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1w fES
B ey TAzonT

GRERFEHEERILEM TOIE R ) DURERTE D L IREBIRTZ U2 B AR
Shs HEB(LAYTH 5 (Figure 1-1)',

()

N
H
pyrrolidine

Figure 1-1

v'w ) DG RITER A DL FIZR LTz (Figure 1-2),

NH, X I ﬁ =
I from
nucleophilic pyrrole
substitution

e <: C } E l E
[ V nucleophlllc H
addition pyrrolidine

radical
cycllzatlon

! R
R
transition 1 3-dipolar
M Mmetal \/EWG
L_\ catalysis VR1—(\9®

NH N

) v N=\

R R2 R3

Figure 1-2

Bl X — b OKRFELETIC, REF—ZRECEMETLIOLELTT IV
W2 LD a T AR FEAL A~ O REZE WSS T 0K E 11972 ZHRE S AL~ DK
Je A SN TWDY 720 b L IARREAICK L CER SR MIE 2 EH S5
ERa7 I IV E6RTWS 3 I ORETIE., KISHIZAE LD a7 oAb o
B TV O RS S & OIS TR {LOBICER S RME 2 NELT5, ZbD
LT X v ORMBISICHBIT DREFBAAE LTAHAFR=VIRFEZHND Z & TR
PTDZENAETH D, T I IR NVRBZER TORISTI I VAR =V EEDE K
BFHELL D FRNICH T OEREENH 255 TH o FH CORISHRIKIGE L THELT
THLEBH DN, WMARFIETRISEPEIT T2 206 FAHTHL E STV,



— T, RFB—IRBAEBAOWE L L UIE RIS TH 5 13- HmER{bK
& VI ERPEORENREE L TR bND, 77 7 Az AWz A X R
S VI D4 TH DD, w22 @itz AV 2 0B8RS 5°, 7 VB IVRIE VI E%R
R—IRFHEAOBLORB—ERECLWHET LN THLIN, 7 P HNVFEDO G
PED R S 2B RS OHIAE 238 L < SR BRI OR & U CHETT 9 2 A KOS O il i# 7¢
ENFELE STV AS,

v'n U YUk A E e RIS AEIE T E D) & 7~ L 7= (Figure 1-3), EEr U U H
Bt D(-)-Kainic acid (IO~ 27 U nh LN BHRMIICED AT VoA R TH D,
WG A AT LA & LU CIMEMER 24 9 5 (-)-Cocaine® OB RF 3K & L CTan b
NTW 5 Calystegine ¥’/ X5, F72, ©rl Vv 2E0fiR LIZEMERTHROL O
LTI REOIRBICHIR N H D & ST D (-)-Dendrobine " Chi B 2 ¥ I UAITH
% (+)-Conessine ' 2351 H LTV 5, AR =V E /T 2{AWIEBMMENMET L TE
ERNIZED IAENT < 72D Z & W5 Hexahydro-2H-thieno [2,3-c[pyrrole 1,1-Dioxide ™
L9 7fEBR LI LG IR B W CHER ST 5,

O

Y. - CO,CH3
Me—~  —CO,H N OH
& ﬂio \H/Ph N % OH
NP COH OH
H

(=)-kainic acid (-)-Cocaine (-)-Calystegine B,

Hexahydro-2H-thieno
[2,3-c]pyrrole 1,1-Dioxide

(-)-Dendrobine (+)-Conessine

Figure 1-3

PHZZE T T2 & 9 IR TR E I3 O AT ok mBERREZA L TH
D, ZERADMEER LIBR THMLEMRFMET D, ZOL I RigR LIz Y V(L
EWE EO LD ICHBONAMMEETERTE 2008 9 NI AKES L RIZB D THE
IRFFERRE T H D



Hi2fli MR R U UL ALEWO G
2.1 8TV rnu[821]4 7 ¥ EHAK

-7V I mBIA 7 # B ERT HILEWTER LICATFAEREAET HbE
WMTH 5 cocainZz ElT ha/xo 7o a A REMIENTEY 200 FEELL B3R 4 7288
PHERERENTHWAES, Znbm ) HEHE BITAF LIRS calystegine D & 9 72 b D
/v bhaRvTaiad REMEINLTWS, LoT, -7 rapB3l114 7%
B OB SERRIA 725 57 1E D BAFE X R ZE LR R UV,

8-TH L 7 v[32.114 7 Z EOERITIECIR N T, kFE 7T BEH/ICER L,
TRbL T IV EEINVA=NVEEGTORFETER LTI/ v ranTy ) v
ZNLARRINACERL T 5 Z LN TEIUR, BRIZIT O B r U 2V BR ORGSR D AERR
I HETT 95 Z & 3 HERI T & 5 (Scheme 1-1),

, R .. H R?
R NH HAN N on
= R -0 — R = R2
Rs\ . - -
R2 R3 R? RS 2
O R3 OH
aminocycloheptanone 8-azabicyclo[3.2.1]octane

Scheme 1-1

T rmanTE ) ORI 72 G I BV TR TR 2 OFFEE TUIRT2 b 1
AHLTWb = {bAYDORIEEZRMAT S 2 ERAETHD EEZ LN Thbb,
TIJvra~nTH ) ok bkl T AT ReEAWEZ= e TV R— VK& A
WHZETHEELE Y EEXT,

BN H 2 OWFFER T, EWTEEDE TH 2R EEOEHE 7o vy H—L LT
HBES % Indolizidine 167B DTERARKICE W T FN= b a7 L R—LEISE VT
% (Scheme 1-2)',

H H H
O. DBU (0.15 equiv.) HO, Cb
oN>N CH4CN, 1t, 10 h oNT N — _N
H O 62% as a single diastereomer : e} :

(0.2 M) Indolizidine 167B

Scheme 1-2
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EAFRESES 2 LT HTHNE b a7 b R VS & EIT SETHRE 6 BB AWML T
WD, BORENEREIRIIZET L CTH—DO YT A7 LA~ —& L CTAERM AR BT
B [ARORIGITRFE T BBRILEM TH L 7 a~TZ ) VEROGRKIZBN TS
ICHMNARECTH D EEZ BN, HFFRICHLY 23> 7=(Scheme 1-3), Z OFEFMIZBE
LCIdgE 2 T~ 5,

HO NS OH
HO \%’OH reductive HO NH,
cyclization

:>HO“'

HO
NH NH
HO OH OH
HO HO 0

ent-calystegine z:;;‘:ncg:éo
reduction OH nitro aldol O
., Mo NO2 reaction Ho U NO, cheap chiral
—— :
: material
HO ™ HO "
)
Scheme 1-3

2.2 3-7HEL 7 u[33.0|4 7 % BRARK

8-7H 7 uB211A4 7 # U EMOBKITEBNTIET I/ HEE ANV R =V EOET
7 2 7 ALEFIR L@ e bR ZFIA L T r U DV BREME L., 22T, &
DRVEMER Lo n ) DAL A MO E B LT, 7 VWA RIEERF LT, i
£ For OFFRE T, EFREMER 1,602 1 LA A aza-Morita-Baylis-Hillman %
RIS 2 VT B S = & 2 LT & 7=(Scheme 1-4)"%,
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chiral sulfine imine o}

S.
g p-Tol 7 "NH 1) m-CPBA
N O N ? _ - )
PhSH MeMgBr = COZt'BU p-TOI N R R /\/COZt Bu CH2CI2, 0°C
> > > i —_—
CH2C|2, =50 °C \SPh 2) toluene,
aza-Morita-Baylis-Hillman R =Ph, 99% yield 1o°C
equivalent reaction (syn/anti= 81/19)
0
- 1) m-CPBA Ts N —
p-Tol ~ NH M R co.t-y Chiral aza-Morita-Baylis-Hillman
~COxt-Bu ) — R 2 adducts
Y a
Br
R = Ph, 65% yield K2COs3 R = p-Tol,
DMF, rt 77% yield (2 steps)

Scheme 1-4

3 57255 7 aza-Morita-Baylis-Hillman A IZ X L CT7 U0 X Z#EH & &
TG E. TVINZRIANTH LT VF b L <AXT T AL A~DO NG D LTS
% Z & HER T & 5 (Scheme 1-5),

a
X Vp
Ts. ——

-B
chiral aza-Morita- N — Il COxt-Bu
Baylis-Hillman adducts R/\"/COzt-Bu - _

N™“R

Ts
X = SnBujs, SiR3, SR etc

/ °
X X

X
= (e
NT%COZ"B” — N/\/ Nﬁ7§\[cozt-su _— Nﬁ
Ts” Ts” 7\f Ts” Ts”
R R
y(COZt-BU X y(COZt-BU

B

X X
\
H‘Cozt-BU diastereoselective COyt-Bu diastereoselective
o rrolidine v., pyrrolidine
N R py N R
Ts Ts

Scheme 1-5



TIF LG T VIV X DML EITAE L=V T O IART VT b
5-exo-trig BRALDEIT T HBRIC, EHIEL R L= 2T VOVKEFEOKENGHELNLLE
2 AT T AT VARIRN R I 72 H IR T E L, [AEROBIR T, T v
WAEZ T AN XML TT v F 2 b S-exo-dig BB{L L TAEL B THAH R Y Vv
H YT AT VAR R D720, FENEZR aza-Morita-Baylis-Hillman -1
Rt L CT P HVBRILBOR 2T 20X, SRR E r U O U ERN G TE S 2
ERHIFFTE D,

Morita-Baylis-Hillman f} K& A XZ O H vz HWE T 2 h VEBRLRIEDOH & LT
Rajasingh & D #4578 & % (Scheme 1-6)'°, Morita-Baylis-Hillman f:H1141Z %t L C Bu,SnH
EERHESETCT VINVBRBILKISEZITo 2RI p- bV U ALK URE Y V=0 A
(PPTSHZ K> TARFUL N TF N ARG ZRET L 2L TH-OEMEELLTT M7
ERRETURELNDL ZEAaMmEL TS,

BusSnH
com AIBN 0" Y "SnBus pprs
e ——»
benzene CHQCIQ rt, 24 h
reflux, 1 h COMe 71% (2 steps) CO,Me

Scheme 1-6

%72 Kim 5% aza-Morita-Baylis-Hillman - Il{& & 7 U v U 7 F /0 2 X% VTR
DJEEATV, 7RI RrEFUVBIOERTPURBLNLZEEHELTND
(Scheme 1-7)", Shanmugam & (Zi&\>, Kim S F U 7F L XXk RY RTEARL T Y
NWERYTFNANAZEZRNNTWDT2D, T UNVEPREAINTALER/LNATND

Ts. .—— Ts. Ts .
=
N BusSNCH,CH=CH, N SnBus ¢onc. HEl N
COMe -
AIBN, neat, 80 °C Et,0,0°C tort
o ol > COMe 63% (2 steps) > COMe

/ /

Scheme 1-7

Morita-Baylis-Hillman A& 2 % =V N EHWERKIGIE, 7 v 78 Reeo
YERRENY D UGMICHWSNTE L, £ 2T, Fx bREKROEEEZHNTT UH
IV e 5 Ir T, Je I PE 72 aza-Morita-Baylis-Hillman fHA0{&(Z%F L C, Bu;SnH & 7 &
NNERERIZ R NT T P NVRIGERF LT & 2 A EFICB LWAXE Gy /1
BHRLA 35 & 4L7=(Scheme 1-8)'%, 2 ALIZ A X U A )L OAF NG > B BV 2 f6t



&, ARXETORFNT PANRBEWSOESy MR ZETe T NI A0 — RS
ko T sEZx o GoN_RBEOTE kXY ) 7 033-TH ey s
2[33.014 7 X B EHPOEKREA LTS, 3-THET 7 v[33014 7 % B
EHTHAEWIEMEWE & L Ci Figure 1-3 127~ L 72(-)-Dendrobine <°(+)-Conessine 72 £ 73
MHENTWAIZD, FxDBE LT PV Ar— REOSE3-TH 7 1[33.014
75 Gk S TR E OB RICA RIS E Y 9 D T ENHIRFTE %,

Bu. Bu
Ts.  —= Sn
N - BusSnH (1.2 eq) \
H CO,t-Bu Et;B/0, . CO,t-Bu
O U
Ts
(102 M) 80% yield, trans/cis = 99/1

Scheme 1-8

Bonl ROV a2 X ) 7203 12-U a7l Ak T Y — v L oRT U Al
A Lz Stille 7> 7Y U7 ROSIZE D . RIERLT L VX —70 EITER & 715 VE A FF
SLENTVDERY VAL VA Y R EEERICERTE D 2 LRS- T
\\ % (Scheme 1-9)*%,

- :
A additives

N Pd catalyst
Ts dioxane, reflux, 20 h
X,Y=Br,|
Tetrahydrobenz[flisoindoles
Scheme 1-9

DOV RaRZ )T URIBKT DTN A — RGO ~T v ji+ £ T
ST T D EDHFFTET, T2 TR FEORNT A FERT U UNVEISIT R
SHWOHLNAMEZAWTEEED T N Ay — REIGORE 21T 272, 551 T<
L7 AR EEL3-THE 70330147 X BRIV E Kaxy ) 7004 L
FIREIC, RT V0 A2 I » 7 ) o T K> TRUVAA VA > R—ILih
ERA~DOEAETE S, £/2, Y Frv o — O AT MM OREICLY, &
B L~ OB FTRE T HIUE, MR ~DRI b E 2 b5’ MK 240



56 Cl. #2287 7= Hexahydro-2H-thieno[2,3-c]pyrrole 1,1-Dioxide (2L D #5 % L T
WBHZEDL, T REREEER L S aREE DR TEX S, YE Frvr—10O
WA ERIBRIS, ZATAEMEBRET VUL, ZBEOTF A7 =R B LT %, 55
NETHAITAH 72 EFTINTHLIIENTHRTELOT, EAKILEEITH> Z LT
LbEALEOF) A~v—PGoNLZ IR, FA7 = Adm 0 EEMET AT 5208
HMOHNTWAHIED, TOA4 Y I~ —XAMEL 72 COEBEMEMELE LTHEA SN TN D
2, 2T 06T oA R LT, YIATFCAAROFANTG DA E NS
CHINH A — RIS ORI 2T o2, ZOFEHNCE L TE 3, BLO4 mTHRR5
(Scheme 1-10),

Functional

Bioactive
Materials substances
third and fourth chapter's work
R' \S"RI s
{ : T = 4
CO,t-Bu silyl radical  coutpy thylradical COxt-Bu
— R /\[r 2 — ‘R
NT R N
\ |
Ts Ts
optically active optically active optically active
dihydro silole aza-1,6-enyne compound dihydro thiophene

H Hiyama coupling

R/ /=

deesterification H

helical structure

S
N S electro \ /)
i\ /i polymerization n
OH —— .
R N R
N )
K - Ts
N7 AT Ts conductive
‘i’s thiophene polymer

Tetrahydrobenz[fJlisoindole

Scheme 1-10

Db, Fex B L7-En ) DAL O AR E BIR L TR T~ 12, #2 5T
8-TH eI u[321|4 7 % U EH¥EHT D calystegine DA K EFENT D, &3 L
4 FTIET VWA AT — RROSE W TOEHENL R 3-T Ve 7 n 330147 4 V6
BIROER, MOT VI NVEBRSOSOERVEICE L THa 217272,

10



o vtr ) YrEgteT Vv inA RTH 5D calystegine $6 D & RLIIMFSE
H1HI  calysteigne JHEDOHFZED HEY
1.1 calystegine OJEM: & it 25 0 A plf5

calystegine |t N X UV EZZHIRAT L /0 b X7 Adiaf ROBHETHY
1988 fEIZ B m N LA AN B YIS CHEES N, RO T VI m A RiEy v A %
fif. B~ AEREDOERRENG SN TS, £/, calystegine | L HHEM/E
VMO DRER, IO glycosidase FHEH & L CTHRExT 20 O — |28 E2 LT3 &
EZONHHY T RREH O —FETH HY, calystegine IFIEETH L R ok
WX aEInTnsd, 32bb, B FaX I iEd 3 SFF2 8 D% calystegine A, 4
SFfo 4 D % calystegine B, 5 DFFo % D% calystegine C & &+ TV 5 (Figure 2-1)7, %
INGETITE Y7 v BEOMBIAMIZE e Fux b2 L T2 D0 RHK
ThHod,

HN HN OH  HN
HO OH Ho OH HO OH
OH HO|/ OH

calystegine Ag calystegine As calystegine B

HN OH HN OH
HO OH HO OH
OH HO OH
calystegine B, calystegine C;

Figure 2-1

calystegine [Z18% . FEYDEAKO RN SAEK SN D, BEFE, B Ik L
glycosidase [REIE M Z T, ANV=F L K OTAF=VHkOHLT7 Va4 R ThD
scopolamine & calystegine A; D& AR % /<97 (Figure 2-2), 7 X / 2 Td % L-Ornitine,
L-Arginine 73453 41T Putrescine /£ U %, Z 206 OGHRKIZI = >H 5, —
AL XV A% SR (Spermidine synthase : SPDS)IZ & % Spermidine D A= 5 ii D % T
HY, O —DLT b LT N-AF VR FE (Putrescine N-methyltransferase : PMT) 73
YER L T Putrescine D% F%& A F/VILIZE#HL L 72 N-methylputrescine % £ & 53 5 #R
Thbd, F—OFfKK TIE Spermidine 7% Spermine I[ZEM N5, & 2 O T
N-methylputrescine 73y 1-PNiffi & L N-methylpyrrolinium cation Zf&H LT, el Y7
Vv A KT % Nicotine & Tropinone (ZA#A I L5, hu v/ U ERILHESE 1 (Tropinone
reductasel : TRI)& h 2 &/ U BRICEESE 1T (Tropinone reductasell : TRINIZ & > TENE
T 4L Tropine & Pseudotropin A SZRIEIRAYIZ 5-% 5, Tropine (X& H 2 HE S jU A
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i & L CHW 55 Hyoscyamine X° Scopolamine (272 %, £ 72, TRII i Tropinone %
Pseudotropine (ZZ5 42 L C., Pseudotropine 73 calystegine A; (272 5,

H-N
L-Ornitine ——> 2 >~ " NH, <~ Agmantine<— L-Arginine

putrecine
HoN SN .CH;

H,N NSNS NH, N

H N-methylputrescine

Spermidine *
| CHa o
H : — > Ny N

H,N NN T N _~_NHz ; ;

H N-methylpyrrolinium cation  Njcotine

Spermine *
AN
Nﬁ N\
0
Putrescine N-methyltransferase tropinone
SPDS) Spermidine synthase \IR I
Tropine reductanse | \N N
TRIl) Tropine reductance Il ﬁ@ N OH
OH
tropine pseudotropine
hyoscyamine H.

