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= IS OBHFE DT OIZIE, M LA DMEN T IS M2 R 377210 T2, EL THSDL
WP, WD drug-likeness ZH 3 HZENROLND, T, (1) Kigtk LR M4
SELUE 472 bioavailability Z7r 928, (i) (LAY -(REIAIIC 2 E CRIF7RANENEZ RT 28,
(iti) FPENINE L TR TN B ML R T oMM LA IR D B DD THE
BRMHE TH D,

5 LAY D drug-likeness (28T H#%ERHI &L T, rule of five 2% 1997 4F{Z Lipinski HIZE
STHRBENE | rule of five 135 1B KFEEAZ A B BL O GAROE - fEEMES VS 7AL
BYOYEYLFHIMEE %A drug-likeness OFFIEEL THWOHLD THY, ZOF HMEEEESG
BIEDABEHFIEIC BV TALZIT ANBIL TS, 2O rule of five 23RBS L CLLRE, {LEHD
W T A—2 — DO EEMEN A TS AL, polar surface area <° rotatable bond 72 XKk & 7235
A—H =PRIV THRESN TS 2,

ZHLTZ AR B S TODHREED D1, 2009 4FIZ Lovering HIZL > THRES L7 Fsp®
M&o% 3, Fsp’ LA D RIRFIN ED D sp’ RFEBEOEIGLELTERSIL, 51D =Kt
IS E KT, Fsp® BRELRDIC O TR B3 52850 off-target DVEF AN 7%
&, Fiz BRI BB O AR TR Fsp® A AT 2L MMESN T 5, faf
it A& ATAL B =R TCANZ IR DN o T MR G 2 T D720 | S RI7R 53 T 12T
JV N chemical space ZF|H T& 5, EDFER, 77 T ED KIERIE R AL L AR T80
eSO BREN AR AR5 ATREME DV RIS ND &,

— 7 GEEORS AR W T, FEMEE THLEBFERNPZHAIN TS, d5A-
B UGS Buchwald-Hartwig FUS 72 E Do 7V 7 RS B R LW R Z 2T | ZRiIAE K
WZASHWOILTWAZENRED— K ELTHEIT HND, IEFRLFAFEOBEFHITLL | FrHlE 8 F
EZBRET DO ORFRIB IOV Y —ZADROGIVTWDELR T, LMD @S <JREBFO AF D355
G372 710 7 V) T RO E I B TR B OIL B DG R E FTREIC T 572 . W1 OERREERE Tl
Bl B THD, ZOZEIL, sp” RBEICEATALEH ORI EPEHS L TOBIZH D LT,
WA 72 5 B BR SBIBEAF ZE I RS WO LD B R £ > T D,
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ZDIHRAF RS BFIGE A E AT SR T LB R RIS A R T RO
SR EEN TS, FHEAR BRI AISEAE A5 FE TR, B KO T B kd
DT AN TR TERNIENZ WD BRZDOLDE sp? REBICEATLELDICTHIEDE
FPERFRHCHRRS N TV 0 220, EH I L% RIS\ T Ll Bl 7 1 7 D 85
RAEE W05 =R TR B ke — 2 S EE T DSOS O BRI Te 21T LT, RIS, AIEA~
DISHAENBLENG | EFEL DOV —RN LG LRI DB ER B IRILE M OMEELFE ML T, #r
B LSO BRI RIS T LI,
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2':%

w2  RaDFEICEIATLXY ., TLUBLUAIVEITO
SFHNRA2R2)BRBA I s

Sope

—Hi  MEOE

RE2R2BRACA IS L =2 DS ERE AN ONBRE GBS RAFKE R IEHETL2L
DNARER IR F N D @ WIS ThHHZEND, A E UL FICB W TEHERKISED—2ThS
(Scheme 1)°, HAEETIC, 4y FRIRIED DI FINRISICE D F T % 22T o [2+42+2] B (LA

MBS ESH TR, ZOH AED &SNS EMTEMELE W OE BIZIRSFH S TWDS

(Figure 1),

Scheme 1
|[2+2+2] cycloaddition
S I” B—— intermolecular
S ~
Z
Cl
- > intramolecular
Figure 1

Vollhardt et al. (1980) Vollhardt et al. (1985) Stevenson et al. (1989) Vollhardt et al. (1994)
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Figure 1 (continued)

Groth et al. (2003)

Vollhardt et al. (2001)  Witulski et al. (2002)  Witulski et al. (2002)
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The rings constructed by [2+2+2] cycloaddition are highlighted.
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DR IIED IO TOFIEL T, 1866 AT Berthelot I, 7&2F Lo 7 A% INEL
FTHZE T PUPNER A2 LT (Scheme 2)°, 7E®FL oD 3 BALIZED U Prn
AR DI R IR TREWITHY ™10, Woodward-Hoffmann Al W TEVHFFR THHIZH B
LT RISOWEITIZIE 400 °C 2B HE RNV IE ThH -T2, Z O FR ., 2L DRI G HEST
FTHIELERD NUBAIM A BRIFEIRIRACKFZROR)~—LDZ — )LIRIEE M E L TIRIR T

BoNHDIHTH-T- 2,

Scheme 2
Berthelot (1866)
high temperature
= (ca. 400 °C) .
||| + aromatic hydrocarbons + polymer
§ heat

low yield

AH° = -143 kcal/mol
AG* = 60~80 kcal/mol

ZAUTHKIL T, Reppe HIE 1948 2, = VAR B IOV B 2 HWAZETT BT L
D 3 BALBUSANRFN 25 T CTHEITL, RUBURAF LU LB ICAR T 2 R L
(Scheme 3, eq. 1), ZAUTEB S B SR [2+2+ 2B LA IS A D ThHHZE 2R LIZ01D
TOWE THD, o DIT—EHRT NF 2[R U=y FVAEEL FOSSEHIE T, 1,3,5-BX
W 124 “BHBRXUVBVOREDNPELNDIZELHRELTVD (eq 2), ZDF AT
Friedel-Crafts S Ji72 I XD HOENPUDFEL TWDAUBUBREFHIE L5 5L R 25T
0—F T, ZEBSEURER AR THHILEZRTHOTH T,

Scheme 3
Reppe et al. (1948)

= ”| Ni(CO),, PPhs . N "
N 60-70 °C, 15 atm

(88:12)
OH OH OH
. Ni(CO),4, PPh
HO// |ﬂ i(CO)4 3 . OH 2
A HO HO
(50:50)
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ZOWMRELZREEEL T, BB B A Z VD224 2] BRAALAT NS HAEFE AT FES 4, Ru,
Co. Rh, Ni, Pd72& D 8~10 fED &g % P OIS TS ERINER & B TR N AR THOT LA
SNT&E,

TNEWATLUC, B2 R B EAE A ARV A B THN TE72 (Scheme 4), & DR,
TIFR DO T N R0T L BN ST R - TR S T A D22+ 21 BRI BOG IR
AR CHLIENRE N, FlEx DRBBACE OB RSB S I TET,

— 7 RFB-TRFEF ARG G AL E GO DL THWLIENTEIT, HERRL
BYDERLNFIREL 2D, ZHVETIT, RE-FEHK ., KA, RF-ERIBLORKHK-V o 722L
Bz R FE-~T a2 EE G VDRSS TET,

RNTH, IRF-BRLEMGEAZHODR2R2]B LA ISR IE RIS FE 5 1A AP
LBAE R AEMTENEEZ R T BB R ERRIEEDONERRERKICE T HREMENRH LD F
it LIS O E RO TEE TH D,

1

1
1 1
pr— fr— Te—— ! !
— I 1 1
1 1
alkyne alkene allene ! !
1 1

___________________________________________________

' C-X multiple bond

Heterocycle

! : [2+2+2] |
E )?\ s=c=s \N_ B cycloaddition E N0 Ay g :
5 R(H) 0=C=0 =C=S > SR NNy SN E
. aldehyde CO, isothiocyanate | : (H)
' ketone CS, I (X=0ors) ;
: b ) o~
—C=N —c=p N=c=0 | N e N
nitrile phospha- isocyanate IS ES X |
{ alkyne - | !

RFE-BHELERKEZHODHD TORL22IBEAIRISEEL T, 1973 I LE 51T,
CpCo(PPhy), #51K% VD2 E T2 F DT LF L 1 43 FD=RILNBE DU B B8R RN A K T
XHZLEWMAE LT (Scheme 5, eq. D', #ibidFE, a v F a2 45K (Co
complex 1) Z A \DESURAAEERIZHEIT T2 LTS (eq. 2)o ABUGIZIRFIZ2 ST

THEITL, % 72=FJJL RCN (R = alkyl, aryl, vinyl) 2>5 A0 BAF/R IR TR YD V78R



ZhZ2 2,

Scheme 5

Yamazaki et al. (1973)
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Ph
CpCo(PPhs), "= PPhs
2 Ph——=——~Ph > CoCp
Cotle Ph
60 °C, 10 min Ph
86%
Co complex |
cat. Co complex |
2 Ph——Ph + Me—C=N

CeHs
70 °C, 48 h

Ph
MeZ O=N " | N (1)
CgHg, 70 °C Ph N “Me
Ph
33%
Ph
Ph X
N
| P ()
Ph Me
Ph
76%

F72. 1977 FIZFRCLIUESIE, AV T F =B IO NVR U AINEZNENT VF 2 LR

SHDHZEEY, YRV BLOAIUEYD UV FEEERNA KT D22 EL (Scheme 6), ZiL

I, R BRI IR R -2 % BHE S DA AR RETHAZEERLTZH)D TOHRE T

%ZDO
Scheme 6
Yamazaki et al. (1977)
Ph
MeO,C ,PPhS
CoCp
M902C COzMe Ph
Ph
- Neceo  cat. Co complex MeO,C._~_-Ph Me0,C.__COMe
2 Ph—=—CO,Me + — | + |
6'l6
135°C. 19 h Ph™ "N" O PR™ N "0
Ph Ph
40% 26%
CO,Me Ph
- Ph  sameasabove MeOC A _Ph  MeO,C._A_CO:Me
2 Ph—==—CO,Me + N=C=N = | + |
PH Ph” N7 NPh Ph” "N NPh
Ph Ph
23% 32%
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ZNBOWELIE, = NABLOA YT F— N WD EBRALAINEOG S E8iE Si, KIR
VDG RICBWTHZ DR Z R L TET, BT, H&L Rovis bid, AV T —heT v
F A TEE MR T B LY RaD)MBEAEAE T ChRUNSED &, VAR =)V DRRAL 29
R2R21BALAT MBS AT F VD Vo BRRBI A RIY BN T F A5 4R
MGG TEHZ LA ME LT (Scheme 7)™, B IFA UG ZF I L72(+)-Lasubine 1 3L
(-)-209D DINFRAJ2 A A FHR O TEERL TV D,

Scheme 7
Rovis et al. (2006) ph Ph
>< P Nij OMe OMe
OMe MeO MeO
MeO PH Ph (10 mol%)
[Rh(C35H4),Cll5 (5 mol%) .
+ — H
N=C=0 toluene, 110 °C, 16 h -
f @ ]
0O
b HO H
62%, 98% ee (+)-Lasubine 1l
Rovis et al. (2009) Bu
I (ON
_P—N
O \
O nHex nHex
tBu (5 mol%) =
nHex / [Rh(C5H4),Cll> (2.5 mol%) \ — \
+ > - —_— -
|\| N=C=0 toluene, 110 °C, 12 h O A H
66%, 91% ee (-)-209D

IO, KRF-EBFR E/BAEAT L=V WRNTIEH (LS FE-EE _EEAGE
BT DAL T T —=rRHNVR P AINE DR IS E B <SS H, <0
RN ERHSIVTEI, LOLRND, RF-EFR _EH B 20 T Db EANRMEEMIETHD

(ZBEL TR 242+ 20 BRABAT MBS ~ DT B 23 60 T 7a< | ZIVETIZ o0 7 H BUS 3K
BIREINDDIHTHD (Scheme 8),

BIZIE. 2007 ARSI, Ni A ZAE T . 2 0 FOT T R B U ZVR= VA LD
JICED, PeRa U B EEN AR T AL AR L (eq. 1), H5I1XF D, PCy;
NHC BN FE2HAWDIEIZEY, FEEL T T 2= VIRAT 4 JANAI BTV — LA R
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FIHTTRE CTHHZEA LT (eq. 2 and 3)'%, £z, EHAOIZFE UL Ni A7 E T, 2-73/-3-
Ealr b A RENDAI L 2 DT NAF L EORR2A2IBLA MBS EHREL TS (eq.

Scheme 8
Ogoshi et al. (2007) Me
Ni(cod), (10 mol%)
NSOPP PMemBu, 20 mol%) M -SOPh
2 Me—=—Me + J_ CoDe, 100°C, 48 1 X g
Ph™ "H 606, 100°C, 48 Me Ph
Me
87% yield

Ogoshi et al. (2014)
Ni(cod), (10 mol%)

Me
N-POPh2 PCys (20 mol%) Me o~ n-POPh2
2 Me—Me + )J\ I 00°C an “ (2)
Ph H toluene, , Me Ph
Me
64% yield
Ni(cod), (2~5 mol%) R
2 (&~ o 2
NA” IMes or IPr (2~5 mol%) RoASNAT
2 R=—mR = L THF, 40 °C, 24 h X ©)
Ar'” "H - 40°C, R Ar'
R

up to 88% yield
Yoshikai et al. (2011)

NiCl, (10 mol%) RT A
= PMePh, (20 mol%) ] |
L | Mnpowder (100 moi%) R NN
2 R—R + N N . = | 4)
2”\ DMF, 100 °C R = R2
R?2 “H R

up to 92% yield

—J7. Rh fii I 15 BSOS Bl DB DS HAFET D (Scheme 9), 2002 4F:1Z Wender 513, Rh(I)
fRIBEAFAE T, T8 F LUV ANVRUERY AF )L (DMAD) L3 /n7me b A0 b SSE5E,
2537 DMAD & 1 53+ DAL DDA T D222 B A LA IR [SH21BL A IR L &6 1215
SNDHZEERHUBMA L (eq 1) F7-. 2013 4E1T Gandon. Aubert 5l JE2#TE M7
BIPHEP Bl & HWAZEIZED, DA ANV K= LA DR 22) BRI B s =
FAEIRANHEITT B2 L2 AL (eq. 2)'" HITIT72> T, ROl LB KT L%
& N-ZOVIR= )V FR0 L D22 BRALAT NS 3 s Stz (eq. 3)'S,
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Scheme 9

Wender et al. (2002) COzMe

_Cy [Rh(CO)Cl];
N (5 mol%) MeO2C A N-C N—Cy
MeOC—=="C0:Me +V)k CICH,CH,CI ()
H 2CH>
60°C, 150 MeOL Meo,c  CO2Me

CO,Me
[2+2+2] cycloadduct [6+2] cycloadduct
39% yield 22% yield
Gandon, Aubert et al. (2013)
[Rh(hexadiene)Cl], (2.5 mol%) Me
o (R)-3,5-tBu-MeObiphep (5 mol%) 5
,/——Me N,SO2AI'2 AgSbFg (5 mol%) % N/SOZAI' 2
X + > X
= Me Ar1J\H CICH,CH,CI, r.t., 3 h X A
Me
up to 99% yield, 96% ee
Dong et al. (2015)
o [Cp*RhCl5], (10 mol%)
e AgSbFg (80 mol%)
S Ph,MeSiCO,H (80 mol%)
2 Ar——H + N > (3)
CICH,CH,CI, 110 °C, 48 h

up to 54% yield

BAEDEZA AV EZEESGD—DELTHWDR2P2BALA MBS IEZ B A F DT
HDH, WTNHT XU LD TR THY 53N BOG TS S TR,

ZOIOIREFNLEF L, SRR B ER IR EMO G ERAL T, A2 WD
T NR+22]BRA LA IR D BT BT e Z L LTz, ZORS, AV ERISSEDLZEFEALL
T ZNETHOSLNTEET XL DRDVICT AT L 2RI T 5283 TEIT, b
sp’ IRFBICE AT S ER A E K IEE AR50 DEE 255 (Scheme 10),

Scheme 10

or

Intramolecular [2+2+2] Cycloaddition
using an imine and C-C double bonds

10
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EZAT, BUIFRETIX, G TRICIVR= NV EERT57 LA 1 & RWDEERED S TN
[2+2+2] B AL AT I B2 LY | bicyclo[5.3.0]decane B %2 H 925 BT /La—/L 2a BIW
8-oxabicyclo[3.2.1]octane ‘B #5%& A 9 DB LK 3a NESNHZEE RHLEHAL TWD (Scheme
1",

Scheme 11

Rh(dppbz)CIO, OH
(10 mol%) MeO,C

CICH,CH,CI MeO,C
50 °C :
2a: 91% yield

1 Rh(dppbz)CIO,4

(10 mol%) MeO,C ’
CICH,CH,ClI MeO,C

reflux

3a: 84% yield
INSDOBALIRIZIR D X7 SOGHERE TERL TDEE X BILD (Scheme 12), FE 1 DT /L
Fo LT L UM RaDEERICEALRIBRALAT L . b —& Y a5 U HhRER 4 3RS D, el
T, ZOHEHE 4 D C(sp?)-Rh #EEITMBHD LR =)L EEAFEAL , AP o—& A 7L ]
R 5 BIERLENLD, ZOHRIR S O R AKFEIF T OEAITIE B-KEBBENEITL . 3R TrImiEE
ERCTRAT Va— 252525, —J7, R2DBAFILVIEDOEE TP A 5 51 o i Bl B A

ITLERILIR 3 2 525,
Scheme 12
R2=H R'
S-Hydride OH
Elimination X
R1 N % —

eductive
oxarhodacycle  Ejimination

intermediate

—

R?= Me 3

11
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T | RIS TIEEE OGS Lo TROIST IS DS S U, FrEr07e “FREH O BRI )3
WIEIND, Flo, n—F a7 R 4 IO T VAR =V BE3 AT 2%, FERITO
FTALHEE L2 DICHEDS T C(sp)-Rh A CERINTIRASUS S HEI T D280, SOGH
EOBLRN O BN oo,

FICTEFIT, IVAR= NV EORDVICAIZHTLHHEE 6 2 AW C, RO RISHETT 5
AIREVEZ R 2ZLIZL7e (Scheme 13), b L. AUGAI 6 Z W THHEITT27051E, 7
Po—L Y A7 hiE ik 8 ZRHL T, bicyclo[5.3.0]decane ‘B k& A5 BT 9 BLW
8-azabicyclo[3.2.1]octane ‘B A& %A T HERILIK 10 DM ERK T HH DO EHIFFS D,

Scheme 13

R2=H R1

NHR?
S-Hydride
_ Elimination X (1)
—
9
|
R1
~  Reductive > X / ()
azarhodacycle Elimination R?

intermediate R2%H 10 R2

/Y

T, T e—2 A7 VR 8 o0 pKEMBEA AL T BATI 952525
SO, e 55 =i PR 8 M DHDE ST EEIC LV ER IR 10 2 5 2 DR 2o T
AR T D,

12
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sk sk sk sk sk sk sk sk sk sk sk sk skeoske sk sk sk sk sk sk sk sk skeoskoske sk sk sk sk sk sk sk sk sk skeoskeosie sk sk sk sk sk sk sk skeoskosieosie sk sk sk sk sk sk sk skeoskoskeosie sk sk sk sk sk skeskeoskoskoskeoskesike sk sk sk sk stk skeskesk

BT, T ODRE-REL TG LB BIEAN O ESND HABRAY T A7 VA A IS
DINVR=ZNVEDBFFAT D56 C-M 6 () & C-M #EG (b)) O IBYOFFEANEDE 25D (Scheme
14),

Scheme 14

insertion known
into (a)

insertion
into (b)

rare

C-M & (a) THABRISHEITL, EEBRAFYAZTH A7V HEIE B ZiftH 32D RSIELL T O

“HINEISIL TS (Scheme 15),

13



Chapter 1

2011 ARICHFI IR, VAR = VB2 50 NI T2 88 11 LG EZ2 RaDEEIRE D SUS A FHra—4
YAV HPRA Ba 2R L CHEATL, PERBE T3R5 12 23 RAFRIE D@L AGRIRIIT AR T 528
R 2 E72, YAFERICBWLTH, 7Ly, TAF UV BIUT LT ERETO 5 1 N[R2+2+2] 8L AN
BOSHAFHm—2 A7)V A Bb 28 L CHEATL . =BG 14a 23 RAFRINR)DOm YT AT L
AR AR T HTEEREL TS 2,

Scheme 15

Tanaka et al. (2011)

[Rh(cod),]BF4 (10 mol%)
(S)-SEGPHOS (10 mol%)

CICH,CH,CI, 80 °C, 16 h

1" 12: 95%, 87% ee

Oonishi, Sato et al. (2013)

7 <

Vi [Rh(cod)]BF,
MeO,C (10 mol%) 0
MeO,C — CICH,CH,CI MeO,C H

rt,2h N
’ MeOzC
0
13a H 14a: 83%

(synlanti > 20/1)

—J7. C-M #E& (b) \ZHNAR=VEDREATLHERO KIGT, EEBREE A B 2271471
R C BIEFNTOT ATEREIEIZ R D720 ZOHEFI 3D TH720 (Scheme 14, eq. 2), T 7206, A
TR T LA 1 & RWDEEEL D45 F N2 LA INEUSAY C-M fif A (b)) TOHILR =)L EE D

ANz DM — DB THD,

sk st sk s o ok sk ok ok sk sk sk sk s sk sk ok sk sk sk st sk s sk sk sk ok sk sk st sk sk sk sk sk ok sk sk sk sk sk s sk sk ok sk sk sk sk sk sk sk sk ok sk sk sk sk sk s sk sk ok sk sk sk sk sk s sk sk ok okosk sk ke sk skoskock

14
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B T e = AR RRINS D B-/K 3R LA 9D R

DI, AV EFRR T EOEBILDAR SN EIE TR OWTRFEITo72, LD hv
A= VIO ASUE P (Scheme 11, p. 11) T EAF7efE 52 7RLU7-[Rh(dppbz)]ClO4 $EEFTE T,
NRUVNFXRVLERTHT LAY 6a V7T H L H 80 °C TRILSH 72 (Scheme
16)*2%3 LinLAeAss, AR5 BRI 9a 13e</AmET, LERILAY 15a BLO
16a 3EALEIL 74%. 3% DR THLITZ,

ZNHOBAIRITIR D L7 SSERE CAERLIZb DL E 2 BND, £9°, JE 6a DT LF b
TLh RuDEERIZERERIERILATIIL , v =& > 7T A Ta MAERT D, ZOHH
K 7a H 5 BIKEBHEDHEITL 22D AERUR HHIR 172 D3RSI, SR CHI B HEA #% C B B
{bEW 15a AT D, F72. ZOBRILIK 15a OV AT va— Vil L =R LR
16a ERLT 2%, ZORERIT, RUUNARVLEETHEE 6a DA, m—F T /aU Ty
PR Ta 22HD B-AKFEMIEED IKFR-E R _HIEGOFALSUNTEIEL TEITT 5282 R

LTV *,
Scheme 16
E>< — Rh(dppbz)]CIO N
[Rh(dppbz)ICIO, N-0Bn . % L0Bn g Z
E \—.— (10mol%) E N
j_Bz CICH,CH,CI E 7 H E
N 80°C,2h /
6a H 0Bn (E = COMe) 9a: not obtained 15a: 74%
! 16a: 3% U
Rn()* | Oxidtive | p-Hydride a. 3% N
Cyclization . Elimination
Insertion , E
[ 1oty // > Reductive
! E Elimination

> N-OBn
P-Hydride
Elimination

7a _
“[Rh(dppbz)]C10, was generated from [ Rh(dppbz)(nbd)]ClO4 and H; in ClCH2CH2C1

15
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WA, ARVERFA EIZ p-MLm 2L T =) VRN EHL =T L A 6b & W TR
#T57- (Scheme 17)*°, ZD#ER ., HEBRLA W 15b BL O 16b DA FRITEEE [l Sh, B
D ZBRAT IR 9b 23 33% DU THRLIZ, SOIZEBILORFIEA TSI TA, T H ANV T ¢
=NVEOB A TOSITHEIRAITHEITL, BRI T IR 9¢ 78 69% DI R TR L+ "+, 2ads, JE
H 6b BLD 6c LT L2 RO 2 AT L ER T8, Wb 1 & 1 0P 7 AT

LA~ —IBEMOEERISITHEHAL, BRILAE 9b 3L N9 1XUTIT 1 % 1 DV T AT LA THRL
Lz ZRUBEDRFHIR W TS SRR OHLGEERNT 1 % 1| OV TATLAY—IREG
WOT VA 6 B USIAER LI,

Scheme 17
y —
[Rh(dppbz)]CIO,?
== (10 mol%) ”
N CICH,CH,CI .
H s=o 80°C.2h
6b:R=ptolyl X C(COMe), 9b: 33% 15b: -
6¢: R = t-butyl 9c: 69% 15c: -

“[Rh(dppbz)]ClO, was generated from [Rh(dppbz)(nbd)]CI1O, and H, in CICH,CH,CL

FeWNT A ERI T LOBEMREZ RS RIFRRRE2 R -7 2 ANV T =)V EEEL | B
WA DRFETT -7 (Table 1), [Rh(dppe)]ClO4 335 O [Rh(dppp)]C1O, #E1AK % FHWCRUSET T
7oA, BIFRIRTERAIA 9¢ 234K L7= (Entries 2 and 3), —J7. [Rh(dppb)]ClO,; FL TN
[Rh(rac-binap)|C104 $& A% I =3551%, JEEHIIH R T2 OO MR EMETRY | BRILIK 9¢
IRIFEALELN D >T= (Entries 4 and 5), WRIC, BAF7akE B4 5 % 72 [Rh(dppbz)]Cl04 B LT
[Rh(dppp)]Cl0, &A% TR B DO MFTE1T 72, 5 mol%[Rh(dppbz)]Cl0, $E A% FH T
FOSZAT T 6 . BOGKE % 8 R ETIER L THIZEA RIS EITE T, BRILIAK 9¢ 1% 7%
DR TLOFLNIR) -T2 (Entry 6), —J7. [Rh(dppp)]Cl04 $ER DA, il &% 5 mol%

WARIR L T SOSIZVEITET T, 74%DUHE TRV 9¢ 2 5-% 72 (Entry 7).

16



Table 1

Chapter 1

> < o Rh(l) catalyst

H O
(10 mol%) N-s
~  MeO,C
N CICH,CH,CI )ﬁ
d o s=o 80°C, 2 h MeO,C
6¢c ’ \ 9¢c
Entry Rh(I) catalyst” Yield (%)”
1 [Rh(dppbz)]ClO4 69
2 [Rh(dppe)]ClO,4 59
3 [Rh(dppp)]ClO4 76
4 [Rh(dppb)]ClO, 9
5 [Rh(rac-binap)]Cl104 -
6 [Rh(dppbz)]ClO4* 7
7 [Rh(dppp)]C1O/ 74

“[Rh(ligand)]C104 was generated from [Rh(ligand)(nbd)]C1O, and
H, in CICH,CH,CI. ’Almost 1:1 diastereomixture of 9¢ was
obtained. “The complex mixture was obtained. “The reaction
mixture was stirred at 80 °C for 8 h in the presence of 5 mol% of
[Rh(dppbz)]ClO,. “Allene-yne 6¢ was recovered in 66% yield. /5

mol% of [Rh(dppp)]ClO, was used.

17
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ZZ T, DPPP 2l F- L LTt 7 =4 Offiat #4772 (Table 2), $9EIHEDORN 7T —k T
NI NA TR T =R E% %t T =4 295 RhDEEERZ AW CRIGEITo7282A, WD
A BIFRINET RATIN 9¢ BNAERKRLTZ, ZOFE RIS, $EERDORTT = A AT IS HEICITE
NE BB R RIE ST W ERH L7257,

Table 2

MeO,C —
> < L Rh(l) catalyst H O
MeOC = (10 mol%) N-g”
MEOQC
N CICH,CH,CI

6¢c / \ 9c

Entry Rh(I) catalyst* Yield (%)”
1 [Rh(dppp)]C1O4 65
2 [Rh(dppp)]OTf 69
3 [Rh(dppp)]BF4 63
4 [Rh(dppp)|PFs 70
5 [Rh(dppp)]SbFs 64

“[Rh(dppp)]X was generated from [Rh(nbd),]X, DPPP and H, in
CICH,CH,CIL. ®Almost 1:1 diastereomixture of 9¢ was obtained.

L EDFERDE 5 mol%D[Rh(dppp)]Cl0s $& A2 Feai e il - U, ARG IZ361T 5 2 E 1
WO EIT o7 (Table 3)*"*1° 7Lk FO@EHILLL TRIAF LI YL LT 2T )L K
AT HHE 6d BL 6e 2 HWVTRISEAToT2LZA, BAFRIRTHMETHERIGIA 9d F5 &
W 9e #5270, Flo, REUSIZIEREG T V% R ATRETHY | FREEE DI TERILIK 9f 73
PFoiTe, =5, TNFxy BT 2= VR B R EHL - Y 6g 31U 6h D55, Rk
TRDILR N K&K F L7228, 10 mol%D[Rh(dppbz)]Cl04 $EAK% IV TG ZATH SR AN KIE
ZEST, ek, TRy FOBEEELL FOSMHEIZEL T, BfEREAIIA SN > T

Uy,
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Table 3
MeO,C — R
>< [Rh(dppp)]CIO4? R H 0O
MeOL == (5 mol%) N-s
> MeOZC
N CICH,CH,CI
v s=0 80°C,2h MeO,C
6 /\ 9°
MeO,C H
2 H\S//O N\S
MeO,C MeO,C )ﬁ MeO,C )V
MeO,C MeO,C MeO,C
9d: 64% (47%)? 9e: 65% (71%)" of: 41% (44%)P
H O
Ph N cl N\S
MeO,C )V MeO,C )V
MGOZC MeOZC
9g: <35% (61%)? 9h: 7% (72%)°

“[Rh(dppp)]ClO4 was generated from [Rh(dppp)(nbd)]CIO, and H, in CICH,CH,CI. "The yields
when using 10 mol% of [Rh(dppbz)]ClO4 are shown in parentheses. [Rh(dppbz)]ClO4 was
generated from [Rh(dppbz)(nbd)]ClO4 and H, in CICH,CH,Cl. “The products were obtained as a
diastereomixture. See the experimental section for the detail. “34% of allene-yne 6h was recovered.

ZZFETOMIEIZID, ARVERFA I T XAV T A= VEREBRLTZT LA 6 &
Rh(DEERED UG ZRRFTLTfE R, 7 —2 A7 VA 8 )60 B-KFBEBEZ R H LT,
bicyclo[5.3.0]decane ‘BH#A2 A 45 ERINTIN 9 D RH72INETAKRTHZ LA R,
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sk ok s sk s sk sk sk ok s sk s sk sk sk sk s sk sk sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk skoskesk kosk sk

2 FXL DB L EFELD—DEL THWARA221B AT IR S D8 Fb D TH 7K, ZIETIZ Wan
LS T RO ZFIRRESNDDHTHD (Scheme 18)*, 7235, ZALHD K i TIE[2+2+2] B (LA IR i3
HEATUT- RIS DT, BV U FBERDE RS D,

Scheme 18

Wan et al. (2013)
[Rh(cod),]BF4 (5 mol%)

— N-OH DPPF (6 mol%) Z N
TsN + TsN |
N PR CF3CH,OH, MS4A ey
— Ph™ H 80 °C, 48 h
18 19 20: 69%

[Rh(nbd),]BF 4 (10 mol%)

Y N-OT MeO-BIPHEP (10 mol%) Z "N
TeN . TsN |
o L EtOH, MS4A NC0,Et
= EtO,C™ H 80°C,48h ?
o1 22 23: 96%

# HB 6a IISTEEZID T LT ER 12! & O-_U D eRaR L LT IU B A LT (Scheme 19), 6a 351
N6’ VIV HTFNNT LI a~< T T7 40— X0 BERTRE CTh o7,
Scheme 19
MeOZCF BnONHZ-HCI MeOZCF M602C>5
MeO,C~ \—.— NaOAc3H,0  MeO,C~ \—.— , MeOC —
MeOH

H H OBn H
1a 6a: 42% 6a" 19%

20
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Chapter 1

F 16 LRBEDBALIEE 5 2 DD KIELL T O ZH A8 S TS (Scheme 20)7,

Scheme 20

Brummond et al. (2002)

MeO,C — [Rh(CO),Cl]»
(2 mol%)
MeO,C \ toluene
\\ 90°C,1h
24 CsHqq
Shibata et al. (2003)
——Ph
o RhCI(PPh3);
\ (2 mol%)
\ _ >
. toluene
>— 90°C,5h
27
Mukai et al. (2004)
——Ph
[Rh(CO),Cl],
(2.5 mol%)
toluene
reflux

W DI, A ADRF- SR R AR 051 2L TP 35 14 A B T30 K75 Dong

BIZk> TGS (Scheme 21)7,

Scheme 21

Dong et al. (2016)

MeO,C
M602C

CsHy4
25 80% (E/Z = 3:1)

O
=

28: 73%
Ph
=

=

SO,Ph
31: 65%

N [Rh(cod),]BF4 (5 mol%)
o “OMe (R)-XyI-SDP (3 mol%) 0
/\fo (

S)-Xyl-BINAP (3 mol%)

dioxane, 110 °C, 24 h

34: 72%, 95% ee

M602C

MeO,C

SO,Ph

#0 LB 6b 1T SCEREE A DT LT ER 12" & p-hL L 2L T 4 T IR HARL LT (Scheme 22),

Scheme 22

MeO,C — p-TolS(O)NH, —
MgSO,
MeO,C = PPTS
toluene
(@]

H
1a

21

MeO,C \_/—:
MeO,C —

xﬂ
H S=0
6b: 59% f
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*T JIE 6¢,6d,6e,6g,6h |3 SCHREEENO T LT ER 1ald,lelg1h' & -7 X 2N T4 TIRMHLA KL

(Scheme 23),

Scheme 23

tBuS(O)NH
MgSO,

MeO,C \_/—: R
MeO,C =
. PPTS
N\
0 H

toluene

H A

1a (R = Me) 6¢c: 97%
1d (R = TMS) 6d: 90%
1e (R = CO,Me) 6e: 98%
1g (R = Ph) 6g: quant.
1h (R = Cl) 6h: 83%

S=0

B T BT IN 9 DREE L -7 F L AN T 4=V A PR LT 4= B 2R L 7 al R E R

SHLHIETHLI 36 OHEM X KRS S fENT I LV MR L7 (Scheme 24),

Scheme 24
H @
H —
N-g®© 1) HCI, MeOH/dioxane N-§-0
MeO-C MeO,C
2 )ﬁ 2) 4-NO,-CH,SO,CI MeO.C
MeO,C iProNEt, CHoCly €02
9c 36: 65% (2 steps)
<Crystal Data>
Crystal System triclinic
Space Group P-1 (#2)
Lattice Parameters a=9.3707(3)A

R1(I>2.005(1))

R1 (All reflections)
wR2

GOF

36

22

b=10.6221(4)A
c=11.6440(5)A
a=106.856(8)°
B=108.213(8)°
y=190.485(6)°

V =1047.35(10)A3
0.1056

0.1099

0.2376

1.146
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#) ZE LA PRV VAR T AT AT AAIAINAKS R F I ~D FMAL T Z D2\ VD
— IR TRLTE THD 2, FDT-D  N-ZIVR=NAILEHTET LA 3T H O TOREFHNTIZZ Tl
11727 ~7= (Figure 2),

Figure 2

T <EIT Lee HIE, Ra(DFVEAEE T, 2D X7 N-AVIR= VA %A T HRE 41 1Sk 57 2= /LRy
BT ATV 42 O INBGERE 5y T NBAL RS 2N L CHEA T35 2 8% LI LR L7 (Scheme 25)%,
WL72LBYD | N-ANVIR= A 41 [IARZE TRV O BINEE TH D, £ THELIE, AVT =1 A3 38 &
WAL T DT HZERAF VIV 40~ LS HEERE AT 72, ZOH%, ZOFFH VI 40204
FNZNNTARICEDIRTEL, FE 41 AR LT, ZORE 41 3BT 22872 IR SRR O Y AT L AL
TARERLZE T, RaDFERICE D7 == /LR R 2T L 42 DS AT RE Th o7, X VU
40 DB ILE THEKT DU AT IV ANVRF T RPRHFIFRATFT 55, ReOIBEIZ LD OS2 T 52 870< | H

D BRAVAR 43 S 69% DR TH R LTZ,
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Scheme 25

Lee et al. (2015)
1) [Rh(cod)OH], (5 mol%)
PhB(OH), (2 eq) NH,

L2
N—S MeOH, r.t., 1h BnO
ono X XL
’ 2) HCI, MeOH, r.t., 1 h BnO S _Ph
nO —

39: 97%
1) mCPBA, CH,Cl,, r.t., 5 min
2) mCPBA, KOH, CH,Cly, r.t., 5 min
I
0-N-s=0
"N
BnO =
40
l Me,S, CH,Cl,, r.t., 5 min
o)
I O _\\
N-S= [Rh(cod)OH], (5 mol%) 0=S
Bn0:>d /o:> BnO NH
P Ph—B 42 (2 eq)
BnO » — \O BnO X Ph
MeOH, rt., 1h 43:69%

(not isolated)

#10 HUET 6f 12 LL FIRT HIETERLT (Scheme 26), SCHEREEEIO THP 14 44" iR L T7 Lo — ik
45 L1714\ Dess-Martin F{b., t-7 Z2 AT 4> TIREDBA R SEITU 6f 245377,
Scheme 26
MeO,C ><77 Me02C><77
MeO,C _TSOHHO_ veo,c _ v |
MeOH K CH,Cl,
OTHP

MeOZC —H

/

I
T

MeOzC tBUS(O)NHZ
MgSO, MeOQC

MeOZC PPTS
—_—
toluene N\
1f: 43% 6f: 61% ; \

sk st sk s o ok sk ok sk sk sk sk sk s sk sk ok sk sk sk sk sk s sk sk sk ok sk sk st sk sk sk sk sk ok sk sk sk sk sk s sk sk ok sk sk sk sk sk sk sk sk ok sk sk sk sk sk s sk sk ok sk sk sk sk sk s sk sk ok ok sk sk sk skeoskoskook
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HH TV RSP A 7V PREED DO E TR B D SOG

HF—HI TR INT, A D BALITKFIRFEBT2NT LA 6 & EIZHVT Rh(D)
R EDRISEATHIROIE, T —F A7V PRIE 8 72538 ot i Bl JE S AT L |
8-azabicyclo[3.2.1]octane ‘B #5%H T HERILIK 10 52 5HDEE X H% (Scheme 27, eq.
2!,

Scheme 27 (cf. Scheme 13, p. 12)

R?=H 1
; RY NHR®
S-Hydride
B Elimination X 1)
; ; —
9
2 I\II—R3 previous section
Rh" R
R2
R2 %
" Reductive ¥ X )
azarhodacycle Elimination —
intermediate R2
R%xH 10 R
this section

ZZ T ZOBRDOEIEDEIT T HRIREMZERD X A D B ALV AT NV EEZE A LT
LAV 61 BB LT DRSSOV T, B T ORFIEATIZEIZ LT (Table 4)*'2,
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RITEI TR~ 7 P a—F A 2L 8 2360 B-/k FHMiBEZ R B+ DB LG Tk L
TeSRMZHE Y [Rh(dppp)|ClO4 SEIRE DS EAT S Te S ERALAR 101 13 33% DYLRE TLOMEHAR
/no7- (Entry 1)*P, F72. [Rh(dppe)]ClO, #51K D5 A IR A 24%I2 L (Entry 2).,
[Rh(dppb)]C104. [Rh(dppf)]ClO4 33 LT [Rh(dppbz)]ClO4 $EADIEEAIE . W MBI R X FL fE
Th-o7- (Entries 3-5), SHITHRFI AT 7224, [Rh(biphep)]ClO4 5 ORh(rac-binap)]ClO,4
PER DG E I RAFRINEE TRV 10i 231554072 (Entries 6 and 7). 7233, [Rh(dpephos)]C10O4
R2[Rh(pphs )] ClO4 #5RD B A3, BRLA 10i 124 LRk L7 >7= (Entries 8 and 9),

Table 4

MeOZC><7%
MeO,C —.— Rh(l) catalyst
(10mol%)  MeO,C pe

N CICHCHCl  pe0,C N_S:

H S=0 80 °C
6i 7< 10i
Entry Rh(I) catalyst” Time (h) Yield (%)
10 rec. 6i
1 [Rh(dppp)]ClO4 3 33 49
2 [Rh(dppe)]ClO,4 4 24 31
3 [Rh(dppb)]CI1O4 3 44 ;
4 [Rh(dppf)]Cl10O4 3 46 -
5 [Rh(dppbz)]Cl1O4 2 55 -
6 [Rh(biphep)]ClO4 3 75 -
7 [Rh(rac-binap)]ClO4 3 74 -
8 [Rh(dpephos)]ClO4 3 - 66
9 [Rh(PPh;3),]C104 3 - 46

“[Rh(ligand)]C10O4 was generated from [Rh(nbd),]ClO,, ligand and H, in CICH,CH,CL.
The product 10i was obtained as a diastereomixture. See the experimental section for the
detail.
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Wz, Bt RA2 R L7272 BINAP BN 2 AWT, X7 =4 OBata{1-o7=

(Table 5), FHENLEDO NI 7T —h, ThITNA R T —NpE&ktT =42 L35 Rh()EE A% A

WL ETHT2EZ A, W ILh BAFRICRTERILIR 10i 34K LT, BIEID B-7KE M BEA R

B3 2RSSR ARSI WTEH X7 =4 O BT LA E R bRl

Table 5

Rh(l) catalyst
(10 mol%)

CICH,CH,CI

S=0 80°C,3h

10i

Rh(I) catalyst”

Yield (%)”

4

5

[Rh(rac-binap)]ClO4
[Rh(rac-binap)]OTf
[Rh(rac-binap)|BF4
[Rh(rac-binap)]PFg

[Rh(rac-binap)]SbFe

74

70

68

67

80

“[Rh(rac-binap)]X was generated from [Rh(nbd),]X, rac-BINAP
and H, in CICH,CH,CI. ®Almost 1:1 diastereomixture of 10i was

obtained.
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5tV T, [Rh(rac-binap)]Cl0,4 B4 % FI W THREE B DR FT 21T >72 (Table 6), filifii &% 10
mol%7> 5 5 mol% AT L T ARG A HEITL . 84% DIHE TR 100 %5 % 7
(Entries 1 and 2), —J7. filtifE &% 2 mol%IZL 7= & 13 SOGREI A ER L. BRALIR 108 DU
AL T L7 (Entry 3), £72. rac-BINAP & /LR VPP b IIZBAL FI2H T 5
[Rh(rac-binap)(nbd)]Cl04 #H1A%Z WV TS EAT > To A1 ZE LA E RS EITE T BRILIK
10i DR TDO T 9% Tdh-7= (Entry 4), [Rh(rac-binap)|ClO, $EAD LA L LEE L CRaEIZ
BHE TR 72N DN Z D LB A EFIZR Rh(DSEAZE AT 52 ENAR S OHETIZMA
ThHZENPEHE57= (Entry 1 vs 4),

Table 6
MeOzC><7%
MeO,C" \—=u— Rh(l) catalyst
h (xmol%)  MeO,C A\
N CICH,CH,CI
4 s=o SCo0 MeO,C )T
6i ; \ 10i
Entry Rh(I) catalyst mol%  Time (h) Yield (%)”
10i rec. 6i
1 [Rh(rac-binap)]C104* 10 1 81 -
2 [Rh(rac-binap)]Cl104" 5 1 84 -
3 [Rh(rac-binap)]C104" 2 21 68 6
4 [Rh(rac-binap)(nbd)]C10, 10 1 9 85

“[Rh(rac-binap)]ClO4 was generated from [Rh(rac-binap)(nbd)] ClO, and H, in CICH,CH,Cl.
’Almost 1:1 diastereomixture of 10i was obtained.
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VL EOFERD D, 5 mol%D[Rh(rac-binap)|ClO, $E{A% Fcii /e ikt U, ASSIZHRIT DS
W HE A DOMEEIT 7= (Table 7)*", 7L % BICT AT VA A T HIE 6j BLOKREG T /L
X AT HHE 6k OLEIE, BAFRINETHMORILE 10 BL 10k 2 527, —FH. 7
xR BICT 2= VRPN ATF VU VL MR RN ER LT AVE 6, 6m B L TN 6n DA 1T,
JFRR AT LBRALIR DR REAR T LT, 7236, BE 61 LT 6m (ZBIL TiE 10 mol%D
[Rh(dppbz)]Cl104 $&1A% FIW TS ZATI LU N BGES VDS, £ OB IAL oo
TR,

Table 7

Me02C><7%R
MeO,C™ \—=.— [Rh(rac-binap)]CIO 42 R
h (5 mol%]) MeO,C Y 0
- N—-S
N CICH,CH,CI MeO,C ’

H s=o 80°C, 1~2h
6 10°
MeOzC
MeO,C Z4 0 MeO,C 2 2
N—-S N—-S
MeO,C )T MeO,C )T
10j: 84% (48%)P 10k: 69% (38%)°
Ph
MeO,C /N ép MeO,C
MeO,C )T MeO,C )T MeO,C
101: 24%¢ (43%)° 10m: 11%° (44%)° 10n: 12% (12%)>9

“[Rh(rac-binap)]Cl0, was generated from [Rh(rac-binap)(nbd)]ClO,4 and H, in CICH,CH,CL. "The
yields when using 10 mol% of [Rh(dppbz)]ClO4 are shown in parentheses. [Rh(dppbz)]ClO4 was
generated from [Rh(dppbz)(nbd)]Cl0, and H, in CICH,CH,Cl. “The products were obtained as a
diastereomixture. See the experimental section for the detail. 30% of allene-yne 6l was recovered.
°64% of allene-yne 6m was recovered. 152% of allene-yne 6n was recovered. ¥49% of allene-yne 6n
was recovered.

ZZETOMGEICED, AL D BALIZTATFNVIEEGTHT LA 6 & RWDEHEED G %
MELEERR. 7 e =% A7 LK 8 oD@ TH N BEZRB L T,
8-azabicyclo[3.2.1]octane ‘B ¥4 A T DERILIKR 10 28 BAFRINER THRKR T 522 R LT,
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st s o sk sk ok s ok ok s o sk ok ok s ok sk sk ok s ok ok sk ok sk ok sk ok sk sk ok sk sk ok s o sk sk ok sk ok sk sk ok sk sk ok s o sk sk ok sk ok sk sk ok sk sk ok sk ok sk sk ok sk ok sk sk ok sk sk ok sk ok ok sk ok
w1 — 2P 7 L R H O R TTHIREEIZ LY C(sp?)-N(sp))ft & MW SN A IZZNE TSN
TWed o7y Z<xIL Zhang HIZE > TED XS 7R e BN BEZ #8132 BSOS 23 S472 (Scheme
28)260
Scheme 28
Zhang et al. (2015)
/_// 6 T W Rh:
[Rh(n®-C1oHg)(cod)1SbFg (5 mol%) s N
TN TélCI—:OCBH Cl 30>°CGO 5h TSNi:Ii:) TSNi:K/NTS
MTS 2 2%l y Ve — P
H H
46: 97% ee 47: 88%, 97% ee 48

#12 BB 61 |3 STIREEZI D T VTR 180 & -7 Z U 2V T 4 TIRBA R LT (Scheme 29),

Scheme 29

o MeO,C —
MeO,C \/_—— tBuS(O)NH, X
MgSO, MeO,C —u—
MeO,C . PPTS
h toluene N
0

" A
1i 6i: 89%
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#13EAVIR 108 OREET -7 Z o AN T 4=V A PR T 4-= U PU 2R =L 7Y R E S E
HHZETHLIZ 49 DGR X B ST IO ERR L 72 (Scheme 30),

Scheme 30

MeO,C z 1) HCI, MeOH/dioxane MeO,C % O
N—-S(O)Bu N—-S
MeO,C 2) 4-NO2-CgH4SOCl MeO,C
iProNEt, CH,Cl,

10i
49: 77% (2 steps)  NO,

<Crystal Data>
Crystal System monoclinic
Space Group P2,/c (#14)

Lattice Parameters a=8.418(3) A
b=21.178(4) A
c=12.776(3) A
B=101.44(2)°
V =2232.3(9) A3

R1 (I>2.005(1)) 0.0351

R (All reflections)  0.0425

wR2 0.1523

GOF 1.039

49
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#M4 BT 6 1ZLL FITRT HIETARK L (Scheme 31), SCRREEZI DT L 507 2 LHMDS THLELL7-1% ., 2
TR AT L AU E 517 LIRSS ET LA 52 21577, IRIC, TBS FARIRAYICHIR#EL, 4L
7eT7 =) 53 AL TAT VT AT VAR 54 ~EIEWL T2, D% AT )V AT )LAK 54 O TBDPS J:A it
L, %7< Dess-Martin F2{t,, -7 22 ZLT7 4 TIRED BN 6f ~&Ey =,

Scheme 31

LHMDS
CICO,Me

MeO,C —
MeO,C " 0TBS 2
S '\/51\ X OTBS PPTS
MeO,C~ \——. _ s
THF }\; MeOH
OTBDPS OTBDPS

50 52: 57%
I 1) TEMPO I
MeO,C — oH PhI(OAc), MeO,C ——CO,Me
X MeCN/H X HF-P
MeO,C~ o eCN/H,0 MeO,C~ \—e. Y,
h 2) TMSCHN, h THF
OTBDPS toluene/MeOH OTBDPS
53: 87% 54: 52%
I ——CO,Me tBuS(O)NH»
MeO,C,_ /= CO;Me DMP MeOCy ’ MgSO,
NaHCO - PPTS
MGOZC . —3> MeOZC B —
;T\; CH.Cl, toluene
OH ¥ ©
55: 75% 1j: quant.
MeO,C = —CO,Me
MGOZC

BVH
H S=0

6j:88%  / /\

32



Chapter 1

HE 6k (ZLLFITRT HIETAMKL (Scheme 32), SCHREEZEID T L2 5077 2 LHMDS THLEEL 7=, 101
R AT L TTIRO R FZLY) 56 CNER ST T LAY 57 2457~ FD% . 57 © TMS #:L TBDPS #%

JE Y HAREE L . Dess-Martin L., -7 2> AT 4 TIRED KIS EITHZLIZED 6k ~LEy -,

Scheme 32
LHMDS
CICO,Me
TMS—= MeO,C =—TMS
MeOgC—\_._ " \Br 56 58] : < K,COs
M602C o« —_—
THF }\; MeOH
OTBDPS OTBDPS
50 57: 69%
MeO,C MeO,C — H
TBAF DMP
MeO,C MeO,C — - .
h TTHE h CH,Cl,
OTBDPS OH
58: 78% 59: 95%
MeO,C —H
MeOzC —H tBuS(O)NH, 2

MgSO4 MeO,C —
MeOZC PPTS
toluene N\

H S=0
1k: 71% 6k: 97% ; \

FE 6 1L T RT HIETARLE (Scheme 33), 7L 58 L3 —R_U P EOBEEED Y V728D,
TNXy BICT7 2= VB AN LT, D% TBDPS & HifR# L . Dess-Martin fig{b., -7 Z ANV 7 4 TIR
EDOBIAKSIHIZED 61 ~LE N,

Scheme 33

Phl
MeO,C ><77 PdCl,(PPh;), MeOZC><7TPh
MeO,C cul MeO,C~ \—u— _ TBAF |
h EtsN h THF
OTBDPS OTBDPS

MeO,C —Ph
MeO,C — ph tBUS(O)NH, 2 ><
MeO,C DMP X MgSO;  MeO,C —
NaHCO; MeO,C PPTS

CH,Cl, toluene MN\
0 H s=0

" A
61: quant. 11: 88%

6l: quant.
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B 6m (X7 L2 57 O TBDPS 4 i L 72 . Dess-Martin figfl., -7 # L AV 7 4L T IR EDRBLK i
ZATHZEIZIVA LT (Scheme 34),
Scheme 34
MeO,C —TMS Meozcr
MGOQC HF- Py MeOQC DMP
OTBDPS

62: 88%

MeO,C = TMS
MeO,C — TMS tBuS(O)NH, 2 ><
X MgSO, MeO,C —
MeO,C o= PPTS
_
h toluene N\
0

S=0

H
H
1m: 75% 6m: quant. ; \

FE 6n 1TLL FIORT HIETERL (Scheme 35), 7L -1 58 % LHMDS CTHLFRL 7-1% N-/ i Ary
VAIRERIGSE, TRy I EIRA2E AL, 55172 63 O TBDPS F% lifri# L 7-1% . Dess-Martin
e, -7 H 2 ANT 4 TIREDBK SR EITHZEITED 6n ~EE -,

Scheme 35
MeO,C LHMDS MeO,C
NCS TBAF
MeOzC: C Me020: C
}\; THF h THF
OTBDPS OTBDPS

63: 98%

MeO,C —Cl
MeO,C =l tBuS(O)NH, 2 ><
MeOzC><77 X MgSO4  MeO,C —

DMP ) PPTS
M602C B — MeOZC —_—
CH,Cl, toluene N
o H s=0
H 7(
64: 90% 1n: 65% 6n: 38%

sk ok s sk o sk sk sk ok s ke s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk skosk sk skoskeosk kosk sk
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HWET  1,6-7 LA E AW RRET B L OSSR O 5 2%

ARIED G AL SOITEE T, TLr T XU O RFERR 2% 1,6-7
LAY 60 B LT AR ISAMFTT 5210 L7 (Scheme 36)*'%, ZALE TOMEHE Fnb, =
DTV -Av 60 ZRWTRISEATHET Fr—2 Y A7 /L HE{K 80 DD B-7KHEMREAZREHR L
TBRAT IR 90 BAEKTHHDEE X B,

Scheme 36

E — _ _
N

= \ o Rh(l) catalyst £ E @)

\\_\_/<N_§/ (E = CO,Me)

60 H ’ ‘ 90

(estimated product)

F9°, TEBRATIN 9 IR B < H 27 [Rh(dppp)]Cl1O,4 $E1KZ FHNTT L oA 60 ED K%
{T>7=72% (Table 8, Entry 1), I IZHEITHET T -4 60 NEIRENTZ, £ T,
[Rh(rac-binap)|C10, 51K % W CRUGEAIT 7203, HHERB AWM E 525D Th-7= (Entry
2), — 7. [Rh(dppbz)]ClO, $&1%Z FHWVTIIGZAT -T2 ZA, TSN ZERAT IR 90 7217 T
72< BRI 100 HAERKL | PERIZZNZE I 31%, 29% Th -7 (Entry 3), SOICHRET 2 T o722
5. [Rh(dppe)]Cl104 51K Z AV BT IR 90 LERIVIK 100 23 E KL INRIZZENE N

51%. 16% CToH -7 (Entry 4)*160
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Table 8
E — H o
£ Rh(l) catalyst E N-g” E
\ o _(0mol%) g P I L
\ N— CICH,CH,CI N=/S
\ 80 °C, 3'h )T
60 (dr=1:1) H (E =COMe) 90 100
Entry Rh(I) catalyst* Yield (%) (dr)
90 100 rec. 60
1 [Rh(dppp)]C1O, ; ; 67
2 [Rh(rac-binap)]ClO, - - 2
3 [Rh(dppbz)]CIOs 31 (>20:1) 29 (>20:1) -
4 [Rh(dppe)]Cl1O4 51(1.7:1) 16 (>20:1) -

“[Rh(ligand)]C104 was generated from [Rh(ligand)(nbd)] ClO4 and H, in CICH,CH,CI.
"The complex mixture was obtained.

AN BNT BT IR 90 LERGIK 100 BRIFFIZAERLIZZEIE, THe—F 171
A 80 23D B-/K T MBS IZ ST BLBED Bt & L CHEIT 5282 EEL TU% (Scheme 37), =
DZEF, 1,5-TLo-A2 6¢ & RUDFERED RIS TSNS T Fr—2 A2 /LK 8¢ 725
FIRIZ B- KB MBE AT T 22 & LI TR R TH D,

ZDFIEHEDETERALAR 10¢ F5L T 100 DEREHE D R FBEN IR HZ LT IN T Db D EE
ZHID, T72bH | BALEK 100 13X 10¢ (TR TRBED —DELOT HIVNIWeoiL, 7T
m—& A7V 80 IDORTTAINBEN LR D07 <o TVBHLDEZ 2 BND, £
DFER ARG TR 80 2B IR TTHINLEED B-rKEMBELHE A L TEITL, “BR=7I
90 LERILAK 100 34K T2,
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Scheme 37
1,6-allene-yne
P-Hydride NHR
o Elimination
X/T - - /
90
N\ Rh()*
azarhodacycle Elimination _—
intermediate
100 H
1,5-allene-yne NHR
S-Hydride
Elimination X
B 7 ; 4 —
SN 9c
N 7 [\lj—R
Rh?
H [l
Ho 7Ty
8c Reductive '~ X
azarhodacycle Elimination —
intermediate H
10c M
[X = C(CO,Me),] not obtained

F72, 1,6- 7L -1 60 & Rh(I)-DPPBz $5A LD IGIZH T, “ERATIN 90 LER{LIK 100
ISR 72 P T AT LA L CAERR L= (Table 8, Entry 3), 372 H ARISTIX 1 % 1 OYT A
TULAT—IREWD 1,6-TL A2 60 ZHEELTHOTWAICHEDLT, BT IN 90
FOBLIR 100 1ZZNENH DOV T AT LA~ —LLTHELNZ, ZOMRENL, ZRHDA K
ML 1,6-TL -1 60 DETTATLA<— (60°FBLNN60” EHKFLT D) MOEIRTAERRLT
WD RIHEMEDNE 2 7z (Scheme 38),

37



Chapter 1

Scheme 38 (cf. Table 8, Entry 3, p. 36)

90: 31% (>20:1)
[Rh(dppbz)]CIO4

E
E 74 /,O
(60" /60 =1:1) N S>

100: 29% (>20:1)

You /05»
Sved

ZI T, ZORGRERFET D722, H—DTUTATLA~—0 1,6-7 LA KB LU TH
U Rh(DEERE DG ETTHZ LUz, REHI LB HVE (S,5)-60 L NR,S)-60 17 EIRKDT
IVTER 107 &(8)-t-T7 H L ANT AU TIRED UG THER LD T AT LA~ —RAEMEFTT L
HPLC THr 922812801572 (Scheme 39), 7235, Table 9 (ZILZNHDHE(S,S)-60 LI
(R,S)-60 & Rh(DEEIAL D i THERLAFL UMD BR(LIEDOHEIEZ R L TUD,

Scheme 39

E — 1) (S)-tBuS(O)NH,  E — E —
MgSO,, PPTS
E \ toluene E \ o E \
A O 2) separation by >\.... N—&’ \ N-¢
chiral prep-HPLC H \ { ) H k
H  (E=CO,Me) H H
10 (racemic) (S,S)-60: 28% (R,S)-60: 28%

FT. TLU-A(S,5)-60 L [Rh(dppbz)|ClO4 $HA L D S EAT ST 2A | BRALAR(S,S)-100 &
BT IR(R,S)-90 S EIVEI 19%. 22%DULHRTA KL= (Table 9, Entry 1)*', —J57, 7L>-
A (R,S)-60 L[Rh(dppbz)]ClO, &KL D IS EAT 128G ERILIE(S,S)-100 & B TIN
(R,S)-90 NARKL . IHRIZZNZI 14%, 24% T 7= (Entry 2), 441 Scheme 38 (Z/RL7-&

EEDO—FOUTAT LAY —BIE RATIN ((S,5)-90 F72IEL(R,S)-90) 73, HO—F
DT AT LA~ —BITBRIVIE ((S.5)-100 F721H(R,S)-100) 2N EINAIZAERTHETFAEL TV
Too LIPLREDD REIZIZHWEZEEOWTNOTT AT LA~ —0 bbb ER{LIR(S,S)-100 F5X
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O EBRATINR,S)-90 NENZIFAREEDILER (ca. 20%) THRLL. BRILIA(R,S)-100 & " Br
KTIR(S,9)-90 1T AR L 72~ T2,

Table 9

(S,S)-60 Rh catalyst
(10 mol%)
_—

CICH,CH,CI

E — 80°C,3h H o
E E = CO,Me E E N-g”
\, o E P+ E /\V
\MN_é/ Sk

(S,S)-100 (S,S)-90

: " N (R,S)-100 (R,S)-90
(R,S)-60
Entry Substrate Rh(I) catalyst” Yield (%)
(5,9)-100 (R,5)-100 (5,590 (R,S)-90
1 (S,5)-60 [Rh(dppbz)]C10,4 19 - - 22
2 (R,S)-60  [Rh(dppbz)]ClO4 14 - ; 24
3 caled mveragefomenmies 1&2 (1) - @y

“[Rh(dppbz)]ClO, was generated from [Rh(dppbz)(nbd)] Cl104 and H, in CICH,CH,Cl.

