L TWRWNWTZ EDNRB I L7z, Fil T, TBAI Z 20 mol%IZ i & t7- & Z AIHEIXIZ
EAETE L7 o7 (entry 7), £7-. TBAI Db v 2kt d 5 BAbiE TBAB %2
=R E LR v o7 (entry 8), 2D OFERNG ., TBAL LY U AV EEDIEMALAIRAH
MBEIf TII7R <. T I ANT A FOEHRIEO T DI b EimE LR I vk A 4
HThLZEenbnrol, FWT, XVEMRT I NT A RTHDH 3-7 mu-2-AF/L-1-
TuRy (58R°) A W, HEMIT &L B o nRh oz (entry 9), {RIESAETIL TBAI &
TUVNNTA RO aF WP ET LI WEB X, BIRTHRISEIToT0, £ DR,

TBAI IEFA(E F CTIX BRI bR -7 b OO, TBAI Z AN L72BRIZ B 8997 43% D
IWNERTH B (entries 10 and 11), INRITFRRE TH 72 b DD, T b DOFERN HHEAE
TUNMABWHARGBETH L Z LB bhrolc, SHIZHIET D p- b= AR T — b
(58b”) & WG EIZB W TH TBAI 2T 5 Z & TIERO M B2 R Hi7c (entries 12

i =, 0.4 MIZTHIEEIT-T-,
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Table 18
CsF (5 equiv) O/ f

additive (2.2 equiv)

(0] TMS (0] (0]
GO A B 00
o DMF, temp., 24 h (0]

57e 58b 63eb
2.2 equiv
entry temp. (°C) X additive yield (%)@

1 0 Br (58b) - 40

2 0 Br Nal 0

3 0 Br KI 34 5 Oy 5
4 0 Br TBAI 73 (66) o —TMS |
5b 0 Br TBAI (83) ;[ N® |
6° 0 Br TBAI o9 ; o < ;
7° 0 Br TBAI 43 E 59eb !
8 0 Br TBAB 32 p (X=Brorl)
9 0 Cl (58b") TBAI 0

10 rt o] - 0

11 rt o] TBAI 43

12 rt OTs (58b") - 32

13 rt OTs TBAI 70

2 Yields were determined by "H NMR anaylsis using 1,3,5-trimethoxybenzene as an internal
standard. Isolated yields were described in parenthesis. ? Conducted in 5 mmol scale, 0.4 M.
¢ Without CsF.  59eb was obtained from water layer after extraction.

€20 mol% of TBAI was employed.

and 13), DL EDO#EF2 S entry 4 B X Wentry 5 DSt ARG DRt & Lz, & 512,

TUMEAIE LTI b7 U VED A2 53 TBAl ZHINT 5 2 & Thkx 727 U LA
BHAFRETHDLZ -7, U7 VNEO R BT, A TR W R E S 72 BAb
T U NVRRHAL T UV, T U NVALIRFT— NEBRT VbR E L CEHARETH S Z &

[TBLBRTR Y,
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EEE AT UNANT A RRORINANTA REAWo-T 2/ BEFERO AR

ISR N T D2 EMMTEZDT, TV ANTA ROMmE 21T o7- (Table 19), &
DT VNNTA IR RICEBEEZET L7 VAT A Fenicha, BV 63ea-ec
DNERR LS SN, Frio, BT Vv (58a%) & HW=HA12iE, 10 mmol A7 — uilHs
WCH U RTEZ < HEITL 2.2 g DAY 63ea MG H iz, RUCEWREZGT LT VL
NTA RELTHEZ v T (58d)CRALT 2L (B8e) & WA ITIX AR 63ed
BLO63e NENENT T AT UA—L L1 DREWE L TEWIRTH L, £,
Bp7 L= B8RRI E RO FICT == VIEEHTDHT VLT A K589 & - &
T A, BEETPMICBRELFT Ho-7 3/ BEHEE 63ef <° 63eg 73 RAFRILERTH 5
Nl SO UEHA LT 0 2/ T 57 VT A R58h b ARAKISIZHEHAIEETH Y |
63eh BfEHNTe, ZOXIICRR*OWVTIOMBEIZEWRELELFT 27 VAT A 5 H

4
Table 19 R R3
~
géil(Szezq uw)iv o R
0 ™S R? co ((1 ét,ﬁ?u ) 0 0
DO wd s 3O
o DMF, 0°C o \
R* 24 h R® L
57e 58a-h 63ea-eh
2.2 equiv
/ < ( /_f Me
(0] 0} (0} Ph 0
(0] (6] (0] (0] (0] (6] (0] (0]
OO-C Oy OCr GO
(0] (0] (0] (0]

A ve N
63ea 63eb 63ec 63ed
X=1:81%7 X =Br:83%° X =Br:62% X =Cl:83%

X = Br: 80%" dr=1:1 (at RT)
(2.2 gram scale)
/ Ph / /_/)—Ph
63ee 63ef 63eg 63eh
X =Br: 94%7 X =Br:81%7 X=Br:72% X=Br:67%
dr=1:1 (at RT)

Isolated yields. # Without TBAI. b Conducted in 10 mmol scale, 0.4 M. ¢ Conducted in 5 mmol scale, 0.4 M.
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WG EIZBIERLS a7 XV BH A AL Z ENTE T,

AT, HBUHRKT =0 AEOHEIKIZ X 50 FWNIEEMEINE, 7V AVEEAET 55

BORIROLTRUUNVEEETLRENLBETT L2 LBRMbNTND, ZOHRE, 7

CANFREIKR B L, 7 2= VT T = 8RR 5 2 D 1,2-Stevens Bafin, b L < I3
BAb & 5 23-8800, W< HFBFBLIC I 7=V T v B8 EKE H 25

Sommelet-Hauser #7234 79 5 2 & NEI H4L TV D (Scheme 46), =2 T, 7 U NT A

Scheme 46 R ]
N CO,R' R
SN2 ' !
R™ ~ r- N~ ~COR 1,2-Stevens
| ( Rearrangement
©
R
R/N\/COzR' L B
Base
R R
N CO.R' 2,3-Stevens
R J\/COZR R 2 Rearrangement
L ) —> Me
Sommelet-Hauser
Rearrangement

NIZRDO D XN T A REHWCTHREFZ1T o7 (Table 20), Rk~ 21 (B8i)FB L

EFBEANTNACEFHEREZHT DXV T A K 58j, 58k &\ 7= & Z 4 1,2-Stevens

HR(L S AT L 72 A2 5l 63ei-ek DN ENENHRREDINRTHR O N2, —T7, FFHEER/STALIZ
B RBIEEHFT LU NANT A R 58n & HW861E Sommelet-Hauser #4723 HE1T L

Table 20 CsF (5 equiv) /—Ar /—Ar
TBAI (2.2 equiv) 0 Q
0 _ms CO, (1 atm) 0 © o © ©
LA wex G L L
o T o Ar O Ar
58i-n 63ei-ek 63el-en

2.2 equiv

O E@% E@Q E@g

63ei (R'=H), X=Br:61% 63en
63ej (R'=Me), X =Br: 55% 63el 63em X =Br: 64%?
63ek (R'= OMe), X =Cl : 55% X=Cl:47% X =Br:57%% (NMR)
(at 0 °C)

Isolated yields. @ Reaction was quenched by DBU (5 equiv).
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TR 63en GO, o, TITFAEEAETHNT A K58l BLU58m & -
&2 b Sommelet-Hauser #5714 63el, 63em 2MELMIICHE vz, 7ok, 58m & W5
ANIIPOGHE T2 5 80 DBU #1Ef &85 Z & THIMMNE SN [FERIC, p-7
2EXYALTHrIRF G83nNEHWESAICLREHEIC DBU #1252 & T
Sommelet-Hauser 57 {& 63en 7345 5 4172,

TR S5 BUSHEEIZ DWW T Scheme 48 (2R d, E THLHE =7 I 571 LT U
WNT A RB8INERT 5D Z & THIUMET v E =7 LM 59 BEKT D, Z ZIZ CsF AEH
THIETTUE=ULALY K60 BFALAAVRF LB ETT D, HONT LR F
SOBIR 6L I1EH 9 LM EDOT VAT A RIZL > T AT LI 62 BEKRT D, &ff
(2. CsF 23k & LT 62 DEFFFafiLDKRIFF5| 4k < Z & T 2,3-Stevens #5723 1T
L.o-7 X/ EHEAR 63 1 GELND, Thbb, KRURIE L) 7T E=T LMMEDIEAL, 2) 7

NARF UL, 3) = AT Uk, 4) 2,3-Stevens BB DU THEY VR y MG TH D,

i DBU & WIS A5 1k S/ 72 355121F 2,385 AT L7212 FEE LT DRiOHFERTH 51
Y Ry 63em N YT AT Vsz»*tt 1 1 DREW E L TH L7z (Scheme 47a), Sommelet-Hauser i
PN A Y M HRBRNHEES N DBIRIE, EELICL > THRESNTEY, HoFENET €
=7 LML 7T\ CsF 2ER&E 5 2 L TA Y L A 78 24T 5 (Scheme 47b)%es, i &5 D

T XD & Sommelet-Hauser 571238V T 2,3-HEA7Z D% T ’éﬁ@“éﬁ%b‘%ﬂ:z’n antarafaual 72 1,3-7/kFE”
FTHY ., Figure 12 |23 T L) R3OV LN EMEE T 572012, FOEITIZIINEADLETH
A9, —JF ., DBU ZEOHEEEZ WS Z L TEWZ 1,3-KFEBE) & iE'JOD{XEﬂ ?”étb?‘oﬂ%?’n kAkIZ
KB EFHEH L 7 oAb E\IT L, AR 1IN ELND Z EaHREL TS, £ 2 THRE, <
DNNT A R B58m & AW RS 5 48O DBU 12 CRIL TSR L= L 2 A, HFHEHEHR
HEAT L7z 63em & S7T%DIETHDH Z LN TE T,

Scheme 47

a
CsF (5 equiv)
[O@NJTMS . Br CO; (1 atm) [ >C
o DMF, rt, 24 h

57e 58m 63em’
2.2 equiv 50%
dr=1:1
Figure 12
b. Sato (1992)
CsF (5 equiv)
— -
HMPA, rt, 24 h NMe;
v T MeO —
\© 78 =
® 66% NMe,
ol —
MeO ™S HoeL
CsF (5 equiv) <
7 DBU (5 equiv)
HMPA, tt, 5 h NMe; NMe,
, rt, MeO H MeO
\:bBU 79

65%
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TBAI DIRINET VT A Rau 7o il Ko TEME L, 72T =7 AEOFK,
BELOZAT MEOBERERZREL TWD, T IANTA FOROVITR DT A K
HAWIZEEIC S, T AT UL E TIXFERROER TRISPEIT L TR Y | 2,3-Stevens #5{iZ.0D
RV Iz 1,2-Stevens #5047 % L < (% Sommelet-Hauesr BT L TV D EE X BN D, K
BOSIZEBWT CsFIE, 1) TUE=U LA U RERESEL-OOT Y VEOTEME, BX
' 2) 2,3-Stevens B\ Z AT S5 720D, LW ) ZoDFEZ#H > T 5,

Scheme 48 RN
R? L Ne R
R? X -
Y () e
R4 R?
58 60 .
(X =Cl, Br, OTs) ammonium ylide

TBAI |@ CsF  TMSF O@

\< s co, Csl
N/
- TBAX [ No R i
! ./ @ ___jSMZL____, N() Rz
o, s
Formation of R4 Carboxylation RS

57 Ammonium Salt 59 R*
61
R1-X Acidic Hydrogen atom
58
O
Z TBAI | o-R' R
(0]
TBAX N\ o 0
| N® 2 \N R2

-/ \g\R (\ N\M 3 ‘\\ -/
Esterification \ R3 2,3-Stevens ) N_gre

R* Rearrangement R4

62 63

FOGHEOREEE LT, ROGHHREHRT LI L L, AV E—T=FUiZ
D0, o-7 I BEFHER 63eb 235 H AL D RIS I 1T H AR E H A 59eb, 61eb, 62eb %
TNENHR L, OREFERM LTz, ZORR. WThogLabs Y Ry MNUSO5E L FH
U HEY 63eb 23 WK TH 5 7= (Scheme 49a-C), Z DFERMNEG ., AU VKR UG
TUE=U LB, 61,62 AR E LTERENREA L TWD Z EARBENT, 2B,
FIWRET o e=0 MEZRRE S EFIZH =T I 57e 2O D I VR X U bE AT &
A, BRTIEHONIES EITETIRERAEIL Sz, £ 2 THRIEEZ DMF 226 &Aoo
NMP (2255 L 150 “CCht & Fhii L7228, B LR F LU EIR 80e DILERITHT ) 26% T
B, R 33%[EIIX S A7z (Scheme 49d), = X 5 ICilHE @RS FIcB W THHEIT L
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Scheme 49
CsF (5 equiv)
TBAI (2.2 equiv)
/—TMS CO, (1 atm)
\_< DMF, 0°C, 24 h
80%
59eb 58b
2.2 equiv
b 0% CsF (5 equiv) g
A TBAI (2.2 equiv) o
o) o under Ar O
|: N® + Br [ N
o DMF, 0°C, 24 h 0
90%
61eb 58b 63eb
2.2 equiv
c
®Br 0 .
A CsF (5 equiv)
O o) under Ar
O
o DMF, 0°C, 24 h
81%
62eb
d
CsF (5 equiv) "Hex-I (1.1 equiv) A
0 _/MS - CO, (1 atm) Cs,CO; (1~2 equiv) 0O }0 Hex
[ N - [ N + SM rec.
o solvent, temp., time 50°C, 1 h o)
57e 80e
DMF, rt, 14 h 0% 95%
NMP, 150 °C, 12 h 26% 33%

e <
g QO - 007

DMF, 0 °C
Not obtained.
(No Reaction)

O AL o
N + Br E ><:/\ rec.
o Me 42%

57i 58b 63ib
2.2 equiv 0%

I WERFF o\, TO IR ARSI BIURT = A2 RBA$ 52 & TR

Without Allylic Halide

CsF (5 equiv)
TBAI (2.2 equiv)
CO, (1 atm)

————————————>
DMF, 0°C, 24 h

F72 55 FCH#E T L7 2 ST HBREY Y, F72, 6leb 2L T U T A RENMZTIT CsF

ZERSETE 2 A 7 U AEOERN TR B ST, BRI RN S 4u72 (Scheme 49¢),

ZOFERMND . 2,3-Stevens BEN T AT NALDOBZIZHEITL TWA Z ENREBIILTZ, o,0-

Eio-7T 2 WA D XL BHEIF A oL A FNIEE G D EE 571 & AR LU IS W
7=, BRI 63ib 13 &< 5 LT REN I 47z (Scheme 49f), Z D Z &b, EFRK

FJEAY OEEm SRV BURT =0 DEZETRAT D720D N-7 U AL HELT LIZ< 20
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ST ENEZ NS,

EZAT, H_HiD Table 14 [ZBWTHEERT X VHKROEEZ AW HE Za,a- &
fio-7 X BBFHEMR 67 BEOND Z L HIRAT-, ZOEFMITa-E T ILFAAGE 63
5 E BT N-T L ks LU 2,3-Stevens L3I TT 2 2 & THR LT EE 2B D, £
DIREED = DI T ORBRZAT o7, £ H=AhT I 57 (1% L 1 atm @ CO2 Z7 A
T22Y4EORAT VL (658°)B LN Y ED CsFEEH &85 La-E /7 7 /LF /UK 63fa
23 63% DU T S 7= (Scheme 50a), % Z C 63fa {2k L 2.2 ¥EDELT L =/ (58f)
BLO S5 HED CF ZEHcED L, WkRFZ2GTDMEHEAT L 67’ G b
(Scheme 50b), = DFEEMNS, ZEHDo-TLF AL 72 23- 85I KV EITLTWVWD
LN oT,

Scheme 50

a ~

CsF (5 equiv) 0
MeO ™S CO, (1 atm) MeO o
L™ e BB ey
]
MeO DMF, 0°C, 24 h MeO \
57f 58a’ 63fa
2.2 equiv 63%
. : o/~
MeO 0 Br  GsF (5 equiv) MeO ° | meo O:g/\/
DMF, rt, 24 h ®N
MeO » MeO 37/
N\ N MeO \_C/T
63fa 58f 67fa’
2.2 equiv 75%

AT, 5 _HiCib 7z Carreira H OHEHIZ S L I2, REROREEZITo72, T
63ea DT & X — VI A AL, INEGEIE T Tk g L o 63da ~&ZBHa L 7o, #i
W, 63dallxf LAY AF L UBHE (PS-NH2)Z W T 4-B°XY R B OBRE 2R T,
ZOFER. BHORISHHEITLHE KT I v 8la bbb oo, =&/ —/)LHCThiEk
L2 LRV = AT AP ET L2200, AT ENY 8la L =F L= AT L
8la’t DIRAWE 72 T O BEXREECTH - 7= (Scheme 51a), % Z T, 63da DT=AT
%L LIOH & TR i L 72 R IS iR 2 ik 2 T, E ORER. BOSR ISR DBk
E, AT T L v~ 8T T T 44—l E R EETa-7 X /% 82a & 91% T

55 Z £ TE 7= (Scheme 51b),
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Scheme 51
: J J _J
0 10% H,S0O, aq. 0 PS-NH, (1.5 equiv) 0 EtO
o] O THF (3/1) O NH,CI (1.2 equiv) o o
[ N —————> 0 N >  H,N + H,N
o 60°C, 15 h EtOH/DCM (1/1)
\ N\ 100°C, 24 h \ \
63ea 63da 81a 81a’
97% 60% 10%
b inseperable mixture

ion-exchange

0 o  LIOHH;0 (4 equiv) HO, o | PSNH2(15 ) column o
THF/H,O NH,CI (1.2 equiv
O:<:/\N 2 . O:CN 4CI ( quiv) chromatography HoN
0°Ctort, 28 h EtOH, 100 °C, 24 h
A A\ \

63da 82a

91%
in 2 steps

TOEITEHRL, TUoE=ZULL Y ROV REFIIBLIOT VIVEE IR D

WVEDOENIZ L D, COz #—RFEIRE L THWa-7 2/ BEOFELA BIE DB IR L
7o ARBUSMIEIC T VXNV EEFE T D0-7 2 /BB ELND T2, F E TR h L
RE U AIC L 2 G RIEORMI R TIEE LTHERATH D, o, RSN TREDO D
Ry MGTHY . KEEOFEIRT = MEHREE T 5 2 & 72 <, —Zila-
7 X BHEENE LN D R THREWEIE TH 5,
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FHIL, CO, Z—RFERE L THWa-7 2/ BEOF LA BIEOBRICE VAT, F
FUX, PREN T DD N-Boc-a-7 2 RAXRIZHF L, CsF ZEH S® 5D 2 & THLRF v
JAELRET Lo-7 2/ BBFERBE LN Z E 2 R LTZ, £/, AU ARF I IZE
FIRF N DHEFEROBFRBEICRE S EELZ T2 L) b Hammett 7' 2w S 2R L,
KINWVEF VAL I NN =F EFEREZRB L WS Z L2 LN L, — T,
FTEME 7R N-tert-7 T /L ALK =)b-a-7 X RAXZILE L L THWESEEIZIE, VRS
LD CREDNFMENMERF SN Z 2 AL, FEE2a- T 2 BRO AL
(2B L7z 28,

FEWTEZIX, KINLVRX I bR a-T7 X BOMBIRIARFGR~E B Lz, Zi10E
THEEHEE L THWTWea-T 2/ ARV | Ntert-7 F LA VHR=V-0-7 I R T
PREE L THWGAICOYREIR VR VbR EIT T2 2 R Lz, &6
(2, F TV A T2 N-A LR =LA X U ~ORF T Y IS & FTT-ICBFE L, A%
RBEIRI NV ARX AL E B GDE D 2 LT, CO & —RKFERE LTHWZ0-7 I /8
DL 22 AR BER AP B R A 2R L 72 %

WICEF L, BT ANV EEGT Da-7 XV BE VAR F LI L > THKT S
XRES AT 2T, ZORER, ToE=U LAY ROBNVRFIIALBIOT VNV E T
IRV NVEDOEMIZ L Vo7 X BHFRRPFEONL L2 /AL, ZNETOEHED
FHETIEE LN o2, MBICTAIAVEEZET Da-T 2 / BOARRIZKE LT,

AAFFRNZBNTERIL, 7 AbildE s AW E R T FoafiLd B VR F T BIZ K Da-
TR BOEERIEE R Uiz, REMBIETIE, LFRICZRETRIGEICZ LnWe Sh
% COz DMRANZ2 G FCOIRMICSIET D Z Enb b, CO DF 7= 7a B A 2 FLH L

72 RIZB W CHEFITESREND,
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Experimental Section

Experimental Section

Infrared (IR) spectra were recorded on JASCO FT/IR 460 Plus Fourier transform infrared
spectrophotometer. NMR spectra were recorded on JEOL ECA-500, ECX-400P or ECS-400
spectrometer at operating frequencies of 500/400 MHz (*H), 125 MHz (*3C), 160 MHz (*°Sn) or
470 MHz (**F). Chemical shifts in CDClswere reported in the scale relative to CHCI3 (7.26 ppm)
for 'H NMR, and to CDCl; (77.0 ppm) for °C NMR, as internal references. 1°Sn NMR was
measured in CsDg using SnMe4 (0 ppm) as an internal reference. °F NMR was measured in DMF
using CF3CO2H (-79.0 ppm) as an internal reference. ESI mass spectra were measured on Thermo
Scientific Exactive. ElI mass spectra were measured on JEOL JMS-T100GCv. Chiral HPLC
analyses were carried out using JASCO PU-980 and using indicated chiral column. Optical
rotations were measured on JASCO P-1030 digital polarimeter at the sodium D line (589 nm).
Column chromatographies were performed with silica gel Kanto 60 (230-400 mesh ASTM). Dry
solvents (THF, DMF, toluene, MeCN) were purified under argon using the Ultimate Solvent System
(Glass Counter Inc.) and used under an argon atmosphere. Other solvents were distilled under an
argon atmosphere from sodium-benzophenone (DME), CaH (triglyme) or CaO (‘PrOH). A cylinder
of carbon dioxide was purchased from Hokkaido Air Water, Inc. CsF was purchased from Nacalai
Tesque, Inc., used as received. In general, reactions were carried out under an argon atmosphere
unless noted otherwise. PhMe2Si-Bpin is commercially available from Aldrich®; however, it can be
readily prepared from PhMe;SiLi and 'PrO-Bpin.>® Caution! TMSCHN: is potentially explosive,

especially when CH2Nz is generated after long time storage.
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Chapter 1

Chapter 1, Section 1
Synthesis of a-Amino Stannanes.

N-Boc-a-amido stannanes (8a-8n) were prepared according to reported methods.*%%e
N-Boc-a-amido stannanes (80-8p) were prepared according to a reported method.'*®
rac-N-(tert-butylsulfonyl)-a-amido stannane (8q) was prepared according to the modified
procedure of a reported one.'* (reaction of LiSnBus with N-tert-butylsulfonyl ketoimine®* at -78

°C) N-Boc-a-amido stannanes (5, 8a, 8¢, 8d, 8g, 8h, 8j, 8k, 81, and 8n) are known compounds.2°¢-

N-(tert-butoxycarbonyl)-a-(tributylstannyl)-4-trifluoromethylbenzylamine (8b)

Colorless oil; IR (neat): 3416, 2957, 2872, 1699, 1503, 1417, 1367, 1265, 1165, 1067 cm™; H
NMR (500 MHz, CDCl3): 5= 7.48 (d, J = 8.3 Hz, 2H), 7.10 (d, J = 8.3 Hz, 2H), 5.18 (d, J = 5.0 Hz,
1H), 4.24 (d, J = 5.0 Hz, 1H), 1.47 (s, 9H), 1.39-1.33 (m, 6H), 1.26-1.19 (m, 6H), 0.87-0.80 (m,
15H) ppm; C NMR (125 MHz, CDCls): 5= 157.2, 150.4, 126.6 (q, Jcr = 32.2 Hz), 125.5, 124.6
(q, Jo-r = 270.3 Hz), 124.1, 79.8, 45.7, 29.0, 28.5, 27.5, 13.8, 11.3 ppm; HRMS (ESI): m/z calcd for
C21H33F302NSn [M-Bu] *: 508.1480. Found: 508.1476.
N-(tert-butoxycarbonyl)-a-(tributylstannyl)-4-fluorobenzylamine (8e)

Colorless oil; IR (neat): 3415, 2956, 2871, 1700, 1603, 1506, 1416, 1334, 1229, 1150 cm™; H
NMR (500 MHz, CDCls): 6= 6.99-6.92 (m, 4H), 5.14 (d, J = 5.0 Hz, 1H), 4.14 (d, J = 5.0 Hz, 1H),
1.46 (s, 9H), 1.42-1.35 (m, 6H), 1.28-1.20 (m, 6H), 0.87-0.77 (m, 15H) ppm; *C NMR (125 MHz,
CDCl3): 6 =160.3 (d, Jc-r = 239.6 Hz), 156.9, 141.4 (d, Jc-r = 3.6 Hz), 125.5 (d, Jc-r = 8.4 Hz),
115.1 (d, Jc-F = 20.3 Hz), 79.4, 44.8, 28.9, 28.4, 27.4, 13.7, 10.9 ppm; HRMS (ESI): m/z calcd for
C20H33FO2NSn [M-Bu]™: 458.1512. Found: 458.1507.
N-(tert-butoxycarbonyl)-a-(tributylstannyl)-4-methylbenzylamine (8f)

Colorless oil; IR (neat): 3379, 2955, 2871, 1670, 1611, 1509, 1417, 1336, 1248, 1169 cm™; H

NMR (500 MHz, CDCls): 5= 7.04 (d, J = 8.3 Hz, 2H), 6.91 (d, J = 8.3 Hz, 2H), 5.12 (d, J = 5.0 Hz,
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1H), 4.16 (d, J = 5.0 Hz, 1H), 2.29 (s, 3H), 1.45 (s, 9H), 1.41-1.30 (m, 6H), 1.27-1.19 (m. 6H),
0.86-0.72 (m, 15H) ppm; 3C NMR (125 MHz, CDCls): 5= 156.8, 142.4, 133.8, 129.0, 124.3, 79.1,
45.4, 28.9, 28.4, 27.4, 20.9, 13.7, 10.9 ppm; HRMS (ESI): m/z calcd for C2:Hzs02NSn [M-Bu]™:
454.1763. Found: 454.1759.

N-(tert-butoxycarbonyl)-a-(tributylstannyl)-2-fluorobenzylamine (8i)

Colorless oil; IR (neat): 3416, 2956, 2853, 1699, 1505, 1418, 1366, 1226, 1141, 1036 cm™; H
NMR (500 MHz, CDCl3): 8= 7.13-7.09 (m, 1H), 7.06-7.01 (m, 2H), 6.97-6.93 (m, 1H), 5.10 (d, J =
6.3 Hz, 1H), 4.54 (d, J = 6.3 Hz, 1H), 1.45 (s, 9H), 1.42-1.34 (m, 6H), 1.30-1.20 (m, 6H), 0.88-0.77
(m, 15H) ppm; 3C NMR (125 MHz, CDCl3): 5= 158.7 (d, Jc-r = 240.9 Hz), 156.4, 132.5 (d, Jc.r =
13.1 Hz), 126.3 (d, Jcr = 4.8 Hz), 125.8 (d, Jc.r = 7.1 Hz), 124.2 (d, Jc-r = 3.6 Hz), 115.0 (d, Jc.r =
21.5 Hz), 79.3, 39.2, 28.8, 28.4, 27.4, 13.7, 10.6 ppm; HRMS (ESI): m/z calcd for CaoH33FO2NSn
[M-Bu]*: 458.1512. Found: 458.15009.

N-tert-butyl (benzofuran-2-yl(tributylstannyl)methyl)carbamate (8m)

Colorless oil; IR (neat): 3392, 2956, 2871, 1702, 1499, 1418, 1366, 1251, 1167, 1075 cm™; H
NMR (500 MHz, CDCls): §=7.42 (t, J = 4.5 Hz, 1H), 7.33 (t, J = 4.5 Hz, 1H), 7.15-7.13 (m, 2H),
6.23 (s, 1H), 5.10 (d, J = 6.0 Hz, 1H), 4.50 (d, J = 6.0 Hz, 1H), 1.47 (s, 9H), 1.45-1.42 (m, 6H),
1.28-1.21 (m, 6H), 0.94-0.82 (m, 15H) ppm; 3C NMR (125 MHz, CDCls): 5= 161.5, 156.0, 154.4,
129.3, 1225, 122.4, 119.8, 110.4, 98.2, 79.6, 39.2, 28.8, 28.4, 27.4, 13.6, 11.1 ppm; HRMS (ESI):
m/z calcd for C26Ha403NSn [M+H] *: 538.2343. Found: 538.2331.

N-tert-butyl 1-(tributylstannyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (80)

Colorless oil; IR (neat): 2956, 2871, 1690, 1603, 1456, 1364, 1294, 1234, 1173, 1039 cm™; H
NMR (500 MHz, CDCls): & = 7.09-6.86 (m, 3H), 6.85 (6.81 for rotamer) (d, J = 7.5 Hz, 1H), 5.32
(5.27) (s, 1H), 4.29-4.26 (3.85-3.30) (m, 1H), 3.35-3.30 (2.93-2.89) (m, 1H), 3.01-2.94 (2.73-2.66)
(m, 2H), 1.50 (1.48) (s, 9H), 1.40-1.34 (m, 6H), 1.28-1.19 (m, 6H), 0.86-0.76 (m, 15H) ppm; 13C
NMR (125 MHz, CDCls): & = 153.7 (153.4), 139.9 (139.5), 131.5 (131.4), 128.9 (128.1), 126.3
(126.2), 123.94 (123.87), 123.7 (123.6), 79.8 (79.1), 49.8 (49.5), 41.9. 40.8, 28.90 (28.85), 28.6

(28.5), 27.44 (27.38), 13.59 (13.57), 10.5 (10.3), ppm; HRMS (ESI): m/z calcd for C22H3sO2NSn
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[M-Bu]*: 466.1768. Found: 466.1766.

N-tert-butyl 1-(tributylstannyl)isoindoline-2-carboxylate (8p)

Colorless oil; IR (neat): 2956, 2853, 1688, 1463, 1365, 1257, 1220, 1119, 1023, 879 cm™; 'H NMR
(500 MHz, CDCl3): 6= 7.20-7.06 (m, 3H), 7.00 (6.95 for rotamer) (d, J = 7.3 Hz, 1H), 5.10 (5.02)
(s, 1H), 4.97 (4.81) (d, J = 14.9 Hz, 1H), 4.54 (4.47) (d, J = 14.9 Hz, 1H), 1.52 (1.50) (s, 9H),
1.43-1.36 (m, 6H), 1.28-1.20 (m, 6H), 0.90-0.83 (m, 15H) ppm; *C NMR (125 MHz, CDCls): & =
153.5 (153.2), 143.4 (143.1), 134.9 (134.4), 127.1 (127.0), 124.9 (124.8), 122.5 (122.3), 120.9
(120.1), 79.8 (79.0), 55.2 (55.1), 52.4 (52.1), 28.90 (28.86), 28.63 (28.56), 27.44 (27.38), 13.7
(13.6), 10.3 (10.1) ppm; HRMS (ESI): m/z calcd for C21H340-NSn [M-Bu]*: 452.1606. Found:
452.1602.

N-(1-tributylstannyl-1-methylbenzyl)-tert-butanesulfonamide (8q)

Pale yellow oil; IR (neat): 3267, 2955, 1597, 1493, 1375, 1293, 1129, 1080, 1023, 939 cm?; 'H
NMR (500 MHz, CDCl3): 8= 7.31 (d, J = 4.0 Hz, 4H), 7.13-7.11 (m, 1H), 3.99 (s, 1H), 1.92 (s, 3H),
1.44 (s, 9H), 1.38-1.19 (m, 12H), 0.90-0.77 (m, 15H) ppm; *C NMR (125 MHz, CDCls): 5= 148.5,
128.4, 125.0, 124.4, 59.7, 55.2, 28.8, 27.5, 26.2, 24.5, 13.6, 11.2 ppm; HRMS (ESI): m/z calcd for

C24H1502NSSnNa [M+Na] *: 554.2091. Found: 554.2079.

General Procedure for Carboxylations of N-Boc-a-Amido Stannanes. <Table 4>

Dry CsF (22.8 mg, 0.15 mmol, 3 equiv), which was preheated for 10 min by a heat gun under
vacuum before use (<5 mmHg at ca. 400 °C), was quickly mixed with N-Boc-a-amido stannane 8a
(26.2 mg, 0.053 mmol). After addition of dry DMF (1.5 mL), the mixture was put inside an
autoclave and sealed tightly. CO> gas was introduced into the autoclave (10 atm), which was heated
at 100 °C for 3 h. After cooling to 0 °C, water and Et>O were added, and the pH of the mixture was
adjusted to 2 by 1 M HCI. The organic layer was extracted with Et,O, washed with brine, and dried
over NaSQO4. The solvent was removed under reduced pressure, and the residue was diluted with
MeOH (ca. 2 mL) followed by treatment with TMSCHN2 (2 M in Et,O). After 1 h, AcOH was

added until N2 bubbling ceased, and the mixture was directly concentrated under high vacuum to
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afford the crude product. Yields of 9a and 10a were determined at this stage using
1,1,2,2-tetrachloroethane (6 =5.9 ppm in CDCls, 2H) as an internal standard (9a: 95%, 10a: <1%).
The crude product was then purified by 10% K,COs3-SiO; column chromatography?
(hexane/AcOEt, 1/1) to remove organotin residues, followed by preparative TLC (hexane/AcOEt,
7/1) for separation from 10a, affording methyl 2-(tert-butoxycarbonylamino)-2-phenylacetate (9a)
(11.7 mg, 0.044 mmol) in 83% vyield as colorless amorphous. IR (neat): 3402, 2980, 1737, 1670,
1505, 1440, 1321, 1267, 1167, 1053 cm*; *H NMR (500 MHz, CDCls): &= 7.42-7.28 (m, 5H), 5.55
(d, J = 7.0 Hz, 1H), 5.32 (d, J = 7.0 Hz, 1H), 3.72 (s, 3H), 1.43 (s, 9H) ppm; *C NMR (125 MHz,
CDCls): 6=171.7, 154.8, 136.9, 128.9, 128.4, 127.1, 80.2, 57.6, 52.7, 28.3 ppm; LRMS (ESI): m/z

calcd for C14H19NNaO4 [M+Na]*: 288.1. Found: 288.1.