N
HsC * OH HO OH
N E OH
o o (-)-calystegine A;
o

scopolamine

Figure 2-2

calystegine A= FIEE & LT glycosydase FLETHIEN 5 520, 4L, calystegine O
&N glucose EFHALIL TWAH DT, ERNITEBWTHEORAl & L TE <, calystegine
\Z L 5 glycosidase DFLE T glycosidase DIEMEIR T, & D WIFIEMEHR LA D EH & )
WCBHEAE UTER T2 2 & THILT 5, glycosidase (FIEMEA RV, BEIX 0 S 7e <
25 a2 LRSIl SN D,
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calystegine 8D 2 D& B %2 77,

1994 4|2 Lallemand & (X2 @ 7 v~ Y o OALE R RN 2 BRILR G LT X 7 v
g a~7u ) Oh NS RIS E W T, (—)-calystegine B, DH K E#HE LT\ 5
(Scheme 2-1)", Z DG RBNTHIFE R & LC D-2b =2 — 2 % F\ " C Shimmons-Smith /X
ISz LTy 7 v a2 R IR S 2 T S D 2 LT SEREIR e v
gua~T ) o EBR L TWS, LU, 4 BBE TR 7% CTICERO M EDREEN D,
VIRNTT ) DHNVR=NVEET U RICER LT anTE ) T I Dl
Ak U, M A A ARG CALER 95 Z & C(+)-calystegine B, DA k& K LT
W5,

O, 0 BnO OTMS
‘ 1) LDA, TMSCI p— 1) FeCl,, DMF
—>Bn0 —— > BnO R
\ 2) Et,Zn, CHal, N 2) AcONa, CH3OH
- ~ - reflux
D(muame BnO  OTBDMS BnO  OTBDMS 7% (4 steps)
O (e} . OMs
1) NaBH,, dioxane H
BnO, H,, Pd/C BnO, 83% BnO,
E——— _
BnO EtOH BnO 2) MsCl, DMAP ~ BnO
S 9 S idi S
BnO  OTBDMS 0% BnO OTBDMs PYndine BnO  OTBDMS
N3 NH,*  NaOH, H,0
1) NaN3, DMF BnO, H,, Pd/C HO, pH =11 HO NH
0, .
80% (2 steps) HO OH
2) n-BuyNF, THF BhO AcOHH,0  HO or Permutile 50 HO
90% R \ aq.NH3
3) PCC, CHJCl, BnO (@] HO 0 96% (+)-calystegine B,

94%

Scheme 2-1

1996 412 Lallemand %1%, ~~7 & Diels-Alder )i % f V7= (2)-calystegine B, D15 % %
& LT D (Scheme 2-2)%, % SIFFEHT b o AR = LR = L ERAIDEEIA % VT
ZHUTKIBEEEZBEAL TV =N EH/TWD, VA — VDT Vv a— Lk PV TR
HELTOLOLBEINTHD, -ILER Y FLE FRrFU AT IV EDANT O
Diels-Alder S& & 1T\, SEARRIRIC Y 7 o ~T T o2/ L TW5, ohi-v 7
NTTUDOBFB-BREEREATTIALR=LVEY 75 R EHOCOINT 2 2 &

Ty ra~FHZ )=V EEE L, TAa— L EZBL LA P ASEBRL TS, XD
ek 7 bk & BEAMAKFEILTRRET D 2 & T(x)-calystegine B, Z 5 LT\ 5, 1994
O IR TH BB O R LIZ TS L TV 228, 1996 FOREITTEIE
Thb,
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s NaBH4, CeCI3, (6]
o | 7 H,0, MeOH, 0 °C == 0s0y(cat.), NMO HO. OH HO,
O\ TBSO | — > -

Fe(CO); TBSOTf, NCsHs \\FE(C% ?;e;‘;)"e'watef TBSO—@ *+ T1Bso \[
H : e —
87"/20 (22 steps) Fe(CO)3 Fe(CO),
(1:1)
OH

HO, * (BnO),C(CHgz)-acetone  TBSO, BN cHomo  TBSO, OB

(1:1), CSA(cat.) (CH3)3 E
TBSO \| BRO- | —
= =N acetone no:-
Fe(CO); 75%(2 steps) Fe(CO)s 5o
0 OH

tBSO, OB" OH  (nCHIoN.10s o 0 /N gy, Mo(COk BnO,

BnO + T CH,Cl,, 0°C BnO X MeCN-H,0(9: 1) TBSO
° 80% reflux R
91% BnO NHCbz
o
MeCN-HF o H,, Pd/C (10%)
pce BnO, @5:5  BnO, HO
— : — HO NH
CH.Cl; TBSO o MeOH HO
88% R 85% HO \ 76% HO
Bno NHCbz BnO NHCbz (*)-calystegine B,
Scheme 2-2

Johnson H I 7 w7 & N o2 HEEEE L C(-)-calystegine A; D&k % s
L CWA(Scheme 2-3)”, 7 a T X U= DA NKR=NVEZKFEATFEST Y
LEMWTEI LIZERIZ, T a— a2 Kib 7Yy L b~ T, XUy ¥
JUEERSETRIC, BoToAKBEEZ AT 7 — M ERHBELTCT Y RIZEHEL TV D,
7Y R{bA ikt LC, Lindlar fililt & 7= 82k FALSOE 217V 7 2 > ki Cbz
EEALTWD, VA WVIZEHETHDL ) X—EBE2EASEHLZ LT, 7Tva— o7
b ERIB LT, RFERE AT o T D, TEFERETL TV RWnWT La— L%
TBS TfRi# L7, 7T FALEEBREL WD, T/Va— L& AT T7—MELTT7
=L EAT =F B FHESE, BEL=RICE#BLTWDS, 2ok L= Ramig bk
FKTEILL, T RADTF—NEHRR LTS, VA —NET X —VIREL, -
EiEGE e FrdRvRb, BBb L OKBELEALZRZIC PCC b L TIRERLZIRE
L CW 5%, Johnson & IXE#IEAHL 2 FIH L CILRERIRAIIT (-)-calystegine Ay Z 5% L T
W5,
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1) NaBH 4, MeOH

0 15°C QAc 1) MsCl, EtaN OAc
98% 100%
> _—
2) Pd(OH),, MnO, "'OH  2) NaNj; DMF N3
benzoquinone, AcOH 75%
LIOAC(H,0), AcO AcO
84%
1) Lindlar catalyst
ACOH, LIOAC(H,0), QAc OH
98% K,CO3 Amano P-30 lipase
> —_—
2) CICO,Nb, EtOAc NHCbz \e0H NHCbz isopropenyl acetate
aqueous Na,CO 0 50°C
gg% 2L0; AcO 93% HO 91%
A 1) TBSCI, DMF H )
Qhe iidarole Q 1)i, MsCl, EtN
99% ii, NaBH,4, Ph,Se,
—_— HO NHCbz
NHCbZ ) Nacl, MeOH NHCbz 2)i H,0,, THF, CH,Cl,
95% ii, HF, CH;CN HO
HO o TBSO

47% (4 steps)

1) i, HoPd(OH),, MeOH

1) acstone, Amberlyst 15 o ii, THF, H,0, HCI HO HO NH
99% iii, NaOH, D50, pH>11.0 HO
o NHCbz

2) i, BH3DMS, Et,0, -20 °C #\ o 85% (2 steps)
ii, H,0,, NaOH

iii, PCC, 4AMS
27% (3 steps)

(=)-calystegine A;

Scheme 2-3

Hanna X° Madsen 5%, PABRA X BV ARISIC L Dy 7 a~F 2 N )= ) o O
FIFH LT, 5 27 v 7 T(+)-calystegine B, DA% #HiE L TV % (Scheme 2-4)°, 45
1% calystegine B; 38 KO calystegine B, b [FIERD A TEH L TV D, ZOHBITIEF I
BRI NN O N TH D, A XU ASITERRAICEE S N2 VRS
DT, KBEOBEESETHLI 7 a~T XU RN GLENTEHRERH D, L
ML, “HEEAORT -V AFIVANT 4 FEifEE VI R el v # L OBRICALE
HRPEN 7228 TH Y, EVBFREIIHE LN TV RWI ERKATH S,
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) A/

Zn, BANH,, CH=CHCH,Br gnQ ... CbzCl, KHCO5 BnO ..
> _—
THOF, ultrasound, 40 °C BnO - NHBN EtOAc, H,0O BnO B NBn
73% 5B 94% OBn |
dr=85:15 Cbz
OH
I\ BnO,.Q
_N_ N. 23.5%
Mes Mes
he BnO . BnO® Y “NBn
Cl=Ru= BH3*CH3SCH3 OBn |
PCy; P BnO” Y "NBn ET,0,-30°Cto0°C Cbz
oBn | *
CH,Cl, Cbz  then H,0, NaOH, H,0, 0 °C
94% 84% (2 steps) HO
BnO ...
0,
o 60.5%
BnO” Y rluBn
BnO ... OBn
ﬁ\( H2 Pd(OH),/c o"° y Cbz
BnoY Y “NBn
F H20 Arn | CH,CI
- 2v12
(+)-calystegine B, 79% OBn Cbz  93%
Scheme 2-4

Fernandez 5 1%, 7 X /HEDOHEAIZ &L B iEZH W T, (—)-calystegine B FAfx AR DA EL
% LT 5 (Scheme 2-5)", calystegine 23 FEFA DR S FALIL TWH Z & ZFH L T
ATy TIOR8 2 RIS LTV 5, WEMBEOT X /0T X/ %z Coz fhi#
LSRG T T2 —VoREEZITO 2T I 2T AT e REOG WG
B &7 ST, $Efi/KFEIEIC T Cbz A FRE L T, (-)-calystegine B FHix{A %
AL TW5, Fernandez HIZER 57T I /A HW\W5 2 & THEIR DR D calystegine
HEARATEE LTWD,

HO HO
o CbzCl, Na,CO5 NHGbz 90% TFA-H,0
—_—
o 8% O  Amberlite IRA 68(OH")

oﬁ oﬁ 80%
HO NCbz  Hj 10% Pdic | HO NH
—_—
HO%&( HO O

60%
(-)-calystegine B, analogue

Scheme 2-5
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L EIZ7R L7z calystegine DA REBINH0NH L5, Ba U UV UBRBOMEIET I &
TR =B L Doy F PR ITTHIBR LU Ko THRZIHEL T L HIRIEEAET
b5, Lo 7T, calystegine DEERIZBWTIRKFZTHER THLH 7~ 4 ) o ONK
BRI REE FIEORBRRETH L EEZXBND,

1. 2 WG RfET

FexiZ= bbb BEW ORI IIEMAL I ZFIH L2 8 LWAEE RO FIEEZ I LT
M = b REE RS TH Y, = b T b D a M OKFE IR EEERE &
9 5(pKa; CH,NO, = 102 . = b7 b b Afliniz=hnt— 7 =40
TAFE REEMESENER-= bue 7 ra— A BRI e H+ 2 EiEE 2 1EH
SHNIE~A T AIERE LN TL A7, IRFE—IRFM I L ATEE & 9 5L
T& 5 (Scheme 2-6)*,

NO,
S ® 6 R1CH
0.®0 0®0 ﬁll;\,)\(r\’1 aldol reaction
NO,__ N Base N
R R R
nitronate >
anion Zewe 02 Michael addition
R EWG
Scheme 2-6

= FALEWIZBT D= b v O LR Z 7~ UT-(Scheme 2-7), = M & TV & B
fRBR TR CIC X VBT HUET S VICERTE 5 227V EAL Y TF LV = |
U JL(AIBN), BusSnH ZfHWT T VAN ISEATV, = e EZRET L2 L HAHET
OO, BRI EERESE = T AT DRMOKELR XKL Z LTI
EAKTHZE b TED®, = h o3 Nef SUSIC & W WVR = AL AW BT %
ENTEDLY, UED X ST, = F{bAMITSZERIEEOERIZHE LTV 5,

NH»,

Scheme 2-7
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& Z T, calystegine DGRKIZBWVTH = b 2{LEY DR 2 1E S XM 72 5 R 5 1k
PR TE L LB % calystegine FH D WA BAREMNT 21T > 72 (Scheme 2-8)

OH

NH
HO OH
HO

ent-calystegine B,

|ntramolecular
condensation

0
— >( . CHNO,

1+6 cyclization 4

¢}
vinyl ketonealdehyde

Stepwise Synthesis

OTBS OTBS HO
o o\ _y HO™ copn
e} L-(+)-Tartaric acid
(natural form)
Scheme 2-8

calystegine DZEE~T B ERDIEEDI- DL, T I /v a7 ) U inbi iE’d/‘
73 Lallemand & OHF5EL uiofméi}”b‘fl/\é Bovrua~Ty ) oFEOREEIZ]
e DFENREZLNLP, 22 TiE=tr A v 2Hniz=taT L F‘~—/1/}yimj}: =
e~ A TR EIT> T T B %T%%Téﬁ/TE’JCE 1+6 BRALSOE 2B 2 1o, WED
calysteigne DG LAFI D 53725 K 912K T BB Z BHIRIEEW 0 O i\ O S LIREIUE T
PETHL Z LIRS TERV, 20 X9 fot 146 BRAL BSOS I TR R WA B TFE A 2 R T
EHEDD TEZ L EBPEEINEEZ 7 BER T b 2 —RUTHEET 2RI Fik L 7
V9D ENIFFTE D, TOIDITRHERAREINT b T AT B FIREARE) S ARk
TELEB2oND, SEFEERIFEE G ATELS THY | calystegine B O — 15 K
EORRIZR D ZEDRMFFTE D, o, VMREIRWIC=ha vy an~nT % ) U3 S
TENUE, =2 B T2 TY IV RRICEBRDTRETH S, Lo TT I/ &%
Mg Lz r ) U U AbE W O NREIRB R D R 030 L 720 9 %,
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ok
2.1 BALRETERIKD G Rk

vr P raGh T v InA RTh % calystegine FHD A AL

calystegine A KD MR L L(+)-B AL T VAT L a—)L 26 £ TOLRERLE

(Scheme 2-9),

2,2-dimethoxy

propane (1.2 equiv)

HOZ/COQH SOClz (excess)  HO( _co,me pTsOHH,O (cat) N\ O~-CoaMe
MeOH O'-T
HO CO.H reflux, 5 h HO CO,Me ?e';:gi?’ 5h CO,Me
quant. 88%
L(+)-Tartalic acid 2-1 2-2
DMSO (1.3 equiv)
, , o4  TBSCI(1.1 euiv) otes (COCI) (1.3 euiv) oTBS
LiAIH 4 (3 equiv) >(O NaH (1.2 equiv) >(O NEt; (2.3 equiv)
B — e B — e I ———
dry THF o CPME (o)I8 CHCl, ©
reflux, 3 h 0°Ctort, 3h 56°Ctort, 4h é
75% HO 82% HO
23 24 25
. . OTBS
vinyl grignard o
(1.3 equiv)
_—
dry THF 0"\ 7/
0°Ctort, 60 h
55% (2 steps) HO
2-6
Scheme 2-9

L(+)-BEABRICx LT A X ) — VIR b TF A=V B ERSE TR @B D
AFINVTZ ATV 2-1 ZERIINGT2, ATFNVTZAT IV 2-1122,2-VA KX T a %k
RS F— N a2 #E L, BIRT &% —L 22 % 8% DR T, (LA 2-2 %K
FT NI =AY F I ATERTL L, VA —L 23 % T5%DIE T8, Od—n 2-3
WCAKRFBILT RY DAL tert-T F ATV AF NI a7 A(TBSCHZEER E LTy 7 m
YFNAF N —T W(CPME)Z TN TEHI S & T, £/ v VLK 2-4 Z IR 82% T
= )V UAT AT 24 IZKLTAT— VEEEITH ETATE R 2-5 % E &
MIZ G 7, 7T B R 2513/ R L — 2 —CIRMHRICT S ETEMEABHl S -0
TR 5 2 & 722 < (vinyl Grignard iAEEZ SOS SETT VAT Va3 —/L2-6 ~EH LT,
TUVNAT A= 26 X2 DD T AT LA<—0D1:1DREWME LT2EMETS5%

DR Tl LT,

7 YT V3 —)b 2-6 |Z Dess-Martin FR{LiREEAAEH S E 72 & 2 A ap-Afafns kv
2.7 TN FTRE T d - 2%, af-FRaafnr ko 227 IXERIE F T < & EEALOHETHR
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BRI SN =0T, AESH D £ £ 3 <SR D Micahael (IS AV, ap-REaF7r
k227 1% L Ot B DI A2 W T = b a A % > ® Michael (IS &7, 7
t b= kU EGN 23 & UTER &8 72 & Z A Michael fII1A 2-8 13 18% DI
TR LN, Z OGS TIE o, B-REgF 7 b 2-8 ZIRBEC I 2 72 & T2 AR A
L DOMPBEE STz, JREE 2-7 13 2 FFR TR L7223 HRYAERM) 2-8 D=V RN DT,
o, B-Reafnr o 2-8 BR Y ~— (kLB b, ikt LT errrsmy s
T2 DBUYE HWHA S Z O EEI A IV D AT 2-8 23NHE 35% T il
DMF IAEd . L LCTT b T AF LT T =V (TMG)Z AW T2385A Ttk 2-8
DILHIT 63% 1218 1 L 7=(Table 2-1)*,

Table 2-1. The examination of nitro-Michael addition

oTBS Dess-Martin OoTBS OTBSNO
>(O periodinane (1.5 equiv) >(O CH4NO, >(O 2
—
O y CH,Cl, O y base(cat.) O
rt, 0.5h
2-6 2-7 2-8

entry base solvent time (h) vyield (2-8, 2 steps) (%)

1 Ets;N CHiCN 2 16
2 DBU DMF 24 35
3 TMG DMF 36 63

fHMA 2-8 D TBS HDBRE DM %17 - 7=(Table 2-2), HF - pyridine % 72315 T
I, LAY 29 DICRIE 52% Tl 572, 727 7 — ARV ECSA) & V54 Tl
L&Y 2-9 DILRIT 49%FLETH V. RO FIZA SN2 > T, HEBR/THE K%
NEI 311 OERATIEE V- & 225 BUEH T % CORMIZRIFHLE T b > 7275,
ILERIT 62% 1A L L7=%2,
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Table 2-2. Deprotection of alcohol
OTBS

SOy (M >
O deprotectlon
O

2-8

entry Reagent time (hr) yield (2-9, %)

1 HF:pyridine 1 52
2 CSA 0.5 49
3 AcOH 14 62

2.2 BRSO

BFHNTeT /b a— L 2-9 % Dess-Martin ik L, 73N = k1 7L F—/LESRTBRA
7T E R 2-10 2GR L 72 (Scheme 2-10), BRIGATERA 2-10 (TR Y ~— (L LT 02072
7o R AT O TIR OIS Lz, o TR CORIGZ M3 27207 v7 e R
2-10 DPREIL 25%10° M & LT, TMG Zfit#if BFH S ETHF+HN=Fr T /V F—ILX
JGEATo72, TLCIZL D IGDBHZ LizE Z A, 2 BT 2-10 DEENR A b7,
FOGSOMAERD O ) B FAN DT AT~ 8T T 7 40—l LM EIT-oT-8 2 A b
B 2-11 % 2 BEPE TULE 40% CTHEEFZP efbdbik & LTH D 2 EITlE Lz72 2-11
D X B S AR 217 o T2,

OH

Dess-Martin
>(O NO periodinane (1. 5equw >( NO. T™MG (cat) >(O
o CH,Cl, DME O
rt,1h rt., 2h
40% (2 steps)
2-9 2-10 2-11

Scheme 2-10

X R ST OFE R AL E 2-11 1X e Fa o vl = o B8 cis O SRR E
b D7 BEROMED#HERS S L7z (Figure 2-3),
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Figure 2-3. X-ray structure of 2-11

BRALIRD cis (RTHROLNTZHEBIZ= Fad— 87 =412 K5 REEBE ) Felkin-Ahn
T-GHEAT L7 & % 25 2 & CTHMC& %(Scheme 2-11)"°, £, ~F o il - Ch L HkH
Fra7—y, RERTFZ2I MV, KFERTFEZRAE—LELT, IVR=LVEET—
OEHILEEAIMEIE D, RIS, =haF— T =F U RNEEL T D HMEE 2
%o — RN REZBEIL A VR = V) B Biirgi-Dunitz £ CTd 54 107 O J 5
BEE LT Y, = b — 7oA E T — U Th R &R U5 5 IEN Ik
P D 7= DPEUT TE 7228, Scheme 2-11 D —ODOEBIRENEZ D, ZD D
WCBWTIEIT AT ALATHIRFE AT —INDKFBLEART & XTVAREED /NN
A=V OMNrS =t — NT=F BRI T D70, T a—LARNET L5784
—IUEESE & cis ITALIET D 2 L7 D,

= b ONARITERM O A VLT L T, = b e BB PR L E i
IJT MU TN E DD EHERI NS, Lo TEBRILIK 2-11 7 bva— b= kiR
cis DINRRLIE THEONI-EEZBND,
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cis

0 |O NO 7 7 o

2 " N
¢ >< ™G : O>< o >(O 0.