R EERAE R A TN AR SR OHETE G DB 222 AT o7z, UIFFRE TN ETIT,
S F PNV RV 2 AT D EIE R T LA (R)-1a (81% ee) & Rh(DEEALD K%
ITHET L DB BRI HR G-I, BRILIR(S)-2a 23EHEMEREL TIRONDZ L2 MR
LTW% (Scheme 40)°, ZOFEHRIL, 7L -1 (R)-1a D Rh(D)SEE~DERVHIBRILATIN, i<
C(sp))-Rh fE G ~D A VIR =)L B OFF AWK R B T LI 2 L2 7RI 5H D TH D,
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Scheme 40
MeO,C H (10 mol%) MeO.C WH
>< > 2
MeO,C™ \—=.= CICH,CH,ClI
2__§¢: 50°C,1h MeO,C
(R)>-1a © (S)-2a: 86%
(81% ee) (76% ee)
i H O-Rh*-H]
O ‘\\H
MeO,C AN ' MeOC /Q . MeO,C
MeO,C / MeO,C Rh, MeO,C
/ '/H
H H H Ho
L 4a 5a 65a _

ZOMRNEEDE A2 T LB WA S RIS SRR BSOS T35 &
BEZDHE, TLU-AL(S,5)-60 DHIET Fa—2 A7 0 FES,S)-80 &k H L TRILA
(5,9)-100 & "B TIR(S,5)-90 D3 ESK%T % (Scheme 41), — ., 7L -1 (R,S)-60 IPHIET
12— A7 )V RHA(R,S)-80 Z 8 FH L CERILIR(R,S)-100 & “ER T IR(R,S)-90 D ERKTHHD
EEZHND,

EZAN REIZIIWT RO AR L FZO RE DL ERILIRS,S)-100 BELO BRATIR
(R,5)-90 MAERRLIZZEMND, USRI TIZBWCIHEE DTV SO T 2L EITL TS D
EWRBRENL*E, T bt | ARG T AE R LB 2 VT 6 T T Ly T U
HRPNTHEEATL BT AT LA~ —DIREWE25, i VT, Rh(DEEIARL O SRR 172
BRACESIZED . T 2-A2(8,9)-60 D> HIFERILIR(S,S)-100 73, TL -1 (R,S)-60 7HIF ER
TIRR,S)-90 DNENTNAENT D, TOFER, WTNOVT AT LA~ —%ZEEITHANTY, [F
— DN FEA T2 DDA GRILIRES,S)-100 BEO BT IN(R,S)-90) & 5% 7=k
EZHID,

ZDINIARBIS TIHBRILAR(S,S)-100 & BRINTIN(R,S)-90 2 ERLTZ LMD (Table 9,
Entries 1 and 2), (i) 7 #a—& A7 /L HER(S,S)-80 25 I FEIRAITE STTHIBBENS HEI TL TR
{LAR(S,S)-100 & 52 528 —J5, (ii) 7Y r—2 A7V P UR(R,S)-80 D HITEIR I B-KHE
BN HETTL T(R,S)-90 & 52 HZLNHBLINEIRSTe, ZDOZET, T AT LA~ —DBHRIZH
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L7 Fa—5 A7V HEE(S,S)-80 FBELUNR,S)-80 N HNIERDFUGHEEZ A THZEaE KL
TWDR, —HBILETHINEED O —H001% B-/KEBBEANEIRAIZHET 52 12BL
THAREZR R T DN 725 TUVRLY,

Scheme 41

[Rh(l) = [Rh(dppbz)]CIO,|

x/% \p
\_\ o R* AH ,S\o
You_prd Qjm?

H \—/<H N
(S,S)-60 (S,S)-70
X _ 1

H
(R,S)-660

|

ZETORGBRIOBRITROIICENESND, VT AT LA —REMD 1,6-7L -1
60 & Rh(I)-DPPBz $1A LD SZAToT2L 24, ZERIT IR 90 BILUERILAK 100 23 )T 10h H
— DV T ATV A= L THEMLIZ, 22T, ZOBGEFHELHARDIZOICH—DTU T AT LA
<=0 1,6-7L 2 -A2(8,5)-60 FLN(R,S)-60 % H\ T Rh(I)-DPPBz $EIKED KA T>T2, &
DR RIS T () Tvr DT BEULREHSNIZHEITT D2, (i) T He—& A7/ i
1A(S,5)-80 7>HIT IR AR TTAIBBES T T CBRAKIA(S,S)-100 2 5-2 52k, (iii) 7V —4
FA 7 VHER(R,S)-80 7 DITEIRAYIZ B-/AKEMAEDEITL T BRATIN(R,S)-90 52528
GG ST,
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fEVNT, 1,6-7 L -A 2 60 & Rh(I)-DPPE $& (K& D SIZBI L THRARIZRET 21 7O &IC LTz,
T _7=l B0, DT AT LA~ —IREWD 1,6- 71> -1 60 & Rh(I)-DPPE A% [ i St 7
S, “ERITIN 90 LERILIR 100 B3ZNZEHL 51%., 16% DY THFLIL (Scheme 42), 20
B, “ERITIN 901X 1.7 % 1| OV T AT LA T, BALIK 100 (X0 T AT LA RIRAIZAERK L
7=

Scheme 42 (cf. Table 8, Entry 4, p. 36)

E H o
£ [Rh(dppe)ICIO, £ N-g” E
\ o (10mol%) ¢ )V . E /N—S
\\—\_/<N—s” CICH,CH,CI
)T 80°C,3h >§
60 H (E = COzMe) 90: 51% 100: 16% (>20:1)
(60'/60" = 1:1) (90'/90" = 1.7:1)

KIS ZHMBRFTE2_ B DO T AT L ~—D 1,6-TL - A2 B,
Rh(I)-DPPE $E{ELD R IGEAT -T2, £, TL-A(S,5)-60 L[Rh(dppe)]ClO4 S L D it
1To72L2 A, BRALIK(S,S)-100, BRI TIN(S,S)-90 FBILNR,S)-90 O =FHIHD LM HBHOIL,
IRIZZNZIL 24%., 22%. 14% Td-7= (Table 10, Entry 1)*'°, ¥&KIZ, 7L -/ (R,S)-60 &
[Rh(dppe)]|ClO4 $ER LD SEIT-T- L2 A, RIS L 2B 5% = RO L 0313540,

PERITEFVEI 7%, 9%, 55% Cé->7- (Entry 2),
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(S,S)-60 Rh catalyst
(10 mol%)

CICH,CH,Cl

E — 80°C,3h
e\ E = CO,Me E N\s
° O G *
SN A\

(S,S)-100 (S,S)-90

(R,S)-100 (R,S)-90
(R,S)-60
Entry Substrate Rh(I) catalyst” Yield (%)
(5,9)-100 (R,5)-100 (5,590 (R,S)-90
1 (S,5)-60 [Rh(dppe)]ClO4 24 - 22 14
2 (R,S)-60 [Rh(dppe)]CIO4 7 - 9 55
3 caled verage fomentries 1&2 (16) - a6

“[Rh(dppe)]ClO4 was generated from [Rh(dppe)(nbd)] ClO, and H, in CICH,CH,Cl.

ZOINZ, WT DOV T AT LA~ —bb AL ORI (BRILAR(S,S)-100, EET
IR(S,8)-90 BLTNR,S)-90) DARLT=ZEN D, Rh(1)-DPPE $ER%Z W55 1B W THEE
DTV ERRLD T2 NHEITL CODZENHER SN (Scheme 43),

LALZRG RS TIET L DT B IO G BRAL UG RN TET T 572070, D
FEIZE S THERMT D = DOBRLEDIEN IR DT LD 3757 (Table 10, Entry 1 vs 2),

Tebb, 7L -A(8,5)-60 BTN GEIL, TDORE(S,S)-60 & Rh(EEALDERAL
B DNESCONZHES T CERABIR(S,S)-100 BEL O BRI TIN(S,S)-90 NEL AR L, Tk
L. (5,5)-60 7>5(R,S)-60 ~D E: AL fe<BRALSOSIZ XV AR 2 ZBRUT IR (R,S)-90 I FARIR
Td-7- (Table 10, Entry 1),

— ., T -A(R,S)-60 B LLT-H A 1X, TDHE(R,S)-60 & Rh(DEEREDERALEEMN

LM TL T R AT IRR,S)-90 ZFHAEBMEL TH X2, ZHITHKL., (R,S)-60 76
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(S,5)-60 ~D FNEAL | i< BRAUBUGIZ XD A AT D BRALAR(S,S)-100 F5 LT BT IR(S,S)-90 15
fRUN =R (2 X F~7= (Table 10, Entry 2),

F72. Rh(I)-DPPE #AZ WG AIZBNTH, DT AT LA~ —DERIZHL T Fa—F
A7 VHR(S,S)-80° B L TN(R,S)-80° X AV B AR D SHEZ R LT, bbb, (1) 7He—4
FA T NVHER(S,S)-80° DL B-7K B MLBEEL R TR BEN EHIZHETTL  BRILIR(S,S)-100 LY
TERATIRG,S)-90 5 xT7-, — ., (i) TFa—Z VA7V HRIK(R,S)-80° D HIL R B-
KFEMBEDHETTL . BRI IN(R,S)-90 25277,

FRZ, 7 a—2 A7)0 FER(S,S)-80° 05 B-7K 5E M fE &35 T B BB S HEA T L 722 &1
Rh(I)-DPPBz $§{& D TS ID T Fa—& P A 7L K (S,S)-80 7>HIEIRATIZIETLHY
FREBEASHEL T L= 2 &L B2 D80 THY (Scheme 41, p. 41), BALFIZE-> CT P a—F A7/t
FHARDFOGHEN AT HZLaRR L TUNVD,

Scheme 43

| Rh(1) = [Rh(dppe)ICIO, |

— B \\P
H <

—\ o RO &5
o NS T ke
O S A yd

L H

H

(S,S)-60 (S,S)-70'
x/—: B
H
N\ Rh(1)*
\‘\<\_/<N_S// U T re
H S
H i H yoH
(R,S)-60 (R,S)-To (R,S)-660"

44
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b, DU T AT LA ~—D 1,6-TL -1 60 & Rh(I)-DPPE $5{AL D R G A I LT 5
Bn, (1) AESIZBWTHET L OT78UeRNEITTHI L, (i) 7HFe— A7 ik
(5,5)-80°7D1% B-7K FE M HELE SCAIBLEEAHETTL C BT IR(S,9)-90 FBLUERLIK(S,S)-100
whH25Z L8, (i) THR—2 VA7V HRIRR,S)-80°DITIRINAIIC B-/KFERIBESEITL T
BRINTIN(R,S)-90 & 52 HZ LB ER ST,

B, DU T AT LA —THH(S,5)-60 3L UN(R,S)-60 & S IHSE 756G DULHEEZ L
=D, T AT LA —IRAEWD 60 Z WS EDOIRBIONT T AT LA LR W—E%
7RLTCU% [(Table 8, Entry 3, p. 36) vs (Table 9, Entry 3, p. 39); (Table 8, Entry 4, p. 36) vs (Table

10, Entry 3, p. 43)],
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sk ok s sk s sk sk sk ok s sk s sk sk sk sk s sk sk sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk skoskesk kosk sk

15 2B 60 1T SCHREEEI DT VTR 107 & -7 20 2T 4 TIRISA K LT (Scheme 44),

MeOZC — [’BUS(O MeOZC
MgSO4
MeO,C \ 1959 MeO,C )
\\—\_<O toluene \ N—-¢
H H A\

10 60: 77%

Scheme 44

*OSHICHE OB AR Z A 753K, A2 D BALICO AT NV IEZE AL 1,6-T LA 6p HFE L
THW, RhDEERED UG RFILIZ (Table 11)**, £, [Rh(dppp)IClO, 5KZ IV TRIGZATo7223, K
ST TR T RAILIR 10p 12 2B N8035 72 (Entry 1), T2 T, [Rh(rac-binap)]ClO, 4% VN CRUS AT
STEPEMETRIR AW E 52, BLIK 10p 12 2<E&De) ~72 (Entry 2), —J . [Rh(dppbz)]Cl1O, &AL LY

[Rh(dppe)]CIO4 $5 1A Z W TRUGZAT272L 24, BRAKIK 10p 23 THREEZ DR THEH 472 (Entries 3 and 4),

E pr—
E Rh(l) catalyst
\ o (10 mol%)

_ >

Table 11

N\ N—-& CICH,CH,Cl
)T _80 °C
6p H (E =CO,Me) 10p
Entry Rh(I) catalyst’ Time (h) Yield (%)”
10p rec. 6p

1 [Rh(dppp)]C1O4 3 - 66

2 [Rh(rac-binap)]ClO4 1 - -

3 [Rh(dppbz)]C1O, 3 38 -

4 [Rh(dppe)]ClO, 3 41 -

“[Rh(ligand)]C104 was generated from [Rh(ligand)(nbd)] ClO, and H; in
CICH,CH,CI. ” The product 10p was obtained as a diastereomixture. See
the experimental section for the detail. “The complex mixture was
obtained.
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FEWNT, TL U ET ARV BIDRBENIE) —DE N 1,7-TL A 6q BLO 6r ZFE L THY Rh()g
REDFORERRF LT3 B BRSO EMERIR G WA 52 5D AT, BRALIK 9q. 10q LT 10r 1315

SN o7 (Scheme 45)%!,

Scheme 45
E [Rh(ligand)]CIO 2 H\ 0
(10 mol%) E 7 L S
E N—-S E
\ CICH,CH,CI
E
A\ 0 80°C,3h E
\—\_/<N—S (E = CO,Me)
’ ; \ 10q 9q
6q not obtained not obtained
Ligand = DPPP, rac-BINAP, DPPBz, DPPE
E [Rh(ligand)]ClO 42
] (10mol%) _ E s
\_ o CICH,CH,CI E
\ 7 80°C,3h
N-S (E = CO,Me)
>Y 10r
6r H not obtained

Ligand = DPPBz, DPPE
“[Rh(ligand)]C104 was generated from [Rh(ligand)(nbd)] C1O4 and H, in CICH,CH,Cl.
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1T BHAR(S,S)-100 DHERIELEIL -7 20 AN T 4=V HABURHELT-1%, 4-= P 2Lk =/L7m)

RERJGESHDHETELIZ(S)-67 DHLE A X B s S AT I XD E L7= (Scheme 46)

Scheme 46
MeO,C
7N 9
MeOzC . MeOzC N_S;O
MeO,C /N—s/p 1) HCI, MeOH/dioxane
2) 4-NO,-CgH4S0,CI
iProNEt, CH,Cl,
(S,S)-100 (S)-67: 79% (2 steps) NO,
’; 1 <Crystal Data>
€ 1 Crystal System orthorhombic
a.ql
"';i"\‘ Space Group P2,2,2 (#19)
)4 2 e W Lattice Parameters a=8.1516(4) A
_,{' q‘ -\p‘g-'. b=28.9362(3) A
" AN ) A 9 ¢=29.836(1) A
2 @8 ' V=2173.4(2) A3
ﬁ'\‘- 1 \l'}\/@
b 4 o ™ R1(I52.000(I))  0.0466
- w - @1 R1 (All reflections) 0.0523
./‘ f‘“’\v wR2 0.1468
oS N\ GOF 1.015
g . Flack Parameter -0.02(9)
(S)-67

TBRATINRS)90 DHEHELE L, T X AN T 4=V B AR L T2 12(S)-MTPA-Cl B L}

(R)-MTPA-CI % FHV T MTPA 73K 68 35118 69 ~EF5E KL, SR Mosher £% 1 L CRELT (Scheme

Scheme 47
Meo, Ph ph OMe
y CF3 1) HCI, MeOH/dioxane 1) HCI, MeOH/dioxane y CFs
MeO,C > (R,S)-90 MeO,C >~
0 2) (S)-(+)-MTPACI 2) (R)-(-)-MTPA-CI 0
MeO,C MeO,C
o2 Et;N, CH,Cl Et;N. CH,Cl, o2
68: 49% (2 steps) 69: 54% (2 steps)
(R)-MTPA-amide (S)-MTPA-amide

H 018-011-002
H H

MTPA-N CO,Me 045
+0.16 H CO,Me-0.03
+0.03 H H-005

+0.12H .
0 H
+0.06 +0°03
N

A8 = §(5)-MTPA amide~O(R)-MTPA amide
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*I8Rh fitii A FANB RS T L DT B A LE TN DD B TUND (Scheme 48), 213, 2008 4F
(2 Willis B, A/VMLCHE R 245X AT VTR 70 L7 71 LD F U FABRIRA e a T v
JEEISZEBRELTOS (eq. 1) 2013 £4E(Z Cramer H1E, Rh(D)MEEIZ L D7 F3I 73 LTV 74 EORF
BB LA IR % LT (eq. 2)*™, 2015 41T Breit Hi%, Rh(DAREAETE T, 7L 74 ~DFF—/L 76
DI G T FATRIRAN T T HIEEWME LT (eq. 3)°'C, T<&IT He HIT. JEREMEARTL > 79
X a T 2 )= I8 ED UMW T, TRV FFEIR80 N T EIURLL TR LZ &2 M LT (eq.
41 Fm L MRFEERICBO TS, R(DAEIZ LD 4-7LF—/L 81 OARFER 7 S ALEIER RS T
% (eq. 5)' SUGHHEICBIT2RAHND, ZNLORISITT L DT eUbEfEo THEITL TWDbDEE XD
hTnsd,

Scheme 48

Willis et al. (2008)

SMe O [Rh((R,R)-Me-duphos)]CIO4 SMe O H
Y (10 mol%) ~_Ph
+ Et ‘ Ph 1
H ~F acetone, 45 °C, 48 h =z M
Et
70 (1 eq) rac-71 (1 eq) 72: 77%, 88% ee
Cramer et al. (2013)
NH [Rh(cod)OH], (2.5 mol%) NH,
PN (R)-BINAP (6 mol%) .
Ph + nPr . nPr “'nPr (2)
@ ~F toluene, 120 °C, 12 h
H nPr
73 rac-74 (1.2 eq) 75: 96%, 96% ee
E/Z =13:1
Breit et al. (2015) 1) [Rh(cod)Cl], (4.5 mol%)
(S,S)-Me-DuPHOS (9.0 mol%)
TsOH (30 mol%) (NP S

SH
EtOH, 70 °C, 16 h S
Q * Pr 7 nPr TN e
F 2) mCPBA (2.5 eq) nPr nPr
CH,Cly, 0°C, 1h F
76 (1 eq) rac-74 (1.2 eq) 77: 70%, 92% ee

ZIE =87:13

He et al. (2016)

oH H [Rh(cod)(OH)], (2 mol%) “
+ .,
Ph\/-/ ‘Ph toluene, r.t.
78 (1 eq) (+)-79 (1.1 eq) (£)-80: 0% ee
(99% ee) (yield: not determined)
Sato et al. 0 [Rh((R)-dtbm-segphos)]BF 4 (10 mol%)
’ 4-Fluorobenzonitrile (10 mol%) BnO\/ (5)
A~ acetone, 45 °C, 5h
BnO .
X
rac-81 (S)-82: 82%, 95% ee
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Cramer Hl, 7L OFEULIZ Ru-ERURFENEI 5L TOALERIB LT 31 F70bh | Rh-ERUREE R ~DT
LUDFFAN, -7 I ayy AR 85 (F7213 85°) AR H T 5 EMEAL., Fi B-KEBMEEICE>TTLrDT7®

UEPHEAIT T DHEHESIVUTNS (Scheme 49),

Scheme 49
H
R’ A
_~ H R?
H [Rh] ~N
[Rh]WH 85 RW[Rh]
. . [Rh]—H
[Rh]— < RH R oHR S
84 86 ’
/E —\ &-7-0 isomerization 2
R1 R
H—[Rh] \ [Rh] [Rh]/g)\Rz [Rh]—H
Rh
~ W, -
HY N R
H
8s5'

FH D LI RSNC BN TH AR BT AR K T TR ZTT > TNDHZ L5, Rh-ERURFEDR RNIC
FFAELTEY, Cramer HERIBROBERE TT LU OFEULBETTL TWDAEEIENR B 2 HiD, Fiz, 7LD
HifH 5725 RaOFEARIC I THEM LS A FA A K 88 2L, ZOHHIEEZREHAL TT L DT LA
HEITLTWATREMEL Z 2 IS (Scheme 50)72,

Scheme 50

Rh*

2
._\\H _— R1 o+ (s+ R2 —_ R1 0+ 0+ \R2 l \R
H H

(S)-83 (R)-83

#19 =g T IR (S,S)-90 DR E L, -7 X AT 4 =0 H AR #E L7214 12(S)-MTPA-Cl LN
(R)-MTPA-CI % T MTPA 73R 90 3510 91 ~EFHE(LL | B Mosher 5% H L TR ELT- (Scheme

5 1)300
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Scheme 51
Meo PP ph OMe
y CF3 1) HCI, MeOH/dioxane 1) HCI, MeOH/dioxane y CF3
MeO,C (S,5)-90 MeO,C
MeO,C 0 2) (S)-(+)-MTPACI 2) (R)-(-)-MTPA-CI MeO,C o}
Et;N, CH,Cl, EtsN, CH,Cl,
90: 22% (2 steps) 91: 25% (2 steps)
(R)-MTPA-amide (S)-MTPA-amide
+0.01 +0.12 +0.13 H
¥ ,
+0.45MeOZC N‘MTPA
*003Me0,C H-015
+0.05 H H -0.03

+0.01 H H
-0.04 005

A8 = §(5)-MTPA amide~O(R)-MTPA amide

#20 JBE 6p 1A F IR HIEIC L TARLLT (Scheme 52), SCHREEAIDO AT /L3 935 & n-BuLi /5
TEFURERAESE STRBEMOT VT ER 92 LRSS E T, AUET Va—/L% MOM HCHR#LIZ#%IC
TBS S BifRFELT=, 96 & LiAlH, LGS HIEITENT L2 97 ~EEBLUT-14, ERaX A AL kLT,
ZNESCERBEEN D 997 L1y PV FER DAF LT v F— N Ofiffi#, §5i 7 2 2T 4 TIREDRK

FOSIZEST 6p ~&EE U,

Scheme 52
(0] OH NaH
OMe , H—=—— n-BulLi OMe MOMCI
H OTBS  THF  TBso. & THF
OMe OMe
92 93 94: 46%
OMOM
QMOoM OMe  TBAF ome _ LiAIH,
_— > —_— >
TBSO_Z OMe THF  po Z Om Et0
e
95: 73% 96: 73%
NaH
el MeO,C =
/\/.%OMe Et;N /\/.%OMe MeO,C” 99
= =
HO OMe CHCl, ~ MsO OMe THF
97: 44% 98

MeO,C = MeO,C =
X 1) HCO,H X
MeO,C \ ChyCly MeO,C \ .
\ OMe 2) tBUS(O)NH, \ N—&
MgSO,, PPTS )T
toluene H

OMe
100: 79% (2 steps) 6p: 63% (2 steps)
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#2D BT 6q 1XLL FIOR T HIEICE>TE LT (Scheme 53), SCHREEZEID 101°° &AL LAK 102%° %7157

LER 103 E 5T, FD% AT NNT A — VAR, - T A AT 4 TIRED AR S EITHIZ LT

6q ~&EUN,

Scheme 53

M602C

M602C
101

HCO,H
CH,Cl,

NaH
Nal

= OMe
* MsO”T F /\/\orMe DMF
102
// tBuS(O)NH,
Y
MeO,C - =
\ toluene

’\\—\_/<o

H
19: 91%

V4

MeO,C
MeO,C \

.\\—\_<OMe

103: 57% OMe

4
\
. )
\L\%NSN
6q: quant. H

B 6r 13U FIORT HIEICE>TA LT (Scheme 54), 97 Z A WAL=, SCHEREEZ1D 101°° & 77> 7Y

VIR FO% DAF AT X — L iR

N,

Scheme 54

Pz OMe
/A\¢7“/f7<i\7/
HO OMe
97

MeO,C
M902C

104: 82% (2 steps) O'V'e

MsClI

EtsN Z OMe
MsO~ F W
CH,Cl, 08 OMe

MeO,C
_ HCOH _
T Ch,cl, | Me0:L

1r H

HL -T B RINNT AT IREDOBIKSEITOZET 6r ~&

NaH

Nal //

MeO,C

MeO,C
101

DMF

tBUS NH2
MeO,C
eO2C

6r: 78% (2 steps) H

sk s sk sk sfe sk ske sk sl s sk sfe sk sk sk sk s sk sfe sk ske sk sl s sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk skeosk sk skeokeskoskosk sk
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wTE  Ra(DMELC AT AR TAF BIUOAIVETO
T AT VA BRI T NERALBOSN

HH TRy R 21 BRI RS DB SE 2 i 18] L7 A 3 Rt

BB THRARZEBY, NI/ 24 T5T L -A2 6 & RhDEEIRED G E LT
FER, TV Y A7V R 8 MDD B-KEBLEER L ORISR BLEER T8 R 32 RS & 8172
IZRH L7z (Scheme 55, eq. 1 and 2), ARSI AILZLEIES D —DELTHWSS TN
2-+2+2]BALATIBUS D RO TOBITHY | & LR BRRIC B DRV R B Rz /I HEIC T 528
ANSNYNFINDL RAAYY e I SURE S et g

FITERL BB ERERREEOBELIRNL. 6 DT NLF T L OALERRE
BORFIZULTEZEE 105 2 W CRP2121BRALATINBOG 23 AT 3 D Al REMEZ IRt 2L LT
(Scheme 55, eq. 3). A& TlE, TTHE 105 DT /LX L7 L0 Rh(DEEIRICER LB L AT
AL, m—=& 2 7m_ 7 R 106 23 ERCT 5, iV T ZOHEE 106 (ZMIEH DA 03
AT D61E, T Ha—Z A7V FEIE 107 BIERSID, HBIT, ZOH070bOE LR I E
ICED ZBRARERBRIA W 108 VERK T HLE X 12+,

Scheme 55
, . 1
Described in Chapter 1 B-Hydride NHR2
Elimination (1)
_ - X
J— 1 1 H R’ =
X\_ _ Rh(1)* =\_\N 7 NECR? 9

® H R i 7 8 J ) )
Reductive =

Elimination 10
R3 R3
Rh” .
NR*| —= NR™ (3)
N
105 107 ] 108
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TP T2 R 7 FOVENERLUZIE 105a & Rh(DEEREDKSEMRFTLT (Scheme
56)*%, 2N E TORIE T BAF/25E B4 7~ L= [Rh(dppp)]ClO4 35U Rh(rac-binap)]Cl0, $E{4%
FAWTEIGEI T2, MR ME 525D HTHIORILAR 108a 1XI2EL T,
— 75 . [Rh(dppbz)]ClO, A% W TR E T o122 A B IET ALK 108a 131551720
=W, vraT g EA T HERGIR 1092 23 36% DU TAR L TWADZEN RS,

ZOBALIR 1092 1 TR D IS 72 SUSHERE TARRLIZb D EE 2 Hb, 57, ZEE 105a DT /L%
T LM RhDEHARICERERIBRALATIIL . m—& 2 7m0 7 iR 106a 23 5T 5, RIZ,
Rh JFICIT LTz -7 F LD C(sp’)-H #EADHEMEILESHL, 1062” D L7 BEBINAEZ TR C o
FEAAX B APHEITL, BY U AERUR A 110a 3RS D, Btz 2O K 110a 725
DR TEHIBEEDEITL CERALIR 109a 2VERLT 5%,

ZOFERDND, -7 F NI AT LIEEOY 6 n—F v 7a_ 7o fIfiE 106a ~0 K E-
EHFR T EHEAOFMAIGE LT, FEA 1062 50 6 fEEAZ B AD ST NARITHDHZ LN
HBE7R5T,
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Scheme 56
[Rh(dppbz)]CIO,? ”
(10 mol%)
CICH,CH,CI
80°C,3h
H S 9] (E CO2M6‘
105a 108a: not obtained 109a: 36% yleld
A
Rh()* Oxidative Reductive
Cycloaddition ' Elimination
tBu
Insertion R\h+ Reductive
"""""""" > E N NR Elimination
E
106a H 107a
C-H Activation

106a" H

<[Rh(dppp)]CIO4,a [Rh(rac-binap)]ClO4:% not effective)
“[Rh(ligand)]C104 was generated from [Rh(ligand)(nbd)]C10, and H, in CICH,CH,CL.
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ZORERINOER L, TV R -7 F VLR 2 WIE TRIGEITORbIT o i B AZ Y
AR T HRIOSER IO T EHORD2R2IBRACATINIE D ET T 2D TIZRVINEE 2 T2,
ERRZ, K7 LG 2 A T 55E 105b %5 % L[Rh(dppbz)]ClO, $EIE LD KL EIT T8
A, TREBYHBDOERILIEK 108b MR TIEH LD DAL TWNDHI LN RSN
(Scheme 57)**, ZZT. ZDOBRAL{E 108b D UL DA 4 B 8L T. [Rh(dppp)]ClOs.
[Rh(rac-binap)|C10, 72 Fl 2 O Rh(D)EERED SR EFAI TN, < DA TR R DERMEE 7R
DERALIAR 108b I XV T B IRIGRIZEE Fo7,

Scheme 57
/
/ a
MeO,C [Rh(dppbz)]CIO4 (IDI
MeO,C — (10 mol%) N/Sj<
S PN
N, ’ MeO,C
H S=0
105b / < 108b: 15% yield

([Rh(dppp)]CIO4,a [Rh(rac-binap)]CIO4:2 not effective)
“[Rh(ligand)]C104 was generated from [Rh(ligand)(nbd)]C10, and H, in CICH,CH,CL.
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sk ok s sk s sk sk sk ok s sk s sk sk sk sk s sk sk sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk skoskesk kosk sk

#22 M BEZE STl A DORDVICT VTR EZA T4 RBEO B 13a & Rh(Dfiii e D[2+2-+2] B (LA
JSICED, CEREE T A G SRR LAY 14a DS EIFIIUENOE YT AT LA RN AT A LR
LTS (Scheme 58)°%,

Scheme 58 (cf. Scheme 15, p. 14)

Oonishi, Sato et al. (2013)

4 <

// [Rh(cod)]BF 4
MeO,C (10 mol%) o
MeO,C CICH,CH,CI MeO,C .

rt,2h
MeO,C
0
13a H 14a: 83%

(synlanti > 20/1)

23 JUPT 1052 13 SCEREEEN O T LT ER 13220 & -7 X AL T 4 TIRED A K R KA LT (Scheme
59),

Scheme 59

i r<

tBuS(O)NH, /
/ MgSO4 MeO,C
MeO,C PPTS
_— MGOZC —
MeO,C — toluene
N\
0 H S=0

13a H

105a: 72% ’ N

#2402 7 LR RRIZB O CRBRD C-H A OTEHEALZ IR B T2 RS, 2R ETICEL T O 23
HEN TS (Scheme 60), 2012 FIZYAFTEETIL, TL v BIZ -7 FAEEATHTL -1 111 £ NHC B
NA%A 95 RUDEFAREDINTED a7 u/ XU fisEa A T 280K 112 25 BAFRIGRCTAR T 2L
AL T E BIERICE S, TV At rau B BIOT AR S FRICETHEE 114
& Rh(DEER LA RSSHD L, RIUL S rn7u sz a4 580K 115 NMEbh AT e diE Lz ™, =
HORIETIER—4 YA 27 /L H K7 Directing Group &L COEEIZRI-T, 72bb, o— A7/ ik

ZIERCL TR Rh AT LI AFE T 5 C-H A A ANE RN TIE AL S USRS AT D,
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728 INSOSIZEL T DFT #HEIC L0 S HEAE O iRt B 23R 1 7= 4228 Huang (28> TGS TV

38

Scheme 60

Oonishi, Sato et al. (2012)
[Rh(IiPr)(cod)]CIO4

ey

(10 mol%)
MeO,C CICH,CH,CI
MeO,C _ 65°C,1h
111
Mukai et al. (2012)
PhO,S )C] RhCI(dppp),
. (10 mol%)
MeO,C - toluene
MeO,C reflux, 1.5 h

114

MeO,C X E
MeO,C E
112: 88% yield

PhO,S

MeO,C
MeO,C
115: 81% yield

#25 PR 105b 130 FIZR T HIEIC LS TARLLT (Scheme 61), STHEREEEID 117°%° LA ALK 1187 &7

TV ERT-1% . TBS B2 WAL 7-, i\ T, Dess-Martin fi2{l, -7 Z L AT 4 T IR EDO WK EELTH

ZET105b ~EENE,

Scheme 61
MeO,C
MeO,C~ \_— _ TBAF
THF
OTBS
117 OTBS
Va // tBUS(O)NH,
74 DMP MeO,C MgSO,
MeO,C NaHCO, 2 PPTS
_— _— >
MeO,C — CH,Cl, MeO,C toluene
OH N
120: quant. 13b: 84% H
Va
MeO,C /
MeO,C —
N\
H S=0

105b: 86% ’ \

sk s sk sk sfe sk ske sk sk s sk sfe sk sk sk sk s sk sfe sk sk sk sl s sk sfe sk sk sk sl sk sk sfe sk sk sk sk sk sk sfe sk sk sk sk sk sk s sk sk sk sk sk sk s sk sk sk sk sk sk ske sk sk sk sk sk sk skeosk sk skeokeskoskosk sk
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B TR A BIOAIUE TOSFNBRIL R G

ATl 72012, T oA 105 2 3E E L THW RWOEEIRE DSOS ERRFILT=03, 2<D
A CHEMERIR AWM A 5 2 D708 B I T B[ 2424218 LA RS A R B HEA T L AR~ T
(Scheme 62, eq. 1), EHIXT LV DRINMED FEEINEDRIK THDHEE % IRIZT L HBRALAT
INESZ B W TEDSEDMENESID T N AR Z T2 FVE 121 % FVL T Rh(D AL D U
ERRTTHZLELT (eq. 2). 7B, TILF | T BEOAI VB TOR2+2]BRALAT I
TN FETOLEIAIRESIL TR,

Scheme 62
R1 R1
R’ 2
NR2 | —> NR™ (1)
X
107 h 108
Rh* 5
‘NR3 NR
— ™ (2)
121 B 122 123 i 124

F9°(S)-t-TH AN T =NV FEE T HT A (S)-121a ZIEE LU THW, BN DO ME %
1T-7- (Scheme 63)**, [Rh(dppe)]BF4. [Rh(dppp)]BF4 35 L UN[Rh(dppbz)|BF, $ A% TR
AT TN, BN TETE T EEREIN S V72, — 77, [Rh(biphep)|BF, $&AK% HVVTRIG
EAToT2L A, BIDBRALIE 1242 135607200 OO TLEBLE Y 125a 13 Hi— D SLIR SN
RELTAERL TWAZENRHERSILZ, ZO TEBRLAY 125a (2RO L5772 SIS T4 R
LCNBEEZLID, 7. HE(S)-121a DT A7 L7 VXL Radty AR LR B A
L, w—=& A7 VA 122a AT D, HEWV T, 9 FROAIOIFANEZD T Fa—F
YAZVHEIE 123a DSTERSND, ZOTHEIE 123a 2HETHIMBESEZ DL HHIDOBRILIR
124a % 5-2 253, ARETIEH A 123a 2550 B-7K B BLEED BRI T L, ot <iE oAU MEE
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PR CHABRLAY 125a WERLIZLOLE X b,

Scheme 63
/
c - [Rh(biphep)]BF 42 Q c o

=S (10 mol%) E N/SK HN-

N CICH,CH,Cl g7 N\ E VN K
o 40°C,3h
H S=0 (E = CO,Me)
(S)-121a 124a: not obtained 125a: 14%
A

Rh(l)* Oxidative . Reductive Reductive
Cycloaddition Elimination Elimination

R\h+ o BHydride

/
Rh* 0O
\N_S// Elimination '

/7

\\N—S

- 122a 123a 126a -

([Rh(dppe)]BF4,a [Rh(dppp)]BF 4,2 [Rh(dppbz)]BF4:2 not effective)
“[Rh(ligand)]BF, was generated from [Rh(cod),]BF;, ligand and H, in CICH,CH,CI.

ZDOIHT, =r-A(S)-121a L[Rh(biphep)]BF, $EARE D G E MG LI R, BHIAEEL T
WIZBAUATIME 124a 13GONRD o7z DD THa—2 A7)V hREZ R0 Z 260
HETI )G T ZENTETz, ARSNEIY T AT VA #IRAICETTL, LEBR{ILAY) 125a
HH—ONRRMERLL THER DLWV SR EBE AL T0D, 22T, ZOLERILEY 125a O
WERDm EAa BIRL T, SOITENLFOBREEI 728127,

BIPHEP D A (IR IR 2 L BRALAR 1252 234 Al L 7= &>, BIPHEP L [RIERICE T U —/L
BisZA T 5 BINAP REN.FZ2 AW THREIZ{To72 (Table 12), R ROKMEXIRLEL A T 5
BINAP SRBNL 1% W CRSE T2 T2 2 AN E AL SUGNTHETH T B2 R/ L 7= (Entries
1-4), —J5 .S KOBNL T2 WG A I3 T A0S HEITL (BEntries 5-8), FFIC
(S)-Hs-BINAP DIGE 121 88% & RAFRIR T HERILAW 125a 2 5-2 7= (Entry 8),

I, ThIZ7N0FaRT7—rOROVICNN—rmT7—r a2t T =Fr&T5
[Rh((S)-Hs-binap)]C10, &K% VTG ETIT>7- (Entry 9), ZDfE R, BRILIK 125a 3 BI4F772
I TARLL | [Rh((S)-Hs-binap)|BF, $EADE & &l U CRUNMEIC R E R 2T bR -7
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(Entry 8 vs 9),
Table 12
/
MGOZC
o [Rh(ligand)]BF ;@ &
MeOC — (10 mol%) MeO,C HN-S
N CICH,CH,CI MeO,C XA K
H o s=o 40°C, 3h
(S)-121a 7< 125a
Entry Ligand Yield (%) Entry Ligand Yield (%)
125a  rec. 121a 125a  rec. 121a
1 (R)-BINAP - 97 5 (S)-BINAP 57 -
2 (R)-Tol-BINAP 2 97 6 (S)-Tol-BINAP 53 -
3 (R)-Xyl-BINAP - 97 7 (8)-Xyl-BINAP 60 35
4 (R)-Hs-BINAP 2 93 8 (S)-Hs-BINAP 88 <5
9" (S)-Hs-BINAP 78 -

‘[Rh(ligand)]BF4 was  generated from [Rh(cod),]BFs, ligand and H, in CICH,CH,CL.
b[Rh((S)—Hg—binap)]C104 was used. [Rh((S)-Hg-binap)]ClO4 was generated from [Rh(cod),;]CIOy,
(S)-Hs-BINAP and H; in CICH,CH,CL.

ZZETORBBNTED, (1) =2 -12(S)-121a & Rh(D)EERED UG T AT L A TRIR AL T
LEALIK 125a & 52528, 72, (ii) BINAP RENL -5 W2 85E, £ OBl &Ik > T
JEPEMNRESEAL T HIENRHALNE 5T, RIT, ZTHDOBIR N Z AR OV TELEZT
72,

ZAVETIZ, EEME BINAP REML 72 A 7% Rh(DEFEEIZED 1,6-=2 A DARFERAL
FOSIEW DM SN TS (Scheme 64)°, ZHOD S TIX, FEOT /L7 L7 %00
Rh(D & A I L AU BRAE AT L, B — & 2 7a_u T PR RNTE R S5, 2O, S (KD
BINAP RAENL 1% 23515, — B L TScheme 64 1 RLINIAR LD —F 2 a0 Ty

AR (129, 132 and 135) ZfRH L CTROSDEIT T &M ESN TS,
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Scheme 64
Nicolaou et al. (2009)

[Rh((S)-binap)]SbFg OH
) (10 mol%) d H H
CICH,CH,Cl TSNﬂ TsN Rh*
TsN 23°C N =
=H 128: 86%, >99% ee 129
127

Evans et al. (2005)  [Rn(cod)Cl], (5 mol%)

(S)-BINAP (12 mol%) H
/_// AgBF,4 (20 mol%) : Ph H
TsN Methyl phenylpropiolate (3 eq) TsN TsNiji/\Rh+
— THF, 60 °C CO,Me =

130 131: 95%, 92% ee 132

(regioselectivity = 3:1)

Jeong et al. (2000) [RhCI(CO)], (3 mol%)

y (S)-BINAP (6 mol%) H H

MeO,C AgOTf (12 mol%) MeO,C B o MeO,C : .

X CO (2 atm) MeOLC MeOLC —

MeOC = THF, 130 °C, 20 h 2 2
133 134: 91%, 62% ee 135

L7e3o T, Tr-A(S)-121a & Rh(DFERED SIZIV TS, SIRD BINAP RBLL -2
ety [FREDSNLARM LS A T on—F a7 o HRR)-122 Z#H U TSI T
HHDEZE Z 5D (Scheme 65),

Z @ Rh(IIT) I R(R)-122 13 i PU BN A& & & L0 . AL DI ANITXZE DT E I NAL THITT D,
OB, B RERND, LD HESGD 1 B AT = VORI Lo
B XNEBIC Rh JEFIZEE T 2I0ICL TRA UG EIT T 50D LB 2 D, T7205,
Wisg 1 EOIELAE 3D Rh JRFIZENLL DDA BT EINALZHEE T 58, (R)-122°
BILO(R)-1227D @O DOBEBIRREZ R TAHLEEZOND, ZOLE (R)-122ICB VT, /&
EW -7 F L L BINAP B 1-EDICSIAREEFE A EL D (Scheme 65, eq. 1), — 5, (R)-122”

DA 7 FIVED BN A LITBEANTAL B ITAFAE T D7D | SEARBEE 1T A L 720y (Scheme
65, eq. 2), TORER, ZOEBIRIE(R)-1227 % H LTI DB —F A7 VR DZ L~y
JAHMNHIRAL, 7 a—5 YA 7 )V R(R,R)-123 B EILD, £ D4, B-/KFBMiEERS L
BT R BEA RS CBRALIR 125 SRR AR 5,
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Scheme 65

(S)-BINAP-type ligand

0
/1
X HN-S
- \~K

H

(S)-121 B (R)-122 (R,R)-123 125: up to 88% yield

(R)-122

"

H (R,R)-123
(R)-122" )
P-Hydride
Elimination

(125

—Ji R KD BINAP REUL 2 HWZ5G 1R, BUOSHIEEAEHEITL 720 o7 (Table 12,
Entries 1-4), ZO#E R DOWTHIRIZE LRIERIZTE L LT (Scheme 66), £, ZOHAIZIT S K
DENLF-Z AN GG LT O ARMEF 2 H T on—2 3 /a7 U IR(S)-122 SRS
D, Fe T, iR - EOIEILAE 7303 Rh i FIZEALL D DA DT EANAALIZHEAE T
L& (8)-122° B L UN(S)-1227 D 1@ DEBEBIRFEZ L TDEZ A OND, (S)-122°DEEIE 7
F L EELE BINAP BOAL - E DRI SLARREE N R 42975 (Scheme 66, eq. 3), — 7. (S)-122” DA,
-7 FOVERITBNL F LTI B AL T D0, m—F a7 U ROa r—T
(BT T AT ONAREEN AT S (Scheme 66, eq. 4), L7203 > T, R KOEMN % F V2354
FNT DT EINALNZIBNTHAI OFFASUSHSEITE T BHE(S)-121a 23 EILI LD,
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Scheme 66

(R)-BINAP-type ligand

0
-S H
H NTTTR , Rh* O
DITIUCA Ph Insertion N_&
;lj// _/tP _________ > N S»I//.- (3)
|=——RA*I P X _{LHR
H X Fon
o (S,5)-123
N rht O (S)-122 :
< /S-'lll
N 'R
H \ T Ph 1
(S)122 — —Rh=II1 T “
P, 4
X I
|N'S:O
H
(S)-122"
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sk sk sk sk sk sk sk sk sk sk sk sk skeoske sk sk sk sk sk sk sk sk skeoskoske sk sk sk sk sk sk sk sk sk skeoskeosie sk sk sk sk sk sk sk skeoskosieosie sk sk sk sk sk sk sk skeoskoskeosie sk sk sk sk sk skeskeoskoskoskeoskesike sk sk sk sk stk skeskesk
#26 P (S)-121a 13LL FISRT HIEICE>TER LT (Scheme 67), SCHREEZID A ALK 136* LD
TIN~B B ATF Va7V 7 SE 137 24577, 137 D TBS F:% LR L 7214 12 Dess-Martin 21, (S)-t-

THINT 4 TIREDIK IR ZEITIZET(S)-121a ~EHU,

Scheme 67
NaH
N\/ OoMs  dimethyl allyimalonate
TBSO THE
136
/ / (S)-tBuS(O)NH»
MeO,C DMP MeO,C MgSO,
NaHCO PPTS
MeO,C — TR MeOLC — s
2 o CHoCl toluene
(6]
138:92% on 139a:83% H
Vi
MeO,C
MeO,C~ \_=—
N\
H S=0

(S)-121a: 81%  / (\

#2T gV AK 1252 OBt I L 4-= a7 ==L~ L AR LD Diels-Alder K i lZ L > TEBL-ALA ) 190ab

D B i XS R S AT I K0Pk L7z, % 0> ORTEP X345 245 MU Figure 3 (p. 79) IZFC#L7-.

$ TR REGH A7 HFEENLD K F LB R B AR O SIFLL T O ZfIAHESATND
(Scheme 68), 2000 5= (ZAHDIT, 7Y T T ra~F FEHA 144 DEO B-K BB RBLTT LT
R 143 B3MEHNDTEA AL TS 12 F72 2009 4RI Louie HiE, 7Y =v I A 2L ISk 148 7350 B-

K FEEEA R LT IR 147 BELNAZ LA HE LTS 410
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Scheme 68

Murai et al. (2000)

Ph Ru(CO)12 (10 mol%) — —
v, H CO (2 atm) < NCy PhQNCy
D \< toluene, 160 °C, 20 h
NCy P O 0
140 141: 13% yield 142: 17% yield

H
M + Other products
Ru(0) Ph O

143: 10% yield

Ph _
><j\NCy Ph‘(’ﬂcy

H Ru H,Ru
144 145
Louie et al. (2009)
Ni(cod), (10 mol%)
MeO,C  // IPr (20 mol%) MeO,C
MeO,C CYNCO (1eq)  MeO,C /O
MeO,C _ toluene, r.t., 1 h MeO,C
MeO,C — MeO,C
146 147: 70% yield (E/Z = 5:1)
Ni(0)
CyNCO
MeOzC
MeO,C
MeO,C
MeO,C

148

sk st sk sk sfe sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk s sk skoskoko sk sk skeskoskoskosk
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o —Hh JEEE I HPH ORRES

AITETCEUNL DR ET 21T 7282 A, (S)-Hs-BINAP & W23 A 10 BAF ks e 52 7=,
% ZC, [Rh((S)-Hg-binap)|BF, $& 1A% Fi\ C R 5 A #6PH ORI 21T 572 (Table 13)%%, <o
NAF VBT OT BNV AT T5IEE(S)-121b BLO(S)-121e Z W TR EITo7282 A,
WG BAFRIGE TS T H8R{EMR 125b I5L Y 125¢ BARRLT-, 7o, AV iz a7 5
FE(S)-121d BLUYS)-121e DAL | BRILIK 125d BLON125e 23 BAF 72 IR THROTZ, AV
R T IR A AT HEE(S)-121f BLO(S)-121g DAL, TREE DR TERILA 125f BL W
125g AR L7 #3043

Table 13
_J
X [Rh((S)-Hg-binap)|BF 42 0
— (10 mol%) X HN-S
N CICH,CH,Cl N K
H s=o0 40°C
(S)-121 125
BnO P Ao % 0 Q
HN-S HN-S >< HN-S
BnO N K AcO N K 0 N K
125b: 82% (3 h) 125¢: 82% (3 h) 125d: 83% (4 h)

P g £
S TsN HN™ NsN HN™
K N K N K

125e: 77% (4 h) 125f: 63% (9 h) 1259: 61% (15 h)
“[Rh((S)-Hg-binap)]BF, was generated from [Rh(cod),]|BF,, (S)-Hs-BINAP and H, in CICH,CH,Cl.

WIZ, ZEEGHOV A —DRIEEZ AW CRICEIT>Te, TAToET F
D R FEELA DL VILE(S)-121h OEAITFEASEFL, B 125h OILERIT 37%I28 8
F57- (Scheme 69)**** ZDHEIZEAL TiL. (S)-Tol-BINAP AHENL T-LL THWAHLILERA
81%IZ M L7223, £ DOBAMEZRBLHIZIAB Lo TR,
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Scheme 69
MeO,C
MeO-C L Rh(l) complex?
evs — (10 mol%)
CICH,CH,CI
50°C,3h

“[Rh(ligand)]BF, was generated from [Rh(cod),]BF,, ligand and H, in CICH,CH,Cl.

H s=0
(S)-121h

Rh(l) complex
[Rh((S)-Hg-binap)|BF4:

125h
37%®

[Rh((S)-tol-binap)]BF, : 81%

substrate 121h was recovered in 55% yield.

— T INFX U EAIDIRE

M DB IE(S)-1211 DA

"The

BRAVEOS I EIT LT 1C

THEAEANEMALLIZEE 2 DDA BERL A 1500 28 42%DILR THELIZ (Scheme 70)*,

Tl A TIEAI
ZREWTAI DAL B-RBEBBENH G L TODIENHBMNER T, BEBL RFEHN

122i

FellpoTcZETAIV DR A D

150i:

126i

K 1518 DS 24%DINRTRIAELIZZE0D, o—F 275 ik

ITUICL o T2 b L E 2 B A*»,

%
X
HN S7< A
( N. O
S/
H
42% 151i: 24%
Reductive ‘
Elimination
&
Isomerization
I/—I _
Rb*
N—R Reductive
Elimination

Scheme 70
/_// [Rh((S)-Hg-binap)IBF 42
X (10 mol%) 5
— L CICH,CH,CI
N=S 40°C, 4 h
(X =C(CO,Me),)
(S)-121i H
+| Oxidative
Rh(D™| cycloaddition
Rh*  BHydride
Insertion x N—=R Elimination
123i
P-Hydride X 7 .
122i Elimination N Rh\H
(R4 _N.
R
152i H

“[Rh((S)-Hg-binap)]BF, was generated from [Rh(cod),]|BF,, (S)-Hs-BINAP and H, in CICH,CH,Cl.
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FEWNT, L 1- BT AT 5HES)- 120 AW TS ETTHZEIZ LT (Scheme 71,
eq. 2)*%0, T FETO BT LA AK(S)-121 Z VST, 7 a—2 %17 L il ik
123 50D B-/KFWBEAZFR A L TR 125 3ERKLTE (eq. 1), 2T, 1,1- &7 L7
BES)-120% AW TIRISEATH72BIE, THe—2 A7 VR 123 2R LT B FEEAL IS K
RIRFDFAELIRN2D B-AK BB X3 2577, BEITHIMLEE D T T L T[22 28R LA N 124°
MWERTHETHLE (eq. 2).

FRRIZ, FLE(S)-121j & Rh(DEERED S EAToTo L2 A, TR L TR2-21BRILAT A
124j 1T EAERRE T AR 153 28 84% DR THELILIZ (eq. 3)o BEOLIZDAI K 153)
X, RSN T P a—F A 7V P RE 123j 1B W TR HZIFR T a fIDKEFR T (HY) 2NMFEE
T 57280, B-KBBBEDETLU CTAEKRLIZLDEE 2 HID,

VL EOFERD G | REICHRFTLISOGIT E BB T Fa—2 A 7L h iR 123 £7203 123°%
LU THEITL WD LRI,
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Scheme 71

mono-substituted alkene

S-Hydride

0

/1

Elimination y HN-S
N KO

125

Reductive

R Q
Elimination N -S
X (2)
N

(S)-121' 7< - 122 123" 124'
[2+2+2] cycloadduct
(estimated product)

E
- o [Rh((S)-Hg-binap)|BF,2 o 0
= (10 mol%) E N/ST< E N-S o)
N CICH,CH,CI E & E A K
\ 80°C, 8h

H o S=0 £ =coMe)
(S)-121j / ( 124j: not obtained 153j: 84%
i A , ,
Rh(l)* Oxidative ' Reductive Reductive
Cycloaddition . Elimination Elimination
_ ’ _
B-Hydride Me /.
2 B Rh™
Elimination N-S’
"TYAN
L 122j 123j 154 _

“[Rh((S)-Hg-binap)]BF, was generated from [Rh(cod),]|BF,, (S)-Hs-BINAP and H, in CICH,CH,Cl.
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#2 FUET(S)-121b 13LL FITRT HiEIC k> TERLLT- (Scheme 72), 155 % LiAlH, Ti#c LA —/L 156 &
1577, 156 DT )La— AN AP L, TBS DR, Dess-Martin f&{b., (S)-t-7 XL ANT 4 TIR

DK GEITHZET(S)-121b ~EE U=

Scheme 72
NaH
MeO,C / ) HO / BnBr
LiAIH, TBAI
P —_— - —_—
MeO,C — Et,0 HO — THF
155 OTBS 156: quant.  OTBS
BnO / BnO % DMP
TBAF NaHCO,
P _ - _
BnO — THF BnO — CH,Cl,
157: 99% OTBS 158: 95% OH
BnO /
B0 Y, (S)-tBUS(O)NH, BN
MgSO4 _
B0 o PPTS BnO —
n — - =
toluene N\
o) H S=0
H
139b: 82% (S)-121b: 65%
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HE(S)-121¢ 1ZLL PR3 HIEIZE>TE LT (Scheme 73), 156 DA — V(i & T 2T LA THREL

7212 TBS J:DMiff:# . Dess-Martin Bg{l., (S)-t-7 X2 AT 42 T IR EDPLKSIEEITHIZET(S)-121¢ ~&

EEATRY (ol
Scheme 73
/ ACQO
HO pyridine AcO TBAF
DMAP AcOH
J— —_— J—
HO = CHiCl,  AcO THF
156 OTBS
/ DMP AcO / (S)_tau%((()))NHz
AcO 9S04
NaHCO3 o PPTS
A _ ———»  AcO = _
cO — CH,Cl, toluene
160: 98% OH 139c: 90% |
AcO /
AcO —
N\
H S=0

(S)-121c: 76% / ,\

FE(S)-121d (TLL IR T HIEICE > TARLTE (Scheme 74), 156 DVA— V& T Eh=R CRi#&L

7212 TBS £ il . Dess-Martin fg{l. (S)-t-7 Z> AT 4 T IR EDPLKSGEZEITHZET(S)-121d ~&

e,
Scheme 74
MeO OMe
HO /
PPTS >< TBAF
HO = T cHChL THF
OTBS 162: 82% OTBS
DMP 0 (S)-tBUS(O)NH;
N weo, X o
(0] —
CH,Cl, toluene
0
163: 91% OH 139d: 89% 1
X
(@] —
N\
H $=0

(S)-121d: 99% 7(\

72



Chapter 2

FE(S)-121e 13LL FITRT HIEICE>TARLT (Scheme 75), AS /LK 136°% & STHEREEEID T YL 7 VA
Ly BRIV TERT-% . TBS A ifR# L TTr/va—/L 164 Z457-, F D%, Dess-Martin 21k, (S)-t-
TR ANT 4T IREDOPKIIEZITIZET(S)-121e ~EEF -,

Scheme 75

1) 9-allyl-9H-fluorene DMP
/\/\/\OMS n-BuLi, THF NaHCO3
TBSO 2) TBAF, THF CH,Cl,

136 164: 90% (2 steps)

(S)-tBUS(O)NH,

MgSO4
PPTS
toluene
H S=0
139%e: 71% (S)-121e: 94%

FE(S)-121F 1ZLL F IR T HIEICE > TARLT (Scheme 76), SCRREEEID 7 /L= — /LK 165" & N-7 ULk
VVTIR 166" &y TV ST TBS HABURTEL T7 /L= — /L 168 Z157=, Z D, Dess-Martin [k,
(S)-t-T H L ANT 4 T IRED PR IEEATIZET(S)-121f ~EE =,

Scheme 76

TSHN N 166

DIAD /—//
/\/\/\OH FPhs TsN 4>TBAF
TBSO THF \%\_\; THF

OTBS

165 167: 65%

/
/ (S)-tBuS(O)NH
/—// DMP MgSO, ~ TsN

TsN NaHCO; TSN PPTS =
T\ CH,Cl, N toluene N
\
OH o H S=0

H j
168: 92% 139f: 79% (S)-121f: 80%
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FE(S)-121g 1ZUL FITR$T HIEICE>TE ML (Scheme 77), CEREEAIDT La— Lk 165% & N-T UL
JUNVTIR169" &y Vo VSR T4, TBS B2 iff# L T va—L 171 2457-, Z D% . Dess-Martin [
b (S)-t-T7 X AT 4 T IR ED K IGEEFTHIZET(S)-121g ~EEU-,

Scheme 77
DIAD /—// /_//

7o PP NN _TBAF NN
TBSO THF ——\ THF —\
OTBS OH

165 170: quant. 171: 87%
/
/ (S)-tBUS(O)NH,
DMP MgSO,
NaHCO, NsN PPTS
—_— p—
CH,Cl, toluene
o) ‘s:o
H
139g: 69% (S)-121g: 99%

WO LT R DRICIEREIR T a2 AT HIEE(S)-121k & RhDEERLDSISOEE | RS REMEE
720, BRALIK 125k 1RIEL AL BT (Scheme 78)%, 7 LA D EMAL IR E DRIFS MBS LT-728
TRV RIS NS %,

Scheme 78

J

a [Rh((S)-Hg-binap)]BF 4 Jo
— (10 mol%) HN’S
N CICH,CH,CI K
H S0 40°C, 3h
(S)-121k 125k: <13%

“[Rh((S)-Hg-binap)]BF, was generated from [Rh(cod),]|BF,, (S)-Hs-BINAP and
H, in CICH,CH,Cl.