N-(tert-butoxycarbonyl)benzylamine (10a)

IR (neat): 3309, 2979, 1678, 1546, 1365, 1287, 1174, 1053, 947, 697 cm™; *H NMR (500 MHz,
CDCls): 6 = 7.37-7.23 (m, 5H), 4.86 (brs, 1H), 4.32 (d, J = 6.0 Hz, 2H), 1.46 (s, 9H) ppm; 3C
NMR (125 MHz, CDCls): 6 = 155.8, 138.9, 128.5, 127.4, 127.3, 79.4, 44.6, 28.3 ppm; LRMS
(ESI): m/z calcd for C12H17NNaO2 [M+Na]*: 230.1. Found: 230.2.

methyl 2-(N-tert-butoxycarbonylamino)-2-(4-methoxycarbonylphenyl)acetate (9c)

Colorless oil; IR (neat): 3366, 2979, 2954, 1722, 1613, 1578, 1417, 1367, 1282, 1166 cm™; H
NMR (500 MHz, CDCl3): 5= 8.02 (d, J = 8.3 Hz, 2H), 7.44 (d, J = 8.3 Hz, 2H), 5.67 (d, J = 6.6 Hz,
1H), 5.38 (d, J = 6.6 Hz, 1H), 3.91 (s, 3H), 3.72 (s, 3H), 1.43 (s, 9H) ppm; C NMR (125 MHz,
CDCl3): 6 = 170.9, 166.6, 154.7, 141.9, 130.2, 130.1, 127.1, 80.4, 57.3, 53.0, 52.2, 28.3 ppm;
HRMS (ESI): m/z calcd for C16H2:06NNa [M+Na]*: 346.1261. Found: 346.1256.

methyl 2-(tert-butoxycarbonylamino)-2-(4-chlorophenyl)acetate (9d)

IR (neat): 3375, 2799, 1714, 1493, 1367, 1166, 1092, 1055, 1015, 780 cm™; *H NMR (500 MHz,
CDCl3): §=7.33 (d, J = 9.3 Hz, 2H), 7.30 (d, J = 9.3 Hz, 2H), 5.61 (d, J = 6.3 Hz, 1H), 5.29 (d, J =
6.3 Hz, 1H), 3.72 (s, 3H), 1.43 (s, 9H) ppm; 3C NMR (125 MHz, CDCls): 171.2, 154.7, 135.6,

134.3, 129.0, 128.5, 80.4, 56.9, 52.9, 28.3 ppm; LRMS (ESI): m/z calcd for C14H1sCINNaO4

-69-



Experiment of Chapter 1

[M+Na]*: 322.1. Found: 322.1.

methyl 2-(tert-butoxycarbonylamino)-2-(4-fluorophenyl)acetate (9e)

IR (neat): 3374, 2979, 1715, 1605, 1509, 1367, 1227, 1163, 1055, 840 cm™; 'H NMR (400 MHz,
CDCl3): 6=7.34 (dd, J = 5.4(H-r), 9.2 Hz, 2H), 7.04 (dd, J = 8.8(1-r), 9.2 Hz, 2H), 5.58 (d, J = 6.8
Hz, 1H), 5.30 (d, J = 6.8 Hz, 1H), 3.72 (s, 3H), 1.43 (s, 9H) ppm; *C NMR (125 MHz, CDCls): 5=
171.4, 162.7 (d, Jcr = 245.6 Hz), 154.7, 132.9 (d, Jc.r = 3.6 Hz), 128.8 (d, Jc.r = 8.3 Hz), 115.8 (d,
Jcr=21.4 Hz), 80.3, 56.8, 52.8, 28.3 ppm; LRMS (ESI): m/z calcd for C14aH1sFNNaO4 [M+Na]™:
306.1. Found: 306.1

methyl 2-(tert-butoxycarbonylamino)-2-(4-methylphenyl)acetate (9f)

IR (neat): 3372, 2961, 1707, 1515, 1366, 1229, 1166, 1052, 897, 822 cm™; 'H NMR (500 MHz,
CDCl3): §=7.24 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 5.51 (d, J = 7.3 Hz, 1H), 5.27 (d, J =
7.3 Hz, 1H), 3.71 (s, 3H), 2.33 (s, 3H), 1.43 (s, 9H) ppm; 3C NMR (125 MHz, CDCls): 171.8,
154.8, 138.3, 133.9, 129.6, 127.0, 80.1, 57.3, 52.6, 28.3, 21.1 ppm; LRMS (ESI): m/z calcd for
C1sH21NNaO4 [M+Na]*: 302.1. Found: 302.1.

methyl 2-(N-tert-butoxycarbonylamino)-2-(2-methoxylphenyl)acetate (9h)

White solids; mp 79-81 °C; IR (neat): 3448, 2977, 1749, 1603, 1465, 1367, 1252, 1166, 1053, 913
cm™; 'H NMR (500 MHz, CDCls): 6= 7.32-7.29 (m, 2H), 6.95 (t, J = 7.4 Hz, 1H), 6.88 (d, J = 8.0
Hz, 1H), 5.65 (d, J = 8.9 Hz, 1H), 5.47 (d, J = 8.9 Hz, 1H), 3.82 (s, 3H), 3.68 (s, 3H), 1.44 (s, 9H)
ppm; 3C NMR (125 MHz, CDCls): §=172.0, 156.9, 155.3, 130.3, 129.7, 125.8, 120.9, 111.0, 79.9,
55.5, 54.6, 52.5, 28.3 ppm; HRMS (ESI): m/z calcd for C1sH21:0sNNa [M+Na]*: 318.1307. Found:
318.1312.

methyl 2-(tert-butoxycarbonylamino)-2-(2-fluorophenyl)acetate (9i)

IR (neat): 3380, 2979, 1715, 1589, 1493, 1367, 1165, 1054, 1027, 758 cm™; *H NMR (500 MHz,
CDCls): 6= 7.39-7.27 (m, 2H), 7.14 (dt, J = 1.5, 7.6 Hz, 1H), 7.10-7.04 (m, 1H), 5.62 (d, J = 7.8
Hz, 1H), 5.55 (d, J = 7.8 Hz, 1H), 3.72 (s, 3H), 1.43 (s, 9H) ppm; *C NMR (125 MHz, CDCls): 5=
171.0, 160.5 (d, Jc-r = 246.9 Hz), 154.8, 130.1 (d, Jc.r = 8.4 Hz), 129.6 (d, Jc.r = 3.5 Hz), 127.1,

1245 (d, Jo.r = 3.6 Hz), 115.9 (d, Jer= 21.4 Hz), 80.3, 52.9, 52.5, 28.3 ppm; LRMS (ESI): m/z
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calcd for C14H1sFNNaO4 [M+Na]*: 306.1. Found: 306.1.

methyl 2-(tert-butoxycarbonylamino)-2-(naphthalen-1-yl)acetate (9j)

IR (neat): 3378, 2978, 1747, 1712, 1497, 1366, 1332, 1164, 1055, 779 cm™; 'H NMR (500 MHz,
CDCl3): §=8.18 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.87-7.79 (m, 1H), 7.59 (dt, J = 1.2,
8.3 Hz, 1H), 7.55-7.51 (m, 1H), 7.50-7.37 (m, 2H), 6.08 (d, J = 7.5 Hz, 1H), 5.52 (d, J = 7.5 Hz,
1H), 3.72 (s, 3H), 1.44 (s, 9H) ppm; 3C NMR (125 MHz, CDCl3): 5= 172.3, 155.0, 134.0, 132.8,
130.9, 129.3, 128.9, 127.0, 126.1, 125.5, 125.3, 123.3, 80.2, 54.7, 52.7, 28.3 ppm; LRMS (ESI): m/z
calcd for C1sH21NNaO4 [M+Na]*: 338.1. Found: 338.1.

methyl 2-(tert-butoxycarbonylamino)-2-(naphthalen-2-yl)acetate (9k)

IR (neat): 3376, 2978, 1746, 1714, 1498, 1367, 1164, 1056, 860, 751 cm™; 'H NMR (500 MHz,
CDCl3): 8= 7.90-7.77 (m, 4H), 7.55-7.43 (m, 3H), 5.69 (d, J = 6.8 Hz, 1H), 5.49 (d, J = 6.8 Hz,
1H), 3.72 (s, 3H), 1.44 (s, 9H) ppm; 3C NMR (125 MHz, CDCls): 6= 171.6, 154.8, 134.3, 133.2,
133.1, 128.8, 128.0, 127.7, 126.45, 126.43, 126.39, 124.6, 80.2, 57.7, 52.8, 28.3 ppm; LRMS (ESI):
m/z calcd for C1sH21NNaOs [M+Na]™: 338.1. Found: 338.1.

methyl 2-(tert-butoxycarbonylamino)-2-(furan-2-yl)acetate (91)

IR (neat): 3376, 2925, 1752, 1718, 1499, 1367, 1218, 1161, 1053, 741 cm™; 'H NMR (500 MHz,
CDCl3): §=7.38-7.35 (m, 1H), 6.343 (s, 1H), 6.339 (s, 1H), 5.55-5.38 (m, 2H), 3.77 (s, 3H), 1.44 (s,
9H) ppm; 3C NMR (125 MHz, CDCls): & = 169.7, 154.8, 148.9, 142.8, 110.6, 108.3, 80.4, 52.9,
51.6, 28.3 ppm; LRMS (ESI): m/z calcd for C12H17NNaOs [M+Na]*: 278.1. Found: 278.1.

methyl 2-(N-tert-butoxycarbonylamino)-2-(benzofuran-2-yl)acetate (9m)

Pale yellow solids; mp 74-76 °C; IR (neat): 3429, 3057, 2979, 1752, 1586, 1438, 1368, 1266, 1161,
1028 cm'!; 'H NMR (500 MHz, CDCls): 6= 7.55 (d, J = 8.0 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H),
7.31-7.21 (m, 2H), 6.75 (s, 1H), 5.65 (d, J = 7.8 Hz, 1H), 5.61 (d, J = 7.8 Hz, 1H), 3.78 (s, 3H),
1.45 (s, 9H) ppm; 3C NMR (125 MHz, CDCls): 5= 169.4, 155.0, 154.1, 151.8, 128.0, 124.9, 123.2,
121.5, 111.6, 105.5, 80.8, 53.3, 52.2, 28.4 ppm; HRMS (ESI): m/z calcd for CisHis0sNNa

[M+Na]*: 328.1155. Found: 328.1151.
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methyl 2-(tert-butoxycarbonylamino)-2-(thiophen-2-yl)acetate (9n)

IR (neat): 3373, 2978, 1749, 1715, 1497, 1367, 1164, 1054, 854, 704 cm™; 'H NMR (500 MHz,
CDCl3): 6 = 7.26 (dd, J = 1.3, 5.1 Hz, 1H), 7.05 (d, J = 3.2 Hz, 1H), 6.97 (dd, J = 3.2, 5.1 Hz, 1H),
5.60 (d, J = 7.3 Hz, 1H), 5.51 (d, J = 7.3 Hz, 1H), 3.78 (s, 3H), 1.45 (s, 9H) ppm; 3C NMR (125
MHz, CDCls): 6 = 170.8, 154.7, 139.2, 127.0, 125.9, 125.7, 80.5, 53.2, 52.9, 28.3 ppm; LRMS
(ESI): m/z calcd for C12H17NNaO4S [M+Na]*: 294.1. Found: 294.1.

2-N-tert-butyl 1-methyl 3,4-dihydroisoquinoline-1,2(1H)-dicarboxylate (90)

Colorless oil; IR (neat): 3056, 2979, 1745, 1698, 1393, 1265, 1166, 1098, 1001, 934 cm™’; *H NMR
(500 MHz, CDCls): & = 7.49-7.46 (m, 1H), 7.23-7.22 (m, 2H), 7.17-7.15 (m, 1H), 5.60 (5.43 for
rotamer) (s, 1H), 3.80-3.76 (m, 2H), 3.71 (s, 3H), 2.99-2.92 (m, 1H), 2.89-2.80 (m, 1H), 1.50 (1.47)
(s, 9H) ppm; 3C NMR (125 MHz, CDCl3): 5= 172.5 (172.2), 154.7 (154.6), 135.7 (135.4), 132.5
(132.0), 128.6 (128.3), 128.2 (127.8), 127.72 (127.69), 126.5, 80.7 (80.5), 58.7 (57.6), 52.5 (52.3),
40.8 (39.7), 28.4 (28.3), 21.2 ppm; HRMS (ESI): m/z calcd for C16H2104NNa [M+Na]*: 314.1363.
Found: 314.1358.

N-tert-butyl methyl isoindoline-1,2-dicarboxylate (9p)

Colorless amorphous; IR (neat): 3055, 2929, 1755, 1703, 1398, 1266, 1201, 1122, 1017, 899 cm™;
IH NMR (500 MHz, CDCl3): §= 7.21-7.10 (m, 1H), 6.90-6.86 (m, 2H), 6.71 (6.62) (d, J = 6.5 Hz,
1H), 5.58 (5.33 for rotamer) (d, J = 2.9 Hz, 1H), 4.79 (4.63) (dd, J = 2.9, 14.3 Hz, 1H), 4.56 (4.34)
(d, J = 14.3 Hz, 1H), 3.22 (s, 3H), 1.45 (1.43) (s, 9H) ppm; 3C NMR (125 MHz, CDCl3): 5= 171.2
(170.8), 154.2 (153.7), 137.8 (137.3), 135.3 (135.1), 128.7 (128.6), 127.7 (127.6), 123.1 (123.0),
122.84 (122.82), 80.49 (80.45), 65.9-65.0, 52.5 (52.3), 52.2 (52.0), 28.4 (28.3) ppm; HRMS (ESI):
m/z calcd for C1sH1904NNa [M+Na]*: 300.1206. Found: 300.1206.

methyl 2-(1,1-dimethylethylsulfonamido)-2-phenyl-2-methylacetate (9q)

White solids; mp 102-103 °C; IR (neat): 3274, 2953, 1742, 1447, 1309, 1258, 1125, 1077, 1029,
993 cm™; *H NMR (500 MHz, CDCls): & = 7.45-7.43 (m, 2H), 7.39-7.36 (m, 2H), 7.33-7.32 (m,
1H), 5.03 (s, 1H), 3.78 (s, 3H), 2.03 (s, 3H), 1.40 (s, 9H) ppm; 3C NMR (125 MHz, CDCls): & =

173.7, 141.1, 128.7, 128.4, 125.6, 65.2, 60.2, 53.2, 42.3, 24.2 ppm; HRMS (ESI): m/z calcd for
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C14H2104NSNa [M+Na]*: 322.1084. Found: 322.1080.

Calculation of pKa values.>®
Calculations were performed on Jaguar version 7.7 released in 2010 (Jaguar version 7.7.,
Schrodinger, LLC, New York, NY, 2010). The structure optimization was performed B3LYP level
of density functional theory.>® The 6-31G+(d,p) basis set of Pople and co-workers was used.®’
Calculation of pKa values of target two hydrogens of 10a were performed on the obtained
optimized geometry. The calculation was performed by the following the method described in ref.
49, using ab initio quantum chemical calculation on Jaguar 7.7 platform. Calculated pKa values of

target two hydrogens in DMSO were 22.9 and 36.9, respectively.

Hammett Analysis.

Dry CsF (22.8 mg, 0.15 mmol, 3 equiv), which was preheated for 10 min by a heat gun under
vacuum before use (<5 mmHg at ca. 400 °C), was quickly added to the mixture of N-Boc-a-amido
stannane 8a (26.2 mg, 0.025 mmol) and substituted 8 (0.025 mmol). After addition of dry DMF (1.5
mL), the solution was put inside an autoclave and sealed tightly. CO2 gas was introduced into the
autoclave (10 atm), which was heated at 100 °C for 15 min (<40% conversion). After cooling to 0
°C, water and Et2O were added, and the pH of the mixture was adjusted to 2 by 1 M HCI. The
organic layer was extracted with Et,O, washed with brine, and dried over Na;SO4. The solvent was
removed under reduced pressure to afford the crude mixture. The amounts of remaining 8a and
substituted 8 were determined at this stage using 1,3,5-trimethoxybenzene (6 = 6.1 ppm in CDCl3,
3H) in 'H NMR as an internal standard. The peak of methine proton of CHSnBus was used for
calculation. If clean separation could not be observed in *H NMR, the molar ratio of 8a and 8 was
determined by !°Sn NMR in benzene-ds. The ratio of total conversion (9+10/9a+10a) was
determined as (0.025 mmol-8/0.025 mmol-8a). Plotting of log (0.025 mmol-8/0.025 mmol-8a)

versus o values indeed revealed a linear relationship with p = +1.83.
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Chapter 1. Section 2

Synthesis of Optically Active a-Amido Stannanes.
(S)-N-(tert-butylsulfonyl)-o-(tributylstannyl)benzylamines  (16ab, 16e-h) were prepared

according to the previously reported method.**® a-Amino stannanes 16ab, 16f, and 16g are known

compounds.

(S)-N-(tert-Butylsulfonyl)-a-(tributylstannyl)-(4-fluoro)benzylamine (16e)

Colorless oil; IR (neat): 3280, 2956, 2926, 2871, 2853, 1603, 1507, 1458, 1303, 1125 cm™; H
NMR (500 MHz, CDCl3): &= 7.03-6.95 (m, 4 H), 4.53 (d, J = 9.0 Hz, 1 H), 4.43 (d, J = 9.0 Hz, 1
H), 1.45-1.31 (m, 6 H), 1.29-1.22 (m, 15 H), 0.95-0.82 (m, 15 H) ppm; *C NMR (125 MHz,
CDClz): 6=160.4 (Jc.r= 242.0 Hz), 141.2 (Jcr = 3.5 Hz), 125.4 (Jc-r = 7.1 Hz), 115.4 (JcFr =215
Hz), 59.7, 47.1, 28.8, 27.3, 24.2, 13.6, 9.6 ppm; HRMS (ESI): m/z calcd for C19H33FNO2SSn
[M-Bu]*: 478.1233. Found: 478.1230; [a]%p +45.6 (¢ = 0.98, CHCls, >99% ee).
(S)-N-(tert-Butylsulfonyl)-a-(tributylstannyl)-(2-methoxy)benzylamine (16h)

Colorless oil; IR (neat): 3291, 2955, 2853, 1490, 1307, 1239, 1178, 1087, 1027, 960 cm™; 'H NMR
(500 MHz, CDCl3): 5= 7.11 (td, J = 7.6, 1.3 Hz, 1H), 7.06 (d, J = 7.6 Hz, 1H), 6.89 (td, J = 7.7, 1.3
Hz, 1H), 6.81 (d, J = 7.7 Hz, 1H), 4.77 (s, 1H), 4.51 (d, J = 10.3 Hz, 1H), 3.83 (s, 3H), 1.43-1.32 (m,
6H), 1.28 (s, 9H), 1.25-1.19 (m, 6H), 0.88-0.77 (m, 15H) ppm; 3C NMR (125 MHz, CDCls): & =
155.4, 132.7, 126.4, 125.9, 121.0, 109.8, 59.5, 54.9, 46.1, 28.8, 27.4, 24.3, 13.6, 10.1 ppm; HRMS
(ESI): m/z calcd for CasHss03sNSSnNa [M+Na]*: 570.2040. Found: 570.2059; [a]?*p +3.98 (c =
0.93, CHCl3, >99% ee). HPLC (Chiralpak OD-H, 2-propanol/hexane 2/98, flow 1.0 mL/min,

detection at 254 nm.): tr 3.72 min (major) and 3.13 min (minor, not detected).

General Procedure of Stereoselective Carboxylations. <Table 9>
Dry CsF (22.8 mg, 0.15 mmol, 3 equiv), which was preheated for 10 min by a heat gun under
vacuum before use (<5 mmHg at ca. 400 °C), was quickly mixed with

(S)-N-(tert-butylsulfonyl)-a-(tributylstannyl)benzylamine (16ab) (26.2 mg, 0.051 mmol). After
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addition of dry triglyme (1.5 mL), the mixture was put inside an autoclave and sealed tightly. CO>
gas was introduced into the autoclave (10 atm), which was heated at 100 °C for 3 h. After cooling to
0 °C, water and Et,O were added, and the pH of the mixture was adjusted to 2 by 1 M HCI. The
organic layer was extracted with Et,O, washed with brine, and dried over Na;SO4. The solvent was
removed under reduced pressure, and the residue was diluted with MeOH (ca. 2 mL) followed by
treatment with TMSCHN: (2 M in Et20). After 1 h, AcOH was added until N2 bubbling ceased, and
the mixture was directly concentrated under high vacuum to afford the crude product, to which Et,O
was added and the mixture was washed with H20 to remove most of triglyme. Yields of 17ab and
protiodestannylation product were determined at this stage using 1,1,2,2-tetrachloroethane (6= 5.9
ppm in CDCls, 2H) as an internal standard (17ab: 69%, protiodestannylation product: 7%). The
crude product was then purified by 10% K,COs-SiO, column chromatography® (AcOEt only) to
remove organotin residues, followed by preparative TLC (hexane/AcOEt, 7/1) for separation from
18ab, affording methyl (S)-2-(1,1-dimethylethylsulfonamido)-2-phenylacetate (17ab) (6.1 mg,

0.021 mmol) in 42% vyield as white solids with 85% ee.

methyl (S)-2-(1,1-dimethylethylsulfonamido)-2-phenylacetate (17ab)®

White solids; mp 151-153 °C; IR (neat): 3287, 3056, 2981, 1745, 1479, 1366, 1266, 1175, 1074,
1021 cm®; *H NMR (500 MHz, CDCl3): 6= 7.38-7.34 (m, 5H), 5.20 (d, J = 8.3 Hz, 1H), 5.15 (d, J
= 8.3 Hz, 1H), 3.75 (s, 3H), 1.30 (s, 9H) ppm; 3C NMR (125 MHz, CDCls): § = 171.6, 136.7,
129.1, 128.7, 127.1, 60.1, 60.0, 53.2, 24.0 ppm; LRMS (EI): m/z calcd for C13H10NO4S [M]*: 285.
Found: 285; [a]**o +94.8 (c = 0.55, CHCls, 85% ee). HPLC (Chiralpak AD-H, 2-propanol/hexane
3/97, flow 1.0 mL/min, detection at 220 nm.): tr 48.1 min (major) and 27.9 min (minor).

methyl 2-(1,1-dimethylethylsulfonamido)-2-(4-fluorophenyl)acetate (17¢)

Colorless amorphous; IR (neat): 3288, 2984, 2957, 2924, 1752, 1606, 1512, 1452, 1305, 1132 cm™;
IH NMR (500 MHz, CDCls): 6= 7.35-7.32 (m, 2 H), 7.09-7.05 (m, 2 H), 5.20 (d, J = 8.0 Hz, 1 H),
5.14 (d, J = 8.0 Hz, 1 H), 3.76 (s, 3 H), 1.30 (s, 9 H) ppm; 3C NMR (125 MHz, CDCls): 5= 171.4,

162.8 (Jcr = 245.6 Hz), 132.7 (Jer = 3.5 Hz), 128.9 (Jcr = 8.4 Hz), 116.6 (Jc.r = 21.5 Hz), 60.1,
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59.3, 53.3, 24.0 ppm; HRMS (EI): m/z calcd for C11HisFNO2S [M-CO2Me]": 244.0802. Found:
244.0801; [a]*p +71.8 (¢ = 0.54, CHClIs, 82% ee). HPLC (Chiralpak AD-H, 2-propanol/hexane
3/97, flow 1.0 mL/min, detection at 230 nm.): tr 39.3 min (major) and 23.9 min (minor).

methyl 2-(1,1-dimethylethylsulfonamido)-2-(4-chlorophenyl)acetate (17f)

White solids; mp 103-105 °C; IR (neat): 3284, 2985, 1740, 1492, 1440, 1313, 1220, 1132, 1016,
977 cm; 'H NMR (500 MHz, CDCls): & = 7.37-7.34 (m, 2H), 7.31-7.29 (m, 2H), 5.20-5.16 (m,
2H), 3.75 (s, 3H), 1.30 (s, 9H) ppm; 3C NMR (125 MHz, CDCls): 5= 171.2, 135.3, 134.7, 129.3,
128.5, 60.2, 59.3, 53.3, 24.0 ppm; HRMS (EI): m/z calcd for C11Hi1sNO2CIS [M-CO:Me]*:
260.0512. Found: 260.0505; [0]?p +80.2 (¢ = 0.40, CHCls, 72% ee). HPLC (Chiralpak AD-H,
2-propanol/hexane 5/95, flow 1.0 mL/min, detection at 230 nm.): tr 23.0 min (major) and 17.9 min
(minor).

methyl 2-(1,1-dimethylethylsulfonamido)-2-(4-methylphenyl)acetate (179)

White solids; mp 126-127 °C; IR (neat): 3282, 2981, 1738, 1440, 1336, 1223, 1172, 1105, 1026,
977 cm'!; 'H NMR (500 MHz, CDCls): §=7.23 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 5.16
(d, J=8.6 Hz, 1H), 5.09 (d, J = 8.6 Hz, 1H), 3.74 (s, 3H), 2.35 (s, 3H), 1.30 (s, 9H) ppm; *C NMR
(125 MHz, CDClIs): 6=171.8, 138.6, 133.7, 129.7, 127.0, 60.1, 59.8, 53.1, 24.0, 21.2 ppm; HRMS
(E1): m/z calcd for C12H1502NS [M-CO2Me]*: 240.1058. Found: 240.1054; [a]**p +57.3 (c = 0.33,
CHCl3, 90% ee). HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 1.0 mL/min, detection at
220 nm.): tr 22.9 min (major) and 26.7 min (minor).

methyl 2-(1,1-dimethylethylsulfonamido)-2-(2-methoxy)phenylacetate (17h)

White solids; IR (neat): 3275, 2929, 1737, 1602, 1440, 1342, 1254, 1192, 1052, 1024 cm; H
NMR (500 MHz, CDCls): 6= 7.34-7.27 (m, 2H), 6.96 (t, J = 7.4 Hz, 1H), 6.90 (d, J = 8.6 Hz, 1H),
5.25-5.21 (m, 2H), 3.83 (s, 3H), 3.71 (s, 3H), 1.33 (s, 9H) ppm; 3C NMR (125 MHz, CDCls): & =
171.6, 156.7, 130.1, 130.0, 125.9, 121.1, 111.1, 60.0, 57.8, 55.5, 52.9, 24.0 ppm; HRMS (EI): m/z
calcd for C12H1s03NS [M-CO2Me]*: 256.1007. Found: 256.1001; [o]*p +25.0 (¢ = 0.37, CHCls,
50% ee). HPLC (Chiralpak AD-H, 2-propanol/hexane 2/98, flow 1.0 mL/min, detection at 230

nm.): tr 31.6 min (major) and 17.6 min (minor).
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Chapter 2

Chapter 2, Section 1
General Procedure for the Synthesis of N-Boc -a-Amido Silanes.

K2CO3 (1.09 g, 7.8 mmol, 3.0 equiv) and anhydrous Na>SO4 (1.86 g, 13.1 mmol, 5.0 equiv) were
placed in a 50 mL flask and then dried by a heat gun for 3 min under vacuum (<5 mmHg at ca. 400
°C). To this flask was added N-(tert-butoxycarbonyl)-o-(penylsulfonyl)-4-chlorobenzylamine 13d
(1.0 g, 2.6 mmol, 1.0 equiv) and dry THF (24 mL). The resulting suspension was refluxed for 7 h.
After cooling down to room temperature, solids were removed through a celite pad, and the filtrate
was concentrated under vacuum to give tert-butyl 4-chlorobenzylidenecarbamate 14d, which was
subjected to the next step without purification.

A flame-dried flask was charged with lithium wire (0.24 g, 35.0 mmol, 3.5 equiv), dry THF (7
mL) and chlorodimethylphenylsilane (1.65 mL, 10.0 mmol, 1.0 equiv). The mixture was then
stirred at 0 °C for 10 h affording a red brown THF solution of PhMe,SiLi. The concentration of
PhMe,SiLi was determined to be 1.2 M by titration using sec-BuOH and 1,10-phenanthroline as an
indicator. To a solution of 14d in dry THF (8 mL) was added THF solution of PhMe>SiLi (1.2 M,
6.6 mL, 7.8 mmol, 3.0 equiv) at -78 °C. After stirring for 20 min, the reaction was quenched with
5% acetic acid in methanol at -78 °C. Subsequently, water was added and the mixture was extracted
with ethyl acetate. The combined organic layer was washed with brine and dried over anhydrous
Na>SO4. After concentration under reduced pressure, the crude product was purified by column
chromatography (flash silica gel, hexane/AcOEt, 10/1), affording 21d (519 mg, 1.4 mmol, 54%
yield) as colorless solids. mp 103.5-104.0 °C; IR (neat): 3276, 2977, 1697, 1489, 1365, 1252, 1168,
1115, 836, 735 cm-1; *H NMR (500 MHz, CDCl3): 5= 7.44-7.33 (m, 5H), 7.19 (d, J = 8.5 Hz, 2H),
6.86 (d, J = 8.5 Hz, 2H), 4.86 (d, J = 7.3 Hz, 1H), 4.44 (d, J = 7.3 Hz, 1H), 1.38 (s, 9H), 0.34 (s,
3H), 0.26 (s, 3H) ppm; 3C NMR (125 MHz, CDCls): 6= 156.1, 140.5, 134.5, 134.4, 131.2, 130.0,
128.3, 128.1, 127.2, 79.9, 46.6, 28.4, -4.8, -4.9 ppm; HRMS (ESI) m/z calcd for C20H2602NCISiNa

[M+Na]*: 398.1314. Found: 398.1317.
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tert-butyl {(dimethylphenylsilyl)(phenyl)methyl}carbamate (21a)

Colorless solids; mp 64.5-65.5 °C; IR (neat): 3277, 2976, 1695, 1491, 1365, 1251, 1170, 1115, 834,
700 cm't; *H NMR (500 MHz, CDCls): 6 = 7.45-7.32 (m, 5H), 7.22 (dd, J = 7.4, 7.8 Hz, 2H), 7.13
(t,J = 7.8 Hz, 1H), 6.94 (d, J = 7.4 Hz, 2H), 4.89 (d, J = 7.3 Hz, 1H), 4.50 (d, J = 7.3 Hz, 1H), 1.38
(s, 9H), 0.33 (s, 3H), 0.26 (s, 3H) ppm; 3C NMR (125 MHz, CDCls): & = 156.1, 141.7, 135.1,
134.5,129.8, 128.2, 128.0, 126.0, 125.7, 79.6, 46.9, 28.5, -4.6, -4.9 ppm; HRMS (ESI) m/z calcd for
C20H2702NSiNa [M+Na]*: 364.1703. Found: 364.1707.

tert-butyl {(dimethylphenylsilyl)(4-methoxyphenyl)methyl}carbamate (219)

Colorless solids; mp 70.0-71.5 °C; IR (neat): 2975, 1695, 1509, 1365, 1247, 1170, 1114, 1037, 836,
701 cm-1; *H NMR (500 MHz, CDCl3): §= 7.43-7.32 (m, 5H), 6.85 (d, J = 8.8 Hz, 2H), 6.77 (d, J
= 8.8 Hz, 2H), 4.85 (d, J = 7.8 Hz, 1H), 4.43 (d, J = 7.8 Hz, 1H), 3.78 (s, 3H), 1.38 (s, 9H), 0.32 (s,
3H), 0.25 (s, 3H) ppm; 13C NMR (125 MHz, CDCls): 8= 157.7, 156.1, 135.3, 134.5, 133.8, 129.8,
128.0, 127.0, 113.7, 79.5, 55.3, 46.1, 28.5, -4.6, -4.9 ppm; HRMS (ESI) m/z calcd for
C21H2903NSiNa [M+Na]*: 394.1809. Found: 394.1811.

Procedure for the Synthesis of N-Boc-a-Alkenyl-a-Amido Silane (21t)

CsF (182.3 mg, 1.2 mmol, 2.0 equiv) was weighted into a flask and then dried by a heat gun for 2
min under vacuum (<5 mmHg at ca. 400 °C). To this flask was added 13t (195.3 mg, 0.6 mmol, 1.0
equiv), DMF (10.8 mL), the solution of TSOH-H>O in DMF (0.1 M, 1.2 mL, 0.12 mmol, 20 mol %),
and PhMe3Si-Bpin (180 uL, d = 0.962, 0.66 mmol, 1.1 equiv). The resulting mixture was stirred at
room temperature for 3 h under argon atmosphere. Water was added followed by the extraction with
diethyl ether for 3 times. The organic layers were combined, washed with brine, and dried over
anhydrous MgSOs. After concentration under vacuum, the crude product was purified by column
chromatography (flash silica gel, hexane/AcOEt, 30/1), affording 21t (99.7 mg, 0.31 mmol, 52%
yield) as colorless solids. mp 75.0-76.0 °C; IR (neat): 3265, 2975, 2911, 1696, 1427, 1373, 1362,
1251, 1173, 817 cm™ ; 1H NMR (500 MHz, CDCls): 6 = 7.51-7.49 (m, 2H), 7.39-7.34 (m, 3H),
4.91 (d, J = 10.0 Hz, 1H), 4.35 (brs, 1H), 4.12 (brs, 1H), 1.56 (s, 3H), 1.51 (s, 3H), 1.39 (s, 9H),

0.33 (s, 3H), 0.31 (s, 3H) ppm: 3C NMR (125 MHz, CDCls): 5= 155.9, 136.1, 134.3, 131.7, 129.6,

-78-



Experiment of Chapter 2

128.0, 123.3, 79.1, 41.0, 28.5, 25.9, 18.4, -5.0 ppm: HRMS (ESI) m/z calcd for CisH2sNO,SiNa

[M+Na]*: 342.1860. Found: 342.1863.

Optically active 21a was prepared by acidic deprotection of N-sulfinyl-o-amido silane 22’ (R =

Ph)?* followed by treatment using Boc,O according to the reported procedure.

Carboxylation of N-Boc-a-Phenyl-a-Amido Silanes <Table 10>
A 10 mL flask was charged with CsF (45.6 mg, 0.3 mmol, 3.0 equiv), and then it was dried with

a heat gun for 2 min under vacuum (<5 mmHg at ca. 400 °C). After the displacement with CO> gas,
21a (34.2 mg, 0.1 mmol, 1.0 equiv) and DMF (1.5 mL) were added to the flask. The resulting
reaction mixture was stirred at room temperature for 1 h under CO; atmosphere (1 atm: balloon).
Water was added to the reaction mixture followed by the acidification (pH = ca. 2) using 1 M HCI.
The product was extracted with diethyl ether for 3 times, and the organic layers were combined,
washed with brine, and dried over anhydrous MgSOa. The solvent was then removed under reduced
pressure, and the residue was dissolved with diethyl ether (2 mL). To another 10 mL flask was
added 40% ag. KOH (3 mL) and diethyl ether (4 mL), which was then cooled down to 0 °C in an
ice-water bath. 1-Methyl-3-nitro-1-nitrosoguanidine (wetted with ca. 50% water) (0.2 g, 0.7 mmol,
7.0 equiv) was then added portionwise. The resulting ethereal solution of CH2N2 (upper layer: 3 mL,
0.5 mmol, 5.0 equiv) was added to the aforementioned residue (concentration of CHz2N2in diethyl
ether: 0.1 M, total 5 mL). After stirring for 10 min, AcOH was added to quench the excess amount
of CH2N2 until N2 bubbling ceased. The reaction mixture was directly concentrated under high
vacuum to afford the crude product. Yields of 9a and 10a were determined at this stage using
1,1,2,2-tetrachloroethane (5= 5.9 ppm in CDCls, 2H) in *H NMR analysis as an internal standard

(9a: 90%, 10a: <1%).