N E— —
O — e} DMF (@) O
|
N OsN
0 ON o 2N OH 3
2-10 2-11

a=107"°

disfavored favored

Felkin-Ahn model

pseud-axial

+ Epimerization of Nitro group in basic condition

OH o OH o
H 0 >< or O.N 0 ><
H H H H
NO, H

disfavored favored

Scheme 2-11

2.3 =bherEOET

= b DR ICIOE & AN — RAE K FALSSNT Lo TT g o 7o, il & U THEME IR
WRFF LT T U 7 A(PAIC) & VY, A X/ —)LH T 5 MPa | CKFELBR TG &2 1T -
72o LU, HBIO7T I > 2-12 1315 H 72 0> > 72 (Scheme 2-12),

OH OH
NO NH
>(o 2 H, (5 MPa), PdIC >(O 2
Ol-- > Ol--
MeOH
o
211 2-12
Scheme 2-12

ZORKRE LT, B 211 o= b ERNE TSN TELZE RT3 9FM
THNLVRZ VA REK R L CLE -2 RIRAEME G2 T-Ex 6T~ &
CCOETLMKICICTAELETT R VORISR R TS50 0TI V2R P T
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tert-7 N X ANV R = V(Boo)RiETH It EE X, T T R 7T BT REY
—tert—-7F VIHAF T, 5 MPa F CARE(LETCKIGEIT T2, T5H &, INMTESCIZHE
7L, N-Boc 7 2 > 2-13 UL 84% T4 % = & 3 C & 7= (Scheme 2-13)*,

H . OH
0 NO, (Boc),0 (5.2 equiv.) o) NHBoc
N Hy (5 MPa), PAIC X
Ol-' > OII'
dry THF, 16 h
¢ 84% O
2-11 2-13
Scheme 2-13

F 72 ZOW N-Boc 7 2 > 2-13 13 X FRAS A A& AR HT L 0 M§i&E 2 U E L7z, N-Boc 77 2
> 2-13 ® N-Boc 7 2 /& 7L a—/ T cis DNARELEAZTLD Z & NI ST~
(Figure 2-4),

Figure 2-4. X-ray structure of 2-13

2.4 (+)-calystegine B, D ik

N-Boc 7 X ¥ 2-13 75 (+)-calystegine By ~D AW % {T -7z, 7 b7k Ka7J i
N-Boc 7 XV 2-13 IZ I2N B ZEH S ¥ 5 Z & TBoc & & 74 — /LA [RIRFICFRET
% Z IR P L7z(Scheme 2-14), ZD & EBRFFIX 8- 7 321147 & L FID
BIBMCHES L TWA D, BREBA L TV D RFBITTFEEEZID Z LIXTE R0,
ZDD, ~NITIFT—AnE0A I KO F I U ~OEBSOSTHEIT L,
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OH OH

>(o NHBoc 19N HCl HO 5
—_—
O THF, 3h HO“' cl
(0] HO
2-13 2-14

Scheme 2-14

5o ERRE 2-14 A MM A A4 R HAIE (Dowex SBR-P) & KIS #5652 & T
(+)-calystegine B, & 2 B¢, IN=E 50% C135 Z &N CTX 7z, FEIX "CNMR, op,, HRMS
M AT > 72(Scheme 2-15, Figure 2-5)°,

OH OH

HO HO OH
© Dowex-SBR HO NH
OH

MeOH
HO HO (+)-Calystegine B,
2-14 50% (2 steps)

Scheme 2-15
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Compound reported by us
(+)-Calystegine B,

HRFABMS: m/z 176.0926 [M+H]*
(C/H14NO4 require 176.0923)
[o]p +81.2 (¢ 0.39, H,0)
13C spectrum ( 125 MHz, D,0)
24.9 (C-6), 29.6 (C-7), 59.0 (C-5),
73.6 (C-3), 74.7 (C-4), 79.3 (C-2), 92.4 (C-1)

Compound reported by Naoki Asano
(-)-Calystegine B,
HRFABMS: m/z 176.0923 [M+H]*
(C/H14NO4 require 176.0923)
[a]p -63.0 (c 0.65, H,0)
13C spectrum (100 MHz, D,0)
25.1 (C-6), 29.8 (C-7), 59.1 (C-5),
73.8 (C-3), 74.8 (C-4), 79.6 (C-2), 92.5 (C-1)
Asano, N. et al. Carbohydr. Res. 1996, 293, 195-204.)

Figure 2-5. Comparison data of calystegine B,

Hx OB L7z (+)-calystegine B, D7 — % & Asano © O L TU) 5 (-)-calystegine B,
DT —H w4 % & P"CNMR, HRMS OfEIZ—E L T\ 5, Asano HASKIRD DR
Hit U 72 (—)-calystegine B, D7 — % OFENE ap 72 O TR ZIE~ A T A7 D, Box DA
L 7= calystegine B, D & YCE o DAL DO FF 5% 7= L TV 5 D T(+)-calystegine B, Tdh 5
ERESINT, YLED X S 727 — & Oik) b (+)-calystegine B, Z fENITA K TE TW
HZEERTZENARETHS T,

Lo T, T ZITHe step 2 14 BLPE, #RINER 2.0% T(+)-calystegine B, DA FL A& AL L
72(Scheme 2-16),
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Ho 1) SOCl,, MeOH OTBS OTBS
CO.H 2) 2,2-dimethoxy N
2 propane 1) swern oxidation
HO O P Or Y
COLH 3) LIAH,, THF 2) vinyl grignard
4) TBSCI, NaH HO HO
L(+)-Tartalic acid 2-1 2-6; 33% (6 steps)
OH OH
OTBS
1) Dess-Martin N 0 NO, . o) NO,
oxidation o Oz AcOH:MaOH:H,0 >( 1) Dess Martin
O oxidation O
> O
2) CH3NO,, TMG (3:1:1)
DMF 3 2) TMG, DMF I
2-8; 69% (2 steps) 2-9; 62% 2-10; 40% (2 steps)
OH OH
(Boc)-,0
PAC Hy O NHBoC oNHelL THE o NE
— o —_— HO Total 2.0%(14 steps)
dry THF then Dowex-SBR
o) MeOH 50% (2 steps)
2-13; 84% (+)-calystegine B4
Scheme 2-16
Mo Frw (2%
R TIE= he 7y RV EOSZSEEUG & U2 R 7 BERMEICRE LT,

AN =S I ¢ (XY 7 e

H I =

1722

& T, (+)-calystegine B, OH UK LTz, =k

1 A & 0 Michael [ IIEUSICE L TIERWINREZ B2/, = Fr 7V F—/LTOE
WEEPOERE DO RMERF 2TV TN EB X TWD, Fo, AW 7 BERESIIMO
calystegine FH=° 8-7 'L 7 133147 & ' EEZ R DAEBEEME ~OISH b 315+
T& % (Scheme 2-17),

HO oTBS OH 10)
COH 0 N J N
7 — >( Michael >(O Oz >(O Oz
- . addition -
HO CoH — O / O O
L(+)-Tartalic acid 2-7 2-9 2-10
HO
NH
OH OH - HO %OH
>(o NO, 0 NHBoc HO
Intramolecular nitro o >% Intramolecular (+)-Calystegine B4
aldol cyclization condensation (o5 yield; 2.0% (14 steps)
O
——————— > NH
2-11 5 < J > HO OH
HO
(+)-calystegine A;
Scheme 2-17
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H3E TUANHAT—REISIZEAERT VU Frvr— LOARK
W ST T DA EBKSIZONT

B3 KO 4 BCIOEFEES S 16— A IR ERWEZ PV A — RIIGIZ &
LB LI n ) AR ~DOT Fua—F Rt TOMTIET P IAH A — R
ISERET B DTV EEE 2D 53N T PANVEBRSSIZ DWW T T 5,

7V ANVREEBRSIENET S HNTED—2TH Y | FICAXRLT A FROY, Hidie
ED~T i ETEITT D 2 ENMBNTN D, T T U KBRS
/< Bimolecular Nucleophilic Substitution reaction (Sy2 KJIZ)D 7 P B IV TH VD |
Bimolecular Homolytic Substitution reaction (Si2 i) TH Y . 3 I TD 7 ¥ 1 )V RZE
#4552 )1 Unimolecular Homolytic Substitution reaction (Syi SOis) & 72 5%, 8.2 St idski
Yo b TR A DN I AT L C, Walden RHEZ ) RIS TH D, EHITH LT,
Su2 BUSF L N Syi BOSITHEREOFEMIZH S 2 S TR LT, S\2 KUk & AR ER
WEZRBT 256 L 5 B O PR Z M 556 228 S 41TV % (Scheme
37,

\ 7

Nu:/\f\lcqv Sn2_ Nu=XC, 4Ly
X=C Walden inversion

Sn2; Bimolecular Nucleophilic Substitution

transition state

N A Sh2 |
R ‘\‘]X_LV — > R-X— + Ly
|

X=8n, Si, S, H, halogene etc
Lv = aIkyI, SnR3, SIR3
SH2; Bimolecular Homolytic Substitution

(\x/— Ly s “‘axf
)n <—(J)n

X=38n, Si, S, H, halogene etc
Lv = alkyl, SnR3, SiR;
Sni; Unimolecular Homolytic Substitution

| N
R---C---L .0t
\\5 \ Vv R C\ LV

~

IRy transition state intermediate

Scheme 3-1
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AN A XA FD T Syi SIS DBl & 7~ 77,

1994 412 Ryu 3 X U Sonoda 573 BusSnH % 72 A X1 ETO Syi WM& #iE L
TV % (Scheme 3-2), P MALAMICH LT RNY TFARRT AN EERAIES =
ET, ARTGUANNZERESIMANT 5, ECTRFTZ P ANNE 5 —FHO _EHES
& 5-exo-trig BRILT D, ZIMBIRFT VN DB—BLRFE LI LTEHELNAT VT
b REKRFBLINTACE PP RREDOIERTH LTV D, Sy BUSH LT L2 AR
1L 10% LRI TH Y . BIERDE L THESNTND

CO (20 atm) SnBuj; SnBuj

Bu3SnH AIBN (0.26 equiv.) —CHO
/\/O\/\ +
(1.3 equiv. toluene

,0.02M) 80°C,8h

28% (42/58) 43% (43/57) 10%

Scheme 3-2

1998 FFIZ Fu HblX 15 BV 1,6-V IV AR= U LEMN D 12-V A — v 7 XX
YEIWNI2-UA vt o2 BT BT, AXRA ETO Syi OSDETT
THL %q*él%ﬂ:bfb\é(Scheme 33y, ZAR T NN ORI T ~DHIG, <
AR =V IR TR BALKISICE VAL TZRET VINVNARX[R 2 RHESTH LT
TFNTIHNBONHEN, 13-UAFV2-2% 7 7 UonhliiRE LTELRTWY
D FONTZAS )T U EMKSRTHZ L T HNO YA —LE 84% THE L TV 5,

1) BugsnH | BY. Bu
(0] O AIBN /Sn‘ 2) HQO HO OH
\ 4 = O O|——
benzene 84%
(2 steps)
A cis:trans
; - - =124
BuSSn o, SHl Bue
E at Sn
! Bu_Bu
Bu—Sn/™,
BusSnO o /O) cyclizaton >0 0O
‘ __________ _A_'.
Scheme 3-3

ARRA ERIRO 7 A FIRF LT Syi RISZfNT %, 74 FRFF LETOTVHn
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BN, T AT =T A BREERT AT —AXES, TAR=TN~=0 LR E
BT AT TS 2 & AVE 5TV B (Scheme 3-4)%,

(v

/ : .
~ai —R i
e Si S Si + Y

\R—>

Y = SiMe3, SnMe;, GeMes

Scheme 3-4

1992 2|2 Chatgilialoglu 3 X 8 Giese H1E7 A R ETO Syi KISEZHWT, 7o
B TR ETe e 7 nik & 9D TAR LTV 5 (Scheme 3-5)°', Y= ALA#N X =0
DEENL 55% & FREE DU T Syi FUGHAHEIT LTV A2, X =CH, DFATE 35% & I
ROBTNRHONTz, o, 20L& EDOWME TIITHEADRFET PV & (Me;Si);SiH
B L Me;Si WIS LT AL BRI & L TR O TWD, RS & LT,
P ALEYDO R T O EAEGIT(Me;Si);Si T VU HANINT S, A URKRFET U h v
DH IO RTOEEA L 5-exo-trig BRILL T, £ UTERFET VNN T A FTIRA % RKEE
LT MesSi 7 VA VBBIBET 50 A — KRB TH D, V2 Fidm A bh
M & (Me;Si);SiH & W27 v 1 27— REOSIIMIZ b ST\ 5, [[ERO K
JE 78 1992 412 Oshima 33 & O Utimoto & 147 A FJR 1 - Co Syi s & s LT 552,
1,62 & (Me;Si);SiH Z W T T VU NVBILILE#IT> TWVW5, L6 TiE X =
CH, 5 L0 DA TOIWED A ERZ B, X =C(CO,Me), DE T BAF/RILET
Sul UG HEITL TV D,

Me;Si. .SiMe

) MesShesiH Si 3 (Me3Si),Si Me,Si
€30l I
AIBN
X X X X

(Chatgilialoglu and Giese)

X=0 55% 15% 15%
X=CH, 35% 19% 21%
Oshima and Utimoto

X = C(CO,Me), 71% 17% 8%
X =CH, 62% 27% 4%
X=0 53% 26% 3%

(SiMe3)sSi® x Si(SiMe3)3 (SiMeg),Si ~—SiMesg
\E) g/ addition zf\g/) 5-exo-trig »
—_— —_—
X X

Me;Si. _ .SiMe
g, 3

—_——
at silicon

Scheme 3-5
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16— A R & (Me;Si);SiH % 72 Syi KOS 1E 1993 4F1Z Oshima 3 X TY Utimoto &
(2 &> THAE STV D (Scheme 3-6), HEE STV 2 SISHERE & L CiE, (Me;Si);Si
TFUHANDT N LLEXT AT U ~ONINBIS R EITT 5, 77 AN L7235
BIFECIRE T PNV 5—exo—-dig BRIL L CE = LT P AREL DL, ALTEE =L
TUNNNTIARRTEZLHBEL T, Me;Si 7V IV E BT Z LTy /rY e RR
va— )L APROLND, — . TIIVF OB ET LT LTIVl 5—exo—
trig BRALDEITT 5, E U2 1 RIRFE T “/‘7‘]/1/75)[561*7&1[35&7”:159% Béirnm”
RO E R E STV 7 u T LU LAY C ORENRINE & L THEITLT
Wb, F7o. (MesSi)sSi 7 VAN T VX A BN L Ie AT ZEEAICH S LT
(Me;Si);Si FEMNARBEE 2 ST 572018, AF LTIV EDOEHENEL 75720 Sy
FOSEHETT L7220y & 40T S (Scheme 3-7),

(Me3Si)sSiH o N
| I / (13 mmol) MB3SI \Si,S|M63 (ME3Si)3Si Sl(S|Me3)3
EtsB (0.1 mmol) \ A\ N
_— + +
hexane, rt
MeOoC - COdle MeO,C~ ~CO,Me Me0C™ "COMe  \eo,c' coMe
(0.5 M) A; 53% B; 17% C; 20%
Scheme 3-6
(Me3S|)3S| Me3SI)3SI
C 5-exo Sni
o w5,
(SiMe3)3Si® E E + MesSi®
—Me3SiH
(Me3Si),Si () Sexo (MesSisS ®
A\ ¢ -tr/g ; < B
E- E Y
MeSSI)3S| [
Scheme 3-7
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2003 4£(Z Studer 35 KON Schiesser, Ryu HX7 2V T AN L D7 A IR ETO
Syl KIS #ABILR T b 2 b DO THA LTV % (Scheme 3-8)™, A~ # b7 L%
JZxE L C(TMS);SiH & AIBN Z{EH &85 Z & T, RHFE T P HADRE LRI
IRFBIASIENEITT D, ECTT NI AN A ZBIRFICHELC, MY AF L
AZARTPANDPBNMEINDZ LT, FAFE2GULERPELN TV D,

CO .
Ph_ Ph (ATll\élﬁ)sSIH Q o
B Si i& .
NN I‘SnMe3—> S"Ph
105 °C 35% yield
PhH
l *SnMej
Ph_ Ph co /77N (;‘Tgnh'\/'es
h o ° l.
./\/SI “SnMe; OMS"Ph
Scheme 3-8

Studer 5% & 5122004 I E =)L T DA NMAT LD Syi MG ZHETSE T, RO Y
b Revm—A&4H LTU % (Scheme 3-9), R#EF U HAMRTLF L L S-exo-dig B
LU BIC, EUTE=A T OB AR A RIRF L Sy KIET 5 2 & T MesSn 7 V71 /L
DEES 2 2 & THEBIDE LTV D,

R
é BU3an R
Br AIBN _{_,Ph R =SiMe,, 84%
O SnMe. —— Si Ph, 86%
Si’ 3 benzene 0 “Ph CH,SiMes, 43%
Ph° Ph heat CMe,OH, 47%
l anMes
L[]
(" R
Z 5-exo-dig F,
_—
O._ . SnMeq .G G
Sig Ph" “Ph
Ph” “Ph
Scheme 3-9

ARJEART A FIRA LU BT Sy RS DO EBI D ek & L THEDAH LTV D
(Scheme 3-10°%, FEEEFF ETO Sy FIGOBBERL & LTI T A 0RO 7
FTRL, FEERSST VNV, VUV AT VR EEa RERENRH OGN TS, &
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NETICHEEIN TS, FiEF T ETO Sy s EHwET 5,

° & :S : 4+ o Y
Y = alkyl, benzyl, aryl, acyl, phosphoester etc
Scheme 3-10

1966 412 Kampmeier H X7 U —/L T U E XA FIVANT 4 RIZ LD Syi Mt %
WIZEBMEMEE LTHOWON D VR Y F 47 = DA E#E LT 5 (Scheme
-1, A ALT VA BRRICE S TT V=T PHAREL D, ZOT Y
— VT ANPRERFEZETEL T ATF AT IIANBNHEND Z L TIORV Y F
F7 2 PEHELNDLIGETH D, Wi ETO Sy s Tlix, 74 FFE T TG
TIER O Do o2 ZRE ML B & L CHREL T D,

OO = O D

S ° CH3 S
CHs dibenzothiophene
Scheme 3-11

2009 £E(Z la BIE5 TN T DA NVKREEMRRIS 2 W e~ Y F AT = OB E
LT 5 (Scheme 3-12)°%, R U TFARARTOHANEER FORFELE| xkx . £
LT V=NV TG IHNNRAFNVANT 4 REREL CTAF LT VAALBEBEBNEIND
Z & THBEMEMEL O R E LTHWH AR YD TFA 7 = VF 8RN B IE T
/BondZLr®iEL T s,

CN r2  BUSSNCI (20 mol%) CN
NN AIBN (10 mol%) N
1_h > 1M \ RZ
R'—— M R'— P
Z~gSMe  NaBH;CN (2 eq.) S
t-BuOH / heat / 5-8h

R'=H, OCHj F 52-81%
R2 = SMe, Alkyl, Aryl, heteroaryl, N-amino

Scheme 3-12
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1985 12 Padwa HIZ T T F ALEM E F AW EZ AN T 5-7 = =)V AL T =)L
—56-Vt FR4H-F = / [34c|E 0 — L& BAFRIURTERL LTV % (Scheme 3-13)%,
FOGNETF AHEEE T 2 T DT v F o ~OF IS B D 5-exo-dig BRALSELT L 721412,
TEFNTCANPEEEST DT AN AT — RRIETH D, DN D ERMIETF A7
= VEEGATEY, BEER ) v —~OIHANMGETE S,

O
o s /J\‘f
Iy o2, 9|
SH } /i
l}l AIBN N
SOPh 559, éOQPh N
| SOPh |
Scheme 3-13

2000 4£(Z Harrowven OIEIAREER 1 LT T ¥V RIZE O % & Teidiee SO X
STFTEL Y u3301F 7 & B DA R A WS LTV 5 (Scheme 3-14)°, P-terr-7
FNTANT 4 RBPREIZE S THREY VA LT AELTETFANT IR THTO
EEAICT D, EUTRIRET DIV S-exo-trig BRAL DN HEITT D, BEUTZIRFET VIV
DRI A2 KB LT tert-7 F VT PHRPEET S 2 ToBMEOT F T FaF
72 BHELNLIETH D,

(t-BuS), H
FtO,C ><\/:/ hv, quartz ‘EtOZC><:Ii;S
EtO,C = hoxans FtO,C
10 °C, 5h o
o

j t-BuSe* ki’-Bu .