FUEHBAR 125b-g (33 R THE —OSRRMERE L TEONTZ, TOMEE ISR ICBT 554 (5
TR ) BL 0N 125a ORHERE (Y, p. 65) MHOEHEIZHESE | Table 13 [TRLIZEBVITHRE

L7,
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#32 HP(S)-121h 1ZPA IR HIEIC L > TERE LT (Scheme 79), STHREEENIOD AL LAVAA 1362 LARET Y
N~ B AF 112 BTy SV 7S 173 %1577, 173 O TBS A BifR# L7112 Dess-Martin &1L,

(S)-1-7 B ANT 4 TIRED KBS EATIZET(S)-121h ~EF W,

Scheme 79
— MGOZC
M\/\OMS . Me0C >/_/7 NaH oo B TBAF
2 —
TBSO MeO,C THF THF
136 172 173: 85% OTBS
— _ (S)-tBuS(O)NH,
a 3 —
MeO,C~ \—=— MeOL =
CH.Cl, toluene
OH H 0
174: 99% 139h: 56%
MeO,C
MeO,C —
N
\
H S=0

(S)-121h: 95% / '\

#33 BRIVIK 125h OHEHRREIL. -7 Z 2 AN T =)V B Bl L 7=#12(S)-MTPA-Cl 35 X TNR)-MTPA-CI

VT MTPA 73K 175 BE U176 ~E75EALL , B Mosher #:41# FiL CIRE LT (Scheme 80)™,

Scheme 80
o] o]
HN CF, 1) HCI, MeOH/dioxane 1) HCI, MeOH/dioxane CF,
MGOQC N B 125h MEOQC &
MeO,C Ph" OMe  2) (S)-(+)-MTPA-CI 2) (R)-(-)-MTPA-CI MeO,C Ph" OMe
2 EtsN, CH,Cly EtsN, CH,Cly 2
175: 57% (2 steps) 176: 60% (2 steps)
(R)-MTPA-amide 021 022 (S)-MTPA-amide

+0.07 H+o,o'§'\ -0.05
A8 = 8(5)-MTPA amide~O(R)-MTPA amide
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L (S)-121 1T LL FIOR T HIEICE > TARLT (Scheme 81), STHREEEIOD AL ALK 1777 LTIRO T
IO R ATF )N Ty TV 7 ST A%, TBS Ba AR L T178 21572, £ D%, Dess-Martin i1t (S)--
THANT 4T IREDPKIIEZATIZET(S)-121i ~&iF T,

Scheme 81

1) NaH
dimethyl allylmalonate MeO,C

THF
=~ TOMs MeO,C
/

TBSO\/\/\/\ 2) TBAF, THF

177 178: 65% (2 steps) OH

1) DMP

NaHCO MeO,C

CH,Cly _ MeO,C — o)

/

2) (S)-tBuS(O)NH, N-S

MgSOy, PPTS N

toluene (S)-121i: 33% (2 steps) H

#3] 6-TL A & RUDFERED UGB N T, =& 2 7m0 T AN SO -k FE B2 R B+ 5FA

DFUSIEHEFSICE > THRESN TS (Scheme 82)%,
Scheme 82
Tanaka et al. (2007)

0]
@/OH
180 (100 mol%)

/ [Rh(cod),]BF4 (10 mol%)
/_/ (S)-SEGPHOS (10 mol%) T Niji/
s

TsN CICH,CH,CI, 80 °C, 3 h
179 181: 69% yield
Rh(I)*J TT
H
TsN Rh* TsN H
= X Rh*
182 183
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#36 LB (9)-121j 13 LL FITRT HIEICE>TEA LT (Scheme 83), STHREEEID AL ALK 136 & 184" %
T TV &% TBS Iz iff# L T 186 #157-, =D . Dess-Martin B4l (S)-t-7 # > ANT 4 TIR

EDPKBIEEATIZET(S)-121j ~EF-,

Scheme 83
NaH MeO2C TBAF
a
/\/\/\OMS + Me02C F > MeO2C — — >
TBSO MeO,C
136 184 185: 71% OTBS
(S)-tBuS(O)NH,
Mooz NaHCO e e
a 3 __
MeO,C _ . MeO,C — .
CH,Cl, toluene
OH . ©
186: 99% 1395: 73% H
MGOQC
MGO2C —
N\
H S=0

(S)-121j: quant.

T HE(S)-121K XL FISRT HIEICE > TR (Scheme 84), SCHRBEFND R FE LK 187 LHIR DT
WNTNA—=N% T3y TV 7 ST 4% TBS 2 TIR#EL T 189 2157, £ D%, Dess-Martin &1l (S)-t-7 4
ANT 4T IREDPBKIEEATHIZET(S)-121k ~EE U,

Scheme 84

NaH / TBAF /—//
llyl alcohol AcOH
P Br a
74 _ > S \

187 188: 51% OTBS 189: quant.

/_// (S)-tBUS(O)NH, /_//

DMP MgSO, o
NaHCO, O PPTS
—_— pr— —_—
CH,Cl, toluene N
@ H $=0
H
139k: 73% (S)-121k: 84%

sk s sk sk sfe sk ske sk sk s sk sfe sk sk sk sl s sk sfe sk sk sk sl sk sk sfe sk sk sk sl sk sk sfe sk sk sk sk sk sfe sk sk sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk sk sk sk skeosk sk skeokeskoskosk sk
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U  SLREEIRAY7: Diels-Alder St ~D 5 H

T A 121 & RWDEERE DS THER T AL 125 13 1,3-V = #iEa A1 5, £Z T,
AREALAK 125 % Diels-Alder SOGIZHE A 2281080 ZBRIEEOBENATREIL R HEE MR
FEA{TFo7z (Table 14)%°%, £9°, Y 1252 E~v L AINFHFEKB LUK <L AL 8L D G %
vrunz i o 40 °C TTo7zE 25, BRI 190aa, 190ab 35 K08 190ac 73 BAF 2RI D
—DOINARFMEAREL TAERR LT, £2.4-7 2= 1-124-R) TV V2 -3,5-U A4 0 ED KGIZERIE T
HCNTHEITL, BRALIK 190ad DNZARBIICEONT-, FEBRIROV = /)7 4V ThHATF L

YRR EAT R MR AR AT IV LD I BRI A O SLAR S IR A AT LT,

Table 14
X=X
/(/3 Dienophile
MeO,C H[\l’s (3 eq)
MeO,C N~ CICH,CH,CI
40°C

190ad: 86% (1 h)? 190ae: 92% (18 h) 190af: 49% (24 h)

“The reaction was carried out at r.t.
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728, Diels-Alder ffHUADSIARILZFINE, 4-= a7 2= L~ L AIRED KT L > THHILT-

BRAL AR 190ab D HifE S X FRAE S S ART IC KR E LT (Figure 3), ZOfE 0 5, Diels-Alder
FOSITINS @ -T2 AT 4 TIRIFEED SRR RET H IO, ZOH D LI O )

BT RERANICHEITL COVDZEDBBA DL o7+,

Figure 3
<Crystal Data> R ]
Crystal System monoclinic
Space Group P2, (#4) o

Lattice Parameters

R1 (I>2.000(I))

BALIAR 125 @ Diels-Alder SIS =912

a=6.8242(3) A
b=14.9933(5) A
c=14.3182(4) A
B =93.6230(11)°
V =1462.07(8) A?
0.0293

HATLI-DT, &IT

o =z
&

5
o o
f |
Al

{bI)i & Diels-Alder S DU Ry M GE G52 ELTZ (Table 15),

£, Rh(DfEE = -1 (S)-121a LD GA 40 °C T 3 BEREITTV, =

AESET, HWVT, ZORE COTTANE A, SHOITHRLIZ, ZORER, SBIEE iz

TR

R1 (All reflections) 0.0306

wR2 0.0771 HN_

GOF 1.049 $=0
Flack Parameter -0.006(15) 7< ]

Rh(DAtHZ L5 BR

R 125a 2758

ETCHOYT )T 4)LETV T 1252 &P Diels-Alder K7 Ro(DEEAFLE T2\ T REZR

1TU BAFRINERI O SRR B TS DB 190 23R LTz,
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Table 15
MeOzC
[Rh((S)-Hg-binap)IBF4*  Dienophile
MeO,C (10 mol%) (3 eq)
N CICH,CH,C| CICH,CH,C|
H s=o 40 °C, 3h 40 °C, time (h)
(S)-121a
MeO,C ’(’)
‘ 2 HN/S X=X
Rh()-Catalyzed | Me02C N K Diels-Alder
Cyclization Reaction

190ad: 84% (1 h) 190ae: 86% (20 h) 190af: 49% (30 h)

“[Rh((S)-Hg-binap)]BF, was generated from [Rh(cod),]|BF,, (S)-Hs-BINAP and H, in CICH,CH,Cl.

ZDINT, A (S)-121a Z HEMEEL THWDT ARy MG I T35 80
SINNTIRHT=D T, WIZ Rh(DE (2 LA BV & Diels-Alder SOGOR S /B R ! At
L7z (Scheme 85), T72bb, P )74V THDHYLAIR 191 MIISOBIRERNS R NICIEAE
T HIRRE T, Rh(DfiiE = -1 (S)-121a ED G 40 °C T 24 FEf T o7, ZOFER, *fIid
HEALAR 190aa 35108 190ab 73 BAF 72U RN D NEARBINAIC AR LT, ZOZEDD, L AR
191 1F7E T2V TH Rh(DtEEZ AR L G2 B HEI T L, e W CAERK L7 = 125a
&~ L AR 191 &0 Diels-Alder SUSANARE T 2ZEDNHBINEIR ST,
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Scheme 85
o}
| N-R

Y 191 (3

MeO,C o) (3 eq)
[Rh((S)-Hg-binap)]BF 42

MeOC —= (10 mol%)

N CICH,CH,CI

\ 40°C, 24 h

(S)-121a

190aa: 85% (R = Ph)
190ab: 83% (R = 4-NO,-CgH,)

“[Rh((S)-Hs-binap)]BF, was generated from [Rh(cod),]BFj, (S)-Hs-BINAP and H, in CICH,CH,CI.

CZETOHFGEIZED ., 3 FNICAI A THT A (S)-121a & Rh(DEEIRED K GEBRRIL

RSB TAFXL  TATBLOAIL D =Z>DLEREE L RUDEEENSTER SIS T HFa—

AP ATNHFRIR 123 2R LT, 1,3-V U MiEE2 A T8RRI 125 U7 AT LA RN

Rtz R LT, 2. G0N -BRIbK 125 & )7 0L LD Diels-Alder S oafatL
THER 2 ukEEE AT ALEBERILEY 190 BRI OSBRI AR T A%

RHLZ,

st st st s o ok ok ok ok sk sk sk sk s sk sk ok sk sk sk st sk s sk sk sk ok sk sk st sk s s sk sk ok sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk ok sk sk sk sk sk s sk sk ok ok sk sk sk sk s sk sk ok ok sk sk sk skeskoskock

#8277 13-V 2% VS Diels-Alder )& D —#]& L C, Bailey, Ovaska HI1ZK5H 5% FFLIZ

73 (Scheme 86)%, A IZIVTH Diels-Alder K E =2 FER BT THZERHERSN TN,

Scheme 86

Bailey, Ovaska et al. (1996)

Y toluene
. Y reflux, 1.5 h
192 193

O
194: 75%

#39 BRAVAR 190 139 R THL— DR BMEARE L TEHNT-, NOESY 22 T4 FE k5t NMR ORIEIZLY,

WIS KFUZFER L 728360 190ab LRI UMb P2 A2 At LT,

sk ok s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk s sk s sk sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk sk s sk s sk sk sk sk sk s sk sk sk sk sk skeosk ok sk skokosk
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F|/—=F Rh()FBILU Rh(IDARLEE W EGE RS LD
SBRRACE RO SRBRIR AR SR

B RO R

ZERAVEE A RIBR I Z T 5 FIEORBIT A S b FIC B W TEE LR EDO —
DTIHD, U Ry NEEE R IO KIS E — DD SOS K ER T TITHO A RTIETHY iR
LB DN R R FIREIC T D20, ZORBEICR 3§D N7 Rk R E720155 >, I
XY A7V 13-V Diels-Alder NMZED ZERAEEA~LEEMT HIENAHETHD
7o, ZVETIZ, ZOIH Ry = 2 RS L TR 25 KOS DB AT ZES LT D,
Bl 213, B4R A D A L DB L BRAEALIE 255 T Heck S ICE>T=FY
P A7V 1 3-PE L HRAESE, ZNEEBICT Ry N TO Diels-Alder SUG S AWD FHER %
B AU R DRI B RIE L L THRE STV (Scheme 87)%,

Scheme 87
/
= Cycloisomerization
— \
|
X|  Diels-Alder Y
— . Reaction
] exocyclic
Heck Reaction 1,3-diene
Br

TETIRARTINT, EFII S TNICAIZH T DT -A(S)-121 & Rh(DEE KL D K%
RETLTRE R, 13-V i 2 T 2R (LR 125 30T AT LA BRI AR T 52 82 L
720 SHIZ, ZOBRAUIK 125 20 /)7 VLU VR M OGS EHIEIZEY AV 26 75
ZERAULEWY 190 DAL TEHZ LB LTE (Scheme 88),
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Scheme 88
_J
X [Rh((S)-Hg-binap)]BF % X v
— & o 4 2 Y=Y Y
(10 mol%) X HN HN
N CICH,CH,Cl N CICH,CH,Cl =g |,
H S0 40°C 40°C N '
(S)-121 125 190

LLZ2I35, ZIHO RSB N T, RN TRAELIL=X A7)y 7 13-V %45
EEAEEWS DERCHOOND ML, ZIVETHOEZA 12T Diels-Alder S IZIRHILT
W5, ZDT | AR T HERAEA VTR BEREZELLOICRESN TS, £ZT
L, PERDOMGSUS TIX A IR E#2 2 BRAE OMEL HIEL, =%V 2Vy 7 13-2
T DFT IR HED BT ICEFH T Z e L LT,

BRAbAK 125 @ Diels-Alder SUSANAREIRANHEIT L2 L0, -7 2 2NV T 4 T IR ALT
IO AN FRINTHER L TWDHEF 25D (Scheme 89), 2T, ZO XV A7
1,3-2 125 LE =LV AR 195 LD REEATHIRBIL, a7 v ARG A5 H R Y
IZHEEIT T DL DO LT, W\ T, AER LIV = 7a7 /30196 O Cope BRL 23S T35

& EERZATLLEEAEI 197 PILRIRIYITAER TEDOTIIRVINEE 2| atabiis

L™
Scheme 89
/—; R R
195 Cope
X — Cyclopropanation X \\ . rearrangement
\ A . - R
Yoo
| HN
HN Ne—
7< S=0 7< S=0
125 196 197
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N PSSR e JONVEYE i i PH DR

WO, YT 1252 L=V T Y T v T —h 198a T VEVEELTHVY, fEi 4 O Rh(1D)fi
WALET ., v orara XU AbGE Cope BANLOERESG A HEIT T2 AIREME A MR ETL7Z (Table
16), Rh(IDfEE L T Rhy(OAc)s BL TN Rho(TFA)s Z2 WA TSN B\ T, Yo
125a 73[EU SN2 (Entries 1 and 2), — 7. Rhp(oct)y DIHA I T 125a 7Y 50%FEE 775
HLOD, HEYDERILIA 197aa 28 36%DIRTERK LT (Entry 3), £/, Rhy(TPA), Z V=84
IZP T 1252 T ZARITIHE S, BRILIK 197aa DULEIT 60%2A EL7- (Entry 4), E512
Rh(INEER DR R ET>72E 25, Rhy(piv)s LT Rhy(esp), & WA ENE I 2%, 79%
L BTN CERAL R 197aa 23ERKL7- (Entries 5 and 6)**, 7235, AMRFHI BV TR ISIZ
TNOLEH N REINANHEITL , BRALIR 197aa 13— ONLIREMER L TR,

Table 16
MeO,C /(/) Rh(ll) complex
° HN-S N, (5 mol%)
= +
MeO,C XN K MeOgCA\)J\COZMe CICH,CH,CI
0°C,3h
125a 198a (1.2 eq)
Entry  Rh(II) complex Yield (%)
197aa rec. 125a
1 Rhy(OAc)s - 96
2 Rh,(TFA)4 - 89
3 Rhy(oct)4 36 50
4 Rhy(TPA)4 60 trace
5 Rhy(piv)s 72 trace
6 Rhy(esp)2 79 trace
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ZD X, Rho(piv)s BL O Rhy(esp), 3 7a7 AV i E Cope $R7 03858 S G A %D
THHIENRHBNEI2ST-D T, IRIZZO — >0 RhADEEAEE FIVWTY T 125a LfE 4 OB =1
DTV E 198 LD A BETLT. (Table 17), RNCT 2= L SR AF UL A 458 =1
7YAEE Y 198b 1 LN 198¢ & D 1IN0 RhADEE R Z V=356 FIBICEITL . B4
PR R TX ST A BRLAR 197ab L TN 197ace 234258 L7 (Entries 1-4), £/, R*ICT & F L%
AT2E= VDT VEEY 198d LOIEDSGEIE, 1.8 HED 198d 2 V52L& T RAFRITHR

TERILIK 197ad 73155417 (Entries 5 and 6),

Table 17
R2
MeO,C o Rh(Il) coTpIex MeO,C
HN-S . N (5 mol%) MeO,C
MeO,C N K R1VLR2 CICH,CH,CI \ R
0°C,3h o=s .
125a 198 /N
197a
Entry Substrate 198 198 (equiv.)  Rh(I) Yield (%)
N .
1 2 1.5 ha(pr)4 94
Ph/vj\cozlvle
2 198b 1.5 Rhy(esp), 95
3 /\/\)Nﬁ 1.2 Rhy(piv)s 88
Ph" X"X""Cco,Me
4 198c 1.2 Rhy(esp)a 82
N, .
5 1.8 Rha(piv)s 78
6 198d O 1.8 ha(esp)z 65
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RN I L7z RaADEEROMEEZ LL T IOR T (Figure 4), ZHHOSEAD th Tt B 5 Tho
NEARBIIZE B Rhy(piv)g 3L TN Rhy(esp), S5 1A% FIWV A IZBRLIR 197aa S EAFRIERTHRO-2 L
7>5 (Table 16, Entries 5 and 6), Rh(INEEHALE = /L U7 LAY 198 DB T AT DAL AR LD
LETHHZED W=D A FIZF 5L TWD TR RIRS 11D,

Figure 4

-O
\
@)
D---0
3.
\ |\O \>—70_
323
B
A

010 ogto™
_RNW=RKW RO 6
oL Lo™ ! W&
| |
0.0 R'
R'=Me Rh,(OAc),
R'=CF;  Rhy(TFA),
R'= n-C7H15 ha(oct)4
R'=CPh; Rhy(TPA),
Rh,(esp), R'=tBu Rhy(piv),

sk s sk sk sfe sk ske sk sk s sk sfe sk sk sk sl s sk sfe sk sk sk sk s sk s sk sk sk sl sk sk sfe sk sk sk sk sk sfe sk sk sk sl sk sk sk sk sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk sk sk sk skeosk sk skeoskeskoskosk sk
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FHE Uy NG~ D BB

ATEIOMETHZEY, = 1252 LE= LU T VAW 198 LD a7 m/ U ALRISHB LD
Cope HAALDIERL S IVDE R SUS D SLRIB I ZEAT T HZE DA BIN LI Tz, T TIRIZ,
FOEh A7 2 B BE RS DB Z R L T, =2 -A(S)-121 ZHEWEELTHWAT Ry h
B2 5 A TV | A RN B

FI. =2 -12(S)-121a £[Rh((S)-Hs-binap)|BF, $5A& L D% 40 °C T 3 BEEIATV, ZRHIC
U 125a BRASE T, CORISERE 0 °C ITHAEILIZ#1Z RhADEE AL =L o7 LA
¥ 198a &z, &512 3 BB FRL 72 (Table 18), T D#EF:, Rh(INEE AL L T Rhy(piv), BEL W
Rhy(esp), & W8I0, Z3LE 0 53%. 62%DIN R TEALIK 197aa AR L=, ZOHE RN D,
B F 7 A RUDFERTALE FIZIBW T RN LD a7 m AV G £5E< Cope Hi5AT
DT T DAL 5T,

Table 18
N2
/) MeOzC/\)J\COZMe COMe
E _ 198a (1.2 eq) 2
L [RN((S)-Hg-binap)]BF ,* Rh(ll) complex
E = (10 mol%) (5 mol%)
N CICH,CH,CI CICH,CH,CI
H '5=0 40°C, 3h 0°C,3h
(E = COo,Me)
(S)-121a
- 9
| HN-S
Rh E N K ‘
(I)-Catalyzed Cyclopropanation/
Cyclization Cope Rearrangement
125a
Entry  Rh(II) complex Yield (%)
197aa 125a
1 ha(in)4 53 <26
2 Rhy(esp), 62 <11

“[Rh((S)-Hg-binap)]BF, was generated from [Rh(cod),]BF,, (S)-Hs-BINAP and H, in CICH,CH,Cl.
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KBS HOWT, £T U7 MEA Y 198 O A # PO A1T 72 (Table 19), R'iZ~7
VR ATFIUN AT OE =TT VLA 198b I LT 198¢ LD FUGIE BRAFZRIN R TXE
I DBRALAR 197ab X 8 197ac 2 5-2 7= (Entries 1-4), R*IZT7 v F N HEAFTIE =107
LA 198d & D 1T Rhy(piv)s 618 Z WSS IR OL T 23 A 507273, Rhy(esp), 514
{FE FCRISEATOE BAF7RINHE TERALIK 197ad 23554172 (Entries 5-7),

Table 19
N>
/ R1/\)J\R2
MeO,C _ 198 (1.2~2.0 eq)
MeO.C [Rh((S)-Hg-binap)IBF4*  Rn(11) complex
eL2 (10 mol%) (5 mol%)
N CICH,CH,CI CICH,CH,CI
H o s=o 40°C,3h 0°C,3h
(S)-121a
Entry Substrate 198 198 (equiv.) Rh(IT) Product 197a Yield (%)
1 N> 1.8 Rhy(piv)s 81
Ph/\)\COZMe
2 198b 1.8 Rhy(esp)z 70
3 /\/\)Nji 1.5 Rha(piv)s 81
Ph™ XX “Cco,Me
4 198¢ 1.8 Rhy(esp)a 77
N, . b
5 1.2 ha(pr)4 36
Ph/\)l\[(
6 198d (@) 1.2 Rhg(esp)z 60°¢
7 2.0 Rha(esp),’ 72°¢

“[Rh((S)-Hg-binap)]BF, was generated from [Rh(cod),]BF,, (S)-Hs-BINAP and H, in CICH,CH,Cl. P38% of 125a
was obtained. “28% of 125a was obtained. ‘10 mol% of Rhy(esp), was used. “10% of 125a was obtained.
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FEVNT, T2 -A(S)-121 (ZBAL TRE M P OGS 21T 72 (Table 20), 2P VAF v
EBIOT IV EAEHTHTU-A(S)-121b BLO(S)-121c 2T VLAY 198b ED K%
1Tol2b2 A, BEFRINERTEVIA 197bb 3110 197cb 23EREL7- (Entries 1-4), 7=, AL
WEATHZ-A(S)-121e ZHWTRIGEATST256 S RIFR4E R4 52 72 (Entries 5 and 6),
— 5 ANVIR TIREEE AT A (8)-121f W TRIGEI T2 5 A X BRLE 197fb O
RN TAL T L2 (Entries 7 and 8), 335, T2 -1 /(S)-121f & Rh(DEEARED ISITE T
AT BT 125 ODUCENRHREE THHLZ LN, TORIKELTEZ 51D (Scheme 90),
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Table 20
Ny
// Ph/\)\cozn/le COMe
198b (2.0 eq) 2

[Rh((S)-Hg-binap)]BF 4 Rh(Il) complex

(10 mol%) (5 mol%)
N CICH,CH,CI CICH,CH,CI
40 °C, 3~13 h 0°C,3h

S=0
(S)-121 7<
Entry Substrate (5)-121 Rh(II) Product 197 Yield (%)
I Bno / Rhy(piv)s 69
2 Bn0:>¢\_>z Rhy(esp), 65
N\
H s=0
(S)-121b 7<
3 AcO Rhy(piv)s 88
4 AcO:>C/—\_¥ Rhy(esp)2 80
(S)-121c
5 Rhy(piv)4 74
6 Rhy(esp)2 82
7 Rhy(piv)s 45
8 Rhy(esp)a 42

(S)-121f

“[Rh((S)-Hg-binap)|BF, was generated from [Rh(cod),]BFj, (S)-Hg-BINAP and H, in CICH,CH,CI.

90



Chapter 3

Scheme 90 (cf. Table 13, p. 67)

J

TsN [Rh((S)-Hg-binap)]BF 42 o
— (10 mol%) TeN HN-S
N CICH,CH,CI N
d =0 40°C, 9 h
(S)}-121f 7< 125f: 63%

“[Rh((S)-Hg-binap)]BF, was generated from [Rh(cod),]BF;, (S)-Hg-BINAP and H, in CICH,CH,Cl.

e, B EHAOREF CARLIZBRILAE 197 132 TH —ONIREMEIREL TEONTZ,
Z DOHERIECE N 197ch 750U TR CARMRSIVZT IR 200 0BRSS X RRS S S AT 12 30
8 L7 (Scheme 91),

Scheme 91

1) NaOH agq.
THF/MeOH

2) NH,CI, HATU
iPr,NEt, DMF

1) K2003, MeOH

2) 2,2-dimethoxypropane
PPTS, CH,Cly/acetone

199 (crude)

<Crystal Data>
Crystal System monoclinic
Space Group C2 (#5)

Lattice Parameters  a =22.508(3) A
b=15.8459(17) A
c=26.254(4) A
B =93.149(4)°
V =9349.6(19) A®

R1 (I>2.005(1)) 0.0621

R1 (All reflections) 0.0771

wR2 0.1598

GOF 0.713

Flack Parameter -0.009(13)

200
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ZORERDN | ARBE SN IT S A T AR L2 L B0 ONLARBRPUE THETTL T D 2D RSN
72 (Scheme 92), T72bH, TV 125 LE= LU T LEW 195 LT a7 v ALK G
DNHEHRICHEITL, e = 7armRr 196 AT 5, 2D, 196 D Cope B3N B
BRAHRER IR B A R L CHETTL . BRALAK 197 23SZAREBRAOIT Ak LTz,

F2 AUSTHLNIZT R TOBRLIR 197 IZBIL T, NOESY %5 T4 ff Yk 5c NMR Ol
EEITV, WIS KRUTFEER L 72E30 197cb LRI R b2 T 52 L2 Lz,

Scheme 92

195 Stereoselective
X — : X
T cyclopro;oanatlon>
[

125 196
boat conformation

Cope
rearrangement

CZETOHFEIZEY ., $IRDILAEY THLZ A (S)-121 D EEBREZE T —BRAUE KA
RIEIRAIZE AT D TFHEDBHFEIT AP Uz, A S i Tl Rh(DAREIC LD A (5)-121
DEACEOL . Ri(ADfREIZ LD =L 27 fba b o ra7 v S AVBUR, #i< Cope BEALEW

) = OO UL EGEL CTHEFTL ., BRI 197 3 E—OSLIR B R E L CTA T 2%,
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ARG T, Py 125 EE =L IR AR 195 LD RGICE > TERT AV =Ly a7 m/ v
196 ZHHE DI LITTE A oTz, ZOIEND, Ve =i 7n7 13 196 O Cope BANLITHR0H I HEFTL C
WHLDEE ZBND, FT2. 20 Cope S5L1% 0 °C EHD TR LGSR T CHEI T3 A2 LB A G DR
D—D>ThbhH, ZOBMELT, (1) HLERE ZBRPOERSNDOAL EEICIV e =L 7a7m/ R 196
28 Cope BENLAZHF72a 7 4 A= a AZE ESNTWDIE, (i) Cope BN TTHZLICE» TV =L
a7 aN 196 DF T HELDREEINDHI L, (iii) Rh $5IK LA AL L TlE Cope BAN AR ES TV
HZERENEZBND, 7ds BOGSFRPITIE T, 113 KO A o> Rh S5 MFFET 5 A EMEAE 2 Hh

B ZOWT OO Rh $5AL LA AL L THRE T A2 &SN TN

sk s sk sk sfe sk ske sk sk s sk sfe sk sk sk sl s sk sfe sk sk sk sk s sk s sk sk sk sl sk sk sfe sk sk sk sk sk sfe sk sk sk sl sk sk sk sk sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk sk sk sk skeosk sk skeoskeskoskosk sk
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Conclusion

e A

FEFIT W ERORRICS VT, SHIRMEE WD =R T B 2 — R I T HFED
BT A B L THREEATV. BLFOROGE R LT,

TN =T B AN T A=A T THT LA b RUDEERE D S aiat U= 5.
T —Z A7 VR BRSO B-/K BB £ 3R e IR B LT, bicyclo[5.3.0]decane
B EA 5 BT INB LD 8-azabicyclo[3.2.1]octane ‘H A A T AERAVIAN BAL/R IR T
ARG 2 EE R LT, REURIE, AR ELZEHEGD— DL THWDS T [2+2+2] B kA
M EDHID TDF T2, FISHEREIZE TG0 ARRITT L DTz o Tt
ITL TR, 7L 2V T 4 =)V IO SR F 3 LOBNL A 03 OIS RR I R E R B A K IE T

ZEEHBICLE S,

RZ=H R NHR?
p-Hydride
Elimination X
% —
R1
5. " Reductive l X
7< (R® = S(0)Bu) Elimination ~ \*= @
ey Me
e Me
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TP FTENER (S)-1-T X AT 4 =)V A %5 T DT - E[Rh((S)-Hg-binap) |BF,

BB DIUSERF LT SR, 7 a—F A2 L iR HO Bk EREEZ BT, =%
PAIV 07 1 3-Pe UGB THRILENR DT AT UAEIRAC A LT 522 ALz, A&
FOSDORFHEFRIZ BT, EE 3 L OBNL 7 DR ELE 23 SOSPEIC R E IR B2 M IF 32 8%
DLz, 51T, AR LIZBRIbR LY = /7 0L LD Diels-Alder Kt ET >Ry TITHZ 81T
&0, ZBRAEE DRI TEHT A AL,

7
X _ cat. X
\T\_>: _Rh()" HN’ = e
N\ Dg?s?ApIg(tar O:Sf’/ -
H Reaction /T

single isomer

BRALEI THDLT AL b, EEBRA ST AL B E2 — 5 T8 2 SUs 0 Bl Js
(BN LTz, AR SOS CTld, RhD)fREE I c kD= - OBRAL S Ra(ADfBE Iz Lo =1y
T EMEDT raT s ALKE, $i< Cope BEALEVN) = DD RIS HAE L CTHEITL, AR
LB E— DR RIERE L CTAERT D2 E AL,

X R R’
- cat. Rh(I)* cat. Rh(ll) X
N | > X ,
N\ Cyclization Cyclo- Cope O—g/N \ R

H S=0 propanation rearrangement

e

single isomer
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Experimental Section
General Considerations

Reactions dealing with air- or moisture-sensitive compounds were performed in a dry vessel under
an argon atmosphere. Solvents (THF, Et,O, toluene, DMF, CH3CN) were purified under an argon
atmosphere using The Ultimate Solvent System (Glass Counter Inc.). Anhydrous grade solvents
(THF, Et,0, toluene, DMF, CH,Cl,) were purchased from Wako Pure Chemical Industries, Ltd.
1,2-Dichloroethane was distilled under an argon atmosphere from CaH,. NMR spectra were
recorded on JEOL ECA-500, ECX-400P, ECS-400, Agilent Unity INOVA 500 or INOVA 600
spectrometer at operating frequencies of 600/500/400 MHz (‘H) or 150/125/100 MHz (**C).
Chemical shifts (0) were reported in ppm, relative to the solvent residual peak (CDCl3; 7.26 ppm for
'H and 77.16 ppm for °C). Data for "H NMR were reported as follows: chemical shift, multiplicity
(s = singlet, d = doublet, t = triplet, q = quartet, br = broad signal, m = multiplet, app = apparent),
coupling constants (J) in Hz and integration. IR spectra were measured on JASCO FT/IR-460 Plus
spectrometer and only significant absorptions were listed. TLC and PTLC were performed on Silica
gel 60 Fassq (Merck). Column chromatography was performed on RediSep Rf Gold column
(Teledyne Isco) using automated flash chromatography system W-prep 2XY (Yamazen Corporation).
ESI and APCI mass spectra were measured on Thermo Scientific Exactive mass spectrometer. EI
mass spectra were measured on JEOL JMS-T100GCy. Optical rotations were measured on JASCO
P-1030 digital polarimeter at the sodium D line (589 nm). Melting points were measured on Yanaco

Micro Melting Point apparatus MP-J3.
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General Procedure for Rh(I)-Catalyzed Cyclization

General Procedure (1) for Cyclization Using [Rh(ligand)]X

A solution of [Rh(ligand)(diene)]X>* (0.0150 mmol, 10 mol% to a substrate) in CICH,CH,C1 (0.58
mL, 0.026 M to Rh, degassed by three freeze-pump up-thaw cycles) was stirred under H,
atmosphere at room temperature for 1 h. Then the reaction mixture was degassed by three
freeze-pump up-thaw cycles and the reaction flask was filled with an argon gas. To the mixture, was
added a solution of a substrate (0.150 mmol) in CICH,CH,Cl (0.92 mL, 0.16 M to a substrate,
degassed by three freeze-pump up-thaw cycles) by cannulation under an argon atmosphere and the
reaction mixture was stirred at the indicated temperature for the indicated time. After removal of the

solvent, the residue was purified by silica gel column chromatography to give a product.

General Procedure (2) for Cyclization Using [Rh(ligand)]X

A solution of [Rh(diene),]X°" (0.0150 mmol, 10 mol% to a substrate) and ligand (0.0150 mmol, 10
mol% to a substrate) in CICH,CH,Cl (0.58 mL, 0.026 M to Rh, degassed by three freeze-pump
up-thaw cycles) was stirred under H, atmosphere at room temperature for 1 h. Then the reaction
mixture was degassed by three freeze-pump up-thaw cycles and the reaction flask was filled with an
argon gas. To the mixture, was added a solution of a substrate (0.150 mmol) in CICH,CH,Cl (0.92
mL, 0.16 M to a substrate, degassed by three freeze-pump up-thaw cycles) by cannulation under an
argon atmosphere and the reaction mixture was stirred at the indicated temperature for the indicated
time. After removal of the solvent, the residue was purified by silica gel column chromatography to

give a product.
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Experiment of Chapter 1

Chapter 1

<Section 2>

<Scheme 16>
According to the general procedure (1) for cyclization, a crude product, which was prepared from
6a (57.5 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]CIO4 (11.1 mg, 0.0150 mmol) in CICH,CH,ClI
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
80:20~20:80) to give 15a (42.5 mg, 74% yield) as a pale yellow oil and 16a (1.4 mg, 3% yield) as a

pale yellow oil.

Dimethyl
(E)-3-(1E,4E)-4-((benzyloxy)imino)but-1-en-1-yl)-4-ethylidenecyclopent-2-ene-1,1-dicarboxyl
ate (15a)

Spectral data of 15a: 'H NMR (500 MHz, CDCls) &: 7.44 (t, J = 6.1 Hz, 1H), 7.38-7.29 (m, 5H),
6.09 (t, J=3.4 Hz, 2H), 6.01 (s, 1H), 5.58-5.52 (m, 1H), 5.07 (s, 2H), 3.75 (s, 6H), 3.17-3.15 (br m,
2H), 3.05-3.03 (m, 2H), 1.73 (d, J = 6.8 Hz, 3H) ppm; '"H NMR (500 MHz, C4D¢) &: 7.33 (d, J= 7.8
Hz, 2H), 7.23 (t, J = 6.0 Hz, 1H), 7.14-7.00 (m, 3H), 6.23 (s, 1H), 5.90 (d, J = 16.6 Hz, 1H),
5.83-5.77 (m, 1H), 5.38-5.34 (m, 1H), 5.09 (s, 2H), 3.36-3.34 (br m, 2H), 3.32 (s, 6H), 2.62 (t, J =
6.2 Hz, 2H), 1.48 (d, J = 6.8 Hz, 3H) ppm; *C NMR (125 MHz, CDCl;) &: 171.3 (2C), 148.7,
144.4, 141.5, 137.7, 129.0, 128.5 (2C), 128.4 (2C), 128.0, 127.2, 124.2, 116.1, 75.9, 63.5, 53.0, 53.0,
36.0, 33.3, 14.9 ppm; IR (neat) ¥: 2952, 1736 cm™; HRMS (EI) m/z caled. for CoHasNOs [M]

383.1733, found 383.1731.
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Dimethyl (E)-3-((E)-3-cyanoprop-1-en-1-yl)-4-ethylidenecyclopent-2-ene-1,1-dicarboxylate
(16a)

Spectral data of 16a: 'H NMR (500 MHz, CDCls) 6: 6.40 (dd, J = 16.0, 1.1 Hz, 1H), 6.07 (s, 1H),
5.98 (dt, J=16.0, 5.4 Hz, 1H), 5.61-5.55 (m, 1H), 3.75 (s, 6H), 3.22 (dd, /= 5.7, 1.7 Hz, 2H), 3.17
(s, 2H), 1.74 (d, J = 6.9 Hz, 3H) ppm; °C NMR (125 MHz, CDCl3) &: 171.1 (2C), 143.4, 141.2,
128.4, 126.3, 121.5, 117.0, 117.0, 63.5, 53.1 (2C), 35.9, 21.0, 14.9 ppm; IR (neat) V: 2954, 2252,

1735 cm'l; HRMS (EI) m/z calcd. for C;sH7NO4 [M+] 275.1158, found 275.1156.

<Scheme 17>
According to the general procedure (1) for cyclization, a crude product, which was prepared from
6b (62.3 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~60:40) to give 9b (20.7 mg, 33% yield, dr = 1.2:1) as a pale yellow oil and 16b (1.0 mg, 2%

yield) as a pale yellow oil.

Dimethyl 8-methyl-7-((p-toluenesulfinyl)amino)-6,7-dihydroazulene-2,2(1H)-dicarboxylate
(b)

Spectral data of 9b: Diastereomixture (1.1:1); 'H NMR (500 MHz, CDCls) &: 7.58 (t, J = 6.8 Hz,
2H and 2H), 7.30 (dd, J = 10.9, 8.4 Hz, 2H and 2H), 6.34 (dd, J = 11.1, 2.3 Hz, 1H), 6.28 (dd, J =
11.1, 2.3 Hz, 1H), 5.95 (s, 1H), 5.93 (s, 1H), 5.86-5.82 (m, 1H), 5.74-5.69 (m, 1H), 4.45 (d, J=9.5
Hz, 1H), 4.24 (d, J = 9.5 Hz, 1H), 3.93-3.88 (m, 1H), 3.75-3.70 (m, 7H and 6H), 3.22-3.07 (m, 2H
and 2H), 2.85-2.79 (m, 1H), 2.62-2.57 (m, 2H), 2.42 (s, 3H), 2.40 (s, 3H), 2.39-2.35 (m, 1H), 1.94
(s, 3H), 1.53 (s, 3H) ppm; >C NMR (125 MHz, CDCl3) &: 171.1, 171.1, 171.0, 143.8, 142.2, 141 4,
141.4, 141.4, 137.3, 137.1, 133.6, 133.6, 131.9, 131.4, 129.6, 129.6, 129.5, 129.3, 126.8, 126.7,
126.4, 125.9, 62.8, 57.1, 55.8, 53.2, 38.7, 38.7, 35.8, 35.2, 21.5, 21.5, 21.4, 21.1 ppm; IR (neat) ¥:

3308, 2953, 1734 cm™'; HRMS (EI) m/z caled. for C5,HasNOsS [M'] 415.1453, found 415.1468.
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Dimethyl (E)-3-((£)-3-cyanoprop-1-en-1-yl)-4-ethylidenecyclopent-2-ene-1,1-dicarboxylate
(16b)

Spectral data of 16b: 'H NMR (500 MHz, CDCls) 6: 6.21 (dd, J = 10.9, 1.2 Hz, 1H), 5.89 (s, 1H),
5.76 (dt, J=10.9, 6.9 Hz, 1H), 5.42-5.37 (m, 1H), 3.77 (s, 6H), 3.23 (dd, J = 7.4, 1.7 Hz, 2H), 3.15
(s, 2H), 1.72 (d, J = 6.9 Hz, 3H) ppm; °C NMR (125 MHz, CDCl3) &: 171.1 (2C), 142.3, 142.2,
130.8, 127.0, 122.9, 117.9, 117.7, 64.2, 53.3 (2C), 35.2, 17.5, 15.0 ppm; IR (neat) V: 2955, 2252,

1735 cm™; HRMS (ESI) m/z caled. for C;sH;7:NNaO4" [(M+Na)'] 298.1050, found 298.1049.

Dimethyl 7-((fert-butanesulfinyl)amino)-8-methyl-6,7-dihydroazulene-2,2(1H)-dicarboxylate
(9¢)

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6¢c (57.2 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]C1O4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~60:40) to give 9¢ (39.3 mg, 69% yield, dr = 1.1:1) as a pale yellow oil.

Spectral data of 9¢: Diastereomixture (1.2:1); 'H NMR (500 MHz, CDCl3) &: 6.33 (dd, J=11.2, 2.6
Hz, 1H), 6.28 (dd, J=11.5, 2.9 Hz, 1H), 5.96 (s, 1H), 5.95 (s, 1H), 5.81-5.77 (m, 1H), 5.73-5.69 (m,
1H), 3.90-3.80 (m, 1H and 1H), 3.76 (s, 3H and 3H), 3.75 (s, 3H), 3.74 (s, 3H), 3.44 (d, /= 10.9 Hz,
1H), 3.27-3.11 (m, 1H and 3H), 2.83-2.45 (m, 2H and 2H), 1.96 (s, 3H), 1.84 (s, 3H), 1.18 (s, 9H),
1.16 (s, 9H) ppm; °C NMR (125 MHz, CDCls) &: 171.1, 171.0, 170.9, 170.8, 143.8, 143.7, 137.1,
136.8, 133.6, 133.2, 131.4, 131.2, 129.2, 128.8, 127.1, 126.4, 62.6, 60.2, 59.6, 56.2, 55.8, 53.1, 53.1,
38.6, 38.5, 35.0, 34.9, 22.7, 22.6, 21.8, 21.5 ppm; IR (neat) ¥: 3296, 2954, 1736 cm™; HRMS (EI)

m/z caled. for C19H»;NOsS [M'] 381.1610, found 381.1608.

<Table 1>
<Entry 2>
According to the general procedure (1) for cyclization, a crude product, which was prepared from

6¢ (57.2 mg, 0.150 mmol) and [Rh(dppe)(nbd)]C1O4 (10.4 mg, 0.0150 mmol) in CICH,CH,CI (1.50

100



Experiment of Chapter 1

mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~20:80) to give 9¢ (33.7 mg, 59% yield, dr = 1.5:1) as a pale yellow oil.

<Entry 3>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6¢ (57.2 mg, 0.150 mmol) and [Rh(dppp)(nbd)]ClO4 (10.6 mg, 0.0150 mmol) in CICH,CH,CI (1.50
mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~20:80) to give 9¢ (43.7 mg, 76% yield, dr = 1:1.1) as a pale yellow oil.

<Entry 4>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6¢ (57.2 mg, 0.150 mmol) and [Rh(dppb)(nbd)]ClO4 (10.8 mg, 0.0150 mmol) in CICH,CH,CI (1.50
mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~20:80) to give 9¢ (5.2 mg, 9% yield, dr = 1.8:1) as a pale yellow oil.

<Entry 5>
According to the general procedure (1) for cyclization, a crude product, which was prepared from
6¢ (57.2 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]ClO4 (13.8 mg, 0.0150 mmol) in CICH,CH,Cl

(1.50 mL) at 80 °C for 2 h, was obtained as a complex mixture.

<Entry 6>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6¢ (57.2 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (5.56 mg, 0.00750 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 8 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~60:40) to give 9¢ (3.9 mg, 7% yield, dr = 1:1) as a pale yellow oil and 6¢ (37.6 mg, 66%

yield) as a pale yellow oil.

101



Experiment of Chapter 1

<Entry 7>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6¢ (57.2 mg, 0.150 mmol) and [Rh(dppp)(nbd)]ClO4 (5.30 mg, 0.00750 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~20:80) to give 9¢ (42.5 mg, 74% yield, dr = 1.2:1) as a pale yellow oil.

<Table 2>
<Entry 1>
According to the general procedure (2) for cyclization, a crude product, which was prepared from
6¢ (57.2 mg, 0.150 mmol), [Rh(nbd);]ClO4 (5.80 mg, 0.0150 mmol) and DPPP (6.19 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 2 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 9¢ (37.4 mg, 65% yield, dr = 1.2:1) as a

pale yellow oil.

<Entry 2>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
6c (57.2 mg, 0.150 mmol), [Rh(nbd),]OTTt (6.54 mg, 0.0150 mmol) and DPPP (6.19 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 2 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 9¢ (39.5 mg, 69% yield, dr = 1.2:1) as a

pale yellow oil.

<Entry 3>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
6¢c (57.2 mg, 0.150 mmol), [Rh(nbd),]BF4 (5.61 mg, 0.0150 mmol) and DPPP (6.19 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 2 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 9¢ (36.3 mg, 63% yield, dr = 1.2:1) as a

pale yellow oil.
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<Entry 4>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
6¢ (57.2 mg, 0.150 mmol), [Rh(nbd),]PFs (6.48 mg, 0.0150 mmol) and DPPP (6.19 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 2 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 9¢ (40.1 mg, 70% yield, dr = 1.2:1) as a

pale yellow oil.

<Entry 5>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
6¢ (57.2 mg, 0.150 mmol), [Rh(nbd),]SbF¢ (7.84 mg, 0.0150 mmol) and DPPP (6.19 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 2 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 9¢ (36.6 mg, 64% yield, dr = 1.2:1) as a

pale yellow oil.

<Table 3>
Dimethyl
7-((tert-butanesulfinyl)amino)-8-(trimethylsilyl)-6,7-dihydroazulene-2,2(1H)-dicarboxylate
Od)
According to the general procedure (1) for cyclization, a crude product, which was prepared from
6d (65.9 mg, 0.150 mmol) and [Rh(dppp)(nbd)]CIlO4 (5.30 mg, 0.00750 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~50:50) to give 9d (less polar diastereomer: 35.2 mg, 53% yield, more polar diastereomer: 7.2
mg, 11% yield) as a pale yellow oil.
According to the general procedure (1) for cyclization, a crude product, which was prepared from
6d (65.9 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl

(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
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90:10~40:60) to give 9d (less polar diastereomer: 23.7 mg, 36% yield, more polar diastereomer: 7.3
mg, 11% yield) as a pale yellow oil.

The stereochemistries of these diastereomers were not determined.

Spectral data of 9d: Less polar diastereomer; 'H NMR (500 MHz, CDCl;) 8: 6.24 (dd, J = 11.5, 2.9
Hz, 1H), 6.13 (s, 1H), 5.70-5.65 (m, 1H), 4.30 (t, /= 5.2 Hz, 1H), 3.77 (s, 3H), 3.74 (s, 3H), 3.31 (d,
J=16.0 Hz, 1H), 3.18 (d, J/ = 16.0 Hz, 1H), 3.08 (d, J = 5.2 Hz, 1H), 2.65 (ddd, J=17.2, 8.0, 5.7
Hz, 1H), 2.54 (d, J = 17.2 Hz, 1H), 1.13 (s, 9H), 0.29 (s, 9H) ppm; °C NMR (125 MHz, CDCl;) &:
170.8, 170.4, 152.3, 146.4, 136.5, 136.0, 129.4, 125.3, 63.3, 55.7, 53.7, 53.1 (2C), 41.5, 35.3, 22.6
(3C), 0.1 (3C) ppm; IR (neat) V: 3323, 2954, 1738, 1560 cm’; HRMS (EI) m/z caled. for
C0H30NOsSSi [(M-Me) '] 424.1614, found 424.1612.

More polar diastereomer; "H NMR (500 MHz, CDCls) 8: 6.33 (dd, J = 10.9, 2.9 Hz, 1H), 6.10 (s,
1H), 5.81-5.77 (m, 1H), 4.20 (dd, J = 10.3, 5.7 Hz, 1H), 3.76 (s, 3H), 3.74 (s, 3H), 3.54 (d, /= 10.3
Hz, 1H), 3.33 (d, /= 16.6 Hz, 1H), 3.16 (d, J = 16.6 Hz, 1H), 2.89 (ddd, J = 16.2, 8.4, 5.9 Hz, 1H),
2.68 (d, J = 16.2 Hz, 1H), 1.16 (s, 9H), 0.22 (s, 9H) ppm; *C NMR (125 MHz, CDCl3) &: 170.9,
170.6, 151.1, 146.1, 135.9, 135.7, 130.5, 126.1, 63.3, 56.1, 55.5, 53.2, 53.1, 41.0, 36.2, 22.8 (3C),
0.1 (3C) ppm; IR (neat) V: 3295, 2954, 1739, 1597 cm’; HRMS (ESI) m/z caled. for

C,1H33NNaOsSSi' [(M+Na)'] 462.1741, found 462.1741.

Trimethyl 5-((zert-butanesulfinyl)amino)-5,6-dihydroazulene-2,2,4(3 H)-tricarboxylate (9e)
According to the general procedure (1) for cyclization, a crude product, which was prepared from
6e (63.8 mg, 0.150 mmol) and [Rh(dppp)(nbd)]ClO4 (5.30 mg, 0.00750 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~50:50) to give 9e (41.7 mg, 65% yield, dr = 1:1.3) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6e (63.8 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~20:80) to give 9e (45.5 mg, 71% yield, dr = 1:1.1) as a pale yellow oil.
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Spectral data of 9e: Diastereomixture (1:1.3); 'H NMR (500 MHz, CDCl5) &: 6.41-6.38 (m, 1H and
2H), 6.34 (dd, J = 10.9, 2.3 Hz, 1H), 5.89-5.85 (m, 1H), 5.83-5.78 (m, 1H), 4.91-4.88 (m, 1H),
4.85-4.82 (m, 1H), 3.83-3.61 (m, 11H and 11H), 3.47 (d, J=9.7 Hz, 1H), 3.39 (d, /= 7.4 Hz, 1H),
2.93-2.87 (m, 1H), 2.73-2.59 (m, 1H and 2H), 1.14 (s, 9H), 1.13 (s, 9H) ppm; °C NMR (100 MHz,
CDCl) 6: 170.1, 170.0, 169.9, 167.8, 167.7, 154.5, 154.2, 144.2, 144.1, 142.3, 142.1, 130.2, 129.6,
127.4,126.9, 126.0, 125.4, 63.4, 63.4, 56.1, 55.9, 53.5, 53.3, 53.2, 52.7, 52.1, 52.0, 41.5, 41.4, 35.0,
34.1, 22.7, 22.5 ppm; IR (neat) V: 3291, 2953, 1738, 1709, 1611 cm'l; HRMS (ESI) m/z calcd. for

C20H,7NNaO-S* [(M+Na)'] 448.1400, found 448.1399.

Dimethyl 7-((zert-butanesulfinyl)amino)-6,7-dihydroazulene-2,2(1H)-dicarboxylate (9f)
According to the general procedure (1) for cyclization, a crude product, which was prepared from 6f
(55.1 mg, 0.150 mmol) and [Rh(dppp)(nbd)]C104 (5.30 mg, 0.00750 mmol) in CICH,CH,CI (1.50
mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~20:80) to give 9f (22.3 mg, 41% yield, dr = 2.4:1) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from 6f
(55.1 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]CIO4 (11.1 mg, 0.0150 mmol) in CICH,CH,CI (1.50
mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~20:80) to give 9f (24.0 mg, 44% yield, dr = 1.1:1) as a pale yellow oil.

Spectral data of 9f: Diastereomixture (1.3:1); '"H NMR (500 MHz, CDCl;) 8: 6.25 (dd, J=11.4, 6.2
Hz, 1H and 1H), 6.04 (d, J = 4.9 Hz, 1H and 1H), 5.87-5.78 (m, 2H and 1 H), 5.71 (d, J = 2.4 Hz,
1H), 4.13-4.09 (m, 1H and 1H), 3.74 (s, 6H and 6H), 3.32-3.18 (m, 3H and 3H), 2.77-2.52 (m, 2H
and 2H), 1.19 (s, 9H and 9H) ppm; °C NMR (125 MHz, CDCl3) &: 170.9, 170.8, 170.7, 170.7,
144.1, 144.0, 141.7, 141.2, 135.3, 135.0, 130.1, 129.8, 125.9, 125.8, 125.0, 124.9, 63.4, 63.4, 56.1,
55.9, 54.4, 53.7, 53.2, 53.1, 53.1, 39.5, 39.4, 37.3, 36.5, 22.7, 22.7 ppm; IR (neat) V: 3216, 2954,
1735, 1623 cm'l; HRMS (ESI) m/z caled. for CsH,sNNaOsS* [(M+Na)+] 390.1346, found

390.1346.
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Dimethyl 7-((tert-butanesulfinyl)amino)-8-phenyl-6,7-dihydroazulene-2,2(1H)-dicarboxylate
2)

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6g (65.5 mg, 0.150 mmol) and [Rh(dppp)(nbd)]ClO4 (5.30 mg, 0.00750 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~20:80) to give 9g (<23.2 mg, <35% yield, dr = 1:>20) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6g (66.5 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~20:80) to give 9g (40.8 mg, 61% yield, dr = 1:2.5) as a pale yellow oil.

Spectral data of 9g: Diastereomixture (1:2.9); 'H NMR (500 MHz, CDCl;) &: 7.40-7.24 (m, 5H and
5H), 6.43 (dd, J = 11.2, 2.0 Hz, 1H), 6.36 (dd, J = 11.2, 2.4 Hz, 1H), 6.13 (s, 1H), 6.11 (s, 1H),
5.91-5.86 (m, 1H), 5.81-5.76 (m, 1H), 4.34 (app t, J = 5.1 Hz, 1H), 4.18-4.16 (m, 1H), 3.72 (s, 3H
and 3H), 3.70 (s, 3H and 3H), 3.52 (d, J = 5.6 Hz, 1H), 3.16-2.93 (m, 2H and 5H), 2.80 (d, J=15.9
Hz, 1H), 2.68 (ddd, J = 16.7, 7.9, 6.0 Hz, 1H), 1.15 (s, 9H), 1.13 (s, 9H) ppm; °C NMR (125 MHz,
CDCl) 6: 170.7, 170.7, 170.6, 144.4, 144.2, 143.2, 142.4, 140.1, 139.4, 137.0, 136.8, 135.5, 135.3,
129.9, 129.1, 128.8, 128.7, 128.1, 127.8, 127.4, 127.2, 126.5, 125.8, 62.9, 62.8, 60.3, 58.4, 56.3,
56.1, 56.0, 53.1, 53.1, 53.1, 53.1, 40.4, 39.9, 36.1, 35.4, 22.7, 22.6 ppm; IR (neat) V: 3304, 2954,
1732, 1599 cm™; HRMS (ESI) m/z caled. for CaosHpoNNaOsS™ [(M+Na)'] 466.1659, found

466.1656.

Dimethyl  7-((tert-butanesulfinyl)amino)-8-chloro-6,7-dihydroazulene-2,2(1H)-dicarboxylate
(%h)

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6h (60.3 mg, 0.150 mmol) and [Rh(dppp)(nbd)]ClO4 (5.30 mg, 0.00750 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~20:80) to give 9h (4.3 mg, 7% yield, dr = 1:1.3) as a pale yellow oil and 6h (20.6 mg, 34%
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yield) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6h (60.3 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~20:80) to give 9h (43.2 mg, 72% yield, dr = 1:1.1) as a pale yellow oil.

Spectral data of 9h: Diastereomixture (1:1.1); '"H NMR (500 MHz, CDCl;) &: 6.33 (d, J = 10.9 Hz,
1H), 6.29 (dd, J = 11.2, 2.6 Hz, 1H), 6.09 (s, 1H and 1H), 5.84-5.79 (m, 1H), 5.77-5.73 (m, 1H),
4.25 (t,J=5.2 Hz, 1H), 4.17 (dt, J = 10.3, 4.0 Hz, 1H), 3.74 (s, 3H and 3H), 3.73 (s, 3H and 3H),
3.49 (d, J=10.9 Hz, 1H), 3.47 (d, J = 6.9 Hz, 1H), 3.40-3.24 (m, 2H and 2H), 2.83-2.81 (m, 2H),
2.75 (dd, J=15.8, 2.6 Hz, 1H), 2.61-2.55 (m, 1H), 1.18 (s, 9H), 1.15 (s, 9H) ppm; *C NMR (125
MHz, CDCl;) 6: 170.4, 170.3, 170.1, 141.4, 141.3, 140.4, 139.8, 136.7, 136.4, 128.9, 128.5, 128.4,
128.1, 126.8, 126.2, 62.7, 62.5, 62.5, 61.2, 56.7, 56.2, 53.3, 53.3, 40.2, 34.8, 34.0, 22.6, 22.6 ppm;
IR (neat) V: 3293, 2954, 1738 cm’; HRMS (ESI) m/z caled. for CsHosCINOsS™ [(M+H)]

402.1137, found 402.1145.

<Scheme 19>
A suspension of 1a' (417 mg, 1.50 mmol), O-benzylhydroxylamine hydrochloride (311 mg, 1.95
mmol) and NaOAc-3H,0 (306 mg, 2.25 mmol) in MeOH (7.5 mL) was stirred at r.t. for 2 h. The
reaction mixture was concentrated and purified by silica gel column chromatography
(Hexane/EtOAc = 90:10~80:20) to give 6a (241 mg, 42% yield) and 6a’ (107 mg, 19% yield) as a

yellow oil.

Dimethyl (E)-2-(6-((benzyloxy)imino)hexa-1,2-dien-1-yl)-2-(but-2-yn-1-yl)malonate (6a)

Spectral data of 6a: 'H NMR (500 MHz, CDCls) &: 7.47 (t, J = 5.7 Hz, 1H), 7.37-7.27 (m, 5H),
5.77-5.75 (m, 1H), 5.41 (q, J = 6.4 Hz, 1H), 5.05 (s, 2H), 3.75 (s, 3H), 3.74 (s, 3H), 2.85-2.83 (m,
2H), 2.35-2.31 (m, 2H), 2.26-2.20 (m, 2H), 1.72 (t, J = 2.6 Hz, 3H) ppm; “C NMR (125 MHz,

CDCl) &: 203.5, 169.8, 169.7, 150.4, 137.8, 128.5 (2C), 128.4 (2C), 127.9, 94.7, 91.3, 78.7, 75.7,

107



Experiment of Chapter 1

73.8, 57.9, 53.1 (2C), 28.9, 25.6, 25.0, 3.6 ppm; IR (neat) v: 2953, 1969, 1739 cm™'; HRMS (ESI)

m/z caled. for Cp;H,sNNaOs™ [(M+Na)'] 406.1625, found 406.1617.