Stereoselective Carboxylations of a-Amido Silanes <Table 11, entry 8>

A test tube was charged with CsF (38.2 mg, 0.25 mmol, 5 equiv), which was dried with a heat
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gun for 2 min under vacuum (<5 mmHg at ca. 400 °C). After the displacement with CO> gas, DMF
(1.0 mL) was added and the mixture was then stirred for 15 min at -20 °C. a-Amino silane 22ab
(18.1 mg, 0.050 mmol, 1.0 equiv) was added and the solution was stirred for 46 h at -20 °C. Water
was added and the pH of the mixture was adjusted to 2 by 1 M HCI. The product was extracted with
Et.O, washed with brine, and dried over Na>SO4. After the evaporation of the solvent, the residue
was dissolved in Etz2O/MeOH, to which TMSCHN: (2 M in Et20, 0.2 mL) was added. After stirring
for 10 min at room temperature, AcOH was added to quench the excess amount of TMSCHN2. The
reaction mixture was directly concentrated under high vacuum to afford the crude mixture. The
yield was determined by 'H NMR at this stage using 1,3,5-trimethoxybenzene (& = 6.1 ppm in
CDCls, 3H) as an internal standard (92%). The crude product was purified by silica-gel column
chromatography (hexane/AcOEt, 4/1) to afford the pure methyl ester 17ab (13.0 mg, 0.046 mmol)

as white solids in 91% yield with 85% ee. [a]*!p +96.6 (¢ = 1.0, CHCl3, 85% eg).

Removal of the tert-Butyl Sulfonyl Group <Scheme 23>

The tert-butylsulfonyl group in 17ab was easily removed without significant loss of the optical
purity according to the reported procedure.? a-Amino acid derivative 17ab (57.1 mg, 0.20 mmol,
1.0 equiv) was dissolved in dry DCM (5.0 mL). Anisole (65 pL, 0.60 mmol, 3.0 equiv) and
aluminum chloride (40.3 mg, 0.30 mmol, and 1.5 equiv) were added successively in one portion to
the reaction mixture. After stirring for 1 h at room temperature, aluminum chloride (13.3 mg, 0.10
mmol, 0.5 equiv) was added. After stirring for additional 0.5 h at room temperature, the resulting
yellow solution was diluted with DCM (16 mL) and 30% ammonia solution (14 mL). The organic
layer was extracted six times with DCM. The combined organic layers were dried over Na;SO4 and
the solvent was removed under reduced pressure. The crude product was then purified by silica-gel
column  chromatography (DCM only to DCM/MeOH, 10/1), affording methyl
2-amino-2-phenylacetate 23 (30.2 mg, 182.8 umol) in 91% yield with 83% ee. HPLC (Chiralpak
AS-H, 2-propanol/hexane 3/97, flow 1.0 mL/min detection at 220 nm.) tr 10.8 min (major) and 15.8

min (minor). The structure was confirmed by comparison of the reported spectrum data.>®
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Synthesis of Optically Active a-Amino Trimethylstannane 24ab <Scheme 24>

Optically active a-amino trimethylstannane ((R)-24ab, 96% ee) was prepared according to the
Chong’s procedure.’® AcOEt was added to a vial tube containing a-amino trimethylstannane until it
was completely dissolved. It was then put on a small container filled with hexane around the vial.
After several days, white crystals (98% ee) appeared and they were washed with hexane twice. The
crystals were then dried under reduced pressure. One of the big crystals was cut to be an appropriate
size for mounting (0.14 x 0.13 x 0.03 mm). X-ray crystallographic analysis was carried out by the
Rigaku Corporation. The absolute configuration was determined as R (Flack parameter is
-0.008(14)). (Chong reported that the absolute configuration of a-amino tributylstannane prepared

from BusSnSnBus was S.2°)

(R)-N-(tert-Butylsulfonyl)-a-(trimethylstannyl)benzylamine (24ab)

White solids; mp 151-152 °C; IR (neat): 3324, 2983, 2915, 1600, 1491, 1454, 1286, 1120, 768, 698
cm; IH NMR (500 MHz, CDCl3) 8= 7.29 (dd, J = 7.5, 7.5 Hz, 2H), 7.09 (t, J = 7.5 Hz, 1H), 7.03
(d, J = 7.5 Hz, 2H), 4.53 (d, J = 8.7 Hz, 1H), 4.36 (d, J = 8.7 Hz, 1H), 1.30 (s, 9H), 0.12 (s, 9H); 13C
NMR (125 MHz, CDCls) § = 144.4, 128.7, 124.9, 123.9, 59.8, 48.5, 24.3, -9.9 ppm; HRMS (ESI)
m/z calcd for Ci4sH2502NNaSSn [M+Na]*: 414.0527. Found: 414.0526; [a]?*p +70.5 (c = 1.0,
CHCl3, 98% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 0.7 mL/min detection at

240 nm.) tr 14.7 min (major) and 18.5 min (minor).

Chapter 2, Section 3
Synthesis of N-Sulfonyl Imines.

N-tert-Butylsulfinylimines were prepared according to the following procedure. MgSQOs (5.0
equiv) was heated in a flask under vacuum. PPTS (0.5 equiv), tert-butylsulfinamide (1.0 equiv), and
aldehyde (3.0 equiv) were added to the flask followed by the addition of DCM (0.5 M). The
reaction mixture was heated under reflux for overnight. After cooling to room temperature, the

reaction mixture was filtered through a Celite pad. The solvent was removed under reduced
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pressure. The pure sulfinylimine was obtained after the purification by silica-gel column
chromatography (hexane/AcOEt, 10/1). The sulfinylimine was dissolved in DCM (0.2 M) and
treated with AcCOOH (9% of AcOH solution, 4 equiv), followed by stirring at room temperature.
After 3 h, the reaction mixture was washed with saturated NaHCO3 solution twice, brine once, and
dried over Na>SOs. The solvent was removed under reduced pressure and stored in the refrigerator
for several hours. The generated solids were filtered, washed with hexane, and dried, affording the
pure sulfonylimine. For a liquid and acid-sensitive imine such as 35, mCPBA was employed

instead of AcOOH for its oxidation. Imines 35ab,%! 35g,%* and 35¢°* are known compounds.

N-(4-chlorobenzylidene)-1,1-dimethylethanesulfonamide (35d)

White solids; mp 127-129 °C; IR (neat): 2979, 1610, 1481, 1406, 1301, 1221, 1126, 1092, 1012,
765 cm™; 'H NMR (500 MHz, CDCls): § = 9.01 (s, 1H), 7.91 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.5
Hz, 2H), 1.49 (s, 9H); *C NMR (125 MHz, CDCls): § = 171.4, 141.5, 132.2, 130.9, 129.7, 58.5,
24.0 ppm; HRMS (ESI) m/z calcd for C11H150.NCIS [M+H]": 260.0507. Found: 260.0505.
N-(4-fluorobenzylidene)-1,1-dimethylethanesulfonamide (35¢)

White solids; mp 70-72 °C; IR (neat): 2971, 1587, 1507, 1412, 1297, 1231, 1152, 1119, 775, 672
cm™; 'H NMR (500 MHz, CDCls): § = 9.10 (s, 1H), 8.02-7.98 (m, 2H), 7.25-7.20 (m, 2H), 1.50 (s,
9H); 13C NMR (125 MHz, CDCls): 6= 171.2, 166.8 (d, Jc.r = 257.6 Hz), 133.6 (d, Jcr = 9.5 Hz),
128.9 (d, Jc-r = 3.6 Hz), 116.7 (d, Jc-r = 21.4 Hz), 58.4, 24.0 ppm; HRMS (ESI) m/z calcd for
C11H1502NFS [M+H]": 244.0802. Found: 244.0802.
N-(4-methylbenzylidene)-1,1-dimethylethanesulfonamide (35f)

White solids; mp 111-112 °C; IR (neat): 3021, 2990, 1600, 1567, 1301, 1216, 1176, 1123, 764, 669
cm™; IH NMR (500 MHz, CDCls): 5= 8.99 (s, 1H), 7.86 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz,
2H), 2.46 (s, 3H), 1.49 (s, 9H); 3C NMR (125 MHz, CDCls): 5= 172.6, 146.4, 131.3, 130.0, 99.9,
58.3, 24.0, 22.0 ppm; HRMS (ESI) m/z calcd for C12H1802NS [M+H]": 240.1053. Found: 240.1053.
N-(2-chlorobenzylidene)-1,1-dimethylethanesulfonamide (35h)

White solids; mp 170-172 °C; IR (neat): 2979, 1604, 1562, 1438, 1299, 1215, 1120, 1057, 762, 666
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cm™; 'H NMR (500 MHz, acetone-ds): 5 = 9.47 (s, 1H), 8.25 (d, J = 8.0 Hz, 1H), 7.75 (dd, J = 8.0,
7.3 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.57 (dd, J = 8.0, 7.3 Hz, 1H), 1.46 (s, 9H); 3C NMR (125
MHz, acetone-ds): 6 =169.8, 138.8, 136.8, 131.4, 130.70, 130.66, 128.7, 58.6, 23.9 ppm; HRMS
(ESI) m/z calcd for C11H1502NCIS [M+H]*: 260.0507. Found: 260.0506.
N-(2-methylbenzylidene)-1,1-dimethylethanesulfonamide (35i)

White solids; mp 93-95 °C; IR (neat): 2980, 1586, 1480, 1366, 1291, 1226, 1122, 861, 813, 757
cm™; 'H NMR (500 MHz, CDCls): 5= 9.33 (s, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.51 (dd, J = 8.0, 7.5
Hz, 1H), 7.34 (dd, J = 8.0, 7.5 Hz, 1H), 7.31 (d, J = 7.5 Hz, 1H), 2.65 (s, 3H), 1.50 (s, 9H); 3C
NMR (125 MHz, CDCl3): 171.6, 142.1, 134.5, 131.7, 131.0, 130.5, 126.6, 58.1, 24.0, 20.0 ppm;
HRMS (EI) m/z calcd for C12H1702NS [M]*: 239.0980. Found: 239.0979.
N-(2-methoxybenzylidene)-1,1-dimethylethanesulfonamide (35j)

White solids; mp 80-82 °C; IR (neat): 2974, 1592, 1469, 1361, 1299, 1254, 1165, 1110, 1021, 768
cm™; 'H NMR (500 MHz, CDCls): 5= 9.51 (s, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.59 (dd, J = 8.0, 7.5
Hz, 1H), 7.03 (dd, J = 7.5, 7.5 Hz, 1H), 6.98 (d, J = 7.5 Hz, 1H), 3.91 (s, 3H), 1.48 (s, 9H); 3C
NMR (125 MHz, CDCl3): 169.0, 161.7, 136.8, 129.0, 121.0, 120.8, 111.5, 58.1, 55.7, 24.1 ppm;
HRMS (EI) m/z calcd for C12H1703NS [M]*: 255.0929. Found: 255.0929.
N-(3,4-dimethoxybenzylidene)-1,1-dimethylethanesulfonamide (35k)

Yellow solids; mp 142-144 °C; IR (neat): 2983, 1598, 1567, 1512, 1468, 1421, 1292, 1206, 1120,
1018 cm; 'H NMR (500 MHz, CDCl3): 5= 8.89 (s, 1H), 7.54 (s, 1H), 7.47 (d, J = 8.0 Hz, 1H),
6.96 (d, J = 8.0 Hz, 1H), 3.97 (s, 3H), 3.94 (s, 3H), 1.47 (s, 9H); *C NMR (125 MHz, CDCls): 6=
172.2, 155.2, 149.6, 128.9, 125.5, 110.6, 110.1, 58.3, 56.2, 56.0, 24.1 ppm; HRMS (EI) m/z calcd
for C13H1904NS [M]*: 285.1035. Found: 285.1032.
N-(3,4,5-trimethoxybenzylidene)-1,1-dimethylethanesulfonamide (35I)

Yellow solids; mp 109-111 °C; IR (neat): 2934, 1574, 1417, 1372, 1333, 1289, 1237, 1121, 993,
821 cm™; 'H NMR (500 MHz, CDCl3): 6= 8.91 (s, 1H), 7.21 (s, 2H), 3.97 (s, 3H), 3.93 (s, 6H),
1.49 (s, 9H) ppm; C NMR (125 MHz, CDCls): § = 172.6, 153.5, 144.1, 127.4, 108.3, 61.1, 58.4,

56.3, 24.1 ppm; HRMS (EI) m/z calcd for C14H2105NS [M]*: 315.1140. Found: 315.1142.
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N-(2-naphthylidene)-1,1-dimethylethanesulfonamide (35m)

White solids; mp 124-125 °C; IR (neat): 2978, 1588, 1456, 1366, 1288, 1183, 1119, 866, 823, 748
cm™; 'H NMR (500 MHz, CDCl3): § = 9.19 (s, 1H), 8.35 (s, 1H), 8.09 (d, J = 8.5 Hz, 1H), 7.98 (d,
J =8.0 Hz, 1H), 7.93 (d, J = 8.5 Hz, 1H), 7.90 (d, J = 8.3 Hz, 1H), 7.66 (dd, J = 8.3, 8.0 Hz, 1H),
7.60 (dd, J = 8.0, 8.0 Hz, 1H), 1.53 (s, 9H) ppm; 3C NMR (125 MHz, CDCls): 5= 172.8, 136.5,
136.2, 132.6, 130.2, 129.49, 129.45, 129.2, 128.0, 127.3, 123.8, 58.4, 24.0 ppm; HRMS (EI) m/z
calcd for C15H1702NS [M]": 275.0980. Found: 275.0978.
N-(thiophen-2-ylmethylene)-1,1-dimethylethanesulfonamide (35n)

Orange solids; mp 103-105 °C; IR (neat): 2971, 1574, 1477, 1411, 1291, 1249, 1121, 870, 797, 748
cm; 'H NMR (500 MHz, CDCls): § = 9.08 (s, 1H), 7.80-7.78 (m, 2H), 7.24-7.22 (m, 1H), 1.46 (s,
9H) ppm; C NMR (125 MHz, CDCls): & = 164.7, 138.9, 138.4, 136.4, 128.9, 58.4, 24.0 ppm;
HRMS (EI) m/z calcd for CogH1302NS, [M]*: 231.0388. Found: 231.0355.
N-((2E)-2-methyl-3-phenylallylidene)-1,1-dimethylethanesulfonamide (350)

White solids; mp 113-114 °C; IR (neat): 2970, 1610, 1568, 1395, 1291, 1214, 1119, 1022, 831, 694
cm™; 'H NMR (500 MHz, CDCla): § = 8.73 (s, 1H), 7.52 (d, J = 7.5 Hz, 2H), 7.46 (dd, J = 7.5, 7.0
Hz, 1H), 7.42-7.40 (m, 1H), 7.32 (s, 1H), 2.23 (s, 3H), 1.47 (s, 9H) ppm; 3C NMR (125 MHz,
CDCl3): 6=177.1, 151.2, 135.1, 134.8, 130.3, 129.9, 128.7, 58.1, 24.0, 12.7 ppm; HRMS (EI) m/z
calcd for C14H1902NS [M]*: 265.1137. Found: 265.1128.
N-(3,3-diphenylallylidene)-1,1-dimethylethanesulfonamide (35p)

White solids; mp 115-116 °C; IR (neat): 2978, 1599, 1575, 1444, 1362, 1298, 1191, 1119, 817, 764
cm™; IH NMR (500 MHz, CDCl3): § = 8.62 (d, J = 9.8 Hz, 1H), 7.51-7.42 (m, 4H), 7.41-7.37 (m,
4H), 7.24-7.22 (m, 2H), 6.99 (d, J = 9.8 Hz, 1H), 1.45 (s, 9H) ppm; *C NMR (125 MHz, CDCly): §
=172.2, 164.4, 139.8, 136.7, 130.8, 130.6, 129.9, 129.0, 128.64, 128.60, 123.7, 58.0, 24.0 ppm,;

HRMS (EI) m/z calcd for C19H2002NS [M-H]": 326.1215. Found: 326.1213.

Synthesis of Diamine Ligands

Ligands 43a and 43c were prepared by the following procedure. The corresponding anhydride
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(10 equiv) and pyridine (10 equiv) were added to the solution of
(1R,2R)-1,2-diphenylethylenediamine in DCM (0.10 M). After stirring at room temperature for 12 h,
1 M HCI was added to quench the reaction. The product was extracted with DCM three times and
the combined organic layer was washed with brine, and dried over Na;SOs. The solvent was
removed under reduced pressure. The resulting solids were filtered an washed with hexane three
times to afford N,N’-diacyl-1,2-diamide as white solids and used without further purification.

A suspension of the LiAlIHs in dry THF (0.12 M) was cooled to 0 °C. The
N,N’-diacyl-1,2-diamide thus obtained was added and the solution was refluxed for 12 h. The
reaction mixture was cooled to 0 °C and saturated aqueous solution of potassium sodium (+)-tartrate
tetrahydrate was added to quench the reaction. The product was extracted with AcOEt, washed with
brine, and dried over Na,SOs. After the evaporation of the solvent, the crude product was purified
by silica-gel column chromatography (AcOEt only) to afford the desired secondary diamine as
yellow oil.

Ligand 43b was prepared according to the reported procedure.®? Ligands 43d-i were prepared by
reduction of the corresponding N,N’-diacetyl-1,2-diamines using LiAIHa4.
N,N’-Diacetyl-1,2-diamines were prepared by imino-pinacol coupling reactions of optically active
N-tert-butylsulfinylimines followed by protecting group exchange as described in the Xu’s report.*°
Ee’s of the target diamines were determined by HPLC analysis at the stage of
N,N’-diacetyl-1,2-diamines.

Diamines  43d and  43e  were prepared  from commercially  available
(1S,25)-1,2-bis(1-naphthyl)-ethylenediamine dihydrogen chloride and

(1S,2S)-1,2-bis(4-methoxyphenyl)-ethylenediamine dihydrogen chloride respectively.

(1R,2R)-N,N’-diethyl-1,2-diphenylethylenediamine (43a)
Yellow oil; IR (neat): 3310, 2965, 2808, 1946, 1877, 1805, 1739, 1602, 1123, 758 cm™; *H NMR
(500 MHz, CDClz): 6 = 7.15-7.08 (m, 6H), 7.03-7.01 (m, 4H), 3.63 (s, 2H), 2.50-2.38 (m, 4H),

1.91 (brs, 2H), 1.05 (t, J = 7.3 Hz, 6H) ppm; 33C NMR (125 MHz, CDCls): & = 141.7, 127.84,
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127.80, 126.7, 69.2, 42.0, 15.4 ppm; HRMS (ESI) m/z calcd for CisHzsN2 [M+H]*: 269.2012.
Found: 269.2013; [a]*%b +31.4 (¢ = 1.0, CHCls, >99% ee)
(1R,2R)-N,N’-dipropyl-1,2-diphenylethylenediamine (43c)

Yellow oil; IR (neat): 3312, 3027, 2958, 1945, 1881, 1805, 1675, 1381, 1116, 756 cm*; 'H NMR
(500 MHz, CDCls): § = 7.15-7.09 (m, 6H), 7.03 (d, J = 8.0 Hz, 4H), 3.61 (s, 2H), 2.42-2.31 (m,
4H), 2.00 (brs, 2H), 1.48-1.41 (m, 4H), 0.85 (t, J = 7.5 Hz, 6H) ppm; 3C NMR (125 MHz, CDCl5):
0=141.8, 127.82, 127.80, 126.7, 69.4, 49.7, 23.3, 11.8 ppm; HRMS (ESI) m/z calcd for CaoH29N>
[M+H]*: 297.2325. Found: 297.2325; [a]?°> +10.2 (¢ = 1.0, CHCl3, >99% ee)
(1S,25)-N,N’-diethyl-1,2-bis(4-methoxyphenyl)ethylenediamine (43e)

Colorless oil; IR (neat): 3308, 2962, 2835, 1728, 1611, 1585, 1511, 1461, 1247, 1037 cm™; H
NMR (500 MHz, CDCls): 5§ = 6.93 (d, J = 8.7 Hz, 4H), 6.69 (d, J = 8.7 Hz, 4H), 3.73 (s, 6H), 3.58
(s, 2H), 2.49-2.36 (m, 4H), 2.21 (brs, 2H), 1.04 (t, J = 7.3 Hz, 6H) ppm; C NMR (125 MHz,
CDCl3): 6 = 158.2, 133.5, 128.8, 113.2, 68.4, 55.1, 41.8, 15.3 ppm; HRMS (ESI) m/z calcd for
C20H2902N2 [M+H]*: 329.2224. Found: 329.2221; [a]?p -34.6 (c = 0.8, CHCl3, >99% ee)
(1S,2S)-N,N’-diethyl-1,2-bis(4-methylphenyl)ethylenediamine (43f)

White solids; mp 36-37 °C; IR (neat): 3311, 2964, 2922, 1898, 1613, 1512, 1456, 1379, 1123, 821
cm™; 'H NMR (500 MHz, CDCl3): & = 6.97-6.92 (m, 8H), 3.62 (s, 2H), 2.49-2.36 (m, 4H), 2.25 (s,
6H), 1.75 (brs, 2H), 1.03 (t, J = 7.0 Hz, 6H) ppm; 3C NMR (125 MHz, CDCls): &= 138.6, 136.0,
128.5, 127.7, 68.6, 41.9, 21.0, 15.4 ppm; HRMS (ESI) m/z calcd for CaoHasN2 [M+H]*: 297.2325.
Found: 297.2323; [a]**p -42.3 (c = 1.0, CHCls, >99% ee).
(1S,2S)-N,N’-diethyl-1,2-bis(4-fluorophenyl)ethylenediamine (43g)

White solids; mp 27-29 °C; IR (neat): 3312, 2966, 2926, 1887, 1604, 1508, 1457, 1222, 1156, 1124
cm®; 'H NMR (500 MHz, CDClz): & = 6.95-6.93 (m, 4H), 6.84-6.80 (m, 4H), 3.55 (s, 2H),
2.45-2.37 (m, 4H), 1.98 (brs, 2H), 1.04 (t, J = 7.0 Hz, 6H) ppm; 1*C NMR (125 MHz, CDCls): 5=
161.6 (d, Jcr = 243.3 Hz), 137.2 (d, Jcr = 2.4 Hz), 129.1 (d, Jcr = 7.1 Hz), 114.7 (d, Jcr = 21.5 Hz),
68.7, 41.8, 15.4 ppm; HRMS (ESI) m/z calcd for C1gH23N2F2 [M+H]*: 305.1824. Found: 305.1826;

[]%b -31.0 (c = 1.0, CHCls, >99% e).
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(1S,25)-N,N’-diethyl-1,2-bis(4-chlorophenyl)ethylenediamine (43h)

Colorless oil; IR (neat): 3311, 2933, 2870, 1897, 1725, 1595, 1490, 1455, 1091, 1013 cm™; H
NMR (500 MHz, CDCls): § = 7.12 (d, J = 8.0 Hz, 4H), 6.93 (d, J = 8.0 Hz, 4H), 3.55 (s, 2H),
2.47-2.35 (m, 4H), 1.89 (brs, 2H), 1.04 (t, J = 7.3 Hz, 6H) ppm; 3C NMR (125 MHz, CDCls): & =
140.0, 132.4, 129.1, 128.1, 68.5, 41.8, 15.4 ppm; HRMS (ESI) m/z calcd for C1sH2sN2Clz [M+H]*:
337.1233. Found: 337.1233; [a]**p -80.7 (c = 1.0, CHCls3, >99% ee).
(1S,2S)-N,N’-diethyl-1,2-bis(4-trifluoromethylphenyl)ethylenediamine (43i)

Yellow oil; IR (neat): 3313, 2968, 1701, 1619, 1458, 1418, 1326, 1165, 1125, 1067 cm™; 'H NMR
(500 MHz, CDCls): & = 7.41 (d, J = 8.0 Hz, 4H), 7.13 (d, J = 8.0 Hz, 4H), 3.68 (s, 2H), 2.42 (q, J =
7.2 Hz, 4H), 1.80 (brs, 2H), 1.06 (t, J = 7.3 Hz, 6H) ppm; *C NMR (125 MHz, CDCl): 5= 145.3,
129.3 (q, Jo-F = 32.2 Hz), 128.1, 125.0 (g, Jcr = 3.6 Hz), 124.0 (g, Jcr = 269.5 Hz), 68.7, 41.9, 15.3
ppm; HRMS (ESI) m/z calcd for C2oH23N2Fs [M+H]*: 405.1760. Found: 405.1753; [0]?b -22.9 (c =

0.8, CHCl3, >99% ee).

General Procedures of Cu-catalyzed Silylation Reactions <Table 15>

A test tube was charged with (R,R)-diamine 43a (10.8 mg, 0.040 mmol, 20 mol%) and then put it
into a glove box. CuOTf-1/2C¢Hs (5.0 mg, 0.020 mmol, 10 mol%) was added to the tube, which
was taken out from the glove box. DME (400 uL) and PhMe;Si-Bpin (66 pL, 0.24 mmol, 1.2 equiv)
were added and the solution was stirred for 10 min at 30 °C. Imine 35ab (45.1 mg, 0.20 mmol, 1.0
equiv) and DME (600 pL) were added to the reaction mixture. After stirring at 30 °C for 10 min,
2,6-xylenol (48.9 mg, 0.40 mmol, 2.0 equiv) was added and the mixture was then stirred for 2 h at
30 °C. Filtration through a small pad of silica gel using DCM and evaporation of the solvent under
reduced pressure afforded the crude product. The yield was determined by *H NMR at this stage
using 1,1,2,2-tetrachloroethane (6 = 5.9 ppm in CDCls, 2H) as an internal standard (93%). The
crude product was then purified by silica-gel column chromatography (hexane/AcOEt, 10/1, then
DCM/hexane, 10/1) to afford the pure 22ab (65.7 mg, 181.7 umol) as white solids in 91% yield

with 86% ee. A gram scale synthesis (1.5 g of 35ab) was also successful (99% vyield, 86% ee). It
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was recrystallized twice from hexane/THF to afford the optically pure 22ab (>99% ee) in 52% yield.
THF was added to a vial tube containing 22ab until it was completely dissolved. It was then put on
a small container filled with hexane around the vial. After three days, white crystals (99% ee)
appeared and they were washed with hexane twice. These crystals were then dried under reduced
pressure. One of the big crystals was cut to be an appropriate size for mounting (0.14 x 0.13 x 0.11
mm). X-ray crystallographic analysis was carried out by the Rigaku Corporation. The absolute

configuration was determined as R (Flack parameter is 0.00(3)).

(R)-N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)benzylamine (22ab)

White solids; mp 109-111 °C; IR (neat): 3290, 2972, 1599, 1453, 1428, 1306, 1252, 1126, 833, 701
cm™; IH NMR (500 MHz, CDCl3) 8= 7.45-7.40 (m, 1H), 7.38-7.34 (m, 4H), 7.24 (dd, J = 7.5, 7.5
Hz, 2H), 7.16 (t, J = 7.5 Hz, 1H), 6.88 (d, J = 7.5 Hz, 2H), 4.29 (d, J = 9.3 Hz, 1H), 4.13 (d, J = 9.3
Hz, 1H), 1.16 (s, 9H), 0.45 (s, 3H), 0.25 (s, 3H) ppm; ¥C NMR (125 MHz, CDCls) & = 141.2,
134.6, 133.7, 130.1, 128.2, 128.0, 126.0, 125.9, 59.7, 50.6, 24.1, -4.9, -5.1 ppm; HRMS (ESI) m/z
calcd for C19H270,NNaSSi [M+Na]*: 384.1424. Found: 384.1422; [a]??p +87.2 (c = 1.0, CHCls,
>99% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 1.0 mL/min, detection at 230
nm.) tr 8.3 min (minor) and 20.5 min (major).
N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)-4-chlorobenzylamine (22d)

Imine 35d (52.0 mg, 0.20 mmol) was used as a substrate. In this case, in order to hydrolyze the
remaining substrate, NaBO3-4H,0 (123.5 mg, 0.80 mmol, 4.0 equiv), Et2O (1 mL) and H20 (3 mL)
were added to the crude product. The mixture was stirred at room temperature for 3 h. After the
extraction with Et,O, the mixture was purified by silica-gel column chromatography (DCM/hexane,
10/1) to afford 22d (64.2 mg, 162.1 umol, 81% yield). White solids; mp 54-56 °C; IR (neat): 3302,
3269, 2969, 1491, 1300, 1254, 1128, 1115, 856, 740 cm™; 'H NMR (500 MHz, CDCls) ¢ =
7.46-7.43 (m, 1H), 7.39-7.34 (m, 4H), 7.22 (d, J = 8.0 Hz, 2H). 6.82 (d, J = 8.0 Hz, 2H), 4.26 (d, J
= 9.3 Hz, 1H), 4.09 (d, J = 9.3 Hz, 1H), 1.18 (s, 9H), 0.45 (s, 3H), 0.26 (s, 3H) ppm; 3C NMR (125

MHz, CDCls) 6 =140.1, 134.5, 133.2, 131.6, 130.3, 128.4, 128.2, 127.2, 59.9, 50.3, 24.1, -5.1, -5.2
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ppm; HRMS (ESI) m/z calcd for C19H2602NCINaSSi [M+Na]*: 418.1034. Found: 418.1031; [0]*°p
+103.2 (c = 1.0, CHCI3, 98% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 1.0
mL/min, detection at 230 nm.) tr 10.5 min (minor) and 19.0 min (major).
N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)-4-fluorobenzylamine (22e)

Imine 35e (48.7 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (DCM/hexane, 10/1) to afford 22e (74.9 mg, 197.3 umol, 99%
yield). Colorless amorphous; IR (neat): 3291, 2973, 1604, 1508, 1428, 1303, 1253, 1224, 1126,
1051 cmt; IH NMR (500 MHz, CDCls) & = 7.45-7.34 (m, 5H), 6.96-6.92 (m, 2H), 6.87-6.84 (m,
2H), 4.27 (d, J = 10.0 Hz, 1H), 4.20 (d, J = 10.0 Hz, 1H), 1.18 (s, 9H), 0.44 (s, 3H), 0.27 (s, 3H)
ppm; 3C NMR (125 MHz, CDCls) &= 161.2 (d, Jcr = 243.3 Hz), 137.2 (d, Jcr = 3.5 Hz), 134.5,
133.4, 130.2, 128.1, 127.4 (d, Jcr = 7.3 Hz), 115.1 (d, Jcr = 21.4 Hz), 59.8, 50.1, 24.1, -5.1, -5.2
ppm; HRMS (EI) m/z calcd for C1sH17FO2NSSi [M-Bu]*:322.0733. Found: 322.0734; [a]?p +67.7
(c = 1.0, CHCIs, 98% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 1.0 mL/min,
detection at 230 nm.) tr 8.8 min (minor) and 21.8 min (major).
N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)-4-methylbenzylamine (22f)

Imine 35f (47.9 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (DCM/hexane, 10/1) to afford 22f (70.4 mg, 187.4 umol, 94%
yield). White solids; mp 50-52 °C; IR (neat): 3290, 2972, 2922, 1513, 1428, 1307, 1252, 1126, 1051,
836 cm™; 'H NMR (500 MHz, CDCl3) &= 7.45-7.40 (m, 1H), 7.38-7.35 (m, 4H), 7.04 (d, J = 8.0
Hz, 2H), 6.77 (d, J = 8.0 Hz, 2H), 4.25 (d, J = 9.5 Hz, 1H), 4.12 (d, J = 9.5 Hz, 1H), 2.31 (s, 3H),
1.16 (s, 9H), 0.44 (s, 3H), 0.25 (s, 3H) ppm; 3C NMR (125 MHz, CDCls) &= 138.1, 135.4, 134.6,
133.8, 130.0, 128.9, 128.0, 125.9, 59.7, 50.3, 24.1, 21.0, -4.9, -5.1 ppm; HRMS (ESI) m/z calcd for
C20H2002NNaSSi [M+Na]*: 398.1581. Found: 398.1577; [a]%°b +109.1 (¢ = 1.0, CHCls, >99% ee);
HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 1.0 mL/min, detection at 240 nm.) tr 8.3
min (minor) and 14.7 min (major).
N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)-4-methoxybenzylamine (229g)

Imine 35¢g (51.1 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
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silica-gel column chromatography (DCM/hexane, 10/1, then hexane/AcOEt, 10/1 to 7/1) to afford
229 (62.8 mg, 160.4 umol, 80% yield). Yellow solids; mp 100-102 °C; IR (neat): 3295, 2959, 1609,
1510, 1428, 1300, 1248, 1124, 1027, 811 cm™*; *H NMR (500 MHz, CDCl3) &= 7.44-7.40 (m, 1H),
7.38-7.34 (m, 4H), 6.81-6.77 (m, 4H), 4.23 (d, J = 9.3 Hz, 1H), 4.11 (d, J = 9.3 Hz, 1H), 3.79 (s,
3H), 1.17 (s, 9H), 0.44 (s, 3H), 0.25 (s, 3H) ppm; 3C NMR (125 MHz, CDCl3) & = 157.8, 134.6,
133.9, 133.3, 130.0, 128.0, 127.1, 113.6, 59.7, 55.2, 49.9, 24.1, -4.9, -5.1 ppm; HRMS (ESI) m/z
calcd for C2oH2003NNaSSi [M+Na]*: 414.1530. Found: 414.1525; [a]??p +82.1 (¢ = 1.0, CHCls,
88% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 1.0 mL/min, detection at 220 nm.)
tr 13.9 min (minor) and 24.0 min (major).
N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)-2-chlorobenzylamine (22h)

Imine 35h (52.0 mg, 0.20 mmol) was used as a substrate. In this case, in order to hydrolyze the
remaining substrate, NaBO3-4H,0 (125.5 mg, 0.82 mmol, 4.1 equiv), Et2O (1 mL) and H20 (3 mL)
were added to the crude product. The mixture was stirred at room temperature for 3 h. After the
extraction with Et,O, the mixture was purified by silica-gel column chromatography (DCM/hexane,
10/1, then hexane/AcOEt, 4/1 to 2/1) to afford 22h (59.5 mg, 150.2 umol, 75% vyield). Yellow
solids; mp 110-112 °C; IR (neat): 3291, 2973, 1473, 1428, 1302, 1254, 1127, 1059, 1034, 834 cm™;
IH NMR (500 MHz, CDCls) & = 7.47-7.44 (m, 1H), 7.42-7.38 (m, 4H), 7.32 (d, J = 8.0 Hz, 1H),
7.19 (dd, J = 8.0, 7.5 Hz, 1H), 7.12 (dd, J = 8.0, 7.5 Hz, 1H), 6.83-6.81 (m, 1H), 4.91 (d, J = 9.5 Hz,
1H), 4.17-4.10 (m, 1H), 1.17 (s, 9H), 0.52 (s, 3H), 0.26 (s, 3H) ppm; *C NMR (125 MHz, CDCls)
0=139.7, 134.6, 133.4, 131.4, 130.3, 129.4, 128.2, 127.3, 127.0, 126.8, 59.9, 46.5, 24.0, -4.6, -5.7
ppm; HRMS (EI) m/z calcd for CisH17CIO2NSSi [M-Bu]*: 338.0438. Found: 338.0435; [a]®p
+59.0 (c = 1.0, CHClI3, 81% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 0.7 mL/min,
detection at 230 nm.) tr 13.0 min (minor) and 24.8 min (major).
N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)-2-methylbenzylamine (22i)

(The reaction was performed as a 0.80 mmol scale.) Imine 35i (191.6 mg, 0.80 mmol) was used as a
substrate. The crude mixture was purified by silica-gel column chromatography (hexane/AcOEt,

10/1 to 7/1, then DCM/hexane, 10/1) to afford 22i (300.0 mg, 798.7 umol, 100% vyield). Colorless
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oil; IR (neat): 3295, 2971, 1686, 1428, 1301, 1252, 1126, 1044, 817, 759 cm™’; *H NMR (500 MHz,
CDCl3) 6= 7.44-7.40 (m, 1H), 7.36-7.35 (m, 4H), 7.14-7.04 (m, 3H), 6.74 (d, J = 7.5 Hz, 1H), 4.54
(d, J = 9.5 Hz, 1H), 4.17 (d, J = 9.5 Hz, 1H), 2.11 (s, 3H), 1.13 (s, 3H), 0.45 (s, 3H), 0.29 (s, 3H)
ppm; 3C NMR (125 MHz, CDCls) & = 139.8, 134.6, 133.89, 133.87, 130.2, 130.1, 128.0, 126.2,
126.0, 125.8, 59.6, 45.6, 23.9, 19.6, -4.8, -5.4 ppm; HRMS (EI) m/z calcd for C16H2002NSSi
[M-Bu]*: 318.0984. Found: 318.0986; [a]*pb +57.8 (¢ = 1.0, CHCls, 95% ee); HPLC (Chiralcel
OD-H, 2-propanol/hexane 1/99, flow 0.7 mL/min, detection at 230 nm.) tr 11.0 min (minor) and
33.5 min (major).