~ .
EtOzC><:f/ 5-exo-trig EtOzC><:|i/
FtO,C . St-Bu — > EtO,C St-Bu

Scheme 3-14

Ryu 3 L (O’ Sonoda & 1T~ LIRFEEZ HWT=T 2L T VNI L DT ETO Syi
SO % AT ST y—F 45 27 b v &SR LTV 5(Scheme 3-15)%, B #5517 & o it B
FHELTE -7 TFNAIEOMIIT P INDPEERESN DN DAL TS,
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FH ORI ERAWESGA TR, IREBT UM LD 15 KEBENREITL TV
R ERHEAT LIS K2, -7 F N EEZAWEGE LD BICENEFLTHDHDT
W72 EHERIL TV B,

CO (80 atm)
BusSnH (1.2 equiv)

R‘S/\/\I AIBN (0.2 equiv) - j} R = t-Bu, 64%

0,
Bu benzene CHJ,Ph, 51%

0.01 M 100 °C
Scheme 3-15

2001 =12 Jonsson 33 2 WY Engman 5137 Y —/v 7 AV KX AR ERE - ETO Sui K
Ji &4 LTV 5 (Scheme 3-16)%, AEMMD 23-U k8 Kr_y Vb|F4 7 = v i3biEL
e LTERT 2FERMONTVD, Syl INICBWCIHRICRZERT ==V T V7
VBB & LBV ERTW S,

TBDMSO\[i:Ij«\/SPh BusSnH, AIBN TBDMSO\]:::I:,\>
—_—
Br benzene, reflux S
44h . )
Syi reaction

g /N Ph*

TBDM
SO -/ "Ph
[ )
TBAF HO
B
THF, 1t \[::Ii>
62% (2 steps) S

Scheme 3-16

PLRIZRLIZE 51, 9 FRNT D ANVEBRSIERE-~T 2l A 2 R 508
WA RIS THD Z Db D, Mrx ORE LT VAN A — RRIGIZE
WTHT A FZROMER T ETHH#EITT 5 2 ERAMIFF T2, ZNET, Sy KISIZ
BV TR TEZR TR 2 - 7= S B3 72 s - 72, Y625 PE 72 aza-Morita-Baylis-Hillman
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IR Z AW T S UG E#EE T 57 2T VAR R RICE BT 52 N T&h
X, TR TR OEBRIEAMBEON T AZ ENRWIFTE 520, ZbiT
DUV TR 24T o 72(Scheme 3-17),

X

\ —
_ Ts. .——
E § CO.t-Bu radical cyclization N
"R , ~__CO,t-B
: Ry
Ts
pyrrolidino dihydro optically active
heterocyclic compound aza-Morita-Baylis-Hillman adducts
X=S8iR, S

Scheme 3-17

F2fi 16-= A ERERHWERrR Y YV Frv e —/LOAFK
2.1 USSR ORE

FARBRF LETDOTHNT A — RIS & BE LT,

JFNEMER 16~ A R 3-1ITx LT, 7V AABMEH & A% 7 VRS EH &
. TN AT — RSO 21T > 72 (Scheme 3-18),
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TSo" = (Et0)SH (1.1 eq) \ Lco,tBu
AIBN (0.15 eq)

CO,t-Bu - NT
toluene, reflux A
Ts

3-1a (102 M) No reaction
Et. _Et
Si
T T=  EtSH(16eq) ) Lco,tBu
©__co,tBu AIBN(0.33eq) _ O
m toluene, reflux Ts
3-1b (102 M) No reaction

Me3sSi. SiMe;

Tsoy” = (MesSi)sSiH (1.1 eq) \S'
__CO,t-By ABN(Q15eq CO,t-Bu
m toluene, reflux N ,©
Ts
3-1a (102 M) 3-2a, 14% yield

Scheme 3-18

TA R 31a Tk LT, M RIS T (Et0);SiH & L <13 Et;SiH & AIBN
EAER S HI, FOSITETE T REREIN SN, T VI ARISIZ—RIZAW S
LAMEY T RHETH D (Me;Si);SiH & filtfii f: D AIBN Z = > o K 3-1a IZMFH S &7z
LA, BHIOTYE Rrva— 32a DB 4%DRETH LN, 2O Ehbxmr A
RIZHF LT (MesSi)sSiH & AIBN Z1Ef &2 7 U VIR T, BHDZ 270
JUH A — RIS AEITT 2 ERB S MIc o7, KIS Lo TR LRV T AT LA
~—iREW32a%k, 7T vaiTAruvw NI TT7 4 —IZhoTHBEL T, R
R OMEERE % X MRS T 2 IV CT1T 572, ORTEP X% LA T2~ 3 (Figure 3-1),
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Me;Si. _SiMe
g 3

O
\
3as Of-Bu
tC
Ts

trans-3-2a

Figure 3-1

Z ORGSR, FEMERIZ tert-7 F N 2T VI LSO TTEFEED trans DELE A HLD
EMH LN o T, Lo TEBRMIRDSIIRIL 3S, 3aS-trans & RTE LT,

R BPERIT A AIRIR L L TR 720 T 2 OREEREIE 'H NMR OfEHTIC X 0 4T
72, trans K3 KL OEIEMARD 'THNMR F v — k % LL T2~ 9 (Figure 3-2).
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SiMe3
SiV €3
-Bu
Ar-CHj
Hy
. H, Hc He Hg
i. i .' /- T
5 g E3F = g =9 52 8 Z
= S_IL'I 4.5 4:0.. 3.5 3.0 2:5 Z.0 1.5 Lo DjS OiD =
1 (ppm}
SiMeg
SiME’S
t-Bu
Ar-CHj
Hp

Hbl ) HC Hd'

.U. J_._! L J+ _.’-‘ .r_.._

3% 992 =58 1343

s - 5.0 - 4.5 ;. Elu _: !_5 ':i_u - - l_‘_\- - J_ﬂ N 0.5 - (A - L&}
Py
Figure 3-2

trans IROYGE L [AIEED NMR F v — E RGO N7 2 &6 BIEMEKIZY e Ferine
— VB ER L TWD I EDRREINT, trans (KDGHE L tert-7 FVEEN B L #
1.50 ppm 75 1.17 ppm ~E @B 7 P LTEY, RXUBUBR EICZ AT VN A X
yRTLTWD ZEDNRBINTZ, 72, I AR FICBET DA F LU EokFEE
s U7z, trans IR TIX HydB8 LT OVH 23 049 KUY 1.14 ppm Tdh 5D DIZxF LT, cis K TIE
He 3 LV H 2% 092 TR 2.00 ppm (ZZ VLIRSS 7 B L TV D FENIHE TE 72,
INDHDZ LMD RIRMERDO SR cis fR, T72 5 38, 3aR-cis L IRTE LT,

2.2 BUSFEMHOREAL
(Me,Si);SiH &# W= 810, HEID T P h A — RIS EITT 52 F N o
7o DT, WRIZT VHVEGRRI RO, ROGTRE TR 72 EOGMEA2EE L, RSSO K
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Wit %47 -7 (Table 3-1)IZ~T,

Table 3-1. 7 ‘.‘/ 7:7 /1/7:7 A ’b T ]\“}i)@‘ 6')%5@'{[3
Me;Si . .SiMe
3 Si 3

TN (MesSi)sSiH (1.1 eq) \ OBl
CO,t-Bu conditions 2

N
| S

Ts
3-1a (102 M) 3-2a
Entry Conditions Yield (%) @ trans/cis ®
1 AIBN (0.15 eq), toluene, reflux 14 nd ¢
2 AIBN (1.0 eq), toluene, reflux 39 69/31
3 Et3B (0.19 eq), toluene, rt 0d nd ¢
4 Et;3B (3.0 eq), toluene, rt 58 80/20
5 Et;B (3.0 eq), toluene, 0 °C 48 86/14
6 Et;3B (3.0 eq), benzene, rt 50 78122

a: Isolated yield. b: Determined by HPLC analyses. c: not determined
d: 3-1 was recoverd in 95% from determining by crude NMR.

~v = CIMBGR RS TR RO AIBN Z{EH S H72L 2A YV Rrirr—/L 3-2a
2N 14% DR TH ST (Entryl), ZOF TLC ECTHEAEFEL TWD Z NIRRT
ETeDT, TV HNT AT — RSO A 7 VD353 ITHERE L TV R WD IRIE S
iz, £ ZTAIBN % 1.0 ¥ &I S TRISEAT S &, TLC TIREDOHE R R T
X 72, 2 ORI 39% TYNLASEIRME X HPLC 04112 L 0 g L.69:31 T 7= (Entry
2), WHELIT AT UAERMEON L& B LT, 7 2 U /LB AR % 15 FH #EE o IL
W EGB ICE R L7z, S|IRIC Tt & D EGB % AW 7223 i 38T T L 722> - 72 (Entry 3),
EtB Z 3 YEFE THMS L 2 A, FBHIHA L TIERIT 58%2m | L TAZAiEIR
1T 80:20 Th o7z (Entry 4), S HLRDBRMEDOLTEDIZ0HIZ, 0°CHRMFTRIGEIT-
7o & A NARERMIE86:14 £ Tl L L7726 DD IFRIT48% LK T2 WL & 4072 (Entry
5)e RITHEREA P2 IR BUAZEE L, Entry 3 & RERO KM TRISEIT -T2
(Entry 6), Z DOFEHR, WKL 50%TY T AT L AERMEIL 78:22 Th o7, LLEOREE
D35 RV PR SIS T3 M RO BB A VEH S D S Rl S & R E LTz,
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2.3 B
G Db N 5e T LD T, Bix pEIL 2o A K31 T, 7
TIHINT A — RS ORF 24T > 7 (Table 3-2),

Table 3-2. #kx R BHREICKTEZXARTI OV D R — FRIH DB
Me;Si \S__SiMe3
|

TS\ P

N (Me3Si)3SiH (1.0 eq) \
. CO,t-Bu > CO,t-Bu
R /\W Et;B (3.0 eq, 1.0 mol/L YR

in Hexane) / trace O, '?l

toluene, rt Ts
3-1(102 M) 3-2
Entry Ar Product  Yield (%) 2 transicis® ee (%)°
(3-2(3-1))

1 Ph 3-2a 58 80720 95 (98)
2 2-Tol 3-2b 60 84/16 ndd
3 4-Tol 3-2¢ 53 91/9 ndd
4 4-MeOCgH, 3-2d 42 86/14 97 (98)
5 3-CICgH 4 3-2¢ 42 71/29 ndd
6 4-FCeH,  32f 61 80120 97 (95)
7 4-CICgH,  3-2g 51 81119 90 (95)
8 4-CF3CgH4  3-2h 52 80/20 68 (86)
9¢  2-naphthyl  3-2i 56 81119 99 (95)

a: Isolated yield. b: Determined by HPLC analyses.
c: Determinded by HPLC with chiral column
d: not determined. e:Using 0.9 eq of (Me3Si);SiH.

TN LIRS TNAC A F NI A M VR E Vo BTG 2 F oL A IR
2-60% T, T AT UARRMT 85:15 mitsk TYk Fuvr—)L 32 B’Ebhi-
(Entries 2-4), A Z (LR ONTHATHR 2 E OB ARG L2 G T 555 b IURIT 42-61%
T | ARIERMET 7:3-8:2 THUGITHETT L7 (Entries 5-8), 2-napthyl JEDIGA & A4k
IR 56% M ONLARIEIE T 81:19 THEMM 3-2i 235 54072 (Entry 9), ERMARTH 5
trans (RO YFHEZ X 7L HPLC AT L > TIRE LT & 2 A, MIENTE 72101
DWTIEL, M 90%ee LA EZR LT, ZOFEDNLICORITE TH LV FHE DK T2
RNWZEPHLNIRoTe, L LERERICNY ZAFa AFNVEO XS kgl
Z RS G TIEBRLATBRIR DO AHE DS 86%ee T > 7=dizxt LT, LML 68%ee
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EROSIZBW T B — b8 E Tz, DL EORE R B HHFER OSARSOE 1 72 3 B
WK BT trans IR DO FIEM 2P From—L 322 "ELNLZ ENRHL N
7o 7,

2.4 ERERIETO33M)TDT P HILH A7 — RGO

2R ECDTEHNA R — REJEOFRERNS . T DA NH R — RIS
FESRMETIZBWTE T Y VEREE & REF R EIERHET 5 Z L BRINT
V% (Scheme 3-19)'5, ZD7=®, (Me;Si);SiH Z H 7= St T b @A R CRIG 1T
ST,

Ts — Sn
N7 T BugSnH (1.2 eq) \
: : CO,t-B
CO,t-Bu AIBN (10 mol%) z—%cozf Bu 2t-Bu

> + g
TEEEES e L
' Ts

Ts
no solvent 42% yiled 44% yield
toluene (102 M) 83% yield 0% yield
Scheme 3-19

BRI T 1,60 > 1 R & (Me;Si);SiH % V7= it & L C Scheme 3-6 1278 L 7=
& 912 Oshima 3 X O Utimoto & D3RETIE Syi G EfEH L7z e R v a—/LE4t
DEFM E LT, TIAF D5 (MesSi),Si 7 ¥ BV LIAL & BRI & L
THELNTWD, T’x NANTND 1,6-= 2 A UK 3-1 Z AWV TZHAIC b RO R
BHNDMNE I MEFNT, 1,604 K 3-1a & (Me;Si);SiH % Et;B(1.0 M in Hexane)
F3AYEAWTRIGESE-E A, Y Rri a—/ 32a BDIE 2% TELNT-, F
TRV E L THLNTEDIE, (MesSi);Si 7V AR T AF AN LTS DT
1F72 <, MesSi ZVAABHMMULTz=F Y AF L2 3-3a DADBIE 5% THRL I,
(Scheme 3-20),
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Me;Si. SiMes
L Si

Ts N — . . \ SiMe3
A (Me3SI)3S|H (11 eQ) COzt-BU %COzt-BU

CO,t-Bu - } + |
©/\H/ Et;B (3.0 eq, 1.0 mol/L ’}l © '}l ,©
in Hexane) / trace O, Ts Ts

" 3-2a, 72% yield, o
transicis= 84:16 3-3a, 5% yield

3-1a (0.33 M)

S|(S|Me3)3

(Me3Si)3Si
\ COzt-BU \(j‘\\COZt-BU
Z ;/ and
r O T
Ts Ts
not determined

Scheme 3-20

T JE 251 T T (MesSh);SiH & BusSnH % W T23A D T V01 A A /r— RS O #if e
DOFEIIAFRIRFOMEGREN E . AX=TAXUESR &7 A FR-7r A FiEE OUIR 0K
HEHDHEEZLND, BIZIE, B 1LERT XTI NI LD BusSnH 25 DKE
Bl & P & S OB EHUE 24x10° M (25 °C) T D S| (Me,Si),SiH 75 Dk FE | &k
X SIS O M T 3.8x10° M's1 (25 °C) T 2 T E WA BTV S, koT, AHEE
F @ FF =113 BusSnH DIE 9D REn 7z, KV RGCISHEIT LT WENR 5, A
ABIOTAF LEOBEBEEONFIZER T 5L AXDHEIL3I 2L T AFAETH
HZOIZX LT, FAFTIE3I DEDH TMS HTH D, Studer (X2 HEHIED B FIZ X
2TV AIVAEBIE OEPE TR (Ksy) N EALT 5 Z & A #E L TWD (Scheme 3-21)%,

Me Ph Me;Si
Meo‘\S(i—/S\n\M% Pg‘\SiQ—/S\n\Meg, Me3sg\é{g:Me3
.- NS =
Kgji 1x105s7  Kgi2x105st  Kgi2x108 s
Scheme 3-21

(Me;Si);SiH & W26 T 7 VA VBSOS SR IRAICEIT L7ZD T, 71 % —
T A FEEE DORRKISPEGITHET LTI LB DN D,
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(Me;Si);SiH & = Z P v 71 A r— REG CIEERE G4 F T O 0753 @A BRERA:
T(Table 9, Entry 1)k ¥ &, R E SRRV IZdERN R oz, £ZCHixox
AR 31 AV TERESIE T T T VA NT Al — RIGE&{T - 7=(Table 3-3),

Table 3-3. ¥ & RBEE I T BT VWb R &7 — RIS OB E B ESME)
ME3Si \S_'SiMe3
|

TN (MesSi)sSiH (1.0 eq) 1
__CO,t-Bu > CO,t-Bu
R/\[r Et,B (3.0 eq, 1.0 mol/L R

in Hexane) / trace O, 'Tl

rt Ts
3-1(0.33 M) 32
Entry R Product  Yield (%) @ transicis® ee (%) ¢
(3-2(3-1))
1 Ph 3-2a 73 84/16 93 (98)
2 4-OMeCgH, 3-2d 52 7822 >99 (99)
3 4FCH,  32f 76 7921 95 (95)
4  4CICgH, 32 74 82/18  91(95)
5  4-CFsCgH, 3-2h 55 7129 79(86)
6 c-Hex 3-2k 57 67/33  ndd

a: Isolated yield. b: Determined by HPLC analyses.
c: Determined by chiral HPLC analyses.
d: not determined.