Dimethyl (Z)-2-(6-((benzyloxy)imino)hexa-1,2-dien-1-yl)-2-(but-2-yn-1-yl)malonate (6a”)

Spectral data of 6a’: "H NMR (500 MHz, CDCl3) &: 7.35-7.27 (m, 5H), 6.72 (t, J = 5.3 Hz, 1H),
5.80-5.77 (m, 1H), 5.40 (q, J = 6.4 Hz, 1H), 5.10 (s, 2H), 3.74 (s, 3H), 3.72 (s, 3H), 2.85 (q, J=2.4
Hz, 2H), 2.49 (td, J = 7.4, 5.4 Hz, 2H), 2.27-2.18 (m, 2H), 1.72 (t, J = 2.4 Hz, 3H) ppm; °C NMR
(125 MHz, CDCls) 8: 203.5, 169.8, 169.7, 151.3, 138.1, 128.5 (2C), 128.1 (2C), 127.9, 94.8, 91.4,
78.7, 75.9, 73.8, 57.9, 53.1, 53.0, 25.1 (2C), 25.1, 3.6 ppm; IR (neat) V: 2953, 1969, 1739, 1632

cm™; HRMS (ESI) m/z caled. for Co,HysNNaOs™ [(M+Na)'] 406.1625, found 406.1615.

<Scheme 22>

Dimethyl 2-(but-2-yn-1-yl)-2-((E)-6-((p-toluenesulfinyl)imino)hexa-1,2-dien-1-yl)malonate (6b)
A suspension of 1a'’ (500 mg, 1.80 mmol), p-toluenesulfinamide (335 mg, 2.16 mmol), PPTS (45.1
mg, 0.180 mmol) and MgSO, (1.08 g, 8.98 mmol) in toluene (3.5 mL) was stirred at 60 °C for 3 h.
The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 90:10~60:40) to give 6b (437 mg,
59% yield, dr = 1:1) as a pale yellow oil.

Spectral data of 6b: Diastereomixture (1:1); '"H NMR (500 MHz, CDCl;) &: 8.24 (t, J = 4.2 Hz, 1H
and 1H), 7.55 (d, J = 8.1 Hz, 2H and 2H), 7.30 (d, J = 8.1 Hz, 2H and 2H), 5.75-5.70 (m, 1H and
1H), 5.43 (ddd, J = 12.6, 6.2, 1.2 Hz, 1H and 1H), 3.75-3.73 (m, 6H and 6H), 2.87-2.78 (m, 2H and
2H), 2.68-2.56 (m, 2H and 2H), 2.40 (s, 3H and 3H), 2.38-2.33 (m, 2H and 2H), 1.69-1.67 (br m,
3H and 3H) ppm; *C NMR (125 MHz, CDCls) &: 203.5, 203.4, 169.6, 169.6, 166.0, 166.0, 141.8,
141.8, 141.7, 141.7, 129.8, 129.8, 124.6, 124.6, 94.5, 94.4, 91.5, 91.5, 78.6, 78.6, 73.7, 57.8, 57.8,
53.0, 34.8, 34.7, 24.9, 24.8, 23.9, 23.8, 21.5, 3.5 ppm; IR (neat) ¥: 2953, 1969, 1739, 1621 cm™;

HRMS (APCI) m/z caled. for CorHagNOsS'™ [(M+H)'] 416.1526, found 416.1526.
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<Scheme 23>

Dimethyl  (E)-2-(but-2-yn-1-yl)-2-(6-((tert-butanesulfinyl)imino)hexa-1,2-dien-1-yl)malonate
(6¢)

A suspension of 1a'’ (404 mg, 1.45 mmol), z-butanesulfinamide (211 mg, 1.74 mmol), PPTS (36.5
mg, 0.145 mmol) and MgSO4 (874 mg, 7.26 mmol) in toluene (7.3 mL) was stirred at 40 °C for 3 h.
The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 70:30~60:40) to give 6¢ (539 mg,
97% yield, dr = 1:1) as a yellow oil.

Spectral data of 6c: Diastereomixture (1:1); "H NMR (400 MHz, CDCls) &: 8.10 (t, J= 4.1 Hz, 1H
and 1H), 5.80-5.76 (m, 1H and 1H), 5.51-5.45 (m, 1H and 1H), 3.76 (s, 3H and 3H), 3.75 (s, 3H
and 3H), 2.86-2.84 (m, 2H and 2H), 2.69-2.64 (m, 2H and 2H), 2.40-2.35 (m, 2H and 2H), 1.73 (t, J
= 2.5 Hz, 3H and 3H), 1.19 (s, 9H and 9H) ppm; C NMR (125 MHz, CDCls) &: 203.5, 203.4,
169.7, 169.6, 168.5, 168.5, 94.7, 94.6, 91.6, 91.5, 78.6, 73.7, 57.8, 56.7, 56.6, 53.1, 35.1, 35.0, 24.9,
24.1, 23.9, 22.4, 3.6 ppm; IR (neat) V: 2954, 1969, 1739, 1623 cm’l; HRMS (ESI) m/z calcd. for

C1oH27NNaOsS" [(M+Na)'] 404.1502, found 404.1500.

Dimethyl
(E)-2-(6-((tert-butanesulfinyl)imino)hexa-1,2-dien-1-yl)-2-(3-(trimethylsilyl)prop-2-yn-1-yl)ma
lonate (6d)

A suspension of 1d" (603 mg, 1.79 mmol), z-butanesulfinamide (260 mg, 2.15 mmol), PPTS (45.0
mg, 0.179 mmol) and MgSO4 (1.08 g, 8.95 mmol) in toluene (18 mL) was stirred at 40 °C for 2 h.
The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 6:1~3:1) to give 6d (711 mg, 90%
yield, dr = 1:1) as a pale yellow oil.

Spectral data of 6d: Diastereomixture (1:1); 'H NMR (400 MHz, CDCl3) &: 8.09 (t, J= 3.6 Hz, 1H
and 1H), 5.80-5.76 (m, 1H and 1H), 5.51-5.44 (m, 1H and 1H), 3.76 (s, 3H and 3H), 3.75 (s, 3H

and 3H), 2.95 (d, /= 16.8 Hz, 1H and 1H), 2.90 (d, /= 16.8 Hz, 1H and 1H), 2.70-2.60(m, 2H and
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2H), 2.42-2.37 (m, 2H and 2H), 1.19 (s, 9H and 9H), 0.11 (s, 9H and 9H) ppm,; C NMR (100 MHz,
CDCls) &: 203.4, 203.3, 169.4, 169.4, 168.4, 168.4, 101.5, 94.9, 94.8, 91.5, 91.4, 87.9, 87.9, 57.8,
57.8, 56.7, 53.1, 53.0, 35.2, 35.1, 26.0, 25.9, 24.1, 23.9, 22.4, 0.1 ppm; IR (neat) ¥: 2956, 2180,
1970, 1741, 1623 cm™'; HRMS (ESI) m/z caled. for C,;H33NNaOsSSi™ [(M+Na)'] 462.1741, found

462.1741.

Trimethyl (E)-10-((tert-butanesulfinyl)imino)deca-5,6-dien-1-yne-1,4,4-tricarboxylate (6e)

A suspension of 1e' (188 mg, 0.585 mmol), #-butanesulfinamide (85.0 mg, 0.701 mmol), PPTS
(14.7 mg, 0.0585 mmol) and MgSO4 (352 mg, 2.92 mmol) in toluene (5.8 mL) was stirred at 40 °C
for 1 h. The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 2:1~1:1) to give 6e (244 mg, 98%
yield, dr = 1:1) as a yellow oil.

Spectral data of 6e: Diastereomixture (1:1); "H NMR (400 MHz, CDCls) &: 8.09 (t, J= 4.1 Hz, 1H
and 1H), 5.80-5.75 (m, 1H and 1H), 5.58-5.51 (m, 1H and 1H), 3.79 (s, 3H and 3H), 3.78 (s, 3H
and 3H), 3.73 (s, 3H and 3H), 3.08 (d, /= 17.2 Hz, 1H and 1H), 3.03 (d, /= 17.2 Hz, 1H and 1H),
2.68-2.64 (m, 2H and 2H), 2.45-2.38 (m, 2H and 2H), 1.19 (s, 9H and 9H) ppm; *C NMR (100
MHz, CDCls) 6: 203.6, 203.5, 168.9, 168.9, 168.4, 153.7, 95.7, 95.6, 91.0, 90.9, 84.0, 75.1, 56.9,
56.7, 53.5, 52.8, 35.1, 35.0, 24.4, 24.0, 23.9, 22.5 ppm; IR (neat) V: 2956, 2242, 1968, 1740, 1717,

1623 cm™'; HRMS (ESI) m/z caled. for C2oHsNNaO,S™ [(M+Na)'] 448.1400, found 448.1399.

Dimethyl
(E)-2-(6-((tert-butanesulfinyl)imino)hexa-1,2-dien-1-yl)-2-(3-phenylprop-2-yn-1-yl)malonate
(62)

A suspension of 1g'° (317 mg, 0.932 mmol), #-butanesulfinamide (136 mg, 1.12 mmol), PPTS (23.4
mg, 0.0932 mmol) and MgSO4 (561 mg, 4.66 mmol) in toluene (5.0 mL) was stirred at 40 °C for 1

h. The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and

110



Experiment of Chapter 1

purified by silica gel column chromatography (Hexane/EtOAc = 3:1~2:1) to give 6g (417 mg,
quant., dr = 1:1) as a yellow oil.

Spectral data of 6g: Diastereomixture (1:1); '"H NMR (400 MHz, CDCl3) &: 8.02 (d, J = 4.0 Hz, 1H
and 1H), 7.35-7.24 (m, 5H and 5H), 5.86-5.82 (m, 1H and 1H), 5.55-5.48 (m, 1H and 1H), 3.79 (s,
3H and 3H), 3.78 (s, 3H and 3H), 3.15 (d, J = 16.8 Hz, 1H and 1H), 3.10 (d, /= 16.8 Hz, 1H and
1H), 2.67-2.62 (m, 2H and 2H), 2.43-2.35 (m, 2H and 2H), 1.16 (s, 9H and 9H) ppm; *C NMR
(100 MHz, CDCls) 6: 203.6, 203.5, 169.6, 169.5, 168.4, 168.4, 131.7, 128.4, 128.1, 123.2, 95.0,
94.9, 91.6, 91.5, 84.7, 83.4, 57.9, 56.7, 53.2, 53.2, 35.1, 35.0, 25.5, 25.5, 24.1, 23.9, 22.4 ppm; IR
(neat) ¥: 2954, 1969, 1739, 1623 cm™'; HRMS (ESI) m/z caled. for CosHaoNNaOsS™ [(M+Na)']

466.1659, found 466.1655.

Dimethyl
(E)-2-(6-((tert-butanesulfinyl)imino)hexa-1,2-dien-1-yl)-2-(3-chloroprop-2-yn-1-yl)malonate
(6h)

A suspension of 1h" (312 mg, 1.04 mmol), ¢-butanesulfinamide (152 mg, 1.25 mmol), PPTS (26.2
mg, 0.104 mmol) and MgSO, (628 mg, 5.22 mmol) in toluene (10 mL) was stirred at 40 °C for 2 h.
The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 3:1~2:1) to give 6h (350 mg, 83%
yield, dr=1:1) as a yellow oil.

Spectral data of 6h: Diastereomixture (1:1); '"H NMR (400 MHz, CDCl;) &: 8.10 (t, J = 4.0 Hz, 1H
and 1H), 5.78-5.74 (m, 1H and 1H), 5.54-5.48 (m, 1H and 1H), 3.78 (s, 3H and 3H), 3.76 (s, 3H
and 3H), 2.93 (d, /= 17.5 Hz, 1H and 1H), 2.88 (t, /= 9.9 Hz, 1H and 1H), 2.69-2.64 (m, 2H and
2H), 2.43-2.37 (m, 2H and 2H), 1.19 (s, 9H and 9H) ppm; *C NMR (100 MHz, CDCls) &: 203.6,
203.5, 169.3, 169.3, 168.4, 168.4, 95.2, 95.1, 91.2, 91.1, 64.8, 60.3, 57.4, 56.7, 53.3, 35.1, 35.0,
24.6, 24.1, 24.0, 22.5 ppm; IR (neat) V: 2955, 2247, 1969, 1740, 1623 cm™; HRMS (APCI) m/z

calcd. for CisHasCINOsS™ [(M+H) '] 402.1137, found 402.1138.
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<Scheme 24>
Dimethyl 8-methyl-7-((4-nitrophenyl)sulfonamido)-6,7-dihydroazulene-2,2(1H)-dicarboxylate
(36)
To a solution of 9¢ (140 mg, 0.367 mmol) in MeOH (1.8 mL), was added 4N HCI in dioxane (0.367
mL, 1.47 mmol). The reaction mixture was stirred at r.t. for 0.5 h. The mixture was concentrated
and used in the next reaction without purification. To a solution of the crude amine in CH,Cl, (1.8
mL), were added 4-nitrobenzenesulfonyl chloride (122 mg, 0.551 mmol) and DIPEA (0.256 mL,
1.47 mmol). The reaction mixture was stirred at r.t. for 0.5 h. The reaction was quenched with brine
and extracted with EtOAc. The organic layer was dried over MgSQOy, filtered and concentrated. The
residue was purified by silica gel column chromatography (Hexane/EtOAc = 80:20~50:50) to give
36 (111 mg, 65% yield, 2 steps) as a yellow solid. The structure of 36 was unambiguously
determined by X-ray crystal structure analysis.
CCDC 1052420 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.
Spectral data of 36: "H NMR (500 MHz, CDCls) o: 8.36 (d, J = 8.5 Hz, 2H), 8.03 (d, J = 8.5 Hz,
2H), 6.32 (dd, J=11.2, 2.4 Hz, 1H), 6.04 (s, 1H), 5.57-5.53 (m, 1H), 4.97 (d, /= 9.5 Hz, 1H), 4.01
(app t, J=7.1 Hz, 1H), 3.78 (s, 3H), 3.74 (s, 3H), 3.09 (d, /= 17.1 Hz, 1H), 3.03 (d, /= 17.1 Hz,
1H), 2.59 (d, J = 15.9 Hz, 1H), 2.48-2.42 (m, 1H), 1.59 (s, 3H) ppm; *C NMR (125 MHz, CDCl5)
8: 170.7, 170.6, 150.1, 147.4, 143.1, 138.5, 135.3, 129.6, 128.3 (2C), 127.8, 127.1, 124.5 (2C), 62.7,
56.4, 53.3, 53.2, 38.7, 33.9, 21.7 ppm; IR (CH,Cly) ¥: 3297, 2954, 1732, 1605, 1530 cm™'; HRMS
(EI) m/z caled. for Cy1H2N,O8S [M'] 462.1097, found 462.1088; mp 144-146 °C (recrystallized

from Hexane/CHCl; at -30 °C).

<Scheme 26>
Dimethyl 2-(6-hydroxyhexa-1,2-dien-1-yl)-2-(prop-2-yn-1-yl)malonate (45)

A solution of 44" (606 mg, 1.73 mmol) and TsOH-H,O (32.9 mg, 0.173 mmol) in MeOH (8.6 mL)
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was stirred at r.t. for 1 h. The reaction was quenched with saturated NaHCOj; aq. and extracted with
EtOAc. The organic layer was dried over MgSQ,, filtered and concentrated. The residue was
purified by silica gel column chromatography (Hexane/EtOAc = 70:30~40:60) to give 45 (467 mg,
quant.) as a colorless oil.

Spectral data of 45: "H NMR (500 MHz, CDCls) &: 5.77-5.75 (m, 1H), 5.44 (q, J = 6.6 Hz, 1H),
3.77 (s, 3H), 3.77 (s, 3H), 3.68-3.67 (m, 2H), 2.91 (d, J = 2.7 Hz, 2H), 2.18-2.13 (m, 2H), 2.00 (t, J
= 2.7 Hz, 1H), 1.75-1.64 (m, 2H), 1.41 (s, 1H) ppm; *C NMR (125 MHz, CDCls) &: 203.5, 169.6,
169.5, 95.8, 90.3, 79.2, 71.2, 62.0, 57.5, 53.2 (2C), 31.7, 24.6, 24.6 ppm; IR (neat) V: 3290, 2954,

1968, 1739 cm™'; HRMS (EI) m/z caled. for C14H;505 [M'] 266.1154, found 266.1159.

Dimethyl 2-(6-oxohexa-1,2-dien-1-yl)-2-(prop-2-yn-1-yl)malonate (1f)

A suspension of 45 (467 mg, 1.75 mmol) and DMP (1.12 g, 2.63 mmol) in CH,ClI, (8.8 mL) was
stirred at r.t. for 3 h. The reaction was quenched with saturated Na,S,03; aq. and extracted with
EtOAc. The organic layer was washed with saturated NaHCOj3 aq., dried over MgSOy, filtered and
concentrated. The residue was purified with silica gel column chromatography (Hexane/EtOAc =
80:20~60:40) to give 1f (200 mg, 43% yield) as a colorless oil.

Spectral data of 1f: '"H NMR (500 MHz, CDCl5) &: 9.79 (s, 1H), 5.82-5.79 (m, 1H), 5.51 (app q, J =
6.1 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 2.94-2.86 (m, 2H), 2.62-2.59 (m, 2H), 2.40-2.35 (m, 2H),
1.99 (t, J=2.6 Hz, 1H) ppm; >C NMR (125 MHz, CDCl3) &: 203.4, 201.5, 169.4, 169.3, 94.9, 91.6,
79.2,71.3,57.5,53.2,53.2, 42.4, 24.5,20.8 ppm; IR (neat) ¥: 3286, 2955, 1969, 1739 cm™; HRMS

(EI) m/z caled. for C14H;405 [M'] 264.0998, found 264.0990.

Dimethyl (E)-2-(6-((tert-butanesulfinyl)imino)hexa-1,2-dien-1-yl)-2-(prop-2-yn-1-yl)malonate
(6)

A suspension of 1f (200 mg, 0.757 mmol), #-butanesulfinamide (110 mg, 0.908 mmol), PPTS (19.0
mg, 0.076 mmol) and MgSO4 (455 mg, 3.78 mmol) in toluene (3.8 mL) was stirred at 40 °C for 2 h.

The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
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purified by silica gel column chromatography (Hexane/EtOAc = 70:30~30:70) to give 6f (170 mg,
61% yield, dr=1:1) as a colorless oil.

Spectral data of 6f: Diastereomixture (1:1); 'H NMR (500 MHz, CDCl;) &: 8.09 (t, J= 4.2 Hz, 1H
and 1H), 5.81-5.78 (m, 1H and 1H), 5.53-5.48 (m, 1H and 1H), 3.78 (s, 3H and 3H), 3.76 (s, 3H
and 3H), 2.95-2.87 (m, 2H and 2H), 2.68-2.64 (m, 2H and 2H), 2.43-2.37 (m, 2H and 2H), 1.99
(app td, J = 2.6, 1.4 Hz, 1H and 1H), 1.19 (app d, J = 0.7 Hz, 9H and 9H) ppm; B3C NMR (125
MHz, CDCl;) 6: 201.0, 169.6, 169.5, 135.7 (4C), 134.1 (2C), 129.7 (2C), 127.8 (4C), 106.7, 101.7,
92.0, 87.9, 61.3, 58.0, 53.0, 52.9, 45.4, 34.4, 28.5, 27.7, 27.0 (3C), 26.3, 19.3, 0.1 (3C) ppm; IR
(neat) V: 3290, 2955, 2241, 1969, 1739, 1623 cm'l; HRMS (ESI) m/z caled. for C;sHosNNaOsS”

[(M+Na)'] 390.1346, found 390.1339.
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<Section 3>

<Table 4>
Dimethyl
9-(tert-butanesulfinyl)-5,5,8-trimethyl-4,5,6,7-tetrahydro-4,7-epiminoazulene-2,2(1H)-dicarbo
xylate (10i)
Spectral data of 10i: Diastereomixture (1.1:1); '"H NMR (400 MHz, CDCl3) &: 5.63 (s, 1H), 5.57 (s,
1H), 3.90-3.87 (m, 1H and 1H), 3.76-3.75 (m, 1H and 1H), 3.73-3.71 (m, 6H and 6H), 3.12-2.97 (m,
2H and 2H), 1.85-1.78 (m, 1H and 1H), 1.75 (s, 3H), 1.73 (s, 3H), 1.51 (d, /= 12.0 Hz, 1H), 1.50 (d,
J=12.0 Hz, 1H), 1.27 (s, 3H), 1.25 (s, 3H), 1.14 (s, 9H), 1.10 (s, 9H), 0.93 (s, 3H), 0.90 (s, 3H)
ppm; °C NMR (100 MHz, CDCl3) &: 171.4, 171.4, 171.3, 171.2 146.5, 144.9, 135.1, 135.0, 133.2,
132.2, 122.8, 121.8, 70.7, 68.2, 65.0, 64.9, 61.5, 59.9, 58.5, 58.1, 52.9, 47.3, 45.6, 42.8, 42.6, 33.7,
31.6,30.9, 26.8,26.5,22.5, 17.4, 17.0 ppm; IR (neat) ¥: 2955, 2867, 1737 cm™'; HRMS (APCI) m/z

caled. for C,;H3,NOsS™ [(M+H) ] 410.1996, found 410.1997.

<Entry 1>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd);]ClO4 (5.80 mg, 0.0150 mmol) and DPPP (6.19 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~20:80) to give 10i (20.5 mg, 33% yield, dr = 1:2.2) as a

pale yellow oil and 6i (30.1 mg, 49% yield) as a pale yellow oil.

<Entry 2>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),]C1O4 (5.80 mg, 0.0150 mmol) and DPPE (5.98 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 4 h, was purified by silica gel column

chromatography (Hexane/EtOAc = 90:10~20:80) to give 10i (14.8 mg, 24% yield, dr = 1:3.1) as a
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pale yellow oil and 6i (19.1 mg, 31% yield) as a pale yellow oil.

<Entry 3>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),;]C1O4 (5.80 mg, 0.0150 mmol) and DPPB (6.40 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~20:80) to give 10i (26.9 mg, 44% yield, dr = 1:2.1) as a

pale yellow oil.

<Entry 4>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),]CIO4 (5.80 mg, 0.0150 mmol) and DPPF (8.32 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~20:80) to give 10i (28.0 mg, 46% yield, dr = 1:4.0) as a

pale yellow oil.

<Entry 5>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd);]CIO4 (5.80 mg, 0.0150 mmol) and DPPBz (6.70 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 2 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~20:80) to give 10i (33.8 mg, 55% yield, dr = 1:2.8) as a

pale yellow oil.

<Entry 6>
According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd);]ClO4 (5.80 mg, 0.0150 mmol) and BIPHEP (7.83 mg, 0.0150

mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
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chromatography (Hexane/EtOAc = 90:10~20:80) to give 10i (46.4 mg, 75% yield, dr=1.1:1) as a

pale yellow oil.

<Entry 7>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),]CIO4 (5.80 mg, 0.0150 mmol) and rac-BINAP (9.34 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~20:80) to give 10i (45.3 mg, 74% yield, dr=1.1:1) as a

pale yellow oil.

<Entry 8>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),]ClO4 (5.80 mg, 0.0150 mmol) and DPEphos (8.08 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~20:80) to give 6i (40.6 mg, 66% yield) as a pale yellow

oil.

<Entry 9>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),]CIO4 (5.80 mg, 0.0150 mmol) and PPh; (7.87 mg, 0.0300 mmol)
in CICH,CH,CI (1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography

(Hexane/EtOAc = 90:10~20:80) to give 6i (28.0 mg, 46% yield) as a pale yellow oil.

<Table 5>
<Entry 1>
According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i

61.4 mg, 0.150 mmol), [Rh(nbd),]C1O4 (5.80 mg, 0.0150 mmol) and rac-BINAP (9.34 mg, 0.0150
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mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 10i (45.3 mg, 74% yield, dr = 1.1:1) as a

pale yellow oil.

<Entry 2>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),]OTf (6.54 mg, 0.0150 mmol) and rac-BINAP (9.34 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 10i (42.7 mg, 70% yield, dr = 1.1:1) as a

pale yellow oil.

<Entry 3>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),]BF4 (5.61 mg, 0.0150 mmol) and rac-BINAP (9.34 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 10i (41.7 mg, 68% yield, dr = 1.1:1) as a

pale yellow oil.

<Entry 4>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),]PF¢ (6.48 mg, 0.0150 mmol) and rac-BINAP (9.34 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 10i (41.3 mg, 67% yield, dr=1.1:1) as a

pale yellow oil.
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<Entry 5>

According to the general procedure (2) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol), [Rh(nbd),]SbF¢ (7.84 mg, 0.0150 mmol) and rac-BINAP (9.34 mg, 0.0150
mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 10i (49.2 mg, 80% yield, dr = 1.1:1) as a

pale yellow oil.

<Table 6>
<Entry 1>
According to the general procedure (1) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]ClO4 (13.8 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 1 h, was purified by column chromatography on silica gel (Hexane/EtOAc =

90:10~60:40) to give 10i (49.6 mg, 81% yield, dr=1.1:1) as a pale yellow oil.

<Entry 2>

According to the general procedure (1) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]CIO4 (6.88 mg, 0.00750 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 1 h, was purified by column chromatography on silica gel (Hexane/EtOAc =

90:10~60:40) to give 10i (51.5 mg, 84% yield, dr =1.1:1) as a pale yellow oil.

<Entry 3>

According to the general procedure (1) for cyclization, a crude product, which was prepared from 6i
(61.4 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]CIlO4 (2.75 mg, 0.00300 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 21 h, was purified by column chromatography on silica gel (Hexane/EtOAc
=90:10~60:40) to give 10i (41.5 mg, 68% yield, dr = 1.1:1) as a pale yellow oil and 6i (3.5 mg, 6%

yield) as a pale yellow oil.
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<Entry 4>

To a solution of [Rh(rac-binap)(nbd)]ClO4 (13.8 mg, 0.0150 mmol) in CICH,CH,Cl (0.58 mL,
0.026 M to Rh, degassed by three freeze-pump up-thaw cycles), was added a solution of 6i (61.4
mg, 0.150 mmol) in CICH,CH,Cl (0.92 mL, 0.16 M to a substrate, degassed by three freeze-pump
up-thaw cycles) by cannulation under an argon gas at room temperature. The reaction mixture was
stirred at 80 °C for 1 h. After removal of the solvent, the residue was purified by silica gel column
chromatography to give 10i (5.7 mg, 9% yield, dr = 1.2:1) as a pale yellow oil and 6i (52.5 mg,

85% yield) as a pale yellow oil.

<Table 7>
Trimethyl
9-(tert-butanesulfinyl)-5,5-dimethyl-4,5,6,7-tetrahydro-4,7-epiminoazulene-2,2,8(1 H)-tricarbo
xylate (10j)
According to the general procedure (1) for cyclization, a crude product, which was prepared from 6j
(68.0 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]ClO4 (6.88 mg, 0.0075 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
80:20~0:100) to give 10j (57.4 mg, 84% yield, dr = 1.4:1) as a pale yellow oil.
According to the general procedure (1) for cyclization, a crude product, which was prepared from 6j
(68.0 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]CIO4 (11.1 mg, 0.0150 mmol) in CICH,CH,CI (1.50
mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~0:100) to give 10j (32.3 mg, 48% yield, dr = 1:9.2) as a pale yellow oil.
Spectral data of 10j: Diastereomixture (1.1:1); 'H NMR (600 MHz, CDCls) &: 6.16 (s, 1H), 6.11 (s,
1H), 4.63 (dd, J = 23.4, 7.0 Hz, 1H and 1H), 4.02 (s, 1H), 3.92 (s, 1H), 3.78-3.74 (m, 9H and 9H),
3.54-3.45 (m, 2H and 2H), 1.97-1.93 (m, 1H and 1H), 1.56-1.54 (m, 1H and 1H), 1.31 (s, 3H), 1.28
(s, 3H), 1.17 (s, 9H), 1.13 (s, 9H), 0.93 (s, 3H), 0.91 (s, 3H) ppm; °C NMR (125 MHz, CDCl5) &:
170.5, 170.4, 170.1, 170.0, 166.1, 166.0, 154.1, 151.2, 146.6, 145.2, 132.6, 132.0, 128.4, 127.4,

69.9, 68.2, 65.7, 65.5, 58.9, 58.4, 57.3, 56.3, 53.2, 51.8, 51.7, 48.4, 47.4, 43.0, 42.6, 37.8, 37.7, 31.4,
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31.1, 26.7, 26.6, 23.0, 22.7 ppm; IR (neat) V: 2956, 1739, 1705 cm'l; HRMS (ESI) m/z calcd. for

C»H31NNaO;S" [(M+Na)'] 476.1713, found 476.1705.

Dimethyl
9-(tert-butanesulfinyl)-5,5-dimethyl-4,5,6,7-tetrahydro-4,7-epiminoazulene-2,2(1H)-dicarboxyl
ate (10Kk)

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6k (59.3 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]ClO4 (6.88 mg, 0.0075 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 1 h, was purified by silica gel column chromatography (Hexane/EtOAc =
75:25~20:80) to give 10k (41.0 mg, 69% yield, dr = 1.1:1) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6k (59.3 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 2 h, was purified by silica gel column chromatography (Hexane/EtOAc =
80:20~30:70) to give 10k (22.4 mg, 38% yield, dr =1:11) as a pale yellow oil.

Spectral data of 10k: Diastereomixture (1.1:1); 'H NMR (500 MHz, CDCl5) &: 5.99-5.97 (m, 1H
and 1H), 5.77 (d, J= 1.7 Hz, 1H), 5.71 (d, /= 1.7 Hz, 1H), 4.14 (t, J = 6.3 Hz, 1H), 4.07 (t, /= 6.1
Hz, 1H), 3.97 (s, 1H), 3.89 (s, 1H), 3.74-3.72 (m, 6H and 6H), 3.13-3.03 (m, 2H and 2H), 1.84 (dt,
J=12.8,59 Hz, 1H and 1H), 1.60-1.58 (m, 1H and 1H), 1.29 (s, 3H), 1.26(s, 3H), 1.16 (s, 9H),
1.13 (s, 9H), 0.96 (s, 3H), 0.95 (s, 3H) ppm; °C NMR (125 MHz, CDCl3) &: 171.2, 171.1, 171.0,
170.9, 146.7, 145.3, 142.1, 139.4, 125.5, 125.5, 124.5, 124.1, 70.9, 68.0, 65.4, 65.2, 58.7, 58.3, 57.7,
55.7, 53.0, 48.5, 47.1, 42.9, 42.6, 35.1, 35.1, 31.5, 31.1, 26.9, 26.7, 22.9, 22.7 ppm; IR (neat) V:
2955, 1737 cm'l; HRMS (ESI) m/z caled. for CroHoNNaOsS* [(M+Na)+] 418.1659, found

418.1655.
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Dimethyl
9-(tert-butanesulfinyl)-5,5-dimethyl-8-phenyl-4,5,6,7-tetrahydro-4,7-epiminoazulene-2,2(1H)-d
icarboxylate (101)

According to the general procedure (1) for cyclization, a crude product, which was prepared from 61
(70.7 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]CIO4 (6.88 mg, 0.0075 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 1 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~20:80) to give 101 (less polar diastereomer: 10.0 mg, 14% yield, more polar diastereomer:
7.1 mg, 10% yield) as a pale yellow oil and 61 (21.0 mg, 30% yield) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from 61
(70.7 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl (1.50
mL) at 80 °C for 1 h, was purified by silica gel column chromatography (Hexane/EtOAc =
80:20~20:80) to give 101 (less polar diastereomer: 1.3 mg, 2% yield, more polar diastereomer: 28.9
mg, 41% yield) as a pale yellow oil.

The stereochemistries of these diastereomers were not determined.

Spectral data of 101: Less polar distereomer; 'H NMR (500 MHz, CDCls) &: 7.39-7.23 (m, 5H),
5.84 (s, 1H), 4.35 (d, J= 6.9 Hz, 1H), 3.89 (s, 1H), 3.73 (d, J = 1.0 Hz, 6H), 3.38 (d, J = 17.6 Hz,
1H), 3.18 (d, J = 17.6 Hz, 1H), 1.97 (dd, J=11.9, 6.9 Hz, 1H), 1.71 (d, /= 11.9 Hz, 1H), 1.31 (s,
3H), 1.18 (s, 9H), 1.00 (s, 3H) ppm; °C NMR (125 MHz, CDCls) &: 171.1, 171.0, 145.5, 138.4,
138.4, 134.7, 128.6 (2C), 127.4, 127.4 (2C), 125.3, 68.1, 65.1, 61.7, 58.7, 53.0 (2C), 47.1, 42.9,
35.5, 31.6, 26.8, 22.6 (3C) ppm; IR (neat) ¥: 2954, 1736, 1598 cm™'; HRMS (ESI) m/z calcd. for
CyH33NNaOsS" [(M+Na)] 494.1972, found 494.1963.

More Polar diastereomer; 'H NMR (500 MHz, CDCls) o: 7.39-7.24 (m, 5H), 5.79 (s, 1H), 4.48 (d, J
= .2 Hz, 1H), 4.03 (s, 1H), 3.75 (s, 3H), 3.71 (s, 3H), 3.43 (d, /= 17.5 Hz, 1H), 3.30 (d, /= 17.5
Hz, 1H), 2.04 (dd, J = 12.0, 7.2 Hz, 1H), 1.74 (d, J = 12.0 Hz, 1H), 1.35 (s, 3H), 1.13 (s, 9H), 1.01
(s, 3H) ppm; °C NMR (125 MHz, CDCl3) &: 171.1, 170.8, 147.2, 138.0, 137.6, 136.4, 128.6 (2C),

127.3, 126.6 (2C), 124.3, 70.4, 65.4, 59.4, 58.3, 53.0, 53.0, 48.7, 43.0, 36.2, 31.0, 26.8, 22.6 (3C)
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ppm; IR (neat) ¥: 2955, 1739, 1598 cm™'; HRMS (ESI) m/z caled. for CosH33sNNaOsS™ [(M+Na)']

494.1972, found 494.1970.

Dimethyl
9-(tert-butanesulfinyl)-5,5-dimethyl-8-(trimethylsilyl)-4,5,6,7-tetrahydro-4,7-epiminoazulene-2
,2(1H)-dicarboxylate (10m)

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6m (70.2 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]ClO4 (6.88 mg, 0.0075 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 1 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~20:80) to give 10m (less polar diastereomer: 5.2 mg, 7% yield, more polar diastereomer: 2.5
mg, 4% yield) as a pale yellow oil and 6m (44.9 mg, 64% yield) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6m (70.2 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]C1O4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 1 h, was purified by silica gel column chromatography (Hexane/EtOAc =
80:20~20:80) to give 10m (30.9 mg, 44% yield, dr = 1:6.9) as a pale yellow oil.

The stereochemistries of these diastereomers were not determined.

Spectral data of 10m: Less polar diastereomer; 'H NMR (500 MHz, CDCl3) &: 5.76 (s, 1H), 4.06 (d,
J=17.1 Hz, 1H), 3.95 (s, 1H), 3.73 (d, /= 1.7 Hz, 6H), 3.13 (d, /= 17.2 Hz, 1H), 3.04 (d, /= 17.2
Hz, 1H), 1.83 (dd, J=11.7, 7.1 Hz, 1H), 1.43 (d, J = 11.7 Hz, 1H), 1.24 (s, 3H), 1.12 (s, 9H), 0.92
(s, 3H), 0.16 (s, 9H) ppm; *C NMR (125 MHz, CDCl3) &: 171.2, 171.1, 147.0, 145.6, 138.1, 125.4,
66.4, 65.0, 61.2, 58.6, 53.0 (2C), 47.5, 42.8, 36.6, 31.1, 27.0, 22.8 (3C), -0.9 (3C) ppm; IR (neat) V:
2954, 1738, 1604 cm'; HRMS (EI) m/z caled. for CH34NOsSSi [(M-Me)'] 452.1927, found
452.1929.

More polar diastereomer; "H NMR (500 MHz, CDCls) &: 5.73 (s, 1H), 4.22 (d, J = 7.1 Hz, 1H),
3.92 (s, 1H), 3.73 (s, 6H), 3.09 (s, 2H), 1.84 (dd, J=11.9, 7.2 Hz, 1H), 1.43 (d, /= 11.9 Hz, 1H),
1.28 (s, 3H), 1.11 (s, 9H), 0.94 (s, 3H), 0.16 (s, 9H) ppm; *C NMR (125 MHz, CDCl;) &: 171.2,

170.9, 149.6, 147.0, 136.5, 124.8, 71.2, 65.2, 58.2, 57.6, 53.0 (2C), 48.8, 43.0, 36.6, 30.8, 27.1, 22.7
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(3C), -0.8 (3C) ppm; IR (neat) ¥: 2955, 1738, 1600 cm’'; HRMS (ESI) m/ calcd. for

Cy3H37NNaOsSSi' [(M+Na)'] 490.2054, found 490.2052.

Dimethyl
9-(tert-butanesulfinyl)-8-chloro-5,5-dimethyl-4,5,6,7-tetrahydro-4,7-epiminoazulene-2,2(1H)-d
icarboxylate (10n)

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6n (64.5 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]ClO4 (6.88 mg, 0.0075 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 1 h, was purified by silica gel column chromatography (Hexane/EtOAc =
80:20~20:80) to give 10n (7.7 mg, 12% yield, dr = 1.7:1) as a pale yellow oil and 6n (33.4 mg, 52%
yield) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6n (64.5 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 1 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~20:80) to give 10n (8.0 mg, 12% yield, dr = 1:3.0) as a pale yellow oil and 6n (31.7 mg, 49%
yield) as a pale yellow oil.

Spectral data of 10n: Diastereomixture (1:1); '"H NMR (500 MHz, CDCls) 8: 5.80 (s, 1H), 5.73 (s,
1H), 4.03 (dd, J = 23.3, 6.7 Hz, 1H and 1H), 3.98 (s, 1H), 3.79 (s, 1H), 3.76-3.74 (m, 6H and 6H),
3.22-3.10 (m, 2H and 2H), 1.92-1.87 (m, 1H and 1H), 1.74 (dd, J=12.2, 3.2 Hz, 1H and 1H), 1.30
(s, 3H), 1.27 (s, 3H), 1.18 (s, 9H), 1.15 (s, 9H), 0.97 (s, 3H), 0.95 (s, 3H) ppm; >C NMR (125 MHz,
CDCl) &: 170.8, 170.7, 170.5, 170.3, 145.7, 144.3, 137.8, 135.0, 130.0, 128.3, 126.0, 124.8, 69.8,
68.4, 65.0, 64.9, 62.9, 62.6, 58.9, 58.5, 53.1,47.5, 45.9, 43.0, 42.9, 34.5, 34.4,31.7, 31.1, 26.6, 26 .4,
22.5, 22.5 ppm; IR (neat) ¥: 2957, 1738 cm™; HRMS (ESI) m/z caled. for ChoHosCINNaOsS”

[(M+Na)"] 452.1269, found 452.1263.
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<Scheme 29>
Dimethyl
(E)-2-(but-2-yn-1-yl)-2-(6-((tert-butanesulfinyl)imino)-4,4-dimethylhexa-1,2-dien-1-yl)malonat
e (6i)
A suspension of 1i"” (950 mg, 3.10 mmol), #-butanesulfinamide (451 mg, 3.72 mmol), PPTS (77.9
mg, 0.310 mmol) and MgSO, (1.87 g, 15.5 mmol) in toluene (16 mL) was stirred at 50 °C for 4 h.
The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 90:10~60:40) to give 6i (1.12 g,
89% yield, dr = 1:1) as a pale yellow oil.
Spectral data of 6i: Diastereomixture (1:1); "H NMR (500 MHz, CDCls) &: 8.08 (t, J = 5.7 Hz, 1H),
8.07 (t,J=5.7 Hz, 1H), 5.87 (d, J= 6.3 Hz, 1H), 5.86 (d, /= 6.9 Hz, 1H), 5.45 (d, /= 6.9 Hz, 1H),
5.44 (d, J= 6.3 Hz, 1H), 3.75 (s, 6H and 6H), 2.89-2.80 (m, 2H and 2H), 2.60-2.51 (m, 2H and 2H),
1.73 (m, 3H and 3H), 1.20, (s, 9H and 9H), 1.15-1.14 (m, 6H and 6H) ppm; *C NMR (100 MHz,
CDCl) &: 201.1, 201.1, 169.7, 169.6, 168.1, 168.1, 105.5, 105.4, 93.0, 78.9, 73.8, 73.8, 58.1, 56.8,
53.1, 53.0, 48.6, 48.5, 35.5, 35.4, 28.4, 27.6, 25.3, 22.6, 3.7 ppm; IR (neat) V: 2959, 1968, 1740,

1619 cm™; HRMS (ESI) m/z caled. for Co1H3 NNaOsS™ [(M+Na)'] 432.1815, found 432.1807.

<Scheme 30>
Dimethyl
5,5,8-trimethyl-9-((4-nitrophenyl)sulfonyl)-4,5,6,7-tetrahydro-4,7-epiminoazulene-2,2(1 H)-dic
arboxylate (49)
A solution of 10i (95.2 mg, 0.232 mmol), 4N HCI in dioxane (0.232 mL, 0.930 mmol) in MeOH
(2.0 mL) was stirred at r.t. for 0.5 h. The reaction mixture was concentrated. A solution of the crude
amine, 4-nitrobenzenesulfonyl chloride (77.1 mg, 0.348 mmol) and DIPEA (0.162 mL, 0.928
mmol) in CH,Cl, (2.0 mL) was stirred at r.t. for 0.5 h. The reaction mixture was purified by silica

gel column chromatography (Hexane/EtOAc = 90:10~60:40) to give 49 (87.3 mg, 77% yield, 2
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steps) as a pale yellow solid. The structure of 49 was unambiguously determined by X-ray crystal
structure analysis.

CCDC 1052421 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Spectral data of 49: '"H NMR (500 MHz, CDCl;) &: 8.15 (dt, J=9.1, 2.2 Hz, 2H), 7.83 (dt, J=9.1,
2.2 Hz, 2H), 5.62 (s, 1H), 4.24 (s, 1H), 4.16 (d, /= 7.1 Hz, 1H), 3.74 (s, 3H), 3.65 (s, 3H), 2.74 (d,
J=17.6 Hz, 1H), 2.05 (dd, J=12.0, 7.1 Hz, 1H), 1.71 (d, J = 17.6 Hz, 1H), 1.56 (s, 3H), 1.50 (d, J
= 12.0 Hz, 1H), 1.33 (s, 3H), 0.87 (s, 3H) ppm; °C NMR (125 MHz, CDCl3) &: 170.5, 169.8, 149.8,
145.1, 141.6, 134.0, 131.2, 128.9 (2C), 125.7, 123.5 (2C), 67.1, 64.6, 61.1, 53.2, 53.1, 47.3, 43.5,
32.6, 31.5, 25.6, 17.5 ppm; IR (CH,Cly) ¥: 2958, 1734, 1606, 1531, 1350 cm™; HRMS (EI) m/z
calcd. for Cy3Hy6N»OgS [M+] 490.1410, found 490.1411; mp 194-195 °C (recrystallized from

Hexane/CHCl; at 0 °C).

<Scheme 31>
Dimethyl
2-(4-((zert-butyldimethylsilyl)oxy)but-2-yn-1-yl)-2-(6-((zert-butyldiphenylsilyl)oxy)-4,4-dimeth
ylhexa-1,2-dien-1-yl)malonate (52)
To a solution of 50?7 (2.03 g, 4.66 mmol) in THF (9.3 mL), was added LHMDS (1.3 M in THF, 7.53
mL, 9.87 mmol) at -78 °C. The mixture was stirred at -78 °C for 0.5 h. To the mixture, was added
CICO;Me (0.372 mL, 4.85 mmol) at -78 °C. The mixture was stirred at -78 °C for 0.5 h. To the
mixture, was added 4-(tert-butyldiphenylsiloxy)-1-iodo-2-butyne 51** at -78 °C. The mixture was
warmed to r.t. and stirred for 20 h. The reaction was quenched with saturated NH4Cl aq. and
extracted with EtOAc. The organic layer was dried over MgSQO,, filtered and concentrated. The
residue was purified by silica gel column chromatography. (Hexane/EtOAc = 100:0~85:15) to give
52 (1.78 g, 57% yield) as a pale brown oil.

Spectral data of 52: '"H NMR (500 MHz, CDCls) &: 7.67-7.65 (m, 4H), 7.43-7.36 (m, 6H), 5.77 (d, J
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= 6.4 Hz, 1H), 5.30 (d, J = 6.4 Hz, 1H), 4.22 (t, J = 2.1 Hz, 2H), 3.74-3.69 (m, 8H), 2.88 (s, 2H),
1.67-1.58 (m, 2H), 1.04 (s, 9H), 0.97 (s, 3H), 0.96 (s, 3H), 0.88 (s, 9H), 0.08 (s, 6H) ppm; *C NMR
(125 MHz, CDCls) 9: 201.1, 169.6, 169.5, 135.7 (4C), 134.1, 134.1, 129.7 (2C), 127.8 (4C), 106.6,
92.0, 81.6, 79.9, 61.3, 57.8, 53.0, 53.0, 51.9, 45.3, 34.4, 28.5, 27.6, 27.0 (3C), 26.0 (3C), 25.5, 19.3,
18.4, -5.0, -5.1 ppm; IR (neat) V: 2956, 2246, 1967, 1741 cm'l; HRMS (EI) m/z caled. for

C35H4706Si [(M-fBu)'] 619.2911, found 619.2888.

Dimethyl
2-(6-((tert-butyldiphenylsilyl)oxy)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(4-hydroxybut-2-yn-1-yl)
malonate (53)

A solution of 52 (1.78 g, 2.63 mmol) and PPTS (66.1 mg, 0.263 mmol) in MeOH (13 mL) was
stirred at r.t. for 15 h. The reaction mixture was concentrated and purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 53 (1.29 g, 87% yield) as a colorless oil.
Spectral data of 53: "H NMR (500 MHz, CDCls) &: 7.68-7.66 (m, 4H), 7.44-7.37 (m, 6H), 5.76 (d, J
= 6.4 Hz, 1H), 5.32 (d, J = 6.4 Hz, 1H), 4.15 (td, J = 4.2, 2.0 Hz, 2H), 3.73-3.70 (m, 8H), 2.88 (s,
2H), 1.70-1.61 (m, 2H), 1.53 (t, J = 6.2 Hz, 1H), 1.04 (s, 9H), 0.97 (s, 3H), 0.97 (s, 3H) ppm; °C
NMR (125 MHz, CDCls) &: 201.1, 169.6, 169.6, 135.7 (4C), 134.0, 134.0, 129.7 (2C), 127.8 (4C),
106.8, 91.9, 81.4, 81.1, 61.3, 57.7, 53.1, 53.1, 51.3, 45.1, 34.4, 28.3, 27.8, 27.0 (3C), 25.2, 19.2
ppm; IR (neat) V: 3480, 2957, 1967, 1739 cm’'; HRMS (EI) m/z caled. for CaoH3306Si [(M-7Bu)’]

505.2046, found 505.2039.

Trimethyl
10-((tert-butyldiphenylsilyl)oxy)-8,8-dimethyldeca-5,6-dien-1-yne-1,4,4-tricarboxylate (54)

A solution of 53 (1.29 g, 2.28 mmol), TEMPO (71.4 mg, 0.457 mmol) and PhI(OAc), (1.62 g, 5.02
mmol) in MeCN/H,O (9.2 mL, 1:1) was stirred at r.t. for 42 h. The reaction mixture was diluted
with EtOAc, dried over MgSQ,, filtered and concentrated. The residue was dissolved in

toluene/MeOH (10 mL, 4:1). To this solution, was added TMSCHN, (0.6 M in hexane, 7.61 mL,
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4.57 mmol) at r.t. The reaction mixture was stirred at r.t. for 0.5 h. The reaction mixture was
concentrated and purified by silica gel column chromatography (Hexane/EtOAc = 95:5~70:30) to
give 54 (704 mg, 52% yield, 2 steps) as a brown oil.

Spectral data of 54: '"H NMR (500 MHz, CDCls) &: 7.66 (dd, J = 7.8, 1.5 Hz, 4H), 7.44-7.37 (m,
6H), 5.75 (d, J= 6.4 Hz, 1H), 5.37 (d, /= 6.1 Hz, 1H), 3.76 (s, 3H), 3.73 (s, 3H), 3.71-3.69 (m, SH),
2.97 (s, 2H), 1.68-1.59 (m, 2H), 1.04 (s, 9H), 0.98 (s, 3H), 0.97 (s, 3H) ppm; *C NMR (125 MHz,
CDCl) 6: 201.2, 169.1, 169.0, 153.8, 135.7 (4C), 134.0, 134.0, 129.7 (2C), 127.8 (4C), 107.3,91.5,
84.2,75.0, 61.3, 57.1, 53.3, 53.3, 52.7, 45.2, 34.4, 28.3, 27.7, 27.0 (3C), 24.9, 19.2 ppm; IR (neat)
¥: 2956, 2244, 1966, 1741, 1718 cm™; HRMS (EI) m/z caled. for C3oH330Si [(M-Bu)] 533.1996,

found 533.1975.

Trimethyl 10-hydroxy-8,8-dimethyldeca-5,6-dien-1-yne-1,4,4-tricarboxylate (55)

To a solution of 54 (680 mg, 1.15 mmol) in THF (12 mL), was added HF-pyridine (1.10 mL, 42.3
mmol) at r.t. The mixture was stirred at r.t. for 5 h. The reaction was quenched with saturated
NaHCOj; aq. and extracted with EtOAc. The organic layer was dried over MgSQ,, filtered and
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
80:20~40:60) to give 55 (305 mg, 75% yield) as a colorless oil.

Spectral data of 55: 'H NMR (500 MHz, CDCls) o: 5.82 (d, J = 6.4 Hz, 1H), 5.46 (d, J = 6.4 Hz,
1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.74 (s, 3H), 3.72-3.66 (m, 2H), 3.05 (s, 2H), 1.68-1.63 (m, 2H),
1.42 (t, J = 4.6 Hz, 1H), 1.05 (s, 3H), 1.05 (s, 3H) ppm; °C NMR (125 MHz, CDCl5) &: 201.2,
169.0, 168.9, 153.8, 107.2, 91.6, 84.1, 75.1, 59.9, 57.1, 53.4, 53.3, 52.7, 45.3, 34.4, 28.1, 28.0, 24.9
ppm; IR (neat) ¥: 3416, 2958, 2244, 1966, 1839 cm™; HRMS (ESI) m/z calcd. for CigHysNaO;"

[(M+Na)'] 357.1414, found 357.1410.

Trimethyl 8,8-dimethyl-10-oxodeca-5,6-dien-1-yne-1,4,4-tricarboxylate (1j)
A suspension of 55 (300 mg, 0.851 mmol), NaHCO; (143 mg, 1.70 mmol) and DMP (542 mg, 1.28

mmol) in CH,Cl, (4.3 mL) was stirred at r.t. for 2 h. The reaction was quenched with saturated
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Na,S;0; aq. and extracted with EtOAc. The organic layer was washed with saturated NaHCO; aq.,
dried over MgSQ,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 1j (298 mg, quant.) as a colorless oil.

Spectral data of 1j: "H NMR (500 MHz, CDCls) &: 9.78 (t, J=2.7 Hz, 1H), 5.87 (d, J= 6.4 Hz, 1H),
5.56 (d, J = 6.4 Hz, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.74 (s, 3H), 3.05 (s, 2H), 2.44-2.35 (m, 2H),
1.19 (s, 3H), 1.18 (s, 3H) ppm; °C NMR (125 MHz, CDCls) &: 202.3, 201.2, 168.8, 168.7, 153.6,
106.1, 92.5, 83.9, 75.2, 57.1, 54.8, 53.4, 53.4, 52.7, 34.5, 28.3, 28.1, 24.8 ppm; IR (neat) V: 2958,

2242, 1968, 1739 cm’'; HRMS (EI) m/z caled. for C17H 507 [(M-Me)'] 335.1131, found 335.1127.

Trimethyl
(E)-10-((tert-butanesulfinyl)imino)-8,8-dimethyldeca-5,6-dien-1-yne-1,4,4-tricarboxylate (6j)

A suspension of 1j (340 mg, 0.970 mmol), #-butanesulfinamide (141 mg, 1.16 mmol), PPTS (24.4
mg, 0.0970 mmol) and MgSO4 (584 mg, 4.85 mmol) in toluene (4.9 mL) was stirred at 50 °C for 1
h. The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified with silica gel column chromatography (Hexane/EtOAc = 90:10~60:40) to give 6j (389 mg,
88% yield, dr = 1:1) as a colorless oil.

Spectral data of 6j: Diastereomixture (1:1); 'H NMR (500 MHz, CDCl;) &: 8.07 (t, J= 5.6 Hz, 1H
and 1H), 5.86 (t, /= 6.8 Hz, 1H and 1H), 5.53 (t, /= 6.0 Hz, 1H and 1H), 3.79 (s, 3H and 3H), 3.78
(s, 3H and 3H), 3.73 (s, 3H and 3H), 3.05 (d, J = 2.0 Hz, 2H and 2H), 2.60-2.51 (m, 2H and 2H),
1.21 (s, 9H and 9H), 1.16-1.14 (m, 6H and 6H) ppm; 3C NMR (125 MHz, CDCls) 6: 201.3, 201.3,
168.8, 168.7, 167.8, 167.7, 153.7, 106.3, 106.3, 92.4, 83.9, 75.1, 57.1, 57.1, 56.7, 53.4, 53.3, 52.7,
48.5,48.4, 35.5,35.4, 28.3, 28.3, 27.6, 27.6, 24.8, 22.5 ppm; IR (neat) V: 2959, 2244, 1968, 1740,
1715, 1619 cm™; HRMS (ESI) m/z caled. for CpH3;NNaO,S™ [(M+Na)'] 476.1713, found

476.1704.
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<Scheme 32>
Dimethyl
2-(6-((tert-butyldiphenylsilyl)oxy)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(3-(trimethylsilyl)prop-2-
yn-1-yl)malonate (57)
To a solution of 50°” (15.5 g, 35.5 mmol) in THF (118 mL), was added LHMDS (1.3 M in THF,
60.1 mL, 78.1 mmol) at -78 °C. The mixture was stirred at -78 °C for 0.5 h. To the mixture, was
added CICO;Me (2.83 mL, 36.9 mmol) at -78 °C. The mixture was stirred at -78 °C for 0.5 h. To
the mixture, were added 3-bromo-1-(trimethylsilyl)-1-propyne 56 (6.03 mL, 42.6 mmol) and KI
(5.89 g, 35.5 mmol) at -78 °C. The mixture was warmed to r.t. and stirred for 12 h. The reaction was
quenched with saturated NH4ClI aq. and extracted with EtOAc. The organic layer was dried over
MgSOs,, filtered and concentrated. The residue was purified by silica gel column chromatography
(Hexane/EtOAc = 100:0~90:10) to give 57 (14.7 g, 69% yield) as a pale brown oil.
Spectral data of 57: '"H NMR (500 MHz, CDCls) &: 7.67 (app d, J = 6.6 Hz, 4H), 7.44-7.37 (m, 6H),
5.76 (d, J = 6.4 Hz, 1H), 5.30 (d, J = 6.4 Hz, 1H), 3.73-3.70 (m, 8H), 2.89 (d, J = 16.9 Hz, 1H),
2.84 (d, J=16.9 Hz, 1H), 1.68-1.59 (m, 2H), 1.04 (s, 9H), 0.99 (s, 3H), 0.98 (s, 3H), 0.10 (s, 9H)
ppm; C NMR (125 MHz, CDCls) &: 201.0, 169.6, 169.5, 135.7 (4C), 134.1 (2C), 129.7 (2C),
127.8 (4C), 106.7, 101.7, 92.0, 87.9, 61.3, 58.0, 53.0, 52.9, 45.4, 34.4, 28.5, 27.7, 27.0 (3C), 26.3,
19.3, 0.1 (3C) ppm; IR (neat) ¥: 2958, 2181, 1967, 1741 cm”; HRMS (EI) m/z caled. for

C31H3905Si; [(M-Bu) ] 547.2336, found 547.2318.

Dimethyl
2-(6-((tert-butyldiphenylsilyl)oxy)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(prop-2-yn-1-yl)malonate
(38)

A suspension of 57 (3.63 g, 6.00 mmol) and K,COs (1.24 g, 9.00 mmol) in MeOH (30 mL) was
stirred at r.t. for 4 h. The reaction was quenched with brine and extracted with EtOAc. The organic
layer was dried over MgSQO,, filtered and concentrated. The residue was purified by silica gel

column chromatography (Hexane/EtOAc = 95:5~85:15) to give 58 (2.50 g, 78% yield) as a pale
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yellow oil.

Spectral data of 58: '"H NMR (500 MHz, CDCl3) &: 7.67-7.66 (m, 4H), 7.44-7.37 (m, 6H), 5.77 (d, J
= 6.4 Hz, 1H), 5.33 (d, /= 6.4 Hz, 1H), 3.77-3.70 (m, 8H), 2.84 (d, /= 2.4 Hz, 2H), 1.94 (t, J=2.4
Hz, 1H), 1.68-1.60 (m, 2H), 1.04 (s, 9H), 0.98 (s, 3H), 0.97 (s, 3H) ppm; °C NMR (125 MHz,
CDCl;) 6: 201.1, 169.5, 169.4, 135.7 (4C), 134.0, 134.0, 129.7 (2C), 127.7 (4C), 106.8, 91.8, 79.3,
71.2, 61.3, 57.6, 53.0, 53.0, 45.2, 34.4, 28.3, 27.8, 27.0 (3C), 24.9, 19.2 ppm; IR (neat) V: 3305,
2957, 1967, 1740 cm™; HRMS (EI) m/z caled. for CosH3OsSi [(M-fBu)’] 475.1941, found

475.1936.

Dimethyl 2-(6-hydroxy-4,4-dimethylhexa-1,2-dien-1-yl)-2-(prop-2-yn-1-yl)malonate (59)

A solution of 58 (906 mg, 1.70 mmol) and TBAF (1.0 M in THF, 2.04 mL, 2.04 mmol) in THF (8.5
mL) was stirred at r.t. for 1 h. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 90:10~50:50) to give 59 (477 mg, 95 % yield) as a pale
brown oil.

Spectral data of 59: 'H NMR (500 MHz, CDCls) o: 5.84 (d, J = 6.4 Hz, 1H), 542 (d, J = 6.4 Hz,
1H), 3.77 (s, 3H), 3.77 (s, 3H), 3.71 (t, /= 6.2 Hz, 2H), 2.91 (d, /= 2.7 Hz, 2H), 2.00 (t, /= 2.7 Hz,
1H), 1.69-1.60 (m, 2H), 1.37 (s, 1H), 1.05 (s, 3H), 1.05 (s, 3H) ppm; >C NMR (125 MHz, CDCl5)
d: 201.2, 169.6, 169.5, 106.6, 92.0, 79.2, 71.4, 60.1, 57.6, 53.2, 53.2, 45.5, 34.5, 28.2, 28.1, 25.1
ppm; IR (neat) v: 3292, 2958, 1967, 1738 cm™'; HRMS (EI) m/z caled. for CisHi00s [(M-Me)']

279.1233, found 279.1243.