N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)-2-methoxybenzylamine (22])

Imine 35j (51.1 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (hexane/AcOEt, 10/1, then DCM/hexane, 10/1) to afford 22j
(65.3 mg, 166.8 umol, 83% vyield). Yellow solids; mp 92-94 °C; IR (neat): 3291, 2958, 1599, 1492,
1428, 1304, 1245, 1127, 1051, 833 cm™*; *H NMR (500 MHz, CDCls, 50 °C) &= 7.39-7.35 (m, 3H),
7.33-7.30 (m, 2H), 7.17-7.13 (m, 1H), 6.87-6.84 (m, 2H), 6.77 (d, J = 8.0 Hz, 1H), 4.54 (brs, 2H),
3.58 (s, 3H), 1.18 (s, 9H), 0.41 (s, 3H), 0.28 (s, 3H) ppm; 3C NMR (125 MHz, CDCls, 50 °C) & =
156.1, 135.6, 134.3, 129.5, 127.9, 127.7, 127.2, 120.6, 110.4, 59.5, 54.7, 47.7, 24.2, -4.5, -4.9 ppm,;
HRMS (E1) m/z calcd for C16H2003NSSi [M-Bu]*: 334.0933. Found: 334.0932; [a]*®p +43.8 (C =
1.0, CHCls, 86% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 0.7 mL/min, detection
at 240 nm.) tr 12.7 min (minor) and 21.4 min (major).
N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)-3,4-dimethoxybenzylamine (22k)

Imine 35k (57.1 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (hexane/AcOEt, 10/1 to 4/1) to afford 22k (75.9 mg, 180.0 umol,
90% yield). White amorphous; IR (neat): 3248, 2958, 1590, 1515, 1428, 1306, 1254, 1125, 1028,
755 cm™; 'H NMR (500 MHz, CDCl3) & = 7.44-7.39 (m, 1H), 7.37-7.34 (m, 4H), 6.76 (d, J = 8.5
Hz, 1H), 6.49 (d, J = 8.5 Hz, 1H), 6.24 (s, 1H), 4.23-4.18 (m, 2H), 3.85 (s, 3H), 3.63 (s, 3H), 1.19 (s,
9H), 0.4 (s, 3H), 0.28 (s, 3H) ppm; 3C NMR (125 MHz, CDCls) &= 148.4, 147.0, 134.6, 134.0,

133.8, 130.0, 128.0, 117.9, 110.8, 109.4, 59.7, 55.7, 55.5, 50.2, 24.1, -5.0, -5.2 ppm; HRMS (EI)
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m/z calcd for C17H2204NSSi [M-Bu]*: 364.1039. Found: 364.1038; [0]?p +69.3 (¢ = 1.0, CHCls,
88% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 3/97, flow 1.0 mL/min, detection at 230 nm.)
tr 13.3 min (minor) and 16.3 min (major).
N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)-3,4,5-trimethoxybenzylamine (22I)

Imine 351 (63.1 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (DCM only to DCM/MeOH, 20/1, then hexane/AcOEt, 4/1 to
2/1) to afford 221 (83.3 mg, 184.4 umol, 92% vyield). White solids; mp 122-124 °C; IR (neat): 3283,
2959, 1590, 1508, 1463, 1301, 1249, 1124, 1009, 754 cm™; 'H NMR (500 MHz, CDCl3) ¢ =
7.44-7.41 (m, 1H), 7.36-7.35 (m, 4H), 6.04 (s, 2H), 4.19 (s, 2H), 3.82 (s, 3H), 3.67 (s, 6H), 1.23 (s,
9H), 0.45 (s, 3H), 0.30 (s, 3H) ppm; 3C NMR (125 MHz, CDCls) &= 152.9, 137.0, 135.8, 134.6,
133.8, 130.1, 128.0, 102.8, 60.9, 59.9, 55.8, 51.0, 24.1, -4.8, -5.2 ppm; HRMS (EI) m/z calcd for
C22H330sNSSi [M]*: 451.1849. Found: 451.1869; [a]*b +52.1 (¢ = 1.0, CHClIs, 88% ee); HPLC
(Chiralcel OD-H, 2-propanol/hexane 3/97, flow 1.0 mL/min, detection at 230 nm.) tr 14.5 min
(minor) and 17.8 min (major).
N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)(2-naphthyl)methylamine (22m)

Imine 35m (55.1 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (hexane/AcOEt, 10/1, then DCM/hexane, 10/1) to afford 22m
(75.3 mg, 182.9 umol, 91% vyield). White amorphous; IR (neat): 3289, 2972, 1631, 1599, 1428,
1308, 1253, 1125, 1050, 756 cm™; *H NMR (500 MHz, CDCl3) 6= 7.80 (d, J = 8.5 Hz, 1H), 7.73
(d, J = 8.5 Hz, 1H), 7.70 (d, J = 7.0 Hz, 1H), 7.47-7.42 (m, 3H), 7.37-7.36 (m, 4H), 7.31 (s, 1H),
7.03 (d, J = 8.5 Hz, 1H), 4.47 (d, J = 9.5 Hz, 1H), 4.30-4.27 (m, 1H), 1.71 (s, 9H), 0.49 (s, 3H),
0.27 (s, 3H) ppm; *C NMR (125 MHz, CDCls) 5= 138.9, 134.6, 133.6, 133.3, 132.0, 130.2, 128.1,
127.9, 127.63, 127.57, 126.1, 125.3, 124.9, 124.1, 59.8, 50.8, 24.1, -4.9, -5.0 ppm; HRMS (EI) m/z
caled for C19H2002NSSi [M-Bu]*: 354.0984. Found: 354.0980; [a]**p +101.9 (c = 1.0, CHCls, 87%
ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 1.0 mL/min detection at 240 nm.) tr

11.1 min (minor) and 22.4 min (major).
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N-(tert-butylsulfonyl)-a-(dimethylphenylsilyl)(thiophen-2-yl)methylamine (22n)
Imine 35n (46.3 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (DCM/hexane, 10/1, then hexane/AcOEt, 10/1 to 7/1) to afford
22n (71.4 mg, 194.2 umol, 97% vyield). Colorless oil; IR (neat): 3279, 2973, 1685, 1428, 1306,
1253, 1216, 1126, 1045, 844 cm™*; 'H NMR (500 MHz, CDCls) §=7.46-7.42 (m, 3H), 7.38 (dd, J =
7.5, 6.0 Hz, 2H), 7.09 (d, J = 5.0 Hz, 1H), 6.89 (dd, J = 5.0, 3.8 Hz, 1H), 6.57 (d, J = 3.8 Hz, 1H),
459 (d, J = 9.8 Hz, 1H), 4.14 (d, J = 9.8 Hz, 1H), 1.21 (s, 9H), 0.46 (s, 3H), 0.37 (s, 3H) ppm; °C
NMR (125 MHz, CDCls) 6 = 145.4, 134.5, 133.6, 130.1, 128.0, 126.8, 123.1, 122.9, 59.8, 46.4,
24.0, -5.0, -5.1 ppm; HRMS (EI) m/z calcd for C17H2502NSSi [M]": 367.1096. Found: 367.1106;
[a]?’p +38.6 (c = 1.0, CHCls, 83% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 1.0
mL/min, detection at 240 nm.) tr 9.9 min (minor) and 18.9 min (major).
(E)-N-(tert-butylsulfonyl)-1-(dimethylphenylsilyl)-2-methyl-3-phenylallylamine (220)
Imine 350 (53.1 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (hexane/AcOEt, 10/1, then DCM/hexane, 10/1) to afford 220
(60.1 mg, 149.6 umol, 75% yield). Colorless oil; IR (neat) 3291, 2972, 1646, 1599, 1574, 1428,
1307, 1252, 1126, 1055 cm™; 'H NMR (500 MHz, CDCls) & = 7.57-7.55 (m, 2H), 7.47-7.39 (m,
3H), 7.31 (dd, J = 7.5, 7.0 Hz, 2H), 7.19 (t, J = 7.0 Hz, 1H), 7.16 (d, J = 7.5 Hz, 2H), 6.08 (s, 1H),
3.95 (d, J = 10.3 Hz, 1H), 3.82 (d, J = 10.3 Hz, 1H), 1.72 (s, 3H), 1.31 (s, 9H), 0.51 (s, 3H), 0.46 (s,
3H) ppm; *C NMR (125 MHz, CDCls) 6= 138.3, 137.8, 134.5, 134.4, 130.1, 128.7, 128.2, 128.1,
126.1, 124.6, 59.8, 53.7, 24.1, 17.5, -4.4, -4.6 ppm; HRMS (El) m/z calcd for C1gH2202NSSi
[M-Bu]*: 344.1141. Found: 344.1134; [0]?b +43.2 (c = 1.0, CHCIs, 91% ee); HPLC (Chiralcel
OD-H, 2-propanol/hexane 1/99, flow 1.0 mL/min detection at 254 nm.) tr 7.9 min (major) and 9.0
min (minor).
N-(tert-butylsulfonyl)-1-(dimethylphenylsilyl)-3,3-diphenylallylamine (22p)
Imine 35p (65.5 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (hexane/AcOEt, 10/1, then DCM/hexane, 10/1) to afford 22p

(70.0 mg, 151.0 umol, 76% vyield). Yellow amorphous; IR (neat) 3281, 2972, 1598, 1493, 1428,
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1305, 1252, 1126, 1017, [[816 cm™; *H NMR (500 MHz, CDCl3) 6= 7.48-7.21 (m, 13H), 7.16-7.14
(m, 2H), 5.89 (d, J = 11.0 Hz, 1H), 4.31 (dd, J = 11.0, 9.5 Hz, 1H), 3.59 (d, J = 9.5 Hz, 1H), 1.26
(s, 9H), 0.34 (s, 3H), 0.33 (s, 3H) ppm; 3C NMR (125 MHz, CDCls) 5= 142.8, 139.7, 139.4, 134.4,
134.1, 130.15, 130.11, 129.3, 128.3, 128.2, 128.1, 127.3, 127.1, 127.0, 59.8, 46.9, 24.2, -4.6, -5.0
ppm; HRMS (EI) m/z calcd for Co7H3302NSSi [M-Bu]*: 406.1297. Found: 406.1294; [o]?'p -57.9
(c = 1.0, CHCls, 92% ee); HPLC (Chiralcel OD-H, 2-propanol/hexane 1/99, flow 1.0 mL/min
detection at 254 nm.) tr 12.1 min (minor) and 14.4 min (major).
N-(tert-butylsulfonyl)-1-(dimethylphenylsilyl)butylamine (22q)

Imine 35q (38.1 mg, 0.20 mmol) was used as a substrate. The crude mixture was purified by
silica-gel column chromatography (hexane/AcOEt, 10/1, then DCM/hexane, 10/1) to afford 22q
(17.5 mg, 53.4 umol, 27% vyield). Colorless oil; IR (neat): 3277, 2958, 2931, 1427, 1295, 1252,
1125, 834, 815, 702 cm'!; 'H NMR (500 MHz, CDCl3) & = 7.54-7.53 (m, 2H), 7.42-7.36 (m, 3H),
7.32 (d, J = 10.5 Hz, 1H), 3.16 (td, J = 10.5, 6.0 Hz, 1H), 1.75-1.67 (m, 1H), 1.57-1.49 (m, 1H),
1.38-1.30 (m, 2H), 1.26 (s, 9H), 0.87 (t, J = 7.5 Hz, 3H), 0.42 (s, 3H), 0.41 (s, 3H) ppm; 3C NMR
(125 MHz, CDCl3) 6=135.9, 134.1, 129.7, 128.1, 59.9, 45.4, 36.4, 24.1, 20.2, 14.2, -3.9, -4.2 ppm;
HRMS (ESI) m/z calcd for C1sH2002NNaSSi [M+Na]*: 350.1581. Found: 350.1576; [0]*°b +3.5 (c
= 1.0, CHCI3, 95% ee); HPLC (Chiralpak AD-H, 2-propanol/hexane 1/99, flow 0.7 mL/min

detection at 220 nm.) tr 10.4 min (major) and 15.0 min (minor).
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Chapter 3

Synthesis of a-Amino Silanes 57e and 57f

o-Amino silane 57e was prepared by the following procedure. In a round bottom flask,
1,4-dioxa-8-azaspiro[4.5]decane (1.3 mL, 10 mmol), chloromethyltrimethylsilane (1.7 mL, 11
mmol, 1.1 equiv), potassium carbonate (1.5 g, 11 mmol, 1.1 equiv), and potassium iodide (3.0 g, 18
mmol, 1.8 equiv) in DMF (10 mL, 1.0 M) were stirred for 5 h at 80 °C. Water was added to quench
the reaction. The product was extracted with AcOEt three times and the combined organic layer was
washed with water followed by brine, and then dried over Na>SOa. After the solvent was removed
under reduced pressure, the crude product was purified by silica-gel column chromatography
(hexane/AcOEt, 5/1 to 2/1) to afford a-amino silane 57e (2.0 g, 8.7 mmol, 87% yield) as colorless
oil. IR (neat): 2953, 2881, 2796, 1363, 1303, 1248, 1140, 1092, 1041, 850 cm™; 'H NMR (500
MHz, CDCl3) & = 3.91 (s, 4H), 2.52-2.36 (m, 4H), 1.91 (s, 2H), 1.74-1.63 (m, 4H), 0.03 (s, 9H)
ppm; ¥C NMR (125 MHz, CDCls) & = 106.9, 64.1, 55.2, 50.3, 35.0, -1.3 ppm; HRMS (El) m/z

calcd for C11H2302NSi [M]*: 229.1498. Found: 229.1491.

a-Amino silane 57f was prepared from 1,2-bis(bromomethyl)-4,5-dimethoxybenzene (83)°! by
three step sequence. To a solution of 83 (12 g, 37 mmol) in toluene/50% NaOH aq. (4/1, 92.5 mL,
0.4 M), benzylamine (4.9 mL, 44 mmol, 1.2 equiv) was added followed by TBAB (1.2 g, 3.7 mmol,
10 mol%) at room temperature. After stirring at room temperature for 7 h, the organic layer was
separated and the water layer was extracted with AcOEt three times. The combined organic layer
was washed with brine and then dried over NaSOs. After evaporation of the solvent, the crude
product of N-benzyl-5,6-dimethoxyisoindoline (84) was used for the next reaction without further
purification.

To a solution of 84 in MeOH (148 mL, 0.25 M), 5% Pd/C (695.6 mg, 0.9 mol%) was added
followed by the addition of 6 M HCI (12 mL, 74 mmol, 2 equiv). After the introduction of H, gas

by balloon, the reaction mixture was stirred at 40 °C. After 24 h, H> gas was released and Pd/C was
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removed by filtration through Celite pad. After the solvent was removed under reduced pressure, the
resulting solids were washed with acetone and dried under reduced pressure to afford
5,6-dimethoxyisoindoline hydrochloride (85) (2.7 g, 12.4 mmol, 34% in 2 steps) as white solids.

In a round bottom flask, 85 (2.87 g, 13.3 mmol), chloromethyltrimethylsilane (2.2 mL, 14.6
mmol, 1.1 equiv), potassium carbonate (4.0 g, 29.2 mmol, 2.2 equiv), and potassium iodide (4.0 g,
23.9 mmol, 1.8 equiv) in DMF (13 mL, 1.0 M) were stirred for 20 h at 80 °C. Water was added to
quench the reaction. The product was extracted with AcOEt three times and the combined organic
layer was washed with water followed by brine, and then dried over Na>SOa, After the solvent was
removed by evaporation, 57f (3.23 g, 12.1 mmol, 92% yield) was obtained as dark brown solids and
used without further purification. mp 73-75 °C; IR (neat): 3024, 2959, 2748, 1673, 1612, 1508,
1099, 1031, 843, 753 cm*; *H NMR (500 MHz, CDCl3) 5= 6.73 (s, 2H), 3.85 (s, 4H), 3.84 (s, 6H),
2.29 (s, 2H), 0.12 (s, 9H) ppm; 3C NMR (125 MHz, CDCls) & = 148.2, 132.4, 105.7, 62.9, 56.1,

47.8, -1.5 ppm; HRMS (EI) m/z calcd for C13H2002NSi [M-CH3]*: 250.1263. Found: 250.1256.

Supply of Allylic and Benzylic Halides

Allylic halides 58¢%, 5895, and 58n®® were prepared according to the reported methods. Allylic
tosylate 58b” was prepared from 3-chloro-2-methylpropene using the reported method®®. The NMR
data of 58b” was identical to the reported product®”’. Other allylic/benzylic halides are

commercially available.

General Procedure of One-Pot Synthesis of a-Amino Acids <Table 19>

A test tube was charged with CsF (151.9 mg, 1.0 mmol, 5 equiv), which was dried with a heat
gun for 2 min under vacuum (<5 mmHg at ca. 400 °C). After the displacement with CO> gas, TBAI
(162.5 mg, 0.44 mmol, 2.2 equiv) was added followed by the addition of a-amino silane 57e (45.9
mg, 0.20 mmol) in DMF (1 mL, 0.2 M). After the reaction mixture was cooled to 0 °C,
3-bromo-2-methyl-1-propene 58b (45 uL, 0.44 mmol, 2.2 equiv) was added and the solution was

stirred for 24 h at the same temperature. The reaction was quenched by the addition of water. The
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product was extracted with AcOEt three times and washed with water followed by brine, and then
dried over Na,SQO4. The solvent was evaporated under reduced pressure. The yield was determined
by *H NMR at this stage using 1,3,5-trimethoxybenzene (5 = 6.1 ppm in CDCls, 3H) as an internal
standard (73%). The crude product was purified by silica-gel column chromatography

(hexane/AcOEt, 5/1 to 2/1) to afford 63eb (40.8 mg, 131.9 mmol, 66% vyield) as colorless oil.

2-methylallyl 4-methyl-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pent-4-enoate (63eb)

(The reaction was performed as a 5.0 mmol scale.)

57e (1.15 g, 5.0 mmol) and 58b (1.1 mL, 11 mmol) and DMF (12.5 mL, 0.4 M) were used. The
crude product was purified by silica-gel column chromatography (hexane/AcOEt, 5/1 to 2/1) to
afford 63eb (1.29 g, 4.16 mmol, 83% vyield). IR (neat): 3078, 2958, 2881, 1733, 1651, 1442, 1162,
1092, 1039, 910 cm™; *H NMR (500 MHz, CDCl3) §=5.00 (s, 1H), 4.93 (s, 1H), 4.77 (s, 1H), 4.73
(s, 1H), 451 (s, 2H), 3.93 (s, 4H), 3.48 (dd, J = 9.3 and 5.9 Hz, 1H), 2.80-2.71 (m, 2H), 2.70-2.62
(m, 2H), 2.54 (dd, J = 14.2 and 9.3 Hz, 1H), 2.35 (dd, J = 14.2 and 5.9 Hz, 1H), 1.78-1.64 (m, 10H)
ppm; ¥C NMR (125 MHz, CDCls3) 6 = 171.3, 141.9, 139.8, 113.3, 112.6, 107.2, 67.4, 65.9, 64.2,
475, 37.7, 35.4, 22.4, 19.6 ppm; HRMS (El) m/z calcd for Ci7H2704N [M]*: 309.1940. Found:
309.1937.

2-phenylallyl 4-phenyl-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pent-4-enoate (63ec)
3-Bromoprop-1-en-2-yl)benzene 58c (63uL, 0.44 mmol) was used. The crude mixture was purified
by silica-gel column chromatography (hexane/AcOEt, 5/1 to 2/1) to afford 63ec (53.7 mg, 123.9
mmol, 62% vyield). Colorless oil; IR (neat): 3056, 2956, 1732, 1634, 1496, 1316, 1161, 1089, 909,
778 cm™; 'H NMR (500 MHz, CDCls) §= 7.43-7.38 (m, 2H), 7.36-7.22 (m, 8H), 5.53 (s, 1H), 5.34
(s, 1H), 5.19 (s, 1H), 5.04 (s, 1H), 4.99 (d, J = 13.8 Hz, 1H), 4.93 (d, J = 13.8 Hz, 1H), 3.92 (s, 4H),
3.32 (dd, J = 9.1, 6.1 Hz, 1H), 2.92 (dd, J = 14.3, 9.1 Hz, 1H), 2.83 (dd, J = 14.3, 6.1 Hz, 1H),
2.72-2.62 (M, 2H), 2.61-2.48 (m, 2H), 1.70-1.50 (m, 4H) ppm; *C NMR (125 MHz, CDCl3) & =
171.2,145.1, 142.5, 140.7, 138.0, 128.4, 127.9, 127.4, 126.3, 126.1, 115.6, 115.0, 107.1, 66.0, 65.4,

64.1, 47.4, 35.5, 35.2 ppm; HRMS (El) m/z calcd for Co7H3104NSi [M]*: 433.2253. Found:
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433.2244.

allyl 2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pent-4-enoate (63ea)

(The reaction was performed as a 10 mmol scale.)

57e (2.29 g, 10 mmol) and allyl bromide 58a’ (1.9 mL, 22 mmol) and DMF (25 mL, 0.4 M) were
used. The crude mixture was purified by silica-gel column chromatography (hexane/AcOEt, 5/1 to
2/1) to afford 63ea (2.24 g, 8.0 mmol, 80% yield). Yellow oil; IR (neat): 3079, 2956, 2833, 1732,
1643, 1364, 1166, 1088, 1039, 914 cm™; 'H NMR (500 MHz, CDCls) 6§ = 5.97-5.87 (m, 1H),
5.83-5.72 (m, 1H), 5.33 (d, J = 16.9 Hz, 1H), 5.23 (d, J = 10.3 Hz, 1H), 5.09 (d, J = 16.9 Hz, 1H),
5.04 (d, J = 10.3 Hz, 1H), 4.51 (d, J = 5.5 Hz, 1H), 3.93 (s, 4H), 3.31 (dd, J = 8.5, 6.5 Hz, 1H),
2.77-2.68 (m, 2H), 2.67-2.61 (m, 2H), 2.57-2.48 (m, 1H), 2.46-2.37 (m, 1H), 1.78-1.65 (m, 4H)
ppm; *C NMR (125 MHz, CDCls) 6= 171.1, 134.3, 132.2, 118.3, 117.2, 107.1, 67.2, 64.8, 64.1,
47.6, 35.3, 33.9 ppm; HRMS (EI) m/z calcd for C12H1804N [M-(CH2CH=CH>)]": 240.1236. Found:
240.1236.

(E)-but-2-en-1-yl 3-methyl-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pent-4-enoate (63ed)

Crotyl chloride 58d (43uL, 0.44 mmol) was used. The crude mixture was purified by silica-gel
column chromatography (hexane/AcOEt, 5/1) to afford 63ed as 1:1 diastereomixture (51.3 mg,
165.8 umol, 83% yield). Colorless oil; IR (neat): 3078, 2959, 2880, 1729, 1456, 1340, 1224, 1146,
1088, 966 cm™; 'H NMR (diastereomixture: 500 MHz, CDCl3) 5= 5.86-5.71 (m, 3H), 5.65-5.50 (m,
3H), 5.06-4.92 (m, 4H), 4.53 (d, J = 7.0 Hz, 2H), 4.48 (d, J = 7.0 Hz, 2H), 3.92 (s, 4H), 3.90 (s, 4H),
2.96 (d, J = 11.0 Hz, 1H), 2.90 (d, J = 11.0 Hz, 1H), 2.74-2.58 (m, 6H), 2.57-2.47 (m, 4H),
1.76-1.56 (m, 14H), 1.03 (d, J = 6.3 Hz, 3H), 0.94 (d, J = 6.3 Hz, 3H) ppm; C NMR
(diastereomixture: 125 MHz, CDClz) 6 = 170.6, 170.5, 141.0, 140.3, 131.4, 131.1, 125.3, 125.2,
115.6, 113.7, 107.32, 107.30, 72.5, 72.1, 64.6, 64.4, 64.11, 64.09, 47.3, 37.2, 36.6, 35.4, 17.74,
17.71, 17.4, 16.7 ppm; HRMS (EI) m/z calcd for C13Hz004N [M-(CH2.CH=CHCHz)]": 254.1392.
Found: 254.1395.

cinnamyl 3-phenyl-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pent-4-enoate (63ee)
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Cinnamyl bromide 58e (65uL, 0.44 mmol) was used. The crude mixture was purified by silica-gel
column chromatography (hexane/AcOEt, 5/1 to 2/1) to afford 63ee as 1:1 diastereomixture (81.4
mg, 187.8 umol, 94% yield). White solids; mp 98-100 °C; IR (neat): 3027, 2955, 2835, 1727, 1494,
1341, 1220, 1156, 1087, 917 cm™; *H NMR (diastereomixture: 500 MHz, CsDg) 6= 7.25 (d, J=7.0
Hz, 2H), 7.21 (d, J = 7.0 Hz, 2H), 7.18-7.02 (m, 15H), 6.99 (t, J = 7.5 Hz, 1H), 6.44 (d, J = 16.0 Hz,
1H), 6.28-6.11 (m, 3H), 6.00-5.91 (m, 1H), 5.80 (dt, J = 16.0, 6.4 Hz, 1H), 5.20 (d, J = 17.0 Hz,
1H), 5.05 (d, J = 10.3 Hz, 1H), 5.00 (d, J = 10.3 Hz, 1H), 4.97 (d, J = 17.0 Hz, 1H), 4.73-4.63 (m,
2H), 4.36 (d, J = 6.4 Hz, 2H), 4.05-3.96 (m, 2H), 3.74 (d, J = 4.0 Hz, 1H), 3.72 (d, J = 4.0 Hz, 1H),
3.51 (s, 4H), 3.41 (s, 4H), 3.11-3.03 (m, 2H), 3.01-2.92 (m, 2H), 2.85-2.77 (m, 2H), 2.73-2.65 (m,
2H), 1.91-1.73 (m, 4H), 1.60-1.51 (m, 2H), 1.47-1.39 (m, 2H) ppm; *C NMR (diastereomixture:
125 MHz, C¢De) 6 = 169.9, 169.2, 141.5, 141.2, 139.7, 139.4, 136.9, 134.3, 133.8, 129.1, 128.82,
128.79, 128.57, 128.49, 128.3, 128.01, 127.97, 127.1, 127.02, 126.6, 124.0, 123.9, 116.7, 115.7,
107.6, 107.4, 72.3, 71.3, 64.7, 64.4, 64.2, 64.1, 50.0, 49.4, 48.0, 36.1, 35.8 ppm; HRMS (EI) m/z
calcd for C1gH2204N [M-(CH2CH=CHCsHs)]": 316.1549. Found: 316.1547.

3-methylbut-2-en-1-yl

3,3-dimethyl-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pent-4-enoate (63ef)

Prenyl bromide 58f (51uL, 0.44 mmol) was used. The crude mixture was purified by silica-gel
column chromatography (hexane/AcOEt, 5/1) to afford 63ef (54.8 mg, 162.4 umol, 81% yield).
Colorless oil; IR (neat): 2957, 2877, 1732, 1442, 1363, 1214, 1138, 1084, 1040, 912 cm™; 'H NMR
(500 MHz, CDCl3) 6= 6.11 (dd, J = 17.1, 11.8 Hz, 1H), 5.40-5.34 (m, 1H), 5.00 (d, J = 17.7 Hz,
1H), 4.96 (d, J = 11.8 Hz, 1H), 4.63-4.54 (m, 2H), 3.92 (s, 4H), 2.98 (s, 1H), 2.96-2.88 (m, 2H),
2.51-2.42 (m, 2H), 1.75 (s, 3H), 1.73-1.62 (m, 7H), 1.13 (s, 3H), 1.06 (s, 3H) ppm; 3C NMR (125
MHz, CDCIs) 6= 170.3, 145.2, 138.9, 118.8, 111.9, 107.1, 75.5, 64.1, 60.4, 50.3, 40.4, 35.6, 25.6,
25.4, 23.6, 18.0 ppm; HRMS (E1) m/z calcd for Ci14H2204sN [M-(CH2CH=C(CH3),]*: 268.1549.
Found: 268.1551.

3,3-diphenylallyl 3,3-diphenyl-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pent-4-enoate (63eQ)

(3-Bromoprop-1-ene-1,1-diyl)dibenzene 58g (120.2 mg, 0.44 mmol) was used. The crude mixture
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was purified by silica-gel column chromatography (hexane/AcOEt, 10/1) to afford 63eg (84.5 mg,
144.3 umol, 72% yield). Yellow amorphous; IR (neat): 3021, 2955, 2830, 1734, 1495, 1444, 1219,
1149, 1079, 756 cm™; 'H NMR (500 MHz, acetone-ds) &= 7.46-7.11 (m, 21H), 5.98 (t, J = 7.3 Hz,
1H), 5.33 (d, J = 7.3 Hz, 1H), 4.59 (d, J = 10.8 Hz, 1H), 4.52 (dd, J = 12.5, 6.8 Hz, 1H), 4.44 (dd, J
= 12.5, 6.8 Hz, 1H), 4.41 (s, 4H), 2.98-2.88 (m, 2H), 2.64-2.47 (m, 2H), 1.71-1.56 (m, 4H) ppm;
13C NMR (125 MHz, acetone-ds) 6 = 168.8, 146.9, 146.1, 145.9, 143.8, 142.5, 139.7, 130.9, 130.6,
130.2, 129.4, 129.2, 128.83, 128.80, 128.61, 128.57, 128.1, 127.4, 127.0, 123.7, 118.1, 107.4, 77.4,
64.9, 62.4, 58.3, 51.7, 36.6 ppm; HRMS (EI) m/z calcd for C3yH390sN [M]*: 585.2879. Found:
585.2869.

2,3-dimethylbut-2-en-1-yl
3,3,4-trimethyl-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pent-4-enoate (63eh)
1-Bromo-2,3-dimethylbut-2-ene 58h (57 pL, 0.44 mmol) was used. The crude mixture was purified
by silica-gel column chromatography (toluene only to hexane/AcOEt, 5/1) to afford 63eh (49.3 mg,
134.9 umol, 67% yield).White solids; mp 52-54 °C; IR (neat): 2957, 2926, 2881, 1733, 1634, 1451,
1363, 1121, 1082, 912 cm'®; *H NMR (500 MHz, CDCls) 8= 4.78 (s, 1H), 4.77 (s, 1H), 457 (d, J =
11.8 Hz, 1H), 4.54 (d, J = 11.8 Hz, 1H), 3.91 (s, 4H), 3.26 (s, 1H), 2.98-2.87 (m, 2H), 2.58-2.45 (m,
2H), 1.79-1.60 (m, 16H), 1.17 (s, 3H), 1.15 (s, 3H) ppm; 3C NMR (125 MHz, CDCls) § = 170.8,
151.1, 131.8, 122.8, 110.8, 107.1, 73.5, 64.9, 64.1, 50.7, 43.0, 35.7, 25.4, 22.8, 20.9, 20.4, 20.3,
17.2 ppm; HRMS (El) m/z calcd for CisH2404N [M-(CH2C(CH3)=C(CHs).]": 282.1705. Found:
282.1706.

benzyl 3-phenyl-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)propanoate (63ei)

Benzyl bromide 58i (52 pL, 0.44 mmol) was used. The crude mixture was purified by silica-gel
column chromatography (hexane/AcOEt, 5/1 to 2/1) to afford 63ei (46.3 mg, 121.4 umol, 61%
yield). Colorless oil; IR (neat): 2957, 2882, 1731, 1604, 1455, 1215, 1144, 1038, 911, 734 cm™*; H
NMR (500 MHz, CDCls) & = 7.32-7.16 (m, 10H), 5.08 (d, J = 12.0 Hz, 1H), 5.04 (d, J = 12.0 Hz,
1H), 3.96 (s, 4H), 3.55 (dd, J = 9.6, 5.7 Hz, 1H), 3.10 (dd, J = 13.4, 9.6 Hz, 1H), 2.97 (dd, J = 13.4,

5.7 Hz, 1H), 2.88-2.80 (m, 2H), 2.75-2.66 (M, 2H), 1.81-1.65 (m, 4H) ppm; 3C NMR (125 MHz,

-100-



Experiment of Chapter 3

CDCls3) o = 171.1, 138.0, 135.7, 129.2, 128.4, 128.3, 128.1, 126.3, 107.1, 69.4, 65.9, 64.2, 47.8,
35.8, 35.3 ppm; HRMS (El) m/z calcd for CisH2004N [M-(CH2CeHs)]*: 290.1392. Found:
290.1391.

4-methylbenzyl 2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)-3-(p-tolyl)propanoate (63ej)
4-Methylbenzyl bromide 58j (81.4 mg, 0.44 mmol) was used. The crude mixture was purified by
silica-gel column chromatography (hexane/AcOEt, 5/1 to 2/1) to afford 63ej (45.0 mg, 109.9 pumol,
55% vyield). Colorless oil; IR (neat): 2956, 2881, 1732, 1517, 1159, 1088, 1040, 912, 805, 734 cm™;
IH NMR (500 MHz, CDCl3) §=7.13-7.01 (m, 8H), 5.03 (d, J = 12.0 Hz, 1H), 4.98 (d, J = 12.0 Hz,
1H), 3.95 (s, 4H), 3.50 (dd, J = 9.9, 5.8 Hz, 1H), 3.04 (dd, J = 13.2, 9.9 Hz, 1H), 2.92 (dd, J = 13.2,
5.8 Hz, 1H), 2.85-2.76 (m, 2H), 2.74-2.65 (m, 2H), 2.35 (s, 3H), 2.31 (s, 3H), 1.80-1.63 (m, 4H)
ppm; 3C NMR (125 MHz, CDCls) § = 171.3, 137.8, 135.7, 134.9, 132.7, 129.04, 129.03, 128.9,
128.3, 107.1, 69.5, 65.8, 64.1, 47.8, 354, 35.3, 21.2, 21.0 ppm; HRMS (EI) m/z calcd for
C17H2204N [M-(CH2CsH4CH3)]*: 304.1549. Found: 304.1541.