WRIRZA M F VI E W o ol P B IE 2 R OG5 I3GE 52% K O, STAREPUEIT
78:22 TV b Fr i u—/b 3-2d N5 57z (Entry 2), NTMIZT7 v BWEREDET
REIFEEHT HEAIE, DURIT 5-7 . ARBIRMEITZHN 82 TV Fryr—)L 3-2
23 B A7z (Entries 3-5), W ALOEA b ARG (Table 9) & Fife U TR ITM L L7z,
EREE T CILEBIE R 37 a~F I Lo X9 BRIk 7 v VR OHA T b OGIE
EITLTYE Farya—/b 32k BIE 57% TR LIV, SARERMET 67:33 Tho7-
(Entry 6), FEEVER(trans R)DIEFERE % 57 )V HPLC T L > TIRELTIZ & 2 A,
BTt 90%ee YU LE R LTz, ZORENOBEEFMFICIBNTS, KLOFIE TH
LW O T ENERH O MR o7, LorL, FHBRIZ MY 7vda AF v
DX D REFRIEZFSLE TR, SRERMEICIE DT b ATEEA O 7R A
86%ee T - 7=DIZxt LT, AT 79%ee & =~ — LBl S NT-, DL EDRKELE
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MOBRESFME TN CT VAN TR — FRIEEIT>TH, EHRIEIZ L ST rans B
PONEEMNER Y E Frvr— L 32 567z, BusSnH Z W7 T 2 —
REG TR, 1.6-T 2 A K 3-1 O E L R A PENITE DA TIRICER & STRERUE DK
b, AP OREEREIZITHOIL TR o7, (MesSi);SiH & HW=Z P71 A
r— REOSICBWTERESRE FTCOREN SN T AT LA~ —iR&Y 3-2k
FAAFRKTEH 72D T, FRMERLZFRERICED 2B L THOZRmD X S
fi# BT 21T > 7=, ORTEP [X{ % LL FiZ7~x 3 (Figure 3-3),

Me3Si. SiMe
g 3

\
=—=CO,t-Bu
38,
)
Ts
trans-3-2k

Figure 3-3

BEBENEREROSES L RIFRIC, tert-T7 F I AT VI E 7 o~ VN trans
DOELE % & D HENBH NI 272, Ko TERMEE 2/ 55560 FRMEIRONIKD
3S,3aS-trans L E LT,

2.5 RULHEHED B

Ve Raym—32 %525 Rz LT O £ 9124558 L7- (Scheme 3-22), Path
AT Me,SISi 7 20 AT L% AN (1T 5 554 T . Path B 1% af AR
AT VNI 2856 TH 5.,
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S|(8|M93)3

Si(SiMe N o
x COLt-Bu H atom i s CO.t-Bu (Me3Si)3Si—.
abstraction \(j/ 2 COyt-Bu
. - - .
.. NR v
s Ts Ts
H G E
not detected
Me3Si
5-exo-trig (MesSi)sSi H atom 3 & SiMeg
cycllzatlon 38 abstraction bstraction e s\
COZt' COzt—BU
N~ R
1
Si(SiMe3)3 TS Ts
COt-Bu C-E F
Addi / ﬁ’/ not detected
ition
MesSi SiMes ) .
Path A . MesSi. SiMe;
N C-Si(SlMe3)3 A . MesSi ~ i si
. Substltutlon
. l[ ?/COZFBU 5-exo-trig\\ E\ < CO2t-Bu === T é\ < COt-Bu
o cyclization "R \ R
NTR Y N \ N
'i's Ts * SiMe; Ts
3-1 C-Z 3-2
Substitution

Path B *SiMe;

Me3S| . 'S|M63
Si(SiMe3)3 5-exo-dig ™ Si-SiMej;
Additick* |\|\ \j/cozt_Bu cyclization 3
* CO,t-Bu

NOR N
Ts Ts

B D

Scheme 3-22

(Me;Si);Si 7 VAN DHIMZ L > THRLNDE=/LT VTNV AL, 6-endo-trig B{L
U < 1% 5-exo-trig BRALD AT T D2 FHE BB L O D, Z 2 TILEERIICAFIR 5-exo-trig
BILZR T, AFALTVINCEEZD EEZT,

1992 4E{Z Utimoto S 1LY 7 U RIZXF L CT(Me;Si);SiH Z{Efl &85 &, 7 ¥ It
B LB SN HEIT L TE Y Z aia—b & (Me;Si);Si 7V /v LIt MesSi 73
TV U7z 7 BN 2 GO D Z & 2 HE LT\ 5 (Scheme 3-23),
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S~ MeSi)sSiH, AIBN SiMes o .
N SiMe3

X =C(CO,Me) 71% 17% 8%

X=CH, 62% 27% 4%

X=0 53% 26% 3%
Scheme 3-23

ZOWREFNSE | T IAXINT CHINS T A B ~DT VI IVERRSIEE
Bt & LCTHEITT 52 e mansd, LinL, = A U IEREHWESEIZTr AR VN
DT NF U ~DOMINE L > TEZ BEENRET L EBZ DN,

TV ~D(Me;Si);SiH & EtB & FH U 72 (Me,Si);Si 7 ¥ 1 v OIS O E/Z &R E
7% Giese &1 & o THiaF & T % (Scheme 3-24)%, (Me,Si),Si 7 ¥ B LM T /L% A
MU Z-7 v 53 955 LW IRMETHR LN TS, Ko T, x DTV
TNWVFEANZBNTHEE= LT VNN C-ZIFAETICK W EWRBENDTZD . C-Z 1D
D Syi USTHEITL T e B2 b b,

(Me3Si)3SiH (1.3 equiv.)
Et;B (1.0 M in Hexane, 0.2 equiv.)

Ha(CH i(si
CHg(CHp)g—=—H /02 CH3(CHy)s  Si(SiMeg)s

R
r

0.1 M) toluene, 25 °C 85% (Z/E = 95/5)

Scheme 3-24

FTNF AN DAIMBOERET LT E . C-ERBREEZEZBNDE /) BRIKIKF
& Neophyl S Z2 %M L7 ERU DUV H OEKRLEZOND, L UAKIG T
BRI D 'HNMR 26 EH5DbaMm b S o7z, 18- T (MesSi):Si 7 ¥
VDT VX REE~O A —BERE L 32 Path A 1%, IS A HEET 5 TR+
DTHDHEEZEZT,

WAZ ., (Me;Si);Si 7 VB VA a, B-REEFI= 2 T /L2 & (1N % 4 5 Path B % BRAAS G
EEZT, o, AT AT AA~ORINTHEL D a-BAR=VT TN BIE, HE
FENZA RN 72T IV F D 5-exo-dig BRALBUGHEITL, E=A TPV D 2525,
B & LT MesSi 7V IARMIMULTETF Y AF LR 33 BDELNZZ Enb,
A-TIVR=NVTIHIB NHE= LT HNVFRED ~DORIGIEARETH D Z & 2 H#HE
WD, 5T, PathA OGA EIFRRD | spRF-TFA FHRENPABICHEETEX S
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ZEMBHREIR D X EiZ BYERORED 2, Ko T Syl RUSIZ K DRSS AR
IR XD, BE= T PN D BN TFHNO A R T L Sy S HEIT LT MesSi 7 ¥
ANERHESE, e Frir—L3208nbhictBxbhbd, 7V HVEMEIRIC
L% MesSi 7 P ANVDIRAEIT, TDTPHIVNRIEDT A AR 31L&
VIPRHEEESNT-Z ENBEND LN EF 2 5,

UEDEENLEEDTET I NH AT — NG OHEE SOGHERE % DL R ISR
(Scheme 3-25), trans-3-2 & cis-3-2 ORPMEIL a- T ILHR =T DTV D 5-exo-dig BRIL D

EHILR & = ATV & OSLRIEE 28T 2 X 51 U TBRIEDETT 5. T DRER,

trans-3-2 DIFRPIZH/ LN LB 2 HNLD,

MesSi. _SiMe
g 8

5-exo-dig CO,t-Bu
N COzt -Bu cyclization N =, Substitution (\ 7,\
. TS/ —»Ts’ / qut—BU
-Si(SiMes)s R _SiMe; R / \, L )
||< CO,t-Bu 3 ~SiMes ScSMes s N R
ﬁ/ 2 3 A SiMes MesSi~ SiMes Ts
l}l "R m J B trans-3-2
Ts .
SlMeﬁle?’ Me;Si \Si,SiMeg, \‘Meg,&
3-1
SiMe
N/f§\) e %—%COﬁ-Bu }%Cozt Bu
Ts” y
‘R
§<c02t-su N
Ts
cis-3-2 3-3
Scheme 3-25

FIET O F L (B3

WFIEM 7R 1,6-m A AEEWITR LT, VAT ANV EERSES & oY
bRy — S BAFRICR & NSRRI TR OIS Z E B &2 72 572, (Scheme
3-26),

TMS. TMS
TS = (Me3Si)sSiH \S'
. “__CO,t-Bu Et;8/0, %Cozt-Bu
/WI/ toluene, r.t. N~ R
Ts
3-1 3-2

bicyclodihydrosilole
61-42% (9 entry), dr; 91/9-71/29, >95%ee

Scheme 3-26
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4%  TUINADAT—RKIGICE bR Y Ve RaF At 7 o Ok

1 RO HP

H3ETIE T A FRA L TO Syl BUS Mt Lz, 5 4 BTl L To Syi X
IS DIRF E AT o1z, S HICHELNAILAEM O AMIZE L TH e %17 - 72 (Scheme
4-1),

H

S
}\ § 5 —
Ts.  ——
COR radical cyclization N
"R1 , ~__CO,R2
) Y
Ts
pyrrolidino dihydro chiral unsaturated
thiophene 1,6-enyne compound

Scheme 4-1

ot 1.6-mr A URERAVWEERY Y Ve RaF At T = DOEKR
2.1 W

F9°. AIBN & 7 U VBEAAI & L CTHW 1,62 f ViR 4-la lcxt LT, n-A 7 Fv
AT T B ke bV IETSRE T CYEH & 72 (Scheme 4-2), UG T % U 1oL
AT v~ T T7 4 —IZTTCHBEZIT O & 2O B 13T bz, 2 FEDO LY
IXENENHGE M X SIS LV EE LIERER, A ThL ERY Y/ Pk N
F A7 = > D trans K L O cis KT & - 7= (Figure 4-1, Figure 4-2), 7233, trans KE LW
cis (RO X 74:26 ThH - 72,

- i S
TS\N — n-CgH47SH (1.2 equiv.) q
- AIBN (0.2 equiv.) CO,t-Bu
' CO,t-Bu >
Ph /\[r toluene "'Ph

N
110 °C, 5h Ts
4-1a (102 M) 4-2a; 41%, dr=74:26
Scheme 4-2
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trans-4-2a (major)

X-ray of trans-4-2a

Figure 4-1

S
\
A 'COLt-Bu
).,
O
Ts

cis-4-2a (minor)

X-ray of cis-4-2a

Figure 4-2

2.2 BULSKMOREL

flixe DF A —n %, KISGED i E 1T > 72 (Table 4-1), Scheme 4-2 D {47
SAWD n-F 7 FNVANATH %5 BLON0 YE&ITHMEE TS EIT > 728, I
KO FIXR BN > T=(Entry 2,3), 7 Y HVBLAAIE LT, NV ZFART U EH
Wio b ZA, HHRIEGYE b2 4-2a 1315 5720 > 72 (Entry 4), iso-7 R BV A LT
TR, tert-T F VAN T H WS A 4-2a DY 66%, 53% DR TE LI
72(Entry 5,6), XUV ANTTHE L EHNDE ONDE VD EWILET 4-2a BNESHH
Tod, SERERPET 64 FRETH oo, MBS TH D720, SIAEEREDMET LT
HZEDNTRBENT,
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Tabled-1. FFA—NZRHWET PN B R 75— FRISOEEKRT

S
Ts., —— \
N RSH, initiator CO,t-Bu
: CO,t-Bu > )
Ph /\”/ toluene N~ Ph
Temp, 5h 'i's
4-1a (102 M) 4-2a
Entry R eq Initiator (eq) Temp (°C) Yield (%)2 trans/cis®
1 CgHq7 1.2 AIBN (0.25) 110 41 74/26
2 CgH47 5.0 AIBN (0.25) 110 43 80/20
3 CgH47 10.0 AIBN (0.25) 110 49 54/46
4 CgH47 10.0 Et3B (1.0) /O, 25 complex mixture -
5 i-Pr 10.0 AIBN (0.25) 85 66 58/42
6 t-Bu 10.0 AIBN (0.25) 85 53 58/42
( 7 PhCH, 100 AIBN(0.25) 110 95 60/40)

a. Isolated yield. b. Determined by HPLC analysis.

FOGIREE N T AT UARIEIZEIK LTV 5D &5 2, BiR L O T TS ER
L7z (Table 4-2), 7ed6. AN T 4 RIZxFL 300 nm PA LD E D& RN T 52 &
TREVSABEID, FALTIHARERT DI ERMONTNDY, KL LT
FEKERT T HHNTAA Ly 7 AHT AT XK - 7T 340 nm LU T D% > TG %
To77, 16~ A fK4la V7oL AT 4 R 340 nm UL LD % B & &
Thrzof, RETRISSEZE A, 20 B% LAY 4-2a 28 27% DILRTH S
Nico FA—NEHWTIASM CRISEIToT2HE BT YT A7 U A @R
83/17 (2 b L7=(Entry 1), L22L., 1,6-=> A K 4-1a % 65%EIL L7=, ZHLlE,
BOSHER A2 & < L CHREIOWRITA Do Tofo, MOGKR % 20 REFIZHEE L
T, B ANVT 4 FEMWTHERKN T TORISZRE LTz, Y-iso-7mENLTANVT
4 R, LV —~tert=7 F NI ANVT 4 RERWIZSAIEL, 42a % 19%, 15% & PEEOIK
TR BT~ (Entries 2, 3), YT U ANLT 4 RERWEZNEHERIBREMRE SN
(Entry 4), VXUV ANT 4 REAWESATIHEAY 4-2a & 31%. JiE% 67%
T L7=(Entry 5), Entries 1~3 X5 TiEW TN HFEEA RN &z, KRIZ, PAF
WO ANT 4 RERWTRILEIToT0, Y AF T ANT ¢ KA 2 K& TS %I
BOGIEHETT L TV 7255 72(Entry 6), 5 Y& TIXLEW) 4-2a 73 63% TH G, SLIRER
PEIT 62/38 FREETH - 72 (Entry 7), PAFNT AT 4 K 10 BEK O, 20 Y& &
FIEHAND &L 72% L 78% & @R T 4-2a 235 D ALTz, SLIREERPE & 83/17 KT, 90/10
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(2 E L72(Entry 8,9), TANVT P HNERNZT PN H A — RGO EE LT

CAFNTANT 4 RE 10 YEAWL LML Lz,

Tabled4-2. PANT 4 REHAWETF DI R — FRI)b O &R

T __ RSSR S
s N \
- hv (>340 nm) CO,t-Bu
‘ CO,t-Bu > ,
Ph /\H/ toluene N~ 'Ph
r.t. 'i's
4-1a (102 M) 4-2a
Entry R (equiv.)  Time (h) Yield (%) tfrans/cis® Recovery of 4-1a (%)
1 Pr (10) 20 270 83/17 65°
2 i-Pr (10) 20 19b 66/34 45b
3 t-Bu (10) 20 15b 77123 16°
4 allyl (10) 20 complex mixture - -
5 Bn (10) 20 31b 85/15 67°
6 Me (2) 5 0 - -
7 Me (5) 5 63 62/38 0
8 Me (10) 5 72 83/17 0
9 Me (20) 5 78 90/10 0

a. Isolated yields. b. LC yields. c. Determinded by HPLC analyses.

2.3 FERGE

FANT I DT PANT A — RIS Oi#EFRE 2 T, =2 A 1K 4-1
DEHI R DFGET 21T > 72(Table 4-2), E#SEL R 7S A F MR EOE Tt 5 A R
VHou U EOEFRGIIEE AT DG FEROLE T 43-93% DULER, STAERE
1% 73:27-90:10 & BAFARILER &@PWE TROGITHEAT LTz, ZhEnobia 42 DY
MEZBELZE ZAH, WTFROBA LT A K 41 205 O BRI O KIE 22K T iX
B <N 720> o 72 (Entry1-10), &#IE R MR D54 TIXNR O KIE2ME TR AL
Toe ARXTIZHNDT Y HNI A — KRG THEM S 7= (Entry 11),
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Table 4-3. B2 REBEICKHTIEIFANT O INT R r— FRIDOBE

Is. __ MeSSMe (10eq.) }j%
hv (340 nm) CO,t-Bu
R /\WCOZt- toluene B N~ R
rt., 5h Ts
4-1 (102 M) 4-2
ee’
Entry R Product Yield (%)@ trans/cis®  (trans-4-2 (4-1))
1 Ph 4-2a 72 83/17 93 (98)
2 2-Tol 4-2b 64 90/10 91 (97)
3 3-Tol 4-2c 68 74/26 98 (97)
4 4-Tol 4-2d 93 81/19 91 (98)
5 4-MeOCgH 4 4-2e 76 83/17 97 (99)
6 4-CICgH 4 4-2f 43 83/17 93 (95)
7 4-FCgH, 4-2g 63 86/14 95 (95)
8 2-furyl 4-2h 62 80/20 90 (92)
9 2-naphthyl 4-2i 76 78/22 93 (95)
10 3-MeOCgH 4 4-2j 49 77/23 94 (93)
11 Pr 4-2k 29 50/50 -

a. Isolated yield. b. Determinded by HPLC
c. Determinded by HPLC with chiral column

2.4 USRS D Et

BOSHERE DFEM 2 TR D 7212, JSEIE T CORISZ R A W2 W T To7z, =
A UK 41a LV ATF NI ANT ¢ RENHS T T 5 RS S 72(Scheme 4-3), 9%
ELELNTE L DI EY 4-2a TiX /e ATV ANLT 4 R
MWL OYTATUvA—IREWE L THELNIZALEY 4-3a (ZFHIEOE =15 20

O L 7ALEW) 4-3a

NIRRT TOAFANTANVT 4 REFILLIZHDTHD EEZ BN,
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__ MeSSMe (10eq.) S

Ts = MeS ) SMe MeS ) SMe {
B hv (340 nm) CO,t-Bu -1CO,t-Bu CO,t-Bu
- COgt-BU _ . * X .
Ph/ﬁr rt, 5h N “Ph N~ “Ph N” “Ph
ts fs ts
4-1a trans-4-3a cis-4-3a 4-2a; not detected
l 27%, 1:1

5
MeS —SMe
( Me /
Ts. == . S ‘SMe

N .
- 5-exo-di
o % CotBy o9 CO,t-Bu
\— *SMe N “'Ph

Ts
Scheme 4-3

TAFROEXLERRICYE RaTF 47 = U R OMIE 4-3a ~O SOSHEREZ LT O X
I ZHELL L 7= (Scheme 4-5), {LEW 4-1 ~D MeS 7 ¥ I /LDF LT VX o ~DfH D
Path A & REIFIT AT )L ~DfIo Path B A E 2 b5, MeS 7 PO L -
THOLNDE=LT IV AN S-exo-trig BRILER T AT LT IINC 25 2DE%5E
Z Tz, C-Z DERES 272546, 1998 412 Ogawa K O Sonoda B 2% 1,6-T 2 A LRI
WTHY T 2=V VAL T 4 P T 2=V L= FONRBEETORISIZBW T,
E {RAFERIRIICAERT 2 2 & 2845 LU 5 (Scheme 4-4)7, LoT, AFALFUH L
C-ZIFETCIZK WEBZOLNDT2D, C-Z DD Syi KIED /S ADFEEMEIZERV & v 2
Do

EtO,C_ CO.Et hrv (5300 1) EtO,C_ CO.Et
+ (PhS); + (PhSe); 61% (E/Z = 72/28)
=
e SPh
Il PhS \

PhS® E0,C_ CO.Et  EOC COGEt (PhSe),

ﬂf 5-exo-trig QM

e
= . SPh \
¢ K SPh
Scheme 4-4

FELT T M SAIBOEDET LT E. C-E (KHRkEE 2 55 Neophyl #7
MAERBLIZEXY D UVE H OERDEZ DILD, L LARKISTITHARY O 'H
NMR 6 ELLDEM bR SN o7, 9> T, MeS 7V I ADT LF Kl
ORI — Bk & 32 Path A X CHE A HEET 2 L TR THD B 2T,
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RIZ, PathB & 2 5, a,p-NEMT AT NVMA~DMIMTHELD a-INVR=)VT DT
VB, TIVF D S-exo-dig BRALRISDHEIT LT, E=v T AL D 2525, Hl
AR E LT MeS 7V HANRMIMLIEZZF Y AF LUK 43 BDEBNZZ LMD, a-
ANKR=)VT VN B NHE=Z LT AN RED ~ORIGIEARETH D 2 & 23 HEMH
SND, SHIZ, PathA DFELITRRY | sp RFE-T A BREGVHMBIZHEETE S Z
EDDHRIA D IZIX E/Z BAEROREN 2V, £ o T, Syl IRIC & 2 UG/ S A DR
WIhb, =T VD NG FNOREE Sy RISHET L TAT LT VAR
Bisd, Ve NeFtrzrd203BGonclBxonb, £, BRESECTRISE
TG AICE= VT VAN D KOATF VT DI C-ERNBIATFIVIANLT 4 R
SFHITCRIE LTz & B 2 DMK 4-3 RAERRT 5.