Dimethyl 2-(4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)-2-(prop-2-yn-1-yl)malonate (1k)

A suspension of 59 (470 mg, 1.56 mmol) and DMP (1.02 g, 2.40 mmol) in CH,Cl, (8.0 mL) was
stirred at r.t. for 1 h. The reaction was quenched with saturated Na,S,0; aq. and extracted with
EtOAc. The organic layer was washed with saturated NaHCOj; aq., dried over MgSQy, filtered and
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~65:35) to give 1k (333 mg, 71% yield) as a colorless oil.
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Spectral data of 1k: 'H NMR (500 MHz, CDCls) &: 9.78 (t, J = 2.8 Hz, 1H), 5.90 (d, J = 6.4 Hz,
1H), 5.52 (d, /= 6.4 Hz, 1H), 3.77 (s, 3H), 3.77 (s, 3H), 2.94-2.91 (m, 1H), 2.90-2.87 (m, 1H), 2.42
(dd, J =15.2, 2.7 Hz, 1H), 2.37 (dd, J = 15.2, 2.7 Hz, 1H), 2.00 (t, J = 2.7 Hz, 1H), 1.19 (s, 3H),
1.17 (s, 3H) ppm; °C NMR (125 MHz, CDCls) &: 202.6, 201.1, 169.3, 169.3, 105.6, 92.9, 79.1,
71.5,57.7, 55.0, 53.2, 53.2, 34.5, 28.4, 28.2, 24.9 ppm; IR (neat) V: 3287, 2958, 2123, 1968, 1738

cm'l; HRMS (EI) m/z calcd. for Ci6H2005 [M+] 292.1311, found 292.1307.

Dimethyl
(E)-2-(6-((tert-butanesulfinyl)imino)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(prop-2-yn-1-yl)malon
ate (6k)

A suspension of 1k (320 mg, 1.10 mmol), #-butanesulfinamide (159 mg, 1.31 mmol), PPTS (27.5
mg, 0.109 mmol) and MgSO4 (659 mg, 5.47 mmol) in toluene (5.5 mL) was stirred at 50 °C for 2 h.
The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 90:10~65:35) to give 6k (420 mg,
97% yield, dr = 1:1) as a colorless oil.

Spectral data of 6k: Diastereomixture (1:1); 'H NMR (500 MHz, CDCls) &: 8.08 (td, J= 5.7, 1.5 Hz,
IH and 1H), 5.88 (dd, /=7.7, 6.5 Hz, 1H and 1H), 5.48 (dd, /= 7.1, 6.6 Hz, 1H and 1H), 3.77 (d, J
= 2.7 Hz, 6H and 6H), 2.95-2.87 (m, 2H and 2H), 2.60-2.51 (m, 2H and 2H), 2.00-1.99 (m, 1H and
1H), 1.21 (s, 9H and 9H), 1.16-1.15 (m, 6H and 6H) ppm; *C NMR (125 MHz, CDCls) &: 201.2,
201.2, 169.4, 169.3, 168.0, 167.9, 105.9, 105.8, 92.7, 92.7, 79.2, 79.2, 71.4, 57.6, 57.6, 56.8, 53.2,
53.1, 53.1, 48.6, 48.5, 35.5, 35.4, 28.4, 28.4, 27.7, 27.7, 24.9, 24.9, 22.6, 22.6 ppm; IR (neat) V:
3290, 2960, 1969, 1739, 1619 cm™; HRMS (ESI) m/z caled. for CyHaoNNaOsS™ [(M+Na)']

418.1659, found 418.1658.
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<Scheme 33>
Dimethyl
2-(6-((tert-butyldiphenylsilyl)oxy)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(3-phenylprop-2-yn-1-yl)
malonate (60)
A suspension of 58 (677 mg, 1.27 mmol), iodobenzene (0.171 mL, 1.53 mmol), PdCI,(PPh;), (44.6
mg, 0.0636 mmol) and Cul (48.4 mg, 0.254 mmol) in Et;N (6.4 mL) was stirred at 70 °C for 4 h.
The reaction was quenched with brine and extracted with EtOAc. The organic layer was washed
with brine, dried over MgSO,, filtered and concentrated. The residue was purified by silica gel
column chromatography (Hexane/EtOAc = 99:1~85:15) to give 60 (400 mg, 52% yield) as a yellow
oil.
Spectral data of 60: 'H NMR (500 MHz, CDCls) 8: 7.66 (d, J = 6.1 Hz, 4H), 7.42-7.36 (m, 6H),
7.32-7.24 (m, 5H), 5.83 (d, J = 6.4 Hz, 1H), 5.33 (d, J = 6.4 Hz, 1H), 3.75-3.70 (m, 8H), 3.06 (app
dd, J = 18.9, 17.0 Hz, 2H), 1.67-1.61 (m, 2H), 1.03 (s, 9H), 0.99 (s, 3H), 0.98 (s, 3H) ppm; "*C
NMR (125 MHz, CDCls) &: 201.1, 169.7, 169.6, 135.7 (4C), 134.1, 134.1, 131.8 (2C), 129.7 (20),
128.3 (2C), 128.0, 127.8 (4C), 123.4, 106.7, 92.1, 84.9, 83.3, 61.3, 58.1, 53.1, 53.0, 45.3, 34.4, 28 .4,
27.8, 27.0 (3C), 25.9, 19.2 ppm; IR (neat) V: 2956, 1967, 1740 cm'l; HRMS (EI) m/z caled. for

C3sH4405Si [M*] 608.2958, found 608.2937.

Dimethyl 2-(6-hydroxy-4,4-dimethylhexa-1,2-dien-1-yl)-2-(3-phenylprop-2-yn-1-yl)malonate
(61)

A solution of 60 (400 mg, 0.657 mmol) and TBAF (1.0 M in THF, 0.788 mL, 0.788 mmol) in THF
(3.3 mL) was stirred at r.t. for 2 h. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 80:20~50:50) to give 61 (243 mg, quant.) as a colorless
oil.

Spectral data of 61: 'H NMR (500 MHz, CDCls) 8: 7.36-7.25 (m, 5H), 5.89 (d, J = 6.4 Hz, 1H),
5.42 (d, J= 6.4 Hz, 1H), 3.79 (s, 6H), 3.73-3.68 (m, 2H), 3.13 (dd, /= 19.2, 16.7 Hz, 2H), 1.65 (td,

J=17.1,2.8 Hz, 2H), 1.53 (s, 1H), 1.06 (s, 3H), 1.06 (s, 3H) ppm; *C NMR (125 MHz, CDCl;) &:
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201.1, 169.7, 169.6, 131.7 (2C), 128.3 (2C), 128.1, 123.3, 106.5, 92.2, 84.7, 83.4, 60.1, 58.1, 53.1,
53.1,45.4,34.4,28.2,28.1,26.0 ppm; IR (neat) V: 3416, 2957, 2250, 1967, 1739 cm™'; HRMS (EI)

m/z caled. for CyHa60s [M ] 370.1780, found 370.1787.

Dimethyl 2-(4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)-2-(3-phenylprop-2-yn-1-yl)malonate (11)

A suspension of 61 (254 mg, 0.686 mmol), NaHCOs; (115 mg, 1.37 mmol) and DMP (436 mg, 1.03
mmol) in CH,Cl, (3.4 mL) was stirred at r.t. for 2 h. The reaction was quenched with saturated
Na,S;0; aq. and extracted with EtOAc. The organic layer was washed with saturated NaHCO; aq.,
dried over MgSQ,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 95:5~70:30) to give 11 (222 mg, 88% yield) as a colorless oil.

Spectral data of 11: 'H NMR (500 MHz, CDCl5) &: 9.76 (t, J = 2.8 Hz, 1H), 7.35-7.26 (m, 5H), 5.95
(d, J=6.4 Hz, 1H), 5.52 (d, J= 6.4 Hz, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.12 (app dd, J = 22.1, 16.7
Hz, 2H), 2.40 (app ddd, J = 28.3, 15.2, 2.9 Hz, 2H), 1.19 (s, 3H), 1.18 (s, 3H) ppm; °C NMR (125
MHz, CDCls) 8: 202.7, 201.1, 169.5, 169.4, 131.8 (2C), 128.3 (20), 128.2, 123.2, 105.5, 93.2, 84.7,
83.6, 58.1, 55.0, 53.2, 53.2, 34.5, 28.4, 28.2, 25.9 ppm; IR (neat) ¥: 2957, 1968, 1739 cm™'; HRMS

(EI) m/z calcd. for Co,H,405 [M'] 368.1624, found 368.1614.

Dimethyl
(E)-2-(6-((tert-butanesulfinyl)imino)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(3-phenylprop-2-yn-1-y
I)malonate (61)

A suspension of 11 (222 mg, 0.603 mmol), #-butanesulfinamide (87.6 mg, 0.723 mmol), PPTS (15.1
mg, 0.0603 mmol) and MgSO4 (363 mg, 3.01 mmol) in toluene (3.0 mL) was stirred at 50 °C for 1
h. The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 90:10~60:40) to give 61 (284 mg,
quant., dr = 1:1) as a colorless oil.

Spectral data of 61: Diastereomixture (1:1); '"H NMR (500 MHz, CDCls) &: 8.07 (td, J = 5.6, 4.1 Hz,

1H and 1H), 7.35-7.33 (m, 2H and 2H), 7.29-7.24 (m, 3H and 3H), 5.94 (t, /= 6.8 Hz, 1H and 1H),
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5.49 (t,J=6.5 Hz, 1H and 1H), 3.78 (d, J = 0.7 Hz, 6H and 6H), 3.15 (dd, J = 16.7, 3.3 Hz, 1H and
1H), 3.10 (d, J = 16.9 Hz, 1H and 1H), 2.61-2.51 (m, 2H and 2H), 1.19 (d, J = 2.0 Hz, 9H and 9H),
1.16 (d, J = 5.9 Hz, 6H and 6H) ppm; °C NMR (125 MHz, CDCl5) &: 201.3, 201.2, 169.5, 169.5,
168.0, 167.9, 131.8, 128.3, 128.1, 123.3, 105.8, 105.7, 93.0, 84.8, 84.7, 83.5, 58.1, 58.1, 56.8, 53.2,
53.2, 53.1, 48.6, 48.5, 35.5, 35.4, 28.5, 28.5, 27.7, 27.7, 25.9, 25.9, 22.6, 22.6 ppm; IR (neat) ¥:
2959, 1968, 1739, 1619 cm™'; HRMS (ESI) m/z caled. for Cy6H33NNaOsS™ [(M+Na)'] 494.1972,

found 494.1965.

<Scheme 34>
Dimethyl
2-(6-hydroxy-4,4-dimethylhexa-1,2-dien-1-yl)-2-(3-(trimethylsilyl)prop-2-yn-1-yl)malonate
(62)
To a solution of 57 (1.82 g, 3.00 mmol) in THF (30 mL), was added HF-pyridine (3.00 mL, 115
mmol) at 0 °C. The mixture was stirred at r.t. for 12 h. The reaction was quenched with saturated
NaHCOj; aq. and extracted with EtOAc. The organic layer was dried over MgSQ,, filtered and
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
80:20~50:50) to give 62 (968 mg, 88% yield) as a colorless oil.
Spectral data of 62: 'H NMR (500 MHz, CDCl3) &: 5.82 (d, J = 6.4 Hz, 1H), 5.38 (d, J = 6.4 Hz,
1H), 3.75 (s, 6H), 3.71 (t, J = 6.1 Hz, 2H), 2.94 (d, J = 16.9 Hz, 1H), 2.90 (d, J = 16.9 Hz, 1H),
1.69-1.60 (m, 2H), 1.39 (s, 1H), 1.06 (s, 3H), 1.05 (s, 3H), 0.12 (s, 9H) ppm; *C NMR (125 MHz,
CDCl) 6: 201.0, 169.6, 169.5, 106.5, 101.6, 92.2, 88.1, 60.2, 58.0, 53.1, 53.0, 45.5, 34.5, 28.2, 28.2,
26.4, 0.1 (3C) ppm; IR (neat) ¥: 3407, 2959, 2181, 1967, 1740 cm™; HRMS (EI) m/z calcd. for

C15H2,05Si [(M-Me)'] 351.1628, found 351.1616.

Dimethyl
2-(4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)-2-(3-(trimethylsilyl)prop-2-yn-1-yl)malonate (1m)

A suspension of 62 (967 mg, 2.64 mmol) and DMP (1.68 g, 3.96 mmol) in CH,Cl, (13 mL) was
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stirred at r.t. for 3 h. The reaction was quenched with saturated Na,S,0; aq. and extracted with
EtOAc. The organic layer was washed with saturated NaHCOj aq., dried over MgSOy, filtered and
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~70:30) to give 1m (717 mg, 75% yield) as a colorless oil.

Spectral data of 1m: "H NMR (500 MHz, CDCls) 6: 9.79 (t, J = 2.7 Hz, 1H), 5.88 (d, J = 6.4 Hz,
1H), 5.49 (d, J= 6.4 Hz, 1H), 3.76 (s, 3H), 3.75 (s, 3H), 2.95 (d, J=16.9 Hz, 1H), 2.89 (d, /= 16.9
Hz, 1H), 2.43 (dd, J = 15.2, 2.7 Hz, 1H), 2.37 (dd, J = 15.2, 2.7 Hz, 1H), 1.18 (d, J = 5.1 Hz, 6H),
0.12 (s, 9H) ppm; °C NMR (125 MHz, CDCls) &: 202.7, 201.0, 169.3, 169.3, 105.5, 101.5, 93.1,
88.2, 58.0, 55.0, 53.1, 53.0, 34.5, 28.4, 28.3, 26.3, 0.1 (3C) ppm; IR (neat) V: 2959, 2180, 1797,

1740 cm™; HRMS (ESI) m/z caled. for C1oHosNaOsSi™ [(M+Na)] 387.1598, found 387.1603.

Dimethyl
(E)-2-(6-((tert-butanesulfinyl)imino)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(3-(trimethylsilyl)prop-
2-yn-1-yl)malonate (6m)

A suspension of 1m (700 mg, 1.92 mmol), #-butanesulfinamide (279 mg, 2.03 mmol), PPTS (48.3
mg, 0.192 mmol) and MgSQO4 (1.12 g, 9.60 mmol) in toluene (9.6 mL) was stirred at 50 °C for 2 h.
The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give 6m (899 mg,
quant., dr = 1:1) as a colorless oil.

Spectral data of 6m: Diastereomixture (1:1); '"H NMR (500 MHz, CDCl;) &: 8.08 (app t, J = 5.5 Hz,
1H and 1H), 5.87 (app t, J = 6.6 Hz, 1H and 1H), 5.45 (app t, J = 6.7 Hz, 1H and 1H), 3.75 (s, 6H
and 6H), 2.95 (app dd, J = 17.0, 3.5 Hz, 1H and 1H), 2.89 (d, /= 17.1 Hz, 1H and 1H), 2.61-2.50
(m, 2H and 2H), 1.21 (s, 9H and 9H), 1.17-1.15 (m, 6H and 6H), 0.11 (s, 9H and 9H) ppm; "°C
NMR (125 MHz, CDCls) o: 201.1, 201.1, 169.4, 169.4, 168.0, 168.0, 105.8, 105.7, 101.6, 101.6,
93.0, 88.1, 88.1, 58.0, 56.8, 53.1, 53.0, 48.7, 48.6, 35.5, 35.4, 28.6, 28.6, 27.7, 27.6, 26.3, 26.3, 22.6,
22.6, 0.1 ppm; IR (neat) v: 2960, 2181, 1969, 1741, 1619 cm'l; HRMS (ESI) m/z caled. for

C23H37NNaOsSSi" [(M+Na) ] 490.2054, found 490.2046.
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<Scheme 35>
Dimethyl
2-(6-((tert-butyldiphenylsilyl)oxy)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(3-chloroprop-2-yn-1-yl)
malonate (63)
To a solution of 58 (1.07 g, 2.00 mmol) and NCS (588 mg, 4.40 mmol) in THF (10 mL), was added
LHMDS (0.5 M in THF, 4.80 mL, 2.40 mmol) at -78 °C. The mixture was stirred at -78 °C for 2 h.
The reaction was quenched with saturated NH4Cl aq. and extracted with EtOAc. The organic layer
was dried over MgSQy, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 100:0~90:10) to give 63 (1.11 g, 98% yield) as a colorless oil.
Spectral data of 63: '"H NMR (500 MHz, CDCls) &: 7.69-7.67 (m, 4H), 7.44-7.37 (m, 6H), 5.75 (d, J
= 6.4 Hz, 1H), 5.34 (d, J = 6.4 Hz, 1H), 3.74-3.71 (m, 8H), 2.84 (s, 2H), 1.65 (td, J = 7.2, 2.4 Hz,
2H), 1.05 (s, 9H), 0.98 (s, 6H) ppm; >C NMR (125 MHz, CDCl3) &: 201.2, 169.5, 169.4, 135.7
(40), 134.1, 134.1, 129.7, 129.7, 127.8 (4C), 106.8, 91.7, 64.8, 61.3, 60.3, 57.5, 53.1, 53.1, 45.3,
34.4,28.3,27.8,27.0 (3C), 25.1, 19.2 ppm; IR (neat) ¥: 2957, 2248, 1966, 1740 cm™'; HRMS (EI)

m/z caled. for Cr3H30C105S1 [(M-tBu)+] 509.1551, found 509.1547.

Dimethyl  2-(3-chloroprop-2-yn-1-yl)-2-(6-hydroxy-4,4-dimethylhexa-1,2-dien-1-yl)malonate
(64)

A solution of 63 (1.05 g, 1.86 mmol) and TBAF (1.0 M in THF, 2.23 mL, 2.23 mmol) was stirred at
rt. for 1 h. The reaction mixture was concentrated and purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~50:50) to give 64 (547 mg, 90% yield) as a yellow oil.
Spectral data of 64: 'H NMR (500 MHz, CDCls) o: 5.81 (d, J = 6.4 Hz, 1H), 542 (d, J = 6.4 Hz,
1H), 3.77 (d, J = 2.2 Hz, 6H), 3.71 (t, J = 6.8 Hz, 2H), 2.90 (s, 2H), 1.65 (td, J= 7.1, 2.2 Hz, 2H),
1.37 (s, 1H), 1.05 (s, 3H), 1.05 (s, 3H) ppm; >C NMR (125 MHz, CDCl3) &: 201.2, 169.5, 169.4,
106.6, 91.9, 64.7, 60.5, 60.1, 57.6, 53.2, 53.2, 45.4, 34.4, 28.1, 28.1, 25.3 ppm; IR (neat) V: 3437,
2958, 2248, 1967, 1739 cm™; HRMS (ESI) m/z caled. for Ci¢H, CINaOs™ [(M+Na)'] 351.0970,

found 351.0971.
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Dimethyl 2-(3-chloroprop-2-yn-1-yl)-2-(4,4-dimethyl-6-oxohexa-1,2-dien-1-yl)malonate (1n)

A suspension of 64 (546 mg, 1.66 mmol) and DMP (1.06 g, 2.49 mmol) in CH,Cl, (8.3 mL) was
stirred at r.t. for 3 h. The reaction was quenched with saturated Na,S,0; aq. and extracted with
EtOAc. The organic layer was washed with saturated NaHCOj3 aq., dried over MgSOy, filtered and
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~70:30) to give 1n (350 mg, 65% yield) as a colorless oil.

Spectral data of 1n: '"H NMR (500 MHz, CDCls) &: 9.78 (t, J = 2.7 Hz, 1H), 5.86 (d, J = 6.4 Hz,
1H), 5.52 (d, J = 6.4 Hz, 1H), 3.77 (s, 6H), 2.92 (d, J = 16.9 Hz, 1H), 2.88 (d, J = 16.9 Hz, 1H),
242 (dd, J=15.1, 2.7 Hz, 1H), 2.37 (dd, J = 15.1, 2.7 Hz, 1H), 1.19 (s, 3H), 1.17 (s, 3H) ppm; °C
NMR (125 MHz, CDCls) &: 202.5, 201.2, 169.2, 169.2, 105.6, 92.8, 64.7, 60.6, 57.6, 54.9, 53.2,
53.2,34.5,28.3,28.1, 25.1 ppm; IR (neat) ¥: 2959, 2248, 1968, 1739 cm™'; HRMS (ESI) m/z calcd.

for C16H19CINaOs ™ [(M+Na)'] 349.0813, found 349.0815.

Dimethyl
(E)-2-(6-((tert-butanesulfinyl)imino)-4,4-dimethylhexa-1,2-dien-1-yl)-2-(3-chloroprop-2-yn-1-y
I)malonate (6n)

A suspension of 1n (350 mg, 1.07 mmol), #-butanesulfinamide (156 mg, 1.29 mmol), PPTS (26.9
mg, 0.107 mmol) and MgSOy4 (645 mg, 5.36 mmol) in toluene (5.4 mL) was stirred at 50 °C for 2 h.
The reaction mixture was diluted with EtOAc and filtered. The filtrate was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give 6n (174 mg,
38% yield, dr = 1:1) as a colorless oil.

Spectral data of 6n: Diastereomixture (1:1); 'H NMR (500 MHz, CDCls) &: 8.08 (t, J= 5.1 Hz, 1H
and 1H), 5.85 (app t, /= 7.0 Hz, 1H and 1H), 5.48 (app t, / = 6.8 Hz, 1H and 1H), 3.77 (s, 6H and
6H), 2.94-2.87 (m, 2H and 2H), 2.60-2.51 (m, 2H and 2H), 1.21 (s, 9H and 9H), 1.16-1.15 (m, 6H
and 6H) ppm; °C NMR (125 MHz, CDCls) &: 201.3, 201.3, 169.3, 169.2, 167.9, 167.9, 105.9,
105.8, 92.7, 64.7, 60.5, 57.6, 57.6, 56.8, 53.2, 53.2, 48.6, 48.5, 35.5, 35.4, 28.4, 28.4, 27.7, 27.6,

25.1,22.6, 22.6 ppm; IR (neat) ¥: 2959, 2247, 1968, 1739, 1619 cm™'; HRMS (ESI) m/z caled. for
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Cy0HsCINNaOsS" [(M+Na) '] 452.1269, found 452.1267.
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<Section 4>

<Table 8>
Dimethyl
8-((tert-butanesulfinyl)amino)-9-methyl-1,3,7,8-tetrahydro-2H-benzo[7]annulene-2,2-dicarbox
ylate (90)
Spectral data of 9o:
More polar diastereomer [racemic mixture of (R,S) and (S,R)-90]
'H NMR (500 MHz, CDCls) &: 6.03 (d, J = 12.0 Hz, 1H), 5.70 (t, J = 4.2 Hz, 1H), 5.49-5.45 (m,
1H), 3.87-3.77 (m, 2H), 3.72 (s, 3H), 3.68 (s, 3H), 3.10 (d, /= 13.7 Hz, 1H), 2.98 (dd, J=19.4, 4.0
Hz, 1H), 2.66-2.64 (br m, 2H), 2.57-2.52 (m, 2H), 1.91 (s, 3H), 1.17 (s, 9H) ppm; C NMR (125
MHz, CDCls) 8: 171.8, 170.6, 137.2, 136.2, 131.9, 131.1, 126.8, 123.7, 60.6, 56.2, 53.8, 52.9, 52.6,
34.2, 33.8, 32.5, 22.7 (3C), 21.5 ppm; IR (neat) ¥: 3313, 2954, 1736 cm™; HRMS (EI) m/z calcd.
for C2oH2oNOsS [M'] 395.1766, found 395.1768.
Less polar diastereomer [racemic mixture of (S,S) and (R,R)-90]
'H NMR (600 MHz, CDCl3) &: 5.94 (dd, J = 12.0, 2.6 Hz, 1H), 5.69 (t, J = 3.8 Hz, 1H), 5.38-5.35
(m, 1H), 3.88 (t, /= 5.0 Hz, 1H), 3.75 (s, 3H), 3.73 (s, 3H), 3.43 (d, /= 5.3 Hz, 1H), 3.12 (d, J =
12.9 Hz, 1H), 2.99 (dd, J = 19.3, 3.5 Hz, 1H), 2.55-2.43 (m, 4H), 1.95 (s, 3H), 1.17 (s, 9H) ppm;
C NMR (125 MHz, CDCls) 8: 171.9, 170.8, 138.4, 136.6, 131.1, 130.9, 127.8, 123.3, 59.6, 55.9,
54.0, 53.1, 52.9, 33.7, 33.5, 32.8, 22.8 (3C), 21.0 ppm; IR (neat) ¥: 3317, 2955, 1732 cm™'; HRMS

(ET) m/z caled. for CaHaoNOsS [M*] 395.1766, found 395.1753.

Dimethyl

10-(tert-butanesulfinyl)-9-methyl-1,3,5,6,7,8-hexahydro-2 H-5,8-epiminobenzo[7]annulene-2,2-
dicarboxylate (100)

Spectral data of 100 [racemic mixture of (S,S) and (R,R)-100]: "H NMR (500 MHz, CDCl;) &: 5.32

(t, J = 42 Hz, 1H), 4.04-4.00 (m, 2H), 3.68 (s, 6H), 2.80-2.59 (m, 4H), 2.17-2.10 (m, 1H),

140



Experiment of Chapter 1

2.06-1.99 (m, 1H), 1.82 (s, 3H), 1.74-1.69 (m, 1H), 1.52-1.46 (m, 2H), 1.12 (s, 9H) ppm; *C NMR
(125 MHz, CDCls) &: 171.5, 171.5, 139.9, 137.2, 123.1, 114.3, 66.9, 59.7, 57.9, 54.3, 52.7, 52.7,
34.5, 31.6, 30.9 (2C), 22.6 (3C), 16.6 ppm; IR (neat) ¥: 2952, 1739 cm™'; HRMS (ESI) m/z calcd.

for C0H20NNaOsS" [(M+Na)'] 418.1659, found 418.1659.

<Entry 1>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
60 (59.3 mg, 0.150 mmol) and [Rh(dppp)(nbd)]CIO4 (10.6 mg, 0.0150 mmol) in CICH,CH,Cl (1.50
mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

70:30~0:100) to give 60 (39.5 mg, 67% yield) as a pale yellow oil.

<Entry 2>
According to the general procedure (1) for cyclization, a crude product, which was prepared from
60 (59.3 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]CIO4 (13.8 mg, 0.0150 mmol) in CICH,CH,Cl

(1.50 mL) at 80 °C for 3 h, was obtained as a complex mixture.

<Entry 3>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
60 (59.3 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =
70:30~0:100) to give 90 (18.4 mg, 31% yield, dr = >20/1, more polar diastereomer) and 100 (17.1

mg, 29% yield, dr =>20:1) as a pale yellow oil.

<Entry 4>
According to the general procedure (1) for cyclization, a crude product, which was prepared from
60 (59.3 mg, 0.150 mmol) and [Rh(dppe)(nbd)]C1O4 (10.4 mg, 0.0150 mmol) in CICH,CH,Cl (1.50

mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =
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70:30~0:100) to give less polar 90 (11.1 mg, 19% yield), more polar 90 (19.0 mg, 32% yield) and

100 (9.7 mg, 16% yield, dr =>20:1) as a pale yellow oil.

<Scheme 39>
Synthesis of (§,5)-60 and (R,S)-60
A suspension of 10%° (1.79 g, 6.13 mmol), (S)-z-butanesulfinamide (891 mg, 7.35 mmol), PPTS
(154 mg, 0.613 mmol) and MgSO;4 (3.69 g, 30.6 mmol) in toluene (20 mL) was stirred at 40 °C for
1 h. The reaction mixture was filtered and concentrated. The residue was purified by silica gel
column chromatography (Hexane/EtOAc = 80:20~50:50) to give the mixture of (S.,5)-60 and
(R,S)-60 (1.73 g, 71% yield) as a colorless oil. The diastereomers were separated by preparative
HPLC with DAICEL CHIRALPAK IE (TBME/Hexane/EtOH = 95:5:0.1, UV 220 nm) to give
(S,5)-60 (679 mg, 28% yield, 98% de) and (R,S)-60 (677 mg, 28% yield, 97% de) as a colorless oil.
The absolute configuration was determined by comparing the HPLC retention time of the authentic
sample  (S,5)-60 (94% de), which was synthesized from (S)-10° (94% ee) and
(S)-t-butanesulfinamide.
Spectral data of (S,S)-60: 'H NMR (500 MHz, CDCl3) &: 8.09 (t, J= 4.2 Hz, 1H), 5.19-5.16 (m, 1H),
5.01-4.95 (m, 1H), 3.73 (d, J = 1.7 Hz, 6H), 2.80 (q, J = 2.4 Hz, 2H), 2.75 (dd, J = 7.8, 2.2 Hz, 2H),
2.65-2.61 (m, 2H), 2.31 (ddd, J=13.9, 7.1, 3.0 Hz, 2H), 1.75 (t, J = 2.6 Hz, 3H), 1.19 (s, 9H) ppm;
C NMR (125 MHz, CDCl3) 8: 206.0, 170.5 (2C), 168.7, 89.8, 86.3, 79.1, 73.3, 57.5, 56.7, 52.9,
52.8, 35.4,32.4,24.5, 23.2, 22.5 (3C), 3.6 ppm; IR (neat) ¥: 2954, 2240, 1964, 1738, 1623 cm’';
HRMS (ESI) m/z caled. for C2oHyoNNaOsS* [(M+H)'] 418.1659, found 418.1656; [o]p”® +120.1 (c
0.60, CHCIl3).
Spectral data of (R.,S)-60: 'H NMR (500 MHz, CDCls) &: 8.09 (t, J = 4.3 Hz, 1H), 5.19-5.15 (m,
1H), 5.02-4.96 (m, 1H), 3.73 (d, J=2.2 Hz, 6H), 2.79 (q, J = 2.4 Hz, 2H), 2.75 (dd, /= 7.8, 2.2 Hz,
2H), 2.63 (td, J = 7.4, 4.4 Hz, 2H), 2.31 (ddd, J = 14.2, 7.1, 2.8 Hz, 2H), 1.75 (t, J = 2.4 Hz, 3H),
1.19 (s, 9H) ppm; °C NMR (125 MHz, CDCls) &: 206.0, 170.5 (2C), 168.7, 89.8, 86.2, 79.1, 73.3,

57.5, 56.7, 52.8, 52.8, 35.5, 32.5, 24.6, 23.2, 22.5 (3C), 3.6 ppm; IR (neat) ¥: 2954, 2240, 1964,
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1739, 1623 cm'l; HRMS (ESI) m/z calcd. for CaoH290NNaOsS™* [(M+H)+] 418.1659, found 418.1657;

[a]p”® +52.1 (¢ 0.55, CHCLy).

<Table 9>
Compound (R,S)-90

Specific optical rotation of (R,S)-90: [a]p>* -2.7 (¢ 1.00, CHCLs).

Compound (8.,5)-100

Specific optical rotation of (S,5)-100: [a]p>’ -5.1 (¢ 1.00, CHCI5).

<Entry 1>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
(5,5)-60 (59.3 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]CIO4 (11.1 mg, 0.0150 mmol) in
CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography
(Hexane/EtOAc = 70:30~0:100) to give (R,S)-90 (13.0 mg, 22% yield, dr = >20:1) and (S,S)-100

(11.4 mg, 19% yield, dr =>20:1) as a pale yellow oil.

<Entry 2>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
(R,S)-60 (59.3 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClIOs (11.1 mg, 0.0150 mmol) in
CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography
(Hexane/EtOAc = 70:30~0:100) to give (R,S)-90 (14.5 mg, 24% yield, dr = >20:1) and (S,S)-100

(8.4 mg, 14% yield, dr =>20:1) as a pale yellow oil.

<Table 10>
Compound (S.,5)-90

Specific optical rotation of (S,5)-90: [o]p> +110.9 (¢ 0.98, CHCl;).
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<Entry 1>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
(5,5)-60 (59.3 mg, 0.150 mmol) and [Rh(dppe)(nbd)]CIlO4 (10.4 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =
70:30~0:100) to give (R,S)-90 (8.4 mg, 14% yield), (S,5)-90 (12.8 mg, 22% yield) and (S,S)-100

(14.4 mg, 24% yield, dr = >20:1) as a pale yellow oil.

<Entry 2>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
(R,S)-60 (59.3 mg, 0.150 mmol) and [Rh(dppe)(nbd)]ClO4 (10.4 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =
70:30~0:100) to give (R,S)-90 (32.4 mg, 55% yield), (S,5)-90 (5.4 mg, 9% yield) and (S.5)-100 (4.1

mg, 7% yield, dr =>20:1) as a pale yellow oil.

<Scheme 44>

Dimethyl (E)-2-(but-2-yn-1-yl)-2-(7-((tert-butanesulfinyl)imino)hepta-2,3-dien-1-yl)malonate
(60)

A suspension of 10% (1.84g, 6.29 mmol), -butanesulfinamide (915 mg, 7.55 mmol), PPTS (158 mg,
0.629 mmol) and MgSO;4 (3.79 g, 31.5 mmol) in toluene (21 mL) was stirred at 40 °C for 1 h. The
reaction mixture was filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 60 (1.92 g, 77% yield, dr = 1:1) as a pale
yellow oil.

Spectral data of 60: Diastereomixture (1:1); '"H NMR (500 MHz, CDCls) &: 8.09 (t, J = 4.3 Hz, 1H
and 1H), 5.19-5.15 (m, 1H and 1H), 5.01-4.95 (m, 1H and 1H), 3.73 (s, 3H and 3H), 3.73 (s, 3H
and 3H), 2.80-2.79 (m, 2H and 2H), 2.75 (dd, J = 7.8, 2.2 Hz, 2H and 2H), 2.65-2.61 (m, 2H and
2H), 2.34-2.29 (m, 2H and 2H), 1.75 (t, J = 2.6 Hz, 3H and 3H), 1.19 (s, 9H and 9H) ppm; °C

NMR (150 MHz, CDCIs) &: 205.9, 205.9, 170.4, 168.6, 168.6, 89.7, 89.7, 86.2, 86.1, 79.0, 73.2,
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57.4, 56.6, 52.7, 52.7, 35.4, 35.3, 32.4, 32.3, 24.5, 24.4, 23.1, 22.4, 3.5 ppm; IR (neat) V: 2954,
2240, 1964, 1738, 1623 cm’'; HRMS (APCI) m/z caled. for CaH3NOsS™ [(M+H)'] 396.1839,

found 396.1838.

<Table 11>

Dimethyl

10-(tert-butanesulfinyl)-6,6,9-trimethyl-1,3,5,6,7,8-hexahydro-2 H-5,8-epiminobenzo[7]annulen
e-2,2-dicarboxylate (10p)

Spectral data of 10p: Diastereomixture (1:2.6); 'H NMR (500 MHz, CDCl;) &: 5.36 (t, J = 4.2 Hz,
1H*), 5.30 (t, /= 4.2 Hz, 1H), 3.90 (d, J = 6.6 Hz, 1H), 3.76-3.71 (m, 3H*+1H%*), 3.68 (d, J=3.2
Hz, 3H*+6H), 3.59 (s, 1H), 3.37 (s, 1H*), 2.89-2.67 (m, 4H+4H*), 1.78 (t, J = 9.0 Hz,
3H+3H*+1H+1H*), 1.48 (d, J = 11.7 Hz, 1H+1H*), 1.22 (d, J = 13.2 Hz, 3H+3H*), 1.13 (d, J =
22.7 Hz, 9H+9H*), 0.87 (d, J = 9.8 Hz, 3H+3H*) ppm; °C NMR (125 MHz, CDCl5) &: 171.9,
171.8, 171.6, 171.5, 138.7, 136.9, 136.4, 134.5, 123.0, 120.6, 118.7, 117.4, 76.5, 74.4, 62.5, 61.2,
58.4, 58.1, 54.0, 53.9, 53.0, 52.8, 52.8, 52.8, 47.2,45.3,42.4,41.9, 31.9, 31.1, 31.0, 30.9, 30.6, 30.5,
27.1, 26.6, 22.6, 22.6, 16.5, 16.1 ppm; IR (neat) V: 2953, 1731 cm'l; HRMS (ESI) m/z calcd. for

C»H33NNaOsS" [(M+Na)] 446.1972, found 446.1971.

<Entry 1>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6p (63.5 mg, 0.150 mmol) and [Rh(dppp)(nbd)]Cl1O4 (10.6 mg, 0.0150 mmol) in CICH,CH,CI
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~30:70) to give 6p (41.8 mg, 66% yield) as a pale yellow oil.
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<Entry 2>
According to the general procedure (1) for cyclization, a crude product, which was prepared from
6p (63.5 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]ClO4 (13.8 mg, 0.0150 mmol) in CICH,CH,Cl

(1.50 mL) at 80 °C for 1 h, was obtained as a complex mixture.

<Entry 3>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6p (63.5 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

70:30~0:100) to give 10p (24.3 mg, 38% yield, dr =9.1:1) as a pale yellow oil.

<Entry 4>

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6p (63.5 mg, 0.150 mmol) and [Rh(dppe)(nbd)]ClO4 (10.4 mg, 0.0150 mmol) in CICH,CH,Cl (1.50
mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

70:30~30:70) to give 10p (26.2 mg, 41% yield, dr = 1.7:1) as a pale yellow oil.

<Scheme 45>
According to the general procedure (1) for cyclization, a crude product, which was prepared from
6q (61.4 mg, 0.150 mmol) and [Rh(dppp)(nbd)]C1O4 (10.6 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

80:20~0:100) to give 6q (47.9 mg, 78% yield) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from

6q (61.4 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]ClO4 (13.8 mg, 0.0150 mmol) in CICH,CH,Cl

(1.50 mL) at 80 °C for 3 h, was obtained as a complex mixture.
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According to the general procedure (1) for cyclization, a crude product, which was prepared from
6q (61.4 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

80:20~0:100) to give 6q (28.8 mg, 47% yield) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6q (61.4 mg, 0.150 mmol) and [Rh(dppe)(nbd)]ClO4 (10.4 mg, 0.0150 mmol) in CICH,CH,Cl (1.50
mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

80:20~0:100) to give 6q (37.9 mg, 62% yield) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6r (65.6 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]C1O4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

80:20~0:100) to give 6r (41.2 mg, 63% yield) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
6r (65.6 mg, 0.150 mmol) and [Rh(dppe)(nbd)]C104 (10.4 mg, 0.0150 mmol) in CICH,CH,Cl (1.50
mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

80:20~20:80) to give 6r (44.6 mg, 68% yield) as a pale yellow oil.

<Scheme 46>
Dimethyl
(55)-9-methyl-10-((4-nitrophenyl)sulfonyl)-1,3,5,6,7,8-hexahydro-2 H-5,8-epiminobenzo[7]ann
ulene-2,2-dicarboxylate ((5)-67)
A solution of (S,5)-100 (32.3 mg, 0.0817 mmol), 4N HCI in dioxane (0.0817 mL, 0.327 mmol) in
MeOH (0.82 mL) was stirred at r.t. for 1 h. The reaction mixture was concentrated. A solution of the

crude amine, 4-nitrobenzenesulfonyl chloride (27.3 mg, 0.123 mmol) and DIPEA (0.0573 mL,
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0.328 mmol) in CH,Cl, (0.82 mL) was stirred at r.t. for 1 h. The reaction mixture was purified by
silica gel column chromatography (Hexane/EtOAc = 90:10~60:40) to give (5)-67 (31.0 mg, 79%
yield, 2 steps) as a yellow solid. The structure and the absolute configuration of (S)-67 were
unambiguously determined by X-ray crystal structure analysis.

CCDC 1052422 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Spectral data of (S)-67: 'H NMR (500 MHz, CDCls) &: 8.25 (d, J = 8.8 Hz, 2H), 7.89 (d, J = 8.8 Hz,
2H), 5.43 (dd, J=5.9, 2.2 Hz, 1H), 4.48 (d, J= 7.3 Hz, 1H), 4.20 (d, /= 6.3 Hz, 1H), 3.67 (s, 3H),
3.59 (s, 3H), 2.72-2.67 (m, 2H), 2.37-2.30 (m, 1H), 2.22-2.10 (m, 2H), 1.81-1.76 (m, 1H), 1.67 (s,
3H), 1.41-1.36 (m, 1H), 1.15 (d, J = 15.4 Hz, 1H) ppm; C NMR (125 MHz, CDCl;) &: 171.4,
170.5, 149.9, 145.4, 135.9, 134.4, 129.1 (2C), 123.2 (2C), 122.7, 118.1, 61.7, 61.4, 53.5, 53.1, 52.7,
334, 32.0, 30.5, 30.3, 16.8 ppm; IR (CH,Cl,) V: 3100, 2952, 2876, 1731, 1605, 1529, 1352, 1164
cm; HRMS (ESI) m/z caled. for CrHasNoNaOgS™ [(M+Na)'] 499.1146, found 499.1145; [a]p"’

-32.0 (¢ 1.01, CHCls); mp 221-222 °C (recrystallized from Hexane/CHCl; at 0 °C).

<Scheme 47>

Dimethyl
(R)-9-methyl-8-((R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanamido)-1,3,7,8-tetrahydro-2 H-b
enzo[7]annulene-2,2-dicarboxylate (68)

A solution of (R,S)-90 (30.6 mg, 0.0774 mmol), 4N HCI in dioxane (0.0774 mL, 0.309 mmol) in
MeOH (0.77 mL) was stirred at r.t. for 1 h. The reaction mixture was concentrated. A solution of the
crude amine hydrochloride, (S)-MTPA-CI1 (0.0288 mL, 0.154 mmol) and Et;N (0.0427 mL, 0.308
mmol) in CH,Cl, (0.77 mL) was stirred at r.t. for 1 h. The reaction was quenched with H,O and
extracted with EtOAc. The organic layer was dried over MgSQ,, filtered and concentrated. The
residue was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give

68 (19.2 mg, 49% yield, 2 steps) as a colorless oil.
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Spectral data of 68: 'H NMR (500 MHz, CDCls) &: 7.52-7.51 (m, 2H), 7.38-7.35 (m, 3H), 7.07 (d, J
=7.3 Hz, 1H), 5.93 (d, J=12.0 Hz, 1H), 5.72 (t, J = 4.0 Hz, 1H), 5.35-5.30 (m, 1H), 4.47-4.44 (m,
1H), 3.73 (s, 3H), 3.70 (s, 3H), 3.38 (d, J/ = 1.0 Hz, 3H), 3.18 (d, J = 13.2 Hz, 1H), 3.03 (dd, J =
19.4, 4.0 Hz, 1H), 2.54-2.51 (m, 3H), 2.47 (d, J = 13.4 Hz, 1H), 2.00 (s, 3H) ppm; °C NMR (125
MHz, CDCls) 6: 171.9, 170.5, 165.8, 137.3, 136.1, 133.2, 132.1, 131.6, 129.4, 128.5 (2C), 127.7,
127.7, 127.4, 123.9 (J'c.r = 290.0 Hz), 123.3, 83.9 (J*c.r = 26.1 Hz), 55.3, 53.9, 53.9, 53.0, 52.7,
33.7, 32.7, 31.2, 21.4 ppm; IR (neat) ¥: 3410, 3021, 2954, 2847, 1732, 1694, 1588, 1505 cm™;
HRMS (ESI) m/z caled. for C,6HosF3NNaOg" [(M+Na)+] 530.1761, found 530.1768; [oc]D22 -117.4

(c 1.09, CHCL).

Dimethyl
(R)-9-methyl-8-((5)-3,3,3-trifluoro-2-methoxy-2-phenylpropanamido)-1,3,7,8-tetrahydro-2 H-b
enzo[7]annulene-2,2-dicarboxylate (69)

A solution of (R,S)-90 (27.5 mg, 0.0695 mmol), 4N HCI in dioxane (0.0695 mL, 0.278 mmol) in
MeOH (0.70 mL) was stirred at r.t. for 1 h. The reaction mixture was concentrated. A solution of the
crude amine hydrochloride, (R)-MTPA-CI (0.0262 mL, 0.140 mmol) and Et;N (0.0388 mL, 0.280
mmol) in CH,Cl, (0.70 mL) was stirred at r.t. for 1 h. The reaction was quenched with H,O and
extracted with EtOAc. The organic layer was dried over MgSQ,, filtered and concentrated. The
residue was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give
69 (19.2 mg, 54% yield, 2 steps) as a colorless oil.

Spectral data of 69: '"H NMR (500 MHz, CDCls) &: 7.58 (d, J = 7.3 Hz, 2H), 7.40-7.32 (m, 3H),
7.00 (d, J=7.6 Hz, 1H), 5.99 (dd, /= 11.7, 2.4 Hz, 1H), 5.75 (t, /= 4.0 Hz, 1H), 5.45 (t, /= 8.7 Hz,
1H), 4.48 (t, J = 6.1 Hz, 1H), 3.70 (s, 3H), 3.42 (d, J = 1.0 Hz, 3H), 3.25 (s, 3H), 3.07 (d, /= 13.4
Hz, 1H), 2.98 (dd, J = 19.3, 3.9 Hz, 1H), 2.67 (dt,J=17.9, 6.5 Hz, 1H), 2.55-2.49 (m, 2H), 2.45 (d,
J =13.4 Hz, 1H), 1.87 (s, 3H) ppm; °C NMR (125 MHz, CDCl3) &: 171.7, 170.6, 165.7, 136.5,
136.0, 133.1, 131.9, 131.3, 129.3, 128.5 (2C), 128.0, 127.9, 127.9, 123.9 (J'c.r = 290.0 Hz), 123.8,

84.0 (Fer = 26.1 Hz), 55.2, 53.9 (2C), 52.9, 52.3, 33.7, 32.7, 31.5, 21.4 ppm; IR (neat) ¥: 3407,
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3021, 2953, 2846, 1732, 1693, 1587, 1504 cm™; HRMS (ESI) m/z calcd. for CysHagFsNNaOg™

[(M+Na)'] 530.1761, found 530.1770; [a]p> +11.0 (c 1.88, CHCls).

<Scheme 51>
Dimethyl
(5)-9-methyl-8-((R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanamido)-1,3,7,8-tetrahydro-2 H-b
enzo|[7]annulene-2,2-dicarboxylate (90)
A solution of (S,5)-90 (8.0 mg, 0.0202 mmol), 4N HCI in dioxane (0.0202 mL, 0.0809 mmol) in
MeOH (0.20 mL) was stirred at r.t. for 1 h. The reaction mixture was concentrated. A solution of the
crude amine hydrochloride, (S)-MTPA-CI (0.0075 mL, 0.040 mmol) and Et;N (0.0111 mL, 0.0800
mmol) in CH,Cl, (0.20 mL) was stirred at r.t. for 1 h. The reaction was quenched with H,O and
extracted with EtOAc. The organic layer was dried over MgSQO,, filtered and concentrated. The
residue was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give
90 (2.2 mg, 22% yield, 2 steps) as a colorless oil.
Spectral data of 90: 'H NMR (500 MHz, CDCls) 8: 7.58 (d, J = 7.3 Hz, 2H), 7.39-7.32 (m, 3H),
7.00 (d, J=7.6 Hz, 1H), 5.99 (dd, J=11.7, 2.4 Hz, 1H), 5.75 (t, /= 3.9 Hz, 1H), 5.45 (t,J = 8.7 Hz,
1H), 4.48 (t, J = 6.0 Hz, 1H), 3.70 (s, 3H), 3.42 (d, J = 1.0 Hz, 3H), 3.25 (s, 3H), 3.07 (d, /= 13.4
Hz, 1H), 2.98 (dd, J=19.2, 3.8 Hz, 1H), 2.67 (dt,J=17.9, 6.5 Hz, 1H), 2.55-2.49 (m, 2H), 2.45 (d,
J =13.7 Hz, 1H), 1.87 (s, 3H) ppm; *C NMR (125 MHz, CDCl3) &: 171.7, 170.6, 165.7, 136.5,
136.0, 133.1, 131.9, 131.3, 129.3, 128.5 (2C), 128.0, 127.9, 127.9, 123.8 (J'c.r = 290.0 Hz), 123.8,
84.0 (Sc.r = 26.1 Hz), 55.2, 53.9 (2C), 52.9, 52.3, 33.7, 32.7, 31.5, 21.4 ppm; IR (neat) ¥: 3406,
3021, 2953, 2847, 1736, 1690, 1588, 1505 cm™; HRMS (ESI) m/z calcd. for CasHysF3sNNaOg"

[(M+Na)*] 530.1761, found 530.1771; [a]p™ -12.0 (¢ 1.49, CHCI5).
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Dimethyl
(5)-9-methyl-8-((:5)-3,3,3-trifluoro-2-methoxy-2-phenylpropanamido)-1,3,7,8-tetrahydro-2 H-b
enzo[7]annulene-2,2-dicarboxylate (91)

A solution of (5,5)-90 (7.0 mg, 0.0177 mmol), 4N HCI in dioxane (0.0177 mL, 0.0708 mmol) in
MeOH (0.18 mL) was stirred at r.t. for 1 h. The reaction mixture was concentrated. A solution of the
crude amine hydrochloride, (R)-MTPA-CI (0.0067 mL, 0.036 mmol) and Et;N (0.0100 mL, 0.0720
mmol) in CH,Cl, (0.18 mL) was stirred at r.t. for 1 h. The reaction was quenched with H,O and
extracted with EtOAc. The organic layer was dried over MgSQ,, filtered and concentrated. The
residue was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give
91 (2.3 mg, 25% yield, 2 steps) as a colorless oil.

Spectral data of 91: 'H NMR (500 MHz, CDCls) &: 7.52-7.51 (m, 2H), 7.38-7.35 (m, 3H), 7.07 (d, J
=17.3 Hz, 1H), 5.94 (d, J=12.0 Hz, 1H), 5.72 (t, J = 4.0 Hz, 1H), 5.35-5.30 (m, 1H), 4.47-4.44 (m,
1H), 3.73 (s, 3H), 3.70 (s, 3H), 3.38 (d, J = 1.2 Hz, 3H), 3.18 (d, J = 13.4 Hz, 1H), 3.03 (dd, J =
19.4, 4.0 Hz, 1H), 2.54-2.51 (m, 3H), 2.47 (d, J = 13.9 Hz, 1H), 2.00 (s, 3H) ppm; °C NMR (125
MHz, CDCls) 6: 171.9, 170.5, 165.8, 137.3, 136.1, 133.2, 132.2, 131.6, 129.4, 128.5 (2C), 127.7,
127.7, 127.4, 123.9 (J'c.k = 290.4 Hz), 123.3, 83.9 (J*c.r = 26.1 Hz), 55.3, 53.9, 53.9, 53.0, 52.7,
33.7, 32.7, 31.2, 21.4 ppm; IR (neat) ¥: 3410, 3021, 2954, 2847, 1739, 1693, 1587, 1504 cm™;
HRMS (ESI) m/z caled. for Co6HasF3sNNaOg™ [(M+Na)'] 530.1761, found 530.1774; [a]p”> +119.9

(c 0.90, CHCL).

<Scheme 52>
1-((zert-butyldimethylsilyl)oxy)-7,7-dimethoxy-5,5-dimethylhept-2-yn-4-ol (94)
To a solution of 3-((fert-butyldimethylsilyl)oxy)-1-propyne 93°° (23.6 g, 138 mmol) in THF (115
mL), was added n-BuLi (1.6 M in hexane, 79.1 mL, 127 mmol) at -78 °C. The mixture was stirred
at -78 °C for 1 h. To the mixture, was added 4,4-dimethoxy-2,2-dimethylbutanal 923 (18.5 g, 115
mmol) at -78 °C. The mixture was warmed to r.t. and stirred for 5 h. The reaction was quenched

with saturated NaHCOj3 aq. and extracted with EtOAc. The organic layer was washed with saturated
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NaHCOs; aq., dried over MgSQ, filtered and concentrated. The residue was purified by silica gel
column chromatography (Hexane/EtOAc = 100:0~75:25) to give 94 (17.5 g, 46% yield) as a brown
oil.

Spectral data of 94: "H NMR (500 MHz, CDCls) 8: 4.56 (dd, J = 6.8, 3.7 Hz, 1H), 4.37 (d, J=1.7
Hz, 2H), 4.11 (dt, J = 7.3, 1.7 Hz, 1H), 3.34 (s, 3H), 3.31 (s, 3H), 1.93 (dd, J = 14.5, 7.0 Hz, 1H),
1.56-1.52 (m, 1H), 1.06 (s, 3H), 1.03 (s, 3H), 0.90 (s, 9H), 0.12 (s, 6H) ppm; *C NMR (125 MHz,
CDCl;) o: 102.1, 84.5, 84.2,70.3, 52.7, 52.3, 51.9, 40.9, 37.6, 25.9 (3C), 25.0, 24.4, 18.4, -5.0, -5.1
ppm; IR (neat) ¥: 3437, 2956 cm’; HRMS (ESI) m/z caled. for C;7H34NaO4Si" [(M+Na)']

353.2119, found 353.2121.

5-(4,4-Dimethoxy-2-methylbutan-2-yl)-10,10,11,11-tetramethyl-2,4,9-trioxa-10-siladodec-6-yne
95

To a solution of 94 (1.00 g, 3.03 mmol) in THF (10 mL), was added NaH (60% dispersion in
mineral oil, 218 mg, 5.45 mmol) at 0 °C. The mixture was stirred at r.t. for 0.5 h. To the mixture,
was added MOMCI (0.368 mL, 4.84 mmol) at 0 °C. The mixture was stirred at 60 °C for 1 h. The
reaction mixture was poured into saturated NaHCOs aq. at 0 °C and extracted with EtOAc. The
organic layer was dried over MgSOy, filtered and concentrated. The residue was purified by silica
gel column chromatography (Hexane/EtOAc = 100:0~85:15) to give 95 (831 mg, 73% yield) as a
colorless oil.

Spectral data of 95: "H NMR (500 MHz, CDCl3) &: 4.96 (d, J = 6.8 Hz, 1H), 4.56 (d, J = 6.8 Hz,
1H), 4.53 (t, /= 5.4 Hz, 1H), 4.36 (d, J= 1.7 Hz, 2H), 4.09 (s, 1H), 3.38 (s, 3H), 3.30 (d, /= 1.7 Hz,
6H), 1.74 (d, J = 5.4 Hz, 2H), 1.05 (s, 6H), 0.90 (s, 9H), 0.11 (s, 6H) ppm; "C NMR (125 MHz,
CDCl) 6: 102.6, 94.4, 85.6, 81.8, 74.1, 56.0, 52.5, 52.2, 51.8, 40.0, 36.8, 25.9 (3C), 23.8, 23.6, 18.4,
-5.1 (2C) ppm; IR (neat) ¥: 2930 cm™'; HRMS (ESI) m/z caled. for CioH3sNaOsSi™ [(M+Na)']

397.2381, found 397.2380.
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7,7-Dimethoxy-4-(methoxymethoxy)-5,5-dimethylhept-2-yn-1-ol (96)

A solution of 95 (1.00 g, 2.67 mmol) and TBAF (1.0 M in THF, 3.20 mL, 3.20 mmol) in THF (8.9
mL) was stirred at r.t. for 10 min. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 70:30~50:50) to give 96 (508 mg, 73% yield) as a pale
yellow oil

Spectral data of 96: 'H NMR (600 MHz, CDCl;) &: 4.95 (d, J = 6.8 Hz, 1H), 4.57 (d, J = 7.8 Hz,
1H), 4.55 (t, /= 5.3 Hz, 1H), 4.31 (d, J=4.7 Hz, 2H), 4.11 (s, 1H), 3.39 (s, 3H), 3.31 (d, /= 1.2 Hz,
6H), 1.74 (d, J = 5.3 Hz, 2H), 1.58-1.57 (m, 1H), 1.05 (s, 6H) ppm; °C NMR (125 MHz, CDCl;) &:
102.6, 94.4, 85.5, 82.6, 74.0, 55.9, 52.5, 52.3, 51.0, 40.0, 36.8, 23.8, 23.7 ppm; IR (neat) V: 3435,

2937 cm’™'; HRMS (ESI) m/z caled. for Ci3H24NaOs™ [(M+Na)'] 283.1516, found 283.1517.

7,7-Dimethoxy-5,5-dimethylhepta-2,3-dien-1-o0l (97)

To a suspension of LiAlH4 (583 mg, 15.4 mmol) in Et,0 (38 mL), was added 96 (1.00 g, 3.84
mmol) at r.t. The mixture was refluxed for 1 h. The mixture was quenched with H,O (0.583 mL),
4N NaOH agq. (0.583 mL) and H,O (1.75 mL) at 0 °C. The mixture was stirred at r.t. for 0.5 h,
filtered through celite and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~70:30) to give 97 (335 mg, 44% yield) as a colorless oil
Spectral data of 97: 'H NMR (500 MHz, CDCl3) &: 5.43 (q, J = 5.9 Hz, 1H), 5.30-5.28 (m, 1H),
4.51 (t,J=5.0 Hz, 1H), 4.12-4.09 (m, 2H), 3.29 (s, 3H), 3.28 (s, 3H), 2.11 (t, /= 6.2 Hz, 1H), 1.71
(dd, J=14.2, 4.6 Hz, 1H), 1.64 (dd, J = 14.2, 5.6 Hz, 1H), 1.07 (s, 3H), 1.06 (s, 3H) ppm; *C NMR
(125 MHz, CDCls) &: 201.1, 104.1, 102.6, 94.1, 60.8, 52.4, 51.7, 44.4, 33.4, 28.8, 28.6 ppm; IR
(neat) ¥: 3419, 2959, 1961 cm™; HRMS (EI) m/z caled. for CoH 705 [(M-Me)'] 185.1178, found

185.1177.

Dimethyl 2-(but-2-yn-1-yl)-2-(7,7-dimethoxy-5,5-dimethylhepta-2,3-dien-1-yl)malonate (100)
To a solution of 97 (501 mg, 2.50 mmol) and Et;N (0.520 mL, 3.75 mmol) in CH,Cl, (13 mL), was

added MsCl (0.234 mL, 3.75 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 0.5 h. The
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reaction was quenched with saturated NaHCO; aq. and extracted with EtOAc. The organic layer
was dried over MgSQOy, filtered and concentrated to give a crude mesylate 98 as a pale brown oil. To
a suspension of NaH (60% dispersion in mineral oil, 150 mg, 3.75 mmol) in THF (13 mL), was
added 99°° (691 mg, 3.75 mmol) at 0 °C. The mixture was stirred at 0 °C for 10 min. To the mixture,
was added the mesylate 98 at 0 °C. The reaction mixture was stirred at r.t. for 20 h. The reaction
was quenched with saturated NH4ClI aq. and extracted with EtOAc. The organic layer was dried
over MgSO,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 95:5~75:25) to afford 100 (726 mg, 79% yield, 2 steps) as a
colorless oil.

Spectral data of 100: "H NMR (500 MHz, CDCl3) 8: 5.11 (dt, J= 6.3, 2.4 Hz, 1H), 4.97 (td, /= 7.8,
6.3 Hz, 1H), 4.43 (t,J=5.1 Hz, 1H), 3.74 (s, 3H), 3.73 (s, 3H), 3.29 (s, 3H), 3.29 (s, 3H), 2.81-2.80
(m, 2H), 2.76 (dd, J = 7.8, 2.4 Hz, 2H), 1.75 (t, J = 2.4 Hz, 3H), 1.63 (d, J = 5.1 Hz, 2H), 1.04 (s,
6H) ppm; °C NMR (125 MHz, CDCls) &: 203.8, 170.6, 170.6, 103.0, 101.6, 86.7, 79.1, 73.4, 57.5,
52.8, 52.8, 52.5, 52.4, 45.1, 33.3, 32.9, 28.5, 28.3, 23.2, 3.6 ppm; IR (neat) V: 2956, 1962, 1739

cm’'; HRMS (ESI) m/z caled. for Co0H3oNaOg™ [(M+Na)'] 389.1935, found 389.1933.