4-methoxybenzyl 3-(4-methoxyphenyl)-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)propanoate
(63ek)

4-Methoxybenzyl chloride 58k (60 uL, 0.44 mmol) was used. The crude mixture was purified by
silica-gel column chromatography (hexane/AcOEt, 5/1 to 1/1) to afford 63ek (48.6 mg, 110.1 umol,
55% yield). White solids; mp 62-64 °C; IR (neat): 2957, 2836, 1730, 1613, 1515, 1249, 1145, 1088,
1037, 912 cm™; 'H NMR (500 MHz, acetone-ds) 5= 7.18 (d, J = 8.5 Hz, 2H), 7.11 (d, J = 8.0 Hz,
2H), 6.87 (d, J = 8.5 Hz, 2H), 6.79 (d, J = 8.0 Hz, 2H), 5.03 (d, J = 13.0 Hz, 1H), 4.98 (d, J = 13.0
Hz, 1H), 3.89 (s, 4H), 3.79 (s, 3H), 3.76 (s, 3H), 3.54-3.39 (m, 1H), 2.98 (dd, J = 13.0, 9.5 Hz, 1H),
2.89-2.74 (m, 3H), 2.68-2.54 (m, 2H), 1.70-1.53 (m, 4H) ppm; 3C NMR (125 MHz, acetone-ds) &
=171.7, 160.6, 159.3, 131.3, 131.2, 130.9, 129.3, 114.7, 114.5, 107.7, 70.3, 66.0, 64.8, 55.7, 55.5,
485, 36.4, 35.6 ppm; HRMS (EI) m/z calcd for Ci7H2:0sN [M-(CH2CsHsOCH3)]*: 320.1498.
Found: 320.1496.

naphthalen-1-ylmethyl 2-(1-methylnaphthalen-2-yl)-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)

acetate (63el)
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1-(Chloromethyl)naphthalene 58I (66 uL, 0.44 mmol) was used. The crude mixture was purified by
silica-gel column chromatography (hexane/AcOEt, 10/1 to 2/1) to afford 63el (44.8 mg, 93.0 umol,
47% vyield). White amorphous; IR (neat): 2958, 2881, 1741, 1511, 1367, 1229, 1144, 1095, 947,
755 cmt; 'H NMR (500 MHz, acetone-ds) o= 8.05 (d, J = 8.0 Hz, 1H), 7.88-7.81 (m, 3H),
7.77-7.68 (m, 3H), 7.56-7.49 (m, 2H), 7.44 (d, J = 7.0 Hz, 1H), 7.41 (dd, J = 8.0, 7.0 Hz, 1H), 7.35
(dd, J = 8.0, 7.0 Hz, 1H), 7.21 (dd, J = 8.0, 7.0 Hz, 1H), 5.56 (d, J = 12.8 Hz, 1H), 5.53 (d, J = 12.8
Hz, 1H), 4.68 (s, 1H), 3.86 (s, 4H), 2.66 (s, 3H), 2.64-2.50 (m, 4H), 1.68-1.55 (m, 4H) ppm; *C
NMR (125 MHz, acetone-ds) 6 = 172.0, 134.7, 134.3, 134.2, 133.9, 133.2, 132.6, 132.5, 130.1,
129.4, 129.3, 128.2, 127.24, 127.20, 127.02, 127.00, 126.79, 126.75, 126.1, 125.4, 124.5, 107.6,
70.9, 65.5, 64.9, 49.7, 36.0, 14.6 ppm; HRMS (EI) m/z calcd for CaoH2204N [M-(CH2C10H7)]*:
340.1549. Found: 340.1544.

naphthalen-2-ylmethyl
2-(2-methylnaphthalen-1-yl)-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)acetate (63em)
2-(Bromomethyl)naphthalene 58m (97.3 mg, 0.44 mmol) was used. After the reaction, CO, was
released and then DBU (149 uL, 1.0 mmol, 5 equiv) was added. The reaction mixture was stirred at
RT for 5 h. Then, water was added and the product was extracted with AcOEt three times. The
crude mixture was purified by silica-gel column chromatography (hexane/AcOEt, 10/1 to 2/1, then
hexane/acetone, 10/1 to 2/1) to afford 63em (55.3 mg, 114.8 umol, 55% yield). White solids; mp
125-127 °C; IR (neat): 3051, 2958, 2816, 1746, 1508, 1366, 1144, 1096, 815, 752 cm™; *H NMR
(500 MHz, acetone-ds) 0 = 9.18 (d, J = 10.0 Hz, 1H), 7.87-7.77 (m, 3H), 7.69 (d, J = 9.0 Hz, 1H),
7.61-7.54 (m, 1H), 7.48-7.37 (m, 5H), 7.33 (s, 1H), 7.11 (d, J = 8.5 Hz, 1H), 5.27 (d, J = 13.3 Hz,
1H), 5.12 (d, J = 13.3 Hz, 1H), 5.02 (s, 1H), 3.88 (s, 6H), 2.85-2.65 (M, 5H), 2.45-2.35 (m, 2H),
1.73-1.59 (m, 4H) ppm; BC NMR (125 MHz, CDCls) 5= 171.8, 137.2, 134.2, 134.1, 133.9, 133.6,
130.9, 130.6, 129.6, 129.0, 128.9, 128.8, 128.5, 127.4, 127.1, 127.0, 126.7, 126.6, 126.1, 125.8,
107.6, 69.6, 66.5, 64.9, 50.3, 36.1, 22.0 ppm; HRMS (EI) m/z calcd for CzH2202N

[M-(CH2C10Ho)]*: 340.1549. Found: 340.1540.
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4-bromobenzyl 2-(5-bromo-2-methylphenyl)-2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)acetate
(63en)

4-Bromobenzyl bromide 58n (110.0 mg, 0.44 mmol) was used. After the reaction, CO> was
released and then DBU (149 uL, 1.0 mmol, 5 equiv) was added. The reaction mixture was stirred at
0 °C for 5 h. Then, water was added and the product was extracted with AcOEt three times. The
yield was determined by 'H NMR at this stage using 1,3,5-trimethoxybenzene (5 = 6.1 ppm in
CDCls, 3H) as an internal standard (64% yield). Colorless oil; IR (neat): 2957, 2880, 2823, 1741,
1488, 1368, 1217, 1144, 1091, 754 cm™; *H NMR (500 MHz, CDCls) 6= 7.64 (s, 1H), 7.42 (d, J =
8.3 Hz, 2H), 7.30 (d, J = 8.3 Hz, 1H), 7.06 (d, J = 8.3 Hz, 2H), 7.01 (d, J = 8.3 Hz, 1H), 5.06 (s,
2H), 4.28 (s, 1H), 3.93 (s, 4H), 2.58-2.50 (m, 4H), 2.32 (s, 3H), 1.76-1.68 (m, 4H) ppm; *C NMR
(125 MHz, CDClIs) 6 = 170.8, 136.7, 136.2, 134.5, 132.2, 131.6, 131.03, 130.99, 129.6, 122.3,
120.0, 107.0, 69.2, 64.2, 48.9, 34.8, 19.2 ppm; HRMS (El) m/z calcd for CasH2sBrOsN

[M-(CH2CsH4Br)]*: 368.0498. Found: 368.0499.

Carboxylation of a-Amino Silane <Scheme 49d>

A test tube was charged with CsF (152 mg, 1.0 mmol, 5 equiv), which was dried with a heat gun
for 2 min under vacuum (<5 mmHg at ca. 400 °C). After the displacement with CO> gas, a-amino
silane 57e (45.9 mg, 0.20 mmol) in NMP (2 mL, 0.1 M) was added. After the reaction mixture was
heated to 150 °C, the solution was stirred for 24 h at the same temperature. CO_ was released and
then hexyl iodide (35 mL, 0.24 mmol, 1.2 equiv) was added followed by Cs.COs (65.2 mg, 0.20
mmol, 1.0 equiv) and the reaction mixture was stirred for 1 h at 50 °C. The reaction was quenched
by the addition of water. The product was extracted with AcOEt three times and the combined
organic layers was washed with water followed by brine, and then dried over Na.SOa. The solvent
was evaporated under reduced pressure. The yield was determined by *H NMR at this stage using
1,3,5-trimethoxybenzene (6 = 6.1 ppm in CDCls, 3H) as an internal standard (26% of 80e and 33%

of recovered substrate). The crude product was purified by silica-gel column chromatography
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(hexane/AcOEt, 5/1 to 1/1) to afford 80e (15.5 mg, 54.3 umol, 27% vyield.) as colorless oil.

hexyl 2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)acetate (80e)

IR (neat): 2957, 2931, 2251, 1744, 1468, 1187, 1098, 1040, 914, 732 cm™; 1H NMR (500 MHz,
CDCls) 6= 4.10 (t, J = 6.8 Hz, 2H), 3.93 (s, 2H), 3.21 (s, 2H), 2.69-2.58 (m, 4H), 1.82-1.74 (m,
4H), 1.62 (tt, J = 7.0, 6.8 Hz, 2H), 1.37-1.22 (m, 6H), 0.87 (t, J = 6.8 Hz, 3H) ppm; 3C NMR (125
MHz, CDCl3) ¢ = 170.6, 106.7, 64.7, 64.2, 59.2, 51.4, 34.7, 31.4, 28.5, 25.5, 22.5, 13.9 ppm;

HRMS (ESI) m/z calcd for C1sH2804N [M+H]*: 286.2013. Found: 286.2010.

Synthesis of Ammonium Salt Intermediates

Intermediate 59eb was prepared by the following procedure. a-Amino silane 57e (688.2 mg, 3
mmol) and 3-bromo-2-methyl-1-propene (60b) (914 uL, 9 mmol, 3.0 equiv) in MeCN (3 mL, 1.0
M) were stirred for 12 h at room temperature. After the solvent was removed under reduced
pressure, the desired ammonium salt 59eb was obtained (839.0 mg, 2.3 mmol, 77%) as yellow

amorphous..

8-(2-methylallyl)-8-((trimethylsilyl)methyl)-1,4-dioxa-8-azaspiro[4.5]decan-8-ium bromide
(59eb)

IR (neat): 3393, 2954, 2895, 1637, 1457, 1255, 1169, 1119, 1034, 856 cm™; 'H NMR (500 MHz,
D20) 6= 5.61 (s, 1H), 5.37 (s, 1H), 4.10-4.04 (m, 4H), 4.02 (s, 2H), 3.66-3.57 (m, 2H), 3.50-3.42
(m, 2H), 3.19 (s, 2H), 2.22-2.09 (m, 4H), 2.00 (s, 3H), 0.30 (s, 9H) ppm; 3C NMR (125 MHz,
D20) 6=133.9, 128.4, 104.5, 69.4, 65.32, 65.29, 60.0, 54.2, 30.0, 24.3, -0.8 ppm; HRMS (ESI) m/z

calcd for C15H3002NSi [M]*: 284.2040. Found: 284.2035.

Intermediate 6leb was prepared by the following procedure. In a round bottom flask,
1,4-dioxa-8-azaspiro[4.5]decane (1.9 mL, 15 mmol), 3-chloro-2-methyl-propene (58b’) (1.6 mL,
16.5 mmol, 1.1 equiv), potassium carbonate (2.3 g, 16.5 mmol, 1.1 equiv), and potassium iodide

(4.5 g, 27 mmol, 1.8 equiv) in DMF (15 mL, 1.0 M) were stirred for 17 h at 80 °C. Water was added
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to quench the reaction. The product was extracted with AcOEt three times and the combined
organic layer was washed with water followed by brine, and then dried over Na;SOas After
evaporation of the solvent, the crude product of 8-(2-methylallyl)-1,4-dioxa-8-azaspiro[4.5]decane
(86) was used for the next reaction without further purification.

Amine 86 and methylbromoacetate (4.1 mL, 45 mmol, 3.0 equiv) in MeCN (15 mL, 1.0 M) were
stirred for 13 h at 60 °C. The solids were washed with hexane to afford
8-(2-methoxy-2-oxoethyl)-8-(2-methylallyl)-1,4-dioxa-8-azaspiro[4.5]decan-8-ium bromide (87)
(3.4 g, 65% in 2 steps) as white solids.

Ammonium salt 87 (1.05 g, 3.0 mmol) dissolved in water was passed through ion-exchange
chromatography (Amberlite IRA-402(OH)). The solvent was removed under reduced pressure to

afford 61eb (808.4 mg, 3.16 mmol, quant.) as colorless solids.

2-(8-(2-methylallyl)-1,4-dioxa-8-azaspiro[4.5]decan-8-ium-8-yl)acetate (61eb)

mp 196-198 °C; IR (neat): 3445, 2974, 1635, 1456, 1384, 1217, 1169, 1118, 944, 751 cm™; H
NMR (500 MHz, DMSO-ds) 5= 5.43 (s, 1H), 5.29 (s, 1H), 4.32 (s, 2H), 3.93 (s, 4H), 3.90-3.80 (m,
2H), 3.55 (s, 2H), 3.48-3.38 (m, 2H), 2.02-1.85 (m, 7H) ppm; 3C NMR (125 MHz, DMSO-ds) § =
163.9, 134.4, 126.2, 103.8, 64.2, 64.0, 63.3, 58.1, 56.5, 29.1, 23.6 ppm; HRMS (ESI) m/z calcd for

C13H2:0sNNa [M+Na]*: 278.1363. Found: 278.1361.

Intermediate 62eb was prepared by the following procedure. In a round bottom flask,
1,4-dioxa-8-azaspiro[4.5]decane (1.3 mL, 10 mmol), 2-methylallyl 2-chloroacetate 88% (1.6 g, 1.1
equiv), potassium carbonate (1.5 g, 11 mmol, 1.1 equiv), and potassium iodide (3.0 g, 18 mmol, 1.8
equiv) in DMF (10 mL, 1.0 M) were stirred for 14 h at 80 °C. Water was added to quench the
reaction. The product was extracted with AcOEt three times and the combined organic layer was
washed with water followed by brine, and then dried over Na,SO4. After evaporation of the solvent,
the crude product of 2-methylallyl 2-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)acetate (89) was used for

the next reaction without further purification.
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Amine 89 and 3-bromo-2-methyl-propene (5 mL, 50 mmol, 5 equiv) in MeCN (10 mL, 1.0 M)
were stirred for 20 h at room temperature. After evaporation, the crude product was dissolved in
water and washed with AcOEt. The water layer was evaporated followed by trituration with hexane.
The solids were filtered and washed with hexane and AcOEt to afford 62ev (561.1 mg, 14% in 2

steps) as yellow solids.

8-(2-methylallyl)-8-(2-((2-methylallyl)oxy)-2-oxoethyl)-1,4-dioxa-8-azaspiro[4.5]decan-8-ium
bromide (62eb)

mp 169-171 °C; IR (neat): 3420, 2968, 1747, 1646, 1445, 1383, 1191, 1088, 945, 752 cm; 'H
NMR (500 MHz, CDs0OD) & = 5.57 (s, 1H), 5.36 (s, 1H), 5.06 (s, 1H), 5.02 (s, 1H), 4.70 (s, 2H),
4.53 (s, 2H), 4.34 (s, 2H), 4.03 (s, 4H), 3.99-3.90 (m, 2H), 3.82-3.71 (m, 2H), 2.22-2.06 (m, 4H),
2.00 (s, 3H), 1.80 (s, 3H) ppm; 3C NMR (125 MHz, CDsOD) 5= 116.2, 140.4, 134.8, 128.8, 115.1,
104.5, 70.6, 67.4, 66.0, 65.9, 60.5, 56.3, 30.8, 23.8, 19.6 ppm; HRMS (ESI) m/z calcd for

C17H2804N [M]": 310.2013. Found: 310.2011.

One-Pot Reaction Using 5-Membered Ring Substrate
<Table 16, entry 6>

A test tube was charged with CsF (152 mg, 1.0 mmol, 5 equiv), which was dried with a heat gun
for 2 min under vacuum (<5 mmHg at ca. 400 °C). After the displacement with COz gas, a-amino
silane 57f (53.1mg, 0.20 mmol) was added followed by the addition of DMF (1 mL, 0.2 M) and
allyl iodide (58a) (91 pL, 1.0 mmol, 5.0 equiv). The reaction mixture was stirred for 24 h at room
temperature. The reaction was quenched by the addition of water. The product was extracted with
AcOEt three times and the combined organic layers was washed with water followed by brine, and
then dried over Na>SOs. The solvent was evaporated under reduced pressure. The yield was
determined by *H NMR at this stage using 1,1,2,2-tetrachloroethane (6 = 5.9 ppm in CDCls, 2H) as
an internal standard (51%). The crude product was purified by silica-gel column chromatography

(hexane/AcOEt, 5/1 to 2/1) to afford the o,a-disubstituted ester 67fa (36.5 mg, 102.1 mmol, 51%
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yield) as brown oil.

allyl 2-allyl-2-(5,6-dimethoxyisoindolin-2-yl)pent-4-enoate (67fa)
IR (neat): 3078, 2938, 2836, 2254, 1721, 1509, 1222, 1106, 911, 734 cm™; *H NMR (500 MHz,
acetone-ds) 5= 6.83 (s, 2H), 5.98-5.80 (m, 3H), 5.33-5.26 (m, 1H), 5.19-5.12 (m, 3H), 5.11-5.05 (m,
2H), 4.65-4.58 (m, 2H), 4.17 (s, 4H), 3.77 (s, 6H), 2.71-2.57 (m, 4H) ppm; *C NMR (125 MHz,
acetone-ds) 0 = 172.7, 150.0, 134.7, 133.8, 131.8, 118.6, 118.4, 107.5, 67.6, 65.5, 56.5, 54.1, 38.6
ppm; HRMS (EI) m/z calcd for C1gH2204N [M-(CH2.CH=CH)]": 316.1549. Found: 316.1549.
<Scheme 50a>

When the one-pot reaction was conducted using 57f (265.4 mg, 1.0 mmol), allyl bromide (58a°)
(186 mL, 2.2 mmol, 2.2 equiv) and CsF (760 mg, 5 mmol, 5 equiv) at 0 °C, a-monosubstituted ester
63fa (201.0 mg, 0.63 mmol, 63% yield) was selectively obtained.
<Scheme 50b>

Prepared a-amino acid 63fa (31.7 mg, 0.10 mmol) was subjected to the reaction with prenyl
bromide (25 uL, 2.2 equiv) and CsF (76.0 mg, 5 equiv) under argon to afford a,o-disubstituted

ester 67fa’ (28.9 mg, 75.0 umol, 75% vyield).

allyl 2-(5,6-dimethoxyisoindolin-2-yl)pent-4-enoate (65fa)

The crude mixture was purified by silica-gel column chromatography (hexane/AcOEt, 5/1 to 2/1) to
afford 65fa (201.0 mg, 0.63 mmol, 63% yield). Black solids; mp 39-40 °C; IR (neat): 3077, 2939,
2834, 1731, 1643, 1508, 1466, 1285, 1168, 1103 cm™; *H NMR (500 MHz, CDCl3s) §=6.72 (s, 2H),
5.95-5.80 (m, 2H), 5.31 (d, J = 17.3 Hz, 1H), 5.22 (d, J = 10.5 Hz, 1H), 5.17 (d, J = 17.3 Hz, 1H),
5.09 (d, J = 10.5 Hz, 1H), 4.61 (d, J = 5.5 Hz, 1H), 4.15 (d, J = 9.8 Hz, 2H), 4.07 (d, J = 9.8 Hz,
2H), 3.84 (s, 6H), 3.62 (t, J = 7.3 Hz, 1H), 2.68-2.51 (m, 2H) ppm; 3C NMR (125 MHz, CDCl3) &
= 1720, 148.4, 134.1, 132.0, 130.9, 118.6, 117.5, 105.7, 65.0, 64.7, 56.1, 55.6, 35.7 ppm; HRMS

(EI) m/z calcd for C15H1804N [M-(CH2CH=CH>)]": 276.1236. Found: 276.1237.
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Allyl 2-allyl-2-(5,6-dimethoxyisoindolin-2-yl)-3,3-dimethylpent-4-enoate (67fa’)

The crude mixture was purified by silica-gel column chromatography (hexane/AcOEt, 5/1 to 2/1) to
afford 67fa’ (28.9 mg, 75.0 umol, 75%). Brown oil; IR (neat): 3079, 2938, 2253, 1724, 1614, 15009,
1360, 1146, 1108, 912 cm™; 'H NMR (500 MHz, CDCls) 8= 6.70 (s, 2H), 6.29 (dd, J = 17.2, 10.7
Hz, 1H), 6.13-6.03 (m, 1H), 5.97-5.87 (m, 1H), 5.30 (d, J = 17.3 Hz, 1H), 5.21 (d, J = 10.3 Hz, 1H),
5.13 (d, J = 17.5 Hz, 1H), 5.05 (d, J = 17.2 Hz, 1H), 5.04 (d, J = 9.5 Hz, 1H), 4.98 (d, J = 10.7 Hz,
1H), 4.67-4.57 (m, 2H), 4.40 (d, J = 9.5 Hz, 2H), 4.24 (d, J = 9.5 Hz, 2H), 3.84 (s, 6H), 2.95 (dd, J
= 16.0, 9.0 Hz, 1H), 2.69-2.61 (m, 1H), 1.283 (s, 3H), 1.280 (s, 3H) ppm; 3C NMR (125 MHz,
CDCl3) 6=173.3, 148.2, 146.4, 135.8, 132.0, 130.9, 118.6, 117.1, 111.3, 105.4, 73.5, 65.0, 56.2,
56.0, 44.1, 38.4, 25.74, 25.67 ppm; HRMS (EI) m/z calcd for C2oH2sNO4 [M-(CH2CH=CH2)]*:

344.1862. Found: 344.1853.

Removal of Protecting Groups <Scheme 51>

Ester 63ea (56.3 mg, 0.20 mmol) in THF/10% H2SOsaq. (1/3) was stirred at 60 °C. After 15 h,
the reaction mixture was cooled to 0 °C and then neutralized by 3 M NaOH ag. The product was
extracted with AcOEt three times, washed with brine, and dried over Na>SO4. The solvent was
evaporated under reduced pressure to afford 63da (46.2 mg, 194.7 umol, 97%). The product was

used for the next reaction without further purification.

allyl 2-(4-oxopiperidin-1-yl)pent-4-enoate (63da)

Colorless oil; IR (neat): 3079, 2962, 2823, 1717, 1645, 1417, 1345, 1173, 988, 919 cm™; *H NMR
(500 MHz, CDCl3) 5= 5.95-5.75 (m, 2H), 5.32 (d, J = 17.0 Hz, 1H), 5.24 (d, J = 10.5 Hz, 1H), 5.12
(d, J = 17.0 Hz, 1H), 5.07 (d, J = 10.5 Hz, 1H), 4.64-4.55 (m, 2H), 3.46 (t, J = 7.8 Hz, 1H),
3.03-2.95 (m, 2H), 2.90-2.82 (m, 2H), 2.61-2.52 (m, 1H), 2.50-2.35 (m, 5H) ppm; *C NMR (125
MHz, CDCls) 6=208.8, 170.9, 134.1, 131.9, 118.8, 117.4, 66.6, 65.1, 49.0, 41.9, 34.0 ppm; HRMS

(EI) m/z calcd for C10H1403N [M-(CH2CH=CH>)]": 196.0974. Found: 196.0971.
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Ester 63da (0.46 mmol, 108.4 mg) was dissolved in THF/H.O (1/1, 4.6 mL, 0.1 M) and treated
by LiOH-H20 (38.6 mg, 0.92 mmol, 2 equiv) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After stirring for 23 h, LiOH-H>O (38.6 mg, 0.92 mmol, 2 equiv) was added.
After stirring for additional 5 h. The reaction mixture was acidified by 3 M HCI and solvent was
removed under reduced pressure.

The crude product was dissolved in EtOH (4.6 mL, 0.1 M) and transferred to a sealed tube.
Aminomethylated polystyrene Resin (PS-NH2, 2.1 mmol/g) (328.6 mg, 0.69 mmol, 1.5 equiv) and
NH4Cl (29.5 mg, 0.55 mmol, 1.2 equiv) was added to the mixture. The test tube was sealed and then
heated at 100 °C. After 24 h, the reaction mixture was filtered through Celite pad and washed with
EtOH and 3 M HCI. After neutralization to pH 7 using 3 M NaOH ag. followed by concentration
under reduced pressure, the crude product was loaded on a cationic ion exchange column
chromatography (Dowex 50W-X2, 50-100 mesh, H* form). After washing the column with water,
ammonia solution (28% wi/w) was introduced into the column. Ninhydrin-active fractions were
collected and the water was removed under high vacuum to afford free a-amino acid 82a (48.4 mg,

420.4 umol, 91% in 2 steps) as yellow solids.

2-aminopent-4-enoic acid (82a)

mp 245-247 °C; IR (neat): 2932, 2856, 1588, 1455, 1404, 1333, 1164, 1106, 913, 706 cm™; 'H
NMR (500 MHz, D20) §=5.82-5.71 (m, 1H), 5.27 (d, J = 17.0 Hz, 1H), 5.25 (d, J = 10.0 Hz, 1H),
3.80 (dd, J = 6.3, 5.3 Hz, 1H), 2.70-2.55 (m, 2H) ppm; C NMR (125 MHz, D,0) 5= 174.8, 132.0,

121.2, 54.7, 35.5 ppm; HRMS (ESI) m/z calcd for CsHi0O2N [M+H]*: 116.0706. Found: 116.0707.
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Experimental

Data Collection

A colorless block crystal of C14H25NO2SSn having approximate dimensions of

0.140 x 0.130 x 0.030 mm was mounted in a loop. All measurements were made on a
Rigaku R-AXIS RAPID Il diffractometer using multi-layer mirror monochromated Mo-Ka.
radiation.

The crystal-to-detector distance was 127.00 mm.

Cell constants and an orientation matrix for data collection corresponded to a
primitive monoclinic cell with dimensions:

a = 11.1188(3) A

b = 10.5531(3) A B = 110.738(8)°
c = 15.6491(5) A

V = 1717.26(13) A3

For Z = 4 and F.W. = 390.11, the calculated density is 1.509 g/cm3. Based on the
reflection conditions of:

0kO: k=2n

packing considerations, a statistical analysis of intensity distribution, and the successful
solution and refinement of the structure, the space group was determined to be:

P21 (#4)

The data were collected at a temperature of -180 + 10C to a maximum 260 value
of 54.90. A total of 74 oscillation images were collected. A sweep of data was done
using ® scans from 130.0 to 190.00 in 3.000 step, at ¥y=45.00 and ¢ = 0.00. The
exposure rate was 60.0 [sec./C]. A second sweep was performed using o scans from
0.0 to 162.0° in 3.000 step, at ¥y=45.00 and ¢ = 180.0°. The exposure rate was 60.0
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[sec./9]. The crystal-to-detector distance was 127.00 mm. Readout was performed in
the 0.100 mm pixel mode.

Data Reduction

Of the 16969 reflections were collected, where 7206 were unique (Rint = 0.0159);
equivalent reflections were merged.

The linear absorption coefficient, u, for Mo-Ka radiation is 16.077 cm-1. An
empirical absorption correction was applied which resulted in transmission factors
ranging from 0.750 to 0.953. The data were corrected for Lorentz and polarization
effects.

Structure Solution and Refinement

The structure was solved by direct methods! and expanded using Fourier
techniques. The non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were refined using the riding model. The final cycle of full-matrix least-squares

refinement2 on F2 was based on 4132 observed reflections and 344 variable
parameters and converged (largest parameter shift was 0.00 times its esd) with
unweighted and weighted agreement factors of:

R1 =X ||Fo| - |Fe|| / £ |Fo| = 0.0170

WR2 = [ £ (w (Fo? - Fc2)2 )/ £ w(Fo2)2]1/2 = 0.0434

The standard deviation of an observation of unit weight3 was 1.04. Unit weights
were used. The maximum and minimum peaks on the final difference Fourier map

corresponded to 0.60 and -0.30 e/A3, respectively. The final Flack parameter 4 was
-0.008(14), indicating that the present absolute structure is correct. S

Neutral atom scattering factors were taken from Cromer and Waberb. Anomalous
dispersion effects were included in Fcalc/; the values for Af' and Af" were those of
Creagh and McAuIey8. The values for the mass attenuation coefficients are those of

Creagh and Hubbell9. All calculations were performed using the CrystalStructure10
crystallographic software package except for refinement, which was performed using

SHELXL-9711.
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula

Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group
Z value

Dcalc

Fooo

u(MoKa)

C14H25NO2SSn
390.11

colorless, block

0.140 X 0.130 X 0.030 mm

monoclinic
Primitive

11.1188(3) A
10.5531(3) A
15.6491(5) A

B =110.738(8) ©
V =1717.26(13) A3

a
b
c

P21 (#4)
4
1.509 g/cm3

792.00

16.077 cm-1
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Diffractometer

Radiation

Voltage, Current

Temperature
Detector Aperture

Data Images

o oscillation Range (x=45.0, ¢$=0.0)

Exposure Rate

o oscillation Range (x=45.0, $=180.0)

Exposure Rate
Detector Position

Pixel Size

29max

No. of Reflections Measured

Corrections

B. Intensity Measurements

R-AXIS RAPID I

MoKa. (A = 0.71075 A)

multi-layer mirror monochromated

50kV, 24mA
-180.00C

280 x 256 mm

74 exposures

130.0 - 190.00

60.0 sec./0

0.0 - 162.00

60.0 sec./0

127.00 mm

0.100 mm

54.90

Total: 16969
Unique: 7206 (Rint = 0.0159)
Friedel pairs: 3074
Lorentz-polarization

Absorption
(trans. factors: 0.750 - 0.953)
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C. Structure Solution and Refinement

Structure Solution
Refinement
Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)

No. Variables

Reflection/Parameter Ratio

Residuals: R1 (1>2.0005(1))

Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Flack Parameter (Friedel pairs = 3074)

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map
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Direct Methods
Full-matrix least-squares on F2
> w (Fo2 - Fc2)2

w = 1/[ 62(Fo2) + (0.0273 - P)2
+0.0000- P]
where P = (Max(Foz,O) + 2F02)/3

54.90

All non-hydrogen atoms
4132

344

12.01

0.0170

0.0175

0.0434

1.037

-0.008(14)

0.001
0.60 e/A3

-0.30 e/A3



Data of X-Ray Analysis (Stannane 24ab)

Table 1. Atomic coordinates and Biso/Beq

atom

Sn1
Sn2
S1

S2

O)|

031
034
035
N6

N32
C3

C4

C5

Cc7

C8

C9

C10
C11
C12
C13
C14
C15
C16
Cc17
C18
C19
C20
C21
C22
C23
C24
C25
C26
c27
C28
C29
C30

X
0.46802(
0.94530(
1.06433(
0.53648(
0.95174(
0.45527(
1.18935(
0.66488(
0.45852(
1.06652(
1 0550(

)
)
)
)
7)
9)
7)
8)
9)
9)

2
2
6
6
1
1
1
1
1
1
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

y
0.52621(2
0.38876(2
0.43439(6
0.45734(6
0.51219(1
0.35459(1
0.49508(
0.42964(
0.5246(
0.3651(
0.3163(
0.5690(
0.7419(
0.2540(3)
-0.0364(3)
0.6766(3)
0.8322(3)
0.3328(3)
0.1726(3)
0.6029(2)

)
)
)
)
9)
8)
8)
9)

1
1
2)
2)
3)
3)
3)

O 0949

(
(
(
(
(
(
(
(
(
0. 3881(
(
(
(
(
(
(
(
(
(

WWWWWWWWWwWwWwhrwWwww

0.3576(3)
-0.0148(3)

z

0.89604(2)
0.87877(2)
0.64123(5)
0.64306(4)
0.60749(13
0.59462(14
0.66714(14
0.70498(14
0.70041(14
0.73419(15
0.55414(17
0.55894(17
0.76941(18

(19

)
)
)
)
)
)
)
)
)
0.52338(19)
0.7883(2
0.60711(18)
0.8173(2
0.8643(2
0.75093(
0.78193(

1
1
1
1
1
1
1
1
1
1
)
1
)
)
18)
17

0.8107(2)

)
1
1
)
1
)
1
)
)
)
)
)
)
)
)
)

)

0.7843(2
0.74988(18)
1.01595(19)
0.7154(2

0.47434(18)
0.4963(2

0.59376(19)
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Beq
1.328(4)
1.337(4)
1.127(10)
1.127(10)
1.55(3)

NNOUIINWORLCRONDODOINNNBRWND N

1
1
1
1
1
1
1
1
1
2
1
1
1.
1
1
2
1
1
2
1
1
2
1



Data of X-Ray Analysis (Stannane 24ab)

Table 1. Atomic coordinates and Bijso/Beq (continued)

atom X y z Beg
C33 0.9126(3) 0.5881(3) 0.8660(2) 2.72(6)

Beq = 8/3 12(U11(aa")? + Upp(bb*)? + Uzz(cc*)? + 2U12(aa*bb*)cos y + 2Uq3(aa*cct)cos B + 2Up3(bb*ce*)cos a)
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Data of X-Ray Analysis (Stannane 24ab)

Table 2. Atomic coordinates and Biso involving hydrogen atoms

atom

H6
H32
H7A
H7B
H7C
H8
H9A
H9B
H9C
H10
H11A
H11B
H11C
H13
H14
H15
H16
H17A
H17B
H17C
H18
H19A
H19B
H19C
H20A
H20B
H20C
H21A
H21B
H21C
H22
H23A
H23B
H23C
H24
H25
H26A

X

0.37471
1.14142
0.91062
0.91686
0.85636
1.11334
0.64834
0.72487
0.60527
0.65507
0.49095
0.36954
0.35625
0.61263
0.60475
1.13734
0.87447
0.70830
0.62124
0.66181
0.29670
1.08681
1.14997
0.99809
0.61985
0.54343
0.68602
1.15048
1.24618
1.16225
0.39862
0.38370
0.35649
0.41876
0.24487
0.91088
0.81802

y
0.51333
0.35702
0.21242
0.19083
0.31860

-0.08860
0.73623
0.64166
0.72083
0.80550
0.27936
0.32373
0.30652
0.59670
1.02066
0.13138
0.34608
0.49204
0.49780
0.62597
0.72164
0.32716
0.44292
0.43994
0.55545
0.43116
0.45641
0.17448
0.26358
0.15873
1.08799
0.67067
0.54747
0.67081
0.93755

-0.18008
0.29970

z

0.68129
0.77864
0.57568
0.47611
0.49854
0.81148
0.56150
0.64244
0.64829
0.85527
0.88404
0.79824
0.89611
0.79922
0.84362
0.80402
0.69946
1.00512
1.06746
1.03012
0.68316
0.43100
0.49790
0.44330
0.45283
0.46283
0.53322
0.64465
0.61577
0.54620
0.75077
0.54403
0.48036
0.45328
0.67039
0.76167
0.97864
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Data of X-Ray Analysis (Stannane 24ab)