SMe  gme
SMe
N COt-Bu N CO,t-Bu MeS—
MeSSMe > 2 CO,-Bu
4 -~ D —— o
? R I}l R I}l R
* Ts Ts
H G E
not detected
5-exo-trig MeS \ ’
cyclization CO,t-Bu
/ NT R
Ts MeSSMe
SMe C.E
. S CO2t-Bu
AdditiV jR MeS \ SMe
Ts Me\ intermolecular Hcozf-BU
Path A S addition NR
s //-SMe A “Q : in neat condition )
Mes: || CO,t-Bu N CO,t-Bu TS 4.3a
ﬁ/ 5-exo-trig R
. cyclization N
N R |
Ts s cz
4-1 eSSMe

Path B (M;
7

SMe 5-exo-dig (\S
Addition |[ ﬁ/cozt-gu cyclization : E Substitution

CO,t-Bu
l}l R l}l “R Me -
Ts Ts
B D
Scheme 4-5

FANT T IINPAREAFNI T AT 0 BN B O % Scheme 4-6 ([Z/R L7z, T
ANT NN A MR 41 DREIFIT AT )VIRZ IS L TT OV FEEA Z 5
2D, TV ANHRME AT A FZOREEREEIC Ar i & = XA T VLD NAKFEE S trans
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WCER L CAET A EEZOND, TVNAHRBIIK A BWRIBOT VX 258 L CTH
MEB 24T %5, DEEAB ODE=1T P HINAFLFF IO ERT 288 L5 T
WZ PNV EBSOS L TERILK 42 Z BT 52520605, Z0&E UTD 5D
IGHENRE 2 5N D, —DE=LrTVhL B BPHER 23R L, HEMICR N
AFNTZ VI UCHBET 2 B8 Sui KOS TH 5, b 9 — XTI B 23HiE 71
AWELC, MR MMEEZ AT 2K C 24K L, 22056 R B FEMIICTA
VT UHNDEEEZIT T, BRALEK 42 ICELRKETH D, L, BHEORIGREET
BEZONTOWDHMR C 0 BAERY 42 25 25 - ORKICIE, Bk R B (RER
T k) TOZ P HNVRERRISTH D S22 ICHNE Z A MENH S, Lo LIERDH
ACIIRFR - L COBEBENT PANVEBRRISITR I 50N E SN TEEDOT HHED
RIS Z VI Vb0 EE 2 HN%, LoT, PRIK B 2 BARY 4-2 ~DK
JERR T RTAR 2R L VB TN T O VRIS B (B R Sui) SIS CHET T
HTEDNHSRBIND,

R
g
. e MeS SMe
. 5-exo-dig
- NS COyt-Bu cyclization }—%Cozt-Bu no solvent }{CO%B”
S —_— . —_— .
.S'R R s N 'Ar Me,S, N A
1 |
( A Me Ts Ts
|ﬂ CO,t-Bu  addition l B 43
DA : s
: direct Syi
NR N = g-Me . Y
Ts y R-8" )
s R
4-1 9<C02t-BU . é) R
\ SR
N E—%Cozt-Bu A E—%Cozt-Bu
Y o, stepwise Sy
;V 'Tl Ar H ’Tl Ar
S Ts Ts
\ C trans-4-2
"'COzt-BU
NT AT i
Ts
Scheme 4-6

i FLw (F4E)

WFEMER 16~ A AR EAFAFANT OHAVERINEED L, TV NERK
JGE G T P HNA A — REOSHEITL T, ZBIEOY e FaF 47 = VRN R
P L NTHBRINME TS 2 & A A L 72 (Scheme 4-7),
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Ts .

R

N
~__CO,t-Bu

4-1(102M)

MeSSMe S
hv (> 340 nm) E—%Cozt-Bu
toluene N R

r.t. 'i's

4-2

bicyclodihydrothiophene
91-43% (10 entry), dr.; 90/10-74/26, >91%ee

Scheme 4-7
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DL S S

AR LI ) Db EMTHLH8-T v 7 a[32.014 7 ¥ BRI L O3-
THET 7 a[33014 7 Z S OSLIREIREY 72 5 T 1E D BRSE &2 37 T,

-7 HE L7 m32114 7 # U EOEHIZBWNTIZ, 7 X /L DIV AR =V RFEM

oy NI TTHIBRAL BSOS &2 W2 (5 2 3), 7 X/ FRIXE R IMESALI 3 L TRk

Btz nd ., 20D SOSMTIRMARGFMECTEITT 53,7 2 OISO I D,

SFFRIET TR GTFRITHRERKISEPEITT 256055, LU, &5 I KR
7R BRI D EREATFAMENFLLE LTI oL b, Fox 132 ORITBRILKIS & HiEt
THEHIZ->T, 87 vBRIA 7 % U EREARTAMEREIEE LCTHER SR
TU 5 calystegine DA RIZHE T L7z, calystegine (3%5Dt KXV EEHTH /L
cfaXeTaliaA ROBRRTH D, FiE s L TIWT IO calysteigne & ZEAGALIZT 2
JEERLTVWDIENETOND, TORF—FEEREAILT I /7 LKL IR = ViR

FTHNICHELTEBS ZETARTHL EBA DN, £ CETIRE 7T BEDVIK
PN EE AR Lo, 0 PNICAHE L TR R&E 7 I /= e LoiExic &
STHDIIENHETH D, £ T=haxA & EHNWEERN, 1+6 BILEGE %5 2
oo TROL ap-RafT FET T REFRFOE =L FU 7T FIZX LT,
= ha A% &AM ST nitro-Michael (15 & aldol i & VW 72 —BeRE & L < 1%
BBy 7 a7y ) ek AR Uiz, H3EEE LT, L-(H-lagae vy
=TIV E 6 BT 33RDINFETCHMR LI, E=AT va—LaElb L THELR
DB RAZKI LT, = e AZ T NI ATFNLVTT =V (TMG) &1k &
L CYEM &t T Michael f1A1{K% 2 BeFE CTULE 63% TH572, Michael fH1#£D TBS %%
BrELZ=ba 7 ba— a2t L TT7 AT e RICEHBLZ%IC, BOELE LT
TMG Z#EHl & T= a7V F— VRIS & T S8 TRILIKZ 2 BeBE T 40% DIET
B LT, = h kA TIREE Y —tert—7 FVIAE T THMK FEALS Z 1TV N-Boc 7 2
NTAEHE LTz, N-Boc 7 X NTHERE A EH S 721812, HEENME A A 0 2SR IE T L
T(+)-calystegine By DGR A FRINIF 2% (14 BeFE) Tk L7z, A BIH W 7 BEREEE
EIZMh O calystegine FUZ HIEHTE D EE X BN L5728, (+)-calystegine A; DEHL S H]
FFCE 2,

RFE—BFAEOOWELIEE FER LD T, RE—REBEHEOEOHWELEoT-vr ) ¥
NEEW DGR ERE LTz, IRFE—IRERE G ORE L EZ 2 7256, #ind L7 E BRI
J& TN EDERPEO MR, Sl 8B &gt 2 V2 BN D 5, € 2 THxIEA
I U E X R R DO E R T T NN ERE LT, e a U U ALEM DA KIS

58



BWTRAEN R 1,60 A AMeBW kL L THY, BusSnH & 7 P UV BRI &
LT EB ZHWCTERIFEFCIESED &, ARE A ETOHTNT A IViEK
(Sl B ERINEICHEIT LT, 3-7 e 7 n33014 27 2 v BikEHAT5En Y
TV Ra R T UPREIENOERIRICE SNz, Sy KIRIEFEIC 14 RKrb
16 ELFE ETETTLLINTWDS 2D, RO FWNT P ANVEBRIEE A X LY
HEMEDIR N A IR T B0, 16 HELEOMER - ETHHETT 5089 phEa kL
7o (BB=w, HE),

7 A BT ETORISIE, JeFEER 16— A URIZH LT, FURARY ZAF L
Y7 L EGB (1.0 M in Hexane) % Z85AF(E N CHUR S E D L FAEMERER Y &
J Uk Fava— L) BT IUER(52-76%) & STARERIRUE(71:29-84:16) Tl b vz, 55
nievnr )Y e Rava— W dBRIEMEI~DEC, 12-0 e 7 b7 U —u
ENRT VT MM A WL a2y ) v RS E RO TAEYIEEME TH D
RUVNAA VA R VBB RA~OEHITHE 22 5 K MRFHC L > CTRIETH D &5 %
bivd,

W B CO ST FE M7 1,6-= 2 A ARIZH LT bl 1T MeSSMe %
340 nm UL LR O OFOSSRME TR EEREr VY ) Ve FaFF 7 = UNR
BT 72N 3R (43-91%) & SEASEIRME(74:26-90:10) TH H T2, FidRE+ EToO Sy KIS
BT MeSSMe & W2 HHA Tl Me 7 VLR BiEE+T 5 Z & THROEY R ) Y ) Pt
KTt 7= 2B 56 THolz, IHIT, B3 K04 T THEN LIz Sy SUGIEA [
ML &g nicfio~T o i ETHHETT 5 2 EB3RBEIN D572 272 3-T7
B u3301F 2 X B ERT HIbam~ ORI TE D,
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(1) FE K4 : Akio Kamimura,* Koichiro Miyazaki, Shuzo Suzuki, Shingo Ishikawa,
and Hidemitsu Uno
#m CRE H : Total synthesis of ent-calystegine B4 via nitro-Michael/aldol reaction
FANMESES © Organic & Biomolecular Chemistry
&, . H 108, 4362 — 4366 H
FATHFER VRl 24 - 4 H¥AT
(AL L OB @ 5 8|2 REE)

(2) FE K4 : Koichiro Mivazaki, Yu Yamane, Ryuichiro Yo, Hidemitsu Uno, and
Akio Kamimura*
FWSCRE H : Preparation of optically active bicyclodihydrosiloles by radical cascade
reaction
FATERE4 © Beilstein Journal of Organic Chemistry
. 5. H:9%, 1326 — 1332 H
FATEEA - VR 25 F 4 A%AT
(R L DR @ 55 =F|BE)

(3) FE K4 : Akio Kamimura,* Koichiro Miyazaki, Yu Yamane, Ryuichiro Yo,

Shingo Ishikawa, Hidemitsu Uno, and Michinori Sumimoto

Fm & B @ A Radical Cascade Cyclization to Prepare Dihydrothiophenes Induced
by Thiyl Radicals as Sulfur Biradical Equivalents

FATAERE4 © Journal of Organic Chemistry

. 5. H:78%, 7816 — 7822 H

FATEEA PR 25 7 A AT

(RS & OBAE @ 5= (T BE)
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L

HTE FEEROE

il F L 7o b s

"H-NMR A7 vk, HAE T DELTA-500 (500 MHz)RZ R4 e ngs ) 2 4 & Gl E L
oo WL LCHZ ma AV AZHV, 7 v kL A(7.26 ppm)a FEHEL LTz,
BC-NMR A7 hJLiL, H A 1 DELTA-500(126 MHz)E% o 4 ngs ) 1 5 i ClE L,
77.1 ppm ZHEREL LTz,

7Ty vallThru~ NI 7 4 —I2EY a—5r C-300 & W TIT o 7,

HPLC /X, JASCO HPLC systems (PU-2089 plus)Z >, SHIMADZU DIODE ARRAY
DETECTER THlE L7z, % 7 411X TOSOH, TSKgel ODS-80™ (46 x 150 mm)% U,
BEhHIZ1E MeOH/HO A M L7z,

% 7L HPLC (%, JASCO HPLC systems (PU-2089 plus; detector, UV-2075 plus)& FH\ >, #
7 LIZ1% ChiralPak IC, ChiralPak ID, ChiralPak AD, YMC Chiral Cellulose-C, YMC Chiral

Amylose-C % V. B #E)FHIZ13 Hexane/i-PrOH Zffi L 7=,

ARET, FRICRELAWVWERY , ik EZDOEEHEH L,
Dess-Martin ~2/L 3 — U F 38 L= b O 24 L7=%,

FOSTPEDIEAC A F L ATKFL ANV T W BT P2 3T Y A ETHRE L
bOAEBITMHEM Lz, Wl THF 1B R LR O L E R AN A2 iz,
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(4R 5R)-dimethyl 2,2-dimethyl-1,3-dioxolane-4,5-dicarboxylate 2-2D & %

500mL= O AT T A 2|V A —/12-1(114.5 g,0.643 mol), 7 = 2R /L A (350 mL),
22-V A ¥R (8147 g,0.785 mol), /XT KL ALK UE—KFIM(1.227 g,
6.45 mmol) & Nl 2 7=, & L ¥ 2 T — 3 —7 24A % Nl % 7= Soxhlethli Hi & & FIV T IIEGE
P FSWERIRIE L7z, SSIBECHMEIL, RV U v A (1271 g) Mz, AL, ki
e b U U LACHE S, Atk WA BER EL T2 —12-2% 01188 g,
IV 388% CTHH77,

XOTCOZMe

o
CO,Me

Rf = 074 (~F Y0 @ fEfR— FL=1:1)

e £ 2 W R A

[a]p -37.46 (c 1.34, CHCLy)

'H NMR (500 MHz, CDCl;) 6 4.81 (s, 2H), 3.82 (s, 6H), 1.49 (s, 6H).

“C NMR (126 MHz, CDCl3) 6 170.0, 113.8,52.7,26.3.

IR (neat) 2995, 1743, 1207, 1109 cm™

ESI HRMS calcd for CoH,,NOg¢ [M + Nal* m/z 241.0691, found m/z 241.0688.

((4S.,5S)-2,2-dimethyl-1,3-dioxolane-4,5-diyl)dimethanol 2-3 P £ %,

ERFAK T 100mL= O RJET 7 A ZKFET VI =0 L) F 7 A (5693 g, 150
mmol), ¥ METHF (40 mL) Z A 72, 0°C T, Y= A7 /12-2 (1091 g, 50 mmol) % ¥ THF
R L, W Tr— a2 HWTwo VT Lz, i M TR, MBUER F 3R
L7z, 0 °CIZ#H#EI L, NN3NJEZ W27 =2 F L7z, THF (50 mL) %12 INEGEFE T3
REMEHR L7z, |RIBICHBE L, 7TAE L —2—&2 ARG E#H, Els YV oF Lo —TF
VOGS Lo, IBIRICHOKERRE T N Y v Az s, JEmL, =KL —X
— R OEZER Y T AW CIEEE R BT R R Lz, BRIk > TRHRIL, VA4 —12-3
Z N E6.130 g, INHRT5% T 7=,

OH
>(o
O
HO
Rf=0.14 (~F Vo : HEfR = F L=1:1)

T W A
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[alp +1.86 (¢ 2.58, CHCl)
'H NMR (500 MHz, CDCl,) & 4.16 - 3.93 (m, 2H), 3.86 (m, 2H), 3.70 (ddd, J = 11.5, 7.6, 3.4
Hz, 2H),2.05 — 1.94 (m, 2H), 1.57 (s, 6H).

3C NMR (126 MHz, CDCL,) & 109.3,78.4, 622,26 .9

IR (neat) 3200-3600, 2987, 1045 cm™

1-((4S.5S)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2,2-dimethyl-1,3-dioxolan-4-yl)prop-2-en-
1-ol 2-4D 4 ik

TEHEFPR N, 500mL=AAET 7 A AT T B 7L (40%AAIL) (2365 g,
59.13 mmol) ZAN%, ~FH# > (0mLx3) xH\WT T —varLiz, BERST
ARV AFFUAEEELE,0°CF, 7 m_yF L2 F LT —F /L (CPME) (200 mL)
Nz iz, YA —13(8.190 g,53.20 mmol) DCPMERK i Fa— k&M, d-< b
W L7z, 0°CT10434#: L, TBSCI (8.018 g,53.20 mmol) % CPMEIZIAfR LW~ < Y i
T L7, 0 °CTIO R L, iR C3RFMEEE L7z, 0 °CT. fafififb 7 v E=7 2K
Wi (30 mL) 2 ->< Wiz lz, =ARL—X—Z2HAWCIREZEE Lz, BT
JL (100 mL x 3) Thhtt L7z, AHAH 2 fafne ik (50 mL) TyEdE Uiz, AR % MoK
Wil b U U AT, R L, WIEABIER E LT, YV ATV T T a1 T A
rma~ 777 40— (~FHUoEEBTF L =50:1,30:1,10:1) {752 & TE/ VUL
R2-4% L E11.40 g, UNFE82% THH7=,

o OTBS

HO

Rf = 031(~F W2 FEEE=F/L=4:1)

I 65375 IR

lalp +16.90 (¢ 1.28, CHCl,)

'H NMR (500 MHz, CDCl;) § 4.06 - 3.74 (m, 3H), 3.76 - 3.51 (m, 3H), 2.79 — 2.58 (m, 1H),
1.37(s, 3H), 1.36(s, 3H), 0.86(s, 9H), 0.04(s, 3H), 0.03(s, 3H).

3C NMR (126 MHz, CDCl;) 6 109.1,80.1,78.0,63.7,62.7,27.0,26.9,258,18.3,-5.6,-5.6.
IR (neat) 3200 — 3600, 1371, 1251, 1080 cm™".

ESI HRMS calcd for C;;H,gNO,Si [M + H|* m/z 276.1757, found m/z 277.1835.