Dimethyl
(E)-2-(but-2-yn-1-yl)-2-(7-((tert-butanesulfinyl)imino)-5,5-dimethylhepta-2,3-dien-1-yl)malona
te (6p)

A solution of 100 (700 mg, 1.91 mmol) and HCO,H (2.20 mL, 57.3 mmol) in CH,Cl, (19 mL) was
stirred at r.t. for 12 h. The reaction was quenched with saturated NaHCO3 aq. and extracted with
EtOAc. The organic layer was washed with saturated NaHCOj; aq., dried over MgSQy, filtered and
concentrated to give a crude aldehyde as a pale brown oil. A suspension of the aldehyde,
t-butanesulfinamide (278 mg, 2.29 mmol), PPTS (48.0 mg, 0.191 mmol) and MgSO4 (1.15 g, 9.55
mmol) in toluene (6.4 mL) was stirred at 50 °C for 1 h. The reaction mixture was filtered and
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =

95:5~70:30) to give 6p (513 mg, 63% yield, dr = 1:1, 2 steps) as a colorless oil.

154



Experiment of Chapter 1

Spectral data of 6p: Diastereomixture (1:1); 'H NMR (500 MHz, CDCls) &: 8.07 (t, J= 5.6 Hz, 1H
and 1H), 5.17-5.14 (m, 1H and 1H), 5.06-5.00 (m, 1H and 1H), 3.73 (s, 3H and 3H), 3.73 (s, 3H
and 3H), 2.80-2.76 (m, 4H and 4H), 2.58-2.48 (m, 2H and 2H), 1.74 (t, J = 2.6 Hz, 3H and 3H),
1.20 (d, J = 1.2 Hz, 9H and 9H), 1.13-1.12 (m, 6H and 6H) ppm; >C NMR (125 MHz, CDCl;) &:
203.8, 203.8, 170.5, 170.5, 168.4, 168.3, 100.9, 100.8, 87.7, 79.2, 79.2, 73.3, 73.3, 57.4, 57.4, 56.7,
56.7,52.8,52.8, 48.7, 48.7, 34.9, 34.8, 32.7, 32.7, 28.6, 28.6, 27.9, 27.9, 23.3, 22.6, 22.5, 3.6 ppm;
IR (neat) ¥: 2959, 1963, 1739, 1619 cm™; HRMS (ESI) m/z caled. for Cp,H33sNNaOsS™ [(M+Na)]

446.1972, found 446.1970.

<Scheme 53>

Dimethyl 2-(7,7-dimethoxyhepta-2,3-dien-1-yl)-2-(pent-3-yn-1-yl)malonate (103)

To a suspension of NaH (60% dispersion in mineral oil, 263 mg, 6.58 mmol) in DMF (18 mL), was
added dimethyl 2-(pent-3-yn-1-yl)malonate 101°° (1.31 g, 6.58 mmol) at 0 °C. The mixture was
stirred at 0 °C for 0.5 h. To the mixture, were added 7,7-dimethoxyhepta-2,3-dien-1-yl
methanesulfonate 102%° (1.37 g, 5.49 mmol) and Nal (1.23 g, 8.23 mmol) at 0 °C. The reaction
mixture was stirred at r.t. for 20 h. The reaction was quenched with H,O and extracted with EtOAc.
The organic layer was washed with H,O, dried over MgSOs, filtered and concentrated. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 95:5~70:30) to give 103 (1.11
g, 57% yield) as a pale brown oil.

Spectral data of 103: 'H NMR (600 MHz, CDCls) &: 5.14-5.11 (m, 1H), 4.95-4.90 (m, 1H), 4.38 (t,
J=5.6 Hz, 1H), 3.72 (s, 3H), 3.72 (s, 3H), 3.32 (s, 6H), 2.61 (dd, /= 8.2, 2.3 Hz, 2H), 2.18-2.16 (m,
2H), 2.12-2.08 (m, 2H), 2.05-2.01 (m, 2H), 1.75 (t, J = 2.3 Hz, 3H), 1.71-1.68 (m, 2H) ppm; "°C
NMR (125 MHz, CDCls) 6: 205.8, 171.3 (2C), 104.1, 90.6, 85.4, 77.9, 76.3, 57.2, 53.0 (2C), 52.6,
52.6, 32.8, 32.0, 31.8, 23.9, 14.2, 3.6 ppm; IR (neat) ¥: 2952, 1963, 1735 cm™'; HRMS (EI) m/z

calcd. for C13H»504 [(M-Me)+] 337.1651, found 337.1655.
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Dimethyl 2-(7-oxohepta-2,3-dien-1-yl)-2-(pent-3-yn-1-yl)malonate (1q)

A solution of 103 (1.11 g, 3.14 mmol) and HCO,H (3.61 mL, 94.2 mmol) in CH,Cl, (31 mL) was
stirred at r.t. for 20 h. The reaction mixture was quenched with saturated NaHCOs3 aq. and extracted
with CHCIs. The organic layer was dried over MgSQOys, filtered and concentrated. The residue was
purified by silica gel column chromatography (Hexane/EtOAc = 95:5~70:30) to give 1q (875 mg,
91% yield) as a colorless oil.

Spectral data of 1q: "H NMR (600 MHz, CDCls) 8: 9.78 (s, 1H), 5.20-5.17 (m, 1H), 5.00-4.96 (m,
1H), 3.72 (s, 6H), 2.61 (d, J = 7.6 Hz, 2H), 2.56 (t, J = 7.0 Hz, 2H), 2.33-2.29 (m, 2H), 2.18-2.15
(m, 2H), 2.10-2.09 (m, 2H), 1.75 (s, 3H) ppm; >C NMR (125 MHz, CDCls) &: 205.8, 201.7, 171.2,
171.2, 89.8, 86.6, 77.8, 76.4, 57.1, 52.6, 52.6, 42.7, 32.6, 31.9, 21.2, 14.2, 3.6 ppm; IR (neat) V:
2953, 1964, 1733 cm'l; HRMS (ESI) m/z calcd. for C7HpNaOs" [(M+Na)+] 329.1359, found

329.1360.

Dimethyl (E)-2-(7-((tert-butanesulfinyl)imino)hepta-2,3-dien-1-yl)-2-(pent-3-yn-1-yl)malonate
(69)

A suspension of 1q (875 mg, 2.86 mmol), #-butanesulfinamide (415 mg, 3.43 mmol), PPTS (71.8
mg, 0.286 mmol) and MgSO, (1.72 g, 14.3 mmol) in toluene (9.0 mL) was stirred at 40 °C for 1 h.
The reaction mixture was filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 6q (1.17 g, quant., dr = 1:1) as a pale
yellow oil.

Spectral data of 6q: Diastereomixture (1:1); '"H NMR (500 MHz, CDCl;) &: 8.09 (t, J = 4.3 Hz, 1H
and 1H), 5.19-5.17 (m, 1H and 1H), 4.99-4.95 (m, 1H and 1H), 3.72 (s, 6H and 6H), 2.63-2.61 (m,
4H and 4H), 2.34-2.31 (m, 2H and 2H), 2.18-2.15 (m, 2H and 2H), 2.10-2.09 (m, 2H and 2H),
1.76-1.75 (m, 3H and 3H), 1.19 (s, 9H and 9H) ppm; *C NMR (125 MHz, CDCl;) &: 205.8, 205.8,
171.2, 168.7, 168.6, 89.9, 89.9, 86.3, 86.3, 77.7, 76.3, 57.1, 56.7, 52.6, 35.4, 35.4, 32.6, 31.9, 31.8,
24.5,24.4,22.4,14.2, 3.6 ppm; IR (neat) v: 2953, 1963, 1733, 1623 cm'l; HRMS (ESI) m/z calcd.

for C,;H3NNaOsS" [(M+Na)'] 432.1815, found 432.1814.
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<Scheme 54>

Dimethyl 2-(7,7-dimethoxy-5,5-dimethylhepta-2,3-dien-1-yl)-2-(pent-3-yn-1-yl)malonate (104)
To a solution of 97 (501 mg, 2.50 mmol) and Et;N (0.520 mL, 3.75 mmol) in CH,Cl, (13 mL), was
added MsCl (0.234 mL, 3.75 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 0.5 h. The
reaction was quenched with saturated NaHCO; aq. and extracted with EtOAc. The organic layer
was dried over MgSQy, filtered and concentrated to give a crude mesylate 98 as a pale brown oil. To
a suspension of NaH (60% dispersion in mineral oil, 120 mg, 3.00 mmol) in DMF (13 mL), was
added 101°° (595 mg, 3.00 mmol) at 0 °C. The mixture was stirred at 0 °C for 0.5 h. To the mixture,
were added the mesylate 98 and Nal (562 mg, 3.75 mmol) at 0 °C. The reaction mixture was stirred
at r.t. for 2 h. The reaction was quenched with saturated NaHCO; aq. and extracted with EtOAc.
The organic layer was washed with H,O, dried over MgSQy, filtered and concentrated. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 95:5~80:20) to give 104 (782
mg, 82% yield, 2 steps) as a colorless oil.

Spectral data of 104: "H NMR (500 MHz, CDCls) &: 5.13-5.11 (m, 1H), 4.97 (dd, J = 14.0, 7.7 Hz,
1H), 4.42 (t, J = 5.1 Hz, 1H), 3.72 (s, 3H), 3.72 (s, 3H), 3.29 (s, 6H), 2.68-2.59 (m, 2H), 2.19-2.16
(m, 2H), 2.11-2.08 (m, 2H), 1.75 (t, J = 2.3 Hz, 3H), 1.62 (d, J = 5.1 Hz, 2H), 1.04 (s, 3H), 1.03 (s,
3H) ppm; °C NMR (125 MHz, CDCls) &: 203.6, 171.3, 171.3, 103.0, 101.7, 86.8, 77.8, 76.3, 57.2,
52.6, 52.6, 52.5, 52.4, 45.1, 33.3, 33.1, 31.9, 28.5, 28.3, 14.2, 3.6 ppm; IR (neat) V: 2955, 1961,

1733 cm™'; HRMS (ESI) m/z caled. for Co1H3NaOg' [(M+Na)'] 403.2091, found 403.2090.

Dimethyl
(E)-2-(7-((tert-butanesulfinyl)imino)-5,5-dimethylhepta-2,3-dien-1-yl)-2-(pent-3-yn-1-yl)malon
ate (6r)

A solution of 104 (720 mg, 1.89 mmol) and HCO,H (2.18 mL, 56.8 mmol) in CH,Cl, (19 mL) was
stirred at r.t. for 20 h. The reaction was quenched with saturated NaHCO; aq. and extracted with
EtOAc. The organic layer was washed with NaHCO; aq., dried over MgSQO,, filtered and

concentrated to give a crude aldehyde 1r as a pale brown oil. A suspension of the aldehyde 1r,
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t-butanesulfinamide (275 mg, 2.27 mmol), PPTS (47.5 mg, 0.189 mmol) and MgSO4 (1.14 g, 9.46
mmol) in toluene (9.5 mL) was stirred at 50 °C for 1 h. The reaction mixture was filtered and
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~70:30) to give 6r (643 mg, 78% yield, dr = 1:1, 2 steps) as a colorless oil.

Spectral data of 6r: Diastereomixture (1:1); "H NMR (500 MHz, CDCls) &: 8.07 (t, J = 5.6 Hz, 1H),
5.18-5.15 (m, 1H), 5.06-5.00 (m, 1H), 3.72 (s, 6H), 2.68-2.59 (m, 2H), 2.56-2.47 (m, 2H), 2.18-2.15
(m, 2H), 2.11-2.09 (m, 2H), 1.75 (t, J = 2.2 Hz, 3H), 1.20 (s, 9H), 1.13-1.12 (m, 6H) ppm; “C
NMR (125 MHz, CDCls) &: 203.5, 171.2, 171.1, 168.3, 168.3, 100.9, 100.9, 87.8, 77.7, 76.3, 57.1,
57.1,56.7, 52.6, 52.6, 48.7, 48.6, 34.9, 34.9, 32.9, 32.9, 31.9, 28.6, 28.5, 28.0, 28.0, 22.5, 22.5, 14.2,
3.6 ppm; IR (neat) V: 2958, 1962, 1733, 1619 cm’'; HRMS (ESI) m/z caled. for Co3H3sNNaOsS”

[(M+Na)"] 460.2128, found 460.2125.
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Chapter 2

<Section 1>

<Scheme 56>
Dimethyl
(E)-5-((E)-5-((tert-butanesulfinyl)imino)pentylidene)-4-(2,2-dimethylcyclopropyl)cyclohex-3-e
ne-1,1-dicarboxylate (109a)
Spectral data of 109a: "H NMR (600 MHz, CDCl;) &: 8.10 (t, J=4.7 Hz, 1H), 5.63 (t, J = 7.6 Hz,
1H), 5.44 (s, 1H), 3.72 (s, 3H), 3.62 (s, 3H), 3.07 (d, /= 14.6 Hz, 1H), 2.80 (dd, J = 17.6, 4.7 Hz,
1H), 2.66 (d, J = 14.6 Hz, 1H), 2.61-2.55 (m, 3H), 2.33-2.21 (m, 2H), 1.79-1.75 (m, 2H), 1.20 (s,
10H), 1.15 (s, 3H), 0.69 (s, 3H), 0.51-0.46 (m, 2H) ppm; *C NMR (150 MHz, CDCl;) &: 172.1,
171.2, 169.4, 169.4, 136.7, 133.3, 126.2, 122.2, 56.6, 54.2, 52.8, 52.6, 35.9, 31.6, 31.4, 27.9, 27.2,
26.8, 25.6, 22.5 (3C), 19.2, 17.3, 16.9 ppm; IR (neat) V: 2952, 1737, 1623 cm'l; HRMS (ESI) m/z

calcd. for C,4H37NNaOsS™ [(M+Na)'] 474.2285, found 474.2281.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
105a (67.7 mg, 0.150 mmol) and [Rh(dppp)(nbd)]CIlO4 (10.6 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

80:20~0:100) to give 105a (17.9 mg, 26% yield) as a pale yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
105a (67.7 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]CIO4 (13.8 mg, 0.0150 mmol) in

CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was obtained as a complex mixture.

According to the general procedure (1) for cyclization, a crude product, which was prepared from

105a (67.7 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]ClO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
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(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~0:100) to give 109a (24.1 mg, 36% yield) as a pale yellow oil.

<Scheme 57>

Dimethyl

4-(tert-butanesulfinyl)-1,2,3,3a,4,5,7,9-octahydro-8 H-cyclopenta|c]isoquinoline-8,8-dicarboxyl

ate (108b)

Spectral data of 108b: 'H NMR (500 MHz, CDCl3) &: 5.44 (s, 1H), 4.21 (d, J = 14.4 Hz, 1H),
3.88-3.86 (m, 1H), 3.72 (s, 3H), 3.69 (s, 3H), 3.56 (dd, J = 14.5, 1.8 Hz, 1H), 2.88 (d, /= 15.1 Hz,
1H), 2.76 (d, J = 17.8 Hz, 1H), 2.64-2.60 (m, 2H), 2.42 (d, J = 8.5 Hz, 2H), 2.20-2.16 (m, 1H),
1.95-1.88 (m, 1H), 1.78-1.60 (m, 2H), 1.20 (s, 9H) ppm; *C NMR (125 MHz, CDCl;) &: 171.8,
171.5,139.7,131.1, 122.0, 116.6, 62.7, 59.8, 53.9, 52.9, 52.8, 45.5, 32.1, 31.8, 30.8, 26.8, 23.6 (3C),
22.2 ppm; IR (neat) V: 2955, 1736, 1623 cm™; HRMS (ESI) m/z caled. for CaHaoNNaOsS”

[(M+Na)"] 418.1659, found 418.1659.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
105b (59.3 mg, 0.150 mmol) and [Rh(dppp)(nbd)]ClO4 (10.6 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~0:100) to give 105b (18.4 mg, 31% yield) as a pale yellow oil and 108b (4.0 mg, 7% yield)

as a yellow oil.

According to the general procedure (1) for cyclization, a crude product, which was prepared from
105b (59.3 mg, 0.150 mmol) and [Rh(rac-binap)(nbd)]C1Os (13.8 mg, 0.0150 mmol) in
CICH,CH,Cl (1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography

(Hexane/EtOAc = 90:10~0:100) to give 108b (1.4 mg, 2% yield) as a yellow oil.
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According to the general procedure (1) for cyclization, a crude product, which was prepared from
105b (59.3 mg, 0.150 mmol) and [Rh(dppbz)(nbd)]CIlO4 (11.1 mg, 0.0150 mmol) in CICH,CH,Cl
(1.50 mL) at 80 °C for 3 h, was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~0:100) to give 108b (9.1 mg, 15% yield) as a pale yellow oil.

<Scheme 59>
Dimethyl
(E)-2-(7-((tert-butanesulfinyl)imino)hept-2-yn-1-yl)-2-(5,5-dimethylhexa-2,3-dien-1-yl)malonat
e (105a)
A suspension of 132> (1.50 g, 4.30 mmol), #-butanesulfinamide (626 mg, 5.17 mmol), PPTS (108
mg, 0.430 mmol) and MgSO;4 (2.59 g, 21.5 mmol) in toluene (14 mL) was stirred at 50 °C for 6 h.
The reaction mixture was filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~70:30) to give 105a (1.39 g, 72% yield, dr = 1:1) as a
colorless oil.
Spectral data of 105a: Diastereomixture (1:1); 'H NMR (600 MHz, CDCl5) &: 8.08 (t, J = 4.4 Hz,
1H), 5.10-5.09 (m, 1H), 4.93 (q, J = 7.2 Hz, 1H), 3.73 (d, J = 2.3 Hz, 6H), 2.86-2.80 (m, 2H),
2.76-2.74 (m, 2H), 2.62-2.59 (m, 2H), 2.23 (t, /= 6.7 Hz, 2H), 1.82-1.77 (m, 2H), 1.19 (s, 9H), 1.02
(s, 9H) ppm; *C NMR (150 MHz, CDCl3) &: 203.3, 170.5 (2C), 168.9, 103.1, 86.3, 82.4, 75.7, 57.5,
56.7, 52.8, 52.8, 35.0, 32.9, 31.8, 30.2 (3C), 24.7, 23.2, 22.5 (3C), 18.3 ppm; IR (neat) V: 2957,
2241, 1961, 1739, 1624 cm™'; HRMS (ESI) m/z caled. for Cy4H37NNaOsS™ [(M+Na)'] 474.2285,

found 474.2281.

<Scheme 61>
Dimethyl 2-(buta-2,3-dien-1-yl)-2-(7-((fert-butyldimethylsilyl)oxy)hept-2-yn-1-yl)malonate
(119)
To a suspension of NaH (60% dispersion in mineral oil, 0.636 g, 26.5 mmol) in THF (84 mL), was

added 117°* (6.75 g, 18.9 mmol) at 0 °C. To the mixture, was added 118*° (3.74 g, 25.2 mmol) at 0
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°C. The reaction mixture was stirred at r.t. for 14 h. The reaction was quenched with saturated
NH4Cl aq. and extracted with EtOAc. The organic layer was dried over MgSQO,, filtered and
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
95:5~85:15) to give 119 (5.37 g, 69% yield) as a brown oil.

Spectral data of 119: '"H NMR (600 MHz, CDCls) &: 4.98-4.93 (m, 1H), 4.67-4.65 (m, 2H), 3.73 (s,
6H), 3.61 (t,J = 6.2 Hz, 2H), 2.81 (t, J = 2.1 Hz, 2H), 2.75 (td, J = 5.3, 2.7 Hz, 2H), 2.15-2.13 (m,
2H), 1.60-1.48 (m, 4H), 0.89 (s, 9H), 0.04 (s, 6H) ppm; *C NMR (150 MHz, CDCl3) &: 210.2,
170.5 (2C), 84.1, 83.7, 74.7, 74.4, 62.8, 57.7, 52.8 (2C), 32.0, 31.9, 26.1 (3C), 25.4, 23.2, 18.6, 18.5,
-5.2 (2C) ppm; IR (neat) V: 2953, 1956, 1739 cm™; HRMS (ESI) m/z caled. for CyH3¢NaOsSi”

[(M+Na)] 431.2224, found 431.2220.

Dimethyl 2-(buta-2,3-dien-1-yl)-2-(7-hydroxyhept-2-yn-1-yl)malonate (120)

A solution of 119 (5.37 g, 13.1 mmol) and TBAF (1.0 M in THF, 15.8 mL, 15.8 mmol) in THF (44
mL) was stirred at r.t. for 1 h. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 80:20~50:50) to give 120 (3.85 g, quant.) as a colorless
oil.

Spectral data of 120: '"H NMR (500 MHz, CDCls) &: 4.97-4.91 (m, 1H), 4.66-4.65 (m, 2H), 3.72 (d,
J=1.2Hz, 6H), 3.63 (td, J = 6.4, 1.6 Hz, 2H), 2.79-2.79 (m, 2H), 2.74-2.72 (m, 2H), 2.17-2.14 (m,
2H), 1.66-1.60 (m, 3H), 1.55-1.50 (m, 2H) ppm; *C NMR (125 MHz, CDCl;) &: 210.2, 170.5 (2C),
84.0, 83.5, 74.8, 74.7, 62.5, 57.7, 52.8 (2C), 31.9, 31.8, 25.1, 23.2, 18.5 ppm; IR (neat) V: 3410,
2952, 1955, 1737 cm™; HRMS (ESI) m/z caled. for Ci¢Hy,NaOs™ [(M+Na)'] 317.1359, found

317.1357.

Dimethyl 2-(buta-2,3-dien-1-yl)-2-(7-oxohept-2-yn-1-yl)malonate (13b)
A suspension of 120 (3.85 g, 13.1 mmol), DMP (7.77 g, 18.3 mmol) and NaHCOs (1.65 g, 19.6
mmol) in CH,Cl, (44 mL) was stirred at r.t. for 3 h. The reaction was quenched with saturated

NayS,0; aq. and extracted with EtOAc. The organic layer was washed with saturated NaHCO; aq.,
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dried over MgSQ,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~70:30) to give 13b (3.19 g, 84% yield) as a colorless oil.

Spectral data of 13b: "H NMR (500 MHz, CDCl;) 6: 9.79 (t, J = 1.3 Hz, 1H), 4.97-4.92 (m, 1H),
4.68-4.66 (m, 2H), 3.73 (s, 6H), 2.81 (t,J = 2.3 Hz, 2H), 2.74 (dt, J = 8.0, 2.3 Hz, 2H), 2.55 (td, J =
7.3, 1.2 Hz, 2H), 2.23-2.19 (m, 2H), 1.81-1.75 (m, 2H) ppm; *C NMR (125 MHz, CDCl5) &: 210.3,
202.1, 170.4 (2C), 84.0, 82.5, 75.6, 74.8, 57.5, 52.8 (2C), 42.8, 31.9, 23.1, 21.4, 18.2 ppm; IR (neat)
v: 2953, 1955, 1738 cm'l; HRMS (ESI) m/z calcd. for C6H2 05" [(M+H)+] 293.1384, found

293.1383.

Dimethyl (E)-2-(buta-2,3-dien-1-yl)-2-(7-((tert-butanesulfinyl)imino)hept-2-yn-1-yl)malonate
(105b)

A suspension of 13b (1.32 g, 4.50 mmol), #-butanesulfinamide (654 mg, 5.40 mmol), PPTS (113 mg,
0.450 mmol) and MgSO4 (2.71 g, 22.5 mmol) in toluene (15 mL) was stirred at 50 °C for 1 h. The
reaction mixture was filtered through a short silica gel pad and concentrated. The residue was
purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give 105b (1.54 g,
86% yield) as a colorless oil.

Spectral data of 105b: "H NMR (500 MHz, CDCls) &: 8.08 (t, J = 4.4 Hz, 1H), 4.98-4.92 (m, 1H),
4.68-4.66 (m, 2H), 3.73 (s, 6H), 2.82 (t,J = 2.3 Hz, 2H), 2.76-2.73 (m, 2H), 2.61 (td, /= 7.3, 4.4 Hz,
2H), 2.23 (t, J= 6.6 Hz, 2H), 1.82-1.77 (m, 2H), 1.19 (s, 9H) ppm; >C NMR (125 MHz, CDCl;) &:
210.3, 170.4 (2C), 168.9, 84.0, 82.5, 75.5, 74.8, 57.6, 56.7, 52.8 (2C), 35.0, 31.9, 24.6, 23.2 (3C),
22.5, 18.3 ppm; IR (neat) V: 2953, 1955, 1738, 1624 cm™'; HRMS (ESI) m/z caled. for

CroHaoNNaOsS" [(M+Na)'] 418.1659, found 418.1655.
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<Section 2>

<Scheme 63>
Dimethyl
(R,Z)-2'-(((S)-tert-butanesulfinyl)amino)-5-methylene-(1,1'-bi(cyclopentylidene))-3,3-dicarbox
ylate (125a)
Spectral data of 125a: '"H NMR (500 MHz, CDCl3) &: 5.36 (s, 1H), 5.11 (s, 1H), 4.49-4.47 (br m,
1H), 3.73 (d, /= 1.0 Hz, 6H), 3.19 (d, J = 8.3 Hz, 1H), 3.03 (s, 2H), 2.94 (s, 2H), 2.38-2.23 (m, 3H),
1.85-1.78 (m, 3H), 1.18 (s, 9H) ppm; °C NMR (125 MHz, CDCl3) &: 172.0, 171.9, 143.7, 139.6,
132.6, 110.7, 58.7, 57.4, 56.6, 53.0, 53.0, 43.1, 40.9, 36.3, 32.0, 22.9 (3C), 22.0 ppm; IR (neat) V:
3222, 2954, 1738, 1622 cm™; HRMS (ESI) m/z caled. for CoH2oNNaOsS™ [(M+Na)*] 418.1659,

found 418.1657; [a]p™ -104.9 (¢ 1.59, CHCl)).

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BFs (6.09 mg, 0.0150 mmol) and DPPE (5.98 mg,
0.0150 mmol) in CICH,CH,CI (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give (S)-121a (53.8 mg, 94% yield) as a pale

yellow oil.

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(85)-121a (57.5 mg, 0.150 mmol), [Rh(cod);]BFs (6.09 mg, 0.0150 mmol) and DPPP (6.19 mg,
0.0150 mmol) in CICH,CH,CI (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give (S)-121a (56.6 mg, 98% yield) as a pale

yellow oil.

According to the general procedure (2) for cyclization, a crude product, which was prepared from

(S)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and DPPBz (6.70 mg,
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0.0150 mmol) in CICH,CH,CI (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give (S)-121a (55.5 mg, 97% yield) as a pale

yellow oil.

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121a (57.5 mg, 0.150 mmol), [Rh(cod),|BF, (6.09 mg, 0.0150 mmol) and BIPHEP (7.84 mg,
0.0150 mmol) in CICH,CH,CI (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125a (7.9 mg, 14% yield, dr =>20:1) as a

pale yellow oil and (S)-121a (9.2 mg, 16% yield) as a pale yellow oil.

<Table 12>
<Entry 1>
According to the general procedure (2) for cyclization, a crude product, which was prepared from
(8)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (R)-BINAP (9.34 mg,
0.0150 mmol) in CICH,CH,CI (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give (S)-121a (55.5 mg, 97% yield) as a pale

yellow oil.

<Entry 2>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(8)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (R)-Tol-BINAP (10.2
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125a (1.1 mg, 2% yield, dr = >20:1) as a

pale yellow oil and (S5)-121a (55.6 mg, 97% yield) as a pale yellow oil.
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<Entry 3>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (R)-Xyl-BINAP (11.0
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give (S)-121a (55.8 mg, 97% yield) as a pale

yellow oil.

<Entry 4>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (R)-Hs-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125a (1.0 mg, 2% yield, dr = >20:1) as a

pale yellow oil and (S)-121a (53.4 mg, 93% yield) as a pale yellow oil.

<Entry 5>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(8)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-BINAP (9.34 mg,
0.0150 mmol) in CICH,CH,CI (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125a (33.0 mg, 57% yield, dr = >20:1) as

a pale yellow oil.

<Entry 6>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(8)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Tol-BINAP (10.2
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125a (30.2 mg, 53% yield, dr = >20:1) as

a pale yellow oil.
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<Entry 7>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Xyl-BINAP (11.0
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125a (34.5 mg, 60% yield, dr = >20:1) as

a pale yellow oil and (S)-121a (20.3 mg, 35% yield) as a pale yellow oil.

<Entry 8>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hs-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125a (50.5 mg, 88% yield, dr = >20:1) as

a pale yellow oil and (S)-121a (<2.6 mg, <5% yield) as a pale yellow oil.

<Entry 9>

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(8)-121a (57.5 mg, 0.150 mmol), [Rh(cod),]ClO4 (6.28 mg, 0.0150 mmol) and (S)-Hg-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125a (44.9 mg, 78% yield, dr = >20:1) as

a pale yellow oil.

<Scheme 67>
Dimethyl 2-allyl-2-(7-((tert-butyldimethylsilyl)oxy)hept-2-yn-1-yl)malonate (137)
To a suspension of NaH (60% dispersion in mineral oil, 119 mg, 2.99 mmol) in THF (11 mL), was
added dimethyl allylmalonate (0.343 mL, 2.13 mmol) at 0 °C. To the mixture, was added 136°*°
(684 mg, 2.13 mmol) at 0 °C. The reaction mixture was stirred at r.t. for 20 h. The reaction was

quenched with saturated NH4ClI aq. and extracted with EtOAc. The organic layer was dried over
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MgSOs,, filtered and concentrated. The residue was purified by silica gel column chromatography
(Hexane/EtOAc = 95:5~85:15) to give 137 (727 mg, 86% yield) as a colorless oil.

Spectral data of 137: "H NMR (600 MHz, CDCl3) 8: 5.67-5.60 (m, 1H), 5.17-5.10 (m, 2H), 3.72 (s,
6H), 3.61 (t, J= 6.2 Hz, 2H), 2.79-2.75 (m, 4H), 2.16-2.13 (m, 2H), 1.60-1.48 (m, 4H), 0.89 (s, 9H),
0.04 (s, 6H) ppm; *C NMR (125 MHz, CDCls) &: 170.6 (2C), 132.2, 119.7, 83.7, 74.5, 62.8, 57.5,
52.8 (20), 36.8, 32.0, 26.1 (3C), 25.5, 23.2, 18.6, 18.5, -5.2 (2C) ppm; IR (neat) V: 2953, 1740,

1642 cm™'; HRMS (ESI) m/z caled. for C2H3sNaOsSi™ [(M+Na)'] 419.2224, found 419.2220.

Dimethyl 2-allyl-2-(7-hydroxyhept-2-yn-1-yl)malonate (138)

A solution of 137 (710 mg, 1.79 mmol) and TBAF (1.0 M in THF, 2.15 mL, 2.15 mmol) in THF
(6.0 mL) was stirred at r.t. for 0.5 h. The reaction mixture was concentrated and purified by silica
gel column chromatography (Hexane/EtOAc = 80:20~60:40) to give 138 (465 mg, 92% yield) as a
colorless oil.

Spectral data of 138: "H NMR (600 MHz, CDCl3) &: 5.66-5.59 (m, 1H), 5.17-5.11 (m, 2H), 3.73 (s,
6H), 3.66 (t, J = 6.4 Hz, 2H), 2.79-2.76 (m, 4H), 2.19-2.16 (m, 2H), 1.68-1.63 (m, 2H), 1.57-1.54
(m, 3H) ppm; *C NMR (125 MHz, CDCl3) &: 170.7 (2C), 132.1, 119.8, 83.5, 74.8, 62.5, 57.4, 52.8
(2C), 36.8, 31.8, 25.2, 23.2, 18.5 ppm; IR (neat) ¥: 3437, 2952, 1738, 1642 cm™'; HRMS (ESI) m/z

calcd. for C1sH,,NaOs" [(M+Na)+] 305.1359, found 305.1361.

Dimethyl 2-allyl-2-(7-oxohept-2-yn-1-yl)malonate (139a)

A suspension of 138 (450 mg, 1.59 mmol), DMP (946 mg, 2.23 mmol) and NaHCO; (201 mg, 2.39
mmol) in CH,Cl, (16 mL) was stirred at r.t. for 2 h. The reaction was quenched with saturated
NayS,0; aq. and extracted with CHCl;. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQO,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 80:20~60:40) to give 139a (372 mg, 83% yield) as a colorless

oil.
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Spectral data of 139a: 'H NMR (600 MHz, CDCls) &: 9.80 (s, 1H), 5.66-5.59 (m, 1H), 5.17-5.11 (m,
2H), 3.73 (s, 6H), 2.78-2.76 (m, 4H), 2.56 (td, /= 7.3, 1.2 Hz, 2H), 2.23-2.20 (m, 2H), 1.81-1.76 (m,
2H) ppm; °C NMR (125 MHz, CDCls) &: 202.0, 170.5 (2C), 132.0, 119.8, 82.4, 75.7, 57.3, 52.8
(2C), 42.8, 36.8, 23.2, 21.4, 18.2 ppm; IR (neat) V: 2954, 1737, 1642 cm’': HRMS (ESI) m/z calcd.

for C15sH,0NaOs" [(M+Na)'] 303.1203, found 303.1199.

Dimethyl (S,E)-2-allyl-2-(7-((tert-butanesulfinyl)imino)hept-2-yn-1-yl)malonate ((:S)-121a)

A suspension of 139a (981 mg, 3.50 mmol), (S)-¢-butanesulfinamide (509 mg, 4.20 mmol), PPTS
(88 mg, 0.350 mmol) and MgSOy4 (2.11 g, 17.5 mmol) in toluene (18 mL) was stirred at 40 °C for 2
h. The reaction mixture was filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give (S)-121a (1.09 g, 81% yield) as a colorless
oil.

Spectral data of (S)-121a: 'H NMR (600 MHz, CDCls) &: 8.08 (t, J = 4.4 Hz, 1H), 5.66-5.59 (m,
1H), 5.17-5.11 (m, 2H), 3.73 (s, 6H), 2.78-2.76 (m, 4H), 2.63-2.60 (m, 2H), 2.24 (td, /= 6.9, 2.1 Hz,
2H), 1.83-1.78 (m, 2H), 1.19 (s, 9H) ppm; >C NMR (125 MHz, CDCl;) &: 170.5 (2C), 168.9, 132.0,
119.8, 82.4, 75.6, 57.3, 56.7, 52.8 (2C), 36.8, 35.0, 24.7, 23.2, 22.5 (3C), 18.3 ppm; IR (neat) V:
2953, 1739, 1641, 1623 cm™'; HRMS (ESI) m/z caled. for CioH,oNNaOsS"™ [(M+Na)'] 406.1659,

found 406.1655; [a]p>* +126.3 (¢ 1.04, CHCLs).
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<Section 3>

<Table 13>
(S)-N-((R,Z2)-4',4'-Bis((benzyloxy)methyl)-2'-methylene-(1,1'-bi(cyclopentylidene))-2-yl)-2-met
hylpropane-2-sulfinamide (125b)
According to the general procedure (2) for cyclization, a crude product, which was prepared from
(8)-121b (76.2 mg, 0.150 mmol), [Rh(cod);]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hs-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125b (62.1 mg, 82% yield, dr = >20:1) as
a pale yellow oil.
Spectral data of 125b: 'H NMR (500 MHz, CDCls) &: 7.33-7.25 (m, 10H), 5.31 (s, 1H), 5.03 (s, 1H),
4.50 (s, 4H), 4.47-4.46 (m, 1H), 3.41-3.35 (m, 4H), 3.17 (d, J = 8.3 Hz, 1H), 2.40 (s, 2H), 2.31-2.15
(m, 5H), 1.83-1.73 (m, 3H), 1.18 (s, 9H) ppm; >C NMR (125 MHz, CDCl3) &: 146.5, 139.0, 138.9,
138.8, 135.1, 128.4 (4C), 127.5 (4C), 127.5 (2C), 110.2, 73.3, 73.3, 73.3, 73.0, 58.8, 56.5, 45.0,
41.7,39.6, 36.3, 32.0, 22.9 (3C), 21.9 ppm; IR (neat) ¥: 3315, 2959, 2860, 1617 cm™'; HRMS (ESI)

m/z caled. for C3HsNNaOsS" [(M+Na)'] 530.2699, found 530.2698; [o]p'® -102.4 (¢ 5.82, CHCls).

((R,2)-2'-(((S)-tert-butanesulfinyl)amino)-5-methylene-(1,1'-bi(cyclopentylidene))-3,3-diyl)bis(
methylene) diacetate (125c¢)

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(85)-121¢ (61.7 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hs-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125¢ (50.7 mg, 82% yield, dr = >20:1) as
a pale yellow oil and (S)-121¢ (5.2 mg, 8% yield) as a pale yellow oil.

Spectral data of 125¢: 'H NMR (500 MHz, CDCls) 8: 5.39 (s, 1H), 5.09 (s, 1H), 4.48 (d, J = 4.4 Hz,
1H), 3.98 (t, J=12.5 Hz, 4H), 3.21 (d, /= 8.5 Hz, 1H), 2.43-2.15 (m, 7H), 2.07 (d, /= 2.7 Hz, 6H),

1.82 (tt, J = 13.9, 5.8 Hz, 3H), 1.19 (s, 9H) ppm; *C NMR (125 MHz, CDCls) &: 171.2, 171.1,
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144.8, 139.9, 133.6, 111.2, 66.6, 66.4, 58.8, 56.6, 42.9, 41.5, 39.3, 36.3, 32.0, 22.9 (3C), 21.8, 21.0,
21.0 ppm; IR (neat) V: 3278, 2957, 1741, 1621 cm'l; HRMS (ESI) m/z calcd. for C,1H33NNaOsS"

[(M+Na)*] 434.1972, found 434.1967; [a]p™ -116.5 (¢ 5.81, CHCls).

(S)-N-((R,Z2)-2-(8,8-Dimethyl-3-methylene-7,9-dioxaspiro[4.5]decan-2-ylidene)cyclopentyl)-2-
methylpropane-2-sulfinamide (125d)

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121d (55.1 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hs-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 4 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125d (45.6 mg, 83% yield, dr = >20:1) as
a pale yellow oil.

Spectral data of 125d: "H NMR (500 MHz, CDCls) &: 5.37 (s, 1H), 5.09 (s, 1H), 4.50-4.48 (m, 1H),
3.64 (d, J=11.5 Hz, 2H), 3.60 (dd, J = 11.2, 3.2 Hz, 2H), 3.20 (d, J = 8.3 Hz, 1H), 2.41-2.19 (m,
7H), 1.85-1.77 (m, 3H), 1.43 (s, 6H), 1.18 (s, 9H) ppm; *C NMR (125 MHz, CDCl;) &: 145.4,
139.6, 134.1, 111.0, 98.1, 68.6, 68.3, 58.8, 56.6, 42.7, 40.7, 38.7, 36.3, 32.0, 24.2, 23.7, 22.9 (3C),
219 ppm; IR (neat) V: 3252, 2989, 2956, 2864, 1621 cm'l; HRMS (ESI) m/z caled. for

C0H33NNaO5S" [(M+Na)'] 390.2073, found 390.2075; [o]p'® -147.8 (¢ 1.05, CHCL).

(S)-2-Methyl-N-((R,Z)-2-(3-methylenespiro(cyclopentane-1,9'-fluoren)-4-ylidene)cyclopentyl)p
ropane-2-sulfinamide (125e)

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121e (62.6 mg, 0.150 mmol), [Rh(cod),|BF4 (6.09 mg, 0.0150 mmol) and (S)-Hs-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 4 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125e (47.9 mg, 77% yield, dr = >20:1) as
a pale yellow oil.

Spectral data of 125e: "H NMR (500 MHz, CDCls) 6: 7.72 (d, J = 7.3 Hz, 2H), 7.46 (d, J = 7.6 Hz,

1H), 7.41 (d, J= 7.3 Hz, 1H), 7.36-7.32 (m, 2H), 7.30-7.21 (m, 2H), 5.62 (s, 1H), 5.23 (s, 1H), 4.73
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(t, J=6.6 Hz, 1H), 3.34 (d, J = 8.1 Hz, 1H), 3.00 (d, J = 15.1 Hz, 1H), 2.88 (d, /= 16.4 Hz, 1H),
2.81-2.73 (m, 2H), 2.36-2.28 (m, 2H), 2.24-2.17 (m, 1H), 1.96-1.75 (m, 3H), 1.28 (s, 9H) ppm; °C
NMR (125 MHz, CDCls) &: 151.9, 151.2, 146.8, 139.9, 139.8, 139.6, 135.3, 127.6, 127.4, 127.3,
127.3, 123.0, 122.7, 119.9, 119.9, 110.7, 58.7, 56.7, 53.9, 48.1, 46.1, 36.6, 32.2, 23.0 (3C), 21.9
ppm; IR (neat) V: 3433, 3065, 2959, 2828, 1619 cm'l; HRMS (ESI) m/z calcd. for C,7H3 NNaOS"

[(M+Na)*] 440.2019, found 440.2013; [a]p'® -85.9 (¢ 1.95, CHCI5).

(8)-2-Methyl-N-((R,E)-2-(4-methylene-1-tosylpyrrolidin-3-ylidene)cyclopentyl)propane-2-sulfi
namide (125f)

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121f (63.4 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hg-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 9 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125f (39.7 mg, 63% yield, dr =>20:1) as a
pale yellow oil.

Spectral data of 125f: 'H NMR (500 MHz, CDCls) 6: 7.72 (d, J = 8.1 Hz, 2H), 7.33 (d, J = 8.1 Hz,
2H), 5.41 (s, 1H), 5.11 (s, 1H), 4.41-4.39 (m, 1H), 3.96 (dd, J = 24.5, 13.1 Hz, 2H), 3.86 (dd, J =
24.9, 14.2 Hz, 2H), 3.14 (d, J = 8.5 Hz, 1H), 2.43 (s, 3H), 2.31-2.14 (m, 3H), 1.85-1.73 (m, 3H),
1.16 (s, 9H) ppm; *C NMR (125 MHz, CDCl3) &: 143.6, 140.1, 140.0, 132.8, 129.9 (2C), 129.5,
128.1 (2C), 110.6, 58.7, 56.7, 54.5, 53.2, 36.2, 31.7, 22.9 (3C), 21.9, 21.7 ppm; IR (neat) V: 3286,
2963, 1625, 1598, 1346, 1163 cm™; HRMS (ESI) m/z caled. for CyH3oN,NaOsS,™ [(M+Na)']

445.1590, found 445.1601; [a]p>> -103.4 (c 2.15, CHCls).

(S)-2-Methyl-N-((R,E)-2-(4-methylene-1-((2-nitrophenyl)sulfonyl)pyrrolidin-3-ylidene)cyclope
ntyl)propane-2-sulfinamide (125g)

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(5)-121g (68.0 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hs-BINAP (9.46

mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 15 h, was purified by silica gel column
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chromatography (Hexane/EtOAc = 90:10~0:100) to give 125g (41.4 mg, 61% yield, dr = >20:1) as
a pale yellow oil.

Spectral data of 125g: 'H NMR (500 MHz, CDCls) &: 8.02-8.00 (m, 1H), 7.73-7.62 (m, 3H), 5.50 (s,
1H), 5.18 (s, 1H), 4.49-4.47 (m, 1H), 4.20 (s, 2H), 4.12 (s, 2H), 3.20 (d, J = 8.3 Hz, 1H), 2.36-2.20
(m, 3H), 1.88-1.81 (m, 3H), 1.19 (s, 9H) ppm; °C NMR (125 MHz, CDCls) &: 148.6, 140.5, 139.6,
133.9, 131.7, 131.3, 130.9, 129.2, 124.2, 111.0, 58.7, 56.7, 54.3, 53.0, 36.2, 31.7, 22.9 (3C), 21.9
ppm; IR (neat) v: 3308, 2962, 2870, 1590, 1546, 1371, 1170 cm'l; HRMS (ESI) m/z caled. for

CoH27N3NaOsS," [(M+Na)'] 476.1284, found 476.1285; [a]p> -125.3 (¢ 2.17, CHCl,).

<Scheme 69>
Dimethyl
(2)-3-((R)-2-(((S)-tert-butanesulfinyl)amino)cyclopentylidene)-4-methylenecyclohexane-1,1-dic
arboxylate (125h)
According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121h (59.6 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hs-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 50 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125h (21.9 mg, 37% yield, dr = >20:1) as
a pale yellow oil and (S)-121h (32.8 mg, 55% yield) as a pale yellow oil.
According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121h (59.6 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Tol-BINAP (10.2
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 50 °C for 3 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 125h (48.4 mg, 81% yield, dr = >20:1) as
a pale yellow oil and (S)-121h (<8.2 mg, <14% yield) as a pale yellow oil.
Spectral data of 125h: 'H NMR (600 MHz, CDCls) &: 4.91 (d, J = 10.5 Hz, 2H), 4.49 (s, 1H), 3.71
(s, 6H), 3.01 (d, J= 7.0 Hz, 1H), 2.89 (d, J=13.5 Hz, 1H), 2.61 (d, J=13.5 Hz, 1H), 2.47-2.28 (m,
5H), 2.08-1.98 (m, 2H), 1.88-1.73 (m, 3H), 1.16 (s, 9H) ppm; °C NMR (125 MHz, CDCl3) &: 171.8,

171.2, 146.7, 139.5, 132.1, 111.1, 57.9, 56.3, 55.8, 52.8, 52.6, 37.7, 35.6, 33.3, 32.6, 28.6, 22.7 (3C),
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22.3 ppm; IR (neat) ¥: 3291, 2954, 1734, 1637 cm™; HRMS (ESI) m/z caled. for CooH3 NNaOsS”

[(M+Na)'] 420.1815, found 420.1815; [a]p>' -18.9 (c 1.35, CHCL).

<Scheme 70>
According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121i (59.6 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hg-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 4 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~0:100) to give 150i (25.3 mg, 42% yield) as a pale

yellow oil and 151i (14.0 mg, 24% yield) as a pale yellow oil.

Dimethyl
(5)-3-(2-((tert-butanesulfinyl)amino)cyclohex-1-en-1-yl)-4-methylcyclopent-3-ene-1,1-dicarbox
ylate (150i)

Spectral data of 150i: 'H NMR (500 MHz, CDCl3) &: 5.52 (s, 1H), 3.72 (s, 3H), 3.71 (s, 3H),
3.05-2.88 (m, 4H), 2.51-2.45 (m, 1H), 2.16-2.10 (m, 1H), 1.97-1.96 (m, 2H), 1.76-1.59 (m, 7H),
1.19 (s, 9H) ppm; *C NMR (125 MHz, CDCl3) &: 172.9, 172.7, 132.6, 132.0, 131.9, 111.8, 57.7,
55.6, 53.0, 52.9, 45.5, 43.2, 27.2, 25.9, 22.8, 22.7 (3C), 22.6, 14.7 ppm; IR (neat) V: 3285, 2952,
2929, 2861, 1735, 1621 cm™; HRMS (ESI) m/z caled. for CooH3 NNaOsS™ [(M+Na)'] 420.1815,

found 420.1819; [a]p*® +7.1 (c 2.18, CHCL3).

Dimethyl
(E)-3-((E)-6-(((S)-tert-butanesulfinyl)imino)hexylidene)-4-methylenecyclopentane-1,1-dicarbo
xylate (151i)

Spectral data of 151i: "H NMR (500 MHz, CDCls) &: 8.06 (t, J = 4.6 Hz, 1H), 5.84 (tt, J= 7.4, 2.5
Hz, 1H), 5.24 (s, 1H), 4.83 (s, 1H), 3.72 (s, 6H), 3.01 (s, 2H), 2.96 (s, 2H), 2.52 (td, /= 7.4, 4.7 Hz,
2H), 2.12 (q, J = 7.4 Hz, 2H), 1.68-1.62 (m, 2H), 1.51-1.45 (m, 2H), 1.19 (s, 9H) ppm; °C NMR

(125 MHz, CDCly) &: 171.9 (2C), 169.6, 145.1, 136.6, 121.8, 103.2, 57.7, 56.7, 53.0 (2C), 41.5,

174



Experiment of Chapter 2

37.8,36.1,29.4, 28.9, 25.3,22.5 (3C) ppm; IR (neat) v: 2952, 2862, 1739, 1622 cm™'; HRMS (ESI)
m/z caled. for CaoHsNNaOsS™ [(M+Na)'] 420.1815, found 420.1814; [a]p? +136.4 (c 1.22,

CHCL5).

<Scheme 71>

Dimethyl
(1Z,2'E)-2'-(((S)-tert-butanesulfinyl)imino)-5,5-dimethyl-(1,1'-bi(cyclopentylidene))-3,3-dicarb
oxylate (153j)

According to the general procedure (2) for cyclization, a crude product, which was prepared from
(5)-121j (59.6 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hg-BINAP (9.46
mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 80 °C for 8 h, was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 153j (49.8 mg, 84% yield) as a pale
yellow oil.

Spectral data of 153j: "H NMR (500 MHz, CDCl3) &: 3.74 (d, J = 0.7 Hz, 6H), 3.13-3.05 (m, 3H),
2.78 (ddd, J = 18.2, 8.4, 6.0 Hz, 1H), 2.49-2.45 (m, 2H), 2.43 (s, 2H), 1.93-1.76 (m, 2H), 1.39 (s,
3H), 1.35 (s, 3H), 1.28 (s, 9H) ppm; °C NMR (125 MHz, CDCls) &: 185.5, 172.3, 172.1, 158.4,
131.8, 57.7, 56.5, 52.9, 52.9, 51.7, 44.6, 43.8, 36.5, 33.1, 26.1, 25.5, 22.6 (3C), 21.8 ppm; IR (neat)
¥: 2955, 1732, 1630, 1568 cm™; HRMS (ESI) m/z caled. for CooH3 NNaOsS™ [(M+Na)] 420.1815,

found 420.1817; [a]p" -50.0 (¢ 1.57, CHCl5).

<Scheme 72>
2-Allyl-2-(7-((tert-butyldimethylsilyl)oxy)hept-2-yn-1-yl)propane-1,3-diol (156)
To a suspension of LiAlH4 (4.08 g, 108 mmol) in Et,O (120 mL), was added 155 (14.2 g, 35.9
mmol) at 0 °C. The reaction mixture was stirred at r.t. for 2 h. The reaction was quenched with H,O
(4.01 mL), 15% NaOH aq. (4.01 mL) and H,O (12.0 mL). The mixture was filtered through celite
and concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =

70:30~20:80) to give 156 (12.2 g, quant.) as a colorless oil.
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Spectral data of 156: 'H NMR (600 MHz, CDCls) &: 5.87-5.80 (m, 1H), 5.14-5.10 (m, 2H),
3.68-3.61 (m, 6H), 2.21-2.14 (m, 6H), 2.08-2.05 (m, 2H), 1.63-1.59 (m, 2H), 1.57-1.56 (m, 2H),
0.89 (s, 9H), 0.05 (s, 6H) ppm; >C NMR (125 MHz, CDCls) &: 133.8, 118.5, 83.1, 76.5, 67.9 (2C),
62.8, 42.4, 36.6, 32.2, 26.1 (3C), 25.6, 22.1, 18.7, 18.5, -5.2 (2C) ppm; IR (neat) V: 3389, 2929,
2858, 2244, 1639 cm™'; HRMS (ESI) m/z calcd. for Ci1oH3¢NaOsSi™ [(M+Na)'] 363.2326, found

363.2327.

((8,8-Bis((benzyloxy)methyl)undec-10-en-5-yn-1-yl)oxy)(zert-butyl)dimethylsilane (157)

To a suspension of NaH (60% dispersion in mineral oil, 840 mg, 21.0 mmol) in THF (20 mL), was
added 156 (2.04 g, 6.00 mmol) at 0 °C. The reaction mixture was stirred at r.t. for 0.5 h. To the
mixture, were added BnBr (2.49 mL, 21.0 mmol) and TBAI (222 mg, 0.600 mmol) at 0 °C. The
reaction mixture was stirred at r.t. for 14 h. The reaction mixture was poured into saturated NH4Cl
aq. and the mixture was extracted with EtOAc. The organic layer was dried over MgSO,, filtered
and concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
100:0~90:10) to give 157 (3.10 g, 99% yield) as a colorless oil.

Spectral data of 157: "H NMR (600 MHz, CDCls) &: 7.33-7.24 (m, 10H), 5.82-5.76 (m, 1H), 5.07 (d,
J=17.0 Hz, 1H), 5.03 (dd, J=10.3, 2.1 Hz, 1H), 4.49 (s, 4H), 3.60 (t, /= 6.2 Hz, 2H), 3.38 (q, J =
8.6 Hz, 4H), 2.22-2.21 (m, 4H), 2.17-2.14 (m, 2H), 1.62-1.49 (m, 4H), 0.89 (s, 9H), 0.04 (s, 6H)
ppm; °C NMR (150 MHz, CDCl3) &: 139.1 (2C), 134.3, 128.4 (4C), 127.5 (4C), 127.4 (2C), 118.0,
82.2,76.9, 73.4 (2C), 72.2 (2C), 62.9, 42.4, 36.5, 32.2, 26.1 (3C), 25.8, 22.6, 18.8, 18.5, -5.1 (2C)
ppm; IR (neat) ¥: 2928, 2857, 1638 cm™'; HRMS (ESI) m/z caled. for Cs3HysNaOsSi™ [(M+Na)']

543.3265, found 543.3261.
8,8-Bis((benzyloxy)methyl)undec-10-en-5-yn-1-ol (158)

A solution of 157 (3.10 g, 5.95 mmol) and TBAF (1.0 M in THF, 7.14 mL, 7.14 mmol) in THF (20

mL) was stirred at r.t. for 2 h. The reaction mixture was concentrated and purified by silica gel
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column chromatography (Hexane/EtOAc = 80:20~60:40) to give 158 (2.30 g, 95% yield) as a
colorless oil.

Spectral data of 158: '"H NMR (500 MHz, CDCls) &: 7.34-7.24 (m, 10H), 5.83-5.74 (m, 1H),
5.09-5.02 (m, 2H), 4.49 (s, 4H), 3.63 (t, J = 6.3 Hz, 2H), 3.38 (dd, J = 14.4, 8.8 Hz, 4H), 2.23-2.16
(m, 6H), 1.67-1.50 (m, 4H), 1.24 (br s, 1H) ppm; °C NMR (125 MHz, CDCls) &: 139.0 (2C), 134.3,
128.4 (4C), 127.5 (4C), 127.5 (2C), 118.0, 81.9, 77.2, 73.4 (2C), 72.2 (2C), 62.6, 42.4, 36.5, 32.1,
25.5, 22.6, 18.7 ppm; IR (neat) V: 3371, 2933, 2861, 1638 cm'l; HRMS (ESI) m/z calcd. for

C7H34Na0s5" [(M+Na)'] 429.2400, found 429.2400.

8,8-Bis((benzyloxy)methyl)undec-10-en-5-ynal (139b)

A suspension of 158 (2.30 g, 5.66 mmol), DMP (3.36 g, 7.92 mmol) and NaHCOs (713 mg, 8.49
mmol) in CH,Cl, (19 mL) was stirred at r.t. for 2 h. The reaction was quenched with saturated
NayS,0; aq. and extracted with CHCl;. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQO,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~70:30) to give 139b (1.87 g, 82% yield) as a colorless
oil.

Spectral data of 139b: 'H NMR (600 MHz, CDCls) &: 9.75 (s, 1H), 7.33-7.26 (m, 10H), 5.82-5.75
(m, 1H), 5.08-5.03 (m, 2H), 4.49 (s, 4H), 3.37 (dd, J = 14.6, 8.8 Hz, 4H), 2.51 (t, J = 7.3 Hz, 2H),
2.23-2.20 (m, 6H), 1.79-1.75 (m, 2H) ppm; “C NMR (125 MHz, CDCls) &: 202.1, 139.0 (2C),
134.2, 128.4 (4C), 127.5 (6C), 118.1, 80.9, 78.1, 73.4 (2C), 72.1 (2C), 43.0, 42.3, 36.5, 22.6, 21.7,
18.4 ppm; IR (neat) ¥: 2860, 2720, 1724 cm™'; HRMS (ESI) m/z caled. for Co;H3305" [(M+H)]

405.2424, found 405.2426.

(S,E)-N-(8,8-Bis((benzyloxy)methyl)undec-10-en-5-yn-1-ylidene)-2-methylpropane-2-sulfinami
de ((S)-121b)
A suspension of 139b (1.87 g, 4.61 mmol), (S)-#-butanesulfinamide (671 mg, 5.53 mmol), PPTS

(116 mg, 0.461 mmol) and MgSO, (2.77 g, 23.1 mmol) in toluene (15 mL) was stirred at 40 °C for
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2 h. The reaction mixture was filtered through a short silica gel pad and concentrated. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~60:40) to give (5)-121b
(1.52 g, 65% yield) as a colorless oil.

Spectral data of (S)-121b: "H NMR (600 MHz, CDCl3) &: 8.06 (t, J = 4.4 Hz, 1H), 7.33-7.26 (m,
10H), 5.81-5.74 (m, 1H), 5.08-5.02 (m, 2H), 4.49 (s, 4H), 3.37 (dd, J = 15.5, 9.1 Hz, 4H), 2.60 (td,
J=1.3, 4.5 Hz, 2H), 2.23-2.20 (m, 6H), 1.81-1.76 (m, 2H), 1.19 (s, 9H) ppm; *C NMR (125 MHz,
CDCl3) 8: 169.0, 139.0 (2C), 134.2, 128.4 (4C), 127.5 (6C), 118.1, 80.9, 78.0, 73.4 (2C), 72.1 (2C),
56.7, 42.3, 36.5, 35.2, 25.0, 22.6, 22.5 (3C), 18.5 ppm; IR (neat) ¥: 2902, 2862, 1623 cm™'; HRMS
(ESI) m/z caled. for C3;HyNNaOsS™ [(M+Na)'] 530.2699, found 530.2697; [o]p> +91.6 (¢ 0.58,

CHCL).

<Scheme 73>

2-Allyl-2-(7-((tert-butyldimethylsilyl)oxy)hept-2-yn-1-yl)propane-1,3-diyl diacetate (159)

A solution of 156 (2.04 g, 6.00 mmol), pyridine (2.42 mL, 30.0 mmol), Ac,O (1.70 mL, 18.0 mmol)
and DMAP (73.3 mg, 0.600 mmol) in CH,Cl, (20 mL) was stirred at r.t. for 14 h. The reaction was
quenched with saturated NaHCO; aq. and extracted with CHCI;5. The organic layer was dried over
MgSOs, filtered and concentrated. The residue was purified by silica gel column chromatography
(Hexane/EtOAc = 100:0~75:25) to give 159 (2.55 g, quant.) as a colorless oil.

Spectral data of 159: "H NMR (600 MHz, CDCls) &: 5.79-5.72 (m, 1H), 5.13-5.10 (m, 2H), 3.99 (dd,
J=12.6,11.4 Hz, 4H), 3.62 (t, J = 6.2 Hz, 2H), 2.21-2.16 (m, 6H), 2.06 (s, 6H), 1.61-1.51 (m, 4H),
0.89 (s, 9H), 0.04 (s, 6H) ppm; °C NMR (125 MHz, CDCl3) &: 170.9 (2C), 132.4, 119.4, 83.4, 75.0,
65.8 (20), 62.8, 40.3, 36.2, 32.2, 26.1 (3C), 25.6, 22.5, 21.0 (2C), 18.7, 18.5, -5.2 (2C) ppm; IR
(neat) ¥: 2952, 2858, 1747, 1641 cm™; HRMS (ESI) m/z caled. for Ca3H4NaOsSi™ [(M+Na)]

447.2537, found 447.2540.
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2-Allyl-2-(7-hydroxyhept-2-yn-1-yl)propane-1,3-diyl diacetate (160)

A solution of 159 (2.55 g, 6.00 mmol), AcOH (1.03 mL, 18.0 mmol) and TBAF (1.0 M in THF,
9.01 mL, 9.01 mmol) in THF (20 mL) was stirred at r.t. for 24 h. The reaction was quenched with
saturated NaHCOj aq. and extracted with EtOAc. The organic layer was dried over MgSQOy, filtered
and concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
90:10~50:50) to give 160 (1.83 g, 98% yield) as a colorless oil.