Table 2. Atomic coordinates and Biso involving hydrogens/Beq (continued)

atom X y z Beg

H26B 0.82082 0.19155 0.90768 3.050
H26C 0.72072 0.30621 0.87505 3.050
H27A 0.33660 0.72893 0.90916 2.906
H27B 0.30183 0.61755 0.96585 2.906
H27C 0.23532 0.62186 0.85694 2.906
H28 0.74815 0.16634 0.70167 2.297
H29A 1.15342 0.26713 0.98250 2.758
H29B 1.13267 0.38531 1.03986 2.758
H29C 1.19655 0.40601 0.96394 2.758
H30 0.72772 -0.05233 0.70632 3.122
H33A 0.99485 0.63286 0.89179 3.264
H33B 0.85610 0.61289 0.89902 3.264

H33C 0.87188 0.61029 0.80128 3.264
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Data of X-Ray Analysis (Stannane 24ab)

Table 3. Anisotropic displacement parameters

atom

Sn1
Sn2
S1

S2

o1

031
034
035
N6

N32
C3

C4

C5

Cc7

C8

C9

C10
C11
C12
C13
C14
C15
C16
Cc17
C18
C19
C20
C21
C22
C23
C24
C25
C26
Cc27
C28
C29
C30

U11

U22

Us3

0.02273(8) 0.01327(8) 0.01722(8)
0.01829(8) 0.01588(9) 0.01852(8)

0.0148(3)
0.0159(3)
0.0179(8)
0.0272(10) 0
0.0166(9)
0.0192(9)
0.0139(9)
0.0109(9)
0.0160(11)
0.0147(11)
0.0191(12)
0.0196(12)
0.051(2)
0.0253(13
0.0217(13
0.0272(14
0.0239(13
0.0142(11
0.0408(19
0.0233(14
0.0146(11
0.0342(15
0.0210(13
0.0325(13
0.0359(16
0.0229(13
0.0420(17
0.0199(13
0.0290(13
0.060(2)
0.0330(15)
0.0390(16)
0.0252(14)
)
)

N N N N N N N N S S S N N N S N

0.0259(14
0.0445(18

0.0108(3)
0.0118(3)

0.0159(10)

)

0.0201(
0.0204(
0.0178(
0.0165(
0.0131(
0.0174(1
0.0198(1

)
)
)
)
)
)
)
)
)
)
)
)
)

)
)

0.0301(1
0.0173(1
0.0222(1
0.0314(1
0.0170(1
0.0156(
0.0318(
0.0204(
0.0128(
0.0374(
0.0258(1
0.0269(15
0.0318(17
0.0287(16

)
)
)
)
)
16)
16)
14)
15)
18)
)
)
)
)

0.0190(3)
0.0167(3)
0.0252(10)
0.0271(10)
0.0308(11)
0.0253(10)
0.0189(10)
0.0193(10)
0.0167(12)
0.0153(12)
0.0149(12)
0.0224(13)
0.0264(16)
0.0197(13)
0.0243(15)
0.0280(15)
0.0148(12)
0.0161(12)
0.0358(19)
0.0277(16)
0.0208(13)
0.0199(13)
0.0215(13)
0.0229(13)
0.0273(15)
0.0254(14)
0.0285(15)
0.0229(14)
0.0220(13)
0.0304(16)
0.0354(17)
0.0377(17)
0.0218(14)
0.0276(15)
0.0266(16)
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U1z
0.00019(7)
0.00114(7)
-0.0010(2)
0.0015(2)
0.0047(8)
-0.0054(8)
-0.0045(7)
0.0081(8)
-0.0028(10)
-0.0007(8)
0.0016(10)
-0.0026(10)

-0.0007(10)

-0.0034(11)
0.0082(15)
-0.0044(11)
-0.0022(12)

-0.0008(12)

-0.0039(11)

-0.0003(10)

-0.0105(14)
0.0011(12)

-0.0005(10)

-0.0037(15)
-0.0020(11)
0.0024(14)
-0.0083(13)
0.0041(11)
0.0029(12 )
-0.0010(12

0.0053(12)
-0.0081(14)
-0.0054(14)
0.0064(13)
-0.0061(12)
0.0033(13)
-0.0176(15)

U13
0.01048(
0.00884(
0.0081(2
0.0076
0 0077

(
(
(
o 0096(
0.0077(
0.0077(
0.0045(
0.0088(
0.0055(
0.0093(
0.0076(
0.0139(
0.0096(
0.0063(
0.0084(
0.0075(
0.0070(
0.0140(
0.0073(
0.0085(
0.0066(
0.0072(
0.0153(
0.0218(
0.0090(
0.0155(
0.0019(

(

(

(

(

(

(

(

U3
-0.00031(7)
0.00150(7)
0.0006(2)

0.0009(10)
-0.0001(10)
-0.0040(11)
0.0074(13)
0.0002(11)
-0.0029(12)
0.0005(12)
0.0009(10)
-0.0006(10)
-0.0096(13)
0.0028(12)
0.0017(10)
-0.0036(14)
-0.0021(11)
0.0036(1
-0.0076(1
-0.0015(1
-0.0024(1
0.0104(1
0.0002(1
0.0010(1
1

1

4)
2)
1)
1)
3)
1)
2)
4)
3)
12)
3)
13)



Data of X-Ray Analysis (Stannane 24ab)

Table 3. Anisotropic displacement parameters (continued)

atom U11 U22 Us3 U12 U1s U23
C33 0.0344(17) 0.0162(15) 0.0421(19) 0.0014(13) 0.0004(14) -0.0032(13)

The general temperature factor expression: exp(-2n2(a*2U11h2 + b*2U22k2 + c*2U33I2
+ 2a*b*Uq2hk + 2a*c*Uq3hl + 2b*c*Uo3kl))
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Data of X-Ray Analysis (Stannane 24ab)

Table 4. Fragment Analysis

fragment: 1

fragment: 2
Sn(2)
C(3)
C(16)
C(28)
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Data of X-Ray Analysis (Stannane 24ab)

Table 5. Bond lengths (A)

C28 C30 1.381

atom atom distance atom atom distance
Sn1 C11 2.136(3) Sn1 C13 2.199(3)
Sn1 C17 2.143(2) Sn1 Cc27 2.146(4)
Sn2 C16 2.191(3) Sn2 C26 2.131(4)
Sn2 C29 2.148(3) Sn2 C33 2.133(3)
S1 O1 1.4325(19) S1 034 1.4518(19)
S1 N32 1.621(3) S1 C3 1.823(3)
S2 031 1.4426(19) S2 035 1.4432(18)
S2 N6 1.616(3) S2 C4 1.810(3)
N6 C13 1.465(3) N32 C16 1.476(4)
C3 Cc7 1.523(4) C3 C19 1.539(4)
C3 C21 1.532(4) C4 C9 1.528(4)
C4 C20 1.532(5) C4 C23 1.530(4)
C5 C10 1.393(4) C5 C13 1.513(4)
C5 C18 1.387(3) C8 C15 1.399(5)
C8 C25 1.371(5) C10 C14 1.388(5)
C12 C15 1.405(4) C12 C16 1.500(4)
C12 C28 1.400(4) C14 C22 1.392(4)
C18 C24 1.397(4) C22 C24 1.393(4)

) (5)

C25 C30 1.388(5
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Table 6. Bond lengths involving hydrogens (A)

atom
N6
C7
C7
C9
C9
C11
C11
C14
C16
Cc17
C18
C19
C20
C20
C21
C22
C23
C24
C26
C26
c27
C28
C29
C30
C33

atom
H6
H7A
H7C
HOA
H9C
H11A
H11C
H14
H16
H17B
H18
H19B
H20A
H20C
H21B
H22
H23B
H24
H26A
H26C
H27B
H28
H29B
H30
H33B

Data of X-Ray Analysis (Stannane 24ab)

distance
0.880
0.980
0.980
0.980
0.980
0.980
0.980
0.950
1.000
0.980
0.950
0.980
0.980
0.980
0.980
0.950
0.980
0.950
0.980
0.980
0.980
0.950
0.980
0.950
0.980
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atom
N32
C7
Cc8
C9
C10
C11
C13
C15
Cc17
Cc17
Cc19
C19
Cc20
C21
C21
C23
C23
C25
C26
c27
c27
C29
C29
C33
C33

atom
H32
H7B
H8
H9B
H10
H11B
H13
H15
H17A
H17C
H19A
H19C
H20B
H21A
H21C
H23A
H23C
H25
H26B
H27A
H27C
H29A
H29C
H33A
H33C

distance
0.880
0.980
0.950
0.980
0.950
0.980
1.000
0.950
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.980
0.950
0.980
0.980
0.980
0.980
0.980
0.980
0.980



Table 7. Bond angles ()

atom
C11
C11
C13
C16
C16
C26
01
O)|
034
031
031
035
S2
S1
S1
C7
S2
S2
C9
C10
C13
C5
C15
Sn1
N6
C8
Sn2
C5
C18
C12

atom
Sn1
Sn1
Sn1
Sn2
Sn2
Sn2
S1
S1
S1
S2
S2
S2
N6
C3
C3
C3
C4
C4
C4
C5
C5
C10
C12
C13
C13
C15
C16
C18
C24
C28

atom
C13
Cc27
c27
C26
C33
C33
034
C3
C3
035
C4
C4
C13
Cc7
C21
C21
C9
C23
C23
C13
C18
C14
C28
N6
C5
C12
C12
C24
C22
C30

Data of X-Ray Analysis (Stannane 24ab)

angle
107.08(12)
112.54(12)
107.79(12)
108.59(12)
109.10(13)
115.54(15)
118.39(12)
107.78(11)
107.83(13)
119.14(12)
107.66(12)
107.78(12)
124.76(18)
109.0(2)
108.93(16)
111.8(2)
109.48(17)
108.5(2)
111.3(2)
119.3(2)
122.0(2)
121.4(3)
118.3(3)
109.71(17)
114.75(19)
)
)
)

)
)

atom
C11
C13
c17
C16
C26
C29
01
034
N32
031
035
N6
S1
S1
074
C19
S2
C9
C20
C10
C15
C15
C16
Sn1
Cc10
Sn2
N32
Cc14
C8
C25
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atom
Sn1
Sn1
Sn1
Sn2
Sn2
Sn2
S1
S1
S1
S2
S2
S2
N32
C3
C3
C3
C4
C4
C4
C5
C8
C12
C12
C13
C14
C16
C16
C22
C25
C30

atom
Cc17
C17
c27
C29
C29
C33
N32
N32
C3
N6
N6
C4
C16
C19
C19
C21
C20
C20
C23
C18
C25
C16
C28
C5
C22
N32
C12
C24
C30
C28

angle

110.04(12)
107.22(11)
111.88(12)
106.45(12)
108.81(12)
107.99(12)
108.84(13)



Data of X-Ray Analysis (Stannane 24ab)

Table 8. Bond angles involving hydrogens (©)

atom
S2
S1
C3
C3
H7A
C15
C4
C4
H9A
C5
Sn1
Sn1
H11A
Sn1
C5
C22
C12
N32
Sn1
Sn1
H17A
C5
C3
C3
H19A
C4
C4
H20A
C3
C3
H21A
C14
C4
C4
H23A
C18
C8

atom
N6
N32
C7
C7
C7
C8
C9
C9
C9
C10
C11
C11
C11
C13
C13
C14
C15
C16
c17
c17
C17
C18
C19
C19
C19
C20
C20
C20
C21
C21
C21
C22
C23
Cc23
C23
C24
C25

atom
H6
H32
H7A
H7C
H7C
H8
H9A
H9C
H9C
H10
H11A
H11C
H11C
H13
H13
H14
H15
H16
H17A
H17C
H17C
H18
H19A
H19C
H19C
H20A
H20C
H20C
H21A
H21C
H21C
H22
H23A
H23C
H23C
H24
H25

angle
117.6
117.5
109.5
109.5
109.5
119.5
109.5
109.5
109.5
119.3
109.5
109.5
109.5
107.5
107.5
120.1
120.1
107.7
109.5
109.5
109.5
119.7
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
120.3
109.5
109.5
109.5
119.9
120.1

atom
C13
C16
C3
H7A
H7B
C25
C4
HOA
H9B
C14
Sn1
H11A
H11B
N6
C10
C8
Sn2
C12
Sn1
H17A
H17B
C24
C3
H19A
H19B
C4
H20A
H20B
C3
H21A
H21B
C24
C4
H23A
H23B
C22
C30
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atom
N6
N32
C7
C7
C7
C8
C9
C9
C9
C10
C11
C11
C11
C13
C14
C15
C16
C16
Cc17
c17
Cc17
C18
C19
C19
C19
C20
C20
C20
C21
C21
Cc21
C22
C23
C23
C23
C24
C25

atom
H6
H32
H7B
H7B
H7C
H8
H9B
H9B
H9C
H10
H11B
H11B
H11C
H13
H14
H15
H16
H16
H17B
H17B
H17C
H18
H19B
H19B
H19C
H20B
H20B
H20C
H21B
H21B
H21C
H22
H23B
H23B
H23C
H24
H25

angle
117.6
117.5
109.5
109.5
109.5
119.6
109.5
109.5
109.5
119.3
109.5
109.5
109.5
107.5
120.1
120.1
107.7
107.7
109.5
109.5
109.5
119.7
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
120.3
109.5
109.5
109.5
119.9
120.1



Data of X-Ray Analysis (Stannane 24ab)

Table 8. Bond angles involving hydrogens (©) (continued)

atom  atom atom angle atom atom atom angle
Sn2 C26 H26A 109.5 Sn2 C26 H26B 109.5
Sn2 C26 H26C 109.5 H26A  C26 H26B 109.5
H26A C26 H26C 109.5 H26B  C26 H26C 109.5
Sn1 Cc27 H27A 109.5 Sn1 Cc27 H27B 109.5
Sn1 Cc27 H27C 109.5 H27A  C27 H27B 109.5
H27A C27 H27C 109.5 H27B  C27 H27C 109.5
C12 C28 H28 119.4 C30 C28 H28 119.5
Sn2 C29 H29A 109.5 Sn2 C29 H29B 109.5
Sn2 C29 H29C 109.5 H29A  C29 H29B 109.5
H29A C29 H29C 109.5 H29B  C29 H29C 109.5
C25 C30 H30 119.9 C28 C30 H30 120.0
Sn2 C33 H33A 109.5 Sn2 C33 H33B 109.5
Sn2 C33 H33C 109.5 H33A C33 H33B 109.5

H33A C33 H33C 109.5 H33B  C33 H33C 109.5
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Data of X-Ray Analysis (Stannane 24ab)

Table 9. Torsion Angles(©)
(Those having bond angles > 160 or < 20 degrees are excluded.)

atom1 atom2 atom3 atom4 angle atom1 atom2 atom3 atom4 angle
C11 Sn1 C13 N6 20.60(16) C11 Sn1 C13 C5 147.36(12)
C17 Sn1  C13 N6 138.67(15) C17 Sn1 C13 C5 -94.58(15)
C27 Sn1 C13 N6 -100.72(15) c27 Sn1 C13 C5 26.04(15)
C26 Sn2 C16 N32 -166.80(14) C26 Sn2 C16 C12 -40.26(16)
C29 Sn2 C16 N32 -49.81(17) C29 Sn2 C16 C12 76.74(16)
C33 Sn2 C16 N32 66.49(17) C33 Sn2 C16 C12 -166.97(14)
01 S1 N32 C16 38.5(2) 01 S1 C3 Cc7 -49.30(18)
O1 S1 C3 C19 69.96(17) 01 S1 C3 C21 -171.54(15)
034 1 N32 C16 165.55(17) 034 1 C3 C7 -178.17(13)
034 1 C3 C19 -58.91(15) 034 1 C3 C21 59.59(19)
N32 31 C3 C7 69.20(16) N32 S1 C3 C19 -171.54(12)
N32 31 C3 C21 -53.04(19) C3 S1 N32 C16 -79.3(2)
031 S2 N6 C13 157.93(17) 031 S2 C4 C9 -177.30(15)
031 S2 C4 C20 -58.01(16) 031 S2 C4 C23 61.08(18)
035 S2 N6 C13 29.5(2) 035 S2 C4 C9 -47.61(19)
035 S2 C4 C20 71.68(15) 035 S2 C4 C23 -169.23(14)
N6 S2 C4 C9 69.35(17) N6 S2 C4 C20 -171.36(11)
N6 S2 C4 C23 -52.26(17) C4 S2 N6 C13 -87.13(19)
S2 N6 C13 Sn1  -124.11(19) S2 N6 C13 C5 112.2(2)
S1 N32 C16 Sn2 -128.24(17) S1 N32 C16 C12 108.6(2)

C10 C5 C13 Sn1 89.3(3) C10 C5 C13 N6  -146.9(3)
C13 C5 C10 C14 -177.5(3) C10 C5 C18 C24 1.1(5)
C18 C5 C10 C14 -1.0(5) C13 C5 C18 C24 177.5(3)
C18 C5 C13 Sn1 -87.1(3) C18 C5 C13 N6 36.7(4)
C15 C8 C25 C30 -0.8(6) C25 C8 C15 C12 0.6(6)
C5 C10 C14 C22 0.4(6) C15 C12 C16 Sn2 -90.0(3)
C15 C12 C16 N32 33.6(4) C16 C12 C15 C8  176.2(3)
C15 C12 C28 C30 -1.3(5) C28 C12 C15 C8  0.4(5)
C16 C12 C28 C30 -177.3(2) C28 C12 C16 Sn2 85.8(3)
C28 C12 C16 N32 -150.7(2) C10 C14 C22 C24 0.1(6)
C5 C18 C24 C22 -0.6(5) C14 C22 C24 C18 -0.0(5)

C8 C25 C30 C28 -0.1(6) C12 C28 C30 C25 1.2(5)
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Data of X-Ray Analysis (Stannane 24ab)

Table 10. Possible hydrogen bonds

Donor H Acceptor D..A D-H H..A
N6 H6 034’ 2.867(3) 0.88 2.00
Symmetry Operators:

(1) X-1Y,Z
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Data of X-Ray Analysis (Stannane 24ab)

Table 11. Intramolecular contacts less than 3.60 A

atom
01
01
031
034
035
N6
N6
N32
N32
C5
C7
C9
C12
C15
C26

atom
C7
C19
C23
C21
C13
C9
C18
Cc7
C21
Cc27
C16
C13
C25
C30
C28

distance
2.994(4)
3.150(4)
3.088(4)
3.102(3)
2.982(4)
3.297(4)
2.972(4)
3.328(3)
3.165(4)
3.501(5)
3.501(4)
3.550(4)
2.800(4)
2.781(5)
3.537(5)
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atom
O)|
031
034
035
035
N6
N6
N32
C5
Cc7
Cc8
C10
C14
C18

atom
C16
Cc20
C19
C9
C20
C11
Cc23
C15
C22
C12
C28
C24
C18
c27

distance
3.051(4)



Table 12. Intramolecular contacts less than 3.60 A involving hydrogens

atom
Sn1
S1
S1
S1
S1
S2
S2
S2
S2
S2
01
01
01
031
031
034
034
034
035
035
035
N6
N6
N32
N32
N32
C3
C4
C5
C5
C5
C7
C7
C7
C8
C9
C9

atom
H6
H7A
H16
H19B
H21A
H9B
H13
H20B
H23A
H23C
H7A
H16
H19C
H20B
H23A
H32
H19C
H21B
H9B
H13
H20C
H11B
H23A
H7A
H21A
H29C
H16
H13
H9C
H23A
H27A
H19A
H19C
H21B
H30
H20A
H20C

Data of X-Ray Analysis (Stannane 24ab)

distance
3.150
2.867
2.742
2.731
2.900
2.861
2.718
2.862
2.914
3.585
3.210
2.600
2.896
2.702
3.455
2.472
3.443
2.715
2.621
2.495
2.794
2.981
2.760
2.951
2.794
3.394
3.540
3.584
2.715
3.387
3.147
2.806
2.619
3.367
3.244
2.670
2.723
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atom
Sn2
S1
S1
S1
S1
S2
S2
S2
S2
01
O)
01
031
031
031
034
034
035
035
035
N6
N6
N6
N32
N32
C3
C4
C5
C5
C5
Cc7
Cc7
Cc7
Cc7
C9
C9
C9

atom
H32
H7C
H19A
H19C
H21B
H9C
H20A
H20C
H23B
H32
H7C
H19B
H6
H20C
H23B
H19B
H21A
H6
H9C
H20B
H9C
H18
H23B
H15
H21B
H32
H6
H6
H14
H24
H16
H19B
H21A
H21C
H13
H20B
H23A

distance
3.121
2.858
3.571
2.920
2.840
2.877
3.570
2.783
2.790
3.210
2.632
3.318
2.512
3.226
2.675
2.586
3.413
3.237
3.202
3.544
2.926
2.700
3.231
2.699
3.346
3.326
3.228
2.823
3.279
3.273
3.143
3.350
2.703
2.747
3.239
3.353
2.667



Data of X-Ray Analysis (Stannane 24ab)

Table 12. Intramolecular contacts less than 3.60 A involving hydrogens (continued)

atom
C9
C10
C10
C10
C12
C12
C12
C13
C13
C13
C13
C15
C15
C15
C15
C16
C16
C16
Cc17
C18
C18
C18
C18
C19
C19
C19
C20
C20
C20
C21
C21
C21
C21
C22
C23
C23
C23

atom
H23B
H9C
H18
H27A
H32
H8
H26B
H9C
H11B
H18
H27A
H32
H16
H25
H29A
H15
H26B
H29A
H11A
H6
H10
H22
H27A
H7A
H7C
H21B
HOA
H9C
H23B
H32
H7B
H15
H19B
H10
H6
H9B
H20A

distance
3.362
3.036
3.251
3.570
2.846
3.281
3.215
2.886
3.426
2.699
3.549
2.944
3.300
3.267
3.423
2.729
3.532
3.569
3.454
2.903
3.248
3.277
3.182
3.362
2.683
2.699
2.707
3.354
2.735
3.321
2.723
3.528
2.770
3.259
3.162
3.365
2.753
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atom
C9
C10
C10
C11
C12
C12
C12
C13
C13
C13
C14
C15
C15
C15
C16
C16
C16
C16
C17
C18
C18
C18
C18
Cc19
Cc19
C19
Cc20
C20
C20
C21
C21
C21
C21
C22
C23
C23
C23

atom
H23C
H13
H22
H6
H7A
H21A
H30
H10
H17A
H23A
H24
H7A
H21A
H28
H7A
H21A
H28
H33C
H13
H9C
H13
H23A
H27C
H7B
H21A
H21C
H9B
H23A
H23C
H7A
H7C
H19A
H19C
H18
H9A
H9C
H20B

distance
2.768
2.560
3.264
3.338
2.666
3.273
3.277
2.644
3.581
3.558
3.264
3.324
2.881
3.268
2.813
3.509
2.637
3.421
3.362
3.318
3.294
3.026
3.442
2.726
3.362
2.702
2.683
3.358
2.669
2.722
3.370
2.639
3.356
3.273
2.724
2.708
2.654



Data of X-Ray Analysis (Stannane 24ab)

Table 12. Intramolecular contacts less than 3.60 A involving hydrogens (continued)

atom
C23
C25
C26
c27
C28
C28
C28
C29
C29
C30
C33
H6
H6
H6
H32
H32
H32
H7A
H7A
H7A
H7B
H7B
H7C
H7C
H8
HOA
HOA
HOA
H9B
H9B
H9C
HOC
H9C
H10
H10
H11A
H11C

atom
H20C
H15
H28
H11C
H7A
H16
H26B
H32
H33A
H26B
H29C
H11B
H18
H23B
H16
H21B
H29C
H19C
H21B
H28
H19C
H21C
H19A
H19C
H15
H20A
H20C
H23C
H20A
H20C
H10
H20A
H23B
H13
H17C
H17B
H27C

distance
3.356
3.264
3.392
3.553
2.986
2.560
3.007
3.188
3.345
3.545
3.547
2.726
2.367
3.099
2.785
3.306
2.792
3.526
3.598
3.148
2.884
2.577
3.100
2.416
2.344
2.500
3.037
2.608
2.923
2.531
3.213
3.575
3.572
2.357
3.307
3.565
3.560
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atom
C24
C25
C26
c27
C28
C28
C28
C29
C30
C33
H6
H6
H6
H32
H32
H32
H7A
H7A
H7A
H7B
H7B
H7C
H7C
H7C
H8
H9A
H9A
H9B
HO9B
HO9B
HOC
HOC
HOC
H10
H11A
H11C
H13

atom
H14
H28
H33B
H18
H15
H25
H26C
H26A
H8
H16
H9C
H13
H23A
H15
H21A
H29A
H16
H21A
H21C
H19A
H21A
H16
H19B
H21A
H25
H20B
H23A
H13
H20B
H23A
H13
H23A
H23C
H14
H17A
H27B
H17A

distance
3.265
3.253
3.554
3.573
3.272
3.256
3.596
3.541
3.244
3.566
3.546
2.779
2.745
2.417
2.875
3.285
2.541
2.530
3.046
2.662
2.980
3.092
3.522
3.597
2.316
3.582
2.940
3.158
3.590
3.566
2.677
2.483
3.068
2.330
3.350
3.578
3.210



Data of X-Ray Analysis (Stannane 24ab)

Table 12. Intramolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H13
H14
H15
H16
H18
H18
H19A
H19A
H19B
H20A
H20B
H20B
H20C
H25
H26B
H26C
H28
H29C

atom
H17C
H22
H29A
H33C
H23A
H27A
H21A
H21C
H21C
H23B
H23A
H23C
H23C
H30
H28
H28
H30
H33A

distance
3.472
2.347
3.087
3.217
2.731
3.406
3.550
2.458
3.084
3.108
3.572
2.862
3.589
2.338
3.045
3.197
2.322
3.200
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atom
H13
H15
H16
H17B
H18
H18
H19A
H19B
H19C
H20A
H20B
H20C
H22
H26A
H26B
H26C
H29B

atom
H18
H21A
H28
H27B
H24
H27C
H21B
H21B
H21C
H23C
H23B
H23B
H24
H29B
H29A
H33B
H33A

distance
3.586
2.590
2.368
3.569
2.341
3.207
2.885
2.594
3.557
2.548
2.511
3.590
2.346
3.406
3.552
3.533
3.468



Data of X-Ray Analysis (Stannane 24ab)

Table 13. Intermolecular contacts less than 3.60 A

atom atom distance
Sn2 035 3.3614(17)
031 c21? 3.542(4)
034 NG* 2.867(3)
035 Sn2 3.3614(17)
035 C26 3.470(4)
N6 0342 2.867(3)
C16 035 3.255(3)
c21 031° 3.542(4)
C26 035 3.470(4)
Symmetry Operators:

(1) -X+1,Y+1/2-1,-Z+1
(3) X+1,Y,Z

(4)

atom

031
031
034
035
035
C9

C18
C23
C33

(2)

X-1,Y,Z

-X+1,Y+1/2,-Z+1
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atom
C9'
Cc23'
c18®
C16
C33
031*
0342
031*
035

distance
3.500(3)



Table 14. Intermolecular contacts less than 3.60 A involving hydrogens

atom
S1
S2
01
01
031
031
031
034
034
035
035
035
N6
N32
C7
C7
Cc7
C8
C8
C9
C9
C10
C10
C11
C11
C11
C13
C14
C15
Cc17
c17
Cc17
C18
C19
C19
C20
C20

atom
H6'
H23C?3
HoB
H20C
HOAS
H20A3
H23C?3
H7B?2
H18'
H16
H26C
H33B
H21B*
H11C'
H183
H19C®
H23A3
H17A8
H19C®
H20B8
H30°
H29A ™
H29C"°
H32*
H17C"
H26C
H33B
H30°
H17C®
H11A™
H15'°
H27A"
H7B®
H7A?2
H23B"
H7C
H23A3

Data of X-Ray Analysis (Stannane 24ab)

distance
3.386
3.492
3.083
2.827
2.620
3.283
2.651
2.969
2.644
2.522
2.828
3.593
3.564
3.376
3.307
3.421
3.311
3.463
3.508
3.317
3.236
3.585
3.567
2.857
3.031
3.368
3.561
3.057
3.469
3.554
3.192
3.433
3.583
3.528
3.533
3.360
3.506
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atom
S1
O)
01
O)
031
031
034
034
034
035
035
035
N32
N32
C7
C7
Cc7
Cc8
C8
C9
C9
C10
C10
C11
C11
C11
C14
C15
Cc17
Cc17
Cc17
Cc17
C18
C19
C19
Cc20
Cc20

atom
H7B?
H7B?
H19A?
H21C?
H19B*
H21B*
H6'
H11B’
H27C'
H23C?3
H28
H33C
H11B"
H27C'
H19B°
H20C
H243
H19A%
H24'
H25°
H33C
H29B'°
H30°
H15*
H22'?
H29C*
H17B"
H17A8
H81O
H11C™
H26A
H29A™°
H7C?®
H7B?
H243
H21C?
H23C?

distance
3.318
2.959
3.378
2.761
3.323
2.642
2.003
2.930
3.130
3.582
2.935
2.957
3.187
3.464
3.369
3.437
3.525
3.523
3.420
3.471
3.289
3.304
3.106
3.579
3.106
3.396
3.087
3.586
3.378
3.151
3.384
3.353
3.381
3.281
3.507
3.363
3.556



Data of X-Ray Analysis (Stannane 24ab)

Table 14. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
C21
C21
C21
C22
C22
C23
C23
C23
C24
C24
C24
C25
C25
C26
C26
C26
c27
c27
C28
C29
C29
C30
C30
C33
C33
C33
H6
H6
H32
H32
H7A
H7A
H7A
H7A
H7B
H7B
H7B

atom
H11B'
H20A°
H24'’
H11B®
H20A8
H7A8
H20B8
H308
H814
H19C®
H20B8
H19A°
H33A™
H11A
H17A
H33A°
H26A"
H33A*
H23C3
H11C'
H27B’
H9C "2
H19A°
HoB
H25°
H29B"°
0344
H21B*
H11B’
H27C'
c23®
H19C®
H23A3
H23C?
01°
c18®
H183

distance
3.393
3.255
3.217
3.558
3.189
3.527
3.341
3.597
3.330
3.577
3.452
3.079
3.504
3.380
3.037
3.428
3.162
3.471
3.154
3.244
3.380
3.538
3.484
3.427
2.937
3.576
2.003
3.000
2.470
3.082
3.527
3.098
3.174
3.555
2.959
3.583
2.787
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atom
C21
C21
C22
C22
C22
C23
C23
C24
C24
C24
C24
C25
C25
C26
C26
ca7
c27
C28
C29
C29
C29
C30
C30
C33
C33
H6
H6
H32
H32
H7A
H7A
H7A
H7A
H7B
H7B
H7B
H7B

atom
H19C®
H22’
H11A°
H17B"
H21A™
H19B*
H28°8
H7C®
H17B"3
H20A3
H21AM
H29B°®
H33C"?
H14'?
H27B"
H11A"
H29C*
H23B3
H10°
H17C®
H33B°
H1412
H23B3
H13
H29A"°
S14
H19B*
c11’
H11C'
C19°
H19B°
H20C
H23B3
S1°
034°
C19°
H19B°®

distance
3.395
3.203
3.493
2.959
3.416
3.455
3.128
3.304
3.479
3.165
3.354
3.401
3.304
3.488
3.096
3.524
3.052
3.184
2.866
3.390
3.177
3.423
3.179
3.124
3.311
3.386
3.155
2.857
2.502
3.528
3.053
3.483
3.283
3.318
2.969
3.281
2.789



Data of X-Ray Analysis (Stannane 24ab)

Table 14. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H7B
H7B
H7C
H7C
H7C
H7C
H8
H8
H8
H8
H9A
H9A
H9A
HOA
HOA
H9B
H9B
H9B
H9B
H9C
H9C
H10
H10
H10
H10
H11A
H11A
H11A
H11A
H11A
H11A
H11B
H11B
H11B
H11B
H11B
H11C

atom
H19C®
H243
C20
H18%
H20B
H23A3
c17°
H17A8
H24'
H27A’
0318
H19B2
H21B?
H23B®
H30°
C33
H19A2
H25°
H33C
H20B8
H30°
Cc29'°
H29B"°
H30°
H33C
Cc22"?
c27"
H17B"
H22'2
H26C
H27B"
N32*
Cc22"
H15*
H21A*
H22'?
c17"

distance
2.941
3.514
3.360
2.933
3.529
2.957
3.378
2.977
3.062
3.085
2.620
3.482
3.385
3.346
3.079
3.427
3.353
2.927
2.466
2.941
2.745
2.866
2.496
3.110
3.494
3.493
3.524
3.410
2.822
2.623
3.148
3.187
3.558
3.311
3.169
2.649
3.151
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atom
H7B
H7C
H7C
H7C
H7C
H7C
H8
H8
H8
H8
H9A
H9A
H9A
H9A
H9B
HO9B
HO9B
HO9B
HoC
HOC
HOC
H10
H10
H10
H11A
H11A
H11A
H11A
H11A
H11A
H11B
H11B
H11B
H11B
H11B
H11C
H11C

atom
H23A3
c18®
c243
H20A
H20C
H243
c24’
H17B°
H26A°
H27C’
H19A2
H20B®
H21C?
H25°
01
H16
H21C?
H30°
Cc30°
H25°
H33C
H29A '™
H29C"°
H33B
c17"
C26
H14'?
H17C™
H26A
H27A"
034*
c214
H324
H17C"
H21B*
N32*
Cc29*

distance
3.251
3.381
3.304
3.513
2.593
2.779
3.330
3.028
3.314
3.316
3.060
2.889
3.234
3.555
3.083
3.499
3.598
3.377
3.538
3.394
3.295
2.705
2.923
2.918
3.554
3.380
3.166
2.988
3.413
3.168
2.930
3.393
2.470
3.515
2.768
3.376
3.244



Data of X-Ray Analysis (Stannane 24ab)

Table 14. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H11C
H11C
H11C
H11C
H13
H13
H14
H14
H14
H14
H14
H15
H15
H15
H15
H15
H16
H17A
H17A
H17A
H17A
H17A
H17B
H17B
H17B
H17B
H17B
H17C
H17C
H17C
H17C
H17C
H18
H18
H19A
H19A
H19A

atom
H324
H17B"
H22'?
H29C*
H26C
H33C
Cc30°
H17B"3
H26C°
H28°
H29C™°
c11’
H11B'
H17A8
H17C®
H24"’
H9B
C810
C26
H15'°
H26C
H29A™
c14"
c24"
H11A"
H14™"
H22™
c11™
Cc29'°
H11B"3
H15'°
H29C™
0344
H7B?®
01°
C252
H9A®

distance
2.502
3.302
3.387
2.592
3.353
2.875
3.423
3.284
3.246
3.514
3.271
3.579
3.311
3.225
2.761
3.429
3.499
3.463
3.037
3.225
2.865
3.259
3.087
3.479
3.410
3.284
3.081
3.031
3.390
3.515
2.761
3.335
2.644
2.787
3.378
3.079
3.060

atom
H11C
H11C
H11C
H13
H13
H14
H14
H14
H14
H14
H14
H15
H15
H15
H15
H16
H16
H17A
H17A
H17A
H17A
H17A
H17B
H17B
H17B
H17B
H17B
H17C
H17C
H17C
H17C
H17C
H18
H18
H19A
H19A
H19A