1-((4S,5S)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2,2-dimethyl-1,3-dioxolan-4-yl)prop-2-en-1
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-0l 2-6 DAk

ERFAL T, 500mL O HE Y T A 2 (2L A F L (300 mL) &2 I %2, —56 °C
TCH ATV UL (1250 mL, 14595 mmol) % - < Wz 7=, 2050 #%, VA F
JLZJLARF T R (DMSO) (10.00 mL, 140.79 mmol) Z - < Wl Z 7z, 305 H#%, +
J U IVIR 2-4 (2978 g, 107.74 mmol) DOFLEHL A T U U EKRZ D> < W iIlx 7z, 30
L. FU =TT 22 (3400 mL, 243.94 mmol) Z W - < DNz 7z, -56°C F T30
Sy PREE, SEIRICHIE VAR L2, H,0 (100 ml) 2@ -< WMz = F Lk, K
FZEH AT L (150 mL x 3) Tl L7c, A Zfafi K (50 mL) CTHEE%.
Wil b U U AT SEE, Ak, BEAMEEEL, MIAEKRY T VT B R2-5
(33.84 Q)& fiTc, BHRFMKAT., | LEAMKEY 7 23| THAERNY (3376 g). W THF
e (350 mL) A M %, 0 °CFCHRALA F /L~ 7 %7 A-THFAW (1.0 mol/L in THF,
140 mL, 140 mmol) &/l 2 7=, =EIRIZ IR L6ORERIfHEE Lz, fafiififbr > &= LKIE
# (120mL) ZNx . 1055 MEEH L7z, KHHAZFR=F/L (150 mLx3) THitH L7z, A
Al A K (100 mL) | fafi@iiK (100 mL) CTYEF L. iR b U v A TR S H72,
Ltk WA REREE L, YIVBTSNT T ahThIax T T7 4— (~F
oo BT L =15:1, 10:1) 275 2 L TT VAT /L a—/L2-6% I E18.05 g, L%
55% CH37=,

oTBS
0]
>(O

HO
R;=055 (~F % BER—F /L =4:1)
g R IR
[a]p +24.20 (c 0.99, CHCLy)
'"H NMR (500 MHz, CDCl;) 6 5.93 (ddd, J = 16.5,104,5.7 Hz, 1H), 541 (dt,J = 17.2, 1.6 Hz,
1H for major isomer), 5.39 (dt, J = 17.2, 1.6 Hz, 1H for major isomer), 5.26 (dt,J = 10.6, 1.5 Hz,
1H),4.25-4.18 (m, 1H),4.01-3.94 (m, 1H), 3.82 (ddd, J = 17.1,9.7,3.7 Hz, 2H), 3.74-3.66 (m,

/

1H), 3.12 (d, J = 2.2 Hz, 1H for major isomer), 2.68 (d, J = 7.8 Hz, 1H for major isomer), 1.42
(s, 3H for minor isomer), 1.41 (s, 3H for major isomer), 1.40 (s, 3H for minor isomer), 1.39 (s,
3H for major isomer), 0.91 (s, 9H for major isomer), 0.90 (s, 9H for minor isomer), 0.10 (s, 6H
for major isomer), 0.08 (s, 6H for minor isomer).

“C NMR (68 MHz, CDCl;) 6 137.3,136.6, 1169, 116.7, 111.7,109.5, 81.9, 81.6, 78.8, 77.3,
728,719,64.1,63.8,27.1,27.0,269,26.8,259,184,18.3,-5.5,-5.6.
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IR (neat) 3600-3200, 1701, 1371, 1217, 1051 cm™
ESI HRMS calcd for C,sH5(NO,Si [M + H]" m/z 303.1990, found m/z 303.1992.

1-((4R,5S)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2,2-dimethyl-1,3-dioxolan-4-yl)-4-nitrobut
an-1-one D 2-8 5 ik

100 mLF A7 7 2227 Y LT L 2—/L2-6 (1.507 g, 5.00 mmol), Hifk A F L (50
mL) ZA0Z 5 L7z, DMP (3.180 g,7.50 mmol) Z A%, =i COSFFRIRIE L7z, fafn
IREEKFET B U 7 LKA (55 mL) (2T ARiEF F U oA (120 g) ZENLIZH D%
Iz, OSKERIEIE L7z, AfiZ Y =F Lo —F /b (50mL x3) T L7z, AHEHH % A
FIREEAKFR T BV 7 LOKESHE (50 mL), faFn K (50 mL) THEF%, iz YU 7 AT
W S, Al L RICIEI 2B B L, YISV T Ty a T nav b
T4 — (~FY 2R L=5:1) 2179 2 & Ta - b 2-7%492% (1.378
g. 459 mmol) DILHETHE7=, 50 mLF A7 7 R 2 ({ZaB-HEF17 k22-7 (1.378 g, 459
mmol), DMF(3mL), = ka2 X% > (158mL,229 mmol) %Mz 7=, 7 8T AFNLTT
=3 (0.1 g,087 mmol) ZMz. L TI4FIELELZ, fftfik7 v T=7 LKA
#® (10 mL) #1105 R L7z, KHEZY=FLo—7F )L (50ml x 3) THIH L7z,
FHHEHR & faFn ik (50 mL) TUEA. Ml ) R U A THEESE, Al LZ®ICH
MAWTEEE LIz, YUBTNTTvahThrax NTT7 4— (~FH o Bk
TF )L =30:1,10:1,5: 1) %17 9 Z & TMichael IR 2-8% X & 1.141 g, IXLHE69% T1H7=,

Rf =028 (~F Y% : Wifig—F/L=0:1)

1 0% BT REPE R 14

[a]p +31.83 (c 0.98, CHCl;)

'"H NMR (500 MHz, CDCl;) & 4.44 (t,J = 6.6 Hz, 2H), 434 (d, J = 7.6 Hz, 1H), 4.02 (dt, J =
74,3.6 Hz, 1H),3.88 (dd,J=11.3,3.5 Hz, 1H),3.75 (dd,J=11.3,3.8 Hz, 1H), 2.83 (dt, J =
19.7,6.8 Hz, 1H),2.27 (p,J = 6.7 Hz, 1H), 1.44 (s, 3H), 1 41 (s, 3H), 0.89 (s, 9H), 0.07 (s, 6H).
5C NMR (126 MHz, CDCl;) 6 208.8, 111.0,81.1,78.9,74.5,62.8,34.9,26.8.264,259,257,
20.6,-3.6,-5.5.

IR (neat) 2929, 1722, 1554, 1373 cm™

Anal. Calcd for C,H5,NO4Si: C, 53.16; H, 8.64; N, 3.87. Found: C,53.32; H,8.71; N, 3.89.
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1-((4R,5S)-5-(hydroxymethyl)-2 2-dimethyl-1,3-dioxolan-4-yl)-4-nitrobutan-1-one 2-9 {5 i

50 mL7} A 7 7 A& =2 |ZMichaelf} N {A2-8 (688.8 mg, 1.90 mmol), #ZMHTHF (0.6 mL), /K
(0.6 mL) NN L7z, HElE (1.8 mL) Z NI %40 °C N CIL4REMREE Uiz, fafn K
FT MU T LKERK (20 mL) 2. 10554 L7k, THFZEER L L7z, Kz
WAk AF L (50mL x 3) Thltt U7z, AHEIE 2 kiR K 3R 7 & U 7 A JKE#E(30 mL),
IR HK (30 mL) THEE# ., Wil F U U A TS, Al U 7o % ISR 4 J8+
Bl VUV FNT Ty vahhThrsa~ NI T 7 4 —(~FH vl T L =101,
50, :1D)E4TH 2 & TT L3 — 12-9% U0 E292.2 mg, IN=R62% CH37=,

OH

o) NO,
>g“_

o
Rf =027 (~F Y0 @ fEiR = F L= 1:1)
7 o B W RGP A
[a]p +21.24 (c 1.07, CHCL)
'H NMR (500 MHz, CDCl,) & 445 (t,J = 6.6 Hz, 2H), 4.30 (d, J = 8.0 Hz, 1H), 4.08 (dt, J =
8.0, 3.6 Hz, 1H), 3.93 (ddd, J = 12.0, 44, 3.4 Hz, 1H), 3.74 (ddd, J = 134, 8.6, 3.8 Hz, 1H),
2.92 (dt,J = 18.3,6.3 Hz, 1H), 2.86 - 2.72 (m, 1H), 2.38 - 2.18 (m, 2H), 1.95 (dd, J = 8.6, 4.5
Hz, 1H), 147 (s,3H), 1.42 (s, 3H).
13C NMR (126 MHz, CDCl;) § 209.1, 110.8,81.0,78.1,742,61.9,34.9,26.5,25.9,20.3.
IR (neat) 3600-3200, 2924, 1717, 1552, 1373, 1091 cm™
ESI HRMS calcd for C,oH,;NOg: C, 48.58; H, 6.93; N, 5.67. Found: C,48.30; H,6.95; N, 5 41.

(3aR,7S .85 .8aS)-8-hydroxy-2,2-dimethyl-7-nitrotetrahydro-3aH-cycloheptal[d][ 1,3 |dioxol-4(5H
)-one 2-11D Ak

50mLF A7 T AT L2 —/12-9 (211.6 mg, 1.31 mmol), HfLAF L (16 mL) %
MAHFE L7z, DMP (556.8 mg, 1.31 mmol) %/ x., 2 COSKEMHEE L7, fafniRig
KFEF RV T LKEKR (11 mL) ICF AR R A 22 2N LIEZLOEMA,
05MEfEIFEHR L7z, KA Y =F L= —F )L 30mL x 3) THIH U7-, A % fafn ik i
KFEF R U U LKER 30mL), fafiffiK G0mL) THEE, M) MY U LTk
SH, Al L7 BICHEIEARERE E Lz, HAEKRDE LTT LT B R2-10% I 50.222 ¢
TR A LT A7 T 22| CHARY T 5 7 V7 & K2-10 (221.5 mg), DMF (400 mL) %
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Mzice T RIZAFNTT =2 (1 drop)Z A, SR CASFMIREE Uiz, W2 0T
MEL . VIBTNT Ty vahhTrrsa~ T T77 4 —(~FH o FiiET L =101,
5:1,0:1) %17 5 = & TERALIKR2-11 % [V E86.2 mg, UXZ40% QB[ T/,

OH

o) NO»

@)
Rf =0.11(~FHV v : B F L= 1:1)
SRENETEZN
mp 128-129 °C
[alp +53.58 (¢ 1.18, CHCL;)
'H NMR (500 MHz, CDCl3) & 5.14 (d, J = 10.0 Hz, 1H), 5.08 - 5.05 (m, 1H),4.42 (d,J=11.6
Hz, 1H), 3.94 (dd, J = 10.0, 1.8 Hz, 1H), 2.84 (ddd, J = 195,59, 2.5 Hz, 1H), 2.77 (ddd, J =
143,43,24 Hz, 1H),2.76 - 272 (m, 1H), 2.49 - 245 (m, 1H), 2.42 (ddd, J = 16.3, 104,27
Hz, 1H), 1.56 (s, 3H), 1.48 (s, 3H).
“C NMR (126 MHz, CDCl;) 6 202.4,111.8,86.3,78.1,68.2,37.7,26.7,26.6, 18.9,0.1.
IR (neat) 3500-3200, 2985, 1722, 1556, 1357, 1165, 1084 cm™
Anal. Calcd for C,(\H;sNOg: C,48.96; H,6.17; N,5.71. Found: C,49.00; H, 6.22; N, 5.68.

tert-butyl((3aS 4S,5S ,8aR)-4-hydroxy-2,2-dimethyl-8-oxohexahydro-3aH-cycloheptald]| 1,3 ]di
oxol-5-yl)carbamate 2-13D & %

ERBHEAT, &FA— 7 L —T1210%/37 VU LF v a2—/b (986 mg) . BRILIK
2-11 (96.4 mg 0.39 mmol), Fz%THF (17 mL) . (Boc),0 (0441 g,2.02 mmol) % /il %72, /K
FIMESIE T (5.0 MPa) TI6IFRIIRFR L7z, /A 71 A —/3—& L% I Tls gE L,
WIREEN Uiz, SUBFNTTyvalThru< NI T 7 4 —(~F 2 ik
F =10:1,5:1, LD)EATH 2 & TT I URi#EAR2-13%4 UL 5103.7 mg, UNF84% THH7.

OH

o) NHBoc

O

1 E ] A
mp 186-187 °C
lal, -38.76 (¢ 0.78, CHCI,)
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'H NMR (500 MHz, CDCl;) 6 5.35 (d,J = 8.7 Hz, 1H), 5.06 (d,J = 10.0 Hz, 1H), 4.29 (s, 1H),
390 (dd,J=10.0,15 Hz, 1H), 3.68 (t,J = 10.1 Hz, 1H),2.72 (s, 1H), 2.65 (ddd, J = 20.0, 5.9,
2.1 Hz, 1H),2.44 (ddd,J =19.7,13.2,2.5 Hz, 1H),2.25 (dd,J =25.5,124 Hz, 1H), 1.79 - 1.69
(m,2H), 1.45 (s,3H), 1.43 (s, 12H).

“C NMR (126 MHz, CDCl;) 6 204.6, 155.1,110.9, 80.0, 78.4,77.8,69.0, 52.6, 38.9, 28.5,26 .9,
26.5,233.

IR (neat) 3500-3400, 2980, 1714, 1697, 1494, 1163 cm™

Anal. Calcd for C,H,sNOg: C,57.13; H,7.99; N, 4.44. Found: C,57.15; H,7.93; N, 4.26.

(1S,2R,3S.,4S,5S)-8-azabicyclo[3.2.1 ]octane-1,2,3 4-tetraol ((+)-calystegine B,) D% ik,
ERFHKT.30mLT A7 7 2327 2 ARi#(R2-13 (44.1 mg, 0.14 mmol), # M THF
ZMA, LU, R2NSERR AN A SR F3RFRIREE Lz, IR T T2 B &
L., WEME A S, WgEE A% 7 —/v 3 mL) TN L, WA A4 2 ZHEiE
DOWEX SBR-P% N Tl L, JEHK DI Z 3R T CRUE® £ L. (+)-calystegine B,
I E11.6 mg, ULR50% (QE:ME) TH7-,
OH

NH
HO OH
HO

e (a1 PR PR iR

[a]p +81.21 (¢ 0.39, H,O)

'H NMR (500 MHz, D,0) 6

374 (t,J=3.1 Hz, 1H), 3.56 (s, 1H), 3.56 (s, 1H), 3.36 (dd, J = 7.8, 3.0 Hz, 1H), 2.15-2.00 (m,
1H),2.00-1.91 (m, 1H), 1.54-1.39 (m, 2H).

“CNMR (126 MHz, D,0) 6 92.4,79.4,74.7,73.7,59.0,29.6,24.9.

ESI HRMS calcd for C;H,,NO, [M + H|" m/z 176.0923, found m/z 176.0926.

(38)-tert-butyl 3-phenyl-2-tosyl-5,5-bis(trimethylsilyl)-1,2.3,3a.4,5-hexahydrosilolo
[3.4-c] pyrrole-3a-carboxylate 3-2a @53 J% (Table 3-1, entry 2)

EHRFHKT, FRIZTSOmL Z A7 723|221 K 3-1a (126.5 mg, 0.298
mmol), (Me;Si);SiH (0.10 mL, 0.326 mmol), AIBN (51.5 mg, 0.326 mmol), ~/Lx> (30
mL)Z AN R, 70 23 MUNBUETR 21T > 7o, RIS TRm %, WA RIERE £ Lo, BOSIR
EMET T v vaiThru< b TTT 4 — (VY ATNINFY R TV =
15/1 then 10/1, v/IVIZTHER L, Y& R va—/b 3-2a Z L& 68.7 mg (0.115 mmol), U
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F39% CTH 7, HPLC ofric L v, Z by 7 AT LA ~— i
3S.3aS-trans/3S 3aR-cis= 69/31 TH -7,

(35,3a8)-tert-Butyl3-phenyl-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a.4,5-Hexahydro
silolo [3.4-c] pyrrole-3a-carboxylate (trans-3-2a)
Me3Si. SiMe
Si 3

[
E—%COzt-Bu
e
Ts
trans-3-2a
White solid
'H NMR (500 MHz, CDCl;) 6 7.32 (d, J = 8.2 Hz, 2H), 7.26 (s, 3H), 7.24-7.07 (m, 2H), 7.03 (d,
J=78Hz,2H),5.86 (s, I1H),523 (s, IH),4.42 (d,J = 13.0 Hz, 1H),3.95 (d, J = 13.0 Hz, 1H),
2.32 (s, 3H), 1.51 (s, 9H), 1.15 (d, J = 149 Hz, 1H), 0.50 (d, J = 14.8 Hz, 1H), 0.07 (s, 9H),
-0.20 (s, 9H).
“C NMR (126 MHz, CDCl;) & 173.9, 157.6, 142.6, 138.6, 137.1, 129.1 (2C), 128.3 (br, 4C),
127.5,127.0 (2C), 124.2,82.3,71.1,69.7,50.5,28.0 (3C), 21.5,12.2,-0.3 (3C),-0.9 (3C).

M) ZFNART 2= Rrva—/L 32 DA% (Table 3-2)

(35)-tert-butyl 3-phenyl-2-tosyl-5,5-bis(trimethylsilyl)-1,2.3,3a.4,5-hexahydrosilolo

[3.4-c] pyrrole-3a-carboxylate 3-2a D5k,

ERFHX T VERIZTSOmL —AF A7 7 2ajzx> A 4K 3-1a (85 mg, 0.200 mmol),
(Me;Si);SiH (0.07 mL, 0.228 mmol), Et;B (1.0 M~ &%, 0.60 mL, 0.60 mmol), k
Ny 20mL)EMZ., ZB5 Q5mL)&2 /N7 U 7 Uiz, 15 iR a7 1%, &
BABERE LZ, RIGNREME 7 T v aighrsa< I 77 40— (V7N
~FH - FEfRTF L = 15/1 then 10/1, viv)IIZTHHRIL, Y Ry o —/b 3-2a ZUILE
702 mg (0.117 mmol), ULFK 58% CTH7=, HPLC 3LV, CNHDOVT AT LA ~—
FeIE 38 3aS-trans/3S 3aR-cis = 80/20 Tod>7=, ¥ 7/ HPLC 32 L0 | ERMERDNE
FHIE X 95% ee Td o7,

(38.3aS)-tert-Butyl 3-phenyl-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a.4,5-Hexahydro

silolo [3 ,4-c] pyrrole-3a-carboxylate (frans-3-2a)
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Me3Si. SiMe
S 3

i
E—%Cozt-Bu
Ts
trans-3-2a
White solid
mp: 144-145 °C
[a]p-31.3 (c 0.68, CHCl;)
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tg 10.0 min (major)
tg 11.6 min (minor)
95% ee
'"H NMR (500 MHz, CDCl;) 6 7.32 (d,J = 8.2 Hz, 2H), 7.26 (s, 3H), 7.24-7.07 (m, 2H), 7.03 (d,
J=78Hz,2H),5.86 (s, 1H),5.23 (s, 1H),4.42 (d,J = 13.0 Hz, 1H),3.95 (d,J = 13.0 Hz, 1H),
2.32 (s, 3H), 1.51 (s, 9H), 1.15 (d, J = 149 Hz, 1H), 0.50 (d, J = 14.8 Hz, 1H), 0.07 (s, 9H),
-0.20 (s, 9H).
“C NMR (126 MHz, CDCl;) 6 173.9, 157.6, 142.6, 138.6, 137.1, 129.1 (2C), 128.3 (br, 4C),
127.5,127.0 (2C), 124.2,82.3,71.1,69.7,50.5,28.0 (3C),21.5,12.2,-0.3 (3C),-0.9 (3C).
HRMS-ESI (positive mode; M + Na) m/z 622.2282, calcd for C;,H;sNNaO,SSi;, 622.2275.