Spectral data of 160: "H NMR (500 MHz, CDCls) &: 5.80-5.71 (m, 1H), 5.14-5.10 (m, 2H), 4.01 (dd,
J=15.1, 11.0 Hz, 4H), 3.67-3.65 (br m, 2H), 2.21-2.19 (m, 6H), 2.07 (s, 6H), 1.70-1.64 (m, 2H),
1.59-1.55 (m, 3H) ppm; °C NMR (125 MHz, CDCl3) &: 171.1 (2C), 132.4, 119.4, 83.2, 75.3, 65.8
(20), 62.6, 40.3, 36.3, 32.1, 25.3, 22.5, 21.0 (2C), 18.7 ppm; IR (neat) V: 3460, 2939, 1743, 1640

cm’'; HRMS (ESI) m/z calcd. for C17H,6NaOs™ [(M+Na)'] 333.1673, found 333.1672.

2-Allyl-2-(7-oxohept-2-yn-1-yl)propane-1,3-diyl diacetate (139¢)

A suspension of 160 (1.83 g, 5.90 mmol), DMP (3.50 g, 8.25 mmol) and NaHCOs (1.45 g, 17.7
mmol) in CH,Cl, (20 mL) was stirred at r.t. for 2 h. The reaction was quenched with saturated
Na,S,0; aq. and extracted with CHCls. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQO,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 80:20~30:70) to give 139¢ (1.63 g, 90% yield) as a colorless oil.
Spectral data of 139¢: '"H NMR (500 MHz, CDCl3) &: 9.80 (s, 1H), 5.79-5.71 (m, 1H), 5.14-5.10 (m,
2H), 4.00 (dd, J=13.4, 11.2 Hz, 4H), 2.56 (td, /= 7.2, 1.1 Hz, 2H), 2.25-2.19 (m, 6H), 2.07 (s, 6H),
1.85-1.79 (m, 2H) ppm; °C NMR (125 MHz, CDCl;) &: 202.0, 170.9 (2C), 132.3, 119.5, 82.2, 76.2,
65.7 (20), 42.9, 40.2, 36.3, 22.5, 21.5, 21.0 (2C), 18.3 ppm; IR (neat) V: 2939, 2845, 2725, 1739,

1640 cm™; HRMS (ESI) m/z caled. for Ci7H24NaOs™ [(M+Na)*] 331.1516, found 331.1519.
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(S,E)-2-Allyl-2-(7-((tert-butanesulfinyl)imino)hept-2-yn-1-yl)propane-1,3-diyl diacetate
(($)-121¢)

A suspension of 139¢ (1.63 g, 5.29 mmol), (S)-z-butanesulfinamide (769 mg, 6.34 mmol), PPTS
(133 mg, 0.529 mmol) and MgSO;4 (3.18 g, 26.4 mmol) in toluene (18 mL) was stirred at 40 °C for
2 h. The reaction mixture was filtered through a short silica gel pad and concentrated. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~50:50) to give (S)-121c¢
(1.65 g, 76% yield) as a colorless oil.

Spectral data of (S)-121c: 'H NMR (500 MHz, CDCl3) &: 8.09 (t, J = 4.4 Hz, 1H), 5.80-5.71 (m,
1H), 5.13-5.10 (m, 2H), 4.00 (dd, J = 12.6, 11.4 Hz, 4H), 2.62 (td, J = 7.3, 4.4 Hz, 2H), 2.26 (t, J =
6.7 Hz, 2H), 2.23-2.20 (m, 4H), 2.06 (s, 6H), 1.86-1.80 (m, 2H), 1.19 (s, 9H) ppm; *C NMR (125
MHz, CDCl;) 6:170.9 (2C), 168.9, 132.3, 119.5, 82.2, 76.1, 65.7 (2C), 56.7, 40.3, 36.3, 35.2, 24.8,
22.5,22.5 (3C), 21.0 (2C), 18.4 ppm; IR (neat) ¥: 2956, 2869, 1744, 1623 cm™; HRMS (ESI) m/z

caled. for C5;H33NNaOsS™ [(M+Na)'] 434.1972, found 434.1963; [a]p> +135.9 (¢ 0.51, CHCls).

<Scheme 74>

((7-(5-Allyl-2,2-dimethyl-1,3-dioxan-5-yl)hept-5-yn-1-yl)oxy)(zer-butyl)dimethylsilane (162)

A solution of 156 (2.04 g, 6.00 mmol), 2,2-dimethoxypropane 161 (3.68 mL, 30.0 mmol) and PPTS
(151 mg, 0.600 mmol) in CH,Cl, (20 mL) was stirred at r.t. for 3 h. The reaction mixture was
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
100:0~90:10) to give 162 (1.88 g, 82% yield) as a colorless oil.

Spectral data of 162: '"H NMR (600 MHz, CDCls) &: 5.80-5.73 (m, 1H), 5.13-5.10 (m, 2H),
3.67-3.61 (m, 6H), 2.30 (t, J = 2.3 Hz, 2H), 2.20-2.16 (m, 4H), 1.63-1.52 (m, 4H), 1.41 (d, J=5.9
Hz, 6H), 0.89 (s, 9H), 0.04 (s, 6H) ppm; *C NMR (125 MHz, CDCl5) &: 132.9, 118.8, 98.2, 83.0,
76.2, 66.9 (2C), 62.8, 37.2, 35.7, 32.2, 26.1 (3C), 25.7, 25.5, 22.9, 22.4, 18.7, 18.5, -5.2 (2C) ppm;
IR (neat) ¥: 2930, 2859, 1639 cm’'; HRMS (ESI) m/z caled. for CyHsoNaO3Si™ [(M+Na)']

403.2639, found 403.2636.
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7-(5-Allyl-2,2-dimethyl-1,3-dioxan-5-yl)hept-5-yn-1-ol (163)

A solution of 162 (1.88 g, 4.94 mmol) and TBAF (1.0 M in THF, 5.93 mL, 5.93 mmol) in THF (16
mL) was stirred at r.t. for 2 h. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 80:20~50:50) to give 163 (1.19 g, 91% yield) as a
colorless oil.

Spectral data of 163: '"H NMR (600 MHz, CDCl) &: 5.80-5.73 (m, 1H), 5.13-5.10 (m, 2H),
3.68-3.62 (m, 6H), 2.32 (s, 2H), 2.22 (t, J = 7.0 Hz, 2H), 2.16 (d, J = 7.6 Hz, 2H), 1.70-1.65 (m,
2H), 1.61-1.57 (m, 2H), 1.41 (d, J= 5.9 Hz, 6H), 1.26 (br s, IH) ppm; >°C NMR (125 MHz, CDCl;)
0: 132.8, 118.8, 98.2, 82.7, 76.5, 66.9 (2C), 62.5, 37.2, 35.7, 32.1, 25.6, 25.5, 22.8, 22.2, 18.7 ppm;
IR (neat) V: 3419, 2939, 2864, 1639 cm™; HRMS (ESI) m/z caled. for Ci¢HysNaOs™ [(M+Na)’]

289.1774, found 289.1774.

7-(5-Allyl-2,2-dimethyl-1,3-dioxan-5-yl)hept-5-ynal (139d)

A suspension of 163 (1.19 g, 4.47 mmol), DMP (2.65 g, 6.26 mmol) and NaHCO; (563 mg, 6.70
mmol) in CH,Cl, (15 mL) was stirred at r.t. for 2 h. The reaction was quenched with saturated
Na,S,03 aq. and extracted with CHCls. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQO,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~70:30) to give 139d (1.05 g, 89% yield) as a colorless
oil.

Spectral data of 139d: '"H NMR (600 MHz, CDCl;) &: 9.80 (s, 1H), 5.79-5.72 (m, 1H), 5.13-5.10 (m,
2H), 3.64 (t, J = 12.6 Hz, 4H), 2.59-2.56 (m, 2H), 2.33-2.33 (m, 2H), 2.26-2.24 (m, 2H), 2.14 (d, J
= 7.6 Hz, 2H), 1.85-1.80 (m, 2H), 1.41 (d, J = 7.0 Hz, 6H) ppm; °C NMR (125 MHz, CDCl;) &:
202.0, 132.7, 118.9, 98.2, 81.7, 77.5, 66.9 (2C), 43.0, 37.2, 35.6, 25.8, 22.8, 22.0, 21.6, 18.4 ppm;
IR (neat) ¥: 2939, 2864, 1725 cm™; HRMS (ESI) m/z caled. for Ci6HpsO5™ [(M+H)™] 265.1798,

found 265.1801.
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(S,E)-N-(7-(5-Allyl-2,2-dimethyl-1,3-dioxan-5-yl) hept-5-yn-1-ylidene)-2-methylpropane-2-sulfi
namide ((S)-121d)

A suspension of 139d (1.05 g, 3.96 mmol), (S)-#-butanesulfinamide (576 mg, 4.75 mmol), PPTS
(99.4 mg, 0.396 mmol) and MgSO4 (2.38 g, 19.8 mmol) in toluene (13 mL) was stirred at 40 °C for
2 h. The reaction mixture was filtered through a short silica gel pad and concentrated. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~50:50) to give (S)-121d
(1.44 g, 99% yield) as a colorless oil.

Spectral data of (S5)-121d: 'H NMR (600 MHz, CDCls) &: 8.09 (t, J = 4.4 Hz, 1H), 5.79-5.72 (m,
1H), 5.13-5.10 (m, 2H), 3.64 (s, 4H), 2.64 (td, J = 7.3, 4.7 Hz, 2H), 2.33 (t, J = 2.1 Hz, 2H),
2.29-2.26 (m, 2H), 2.15 (d, J = 7.6 Hz, 2H), 1.86-1.81 (m, 2H), 1.41 (d, J = 7.0 Hz, 6H), 1.20 (s,
9H) ppm; C NMR (125 MHz, CDCls) &: 168.9, 132.7, 118.9, 98.2, 81.7, 77.4, 66.9 (2C), 56.7,
37.2, 35.7, 35.2, 25.8, 24.9, 22.8, 22.5 (3C), 22.1, 18.5 ppm; IR (neat) ¥: 2951, 2866, 1623 cm™;
HRMS (ESI) m/z caled. for C20H33NNaO3S™ [(M+Na)*] 390.2073, found 390.2075; [a]p> +127.9 (¢

0.54, CHCL;).

<Scheme 75>

7-(9-Allyl-9H-fluoren-9-yl)hept-5-yn-1-ol (164)

To a solution of 9-allyl-9H-fluorene™ (928 mg, 4.50 mmol) in THF (15 mL), was added n-BuLi
(2.65 M in THF, 1.87 mL, 4.95 mmol) at -78 °C. The reaction mixture was stirred at r.t. for 2 h. To
the mixture, was added 136°% at -78 °C. The reaction mixture was stirred at r.t. for 2 h. The reaction
was quenched with saturated NH4ClI aq. and extracted with EtOAc. The organic layer was dried
over MgSQy, filtered and concentrated. The oil was used in the next reaction without purification. A
solution of the crude oil and TBAF (1.0 M in THF, 5.40 mL, 5.40 mmol) in THF (15 mL) was
stirred at r.t. for 14 h. The reaction mixture was concentrated and purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~50:50) to give 164 (1.28 g, 90% yield, 2 steps) as a

colorless oil.
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Spectral data of 164: 'H NMR (500 MHz, CDCls) &: 7.71 (d, J = 7.3 Hz, 2H), 7.54 (d, J= 7.3 Hz,
2H), 7.35 (dd, J = 7.3, 6.6 Hz, 2H), 7.30 (dd, J = 7.3, 6.6 Hz, 2H), 5.31-5.23 (m, 1H), 4.87 (d, J =
16.8 Hz, 1H), 4.77 (d, J=10.0 Hz, 1H), 3.60 (q, J = 5.1 Hz, 2H), 2.84 (d, /= 7.3 Hz, 2H), 2.64 (t, J
= 2.3 Hz, 2H), 2.17-2.14 (m, 2H), 1.52-1.42 (m, 4H), 1.13 (t, J = 4.9 Hz, 1H) ppm; >C NMR (125
MHz, CDCl;) 6: 149.4 (2C), 140.6 (2C), 133.9, 127.5 (2C), 127.1 (2C), 123.8 (2C), 119.9 (20),
117.9, 82.1, 77.5, 62.6, 52.8, 41.9, 31.8, 29.6, 25.2, 18.6 ppm; IR (neat) V: 3357, 3068, 2936, 2864,

1639 cm™; HRMS (ESI) m/z caled. for Co3H,4NaO™ [(M+Na) '] 339.1719, found 339.1721.

7-(9-Allyl-9H-fluoren-9-yl)hept-5-ynal (139¢)

A suspension of 164 (1.41 g, 4.46 mmol), DMP (2.65 g, 6.24 mmol) and NaHCOs (1.12 g, 13.4
mmol) in CH,Cl, (15 mL) was stirred at r.t. for 3 h. The reaction was quenched with saturated
Na,S,0; aq. and extracted with CHCls. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQO,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 95:5~70:30) to give 139e (989 mg, 71% yield) as a pale brown
oil.

Spectral data of 139e: 'H NMR (500 MHz, CDCl3) &: 9.67 (s, 1H), 7.70 (d, J= 7.1 Hz, 2H), 7.51 (d,
J="17.1Hz, 2H), 7.35 (td, J = 7.4, 1.1 Hz, 2H), 7.31 (td, J = 7.4, 1.2 Hz, 2H), 5.32-5.23 (m, 1H),
4.87 (dd,J=17.0, 1.8 Hz, 1H), 4.78 (dt, /= 10.2, 1.0 Hz, 1H), 2.80 (d, /= 7.3 Hz, 2H), 2.68 (t, J =
2.3 Hz, 2H), 2.27 (td, J = 7.3, 1.2 Hz, 2H), 2.11 (tt, J = 6.7, 2.4 Hz, 2H), 1.65-1.59 (m, 2H) ppm;
C NMR (125 MHz, CDCls) &: 202.2, 149.3 (2C), 140.7 (2C), 133.7, 127.6 (2C), 127.2 (2C), 123.7
(20), 119.9 (20), 118.0, 80.9, 78.2, 53.0, 42.6, 42.2, 29.6, 21.3, 18.1 ppm; IR (neat) V: 3067, 2901,
2834, 2721, 1722, 1639 cm™; HRMS (APCI) m/z caled. for Cp3Hys0O' [(M+H)'] 315.1743, found

315.1743.
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(S,E)-N-(7-(9-Allyl-9H-fluoren-9-yl)hept-5-yn-1-ylidene)-2-methylpropane-2-sulfinamide
((5)-121¢)

A suspension of 139e (968 mg, 3.08 mmol), (S)-t-butanesulfinamide (448 mg, 3.69 mmol), PPTS
(77.4 mg, 0.308 mmol) and MgSO4 (1.85 g, 15.4 mmol) in toluene (10 mL) was stirred at 40 °C for
4 h. The reaction mixture was filtered through a short silica gel pad and concentrated. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give (S)-121e
(1.21 g, 94% yield) as a pale yellow oil.

Spectral data of (S5)-121e: 'H NMR (500 MHz, CDCls) &: 8.02 (t, J = 4.3 Hz, 1H), 7.70 (d, J= 7.1
Hz, 2H), 7.52 (dd, J = 7.2, 3.1 Hz, 2H), 7.35 (t, J = 7.3 Hz, 2H), 7.30 (t, J = 7.4 Hz, 2H), 5.31-5.23
(m, 1H), 4.87 (d, J=17.6 Hz, 1H), 4.77 (d, J = 10.3 Hz, 1H), 2.82 (d, J = 7.1 Hz, 2H), 2.67 (t, J =
2.3 Hz, 2H), 2.40-2.37 (m, 2H), 2.18 (t, J = 6.8 Hz, 2H), 1.71-1.65 (m, 2H), 1.20 (s, 9H) ppm; “C
NMR (125 MHz, CDCl;) 6: 169.1, 149.3 (2C), 140.7, 140.7, 133.8, 127.6 (2C), 127.2, 127.2, 123.8,
123.7, 119.9 (20), 117.9, 81.1, 78.2, 56.7, 52.9, 42.0, 34.9, 29.6, 24.6, 22.5 (3C), 18.3 ppm; IR
(neat) ¥: 3068, 3005, 2979, 2959, 2925, 2901, 2867, 1623 cm'; HRMS (ESI) m/z caled. for

C7H3 NNaOS* [(M+Na)'] 440.2019, found 440.2015; [o]p'” +114.0 (¢ 1.07, CHCl,).

<Scheme 76>
N-Allyl-N-(7-((tert-butyldimethylsilyl)oxy)hept-2-yn-1-yl)-4-methylbenzenesulfonamide (167)
To a solution of 165 (1.58 g, 6.50 mmol), N-allyl-4-methyl-benzenesulfonamide 166 (1.51 g,
7.15 mmol) and PPh; (3.41 g, 13.0 mmol) in THF (22 mL), was added DIAD (1.9 M in toluene,
6.84 mL, 13.0 mmol) at 0 °C. The reaction mixture was stirred at r.t. for 14 h. The reaction mixture
was concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =
95:5~85:15) to 167 (1.84 g, 65% yield) as a colorless oil.
Spectral data of 167: '"H NMR (600 MHz, CDCls) &: 7.73 (d, J = 7.6 Hz, 2H), 7.28 (d, J= 7.6 Hz,
2H), 5.77-5.71 (m, 1H), 5.27 (d, J=17.0 Hz, 1H), 5.22 (d, /= 10.0 Hz, 1H), 4.06 (s, 2H), 3.80 (d, J
= 6.4 Hz, 2H), 3.55 (t, J = 6.2 Hz, 2H), 2.42 (s, 3H), 1.93 (t, J = 7.0 Hz, 2H), 1.46-1.41 (m, 2H),

1.36-1.31 (m, 2H), 0.89 (s, 9H), 0.04 (s, 6H) ppm; *C NMR (125 MHz, CDCls) &: 143.3, 136.4,
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132.3, 129.5 (2C), 128.0 (2C), 119.7, 86.2, 72.7, 62.6, 49.1, 36.5, 32.0, 26.1 (3C), 25.0, 21.7, 18.5,
18.4,-5.2 (2C) ppm; IR (neat) V: 2952, 2929, 2857, 2223, 1644, 1599 cm'l; HRMS (ESI) m/z calcd.

for C,3H37;NNaO;SSi" [(M+Na)'] 458.2156, found 458.2156.

N-Allyl-NV-(7-hydroxyhept-2-yn-1-yl)-4-methylbenzenesulfonamide (168)

A solution of 167 (1.84 g, 4.23 mmol) and TBAF (1.0 M in THF, 5.08 mL, 5.08 mmol) in THF (14
mL) was stirred at r.t. for 2 h. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 80:20~50:50) to give 168 (1.25 g, 92% yield) as a
colorless oil.

Spectral data of 168: "H NMR (600 MHz, CDCl3) o: 7.74 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 7.6 Hz,
2H), 5.77-5.70 (m, 1H), 5.27 (d, J = 17.0 Hz, 1H), 5.22 (d, J = 10.0 Hz, 1H), 4.06 (t, J = 2.1 Hz,
2H), 3.81 (d, J = 6.4 Hz, 2H), 3.60 (q, J = 5.9 Hz, 2H), 2.43 (s, 3H), 1.99-1.96 (m, 2H), 1.52-1.48
(m, 2H), 1.40-1.35 (m, 2H), 1.19 (t, J = 5.0 Hz, 1H) ppm; °C NMR (125 MHz, CDCl;) &: 143.4,
136.4, 132.3, 129.5 (20), 128.0 (20), 119.7, 85.9, 73.0, 62.4, 49.1, 36.4, 31.8, 24.8, 21.7, 18.4 ppm;
IR (neat) ¥: 3410, 2938, 2224, 1598 cm™'; HRMS (ESI) m/z calcd. for C17H,3NNaO;S™ [(M+Na)']

344.1291, found 344.1290.

N-Allyl-4-methyl-NV-(7-oxohept-2-yn-1-yl)benzenesulfonamide (139f)

A suspension of 168 (1.25 g, 3.89 mmol), DMP (2.31 g, 5.44 mmol) and NaHCO; (490 mg, 5.83
mmol) in CH,Cl, (19 mL) was stirred at r.t. for 3 h. The reaction was quenched with saturated
Na;S;0; aq. and extracted with CHCl;. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQ,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~70:30) to give 139f (978 mg, 79% yield) as a colorless
oil.

Spectral data of 139f: 'H NMR (600 MHz, CDCls) 8: 9.73 (s, 1H), 7.73 (d, J = 8.2 Hz, 2H), 7.29 (d,
J = 8.2 Hz, 2H), 5.77-5.70 (m, 1H), 5.26 (d, J = 17.0 Hz, 1H), 5.22 (d, J = 10.0 Hz, 1H), 4.06 (s,

2H), 3.80 (d, J = 6.4 Hz, 2H), 2.42 (s, 3H), 2.39 (t, J = 7.0 Hz, 2H), 2.01 (tt, J = 6.7, 2.1 Hz, 2H),
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1.63-1.59 (m, 2H) ppm; °C NMR (125 MHz, CDCls) &: 201.5, 143.5, 136.4, 132.3, 129.5 (2C),
127.9 (2C), 119.7, 84.8, 73.8, 49.2, 42.7, 36.4, 21.6, 20.9, 18.0 ppm; IR (neat) v: 2925, 2224, 1722,

1598 cm™; HRMS (ESI) m/z caled. for C17H2 NNaO;S™ [(M+Na)] 342.1134, found 342.1144.

(S,E)-N-Allyl-N-(7-((tert-butanesulfinyl)imino)hept-2-yn-1-yl)-4-methylbenzenesulfonamide
(($)-121f)

A suspension of 139f (978 mg, 3.06 mmol), (S)-z-butanesulfinamide (445 mg, 3.67 mmol), PPTS
(76.8 mg, 0.306 mmol) and MgSO4 (1.84 g, 15.3 mmol) in toluene (15 mL) was stirred at 40 °C for
2 h. The reaction mixture was filtered through a short silica gel pad and concentrated. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 80:20~60:40) to give (S)-121f
(1.04 g, 80% yield) as a colorless oil.

Spectral data of (S)-121f: "H NMR (600 MHz, CDCl;) &: 8.02 (t, J = 4.1 Hz, 1H), 7.73 (d, J= 8.2
Hz, 2H), 7.29 (d, J = 7.6 Hz, 2H), 5.77-5.70 (m, 1H), 5.27 (d, /= 17.0 Hz, 1H), 5.22 (d, /= 10.0 Hz,
1H), 4.07 (s, 2H), 3.81 (d, J = 6.4 Hz, 2H), 2.46-2.42 (m, 5H), 2.04 (t, J = 7.0 Hz, 2H), 1.67-1.59
(m, 2H), 1.19 (s, 9H) ppm; *C NMR (125 MHz, CDCl;) &: 168.5, 143.5, 136.5, 132.3, 129.5 (2C),
127.9 (2C), 119.7, 84.8, 73.8, 56.7, 49.1, 36.4, 35.0, 24.2, 22.5 (3C), 21.7, 18.2 ppm; IR (neat) V:
2959, 2926, 2224, 1623, 1598 cm'; HRMS (ESI) m/z caled. for C,iH3oN,NaOsS,” [(M+Na)]

445.1590, found 445.1586; [a]p'’ +123.1 (¢ 0.51, CHCL).

<Scheme 77>
N-Allyl-N-(7-((tert-butyldimethylsilyl)oxy)hept-2-yn-1-yl)-2-nitrobenzenesulfonamide (170)
To a solution of 165* (1.58 g, 6.50 mmol), N-allyl-2-nitrobenzenesulfonamide 169*° (1.73 g, 7.15
mmol) and PPh; (3.41 g, 13.0 mmol) in THF (22 mL), was added DIAD (1.9 M in toluene, 6.84 mL,
13.0 mmol) at 0 °C. The reaction mixture was stirred at r.t. for 14 h. The reaction was quenched
with H,O and extracted with EtOAc. The organic layer was dried over MgSQOs, filtered and
concentrated. The residue was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~70:30) to give 170 (3.03 g, quant.) as a colorless oil.
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Spectral data of 170: 'H NMR (500 MHz, CDCl;) &: 8.09-8.06 (m, 1H), 7.70-7.62 (m, 3H),
5.77-5.69 (m, 1H), 5.31 (dd, J=17.1, 1.2 Hz, 1H), 5.25 (d, J=10.3 Hz, 1H), 4.12 (s, 2H), 4.02 (d,
J=6.3 Hz, 2H), 3.57 (t, /= 6.1 Hz, 2H), 2.06-2.03 (m, 2H), 1.51-1.38 (m, 4H), 0.89 (s, 9H), 0.04 (s,
6H) ppm; *C NMR (125 MHz, CDCls) &: 148.4, 133.6, 133.4, 132.0, 131.6, 131.2, 124.2, 120.1,
86.4, 72.9, 62.6, 49.5, 36.6, 32.0, 26.1 (3C), 25.1, 18.5 (2C), -5.2 (2C) ppm; IR (neat) V: 2952,
2929, 2857, 2228, 1645, 1591, 1549, 1361, 1169 cm; HRMS (ESI) m/z caled. for

CH34N>NaOsSSi™ [(M+Na)'] 489.1850, found 489.1845.

N-Allyl-N-(7-hydroxyhept-2-yn-1-yl)-2-nitrobenzenesulfonamide (171)

A solution of 170 (3.03 g, 6.49 mmol) and TBAF (1.0 M in THF, 7.79 mL, 7.79 mmol) in THF (22
mL) was stirred at r.t. for 2 h. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 70:30~30:70) to give 171 (1.98 g, 87% yield) as a
colorless oil.

Spectral data of 171: '"H NMR (500 MHz, CDCl;) &: 8.10-8.07 (m, 1H), 7.71-7.63 (m, 3H),
5.77-5.69 (m, 1H), 5.30 (dd, J = 17.1, 1.2 Hz, 1H), 5.25 (dd, J = 10.1, 1.1 Hz, 1H), 4.11 (s, 2H),
4.01 (d, J = 6.3 Hz, 2H), 3.62 (dd, J = 10.7, 6.1 Hz, 2H), 2.09-2.06 (m, 2H), 1.58-1.53 (m, 2H),
1.48-1.42 (m, 2H), 1.24 (br s, 1H) ppm; >C NMR (125 MHz, CDCl;) &: 148.4, 133.7, 133.3, 131.9,
131.7, 131.2, 124.3, 120.2, 86.1, 73.3, 62.4, 49.5, 36.6, 31.8, 24.9, 18.4 ppm; IR (neat) V: 3389,
2939, 2867, 2228, 1644, 1590, 1546, 1359, 1167 cm™; HRMS (ESI) m/z calcd. for C H0N,NaOsS”

[(M+Na)'] 375.0985, found 375.0982.

N-Allyl-2-nitro-N-(7-oxohept-2-yn-1-yl)benzenesulfonamide (139g)

A suspension of 171 (1.98 g, 5.62 mmol), DMP (3.34 g, 7.87 mmol) and NaHCO; (708 mg, 8.43
mmol) in CH,Cl, (19 mL) was stirred at r.t. for 2 h. The reaction was quenched with saturated
Na,S;0; aq. and extracted with CHCl;. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQ,, filtered and concentrated. The residue was purified by silica gel column

chromatography (Hexane/EtOAc = 80:20~50:50) to give 139g (1.36 g, 69% yield) as a colorless oil.
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Spectral data of 139g: 'H NMR (500 MHz, CDCls) 8: 9.75 (s, 1H), 8.08-8.07 (m, 1H), 7.73-7.63 (m,
3H), 5.77-5.69 (m, 1H), 5.30 (dd, J=17.0, 1.3 Hz, 1H), 5.26 (d, /= 10.3 Hz, 1H), 4.11 (t,J= 2.1
Hz, 2H), 4.01 (d, J = 6.3 Hz, 2H), 2.47 (td, J = 7.2, 1.0 Hz, 2H), 2.11 (tt, J = 7.0, 2.2 Hz, 2H),
1.70-1.65 (m, 2H) ppm; C NMR (125 MHz, CDCl;) &: 201.6, 148.3, 133.8, 133.2, 131.9, 131.7,
131.2, 124.3, 120.2, 85.0, 74.1, 49.6, 42.6, 36.5, 21.0, 18.0 ppm; IR (neat) V: 3093, 2938, 2838,
2728, 2227, 1722, 1644, 1549, 1360 cm™; HRMS (ESI) m/z caled. for C16H sNoNaOsS™ [(M+Na)']

373.0829, found 373.0833.

(S,E)-N-Allyl-N-(7-((tert-butanesulfinyl)imino)hept-2-yn-1-yl)-2-nitrobenzenesulfonamide
((5)-121g)

A suspension of 139g (1.37 g, 3.90 mmol), (S)-¢-butanesulfinamide (567 mg, 4.68 mmol), PPTS
(97.9 mg, 0.390 mmol) and MgSO;4 (2.35 g, 19.5 mmol) in toluene (13 mL) was stirred at 40 °C for
2 h. The reaction mixture was filtered through a short silica gel pad and concentrated. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 70:30~30:70) to give (S)-121g
(1.75 g, 99% yield) as a colorless oil.

Spectral data of (S)-121g: 'H NMR (500 MHz, CDCls) 3: 8.09-8.07 (m, 1H), 8.02 (t, J = 4.3 Hz,
1H), 7.72-7.63 (m, 3H), 5.77-5.69 (m, 1H), 5.30 (d, J = 17.1 Hz, 1H), 5.25 (d, J = 10.3 Hz, 1H),
4.12 (s, 2H), 4.01 (d, J = 6.3 Hz, 2H), 2.51 (td, J = 7.3, 4.4 Hz, 2H), 2.15 (t, J = 7.0 Hz, 2H),
1.75-1.66 (m, 2H), 1.19 (s, 9H) ppm; °C NMR (125 MHz, CDCls) &: 168.5, 148.4, 133.7, 133.3,
131.9, 131.7, 131.3, 124.3, 120.2, 85.0, 74.0, 56.8, 49.5, 36.5, 34.9, 24.3, 22.5 (3C), 18.2 ppm; IR
(neat) ¥: 3090, 2960, 2927, 2869, 2229, 1623, 1590, 1549, 1361 cm™; HRMS (ESI) m/z calcd. for

CoH27N3NaOsS," [(M+Na)'] 476.1284, found 476.1283; [a]p>2 +109.4 (¢ 0.52, CHCls).

<Scheme 78>
According to the general procedure (2) for cyclization, a crude product, which was prepared from
(S)-121k (40.4 mg, 0.150 mmol), [Rh(cod),]BF4 (6.09 mg, 0.0150 mmol) and (S)-Hs-BINAP (9.46

mg, 0.0150 mmol) in CICH,CH,Cl (1.50 mL) at 40 °C for 3 h, was purified by silica gel column
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chromatography (Hexane/EtOAc = 90:10~0:100) to give 125k (not pure, <5.2 mg, <13% yield) as a
pale yellow oil. 125k was not obtained as a pure product and could not be separated from impurities

by silica gel column chromatography.

<Scheme 79>

Dimethyl 2-(but-3-en-1-yl)-2-(7-((fert-butyldimethylsilyl)oxy)hept-2-yn-1-yl)malonate (173)

To a suspension of NaH (60% dispersion in mineral oil, 100 mg, 2.51 mmol) in THF (9.0 mL), was
added dimethyl 2-(but-3-en-1-yl)malonate 172" (333 mg, 1.79 mmol) at 0 °C. To the mixture, was
added 136°” (574 mg, 1.79 mmol) at 0 °C. The reaction mixture was stirred at r.t. for 20 h. The
reaction was quenched with saturated NH4Cl aq. and extracted with EtOAc. The organic layer was
dried over MgSQO,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 95:5~85:15) to give 173 (622 mg, 85% yield) as a colorless oil.
Spectral data of 173: "H NMR (600 MHz, CDCl;) 8: 5.82-5.75 (m, 1H), 5.06-4.96 (m, 2H), 3.72 (s,
6H), 3.60 (t, J = 6.2 Hz, 2H), 2.80 (t, J = 2.3 Hz, 2H), 2.15-2.12 (m, 4H), 1.98-1.94 (m, 2H),
1.59-1.47 (m, 4H), 0.89 (s, 9H), 0.04 (s, 6H) ppm; C NMR (125 MHz, CDCl;) &: 171.1 (2C),
137.6, 115.3, 83.6, 74.5, 62.8, 57.1, 52.8 (2C), 32.0, 31.4, 28.5, 26.1 (3C), 25.5, 23.4, 18.6, 18.5,
-5.2 (2C) ppm; IR (neat) ¥: 2953, 1739, 1643 cm™'; HRMS (ESI) m/z caled. for CoH3sNaOsSi™

[(M+Na)"] 433.2381, found 433.2382.

Dimethyl 2-(but-3-en-1-yl)-2-(7-hydroxyhept-2-yn-1-yl)malonate (174)

A solution of 173 (600 mg, 1.46 mmol) and TBAF (1.0 M in THF, 1.75 mL, 1.75 mmol) in THF
(4.9 mL) was stirred at r.t. for 2 h. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 80:20~50:50) to give 174 (428 mg, 99% yield) as a
colorless oil.

Spectral data of 174: 'H NMR (600 MHz, CDCls) &: 5.83-5.76 (m, 1H), 5.07-4.97 (m, 2H), 3.73 (s,
6H), 3.65 (t, J = 6.4 Hz, 2H), 2.80 (t, J = 2.3 Hz, 2H), 2.19-2.12 (m, 4H), 1.98-1.94 (m, 2H),

1.67-1.62 (m, 2H), 1.56-1.52 (m, 3H) ppm; “C NMR (125 MHz, CDCls) &: 171.1 (2C), 137.5,
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115.3, 83.4, 74.8, 62.5, 57.1, 52.8 (2C), 31.8, 31.4, 28.4, 25.1, 23.4, 18.5 ppm; IR (neat) v: 3437,
2952, 1736, 1642 cm’; HRMS (ESI) m/z caled. for CgHsNaOs™ [(M+Na)'] 319.1516, found

319.1515.

Dimethyl 2-(but-3-en-1-yl)-2-(7-oxohept-2-yn-1-yl)malonate (139h)

A suspension of 174 (400 mg, 1.35 mmol), DMP (801 mg, 1.89 mmol) and NaHCO; (170 mg, 2.03
mmol) in CH,Cl, (14 mL) was stirred at r.t. for 1 h. The reaction was quenched with saturated
Na,S;0; aq. and extracted with CHCl;. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQ,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 139h (220 mg, 56% yield) as a colorless
oil.

Spectral data of 139h: 'H NMR (500 MHz, CDCls) &: 9.79 (t, J = 1.3 Hz, 1H), 5.83-5.75 (m, 1H),
5.07-4.97 (m, 2H), 3.73 (s, 6H), 2.80 (t, J = 2.3 Hz, 2H), 2.55 (td, /= 7.2, 1.3 Hz, 2H), 2.21 (tt, J =
6.8, 2.4 Hz, 2H), 2.14-2.11 (m, 2H), 1.98-1.94 (m, 2H), 1.80-1.75 (m, 2H) ppm; °C NMR (125
MHz, CDCls) 6: 202.0, 171.0 (2C), 137.5, 115.3, 82.3, 75.6, 57.0, 52.8 (2C), 42.7, 31.4, 28.4, 23 .4,
21.4, 18.2 ppm; IR (neat) V: 2954, 1731, 1642 cm'l; HRMS (ESI) m/z caled. for CisHa305"

[(M+H)"] 295.1540, found 295.1543.

Dimethyl (S,E)-2-(but-3-en-1-yl)-2-(7-((tert-butanesulfinyl)imino)hept-2-yn-1-yl)malonate
((5)-121h)

A suspension of 139h (1.03 g, 3.50 mmol), (S)-z-butanesulfinamide (509 mg, 4.20 mmol), PPTS (88
mg, 0.350 mmol) and MgSO4 (2.11 g, 17.5 mmol) in toluene (18 mL) was stirred at 40 °C for 2 h.
The reaction mixture was filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give (S)-121h (1.32 g, 95% yield) as a colorless
oil.

Spectral data of (S)-121h: '"H NMR (600 MHz, CDCls) &: 8.08 (t, J = 4.1 Hz, 1H), 5.82-5.75 (m,

1H), 5.04 (dd, J = 17.0, 1.8 Hz, 1H), 4.98 (dd, J= 10.5, 1.2 Hz, 1H), 3.72 (s, 6H), 2.81 (t, J= 2.3
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Hz, 2H), 2.61 (td, J = 7.3, 4.7 Hz, 2H), 2.23 (td, /= 6.7, 1.8 Hz, 2H), 2.14-2.12 (m, 2H), 1.98-1.94
(m, 2H), 1.82-1.77 (m, 2H), 1.19 (s, 9H) ppm; *C NMR (125 MHz, CDCls) &: 170.9 (2C), 168.9,
137.5, 115.3, 82.4, 75.5, 57.0, 57.0, 52.8 (2C), 35.0, 31.4, 28.4, 24.7, 23.4, 22.5 (3C), 18.3 ppm; IR
(neat) ¥: 2953, 1737, 1641, 1623 cm™; HRMS (ESI) m/z caled. for CyoH3 NNaOsS™ [(M+Na)']

420.1815, found 420.1811; [a]p> +133.1 (¢ 1.06, CHCI;).

<Scheme 80>
Dimethyl
(Z)-4-methylene-3-((R)-2-((R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanamido)cyclopentylide
ne)cyclohexane-1,1-dicarboxylate (175)
A solution of 125h (36.8 mg, 0.0926 mmol), 4N HCI in dioxane (0.0926 mL, 0.370 mmol) in
MeOH (0.30 mL) was stirred at r.t. for 1 h. The reaction mixture was concentrated. A solution of the
crude amine hydrochloride, (S)-MTPA-CI (0.0348 mL, 0.186 mmol) and Et;N (0.0516 mL, 0.372
mmol) in CH,Cl, (0.30 mL) was stirred at r.t. for 12 h. The reaction was quenched with H,O and
extracted with EtOAc. The organic layer was dried over MgSQ,, filtered and concentrated. The
residue was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give
175 (27.0 mg, 57% yield, 2 steps) as a colorless oil.
Spectral data of 175: 'H NMR (500 MHz, CDCls) &: 7.49-7.47 (m, 2H), 7.41-7.38 (m, 3H), 6.58 (d,
J = 6.1 Hz, 1H), 4.90-4.87 (m, 3H), 3.71 (s, 3H), 3.68 (s, 3H), 3.35 (s, 3H), 2.88 (d, J = 13.7 Hz,
1H), 2.61 (d, J = 13.7 Hz, 1H), 2.53-2.47 (m, 1H), 2.40-2.25 (m, 4H), 2.11-2.06 (m, 1H), 1.89-1.83
(m, 1H), 1.80-1.70 (m, 2H), 1.65-1.58 (m, 1H) ppm; °C NMR (125 MHz, CDCl;) &: 171.6, 171.4,
165.3, 145.3, 138.5, 132.8, 132.7, 129.5, 128.7 (2C), 127.8 (2C), 124.0 (J'c.r = 289.9 Hz), 111.8,
83.9 (Per = 26.3 Hz), 56.4, 54.9, 52.8, 52.7, 52.5, 37.8, 34.3, 32.9, 32.4, 29.8, 23.2 ppm; IR (neat)
v: 3421, 2953, 1733, 1691, 1639 cm'l; HRMS (ESI) m/z caled. for C,6H30F3NNaOg" [(M+Na)+]

532.1917, found 532.1924; [a]p' -34.0 (¢ 3.38, CHCL).
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Dimethyl
(Z)-4-methylene-3-((R)-2-((5)-3,3,3-trifluoro-2-methoxy-2-phenylpropanamido)cyclopentylide
ne)cyclohexane-1,1-dicarboxylate (176)

A solution of 125h (39.1 mg, 0.0984 mmol), 4N HCI in dioxane (0.0984 mL, 0.393 mmol) in
MeOH (0.30 mL) was stirred at r.t. for 1 h. The reaction mixture was concentrated. A solution of the
crude amine hydrochloride, (R)-MTPA-CI (0.0367 mL, 0.196 mmol) and Et;N (0.0543 mL, 0.392
mmol) in CH,Cl, (0.30 mL) was stirred at r.t. for 12 h. The reaction was quenched with H,O and
extracted with EtOAc. The organic layer was dried over MgSQ,, filtered and concentrated. The
residue was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~70:30) to give
176 (30.1 mg, 60% yield, 2 steps) as a colorless oil.

Spectral data of 176: 'H NMR (500 MHz, CDCls) &: 7.51-7.50 (m, 2H), 7.38-7.35 (m, 3H), 6.49 (d,
J=6.1 Hz, 1H), 4.84-4.82 (br m, 1H), 4.68 (d, J = 9.0 Hz, 2H), 3.70 (s, 6H), 3.42 (s, 3H), 2.88 (d, J
=13.7 Hz, 1H), 2.53 (d, J = 13.7 Hz, 2H), 2.36-2.29 (m, 1H), 2.21-2.18 (m, 1H), 2.10-1.63 (m, 7H)
ppm; °C NMR (125 MHz, CDCl3) &: 171.6, 171.3, 165.1, 145.6, 139.1, 132.8, 132.6, 129.5, 128.4
(2C), 127.9 (2C), 123.9 (J'c.r = 289.7 Hz), 111.5, 84.0 (J*c.r = 26.0 Hz), 56.3, 55.0, 52.8, 52.5, 52.5,
37.8, 34.7, 32.7, 32.4, 30.0, 23.3 ppm; IR (neat) ¥: 3423, 2953, 1732, 1692, 1638 cm™'; HRMS
(ESI) m/z caled. for CosHsoF3sNNaOg™ [(M+Na)'] 532.1917, found 532.1925; [a]p'® +45.7 (¢ 3.21,

CHCly).

<Scheme 81>
Dimethyl 2-allyl-2-(8-hydroxyoct-2-yn-1-yl)malonate (178)
To a suspension of NaH (60% dispersion in mineral oil, 320 mg, 8.00 mmol) in THF (29 mL), was
added dimethyl allylmalonate (0.919 mL, 5.72 mmol) at 0 °C. To the mixture, was added 177°"
(1.91 g, 5.72 mmol) at 0 °C. The reaction mixture was stirred at r.t. for 14 h. The reaction was
quenched with saturated NH4Cl aq. and extracted with EtOAc. The organic layer was dried over
MgSOQy, filtered and concentrated. The residue was used in the next reaction without purification. A

solution of the crude oil and TBAF (1.0 M in THF, 6.86 mL, 6.86 mmol) in THF (19 mL) was

192



Experiment of Chapter 2

stirred at r.t. for 2 h. The reaction mixture was concentrated and purified by silica gel column
chromatography (Hexane/EtOAc = 80:20~50:50) to give 178 (1.09 g, 65% yield, 2 steps) as a
colorless oil.

Spectral data of 178: "H NMR (500 MHz, CDCls) &: 5.67-5.59 (m, 1H), 5.16 (dd, J=17.1, 1.7 Hz,
1H), 5.11 (dd, J=10.0, 2.0 Hz, 1H), 3.73 (s, 6H), 3.66 (q, J = 5.9 Hz, 2H), 2.79 (d, J = 7.6 Hz, 2H),
2.76 (t, J = 2.4 Hz, 2H), 2.17-2.13 (m, 2H), 1.60-1.42 (m, 7H) ppm; >*C NMR (125 MHz, CDCl3) &:
170.7 (2C), 132.1, 119.7, 83.6, 74.6, 62.9, 57.4, 52.8 (2C), 36.7, 32.4, 28.6, 24.9, 23.2, 18.7 ppm;
IR (neat) ¥: 3389, 2937, 2862, 1739, 1642 cm™; HRMS (ESI) m/z caled. for CisH4NaOs"

[(M+Na)'] 319.1516, found 319.1513.

Dimethyl (S,E)-2-allyl-2-(8-((fert-butanesulfinyl)imino)oct-2-yn-1-yl)malonate ((:5)-121i)

A suspension of 178 (1.09 g, 3.52 mmol), DMP (2.19 g, 5.17 mmol) and NaHCO; (930 mg, 11.1
mmol) in CH,Cl, (12 mL) was stirred at r.t. for 2 h. The reaction was quenched with saturated
Na,S;0; aq. and extracted with CHCl;. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQ,, filtered and concentrated. The residue was used in the next reaction without
purification. A suspension of the crude oil, (S)-z-butanesulfinamide (537 mg, 4.43 mmol), PPTS
(92.7 mg, 0.369 mmol) and MgSO4 (2.22 g, 18.5 mmol) in toluene (12 mL) was stirred at 40 °C for
2 h. The reaction mixture was filtered and concentrated. The residue was purified by silica gel
column chromatography (Hexane/EtOAc = 90:10~50:50) to give (S)-121i (484 mg, 33% yield, 2
steps) as a colorless oil.

Spectral data of (S)-121i: "H NMR (500 MHz, CDCls) &: 8.07 (t, J = 4.6 Hz, 1H), 5.67-5.58 (m, 1H),
5.15(d, J = 16.8 Hz, 1H), 5.11 (d, J = 10.0 Hz, 1H), 3.72 (s, 6H), 2.78-2.75 (m, 4H), 2.53 (td, J =
7.3, 4.6 Hz, 2H), 2.17 (tt, J = 7.0, 2.3 Hz, 2H), 1.75-1.69 (m, 2H), 1.57-1.51 (m, 2H), 1.19 (s, 9H)
ppm; °C NMR (125 MHz, CDCls) &: 170.6 (2C), 169.4, 132.1, 119.8, 83.0, 74.9, 57.4, 56.7, 52.8
(20), 36.8, 35.7, 28.5, 24.6, 23.2, 22.5 (3C), 18.6 ppm; IR (neat) V: 2981, 2952, 2866, 1739, 1623
cm’'; HRMS (ESI) m/z caled. for CoH3 NNaOsS™ [(M+Na)'] 420.1815, found 420.1819; [a]p'®

+101.2 (¢ 1.16, CHCl,).
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<Scheme 83>

Dimethyl 2-(7-((tert-butyldimethylsilyl)oxy)hept-2-yn-1-yl)-2-(2-methylallyl)malonate (185)

To a suspension of NaH (60% dispersion in mineral oil, 774 mg, 19.4 mmol) in THF (46 mL), was
added 184" (2.57 g, 13.8 mmol) at 0 °C. The mixture was stirred at r.t. for 0.5 h. To the mixture,
was added 136** (4.43 g, 13.8 mmol) at 0 °C. The reaction mixture was stirred at r.t. for 20 h. The
reaction was quenched with saturated NH4Cl aq. and extracted with EtOAc. The organic layer was
dried over MgSQO,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 100:0~85:15) to give 185 (4.02 g, 71% yield) as a colorless oil.
Spectral data of 185: 'H NMR (600 MHz, CDCl;) &: 4.89 (s, 1H), 4.82 (s, 1H), 3.72 (s, 6H), 3.61 (t,
J=6.4 Hz, 2H), 2.82 (s, 2H), 2.79 (t, J = 2.3 Hz, 2H), 2.16-2.13 (m, 2H), 1.66 (s, 3H), 1.60-1.49 (m,
4H), 0.88 (s, 9H), 0.04 (s, 6H) ppm; °C NMR (125 MHz, CDCl3) &: 171.0 (2C), 140.2, 116.2, 83.9,
74.9, 62.8, 57.0, 52.7 (20), 39.7, 32.0, 26.1 (3C), 25.5, 23.4, 23.2, 18.6, 18.5, -5.2 (2C) ppm; IR
(neat) ¥: 2952, 1740, 1645 cm™; HRMS (ESI) m/z caled. for C,,H3sNaOsSi™ [(M+Na)'] 433.2381,

found 433.2375.

Dimethyl 2-(7-hydroxyhept-2-yn-1-yl)-2-(2-methylallyl)malonate (186)

A solution of 185 (4.02 g, 9.79 mmol) and TBAF (1.0 M in THF, 11.8 mL, 11.8 mmol) in THF (20
mL) was stirred at r.t. for 2 h. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 80:20~50:50) to give 186 (2.86 g, 99% yield) as a
colorless oil.

Spectral data of 186: 'H NMR (600 MHz, CDCl3) &: 4.90 (s, 1H), 4.82 (s, 1H), 3.73 (s, 6H), 3.66 (t,
J = 6.4 Hz, 2H), 2.82 (s, 2H), 2.80 (t, J = 2.3 Hz, 2H), 2.20-2.17 (m, 2H), 1.68-1.63 (m, 5H),
1.58-1.53 (m, 3H) ppm; °C NMR (125 MHz, CDCls) &: 171.0 (2C), 140.1, 116.2, 83.7, 75.2, 62.5,
57.0, 52.8 (2C), 39.7, 31.8, 25.2, 23.4, 23.2, 18.5 ppm; IR (neat) ¥: 3399, 2951, 1737, 1645 cm’';

HRMS (ESI) m/z caled. for C1sH,4NaOs" [(M+Na)'] 319.1516, found 319.1517.
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Dimethyl 2-(2-methylallyl)-2-(7-oxohept-2-yn-1-yl)malonate (139j)

A suspension of 186 (2.86 g, 9.65 mmol), DMP (5.73 g, 13.5 mmol) and NaHCOs (2.43 g, 29.0
mmol) in CH,Cl, (32 mL) was stirred at r.t. for 6 h. The reaction was quenched with saturated
Na,S;0; aq. and extracted with CHCl;. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQ,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 95:5~70:30) to give 139j (2.08 g, 73% yield) as a colorless oil.
Spectral data of 139j: "H NMR (600 MHz, CDCls) &: 9.80 (s, 1H), 4.90 (s, 1H), 4.81 (s, 1H), 3.73
(s, 6H), 2.81 (s, 2H), 2.80 (t, J = 2.3 Hz, 2H), 2.56 (td, J = 7.0, 1.2 Hz, 2H), 2.23-2.20 (m, 2H),
1.81-1.76 (m, 2H), 1.65 (s, 3H) ppm; *C NMR (125 MHz, CDCl;) &: 202.0, 170.9 (2C), 140.1,
116.3, 82.6, 76.0, 56.9, 52.8 (2C), 42.8, 39.7, 23.4, 23.2, 21.4, 18.2 ppm; IR (neat) V: 2953, 2725,

1732, 1645 cm™; HRMS (ESI) m/z caled. for Ci¢H,305s™ [(M+H)'] 295.1540, found 295.1541.

Dimethyl (S,E)-2-(7-((tert-butanesulfinyl)imino)hept-2-yn-1-yl)-2-(2-methylallyl)malonate
((5)-121j)

A suspension of 139 (2.08 g, 7.08 mmol), (S)-z-butanesulfinamide (1.03 g, 8.50 mmol), PPTS (178
mg, 0.708 mmol) and MgSO4 (4.26 g, 35.4 mmol) in toluene (24 mL) was stirred at 40 °C for 5 h.
The reaction mixture was filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give (S)-121j (2.81 g, quant.) as a colorless oil.
Spectral data of (S)-121j: 'H NMR (600 MHz, CDCls) &: 8.08 (t, J = 4.4 Hz, 1H), 4.90 (s, 1H), 4.81
(s, 1H), 3.72 (s, 6H), 2.81-2.80 (m, 4H), 2.62 (td, J = 7.3, 4.5 Hz, 2H), 2.24 (t, J = 5.9 Hz, 2H),
1.83-1.78 (m, 2H), 1.65 (s, 3H), 1.19 (s, 9H) ppm; C NMR (125 MHz, CDCl;) &: 170.9 (2C),
168.9, 140.1, 116.2, 82.6, 76.0, 56.9, 56.7, 52.8 (2C), 39.7, 35.0, 24.7, 23.4, 23.1, 22.5 (3C), 18.3
ppm; IR (neat) V: 2953, 1739, 1645, 1624 cm’'; HRMS (ESI) m/z caled. for CyoH3 NNaOsS”

[(M+Na)'] 420.1815, found 420.1816; [a]p>* +114.2 (¢ 0.59, CHCL).
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<Scheme 84>

((7-(Allyloxy)hept-5-yn-1-yl)oxy)(tert-butyl)dimethylsilane (188)

To a suspension of NaH (60% dispersion in mineral oil, 301 mg, 7.52 mmol) in NMP (17 mL), was
added allyl alcohol (0.512 mL, 7.52 mmol) at 0 °C. The mixture was stirred at r.t. for 0.5 h. To the
mixture, was added 187°° (1.53 g, 5.02 mmol) at 0 °C. The reaction mixture was stirred at r.t. for 14
h. The reaction was quenched with saturated NH4Cl aq. and extracted with EtOAc. The organic
layer was washed with H,O, dried over MgSOy, filtered and concentrated. The residue was purified
by silica gel column chromatography (Hexane/EtOAc = 100:0~80:20) to give 188 (0.72 g, 51%
yield) as a colorless oil.

Spectral data of 188: 'H NMR (500 MHz, CDCls) &: 5.95-5.87 (m, 1H), 5.30 (dd, J=17.2, 1.6 Hz,
1H), 5.20 (dd, J = 10.4, 1.1 Hz, 1H), 4.13 (t, J = 2.1 Hz, 2H), 4.05 (d, J = 5.6 Hz, 2H), 3.62 (t, J =
6.1 Hz, 2H), 2.26-2.24 (m, 2H), 1.65-1.56 (m, 4H), 0.89 (s, 9H), 0.05 (s, 6H) ppm; *C NMR (125
MHz, CDCls) &: 134.4, 117.8, 87.0, 76.1, 70.6, 62.8, 57.9, 32.1, 26.1 (3C), 25.2, 18.7, 18.5, -5.2
(2C) ppm; IR (neat) ¥: 2952, 2930, 2857, 2224, 1648 cm’'; HRMS (ESI) m/z calcd. for

C16H30Na0,Si" [(M+Na)*] 305.1907, found 305.1908.

7-(Allyloxy)hept-5-yn-1-ol (189)

A solution of 188 (0.72 g, 2.55 mmol) and TBAF (1.0 M in THF, 3.06 mL, 3.06 mmol) in THF (8.5
mL) was stirred at r.t. for 2 h. The reaction mixture was concentrated and purified by silica gel
column chromatography (Hexane/EtOAc = 80:20~60:40) to give 189 (429 mg, quant.) as a
colorless oil.

Spectral data of 189: 'H NMR (500 MHz, CDCls) 6: 5.95-5.87 (m, 1H), 5.30 (dd, J=17.1, 1.5 Hz,
1H), 5.21 (dd, /=10.4, 1.1 Hz, 1H), 4.13 (t, J = 2.1 Hz, 2H), 4.05 (d, J = 5.9 Hz, 2H), 3.68 (t, J =
6.0 Hz, 2H), 2.28 (tt, J = 6.8, 2.1 Hz, 2H), 1.71-1.66 (m, 2H), 1.64-1.58 (m, 2H), 1.25 (br s, 1H)
ppm; *C NMR (125 MHz, CDCl) &: 134.3, 117.8, 86.7, 76.4, 70.6, 62.5, 57.8, 31.9, 25.0, 18.7
ppm; IR (neat) V: 3399, 2940, 2863, 2224, 1647 cm'l; HRMS (ESI) m/z caled. for CoHNaO,"

[(M+Na)] 191.1043, found 191.1047.
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7-(Allyloxy)hept-5-ynal (139k)

A suspension of 189 (664 mg, 3.95 mmol), DMP (2.34 g, 5.53 mmol) and NaHCO; (995 mg, 11.8
mmol) in CH,Cl, (13 mL) was stirred at r.t. for 2 h. The reaction was quenched with saturated
Na,S;0; aq. and extracted with CHCl;. The organic layer was washed with saturated NaHCOs aq.,
dried over MgSQ,, filtered and concentrated. The residue was purified by silica gel column
chromatography (Hexane/EtOAc = 90:10~60:40) to give 139k (478 mg, 73% yield) as a colorless
oil.

Spectral data of 139k: 'H NMR (500 MHz, CDCl3) &: 9.81 (s, 1H), 5.95-5.87 (m, 1H), 5.30 (dd, J =
17.2, 1.6 Hz, 1H), 5.21 (dd, J=10.5, 1.0 Hz, 1H), 4.13 (t, /= 2.1 Hz, 2H), 4.04 (d, /= 5.9 Hz, 2H),
2.59 (td, J=7.3, 1.1 Hz, 2H), 2.31 (tt, J = 6.8, 2.1 Hz, 2H), 1.88-1.82 (m, 2H) ppm; °C NMR (125
MHz, CDCls) 8: 201.9, 134.2, 117.9, 85.6, 77.2, 70.7, 57.8, 42.8, 21.1, 18.3 ppm; IR (neat) V: 2940,
2850, 2726, 2224, 1724, 1647 cm™; HRMS (ESI) m/z caled. for CioHsO," [(M+H)'] 167.1067,

found 167.1070.

(S,E)-N-(7-(Allyloxy)hept-5-yn-1-ylidene)-2-methylpropane-2-sulfinamide ((5)-121k)

A suspension of 139k (478 mg, 2.88 mmol), (S)-z-butanesulfinamide (418 mg, 3.45 mmol), PPTS
(72.3 mg, 0.288 mmol) and MgSOy4 (1.73 g, 14.4 mmol) in toluene (9.6 mL) was stirred at 40 °C for
2 h. The reaction mixture was filtered through a short silica gel pad and concentrated. The residue
was purified by silica gel column chromatography (Hexane/EtOAc = 90:10~60:40) to give (5)-121k
(652 mg, 84% yield) as a colorless oil.