-139-

atom
H15%
H17C™
H29A*
C33
H33B
C26°
H11A°
H26B°
H27B"3
H29B"°
H30°
c17°
H11C'
H17B°
H22’
035
H20C
Cc15'°
H81O
H26A
H27A"
H33B
c22"
H11C™
H15'
H27A"
Cc15'°
H11A"
H11C™
H29A°
H33B
c7®
H7C8
C8?
C30?
HoB®

distance
2.989
2.273
3.041
3.124
2.608
3.488
3.166
2.885
2.970
3.181
3.027
3.192
2.989
3.068
3.325
2.522
2.942
3.586
2.977
2.478
3.199
3.003
2.959
3.028
3.302
3.068
2.878
3.469
2.988
2.273
2.601
3.469
3.307
2.933
3.523
3.484
3.353



Data of X-Ray Analysis (Stannane 24ab)

Table 14. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H19A
H19B
H19B
H19B
H19B
H19C
H19C
H19C
H19C
H19C
H20A
H20A
H20A
H20A
H20B
H20B
H20B
H20B
H20B
H20C
H20C
H20C
H20C
H21A
H21A
H21A
H21B
H21B
H21B
H21B
H21C
H21C
H21C
H21C
H21C
H22
H22

atom
H252
C72
H6'
H7B?2
H23A"
C72
C212
H7A?2
H21A2
H243
C212
c24®
H21B?
H223
co®
c243
HOA3
H23A3
H308
C7
H7C
H21C?
H23C?3
c22’
H11B’
H22’
031"
H6'
H11B’
H22’
o1°
HIAS®
H19C®
H20C®
H24’
c21"
H11B®

distance
3.025
3.369
3.155
2.789
3.424
3.421
3.395
3.098
3.023
2.657
3.255
3.165
3.054
3.138
3.317
3.452
2.889
2.879
3.236
3.437
2.593
3.230
3.265
3.416
3.169
2.821
2.642
3.000
2.768
2.869
2.761
3.234
2.957
3.230
2.967
3.203
2.649
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atom
H19B
H19B
H19B
H19B
H19B
H19C
H19C
H19C
H19C
H20A
H20A
H20A
H20A
H20A
H20B
H20B
H20B
H20B
H20C
H20C
H20C
H20C
H20C
H21A
H21A
H21A
H21B
H21B
H21B
H21B
H21C
H21C
H21C
H21C
H22
H22
H22

atom
031"
c23'
H7A?2
H9A®
H23B'
C8?
c243
H7B?2
H21C?
0318
c22®
H7C
H21C?
H243
c23®
H7C
HoC?
H23C?3
01
H7A
H16
H23A3
H243
c24’
H19C®
H24’
N6’
HOAS®
H20A%
H24'
Cc20°
HoB?®
H20A°
H22’
c11°
H11A°
H11C®

distance
3.323
3.455
3.053
3.482
2.648
3.508
3.577
2.941
2.957
3.283
3.189
3.513
2.652
3.096
3.341
3.529
2.941
3.010
2.827
3.483
2.942
3.239
3.538
3.354
3.023
2.686
3.564
3.385
3.054
3.546
3.363
3.598
2.652
3.428
3.106
2.822
3.387



Data of X-Ray Analysis (Stannane 24ab)

Table 14. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H22
H22
H22
H23A
H23A
H23A
H23A
H23A
H23B
H23B
H23B
H23B
H23C
H23C
H23C
H23C
H23C
H24
H24
H24
H24
H24
H24
H24
H25
H25
H25
H25
H25
H26A
H26A
H26A
H26A
H26B
H26B
H26C
H26C

atom
H15'
H20A3
H21B™
c7®
H7A8
H7C?
H20B8
H288
c288
H7A8
H19B*
H308
0318
Cc208
H7A8
H20C?
H308
0814
c21"
H7C®
H15'
H20A8
H21A™
H21C™
C33"
H9B'?
H19A5
H33A"
H33C'?
c27"
H11A
H27A"
H27C"
H14'?
H29B®
035
H11A

distance
3.325
3.138
2.869
3.311
3.174
2.957
2.879
3.598
3.184
3.283
2.648
2.930
2.651
3.556
3.555
3.265
3.399
3.420
3.217
2.779
3.429
3.096
2.686
2.967
2.937
2.927
3.025
2.751
2.378
3.162
3.413
2.955
3.402
2.885
3.329
2.828
2.623

atom
H22
H22
H22
H23A
H23A
H23A
H23A
H23B
H23B
H23B
H23B
H23C
H23C
H23C
H23C
H23C
H24
H24
H24
H24
H24
H24
H24
H25
H25
H25
H25
H25
H26A
H26A
H26A
H26A
H26A
H26B
H26B
H26C
H26C
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atom
H17B™
H21A™
H21C™
Cc20°8
H7B?®
H19B*
H20C?®
c19*
Cc30°
H9A3
H288
S28
035°%
c28®
H20B8
H28®
c7®
Cc19®
H7B®
H814
H19C®
H20C?®
H21B™
HIA'?
H9C?
H29B°
H33B"?
C17
H810
H17A
H27B"
H33A°
H27B"
H33A°
C11
H13

distance
3.081
2.821
3.428
3.506
3.251
3.424
3.239
3.533
3.179
3.346
2.949
3.492
3.582
3.154
3.010
2478
3.525
3.507
3.514
3.062
2.657
3.538
3.546
3.471
3.555
3.394
3.380
3.270
3.384
3.314
2.478
2.654
2.925
2.881
3.143
3.368
3.353



Data of X-Ray Analysis (Stannane 24ab)

Table 14. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H26C
H26C
H27A
H27A
H27A
H27B
H27B
H27B
H27B
H27B
H27C
H27C
H27C
H28
H28
H28
H29A
H29A
H29A
H29A
H29A
H29B
H29B
H29B
H29B
H29B
H29C
H29C
H29C
H29C
H30
H30
H30
H30
H30
H30
H33A

atom
H1412
H27B"
H17A"
H26A"
Cc29*
H14"
H26B"
H29B*
H33A*
N32*
H814
H29C*
035
H14'?
H23B3
c10°
C33°
H11C'
H17C®
H33B°
Cc25"°
H10°
H25'0
H27B"
H33B°®
c11’
H10°
H14°
H27B’
Cc9™
C14"?
HOA'
H9C'?
H14'?
H23B3
Cc25°

distance
3.246
3.266
3.085
3.199
2.955
3.380
2.970
2.881
3.525
3.197
3.464
3.316
2.948
2.935
3.514
2.949
3.585
3.311
3.041
2.601
2.497
3.401
2.496
3.380
3.525
3.018
3.396
2.923
3.271
2.516
3.236
3.057
3.079
2.745
3.027
2.930
3.504
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atom
H26C
H27A
H27A
H27A
H27B
H27B
H27B
H27B
H27B
H27C
H27C
H27C
H27C
H28
H28
H28
H29A
H29A
H29A
H29A
H29B
H29B
H29B
H29B
H29B
H29C
H29C
H29C
H29C
H29C
H30
H30
H30
H30
H30
H30
H33A

atom
H17A
c17"®
H11A"
H17B"
c26™
H11A"
H26A"
H26C™
H29C*
034*
H32*
H26A™
H33A*
c23®
H23A3
H23C?
c17°
H10°
H17A8
H33A°
Cc10°
C33°
H14°
H26B"°
H33A°
c10°
c27’
H11C'
H17C®
H27C'
C10'?
c23®
HoB 2
H10"
H20B3
H23C?
c26'

distance
2.865
3.433
3.168
2.878
3.096
3.148
2.654
3.266
2.516
3.130
3.082
3.402
2.914
3.128
3.598
2478
3.353
2.705
3.259
3.300
3.304
3.576
3.181
3.329
3.365
3.567
3.052
2.592
3.335
2.948
3.106
3.597
3.377
3.110
3.236
3.399
3.428



Data of X-Ray Analysis (Stannane 24ab)

Table 14. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom atom distance
H33A c27’ 3.471
H33A H26A"° 2.925
H33A H27B" 3.197
H33A H29A™ 3.300
H33B 035 3.593
H33B Cc29'° 3.177
H33B H13 2.608
H33B H17C 3.469
H33B H29A™° 2.497
H33C 035 2.957
H33C Cc25° 3.304
H33C H9C 3.295
H33C H13 2.875
Symmetry Operators:

(1) X+1,Y,Z
(3) -X+1,Y+1/2-1,-Z+1
(5) -X+2,Y+1/2-1,-Z+1
(7) X+1,Y-1,Z
(9) XY+1,Z
(11)  -X+1,Y+1/2-1,-Z+2
(13) -X+1,Y+1/2,-Z+2

(2)

(8)
(10)

(14)

atom

H33A
H33A
H33A
H33A
H33B
H33B
H33B
H33B
H33B
H33C
H33C
H33C
H33C

atom
H25°
H26B"°
H27C'
H29B"°
Cc13
H10
H17A
H25°
H29B"°
C9
H9B
H10
H25°

X+2,Y+1/2,-Z+1
4) X-1,Y,Z

(6) -X+2,Y+1/2-1,-Z+2

-X+1,Y+1/2,-Z+1
-X+2,Y+1/2,-Z+2

(12)

X-1,Y+1,Z

-143-

X, Y-1,Z

distance
2.751
3.143
2.914
3.365
3.561
2.918
3.003
3.270
3.018
3.289
2.466
3.494
2.378



Data of X-Ray Analysis (Silane 22ab)

Experimental

Data Collection

A colorless block crystal of C1gH27NO2SSi having approximate dimensions of

0.160 x 0.130 x 0.100 mm was mounted in a loop. All measurements were made on a
Rigaku Saturn724+ diffractometer using multi-layer mirror monochromated Mo-Ka
radiation.

The crystal-to-detector distance was 45.14 mm.

Cell constants and an orientation matrix for data collection corresponded to a
primitive monoclinic cell with dimensions:

a = 9.154(3)A

b = 16.606(5)A B = 91.919(4)°
c = 13.184(4)A

V = 2003.0(11) A3

For Z = 4 and F.W. = 361.57, the calculated density is 1.199 g/cm3. Based on the
reflection conditions of:

0kO: k=2n

packing considerations, a statistical analysis of intensity distribution, and the successful
solution and refinement of the structure, the space group was determined to be:

P21 (#4)

The data were collected at a temperature of -180 + 10C to a maximum 260 value
of 55.00. A total of 1249 oscillation images were collected. A sweep of data was done
using o oscillations from -110.0 to 70.00 in 0.59 steps. The exposure rate was 32.0
[sec./9]. The detector swing angle was -19.920. A second sweep was performed using
o oscillations from -110.0 to 70.00 in 0.59 steps. The exposure rate was 32.0 [sec./].
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Data of X-Ray Analysis (Silane 22ab)

The detector swing angle was -19.920. Another sweep was performed using o
oscillations from -110.0 to 70.0° in 0.50 steps. The exposure rate was 32.0 [sec./0]. The

detector swing angle was -19.920. The crystal-to-detector distance was 45.14 mm.
Readout was performed in the 0.070 mm pixel mode.

Data Reduction

Of the 24503 reflections were collected, where 9146 were unique (Rjnyt = 0.0239);

equivalent reflections were merged. Data were collected and processed using
CrystalClear (Rigaku).

The linear absorption coefficient, yu, for Mo-Ka radiation is 2.319 cm-1. An
empirical absorption correction was applied which resulted in transmission factors
ranging from 0.885 to 0.977. The data were corrected for Lorentz and polarization
effects.

Structure Solution and Refinement

The structure was solved by direct methods2 and expanded using Fourier
techniques. The non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were refined using the riding model. The final cycle of full-matrix least-squares

refinement3 on F2 was based on 9146 observed reflections and 444 variable
parameters and converged (largest parameter shift was 0.00 times its esd) with
unweighted and weighted agreement factors of:

R1 =3 ||Fo| - |Fc|| / £ |Fo| = 0.0260

WR2 = [ 2 (w (Fo2 - Fe2)2 )/ £ w(Fo2)2]1/2 = 0.0661

The standard deviation of an observation of unit weight4 was 1.07. Unit weights
were used. The maximum and minimum peaks on the final difference Fourier map

corresponded to 0.33 and -0.27 e-/A3, respectively. The final Flack parameter © was
0.00(3), indicating that the present absolute structure is correct. 6

Neutral atom scattering factors were taken from Cromer and Waber/. Anomalous
dispersion effects were included in Fcalc; the values for Af and Af" were those of
Creagh and McAuley9. The values for the mass attenuation coefficients are those of
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Data of X-Ray Analysis (Silane 22ab)

Creagh and Hubbell10. All calculations were performed using the CrystalStructure
crystallographic software package except for refinement, which was performed using

SHELXL-9712,
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula

Formula Weight
Crystal Color, Habit

Crystal Dimensions

C19H27NO2SSi
361.57

colorless, block

0.160 X 0.130 X 0.100 mm

Crystal System monoclinic

Lattice Type Primitive

Lattice Parameters a= 9.154(3) A
b= 16.606(5) A
c= 13.184(4) A
B= 91.919(4)°
V =2003.0(11) A3

Space Group P21 (#4)

Z value 4

Dealc 1.199 g/cm3

Fooo 776.00

n(MoKa) 2.319 cm-1



Diffractometer

Radiation

Voltage, Current

Temperature
Detector Aperture

Data Images

o oscillation Range
Exposure Rate
Detector Swing Angle
o oscillation Range
Exposure Rate
Detector Swing Angle
o oscillation Range
Exposure Rate

Detector Swing Angle
Detector Position

Pixel Size

Zemax

Data of X-Ray Analysis (Silane 22ab)

B. Intensity Measurements

-149-

Saturn724+

MoKa. (A = 0.71075 A)

multi-layer mirror monochromated

50kV, 24mA

-180.00C
70 x 70 mm

1249 exposures
-110.0 - 70.00
32.0 sec./°
-19.920

-110.0 - 70.00
32.0 sec./0
-19.920

-110.0 - 70.00
32.0 sec./0

-19.920
4514 mm

0.070 mm

55.00



No. of Reflections Measured

Corrections

Data of X-Ray Analysis (Silane 22ab)
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Total: 24503
Unique: 9146 (Rijnt = 0.0239)
Friedel pairs: 4400

Lorentz-polarization
Absorption

(trans. factors: 0.885 - 0.977)



Data of X-Ray Analysis (Silane 22ab)

C. Structure Solution and Refinement

Structure Solution
Refinement
Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)

No. Variables

Reflection/Parameter Ratio

Residuals: R1 (1>2.0005(1))

Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Flack Parameter (Friedel pairs = 4400)

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map

-151-

Direct Methods
Full-matrix least-squares on F2
> w (Fo2 - Fc2)2

w = 1/ [ 62(Fo2) + (0.0399 - P)2
+0.0000- P]
where P = (Max(Foz,O) + 2F02)/3

55.00
All non-hydrogen atoms
9146
444
20.60
0.0260
0.0286
0.0661
1.071
0.00(3)
0.000

0.33 /A3

-0.27 e"/A3
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Table 1. Atomic coordinates and Biso/Beq

atom

S1
S2
Si3
Si4
05
06
o7
08
N9
N10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37

X

0.37198(4)
0.02389(3)
0.22368(4)
0.22895(4)
0.52568(11)
-0.00039(12)
0.08399(11)
0.32331(12)
0.29174(13)
0.13101(12)
0.36423(15)
0.29970(16)
0.16451(15)
0.06785(17)
0.38389(16)
0.13143(17)
0.10147(16)
0.47471(17)
0.27289(15)
-0.03827(17)
0.41627(16)
0.23058(17)
0.13440(17)
0.36581(18)
0.04395(19)
0.26580(16)
0.47058(17)
-0.20963(17)
-0.02231(18)
0.32574(18)
0.5298(2
-0.0746(2
-0.1814(2
0.14653(17)
-0.24897(17)
-0.1090(2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
)
)
)
17
17
)
0.43644(18)

y
0.09844(
0.30275(
0.13818(
0.29982(
0.09060(
0.38764(
0.25967(
0.14700(
0.13330(
0.28699(
0.13601(
-0.00198(
0.34992(
0.06715(
0.39391(
0.13681(
0.21540(
0.53004(
0.41241(
0.08537(
0.25879(
0.37626(
0.00278(
0.54905(
(

(

(

(

(

(1

(1

(

(

(

(

2
2
3
2
7
6
6
6
8
7
9
9

)

)

-0.00080(10)

0.49089
0.20513
0.29530
0.22657
0.10904
0.34661
0.08438
-0.02980(1
0.24148(10)
0.27100(11)
0.16133(12)
0.28266(10)

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
0
)
)
)
)
)
)
1
)
0
)
0

8
9
9
1
9
9
8
9
9
9
1
9
1
9
1
12
1
1

)
)
0)
2)
2)
1)
0)

z

0.72416(
0.68708(
1.02962(
0.39778(
0.74649(
0.69615(
0.77462(
0.63842(
0.82252(
0.59419(
0.92433(
0.70320(
0.51948(
1.00282(
0.63030(
0.39545(
0.36201(
0.62523(
0.55886(
0.92661(
0.42308(
0.29393(
0.68244(
0.55398(
1.06247(
0.52082(
0.93989(
0.55520(
0.29797(
1.14904(
0.92529(
0.30021(
0.96975(
1.04033(
0.74117(
0.26768(

(

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
0.90470(12)
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Table 1. Atomic coordinates and Bijso/Beq (continued)

atom X y z Beg

C38 -0.0795(2) -0.04887(10) 1.04616(13) 2.51(3)
C39 0.60145(18) 0.19358(12) 0.99608(12) 2.43(3)
C40 0.37334(18) -0.03560(10) 0.61040(12) 2.02(3)
C41 0.3342(2) -0.05238(10) 0.79707(13) 2.64(3)
C42 -0.16074(17)  0.03741(10) 0.90958(12)  2.00(3)
C43 0.48346(17) 0.45233(10) 0.66310(12) 1.85(3)
C44 0.0452(2) 0.07215(10) 0.36451(13)  2.33(3)
C45 -0.12532(17)  0.16572(10) 0.63748(13) 1.95(3)
C46 0.6598(2) 0.33457(14) 0.98090(14)  3.60(5)
C47 0.6949(2) 0.25736(15) 1.01558(13) 3.40(4)
C48 -0.14948(15) 0.25562(9) 0.65252(11) 1.46(2)

Beq = 8/3 12(U11(aa")? + Upp(bb*)? + Uzz(cc*)? + 2U12(aa*bb*)cos y + 2Uq3(aa*cct)cos B + 2Up3(bb*ce*)cos a)
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Table 2. Atomic coordinates and Biso involving hydrogen atoms

atom

H9
H10
H11
H13
H15
H16
H18
H20
H21A
H21B
H21C
H22A
H22B
H22C
H23A
H23B
H23C
H24
H25
H26
H28A
H28B
H28C
H29
H30A
H30B
H30C
H31
H32
H33
H34A
H34B
H34C
H35A
H35B
H35C
H36

X

0.20160
0.17085
0.42144
0.07107
0.39145
0.21292
0.54277
-0.02572
0.41434
0.48330
0.44961
0.27630
0.28625
0.13004
0.08697
0.09672
0.11368
0.35927
0.11300
0.19174
-0.14271
-0.21895
-0.30579
-0.04733
0.40446
0.36755
0.25877
0.50504
-0.13331
-0.26526
0.07572
0.09768
0.22559
-0.20866
-0.34673
-0.25537
-0.19244

y
0.15131
0.23910
0.08502
0.37867
0.34081
0.12763
0.56986
0.13179
0.22046
0.30301
0.23133
0.35305
0.42359
0.39226
0.02240

-0.05085
0.03984
0.60218

-0.01450
0.50471
0.28536
0.35344
0.27254
0.27917
0.14786
0.05516
0.10880
0.39897
0.04006

-0.06275
0.24253
0.25660
0.27968
0.24414
0.24968
0.32905
0.16987

z

0.81510
0.58793
0.93291
0.50189
0.65678
0.44048
0.64795
0.88569
0.47954
0.44074
0.36226
0.23446
0.31711
0.27572
0.74323
0.66487
0.62592
0.52751
1.11505
0.47169
0.50008
0.56600
0.53712
0.27500
1.16314
1.14116
1.20549
0.90132
0.27839
0.95865
1.09444
0.97584
1.05635
0.80209
0.72468
0.75363
0.22425
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Data of X-Ray Analysis (Silane 22ab)

Table 2. Atomic coordinates and Biso involving hydrogens/Beq (continued)

atom X y z Beg

H37 0.34824 0.29147 0.86628 2.553
H38 -0.09388 -0.09484 1.08755 3.015
H39 0.62608 0.14146 1.02096 2.914
H40A 0.47959 -0.03535 0.62232 2.428
H40B 0.34792 -0.00218 0.55114 2.428
H40C 0.33991 -0.09091 0.59802 2.428
H41A 0.43936 -0.05006 0.81340 3.171
H41B 0.30527 -0.10836 0.78413 3.171
H41C 0.28027 -0.03125 0.85426 3.171
H42 -0.23007 0.05057 0.85695 2.399
H43 0.55816 0.43883 0.71192 2.218
H44 0.06870 0.01938 0.38761 2.798
H45A -0.06403 0.15721 0.57889 2.343
H45B -0.21980 0.13901 0.62552 2.343
H45C -0.07659 0.14309 0.69836 2.343
H46 0.72391 0.37842 0.99511 4.318

H47 0.78402 0.24860 1.05297 4.084
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Data of X-Ray Analysis (Silane 22ab)

Table 3. Anisotropic displacement parameters

atom
S1

S2

Si3

Si4

05

06

o7

08

N9

N10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34

U114 U22 Us3 U1z U13
0.01772(16) 0.01453(16) 0.01208(15) 0.00107(14) 0.00170(12)
0.00065(13)

0.01629(15) 0.01359(15) 0.01160(15) 0.00147(13) 0.00039(11)
0.00039(14)

0.0218(2) 0.02004(19)0.01124(18) 0.00158(16) 0.00057(14)
0.00052(16)
0.01600(18)0.01339(17)0.01336(17)-0.00112(15) 0.00091(13)
0.00047(16)

0.0170(5) 0.0295(6) 0.0224(5) -0.0005(5) 0.0020(4)
0.0290(6) 0.0147(5) 0.0218(5) 0.0032(4)  0.0057(4)
0.0215(5) 0.0227(5) 0.0117(5) 0.0031(4) -0.0012(4)
0.0341(6) 0.0193(5) 0.0128(5) 0.0067(5) 0.0027(4)
0.0173(6) 0.0205(6) 0.0108(5) 0.0053(5)  0.0002(4)
0.0181(6) 0.0115(6) 0.0159(6) 0.0027(4)  0.0039(4)
0.0210(7) 0.0193(7) 0.0111(6) 0.0036(6) -0.0016(5)
0.0219(7) 0.0140(7) 0.0201(7) -0.0008(6)  0.0028(6)
0.0179(7) 0.0123(6) 0.0128(6) 0.0003(5)  0.0009(5)
0.0242(8) 0.0186(7) 0.0148(7) 0.0019(8)  0.0041(6)
0.0230(8) 0.0174(7) 0.0222(7) -0.0019(6) -0.0029(6)
0.0259(8) 0.0199(7) 0.0230(8) -0.0050(6)  0.0060(6)
0.0210(7) 0.0194(7) 0.0149(7) -0.0055(8)  0.0046(6)
0.0254(8) 0.0222(8) 0.0215(8) -0.0070(6)  0.0001(6)
0.0173(7) 0.0155(7) 0.0136(6) 0.0001(5)  0.0029(5)
0.0246(8) 0.0211(8) 0.0180(7) 0.0018(6)  0.0013(6)
0.0205(7) 0.0195(8) 0.0228(7) 0.0011(6)  0.0022(6)
0.0229(8) 0.0214(8) 0.0156(7) -0.0011(6)  0.0001(6)
0.0219(8) 0.0314(9) 0.0369(10) -0.0039(7)  0.0051(7)
0.0295(9) 0.0147(7) 0.0236(8) -0.0027(6) 0.0006(6)
0.0355(9) 0.0196(8) 0.0196(8) 0.0017(7) -0.0014(6)
0.0209(7) 0.0157(7) 0.0190(7) -0.0000(6) -0.0014(6)
0.0203(7) 0.0305(9) 0.0140(7) -0.0008(8)  0.0041(6)
0.0215(8) 0.0415(10) 0.0222(8) 0.0020(8) -0.0051(6)
0.0282(8) 0.0262(8) 0.0210(8) -0.0072(7) -0.0010(6)
0.0306(9) 0.0415(10) 0.0156(7) -0.0003(8) -0.0000(6)
0.0520(12) 0.0312(10) 0.0293(9) -0.0153(9)  0.0193(8)
0.0457(11) 0.0315(10) 0.0260(9) -0.0227(8)  0.0096(8)
0.0349(9) 0.0263(9) 0.0282(9) -0.0086(8)  0.0054(7)
0.0290(8) 0.0217(8) 0.0217(8) -0.0014(6)  0.0057(6)
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U23



Data of X-Ray Analysis (Silane 22ab)

C35 0.0214(8) 0.0326(9) 0.0286(8) 0.0017(7)  0.0094(6)  0.0031(7)
C36 0.0323(9) 0.0470(12) 0.0246(9) -0.0185(8) -0.0061(7)  0.0008(8)
C37 0.0302(9) 0.0287(9) 0.0224(8) -0.0050(7) 0.0081(6) -0.0054(6)
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Data of X-Ray Analysis (Silane 22ab)

Table 3. Anisotropic displacement parameters (continued)

atom
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48

U114
0.0498(11)
0.0228(8)
0.0275(8)
0.0558(12)
0.0251(8)
0.0223(8)
0.0424(10)
0.0237(8)
0.0513(13)
0.0276(9)
0.0142(7)

U22
0.0192
0.0520
0.0239
0.0171
0.0290
0.0274
0.0201
0.0246
0.0624
0.0835
0.0244

(8
(1
(8
(8
(8
(8
(8
(8
(1
(1
(8

)
1
)
)
)
)
)
)
4
7
)

)

)
)

Us3
0.0268(9)
0.0176(8)
0.0255(8)
0.0275(9)
0.0219(8)
0.0201(7)
0.0268(9)
0.0262(8)
0.0242(9)
0.0184(8)
0.0168(7)

U1z
-0.0074(8)
-0.0035(8)

0.0034(7)
0.0018(8)
0.0006(7)
-0.0022(7)
-0.0100(7)
-0.0065(6)

-0.0350(11)
-0.0209(10)

-0.0006(6)

The general temperature factor expression: exp(-21t2(a*2U11h2 + b*2U9ok2 + c*2U3312
+ 2a*b*Uq2hk + 2a*c*Uq3hl + 2b*c*Uo3kl))
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Table 4. Fragment Analysis

fragment: 1

Data of X-Ray Analysis (Silane 22ab)
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Data of X-Ray Analysis (Silane 22ab)

Table 5. Bond lengths (A)

atom
S1
S1
S2
S2
Si3
Si3
Si4
Si4
N9
C11
C12
C13
C14
C15
C16
C18
C19
C24
c27
C28
C31
C32
C33
C35
C45

atom
05
N9
06
N10
C11
C30
C13
C21
C11
Cc27
C40
C19
C25
C43
C44
C24
C26
C26
C37
C48
C37
C36
C38
C48
C48

distance

1
1
1
1
1
1
1
1
)
)
1
1.397(2)
1.390(2)
1.386(2)
1.383(2)
1.397(2)
1.391(2)
1.400(2)
1.528(2)
1.385(3)
1.381(3)
1.386(3)
1.527(2)
1.523(2)
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atom
S1
S1
S2
S2
Si3
Si3
Si4
Si4
N10
Cc12
C12
C14
C15
C16
c17
C18
C20
C25
c27
C29
C31
C32
C33
C39
C46

atom
08
C12
o7
C48
C14
C34
C17
C22
C13
C23
C41
C20
C19
C17
C29
C43
C42
C38
C39
C36
C46
C44
C42
C47
C47

distance



Data of X-Ray Analysis (Silane 22ab)

Table 6. Bond lengths involving hydrogens (A)

atom
N9
C11
C15
C18
C21
C21
C22
C23
C23
C25
C28
C28
C30
C30
C32
C34
C34
C35
C36
C38
C40
C40
C41
C42
C44
C45
C46

atom
H9
H11
H15
H18
H21A
H21C
H22B
H23A
H23C
H25
H28A
H28C
H30A
H30C
H32
H34A
H34C
H35B
H36
H38
H40A
H40C
H41B
H42
H44
H45B
H46

distance
0.880
1.000
0.950
0.950
0.980
0.980
0.980
0.980
0.980
0.950
0.980
0.980
0.980
0.980
0.950
0.980
0.980
0.980
0.950
0.950
0.980
0.980
0.980
0.950
0.950
0.980
0.950
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atom
N10
C13
C16
Cc20
C21
C22
C22
C23
C24
C26
C28
C29
C30
C31
C33
C34
C35
C35
C37
C39
C40
C41
C41
C43
C45
C45
c4a7

atom
H10
H13
H16
H20
H21B
H22A
H22C
H23B
H24
H26
H28B
H29
H30B
H31
H33
H34B
H35A
H35C
H37
H39
H40B
H41A
H41C
H43
H45A
H45C
H47

distance
0.880
1.000
0.950
0.950
0.980
0.980
0.980
0.980
0.950
0.950
0.980
0.950
0.980
0.950
0.950
0.980
0.980
0.980
0.950
0.950
0.980
0.980
0.980
0.950
0.980
0.980
0.950



Table 7. Bond angles ()

atom
05
05
08
06
06
o7
C11
C11
C14
C13
C13
Cc17
S1
Si3
N9
S1
C23
C40
Si4
Si3
C20
Cc17
Si4
C24
C13
C14
Cc14
C11
C37
C37
C38
c27
c27
C15
C31
S2
S2

atom
S1
S1
S1
S2
S2
S2
Si3
Si3
Si3
Si4
Si4
Si4
N9
C11
C11
C12
C12
C12
C13
C14
C14
C16
C17
C18
C19
C20
C25
c27
c27
C31
C33
C37
C39
C43
C46
C48
C48

atom
08
C12
C12
o7
C48
C48
C14
C34
C34
C17
C22
C22
C11
N9
ca7
C40
C40
C41
C19
C20
C25
C44
C29
C43
C26
C42
C38
C37
C39
C46
C42
C31
C47
C18
Cc4a7
C28
C45

Data of X-Ray Analysis (Silane 22ab)

angle

119.05
107.37
107.01
118.34
107.98
107.00
112.02
109.65
107.80
109.19
109.19
110.13
122.45
111.41
114.40
106.91
109.69
111.54

(
(
(
(
(
(
(
(
(
(
(
(
(10)
(
(
(
(
(
111.56(9)

(
(
(
(
(
(
(1
(1
(
(
(
(
(
(
(
(
(
(1

)
)
)
)
)
)
)
)
)
)
)
)
0
)
2
0
3
3

7
7
6
6
7
6
7
7
7
6
7
7
1
9
12)
10)
13)
13)
9

120.13(11)
117.28(14)
121.69(14)
122.43(12)
119.28(14)
119.59(12)
121.80(14)
121.13(15)
121.10(14)
118.60(15)
120.32(18)
119.90(16)
120.71(15)
120.49(18)
120.58(14)
119.25(19)
108.20(11)
109.02(10)

atom
05
08
N9
06
o7
N10
C11
C14
C30
C13
Cc17
C21
S2
Si3
S1
S1
C23
Si4
N10
Si3
C19
Si4
C16
C13
C15
C18
C19
C11
Cc17
C36
C29
C25
Cc20
C16
C39
S2
C28

-162-

atom
S1
S1
S1
S2
S2
S2
Si3
Si3
Si3
Si4
Si4
Si4
N10
C11
C12
C12
C12
C13
C13
C14
C15
C17
C17
C19
C19
C24
C26
c27
C29
C32
C36
C38
C42
C44
C4a7
C48
C48

atom
N9
N9
C12
N10
N10
C48
C30
C30
C34
C21
Cc21
C22
C13
c27
C23
C41
C41
N10
C19
C25
C43
C16
C29
C15
C26
C26
C24
C39
C36
C44
C32
C33
C33
C32
C46
C35
C35

angle
109.66(6)
106.89(7)
106.15(7)
108.81

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
113. 87(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(



Data of X-Ray Analysis (Silane 22ab)

Table 7. Bond angles () (continued)

atom  atom atom angle atom atom atom angle
C28 C48 C45 111.29(13) C35 C48 C45 110.88(13)
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Data of X-Ray Analysis (Silane 22ab)

Table 8. Bond angles involving hydrogens (©)

atom
S1
S2
Si3
ca7
N10
C19
c17
C24
C14
Si4
Si4
H21A
Si4
Si4
H22A
C12
C12
H23A
C18
C14
Cc19
C48
C48
H28A
c17
Si3
Si3
H30A
C37
C36
C38
Si3
Si3
H34A
C48
C48
H35A

atom
N9
N10
C11
C11
C13
C15
C16
C18
C20
C21
C21
c21
Cc22
Cc22
Cc22
C23
C23
C23
C24
C25
C26
C28
C28
C28
C29
C30
C30
C30
C31
C32
C33
C34
C34
C34
C35
C35
C35

atom
H9
H10
H11
H11
H13
H15
H16
H18
H20
H21A
H21C
H21C
H22A
H22C
H22C
H23A
H23C
H23C
H24
H25
H26
H28A
H28C
H28C
H29
H30A
H30C
H30C
H31
H32
H33
H34A
H34C
H34C
H35A
H35C
H35C

angle
118.8
118.8
107.1
107.1
107.3
119.6
119.2
120.4
1191
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
119.8
119.4
119.6
109.5
109.5
109.5
119.7
109.5
109.5
109.5
119.8
120.2
1201
109.5
109.5
109.5
109.5
109.5
109.5

atom
C11
C13
N9
Si4
C19
C43
C44
C43
C42
Si4
H21A
H21B
Si4
H22A
H22B
C12
H23A
H23B
C26
C38
C24
C48
H28A
H28B
C36
Si3
H30A
H30B
C46
C44
C42
Si3
H34A
H34B
C48
H35A
H35B
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atom
N9
N10
C11
C13
C13
C15
C16
C18
C20
C21
Cc21
Cc21
Cc22
C22
C22
C23
C23
C23
C24
C25
C26
C28
C28
C28
C29
C30
C30
C30
C31
C32
C33
C34
C34
C34
C35
C35
C35

atom
H9
H10
H11
H13
H13
H15
H16
H18
H20
H21B
H21B
H21C
H22B
H22B
H22C
H23B
H23B
H23C
H24
H25
H26
H28B
H28B
H28C
H29
H30B
H30B
H30C
H31
H32
H33
H34B
H34B
H34C
H35B
H35B
H35C

angle
118.8
118.8
1071
107.3
107.3
119.6
119.2
120.4
1191
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
119.8
119.4
119.6
109.5
109.5
109.5
119.6
109.5
109.5
109.5
119.8
1201
1201
109.5
109.5
109.5
109.5
109.5
109.5



Data of X-Ray Analysis (Silane 22ab)