Spectral data of (S)-121k: '"H NMR (500 MHz, CDCl3) &: 8.10 (t, J = 4.4 Hz, 1H), 5.95-5.87 (m,
1H), 5.30 (dd, /= 17.2, 1.6 Hz, 1H), 5.21 (dd, J=10.4, 1.1 Hz, 1H), 4.14 (t, J = 2.2 Hz, 2H), 4.04
(d, J = 5.6 Hz, 2H), 2.65 (td, J = 7.3, 4.4 Hz, 2H), 2.36-2.33 (m, 2H), 1.91-1.83 (m, 2H), 1.20 (s,
9H) ppm; C NMR (125 MHz, CDCl;) &: 168.8, 134.3, 117.9, 85.7, 77.1, 70.7, 57.8, 56.7, 35.1,
24.4,22.5 (3C), 18.5 ppm; IR (neat) ¥: 2956, 2865, 2223, 1623 cm™'; HRMS (ESI) m/z calcd. for

C14H»NNa0,S " [(M+Na)'] 292.1342, found 292.1342; [a]p? +171.3 (¢ 0.54, CHCl5).
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<Section 4>

<Table 14>
Dimethyl
(18,2R,3a'R,8a' R)-2-(((S)-tert-butanesulfinyl)amino)-1',3'-dioxo-2'-phenyl-1',2',3',3a',5',7',8',8
a'-octahydro-6'H-spiro(cyclopentane-1,4'-cyclopenta[f]isoindole)-6',6'-dicarboxylate (190aa)
A solution of 125a (50.4 mg, 0.131 mmol) and N-phenylmaleimide (68.3 mg, 0.394 mmol) in
CICH,CH,Cl (1.0 mL) was stirred at 40 °C for 24 h. The reaction mixture was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 70:30~0:100) to give 190aa (60.3
mg, 82% yield) as a colorless oil.
Spectral data of 190aa: 'H NMR (500 MHz, CDCls) &: 7.45 (t, J=7.7 Hz, 2H), 7.37 (t, J = 7.4 Hz,
1H), 7.24-7.22 (m, 2H), 3.77-3.71 (m, 7H), 3.44-3.39 (m, 1H), 3.34 (d, /= 10.5 Hz, 1H), 3.11 (d, J
= 8.5 Hz, 1H), 3.07 (d, J = 16.1 Hz, 3H), 2.88 (d, /= 16.4 Hz, 1H), 2.66-2.61 (m, 1H), 2.43 (d, J =
18.3 Hz, 1H), 2.36 (td, J = 13.6, 7.6 Hz, 1H), 2.18 (dt, J = 16.0, 7.1 Hz, 1H), 2.10-2.04 (m, 1H),
1.87-1.81 (m, 2H), 1.70-1.62 (m, 1H), 1.22 (s, 9H) ppm; C NMR (125 MHz, CDCls) &: 178.7,
176.3,172.8, 171.7, 134.5, 133.9, 131.8, 129.2 (2C), 128.7, 126.5 (2C), 67.4, 57.9, 55.8, 53.2, 53.0,
49.0, 48.8, 43.6, 43.0, 39.2, 33.2, 31.7, 25.3, 22.8 (3C), 21.1 ppm; IR (neat) V: 3275, 2955, 1731,
1712, 1598, 1499 cm™; HRMS (ESI) m/z caled. for C2oH36N,NaO;S™ [(M+Na)] 579.2135, found

579.2137; [o]p™ -62.0 (¢ 5.73, CHCL)).

Dimethyl

(1S,2R,3a'R,8a' R)-2-(((S)-tert-butanesulfinyl)amino)-2'-(4-nitrophenyl)-1',3'-dioxo-1',2',3',3a’,
5',7',8',8a'-octahydro-6'H-spir(cyclopentane-1,4'-cyclopenta|f]isoindole)-6',6'-dicarboxylate
(190ab)

A solution of 125a (50.9 mg, 0.133 mmol) and N-(4-nitrophenyl)maleimide (86.8 mg, 0.398 mmol)
in CICH,CH,CI (1.0 mL) was stirred at 40 °C for 24 h. The reaction mixture was concentrated and

purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100) to give 190ab (73.1
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mg, 92% yield) as a white solid. The structure and absolute configuration of 190ab was
unambiguously determined by X-ray crystal structure analysis.

CCDC 1412638 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Spectral data of 190ab: '"H NMR (500 MHz, CDCl;) &: 8.31 (dt, J = 9.5, 2.3 Hz, 2H), 7.55 (dt, J =
9.5, 2.4 Hz, 2H), 3.77-3.70 (m, 7H), 3.49-3.44 (m, 1H), 3.33 (d, /= 10.3 Hz, 1H), 3.15 (d, /= 8.5
Hz, 1H), 3.07-3.01 (m, 3H), 2.89 (d, /= 16.8 Hz, 1H), 2.66 (dd, J = 18.1, 10.0 Hz, 1H), 2.45 (d, J =
18.3 Hz, 1H), 2.40-2.34 (m, 1H), 2.20-2.13 (m, 1H), 2.11-2.04 (m, 1H), 1.89-1.82 (m, 2H),
1.71-1.65 (m, 1H), 1.22 (s, 9H) ppm; “C NMR (125 MHz, CDCls) &: 177.9, 175.5, 172.6, 171.7,
147.0, 137.4, 134.6, 133.9, 127.0 (2C), 124.4 (2C), 67.0, 57.9, 55.8, 53.2, 53.0, 49.0 (2C), 43.6,
42.9, 39.3, 33.1, 31.7, 25.3, 22.8 (3C), 21.0 ppm; IR (CHCl;) V: 3276, 2956, 1724, 1597, 1526,
1345 cm™; HRMS (ESI) m/z caled. for CaoH3sN3NaOoS™ [(M+Na)'] 624.1986, found 624.1982;

[a]p”! -65.3 (¢ 7.07, CHCls); mp 193-195 °C (recrystallized from Hexane/EtOAc at 0 °C).

Dimethyl

(18,2R,3a'R,8a' R)-2-(((S)-tert-butanesulfinyl)amino)-1',3'-dioxo-3',3a',5',7',8',8a'-hexahydrosp

iro(cyclopentane-1,4'-indeno[5,6-c|furan)-6',6'(1'H)-dicarboxylate (190ac)

A solution of 125a (35.9 mg, 0.0936 mmol) and maleic anhydride (27.5 mg, 0.281 mmol) in
CICH,CH,CI (1.0 mL) was stirred at 40 °C for 18 h. The reaction mixture was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100) to give 190ac (39.5
mg, 88% yield) as a colorless oil.

Spectral data of 190ac: 'H NMR (500 MHz, CDCl3) &: 3.74 (s, 3H), 3.72 (s, 3H), 3.57-3.48 (m, 2H),
3.43 (d,J=11.0 Hz, 1H), 3.20 (d, J = 8.5 Hz, 1H), 3.08 (d, J = 16.8 Hz, 1H), 3.01 (s, 2H), 2.80 (d,
J=16.8 Hz, 1H), 2.58 (dd, J=18.7, 10.6 Hz, 1H), 2.39-2.30 (m, 2H), 2.20-2.14 (m, 1H), 1.98-1.92
(m, 1H), 1.87-1.77 (m, 2H), 1.66-1.57 (m, 1H), 1.19 (s, 9H) ppm; °C NMR (125 MHz, CDCl;) &:

173.3, 173.0, 171.3, 170.8, 133.6, 133.4, 68.2, 57.6, 55.9, 53.3, 53.1, 50.9, 47.3, 43.4, 42.7, 39.0,
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33.4, 32.0, 24.7, 22.9 (3C), 20.9 ppm; IR (neat) ¥: 3267, 2957, 1858, 1783, 1731 cm™'; HRMS
(ESI) m/z caled. for Co3H; NNaOgS* [(M+Na)'] 504.1663, found 504.1664; [op>> -61.2 (c 1.81,

CHCL5).

Dimethyl
(18,2R)-2-(((S)-tert-butanesulfinyl)amino)-1',3'-dioxo-2'-phenyl-2',3',6',9'-tetrahydro-1'H-spir
o(cyclopentane-1,5'-cyclopenta|d][1,2,4]triazolo[1,2-a]|pyridazine)-7',7'(8' H)-dicarboxylate
(190ad)

A solution of 125a (40.0 mg, 0.104 mmol) and 4-phenyl-1,2,4-triazoline-3,5-dione (54.8 mg, 0.313
mmol) in CICH,CH,Cl (1.0 mL) was stirred at room temperature for 1 h. The reaction mixture was
concentrated and purified by silica gel column chromatography (Hexane/EtOAc = 90:10~0:100) to
give 190ad (50.0 mg, 86% yield) as a colorless oil.

Spectral data of 190ad: 'H NMR (500 MHz, CDCls) &: 7.49-7.45 (m, 4H), 7.40-7.36 (m, 1H),
4.50-4.44 (m, 1H), 4.15 (d, J = 16.4 Hz, 1H), 3.98 (d, J = 16.4 Hz, 1H), 3.80 (s, 3H), 3.78 (s, 3H),
3.58 (d, J=9.5 Hz, 1H), 3.35 (d, J=16.9 Hz, 1H), 3.19 (d, J = 16.1 Hz, 1H), 3.07 (d, /= 16.1 Hz,
1H), 2.96 (d, J = 16.9 Hz, 1H), 2.83-2.78 (m, 1H), 2.43-2.38 (m, 1H), 2.16-2.02 (m, 2H), 1.86-1.73
(m, 2H), 1.14 (s, 9H) ppm; °C NMR (125 MHz, CDCls) &: 172.3, 171.0, 151.6, 151.3, 132.5, 131.1,
129.3 (2C), 128.5, 128.4, 125.8 (2C), 71.3, 64.3, 58.2, 55.9, 53.5, 53.3, 43.3, 41.3, 41.1, 34.5, 31.8,
22.7 (3C), 20.4 ppm; IR (neat) V: 3288, 2956, 1731, 1706, 1600, 1504 cm'l; HRMS (ESI) m/z calcd.

for C»7H3;N;NaO,S* [(M+Na)'] 581.2040, found 581.2039; [a]p'® -128.6 (¢ 5.00, CHCl;).

Tetramethyl
(1R,2R)-2-(((S)-tert-butanesulfinyl)amino)-1',3',6',7'-tetrahydrospiro(cyclopentane-1,4'-indene
)-2',2',5",5"-tetracarboxylate (190ae)

A solution of 125a (53.0 mg, 0.138 mmol) and dimethyl 2-methylenemalonate (59.8 mg, 0.415

mmol) in CICH,CH,Cl (1.0 mL) was stirred at 40 °C for 18 h. The reaction mixture was
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concentrated and purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100) to
give 190ae (66.7 mg, 92% yield) as a colorless oil.

Spectral data of 190ae: '"H NMR (500 MHz, CDCl3) &: 3.77 (s, 3H), 3.74 (s, 3H), 3.72 (s, 3H), 3.62
(d, J = 12.9 Hz, 4H), 3.42 (td, J = 11.0, 7.2 Hz, 1H), 3.13 (d, J = 16.6 Hz, 1H), 3.00 (s, 2H),
2.73-2.67 (m, 1H), 2.65 (d, J = 16.8 Hz, 1H), 2.36-2.28 (m, 2H), 2.19 (dt, J = 16.9, 7.6 Hz, 1H),
2.11 (dd, J = 13.9, 5.9 Hz, 1H), 1.96 (dd, J = 18.6, 5.4 Hz, 1H), 1.75-1.59 (m, 3H), 1.43-1.31 (m,
1H), 1.19 (s, 9H) ppm; *C NMR (125 MHz, CDCls) &: 173.6, 171.7, 171.6, 170.8, 133.6, 133.3,
65.1, 63.1, 57.5,55.7, 53.2, 52.9, 52.7, 52.3, 50.3, 43.6, 43.1, 36.8, 31.3, 26.4, 23.2, 23.0 (3C), 21.7
ppm; IR (neat) V: 3278, 2955, 2840, 1731 Cm'l; HRMS (ESI) m/z caled. for CasH37NNaOoS™

[(M+Na)*] 550.2081, found 550.2081; [a]p> -129.2 (¢ 4.42, CHCI;).

3',3'-Diethyl 6',6'-dimethyl
(18,2R)-2-(((:S)-tert-butanesulfinyl)amino)-5',7'-dihydro-3'H-spiro(cyclopentane-1,4'-cyclopent
alc|pyran)-3',3',6',6'(1'H)-tetracarboxylate (190af)

A solution of 125a (41.7 mg, 0.109 mmol) and diethyl ketomalonate (0.0497 mL, 0.326 mmol) in
CICH,CH,CI (1.0 mL) was stirred at 40 °C for 24 h. The reaction mixture was concentrated and
purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100) to give 190af (29.9
mg, 49% yield) as a colorless oil.

Spectral data of 190af: "H NMR (500 MHz, CDCls) &: 4.30-4.08 (m, 4H), 3.90-3.81 (m, 1H), 3.75
(s, 3H), 3.73 (s, 3H), 3.47 (d, J=10.0 Hz, 1H), 3.21 (d, /= 16.4 Hz, 1H), 3.09 (d, /= 15.6 Hz, 1H),
2.94 (d, J=16.8 Hz, 1H), 2.86 (dd, J = 15.9, 2.0 Hz, 1H), 2.74 (d, J = 16.1 Hz, 1H), 2.36-2.28 (m,
2H), 2.09-2.02 (m, 1H), 1.92-1.82 (m, 2H), 1.74-1.59 (m, 2H), 1.25 (t, J= 7.1 Hz, 6H), 1.16 (s, 9H)
ppm; *C NMR (125 MHz, CDCl3) &: 172.8, 171.4, 169.3, 168.5, 131.7, 131.5, 87.2, 79.6, 68.3,
62.1, 61.9, 57.9, 55.8, 53.3, 53.1, 43.3, 41.2, 33.6, 31.3, 30.1, 22.9 (3C), 19.5, 14.1, 14.1 ppm; IR
(neat) V: 3290, 2980, 2958, 1735 cm'l; HRMS (ESI) m/z calcd. for Cy6H30NNaO;,S" [(M+Na)+]

580.2187, found 580.2182; [a]p> -1.65 (¢ 6.62, CHCL).
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<Table 15>

General Procedure for One-pot Synthesis of 190 from (S)-121a

A solution of [Rh(cod),]BF,*° (6.09 mg, 0.0150 mmol, 10 mol% to a substrate) and (S)-Hg-BINAP
(9.46 mg, 0.0150 mmol, 10 mol% to a substrate) in CICH,CH,Cl (0.58 mL, 0.026 M to Rh,
degassed by three freeze-pump up-thaw cycles) was stirred under H, atmosphere at room
temperature for 1 h. Then the reaction mixture was degassed by three freeze-pump up-thaw cycles
and the reaction vessel was filled with an argon gas. To the mixture, was added a solution of
(S)-121a (57.5 mg, 0.150 mmol, 1 equiv.) in CICH,CH,Cl (0.92 mL, 0.16 M to a substrate,
degassed by three freeze-pump up-thaw cycles) by cannulation under an argon gas and the reaction
mixture was stirred at 40 °C for 3 h. To the mixture, was added a dienophile (0.450 mmol, 3 equiv.)
and the reaction mixture was stirred at 40 °C for the indicated time. After removal of the solvent,

the residue was purified by silica gel column chromatography to give a product 190.

According to the general procedure for one-pot synthesis of 190, a crude product, which was
prepared from (S)-121a and N-phenylmaleimide (77.9 mg, 0.450 mmol) at 40 °C for 3 h (the first
step) and 24 h (the second step), was purified by silica gel column chromatography (Hexane/EtOAc
= 90:10~0:100) to give 190aa (63.3 mg, 76% yield) as a pale yellow oil and 125a (12.0 mg, 21%

yield) as a pale yellow oil.

According to the general procedure for one-pot synthesis of 190, a crude product, which was
prepared from (S§)-121a and N-(4-nitrophenyl)maleimide (98.2 mg, 0.450 mmol) at 40 °C for 3 h
(the first step) and 24 h (the second step), was purified by silica gel column chromatography

(Hexane/EtOAc = 90:10~0:100) to give 190ab (76.2 mg, 84% yield) as a white solid.

According to the general procedure for one-pot synthesis of 190, a crude product, which was

prepared from (S5)-121a and maleic anhydride (44.1 mg, 0.450 mmol) at 40 °C for 3 h (the first step)
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and 24 h (the second step), was purified by silica gel column chromatography (Hexane/EtOAc =

90:10~0:100) to give 190ac (57.6 mg, 80% yield) as a colorless oil.

According to the general procedure for one-pot synthesis of 190, a crude product, which was
prepared from (S)-121a and 4-phenyl-1,2,4-triazoline-3,5-dione (78.8 mg, 0.450 mmol) at 40 °C for
3 h (the first step) and 1 h (the second step), was purified by silica gel column chromatography

(Hexane/EtOAc = 60:40~0:100) to give 190ad (70.0 mg, 84% yield) as a colorless oil.

According to the general procedure for one-pot synthesis of 190, a crude product, which was
prepared from (S)-121a and dimethyl 2-methylenemalonate (64.9 mg, 0.450 mmol) at 40 °C for 3 h
(the first step) and 20 h (the second step), was purified by silica gel column chromatography

(Hexane/EtOAc = 50:50~0:100) to give 190ae (68.1 mg, 86% yield) as a colorless oil.

According to the general procedure for one-pot synthesis of 190, a crude product, which was
prepared from (S)-121a and diethyl ketomalonate (0.0686, 0.450 mmol) at 40 °C for 3 h (the first
step) and 30 h (the second step), was purified by silica gel column chromatography (Hexane/EtOAc

=50:50~0:100) to give 190af (40.7 mg, 49% yield) as a colorless oil.

<Scheme 85>

General Procedure for Domino Reaction of (8)-121a to Synthesize 190

A solution of [Rh(cod),]BF4” (6.09 mg, 0.0150 mmol, 10 mol% to a substrate) and (S)-Hs-BINAP
(9.46 mg, 0.0150 mmol, 10 mol% to a substrate) in CICH,CH,Cl (0.58 mL, 0.026 M to Rh,
degassed by three freeze-pump up-thaw cycles) was stirred under H, atmosphere at room
temperature for 1 h. Then the reaction mixture was degassed by three freeze-pump up-thaw cycles
and the reaction vessel was filled with an argon gas. To the mixture, was added a solution of
(S)-121a (57.5 mg, 0.150 mmol, 1 equiv.) and maleimide 191 (0.450 mmol, 3 equiv.) in

CICH,CH,Cl (0.92 mL, 0.16 M to a substrate, degassed by three freeze-pump up-thaw cycles) by
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cannulation under an argon gas and the reaction mixture was stirred at 40 °C for 24 h. After removal

of the solvent, the residue was purified by silica gel column chromatography to give a product 190.

According to the general procedure for domino reaction of (S)-121a, a crude product, which was
prepared from (S)-121a and N-phenylmaleimide (77.9 mg, 0.450 mmol), was purified by silica gel
column chromatography (Hexane/EtOAc = 90:10~0:100) to give 190aa (71.1 mg, 85% yield) as a

colorless oil.

According to the general procedure for domino reaction of (S)-121a, a crude product, which was
prepared from (S)-121a and N-(4-nitrophenyl)maleimide (98.2 mg, 0.450 mmol), was purified by
silica gel column chromatography (Hexane/EtOAc = 90:10~0:100) to give 190ab (75.0 mg, 83%

yield) as a white solid.
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Chapter 3

<Section 2>

<Table 16>
Tetramethyl
(2'R,48,5R)-2'-(((S)-tert-butanesulfinyl)amino)-1,3,5,8-tetrahydro-2 H-spiro(azulene-4,1'-cyclo
pentane)-2,2,5,7-tetracarboxylate (197aa)
Spectral data of 197aa: "H NMR (500 MHz, CDCls) 6: 7.06 (d, J= 8.5 Hz, 1H), 3.73 (d, /= 1.0 Hz,
6H), 3.72 (s, 3H), 3.66 (s, 3H), 3.52-3.50 (m, 3H), 3.21 (d, J = 16.6 Hz, 1H), 3.15-2.98 (m, 4H),
2.86 (d, J=16.8 Hz, 1H), 2.26-2.19 (m, 1H), 2.08-2.03 (m, 1H), 1.91-1.75 (m, 3H), 1.71-1.61 (m,
1H), 1.15 (s, 9H) ppm; *C NMR (125 MHz, CDCls) &: 172.9, 171.8, 171.4, 167.0, 137.0, 133.9,
133.3, 131.2, 66.9, 56.5, 55.8, 53.0, 52.9, 52.8, 52.2, 52.1, 52.1, 46.7, 45.4, 34.5, 33.2, 29.4, 22.8
(3C), 20.8 ppm; IR (neat) ¥: 3278, 2954, 1731, 1659 cm”; HRMS (ESI) m/z caled. for

C6H37NNaOoS" [(M+Na)'] 562.2081, found 562.2078; [a]n> -66.7 (c 4.04, CHCl,).

<Entry 1>

To a solution of 125a (40.8 mg, 0.106 mmol) and Rhy(OAc)s (2.35 mg, 0.00532 mmol) in
CICH,CH,Cl (0.41 mL, degassed by three freeze-pump up-thaw cycles), was added 198a®° (23.5
mg, 0.128 mmol) in CICH,CH,Cl (0.65 mL, degassed by three freeze-pump up-thaw cycles) at 0 °C
by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an argon
gas. The reaction mixture was concentrated and purified by silica gel column chromatography

(Hexane/EtOAc = 40:60~0:100) to give 125a (39.0 mg, 96% yield) as a colorless oil.

<Entry 2>
To a solution of 125a (16.7 mg, 0.435 mmol) and Rhy(TFA)s (1.43 mg, 0.00218 mmol) in

CICH,CH,Cl (0.17 mL, degassed by three freeze-pump up-thaw cycles), was added 198a® (9.62
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mg, 0.523 mmol) in CICH,CH,Cl (0.27 mL, degassed by three freeze-pump up-thaw cycles) at 0 °C
by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an argon

gas. The reaction mixture was concentrated and purified by silica gel column chromatography

(Hexane/EtOAc = 40:60~0:100) to give 125a (14.8 mg, 89% yield) as a colorless oil.

<Entry 3>

To a solution of 125a (37.4 mg, 0.0975 mmol) and Rhy(oct)s (3.80 mg, 0.00488 mmol) in
CICH,CH,CI (0.38 mL, degassed by three freeze-pump up-thaw cycles), was added 198a® (21.6
mg, 0.117 mmol) in CICH,CH,CI (0.60 mL, degassed by three freeze-pump up-thaw cycles) at 0 °C
by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an argon
gas. The reaction mixture was concentrated and purified by silica gel column chromatography
(Hexane/EtOAc = 40:60~0:100) to give 197aa (18.9 mg, 36% yield) as a colorless oil and 125a

(18.8 mg, 50% yield) as a colorless oil.

<Entry 4>

To a solution of 125a (42.3 mg, 0.110 mmol) and Rhy(TPA)s (7.47 mg, 0.00551 mmol) in
CICH,CH,Cl (0.43 mL, degassed by three freeze-pump up-thaw cycles), was added 198a%° (24.4
mg, 0.132 mmol) in CICH,CH,Cl (0.68 mL, degassed by three freeze-pump up-thaw cycles) at 0 °C
by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an argon
gas. The reaction mixture was concentrated and purified by silica gel column chromatography
(Hexane/EtOAc = 50:50~0:100) to give 197aa (35.9 mg, 60% yield) as a colorless oil and 125a

(<2.2 mg, <5% yield) as a colorless oil.

<Entry 5>
To a solution of 125a (24.9 mg, 0.0649 mmol) and Rhy(piv)s (1.98 mg, 0.00325 mmol) in
CICH,CH,CI (0.25 mL, degassed by three freeze-pump up-thaw cycles), was added 198a%° (14.4

mg, 0.0779 mmol) in CICH,CH,Cl (0.40 mL, degassed by three freeze-pump up-thaw cycles) at
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0 °C by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an
argon gas. The reaction mixture was concentrated and purified by silica gel column chromatography
(Hexane/EtOAc = 50:50~0:100) to give 197aa (25.2 mg, 72% yield) as a colorless oil and 125a

(<4.5 mg, <18% yield) as a colorless oil.

<Entry 6>

To a solution of 125a (25.9 mg, 0.0675 mmol) and Rhy(esp), (2.56 mg, 0.00338 mmol) in
CICH,CH,CI (0.26 mL, degassed by three freeze-pump up-thaw cycles), was added 1982 (14.9
mg, 0.0810 mmol) in CICH,CH,Cl (0.41 mL, degassed by three freeze-pump up-thaw cycles) at
0 °C by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an
argon gas. The reaction mixture was concentrated and purified by silica gel column chromatography
(Hexane/EtOAc = 50:50~0:100) to give 197aa (28.9 mg, 79% yield) as a colorless oil and 125a

(<2.6 mg, <10% yield) as a colorless oil.

<Table 17>
<Entry 1>
Trimethyl
(2'R,45,55)-2'-(((S)-tert-butanesulfinyl)amino)-5-phenyl-1,3,5,8-tetrahydro-2 H-spiro(azulene-4
,1'-cyclopentane)-2,2,7-tricarboxylate (197ab)
To a solution of 125a (21.4 mg, 0.0558 mmol) and Rhy(piv)s (1.70 mg, 0.00279 mmol) in
CICH,CH,Cl (0.22 mL, degassed by three freeze-pump up-thaw cycles), was added 198b°*®! (16.9
mg, 0.0837 mmol) in CICH,CH,Cl (0.34 mL, degassed by three freeze-pump up-thaw cycles) at
0 °C by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an
argon gas. The reaction mixture was concentrated and purified by silica gel column chromatography
(Hexane/EtOAc = 50:50~0:100) to give 197ab (29.3 mg, 94% yield) as a colorless oil.
Spectral data of 197ab: 'H NMR (500 MHz, CDCls) &: 7.25-7.20 (m, 3H), 7.11-7.08 (m, 3H), 3.99

(t, J = 6.6 Hz, 1H), 3.72 (s, 3H), 3.69 (s, 3H), 3.66 (s, 3H), 3.44 (d, J= 5.9 Hz, 1H), 3.37-3.28 (m,
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2H), 3.21 (d, J = 20.8 Hz, 1H), 3.08 (d, J = 14.9 Hz, 2H), 2.93 (d, J = 16.6 Hz, 1H), 2.41 (d, J =
16.6 Hz, 1H), 2.32-2.25 (m, 1H), 2.02-1.96 (m, 1H), 1.85-1.59 (m, 4H), 1.16 (s, 9H) ppm; "°C
NMR (100 MHz, CDCls) 6: 172.6, 172.2, 168.2, 141.9, 139.0, 135.4, 131.6, 130.3 (2C), 128.3 (2C),
127.9, 127.3, 64.8, 56.7, 55.9, 55.4, 53.0, 52.9, 52.2, 50.1, 46.9, 46.0, 32.7, 31.8, 29.5, 22.7 (3C),
20.0 ppm; IR (neat) v: 3281, 3025, 2953, 1732, 1650, 1599 cm'l; HRMS (ESI) m/z calcd. for

C30H3sNNaO,S* [(M+Na)'] 580.2339, found 580.2343; [a]p>* -153.2 (c 4.19, CHCL;).

<Entry 2>

To a solution of 125a (20.9 mg, 0.0545 mmol) and Rhy(esp), (2.07 mg, 0.00272 mmol) in
CICH,CH,Cl (0.21 mL, degassed by three freeze-pump up-thaw cycles), was added 198b°°' (16.5
mg, 0.0817 mmol) in CICH,CH,Cl (0.33 mL, degassed by three freeze-pump up-thaw cycles) at
0 °C by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an
argon gas. The reaction mixture was concentrated and purified by silica gel column chromatography

(Hexane/EtOAc = 50:50~0:100) to give 197ab (28.8 mg, 95% yield) as a colorless oil.

<Entry 3>

Trimethyl
(2'R,4S,5R)-2'-(((S)-tert-butanesulfinyl)amino)-5-((E)-styryl)-1,3,5,8-tetrahydro-2 H-spiro(azul
ene-4,1'-cyclopentane)-2,2,7-tricarboxylate (197ac)

To a solution of 125a (30.0 mg, 0.0782 mmol) and Rhy(piv)s (2.39 mg, 0.00391 mmol) in
CICH,CH,Cl (0.30 mL, degassed by three freeze-pump up-thaw cycles), was added 198¢®* (21.4
mg, 0.0939 mmol) in CICH,CH,Cl (0.48 mL, degassed by three freeze-pump up-thaw cycles) at
0 °C by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an
argon gas. The reaction mixture was concentrated and purified by silica gel column chromatography
(Hexane/EtOAc = 50:50~0:100) to give 197ac (40.1 mg, 88% yield) as a colorless oil.

Spectral data of 197ac: "H NMR (500 MHz, CDCls) &: 7.35 (d, J=7.5 Hz, 2H), 7.29 (t, J= 7.7 Hz,

2H), 7.21 (t, J=7.1 Hz, 1H), 7.04 (d, J = 8.0 Hz, 1H), 6.40 (d, J = 15.6 Hz, 1H), 6.02 (dd, J = 15.4,

208



Experiment of Chapter 3

9.0 Hz, 1H), 3.82-3.79 (m, 1H), 3.72 (s, 6H), 3.69 (s, 3H), 3.26-2.98 (m, 8H), 2.25-2.22 (m, 1H),
1.89-1.81 (m, 4H), 1.72-1.67 (m, 1H), 1.14 (s, 9H) ppm; *C NMR (100 MHz, CDCls) &: 172.5,
172.3, 167.8, 141.2, 137.0, 134.8, 133.0, 131.2, 128.5 (2C), 127.8 (2C), 127.5, 126.4 (2C), 65.3,
56.9, 55.7, 54.5, 52.9, 52.9, 52.0, 50.1, 46.9, 46.2, 33.8, 32.7, 30.1, 22.7 (3C), 20.2 ppm; IR (neat)
v: 3280, 2953, 1731, 1714, 1652, 1599 cm'l; HRMS (ESI) m/z caled. for Ci3HyNNaO;S*

[(M+Na)'] 606.2496, found 606.2488; [a]p>® -161.4 (¢ 6.81, CHCl;).

<Entry 4>

To a solution of 125a (30.0 mg, 0.0782 mmol) and Rhy(esp), (2.97 mg, 0.00391 mmol) in
CICH,CH,Cl (0.30 mL, degassed by three freeze-pump up-thaw cycles), was added 198¢®* (21.4
mg, 0.0939 mmol) in CICH,CH,Cl (0.48 mL, degassed by three freeze-pump up-thaw cycles) at
0 °C by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an
argon gas. The reaction mixture was concentrated and purified by silica gel column chromatography

(Hexane/EtOAc = 50:50~0:100) to give 197ac (37.3 mg, 82% yield) as a colorless oil.

<Entry 5>

Dimethyl
(2'R,48,55)-7-acetyl-2'-(((S)-tert-butanesulfinyl)amino)-5-phenyl-1,3,5,8-tetrahydro-2 H-spiro(
azulene-4,1'-cyclopentane)-2,2-dicarboxylate (197ad)

To a solution of 125a (36.1 mg, 0.0941 mmol) and Rhy(piv)s (2.87 mg, 0.00471 mmol) in
CICH,CH,Cl (0.36 mL, degassed by three freeze-pump up-thaw cycles), was added 198d°' (31.6
mg, 0.169 mmol) in CICH,CH,Cl (0.58 mL, degassed by three freeze-pump up-thaw cycles) at 0 °C
by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an argon
gas. The reaction mixture was concentrated and purified by silica gel column chromatography
(Hexane/EtOAc = 50:50~0:100) to give 197ad (39.5 mg, 78% yield) as a colorless oil and 125a

(<6.0 mg, <17% yield) as a colorless oil.
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Spectral data of 197ad: 'H NMR (500 MHz, CDCl) &: 7.29-7.23 (m, 3H), 7.13 (d, J = 6.3 Hz, 2H),
6.94 (d, J = 6.3 Hz, 1H), 3.93 (s, 1H), 3.69 (s, 3H), 3.66 (s, 3H), 3.54-3.51 (m, 1H), 3.34 (s, 1H),
3.30 (d, J= 6.8 Hz, 1H), 3.16 (d, J=9.0 Hz, 1H), 3.08 (d, /= 17.1 Hz, 2H), 2.92 (d, /= 17.6 Hz,
1H), 2.44 (d, J = 14.9 Hz, 1H), 2.29 (s, 4H), 2.05-1.97 (m, 1H), 1.86-1.81 (m, 1H), 1.72-1.62 (m,
3H), 1.15 (s, 9H) ppm; °C NMR (100 MHz, CDCl3) &: 199.4, 172.6, 172.1, 143.3, 139.0, 137.7,
135.0, 132.0, 130.2 (2C), 128.3 (2C), 127.3, 64.7, 56.6, 55.9, 55.2, 52.9, 52.8, 50.3, 46.8, 45.8, 32.8,
31.8, 27.6, 25.5, 22.7 (3C), 20.0 ppm; IR (neat) ¥: 3283, 2955, 1732, 1666, 1599 cm™'; HRMS
(ESI) m/z caled. for C30H3oNNaOsS™ [(M+Na)'] 564.2390, found 564.2397; [o]p”® -153.0 (¢ 5.42,

CHCLs).

<Entry 6>

To a solution of 125a (34.4 mg, 0.0897 mmol) and Rhy(esp), (3.40 mg, 0.00448 mmol) in
CICH,CH,Cl (0.35 mL, degassed by three freeze-pump up-thaw cycles), was added 198d°' (30.1
mg, 0.161 mmol) in CICH,CH,Cl (0.55 mL, degassed by three freeze-pump up-thaw cycles) at 0 °C
by cannulation under an argon gas. The reaction mixture was stirred at 0 °C for 3 h under an argon
gas. The reaction mixture was concentrated and purified by silica gel column chromatography
(Hexane/EtOAc = 50:50~0:100) to give 197ad (31.8 mg, 65% yield) as a colorless oil and 125a

(<2.5 mg, <7% yield) as a colorless oil.
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<Section 3>

<Table 18>

General Procedure for One-pot Synthesis of 197aa from (§)-121a

A solution of [Rh(cod),]BF,*’ (6.09 mg, 0.0150 mmol, 10 mol% to a substrate) and (S)-Hs-BINAP
(9.46 mg, 0.0150 mmol, 10 mol% to a substrate) in CICH,CH,Cl (0.58 mL, 0.026 M to Rh,
degassed by three freeze-pump up-thaw cycles) was stirred under H, atmosphere at room
temperature for 1 h. Then the reaction mixture was degassed by three freeze-pump up-thaw cycles
and the reaction vessel was filled with an argon gas. To the mixture, was added a solution of
(8)-121a (57.5 mg, 0.150 mmol, 1 equiv.) in CICH,CH,Cl (0.92 mL, 0.16 M to a substrate,
degassed by three freeze-pump up-thaw cycles) by cannulation under an argon gas and the reaction
mixture was stirred at 40 °C for 3 h. To the mixture, were added 198a® (33.1 mg, 0.180 mmol, 1.2
equiv.) and Rh(II) complex (0.00750 mmol, 5 mol% to a substrate) at 0 °C and the reaction mixture
was stirred at 0 °C for 3 h. After removal of the solvent, the residue was purified by silica gel

column chromatography to give product 197aa.

<Entry 1>

According to the general procedure for one-pot synthesis of 197aa, a crude product, which was
prepared from (S)-121a, 198a® and Rhy(piv)s (4.58 mg, 0.00750 mmol), was purified by silica gel
column chromatography (Hexane/EtOAc = 40:60~0:100) to give 197aa (43.2 mg, 53% yield) as a

colorless oil and 125a (<14.8 mg, <26% yield) as a pale yellow oil.

<Entry 2>

According to the general procedure for one-pot synthesis of 197aa, a crude product, which was
prepared from (S)-121a, 198a%° and Rhy(esp), (5.69 mg, 0.00750 mmol), was purified by silica gel
column chromatography (Hexane/EtOAc = 50:50~0:100) to give 197aa (49.8 mg, 62% yield) as a

colorless oil and 125a (<6.5 mg, <11% yield) as a pale yellow oil.
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<Table 19>

General Procedure for One-pot Synthesis of 197a from (S)-121a

A solution of [Rh(cod),]BF,*° (6.09 mg, 0.0150 mmol, 10 mol% to a substrate) and (S)-Hg-BINAP
(9.46 mg, 0.0150 mmol, 10 mol% to a substrate) in CICH,CH,Cl (0.58 mL, 0.026 M to Rh,
degassed by three freeze-pump up-thaw cycles) was stirred under H, atmosphere at room
temperature for 1 h. Then the reaction mixture was degassed by three freeze-pump up-thaw cycles
and the reaction vessel was filled with an argon gas. To the mixture, was added a solution of
(S)-121a (57.5 mg, 0.150 mmol, 1 equiv.) in CICH,CH,Cl (0.92 mL, 0.16 M to a substrate,
degassed by three freeze-pump up-thaw cycles) by cannulation under an argon gas and the reaction
mixture was stirred at 40 °C for 3 h. To the mixture, were added 198 and Rh(IT) complex (0.00750
mmol, 5 mol% to a substrate) at 0 °C and the reaction mixture was stirred at 0 °C for 3 h. After
removal of the solvent, the residue was purified by silica gel column chromatography to give a

product 197a.

<Entry 1>

According to the general procedure for one-pot synthesis of 197a, a crude product, which was
prepared from (S)-121a, 198b%*®' (54.6 mg, 0.270 mmol, 1.8 equiv.) and Rhy(piv)s (4.58 mg,
0.00750 mmol), was purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100)

to give 197ab (67.4 mg, 81% yield) as a colorless oil.

<Entry 2>

According to the general procedure for one-pot synthesis of 197a, a crude product, which was
prepared from (S)-121a, 198b°*°' (54.6 mg, 0.270 mmol, 1.8 equiv.) and Rhy(esp), (5.69 mg,
0.00750 mmol), was purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100)

to give 197ab (58.6 mg, 70% yield) as a colorless oil.
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<Entry 3>

According to the general procedure for one-pot synthesis of 197a, a crude product, which was
prepared from (S)-121a, 198¢* (51.4 mg, 0.225 mmol, 1.5 equiv.) and Rhy(piv)4 (4.58 mg, 0.00750
mmol), was purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100) to give

197ac (70.5 mg, 81% yield) as a colorless oil.

<Entry 4>

According to the general procedure for one-pot synthesis of 197a, a crude product, which was
prepared from (S)-121a, 198¢% (61.6 mg, 0.270 mmol, 1.8 equiv.) and Rha(esp): (5.69 mg, 0.00750
mmol), was purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100) to give

197ac (67.7 mg, 77% yield) as a colorless oil.

<Entry 5>

According to the general procedure for one-pot synthesis of 197a, a crude product, which was
prepared from (S)-121a, 198d°' (33.5 mg, 0.180 mmol, 1.2 equiv.) and Rhy(piv)s (4.58 mg, 0.00750
mmol), was purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100) to give

197ad (28.9 mg, 36% yield) as a colorless oil and 125a (21.6 mg, 38% yield) as a pale yellow oil.

<Entry 6>

According to the general procedure for one-pot synthesis of 197a, a crude product, which was
prepared from (S)-121a, 198d°®' (33.5 mg, 0.180 mmol, 1.2 equiv.) and Rhy(esp), (5.69 mg, 0.00750
mmol), was purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100) to give

197ad (49.0 mg, 60% yield) as a colorless oil and 125a (16.1 mg, 28% yield) as a pale yellow oil.

<Entry 7>
According to the general procedure for one-pot synthesis of 197a, a crude product, which was

prepared from (S)-121a, 198d°' (55.9 mg, 0.300 mmol, 2.0 equiv.) and Rhy(esp), (11.4 mg, 0.0150
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mmol), was purified by silica gel column chromatography (Hexane/EtOAc = 50:50~0:100) to give

197ad (58.3 mg, 72% yield) as a colorless oil and 125a (5.5 mg, 10% yield) as a pale yellow oil.

<Table 20>

General Procedure for One-pot Synthesis of 197 from (S§)-121

A solution of [Rh(cod),]BF4> (6.09 mg, 0.0150 mmol, 10 mol% to a substrate) and (S)-Hs-BINAP
(9.46 mg, 0.0150 mmol, 10 mol% to a substrate) in CICH,CH,Cl (0.58 mL, 0.026 M to Rh,
degassed by three freeze-pump up-thaw cycles) was stirred under H, atmosphere at room
temperature for 1 h. Then the reaction mixture was degassed by three freeze-pump up-thaw cycles
and the reaction vessel was filled with an argon gas. To the mixture, was added a solution of (5)-121
(0.150 mmol, 1 equiv.) in CICH,CH,CI (0.92 mL, 0.16 M to a substrate, degassed by three
freeze-pump up-thaw cycles) by cannulation under an argon gas and the reaction mixture was
stirred at 40 °C for the indicated time. To the mixture, were added 198b°*°! (60.7 mg, 0.300 mmol,
2.0 equiv.) and Rh(IT) complex (0.00750 mmol, 5 mol% to a substrate) at 0 °C and the reaction
mixture was stirred at 0 °C for 3 h. After removal of the solvent, the residue was purified by silica

gel column chromatography to give a product 197.

Methyl
(2'R,48,55)-2,2-bis((benzyloxy)methyl)-2'-(((S)-tert-butanesulfinyl)amino)-5-phenyl-2,3,5,8-tet
rahydro-1H-spiro(azulene-4,1'-cyclopentane)-7-carboxylate (197bb)

Spectral data of 197bb: 'H NMR (500 MHz, CDCls) &: 7.33-7.07 (m, 16H), 4.46 (s, 2H), 4.42 (dd,
J=16.6,12.5 Hz, 2H), 3.98 (t, /= 6.7 Hz, 1H), 3.72 (s, 3H), 3.42 (d, J= 7.3 Hz, 1H), 3.37-3.15 (m,
6H), 2.97 (d, /= 9.1 Hz, 1H), 2.40 (dd, J=25.9, 17.6 Hz, 2H), 2.27-2.21 (m, 1H), 2.15 (d, /= 16.9
Hz, 1H), 2.02-2.01 (m, 1H), 1.82-1.57 (m, 5H), 1.09 (s, 9H) ppm; *C NMR (125 MHz, CDCl;) &:
168.4, 141.7, 139.0, 138.8, 138.7, 135.8, 132.4, 130.5 (2C), 128.3 (2C), 128.3 (3C), 128.0 (20),
127.6 (2C), 127.5 (3C), 127.5, 127.2, 74.1, 73.8, 73.2 (2C), 64.8, 55.7, 55.7, 52.1, 49.8, 46.3, 45.3,

443, 32.3,31.7, 30.3, 22.6 (3C), 19.8 ppm; IR (neat) V: 3417, 3027, 2952, 2886, 2853, 1711, 1650,
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1600 cm'l; HRMS (ESI) m/z calcd. for C4Hs5NNaOsS™ [(M+Na)+] 704.3380, found 704.3377;

[a]p”’ -88.6 (c 8.02, CHCl;).

<Entry 1>

According to the general procedure for one-pot synthesis of 197, a crude product, which was
prepared from (S)-121b (76.2 mg, 0.150 mmol), 198b,°*°" and Rhy(piv)s (4.58 mg, 0.00750 mmol)
at 40 °C for 3 h (the first step) and at 0 °C for 3 h (the second step), was purified by silica gel
column chromatography (Hexane/EtOAc = 50:50~0:100) to give 197bb (70.2 mg, 69% yield) as a

colorless oil.

<Entry 2>

According to the general procedure for one-pot synthesis of 197, a crude product, which was
prepared from (S)-121b (76.2 mg, 0.150 mmol), 198b,°*°" and Rhy(esp), (5.69 mg, 0.00750 mmol)
at 40 °C for 3 h (the first step) and at 0 °C for 3 h (the second step), was purified by silica gel
column chromatography (Hexane/EtOAc = 50:50~0:100) to give 197bb (66.2 mg, 65% yield) as a

colorless oil.

((2'R,48,55)-2'-(((S)-tert-butanesulfinyl)amino)-7-(methoxycarbonyl)-5-phenyl-2,3,5,8-tetrahy
dro-1H-spiro(azulene-4,1'-cyclopentane)-2,2-diyl)bis(methylene) diacetate (197cb)

Spectral data of 197¢cb: "H NMR (500 MHz, CDCls) &: 7.31-7.23 (m, 3H), 7.12 (d, /= 7.0 Hz, 2H),
7.10 (d, J = 7.3 Hz, 1H), 4.06 (t, J = 7.3 Hz, 1H), 3.99 (d, /= 10.9 Hz, 1H), 3.96 (d, J = 10.9 Hz,
1H), 3.91 (d, J = 10.9 Hz, 1H), 3.76 (d, J = 10.9 Hz, 1H), 3.73 (s, 3H), 3.44 (d, J = 5.2 Hz, 1H),
3.29 (d, J=21.0 Hz, 1H), 3.21 (d, J = 21.3 Hz, 1H), 2.98 (d, J = 9.1 Hz, 1H), 2.41-2.26 (m, 3H),
2.17 (d, J=16.6 Hz, 1H), 2.06-2.01 (m, 7H), 1.88-1.81 (m, 2H), 1.74-1.70 (m, 1H), 1.64-1.57 (m,
2H), 1.18 (s, 9H) ppm; "C NMR (125 MHz, CDCls) &: 171.0 (2C), 168.2, 141.5, 138.5, 136.1,
132.0, 130.3 (2C), 128.2 (2C), 128.0, 127.5, 67.1, 66.5, 64.5, 55.8, 55.8, 52.2,49.2, 45.7, 44.7, 42 .4,

32.0, 31.4, 30.0, 22.7 (3C), 20.9 (2C), 19.6 ppm; IR (neat) V: 3275, 3024, 2955, 2893, 2844, 1740,
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1650, 1599 cm'l; HRMS (ESI) m/z caled. for C3,H43NNaO,S* [(M+Na)+] 608.2652, found

608.2659; [a]p>® -91.0 (¢ 4.91, CHCL).

<Entry 3>

According to the general procedure for one-pot synthesis of 197, a crude product, which was
prepared from (S)-121¢ (61.7 mg, 0.150 mmol), 198b,°®" and Rhy(piv)s (4.58 mg, 0.00750 mmol)
at 40 °C for 4 h (the first step) and at 0 °C for 3 h (the second step), was purified by silica gel
column chromatography (Hexane/EtOAc = 50:50~0:100) to give 197cb (77.4 mg, 88% yield) as a

colorless oil.

<Entry 4>

According to the general procedure for one-pot synthesis of 197, a crude product, which was
prepared from (S)-121¢ (61.7 mg, 0.150 mmol), 198b,°”*! and Rh,(esp), (5.69 mg, 0.00750 mmol)
at 40 °C for 4 h (the first step) and at 0 °C for 3 h (the second step), was purified by silica gel
column chromatography (Hexane/EtOAc = 50:50~0:100) to give 197cb (70.6 mg, 80% yield) as a

colorless oil.

Methyl
(18,2R,5'S)-2-(((S)-tert-butanesulfinyl)amino)-5'-phenyl-1',3',5',8'-tetrahydrodispiro(cyclopent
ane-1,4'-azulene-2',9""-fluorene)-7'-carboxylate (197eb)

Spectral data of 197eb: '"H NMR (500 MHz, CDCls) &: 7.65-7.62 (m, 2H), 7.49 (d, J = 7.3 Hz, 1H),
7.40-7.20 (m, 11H), 3.91 (dd, J = 16.2, 7.1 Hz, 1H), 3.74-3.71 (m, 4H), 3.42 (t, J = 23.6 Hz, 2H),
3.25(d, J=9.6 Hz, 1H), 3.08 (dd, J = 36.1, 16.9 Hz, 2H), 2.88 (d, J = 16.6 Hz, 1H), 2.62 (d, J =
16.6 Hz, 1H), 2.28-2.27 (m, 1H), 1.94-1.93 (m, 1H), 1.79-1.77 (m, 1H), 1.70-1.60 (m, 3H), 1.33 (s,
9H) ppm; C NMR (125 MHz, CDCls) &: 168.1, 154.1 (2C), 142.9, 139.8, 139.4, 139.3, 136.1,
134.3, 130.4 (2C), 129.3, 128.4 (2C), 127.7. 127.7, 127.5, 127.2, 127.1, 122.7, 122.3, 119.8, 119.7,

66.5, 56.0, 55.4, 53.2, 53.1, 52.2, 52.1, 51.9, 33.7, 33.2, 30.5, 22.7 (3C), 20.5 ppm; IR (neat) V:

216



Experiment of Chapter 3

3299, 3063, 2956, 2839, 1710, 1659, 1600 cm™'; HRMS (ESI) m/z calcd. for CigHyNNaO;S*

[(M+Na)'] 614.2699, found 614.2695; [a]n?” -14.4 (¢ 5.91, CHCL5).

<Entry 5>

According to the general procedure for one-pot synthesis of 197, a crude product, which was
prepared from (S)-121e (62.6 mg, 0.150 mmol), 198b,°®" and Rhy(piv)s (4.58 mg, 0.00750 mmol)
at 40 °C for 4 h (the first step) and at 0 °C for 3 h (the second step), was purified by silica gel
column chromatography (Hexane/EtOAc = 70:30~0:100) to give 197eb (65.4 mg, 74% yield) as a

colorless oil.

<Entry 6>

According to the general procedure for one-pot synthesis of 197, a crude product, which was
prepared from (S)-121e (62.6 mg, 0.150 mmol), 198b,°”*! and Rh,(esp), (5.69 mg, 0.00750 mmol)
at 40 °C for 4 h (the first step) and at 0 °C for 3 h (the second step), was purified by silica gel
column chromatography (Hexane/EtOAc = 70:30~0:100) to give 197eb (72.4 mg, 82% yield) as a

colorless oil.

Methyl
(2'R,45,55)-2'-(((S)-tert-butanesulfinyl)amino)-5-phenyl-2-tosyl-2,3,5,8-tetrahydro-1H-spiro(cy
cloheptajc]pyrrole-4,1'-cyclopentane)-7-carboxylate (197fb)

Spectral data of 197fb: 'H NMR (500 MHz, CDCls) &: 7.60 (d, J = 8.0 Hz, 2H), 7.30 (d, /= 7.8 Hz,
2H), 7.14 (t, J = 7.3 Hz, 1H), 7.04-6.99 (m, 3H), 6.90 (d, J = 7.8 Hz, 2H), 4.12 (dd, J = 25.8, 14.7
Hz, 2H), 4.04 (t, J=7.4 Hz, 1H), 3.92 (d, /= 13.5 Hz, 1H), 3.70 (s, 3H), 3.40 (d, J = 13.0 Hz, 1H),
3.34 (d, J = 7.5 Hz, 1H), 3.20 (s, 2H), 2.86 (d, J = 8.6 Hz, 1H), 2.47 (s, 3H), 2.33-2.26 (m, 1H),
1.91-1.75 (m, 3H), 1.61 (dd, J = 13.4, 7.9 Hz, 1H), 1.43 (dd, J = 23.5, 10.2 Hz, 1H), 1.02 (s, 9H)
ppm; C NMR (125 MHz, CDCl3) 8: 167.9, 143.4, 141.3, 138.1, 134.3, 134.0, 130.0 (2C), 129.8

(20), 128.7, 128.4 (2C), 127.7 (2C), 127.4, 127.0, 64.2, 59.1, 58.9, 55.8, 55.4, 52.3, 49.0, 32.4, 30.4,
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27.6, 22.5 (3C), 21.7, 19.6 ppm; IR (neat) ¥: 3276, 2954, 1711, 1650, 1598, 1344, 1162 cm’;
HRMS (ESI) m/z caled. for C3,HioN2NaOsS,™ [(M+Na)'] 619.2271, found 619.2276; [a]p®® -112.2

(c 2.61, CHCL).

<Entry 7>

According to the general procedure for one-pot synthesis of 197, a crude product, which was
prepared from (S)-121f (63.4 mg, 0.150 mmol), 198b,°°" and Rh,(piv)s (4.58 mg, 0.00750 mmol)
at 40 °C for 13 h (the first step) and at 0 °C for 3 h (the second step), was purified by silica gel
column chromatography (Hexane/EtOAc = 50:50~0:100) to give 197fb (40.2 mg, 45% yield) as a

colorless oil.

<Entry 8>

According to the general procedure for one-pot synthesis of 197, a crude product, which was
prepared from (S)-121f (63.4 mg, 0.150 mmol), 198b,°*°" and Rhy(esp), (5.69 mg, 0.00750 mmol)
at 40 °C for 13 h (the first step) and at 0 °C for 3 h (the second step), was purified by silica gel
column chromatography (Hexane/EtOAc = 50:50~0:100) to give 197fb (37.6 mg, 42% yield) as a

colorless oil.

<Scheme 91>

(18,2R,5'S)-2-(((S)-tert-Butanesulfinyl)amino)-2",2''-dimethyl-5'-phenyl-1',3',5',8'-tetrahydro
dispiro(cyclopentane-1,4'-azulene-2',5'"-[1,3]dioxane)-7'-carboxamide (200)

A suspension of 197¢b (250 mg, 0.427 mmol) and K,CO;3 (177 mg, 1.28 mmol) in MeOH (4.3 mL)
was stirred at r.t. for 0.5 h. The mixture was diluted with EtOAc. The organic layer was washed
with H,O, dried over MgSO,, filtered and concentrated. The residue was used in the next reaction
without purification. A solution of the crude diol, 2,2-dimethoxypropane (0.525 mL, 4.27 mmol)
and PPTS (32.2 mg, 0.128 mmol) in acetone (2.2 mL) and CH,Cl; (2.2 mL) was stirred at r.t. for 14

h. The reaction was quenched with saturated NaHCOs aq. and extracted with EtOAc. The organic
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layer was washed with saturated NaHCO; aq., dried over MgSQ, filtered and concentrated. The
residue was used in the next reaction without purification. A solution of the crude acetonide 199 and
2N NaOH agq. (0.854 mL, 1.71 mmol) in THF (2.2 mL) and MeOH (2.2 mL) was stirred at r.t. for
14 h. The reaction was quenched with 2N HCI aq. (0.854 mL) and extracted with EtOAc. The
organic layer was dried over MgSQ,, filtered and concentrated. The residue was used in the next
reaction without purification. A solution of the crude acid, HATU (487 mg, 1.28 mmol), NH4CI
(68.5 mg, 1.28 mmol) and iPr,NEt (0.447 mL, 2.56 mmol) in DMF (4.3 mL) was stirred at r.t. for
14 h. The reaction was quenched with saturated NaHCO; aq. and extracted with EtOAc. The
organic layer was washed with saturated NaHCOj3 aq., dried over MgSQy, filtered and concentrated.
The residue was purified by silica gel column chromatography (CHCl;/MeOH = 100:0~95:5) to
give 200 (124.3 mg, 55% yield in 4 steps) as a white solid. The structure and absolute configuration
of 200 was unambiguously determined by X-ray crystal structure analysis.

Spectral data of 200: '"H NMR (500 MHz, CDCl3) &: 7.28-7.23 (m, 3H), 7.13 (d, J = 6.6 Hz, 2H),
6.54 (d, J = 7.6 Hz, 1H), 5.68 (br s, 2H), 4.10 (t, J = 7.2 Hz, 1H), 3.58-3.56 (m, 3H), 3.44 (d, J =
11.2 Hz, 1H), 3.39 (d, J = 7.1 Hz, 1H), 3.30-3.21 (m, 2H), 3.09 (d, J = 8.5 Hz, 1H), 2.52 (d, J =
16.8 Hz, 1H), 2.41 (d, /= 17.1 Hz, 1H), 2.32-2.25 (m, 1H), 2.15 (d, /= 16.8 Hz, 1H), 2.06-2.01 (m,
1H), 1.89-1.61 (m, 5H), 1.41 (s, 3H), 1.35 (s, 3H), 1.17 (s, 9H) ppm; °C NMR (125 MHz, CDCl5)
o: 172.2, 139.1, 136.0, 134.9, 132.2, 131.6, 130.4 (2C), 127.9 (2C), 127.3, 97.6, 69.6, 69.4, 64.4,
56.0, 55.8, 48.6, 47.3, 45.8, 38.1, 31.9, 31.1, 30.4, 24.4, 23.1, 22.8 (3C), 19.6 ppm; IR (CHCI;) V:
3373, 3182, 2958, 2856, 1652, 1599 cm™'; HRMS (ESI) m/z calcd. for C30H4oN,NaO,S™ [(M+Na)']
549.2758, found 549.2758; [alp> -176.6 (¢ 1.00, CHCls); mp 187-188 °C (recrystallized from
Hexane/MeOAc at 0 °C).

CCDC 1442259 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.
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List of Abbreviations

List of Abbreviations

Ac : acetyl

APCI : atmospheric pressure chemical ionization
aq. : aqueous

Ar :aryl

atm - atmosphere (1 atmosphere = 10° Pa (pressure) = 0.1 MPa)
BINAP : 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
BIPHEP : 2,2"-bis(diphenylphosphino)-1,1'-biphenyl
Bn : benzyl

Bu : butyl

°C : degrees Celsius

ca. : circa

calcd. : calculated

cat. : catalyst

cm’ : wave number

CcoO : carbon monoxide

cod : 1,5-cyclooctadiene

Cp : cyclopentadienyl

Cp* : 1,2,3,4,5-pentamethylcyclopentadienyl
Cy : cyclohexyl

DIPEA : N,N-diisopropylethylamine

DMAD : dimethyl acetylenedicarboxylate

DMF : N,N-dimethylformamide

DMP : Dess-Martin periodinane

DPPB : 1,4-bis(diphenylphosphino)butane
DPEphos : 2,2'-bis(diphenylphosphino)diphenyl ether
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List of Abbreviations

DPPBz : 1,2-bis(diphenylphosphino)benzene
DPPE : 1,2-bis(diphenylphosphino)ethane
DPPF : 1,1'-bis(diphenylphosphino)ferrocene
DPPP : 1,3-bis(diphenylphosphino)propane
dr : diastereomeric ratio

ee : enantiomeric excess

EI : electron ionization

eq. : equation or equivalent(s) (depending on the context)
equiv. : equivalent(s)

ESI : electrospray ionization

Et : ethyl

h : hour(s)

Hg-BINAP : 2,2°-bis(diphenylphosphino)-5,5',6,6',7,7',8,8'-octahydro-1,1'-binaphthyl

HPLC : high performance liquid chromatography

HRMS : high-resolution mass spectroscopy

i : 1s0

IMes : 1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene
IiPr : 1,3-diisopropylimidazol-2-ylidene

IPr : 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene
IR : infrared spectroscopy

LHMDS : lithium hexamethyldisilazide

M : metal or molar (depending on the context)
mCPBA : meta-chloroperoxybenzoic acid

Me : methyl

min : minute(s)

MOM : methoxymethyl

mp : melting point
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MS4A

MTPA

nbd
NCS
NHC
NMP
NMR
NOESY

Ns

Ph
PPTS
Pr

PTLC

quant.

rac
rec.

r.t.
Me-DuPHOS
SEGPHOS

t

tert

List of Abbreviations

: methanesulfonyl

: molecular sieves 4A

: a-methoxy-a-(trifluoromethyl)phenylacetic acid
: normal

: normality (equivalent concentration)

: 2,5-norbornadiene

: N-chlorosuccinimide

: N-heterocyclic carbene

: N-methyl-2-pyrrolidone

: nuclear magnetic resonance

: nuclear Overhauser effect spectroscopy

: 2-nitrobenzenesulfonyl

. para

: phenyl

: pyridinium p-toluenesulfonate

: propyl

: preparative thin-layer chromatography

: pyridine

: quantitative yield

: any substituent

: racemic

: recovered

: room temperature

: 1,2-bis(2,5-dimethylphospholano)benzene
: 5,5'-bis(diphenylphosphino)-4,4'-bi-1,3-benzodioxole
: tertiary

: tertiary
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TBAF
TBAI
TBDPS
TBS
TEMPO
Tf

THF

TLC

TMS
Tol-BINAP
Ts

X
Xyl-BINAP

Xyl-SDP

List of Abbreviations

: tetra-n-butylammonium fluoride

: tetra-n-butylammonium iodide

: t-butyldiphenylsilyl

: t-butyldimethylsilyl

: 2,2,6,6-tetramethylpiperidine 1-oxyl

: trifluoromethanesulfonyl

: tetrahydrofuran

: thin-layer chromatography

: trimethylsilyl

: 2,2°-bis(di-p-tolylphosphino)-1,1'-binaphthyl
: p-toluenesulfonyl

: any atom or substituent

: 2,2'-bis[di(3,5-xylyl)phosphino]-1,1'-binaphthyl

: 7,7°-bis[di(3,5-dimethylphenyl)phosphino]-2,2°,3,3’-tetrahydro-1,1’-spirobiindane
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