Table 8. Bond angles involving hydrogens (©) (continued)

atom
C29
c27
C25
ca7
C12
C12
H40A
C12
C12
H41A
C20
C15
C16
C48
C48
H45A
C31
C39

atom
C36
C37
C38
C39
C40
C40
C40
C41
C4a1
C4a1
C42
C43
C44
C45
C45
C45
C46
c47

atom
H36
H37
H38
H39
H40A
H40C
H40C
H41A
H41C
H41C
H42
H43
H44
H45A
H45C
H45C
H46
H47

angle
119.7
119.6
119.9
119.8
109.5
109.5
109.5
109.5
109.5
109.5
120.2
119.7
120.0
109.5
109.5
109.5
120.4
119.7

atom
C32
C31
C33
Cc4a7
C12
H40A
H40B
C12
H41A
H41B
C33
C18
C32
C48
H45A
H45B
c4a7
C46
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atom
C36
C37
C38
C39
C40
C40
C40
C41
C4a1
C4a1
C42
C43
C44
C45
C45
C45
C46
c47

atom
H36
H37
H38
H39
H40B
H40B
H40C
H41B
H41B
H41C
H42
H43
H44
H45B
H45B
H45C
H46
H47

angle
119.7
119.6
119.9
119.8
109.5
109.5
109.5
109.5
109.5
109.5
120.2
119.7
120.0
109.5
109.5
109.5
120.4
119.7



Data of X-Ray Analysis (Silane 22ab)

Table 9. Torsion Angles(©)
(Those having bond angles > 160 or < 20 degrees are excluded.)

atom1 atom2 atom3 atom4 angle atom1 atom2 atom3 atom4 angle

05 S1 N9 C11  -13.74(12) 05 S1 C12 C23 178.14(8)
05 S1 C12 C40 -63.11(9) 05 S1 C12 C41 57.34(10)
08 S1 N9 C11  -144.08(9) 08 S1 C12 C23 -52.98(10)
08 S1 C12 C40 65.77(9) 08 S1 C12 C41 -173.78(8)
N9 S1 C12 C23 60.90(9) N9 S1 C12 C40 179.65(7)
N9 S1 C12 C41 -59.90(10) Cc12 St N9 C11  101.95(10)
06 S2 N10 C13 -13.18(10) 06 S2 C48 C28 56.17(10)
06 S2 C48 C35 -63.27(9) 06 S2 C48 C45 177.35(7)
o7 S2 N10 C13 -142.42(8) o7 S2 C48 C28 -175.44(7)
o7 S2 C48 C35 65.12(9) o7 S2 C48 C45 -54.27(9)
N10 S2 C48 C28 -60.67(9) N10 S2 C48 C35 179.89(7)
N10 S2 C48 C45 60.51(9) C48 S2 N10 C13 103.10(9)
C11 Si3 C14 C20 -72.80(12) C11  Si3 C14 C25 113.44(11)
C14 Si3 C11 N9 41.87(11) C14 Si3 C11  C27 169.27(7)
C30 Si3 C11 N9 162.59(9) C30 Si3 C11  C27 -70.02(10)
C34 Si3 C11 N9 -77.77(10) C34 Si3 C11  C27 49.63(10)
C30 Si3 C14 C20 169.18(10) C30 Si3 C14 C25 -4.57(14)
C34 Si3 C14 C20 47.92(12) C34 Si3 C14 C25 -125.83(11)
C13 Si4 C17 C16 -92.65(11) C13 Si4 C17 C29 90.37(11)
C17 Si4 C13 N10 46.76(9) C17 Si4 C13 C19 173.47(7)
C21 Si4 C13 N10 -72.38(9) C21 Si4 C13 C19 54.33(9)
C22 Si4 C13 N10 167.22(8) C22 Si4 C13 C19 -66.07(9)
Cc21 Si4 C17 C16 25.85(12) C21 Si4 C17 C29 -151.13(10)
C22 Si4 C17 C16 147.47(10) C22 Si4 C17 C29 -29.52(13)
S1 N9 C11 Si3  -156.60(8) S1 N9 C11  C27 78.83(14)
S2 N10 C13 Si4  -158.15(7) S2 N10 C13 C19 76.46(13)
Si3 c11  C27 C37 -83.17(13) Si3 C11 C27 C39 92.51(13)
N9 C11 C27 C37 4252(18) N9 C11 C27 C39 -141.80(12)
Si4 C13 C19 C15 -92.58(12) Si4 C13 C19 C26 85.37(12)
N10 C13 C19 C15 31.50(17) N10 C13 C19 C26 -150.54(11)
Si3 C14 C20 C42 -175.18(9) Si3 C14 C25 (C38 174.55(10)
C20 C14 C25 C(C38 0.6(2) C25 C14 C20 C42 -11(2)
C19 C15 C43 C18 -0.2(2) C43 C15 C19 C13 178.56(12)
C43 C15 C19 C26 0.6(2) C17 C16 C44 C32 -0.8(2)
C44 C16 C17 Si4d  -175.33(13) C44 C16 C17 C29 1.8(2)

Si4 C17 C29 C36 175.67(10) Ci6 C17 C29 C36 -1.4(2)
C24 C18 C43 C15 -0.2(2) C43 C18 C24 C26 0.2(2)

-166-



Data of X-Ray Analysis (Silane 22ab)

Table 9. Torsion angles (°) (continued)

atom1
C13
C14
C14
C11
C39
C37
C36
C38
c27

atom2 atom3 atom4 angle

C19
C20
C25
Cc27
Cc27
C31
C32
C33
C39

C26
C42
C38
C39
C37
C46
C44
C42
C47

C24
C33
C33
C47
C31
C47
C16
C20
C46

-178.61(11)
1.0(2)
0.0(2)
-176.22(12)
-0.2(2)
0.0(3)
-0.6(3)
-0.3(2)
0.9(2)

atom1 atom2 atom3 atom4 angle

C15
C18
C11
C37
C17
C46
C44
C42
C31
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C19
C24
Cc27
Cc27
C29
C31
C32
C33
C46

C26
C26
C37
C39
C36
C37
C36
C38
C47

C24
C19
C31
C47
C32
Cc27
C29
C25
C39

-0.6(2)
0.2(2)
175.54(12)
-0.4(2)
0.0(2)
0.4(3)
1.0(3)
-0.2(3)
-0.7(3)



Data of X-Ray Analysis (Silane 22ab)

Table 10. Intramolecular contacts less than 3.60 A

atom
S1
Si3
05
05
06
06
o7
08
N9
N9
N9
N10
N10
C11
C14
C15
C16
C18
C19
Cc20
C22
C25
c27
ca7
C30
C34

atom
c27
C37
C11
C40
C13
C28
C35
C23
C14
C23
C41
C17
C28
C4a1
C33
C24
C36
C19
C22
C38
C29
C42
C30
C46
C39
C37

distance
3.4454(17)
3.5322(18)
2.9124(18)
3.064(2)
2.8865(19)
3.039(2)

3.022(2

3. 163(2

)
)
)
)
)
)
3.146(2)
)
2.815(2)
2.769(2)
2.756(2)
2.808(2)
3.552(2)
)
)
)
)
)
)
)

3. 398(2

2.802(3

3.321(2
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atom
S2
Si4
05
05
06
06
o7
08
N9
N9
N10
N10
N10
C13
C15
C16
C17
C19
Cc20
C22
C25
C26
ca7
C29
C31
C37

atom
C19
C26
c27
C4a1
C19
C35
C45
C40
C20
C37
C15
C21
C45
C28
C21
C21
C32
C21
C34
C26
C30
C43
C34
C44
C39
Cc4a7

distance
3.4099(15)
3.5743(18)
3.234(2)
3.038(2)
3.1633(19)
3.061(2)



Table 11. Intramolecular contacts less than 3.60 A involving hydrogens

atom
S1
S1
S1
S1
S1
S2
S2
S2
S2
S2
Si3
Si3
Si4
Si4
05
05
05
06
06
06
o7
o7
o7
08
08
08
N9
N9
N9
N10
N10
N10
N10
C11
C11
C11
C11

atom
H11
H23C
H40B
H41A
H41C
H15
H28B
H35A
H35C
H45B
H9
H25
H10
H26
H9
H40A
H41A
H10
H28A
H35A
H10
H35A
H45A
H9
H23C
H40B
H23A
H34B
H41A
H15
H21A
H28B
H45C
H30A
H34B
H37
H41A

Data of X-Ray Analysis (Silane 22ab)

distance
2.783
2.830
2.830
2.792
2.895
3.460
2.821
2.827
2.765
3.593
2.837
2.966
2.770
3.559
3.289
2.681
2.628
3.275
3.322
3.383
2.634
2.727
3.340
2.617
2.618
2.744
2.805
3.417
3.335
2.652
3.240
3.397
3.374
3.164
3.246
2.695
3.497
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atom
S1
S1
S1
S1
S2
S2
S2
S2
S2
S2
Si3
Si3
Si4
Si4
05
05
05
06
06
06
o7
o7
o7
08
08
N9
N9
N9
N9
N10
N10
N10
C11
C11
C11
C11
C11

atom
H23A
H40A
H40C
H41B
H13
H28A
H28C
H35B
H45A
H45C
H20
H37
H16
H29
H11
H40B
H41C
H13
H28B
H35C
H15
H35C
H45C
H23A
H40A
H20
H23C
H37
H41C
H16
H28A
H45A
H20
H30B
H34C
H39
H41C

distance
2.917
2.792
3.565
3.581
2.794
2.870
3.587
3.556
2.906
2.812
2.921
3.547
2.919
2.977
2.668
3.373
3.372
2.669
2.653
2.662
3.528
3.316
2.612
3.327
3.359
3.050
3.391
2.735
2.767
3.431
2.759
2.802
3.590
3.157
3.237
2.678
3.018



Data of X-Ray Analysis (Silane 22ab)

Table 11. Intramolecular contacts less than 3.60 A involving hydrogens (continued)

atom
C12
C13
C13
C13
C13
C14
C14
C14
C14
C14
C15
C15
C15
C16
C16
C16
C17
Cc17
Cc17
Cc17
Cc17
C18
C19
C19
C19
C20
C20
C20
C21
C21
C22
C22
C22
C23
C23
C23
C24

atom
H9
H15
H21B
H22C
H28A
H9
H23A
H30C
H34B
H41C
H10
H18
H21B
H10
H21C
H32
H10
H21A
H22A
H28A
H44
H15
H10
H22B
H43
H23A
H33
H34B
H15
H22A
H13
H21C
H29
H40A
H40C
H41B
H43

distance
3.091
2.714
3.225
3.295
3.013
3.127
3.512
3.219
3.179
3.247
3.264
3.269
3.083
3.065
3.350
3.254
3.050
3.211
3.285
3.152
3.287
3.263
3.054
3.199
3.276
2.905
3.256
3.162
3.383
3.172
3.149
3.241
3.015
3.344
2.709
2.740
3.247

-170-

atom
C12
C13
C13
C13
C13
C14
C14
C14
C14
C14
C15
C15
C15
C16
C16
C16
C17
Cc17
Cc17
C17
Cc17
C18
Cc19
Cc19
Cc20
Cc20
Cc20
C21
C21
C21
C22
C22
C23
C23
C23
C23
C25

atom
H11
H21A
H22B
H26
H28B
H11
H30B
H34A
H38
H42
H13
H21A
H26
H21A
H29
H45A
H13
H21C
H22C
H36
H45A
H26
H21B
H24
H9
H25
H34A
H10
H16
H22B
H21B
H26
H9
H40B
H41A
H41C
H20

distance
3.504
3.195
3.171
2.660
3.584
3.408
3.249
3.153
3.284
3.296
3.287
3.516
3.257
3.110
3.258
3.075
3.296
3.198
3.164
3.284
3.420
3.261
3.104
3.279
2.898
3.257
3.555
3.194
2.879
3.278
3.206
3.198
3.074
2.655
3.350
2.652
3.254



Data of X-Ray Analysis (Silane 22ab)

Table 11. Intramolecular contacts less than 3.60 A involving hydrogens (continued)

atom
C25
C25
C26
C26
c27
c27
c27
C28
C28
C28
C28
C29
C29
C30
C30
C30
C31
C32
C33
C34
C34
C35
C35
C35
C36
C37
C37
C37
C39
C39
C40
C40
C40
C41
C41
C41
C41

atom
H30B
H33
H13
H18
H9
H31
H34C
H13
H35B
H45A
H45C
H22A
H28A
H11
H34A
H39
H47
H29
H25
H20
H30C
H28A
H28C
H45B
H44
H11
H34C
H46
H11
H37
H23A
H23C
H41B
H11
H23B
H40A
H40C

distance
3.242
3.269
2.585
3.267
3.049
3.276
3.025
3.022
2.707
2.665
3.359
3.569
3.076
3.035
3.250
3.318
3.261
3.262
3.264
3.122
3.241
3.364
2.723
2.688
3.245
3.306
2.826
3.266
2.563
3.268
3.343
2.701
2.681
2.993
2.741
2.714
2.703
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atom
C25
C25
C26
C26
c27
ca7
C27
C28
C28
C28
C29
C29
C29
C30
C30
C31
C32
C33
C34
C34
C34
C35
C35
C35
C37
C37
C37
C38
C39
C39
C40
C40
C40
C41
C41
C41
C42

atom
H30C
H41C
H15
H22B
H30A
H34B
H47
H35A
H35C
H45B
H16
H22C
H32
H25
H34C
H34C
H16
H20
H9
H30A
H37
H28B
H45A
H45C
H9
H34B
H39
H42
H30A
H46
H23B
H41A
H41C
H23A
H23C
H40B
H23A

distance
3.238
3.587
3.257
2.921
3.171
3.566
3.270
3.364
2.722
2.759
3.255
3.103
3.267
2.854
3.208
3.507
3.246
3.250
3.378
3.218
3.106
2.707
3.355
2.717
3.256
3.298
3.268
3.259
2.991
3.268
2.667
2.734
3.354
2.657
3.348
3.354
3.217



Data of X-Ray Analysis (Silane 22ab)

Table 11. Intramolecular contacts less than 3.60 A involving hydrogens (continued)

atom
C42
C44
C45
C45
C45
C45
C46
C48
H9
H9
H9
H9
H10
H10
H10
H11
H11
H11
H13
H13
H13
H13
H15
H16
H16
H18
H20
H20
H21B
H21C
H22A
H22C
H23A
H23A
H23A
H23B
H23B

atom
H38
H36
H10
H28B
H35A
H35C
H39
H10
H11
H23A
H34B
H41C
H15
H21A
H45A
H30A
H37
H41A
H15
H22C
H28A
H29
H21B
H21A
H44
H24
H23A
H34B
H22A
H22A
H29
H26
H40B
H41A
H41C
H40A
H40C

distance
3.257
3.243
3.063
3.359
2.664
3.353
3.266
3.093
2.732
2.552
2.931
3.154
2.763
2.705
2.543
3.218
3.596
2.749
3.573
3.056
2.496
3.555
3.062
2.445
2.323
2.335
2.832
2.626
3.366
3.043
3.267
3.222
3.563
3.537
2.428
3.577
2.511
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atom
C43
C44
C45
C45
C45
C46
C47
C48
H9
H9
H9
H10
H10
H10
H10
H11
H11
H11
H13
H13
H13
H15
H15
H16
H16
H18
H20
H20
H21B
H21C
H22B
H22C
H23A
H23A
H23A
H23B
H23B

atom
H24
H45A
H28A
H28C
H35B
H37
H31
H13
H20
H23C
H37
H13
H16
H28A
H45C
H30B
H39
H41C
H22B
H26
H28B
H21A
H43
H21C
H45A
H43
H34A
H42
H22B
H22B
H26
H29
H40C
H41B
H42
H40B
H41B

distance
3.247
3.343
2.690
2.735
2.744
3.262
3.263
3.530
2.330
3.188
2.759
2.725
2.721
3.154
3.164
2.849
2.364
2.527
3.270
2.406
2.844
3.087
2.331
2.979
3.211
2.336
3.413
2.327
3.118
3.567
2.614
2.482
3.587
2.988
3.344
2.902
2.613



Data of X-Ray Analysis (Silane 22ab)

Table 11. Intramolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H23B
H23C
H23C
H25
H25
H28A
H28A
H28B
H28C
H28C
H29
H30A
H30B
H30C
H31
H32
H33
H34C
H35A
H35B
H35C
H39
H40A
H40C
H40C

atom
H41C
H40B
H41C
H30B
H38
H45A
H45C
H35C
H35B
H45A
H36
H34C
H39
H34C
H46
H44
H42
H37
H45B
H45B
H45B
H47
H41B
H41A
H41C

distance
2.980
2.490
3.532
2.614
2.335
2.465
3.560
2.540
2.542
2.964
2.334
3.050
3.228
3.460
2.344
2.331
2.339
2.787
2.909
2.557
3.599
2.322
2.966
3.030
3.580
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atom
H23C
H23C
H24
H25
H28A
H28A
H28B
H28B
H28C
H28C
H30A
H30A
H30C
H31
H32
H33
H34B
H35A
H35A
H35B
H35C
H40A
H40B
H40C
H46

atom
H40A
H40C
H26
H30C
H29
H45B
H35B
H45A
H35C
H45B
H34A
H39
H34A
H37
H36
H38
H37
H45A
H45C
H45C
H45C
H41A
H41B
H41B
H47

distance
3.576
3.031
2.332
2.700
3.123
3.036
2.980
3.556
3.025
2.614
3.488
2.810
3.117
2.327
2.329
2.336
2.811
3.572
2.502
3.070
3.581
2.570
3.575
2.501
2.346



Data of X-Ray Analysis (Silane 22ab)

Table 12. Intermolecular contacts less than 3.60 A

distance
3.338(2)
3.4333(16)
3.544(2)
2.9621(17)
2.8877(17)
3.520(2)

atom atom
06 c32'
o7 08

o7 C34
08 N10

N9 07

C21 08
C24 C40?
C26 c44’
C32 o06*
C32 c26*
C35 C31°
C39 ca2®
C41 C46’
C44 06*
C46 C35°
Symmetry Operators:
(1) -X,Y+1/2,-Z+1
(3) X+1,Y,Z

(5) X-1Y,Z

(7) -X+1,Y+1/2-1,-Z+2
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atom
06
o7
08
08
N10
C24
C26
C31
C32
C34
C35
C40
C42
C44
C46

-X+1,Y+1/2,-Z+1
-X,Y+1/2-1,-Z+1
-X+1,Y+1/2-1,-Z+1
-X+1,Y+1/2,-Z+2

(8)

atom
c44’
N9
o7
C21
08
c32'
C32'
C35°
Cc24*
o7
C46°
C24°
C39°
c26*
c418

distance
3.190(2)
2.8877(17)
3.4333(16)
3.520(2)
2.9621(17)
3.389(3)



Table 13. Intermolecular contacts less than 3.60 A involving hydrogens

atom
S1
S2
05
05
05
06
06
o7
o7
08
08
C15
C16
C16
c17
C18
C18
C18
C18
C19
C20
C20
C21
C21
C22
C22
C22
C23
C23
C24
C24
C25
C26
C26
C26
c27
C28

atom
H10
H9
H22B3
H35B"
H45B"
H32*
H44*
H20
H37
H10
H16
H32*
H18%
H30C®
H34A°
H21C®
H30B’
H32*
H40B®
H40A°
H398
H478
H243
H40C®
H33*
H40A8
H42*
H26°
H45C
H32*
H40B®
H321°
H32*
H444
H45B*
H35B"
H40C*

Data of X-Ray Analysis (Silane 22ab)

distance
3.442
3.411
3.385
2.907
2.978
2.827
2.520
2.786
2.719
2.160
2.785
3.576
3.252
2.836
3.556
3.417
3.383
3.417
2.930
3.458
3.480
3.599
3.365
3.366
3.505
3.196
3.512
3.555
3.038
3.123
3.123
3.392
3.059
3.362
3.146
3.422
2.985
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atom
S1
S2
05
05
06
06
o7
o7
o7
08
08
C15
C16
c17
C18
C18
C18
C18
C19
Cc20
Cc20
C21
C21
C22
C22
C22
C23
C23
C24
C24
C24
C25
C26
C26
ca7
C28
C29

atom
H35B'
H382
H35A
H42'
H252
H382
H9
H34B
H382
H15
H21A
H37
H23C
H30C®
H16°
H30A’
H30C’
H40A
H32*
H35A
H45C
H183
H28C'
H23B*
H34C®
H41A8
H22C°
H45A
H21A8
H40A°
H45B*
H46™
H40A®
H45A%
H35A
H21B®
H30C®

distance
3.597
3.465
3.582
2.710
3.174
2.966
2.155
2.652
3.023
3.286
2.586
3.570
3.447
3.109
3.423
3.554
3.504
3.478
3.304
3.451
3.166
3.299
2.921
3.293
3.518
3.594
3.102
3.402
3.522
3.097
3.067
3.037
3.079
3.550
3.564
3.148
3.485



Data of X-Ray Analysis (Silane 22ab)

Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
C29
C30
C31
C31
C32
C32
C33
C33
C34
C34
C35
C36
C36
C37
C37
C38
C38
C39
C40
C40
C42
C42
C43
C43
C44
C44
C45
C45
C46
C46
C46
Cc4a7
C47
H9
H9
H10
H10

atom
H34A°
H43"
H35A
H35C’
H24°
H26°
H22A°
H34C"?
H22A™
H382
H20
H30C®
H47"3
H332
H35C’
H34B'
H46"
H36™
H21B3
H28B°®
H22C®
H45C
H30B’
H35C’
H23C
H30C®
H23A
H24°
H25’
H35C"
H41B’
H35A
H41B’
o7
H45C
08
H23C

distance
2.870
3.514
3.395
3.061
3.526
3.487
3.410
3.207
3.345
3.226
3.590
3.599
3.300
3.533
3.591
3.247
3.531
3.519
3.069
3.253
3.450
3.402
3.347
3.338
3.523
2.977
3.347
3.181
3.519
3.122
3.245
2.986
3.456
2.155
2.934
2.160
3.390

-176-

atom
C30
C31
C31
C31
C32
C32
C33
C33
C34
C34
C35
C36
C37
C37
C38
C38
C39
C39
C40
C41
C42
C43
C43
C43
C44
C45
C45
C45
C46
C46
C46
Cc4a7
H9
H9
H10
H10
H11

atom
H18™
H332
H35B'
H43
H25°
H30C®
H22C°
H398
H332
H478
H438
H34A°
H15
H35B'
H32'°
H34C"?
H35A"
H42'
H22B3
H46™
H398
H28B'
H31
H40B®
H26°
H20
H23C
H26°
H35A"
H41A”
H41C’
H36'
S2
H10
S1

H9
H42'

distance
2.970
3.274
3.326
3.221
3.448
3.361
3.532
3.425
3.428
3.330
3.315
3.186
3.420
3.192
3.449
3.406
3.250
3.402
3.299
3.035
3.024
3.463
3.263
3.350
3.307
3.414
3.033
3.087
3.075
3.466
3.148
3.248
3.411
3.334
3.442
3.334
3.424



Data of X-Ray Analysis (Silane 22ab)

Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H13
H13
H15
H15
H15
H16
H16
H16
H18
H18
H18
H18
H18
H20
H20
H20
H21A
H21A
H21A
H21B
H21B
H21B
H21B
H21C
H21C
H21C
H22A
H22A
H22A
H22A
H22B
H22B
H22B
H22B
H22C
H22C
H22C

atom
H23B*
H444
C37
H31
H35C"
08
H183
H30C®
Cc16°
C30’
H21A®
H30A’
H30C’
o7
C45
H45C
08
H183
H28C'
Cc40°
H28B’
H40A°®
H40C°®
H18%
H28C'
H30C®
c33*
H33*
H34C®
H41A8
05°
H23B*
H40C®
H424
c33*
H23A*
H23C*

distance
2.887
3.057
3.420
3.491
3.442
2.785
2.731
3.156
3.252
2.970
3.046
2.834
2.686
2.786
3.414
2.505
2.586
3.046
2.785
3.069
3.249
2.834
2.457
2.686
3.233
3.350
3.410
2.903
2.672
3.142
3.385
3.547
3.573
3.146
3.532
2.940
3.586
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atom
H13
H15
H15
H15
H15
H16
H16
H16
H18
H18
H18
H18
H18
H20
H20
H20
H21A
H21A
H21B
H21B
H21B
H21B
H21C
H21C
H21C
H21C
H22A
H22A
H22A
H22A
H22B
H22B
H22B
H22C
H22C
H22C
H22C

atom
H23C*
08
H28C'
H35B'
H37
c18°
H23C
H40B
c21°
H16°
H21C®
H30B’
H40B®
C35
H35A
H478
c243
H243
c28’
H28A"
H28C'
H40B°®
c18®
H243
H30A°
H40C®
C34°
H34A%
H40A®
H42*
C40°
H40A%
H41A°
Cc23*
c42*
H23B*
H33*

distance
3.560
3.286
3.428
2.948
2.921
3.423
3.013
2.860
3.299
2.731
2.686
2.883
3.082
3.590
2.716
3.452
3.522
2.859
3.148
3.498
2.331
3.585
3.417
3.099
2.985
3.554
3.345
3.150
3.422
3.515
3.299
2.363
3.123
3.102
3.450
2.434
3.449



Data of X-Ray Analysis (Silane 22ab)

Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H22C
H22C
H23A
H23A
H23B
H23B
H23B
H23C
H23C
H23C
H23C
H23C
H23C
H24
H24
H24
H24
H24
H24
H25
H25
H25
H26
H26
H26
H26
H26
H26
H28A
H28B
H28B
H28B
H28B
H28C
H28C
H28C
H29

atom
H34A°
H424
H22C®
H45C
H13°
H22C°
H28A°
C16
C45
H13°
H22C°®
H44
H45B
c21°
c45*
H21C®
H32*
H40B®
H45B*
Cc32'°
H321°
H46"
c32*
c45*
H23C*
H40A8
H45A%
H45C*
H23B*
Cc40*
H21B®
H40C*
H44*
H158
H21B®
H24°
H23B*

distance
3.473
3.304
2.940
2.559
2.887
2.434
3.516
3.447
3.033
3.560
3.586
3.173
3.468
3.365
3.181
3.099
3.499
3.384
2.429
3.448
3.297
2.765
3.487
3.087
3.094
3.359
2.859
3.356
3.516
3.253
3.249
2.568
3.131
3.428
2.331
2.990
2.971
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atom
H22C
H23A
H23A
H23B
H23B
H23B
H23B
H23C
H23C
H23C
H23C
H23C
H23C
H24
H24
H24
H24
H24
H25
H25
H25
H26
H26
H26
H26
H26
H26
H28A
H28A
H28B
H28B
H28B
H28C
H28C
H28C
H28C
H29

atom
H34C®
C45
H45A
c22°
H22B°
H26°
H29°
C44
H10
H16
H26°
H45A
H45C
c32*
H21A8
H28C*
H40A8
H45A*
0612
C46"
H35C"?
Cc23*
c44*
H23B*
H32*
H44*
H45B*
H21B8
H40C*
Cc438
H40B*
H438
c218
H21A8
H21C®
H40C*
H34A°

distance
3.577
3.347
3.379
3.293
3.547
3.278
2.971
3.523
3.390
3.013
3.094
2.600
2.645
3.526
2.859
2.990
3.390
3.139
3.174
3.519
3.361
3.555
3.307
3.278
3.407
3.079
2.589
3.498
2.999
3.463
3.067
3.184
2.921
2.785
3.233
2.894
2.736



Data of X-Ray Analysis (Silane 22ab)

Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H29
H30A
H30A
H30B
H30B
H30B
H30C
H30C
H30C
H30C
H30C
H30C
H31
H31
H31
H32
H32
H32
H32
H32
H32
H33
H33
H33
H33
H33
H34A
H34A
H34A
H34A
H34B
H34B
H34B
H34C
H34C
H34C
H34C

atom
H41B*
c18™
H21C™°
c43™
H31™
H46"
c17'°
Cc29'°
C36'°
H16'°
H21C"™
H4410
H15
H33?
H43
Cc15°
Cc19°
C25°
C38°
H25°
H38°
Cc31"2
Cc37'?
H22C®
H34B"
H37'?
c17'°
C36"°
H22C™°
H36'°
o7
H332
H382
c22'°
C38?
H22C'°
H382

distance
3.090
3.554
2.985
3.347
2.906
3.527
3.109
3.485
3.599
3.156
3.350
3.358
3.491
2.984
2.644
3.576
3.304
3.392
3.449
3.297
3.397
3.274
3.533
3.449
3.466
3.447
3.556
3.186
3.473
3.270
2.652
3.466
2.605
3.518
3.406
3.577
3.040
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atom
H29
H30A
H30B
H30B
H30B
H30C
H30C
H30C
H30C
H30C
H30C
H31
H31
H31
H32
H32
H32
H32
H32
H32
H33
H33
H33
H33
H33
H33
H34A
H34A
H34A
H34A
H34B
H34B
H34B
H34C
H34C
H34C
H35A

atom
H47'3
H18"
c18"
H18"
H43"
c16'
c18™
c32™
Cc44'
H18"
H43"
C43
H30B’
H35C’
06°
c18°®
Cc24°
C26°
H24°
H26°
Cc22°
C34'?
H22A°
H3112
H34C'
H41A8
C29'"
H22A™
H29'
H478
C382
H35A
H478
C332
H22A™
H332
058

distance
3.303
2.834
3.383
2.883
2.803
2.836
3.504
3.361
2.977
2.686
3.441
3.263
2.906
3.199
2.827
3.417
3.123
3.059
3.499
3.407
3.505
3.428
2.903
2.984
2.650
3.267
2.870
3.150
2.736
2.710
3.247
3.567
3.081
3.207
2.672
2.650
3.582



Data of X-Ray Analysis (Silane 22ab)

Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H35A
H35A
H35A
H35A
H35A
H35A
H35B
H35B
H35B
H35B
H35C
H35C
H35C
H35C
H36
H36
H36
H37
H37
H37
H38
H38
H38
H38
H39
H39
H40A
H40A
H40A
H40A
H40A
H40B
H40B
H40B
H40B
H40B
H40C

atom
C20
c318
c46®
H20
H42
H478
058
c318
H158
H438
Cc378
Cc46°
H252
H438
Cc39™
H34A°
H47'3
C15
H332
H382
0612
C3412
H34B"
H37'?
C33'
H36™
c18®
c22®
c26°
H22A3
H243
c18®
Cc43®
H18%
H243
H44
c28°

distance
3.451
3.395
3.075
2.716
3.302
3.311
2.907
3.326
2.948
3.262
3.591
3.122
3.361
2.545
3.519
3.270
2.612
3.570
3.447
3.074
2.966
3.226
2.605
3.074
3.425
3.141
3.478
3.196
3.079
3.422
3.390
2.930
3.350
3.082
3.384
3.308
2.985
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atom
H35A
H35A
H35A
H35A
H35A
H35B
H35B
H35B
H35B
H35C
H35C
H35C
H35C
H35C
H36
H36
H37
H37
H37
H38
H38
H38
H38
H39
H39
H39
H40A
H40A
H40A
H40A
H40A
H40B
H40B
H40B
H40B
H40C
H40C

atom
c278
C39°
Cc478
H34B
H468
S18
c278
Cc378
H378
Cc318
Cc438
H158
H318
H468
Cc47"®
H39"
o7
H15
H35B"
8212
0712
H3210
H34C"?
C20'
Cc42'
H42'
c19°
c243
H21B3
H22B3
H26°
c243
H16
H21B2
H28B°
c21°®
H21B3

distance
3.564
3.250
2.986
3.567
3.455
3.597
3.422
3.192
3.480
3.061
3.338
3.442
3.199
3.299
3.248
3.141
2.719
2.921
3.480
3.465
3.023
3.397
3.040
3.480
3.024
2.980
3.458
3.097
2.834
2.363
3.359
3.123
2.860
3.585
3.067
3.366
2.457



Data of X-Ray Analysis (Silane 22ab)

Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom
H40C
H40C
H40C
H41A
H41A
H41A
H41B
H41B
H41B
H41C
H42
H42
H42
H42
H42
H42
H43
H43
H43
H43
H44
H44
H44
H44
H45A
H45A
H45A
H45B
H45B
H45B
H45B
H45C
H45C
H45C
H45C
H46
H46

atom
H21C3
H28A?®
H28C®
c46™
H22B3
H42'
C46"
H29°
H47™
H46™
c22°
H118
H22B°
H35A
H41A8
H45C
C31
H28B’
H30C’
H35B’
06°
H13°
H26°
H30C®
C23
H23A
H24°
058
c26°
H24°
H42
C23
H9
H23A
H26°
Cc25’
ca1’

distance
3.554
2.999
2.894
3.466
3.123
3.487
3.245
3.090
3.323
2.490
3.512
3.424
3.146
3.302
3.487
2.984
3.221
3.184
3.441
3.262
2.520
3.057
3.079
3.358
3.402
3.379
3.139
2.978
3.146
2.429
3.390
3.038
2.934
2.559
3.356
3.037
3.035

atom
H40C
H40C
H41A
H41A
H41A
H41A
H41B
H41B
H41C
H42
H42
H42
H42
H42
H42
H43
H43
H43
H43
H43
H44
H44
H44
H44
H45A
H45A
H45A
H45B
H45B
H45B
H45C
H45C
H45C
H45C
H45C
H46
H46

-181-

atom
H22B3
H28B°®
c22®
H22A3
H33'
H46"
c47"
H46™
C46"
058
C39®
H22A°
H22C®
H39®
H45B
C30’
C35'
H30B’
H31
H35C'
c26°
H23C
H28B°®
H40B
C26°
H23C
H26°
c24°
H23C
H26°
C20
Cc42
H20
H23C
H42
C38’
H25’

distance
3.573
2.568
3.594
3.142
3.267
3.205
3.456
2.940
3.148
2.710
3.402
3.515
3.304
2.980
3.390
3.514
3.315
2.803
2.644
2.545
3.362
3.173
3.131
3.308
3.550
2.600
2.859
3.067
3.468
2.589
3.166
3.402
2.505
2.645
2.984
3.531
2.765



Data of X-Ray Analysis (Silane 22ab)

Table 13. Intermolecular contacts less than 3.60 A involving hydrogens (continued)

atom atom distance atom
H46 H30B’ 3.527 H46
H46 H35C" 3.299 H46
H46 H41B7 2.940 H46
H47 c20’ 3.599 H47
H47 Cc36™ 3.300 H47
H47 H29' 3.303 H47
H47 H34B’ 3.081 H47
H47 H36' 2.612 H47
Symmetry Operators:

(1) X+1,Y,Z

(3) -X+1,Y+1/2-1,-Z+1
(5) X)Y,zZ-1

(7) -X+1,Y+1/2,-Z+2

(9) -X,Y+1/2-1,-Z+1
(11) -X+1,Y+1/2-1,-Z+2
(13) X-1,Y,Z-1

(2) -X,Y+1/2,-Z+2

atom
H35A
H41A’
H41C’
C34'
H20'
H34A'
H35A"
H41B’

(4) -X,Y+1/2,-Z+1

(6) -X+1,Y+1/2,-Z+1

(8) X-1Y,Z

(10) XY, Z+1
(12)

(14)  X+1,Y,Z+1

-182-

-X,Y+1/2-1,-Z2+2

distance
3.455
3.205
2.490
3.330
3.452
2.710
3.311
3.323
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