(38)-tert-Butyl 3-(o-tolyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a,4,5-hexahydrosilolo

[3.4-c] pyrrole-3a-carboxylate 3-2b D%,

THEFEMRAT, FRICTI00mL “AF A7 7 A3l A K 3-1b (2182 mg, 0496
mmol), (Me;Si);SiH (0.18 mL, 0.228 mmol), EtB (1.0 M ~F > ¥%#&, 0.60 mL, 0.60
mmol), h/LT> Q0mL)ZMZ, ZB5 25mL)&E /T U 7 Uiz, 420 /5B E21T7-
TR, W ERIERE E LTz, RONREME 7 T vy aiTArsa~w NI T7 40— (¥
U7 f~F 4 - BEER=F L =15/1,10/1 then 5/1, vivIZTRHERIL, Yk nr Ky a—
Jb 3-2b Z UL 183.3 mg (0.299 mmol), UL 60% THH7=, HPLC p#ric kv, 2oy
T AT LA~ —id 35,3aS-trans/3S 3aR-cis = 84/16 Th - 7~,

(3S,3aS)- tert-Butyl 3-(o-tolyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3 3a.4,5-hexahydro
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silolo [3 ,4-c] pyrrole-3a-carboxylate (frans-3-2b)
MesSi, SiMe
g s

}—%Cozt-Bu
e
Ts
trans-3-2b
Brown solid
mp: 49-50 °C
[alp -53.3 (c 1.04, CHCL;)
Chiral HPLC analysis
Not determined
'H NMR (500 MHz, CDCl;) 6 7.38 (d, J = 8.2 Hz, 2H), 7.12-7.00 (m, 5H), 6.79 (d, J = 9.2 Hz,
1H), 640 (d, J = 8.2 Hz, 1H), 5.87 (s, 1H), 5.55 (s, 1H), 441 (dd, J = 129, 2.2 Hz, 1H), 3.97
(dd, J =127, 1.3 Hz, 1H), 2.38 (s, 3H), 2.32 (s, 3H), 149 (s, 9H), 1.17 (d, J = 14.8 Hz, 1H),
046 (d,J = 14.8 Hz, 1H), 0.06 (s, 9H), -0.24 (s, 9H).
“C NMR (126 MHz, CDCl;) & 174.1, 157.4, 1428, 137.1, 137.0, 136.3, 129.9, 129.2 (2C),
1273, 127.1 (2C), 126.7, 126.3, 124 .6, 82.2, 70.8, 65.6, 50.5, 28.0 (3C), 21.5, 199, 11.7,-0.3
(3C),-1.0 (30).
HRMS-ESI (positive mode; M + Na) m/z 636.2409, calcd for C;;H;NNaO,SSi;, 636.2431.

(38)-tert-Butyl 3-(p -tolyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a,4,5-hexahydrosilolo
[3.4-c] pyrrole-3a-carboxylate 3-2¢ DA ik

WHEBEMAT, REICT S50 mL - AF A7 723z A K 3-1c (83.7 mg, 0.191
mmol). (Me;Si);SiH (0.07 mL, 0.228 mmol), EtB (1.0 M ~F4 ik, 0.60 mL, 0.60
mmol), /T2 Q0mL)EMZ, 2% 25 mL)&Z/ X7V 7 Uiz, 20 %17 -
ToBIC, WA WIERE E LTz, BUNREME 7 T vy aidaravw NI 74— (¥
U A FNI~FH - BTV =20/, viIZTHRERL, Yenr Kva—)L 3-2¢ 2L E
62.3 mg (0.102 mmol), 3K 53% CTH7=, HPLC DHTIC LV, ZhHbDVT AT LA~ —
i 38.3aS-trans/3S 3aR-cis = 91/9 T o> 7=,

(38.3aS)-tert-Butyl 3-(p-tolyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3 ,3a.4,5-hexahydro

silolo [3 ,4-c] pyrrole-3a-carboxylate (trans-3-2c)
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MesSi. SiMe
g e

E_%COZFBU

L.

Ts

trans-3-2¢
Colorless oil
[a]p -81.6 (¢ 0.49, CHCL)
Chiral HPLC analysis
Not determined
'H NMR (500 MHz, CDCl;) 6 7.34 (d, J = 8.3 Hz, 2H), 7.03 (d, J = 8.6 Hz, 2H), 7.00-6.61 (m,
4H),5.85 (s, 1H),5.18 (s, 1H),4.38 (d, /= 129 Hz, 1H),3.94 (d,J = 12.9 Hz, IH), 2.32 (s, 3H),
226 (s, 3H), 1.49 (s, 9H), 1.12 (d, J = 15.0 Hz, 1H), 0.53 (d, J = 15.0 Hz, 1H), 0.06 (s, 9H),
-0.20 (s, 9H).
“C NMR (126 MHz, CDCl;) & 174.0, 157.7, 142.6, 137.2, 137.1, 135.6, 129.1 (2C), 129.0 (br,
4C), 127.1 (2C), 124.1,82.1,71.1,69.5,50.5,28.0 (3C), 21.5,21.1,12.1,-0.3 (3C), -1.0 (3C).
HRMS-ESI (positive mode; M + Na) m/z 636.2431, calcd for C;;H;NNaO,SSi;, 636.2431.

(35)-tert-Buty 3-(4-methoxyphenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a.4,5-hexa
hydrosilolo [3.4-c] pyrrole-3a-carboxylate 3-2d %k

HERFEHRT, FRICTS50 mL A7 A7 T 232 A K 3-1d (909 mg, 0.200
mmol). (Me;Si);SiH (0.07 mL, 0.228 mmol), EtB (1.0 M ~F4 ik, 0.80 mL, 0.80
mmol) Z N X, Z25 (25 mL)Z /N7 ) > 7 Uiz, 60 53R ZAT - 12 RIS, M2 T
BELZ ISR E 7 T v>ahThra~x NI T7 40— (VY BT ~FF L -
HEfE—F /L = 30/1 then 20/1, viVIZTHRL L, YE Fevr—/ 3-2d L& 527 mg
(0.080 mmol), Y 42% CTHF7=, HPLC HriZ LD, ZNHDOYT AT LA~ —thiX
3S,3aS-trans/3S3aR-cis = 86/14 T >7=, F 7 /L HPLC ZpHTIZ L0, ERPEKRO L
FE1X 97% ee T o7z,

(35,3a8)-tert-Butyl 3-(4-methoxyphenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a.4,5-
hexahydrosilolo [3 4-c| pyrrole-3a-carboxylate (trans-3-2d)
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Me;Si. SiMe
g 3

\ COzt-BU

L
Ts OMe

trans-3-2d
White solid

mp: 144-145 °C

[a]p -84.3 (¢ 0.77, CHCl;)

Chiral HPLC analysis

DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

tg 12.9 min (major)

tg 15.9 min (minor)

97% ee

'H NMR (500 MHz, CDCl;) 6 7.32 (d, J = 8.2 Hz, 2H), 7.04 (d, J = 7.8 Hz, 2H), 6.83-6.42 (m,
4H), 5.84 (s, 1H), 5.17 (s, 1H), 4.39 (dd, J =129, 2.2 Hz, 1H), 391 (dd, J = 13.8, 0.8 Hz, 1H),
3.74 (s, 3H), 2.32 (s, 3H), 149 (s, 9H), 1.13 (d, J = 14.9 Hz, 1H), 0.54 (d, J = 15.0 Hz, 1H),
0.06 (s, 9H), —0.18 (s, 9H).

“C NMR (126 MHz, CDCl;) & 174.0, 159.0, 157.7, 142.5, 137.1, 130.9, 129.1 (2C), 128.7 (br,
2C), 127.1 (2C), 124.1, 113.8 (br, 2C), 82.2,71.2,69.3, 554,504, 28.0 (3C), 21.5,12.1,-0.3
(3C),-0.9 (30)

HRMS-ESI (positive mode; M + Na) m/z 652.2377, calcd for C;;HzNNaO;SSi;, 652.2381.

(35)-tert-Buty 3-(3-chlorophenyl)-2-tosyl-5.5-bis(trimethylsilyl)-1,2,3,3a.4,5-
hexahydrosilolo [3.4-c| pyrrole-3a-carboxylate 3-2e ® ¥

HERFEMRT, FRIZTTS50 mL —AF A7 723t A K 3-1e (940 mg, 0.205
mmol), (Me;Si);SiH (0.07 mL, 0.228 mmol), EgB (1.0 M ~F% % UK, 0.60 mL, 0.60
mmol)Z A, 225 (25 mL)&2 /37 U > 7 Uiz, 20 sy fRIPR 21T o 128812, i 2 E
BELILRINREME T Ty aiThraxs NI T7 40— (UG NI~FH -
FEfE—=F /L = 20/1 then 15/1, vIV)IZ TR L, Yk Frvr—/L 3-2¢ ZIL&E 542 mg
(0.0855 mmol), UL 42% TH7z, HPLC DHTICL Y, ZNHOVT AT LA~ =i
3S.3aS-trans/3S.3aR-cis = 71/29 TH > 7-,
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(35,3a8)-tert-Butyl 3-(4-methoxyphenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a.4,5-

hexahydrosilolo [3 4-c] pyrrole-3a-carboxylate (trans-3-2d)
Me3Si. _SiMe;
Si

HCOZt-Bu
. Cl
0
Ts
trans-3-2e
Color;ess oil
[a]p -54.1 (¢ 0.68, CHCl;)
Chiral HPLC analysis
Not determined
'H NMR (500 MHz, CDCl;) &
733 (d,J=8.0Hz,2H),7.11 (d,J =6.8 Hz, 1H), 7.06 (d, J = 8.1 Hz, 2H), 7.02-6.08 (m, 3H),
5.89 (s, 1H), 5.18 (s, 1H), 443 (d, J = 12.7 Hz, 1H), 396 (d, J = 14.1 Hz, 1H), 2.33 (s, 3H),
1.51(s,9H), 1.17 (d,J =149 Hz, 1H),0.44 (d, J = 14.9 Hz, 1H), 0.07 (s, 9H), -0.19 (s, 9H).
“C NMR (126 MHz, CDCl;) §
173.5, 156.9, 143.1, 140.6 (br), 136.8, 1344 (br), 129.5, 129.3 (br, 3C), 127.7, 126 .8 (br, 3C),
124.9,82.5,71.0,69.0,50.5,28.0 (3C),21.5,12.1,-0.3 (3C),—1.1 (3C).
HRMS-ESI (positive mode; M + Na) m/z 656.1901, calcd for C;yH,,CINNaO,SSi;, 656.1885.

(38)-tert-Buty 3-(4-fluorophenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a,4,5-hexa
hydrosilolo [3.4-c| pyrrole-3a-carboxylate 3-2f D15 %

HERFEMRT, FRICTS50 mL —AF A7 F Zaizx A K 3-1f (87.8 mg, 0.198
mmol), (Me;Si);SiH (0.07 mL, 0.228 mmol), EtB (1.0 M ~F% > %%, 0.60 mL, 0.60
mmol)Z Mz, 285 25 mL)Z/NT7 U v 7 Uiz, 60 5y E1T - 721, TRBEZ T
BELZ ISR E 7 T v>ahhThra<x NI T7 40— (VY 7V ~FF L -
FEfE =5 /L = 30/1 then 20/1, viIIZTHER L, Y Favr—/L 32f ZIL&E 74.6 mg
(0.121 mmol), I3 61% THp/z, HPLC FHFIC LV, Zib Dy T AT LA~ —LHix
3S,3aS-trans/3S 3aR-cis = 80/20 T >7=, F 7/ HPLC ZpHTIZ LV, ERPERO S
FEIX 97% ee Th -7z,

(38.3aS)-tert-Butyl 3-(4-fluorophenyl)-2-tosyl-5.5-bis(trimethylsilyl)-1,2,3,3a.4,5-
hexahydrosilolo|3 4-c|pyrrole-3a-carboxylate (trans-3-2f)
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Me;Si. SiMe
g 3

\ COzt-BU
Ts F
trans-3-2f

Colorless oil

[alp -21.2 (¢ 0.52, CHClLy)

Chiral HPLC analysis

DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

tg 8.1 min (major)

tg 9.9 min (minor)

95% ee

'"H NMR (500 MHz, CDCl;) 6 7.33 (d,J = 8.3 Hz, 2H), 7.06 (d, J = 8.6 Hz, 2H), 6.98-6.62 (m,
4H), 5.87 (s, 1H),5.20 (s, 1H),4.40 (dd, J = 12.9,2.2 Hz, 1H),3.94 (dd, J = 129, 1.3 Hz, 1H),
2.33 (s, 3H), 1.49 (s, 9H), 1.14 (d, J = 149 Hz, 1H), 046 (d, J = 149 Hz, 1H), 0.07 (s, 9H),
—-0.19 (s, 9H).

“C NMR (126 MHz, CDCl;) & 173.7,162.2 (d,J = 2459 Hz), 157.2,142.9, 137.0, 134.7 (2C, d,
J =33 Hz), 129.2 (2C), 128.0, 127.0 (2C), 124.6, 115.3 (br, 2C), 82.4,71.1, 689, 504, 28.0
30),21.5,12.2,-0.3 (3C),-1.0(30C).

HRMS-ESI (positive mode; M + Na) m/z 640.2182, calcd for C;iH,,FNNaO,SSi;, 640.2181.

(38)-tert-Buty 3-(4-chlorophenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a,4,5-hexa
hydrosilolo [3.4-c| pyrrole-3a-carboxylate 3-2g D45k,

TEFRFWR T, BEICTS50 mL —AF A7 T A2z A K 3-1g (924 mg, 0.201
mmol). (Me;Si);SiH (0.07 mL, 0.228 mmol), Et;B (1.0 M ~FH &K, 0.60 mL, 0.60
mmol) &Mz, 28R (25 mL)Z /T Y 7 Uiz, 15 R A T o 7o, BRI A T
BELZ ISR E 7 T v>ahhTbhra~x NI T7 41— (VY PV ~FF L -
FElE—F /L = 30/1 then 20/1, viVIZTHI L, Yt Feva—/ 3-2g ZL&E 654 mg
(0.103 mmol), UL 51%THiz, HPLC ik, T by T AT LA ~—LhiZ
3S,3aS-trans/3S 3aR-cis = 81/19 Toho7=, F 7/ HPLC pHTIZ L V0, ERPEKRO L
JE1X 90% ee T o7,
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(35,3a8)-tert-Butyl 3-(4-chlorophenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a.4.5-
hexahydrosilolo [3 4-c| pyrrole-3a-carboxylate (trans-3-2g)
Me3Si. SiMe

g TR

%COzFBU
VL
Ts Cl

trans-3-2g
Colorless oil
[alp -51.5 (¢ 1.04, CHCL;)
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tg 8.0 min (major)
tg 9.8 min (minor)
90% ee.
'H NMR (500 MHz, CDCl;) & 7.34 (d, J = 7.3 Hz, 2H), 7.07 (d, J = 8.2 Hz, 1H), 7.18-6.42 (br,
4H), 5.87 (s, 1H), 5.18 (s, 1H),4.39 (dd, J = 13.3, 1.8 Hz, 1H),3.95 (d,J = 13.1 Hz, 1H), 2.34
(s, 3H), 148 (s, 9H), 1.14 (dd, J = 15.0, 1.0 Hz, 1H), 046 (dd, J = 14.8, 1.0 Hz, 1H), 0.06 (s,
9H), -0.19 (s, 9H)
“C NMR (126 MHz, CDCl;) & 173.6, 157.0, 143.0, 1374, 136.9, 1334, 129.3 (2C), 128 4 (br,
4C), 127.0 (2C), 124 .8,82.4,71.0,68.9,50.4,28.0 (3C),21.5,12.2,-0.3 (3C),-1.0 (3C)
HRMS-ESI (positive mode; M + Na) m/z 656.1898, calcd for C;yH,,CINNaO,SSi;, 656.1885.

(35)-tert-Butyl 2-tosyl-3-(4-(trifluoromethyl)phenyl)-5,5-bis(trimethylsilyl)-1,2,3,3a.4,5
-hexahydrosilolo[3 4-c|pyrrole-3a-carboxylate 3-2h D& f%

ZEREFWR T, BEICT S50 mL 0 F A7 F 232 A K 3-1f (95 mg, 0.201
mmol), (Me;Si);SiH (0.07 mL, 0.228 mmol), Et;B (1.0 M ~FH &, 0.60 mL, 0.60
mmol) Z M %, 225 25 mL)&2 /N7 U > 7 Uiz, 15 3R Z2AT - 724812, B2 E
BELEZ SRR 7 T vahhThra<x NI T7 40— (VY BTV ~FF L -
fEfg—=F /L = 30/1 , 25/1 then 20/1, v/IV)IZ TR L, b Fe v m—)L 3-2h #I{ & 70.8
mg (0.103 mmol), X3 53% TH7-, HPLC pHric kv, 2 b0V 7 A7 LA~ —LhiZ
3S.3aS-trans/3S,3aR-cis = 80/20 T -7z, F 7/ HPLC 3T L 0 | FEMER O F T
JE1E 68% ee ThH -7,
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(35,3a8)-tert-Butyl 3-(4-(trifluoromethyl)phenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2.3,
3a4.5-hexahydrosilolo[3 4-c]pyrrole-3a-carboxylate (trans-3-2h)
MesSi. SiMe

T TR

%CO%’-BU
I}l ey
Ts Fi

trans-3-2h
Colorless oil
[a]p - 33.6 (¢ 0.28, CHCl;)
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 0.90 mL/min, 230 nm, 40 °C
tg 7.0 min (major)
tg 8.4 min (minor)
68% ee.
'"H NMR (500 MHz, CHCl;) § 7.70-7.27 (m, 4H), 7.33 (d, J = 8.4 Hz, 2H), 7.03 (dd, J = 7.8,
1.1 Hz, 2H), 590 (s, 1H), 5.25 (s, 1H), 443 (d, J = 11.3 Hz, 1H), 4.01 (d, J = 13.0 Hz, 1H),
2.31 (s, 3H), 1.49 (s, 9H), 1.15 (d, J = 15.0 Hz, 1H), 0.38 (d, J = 15.6 Hz, 1H), 0.07 (s, 9H),
-0.23 (s, 9H).
“C NMR (126 MHz, CDCl;) 6 1734, 156.7,143.1, 142.8,136.9, 130.0, 129.7 (q. J = 32.4 Hz),
129.3 (2C), 127.5 (q, J = 134.2 Hz), 126.9 (2C), 1252 (br, 2C), 125.1, 124.5,82.6,71.0, 68 .9,
50.6,28.0 (3C),214,12.2,-0.3 (3C), -1.1 (3C).
HRMS-ESI (positive mode; M + Na) m/z 690.2168, calcd for C;;H,,F;NNaO,SSis, 690.2149.

(35)-tert-Butyl 3-(naphthalen-2-yl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2.3,3a.4,5-hexa
hydrosilolo [3.4-c| pyrrole-3a-carboxylate 3-2i D4 ik

TEHERBFEMRAT., FRIZTS50 mL —AF A7 T ZaizxrA K 3-1j (95 mg, 0215
mmol), (Me;Si);SiH (0.06 mL, 0.195 mmol), EgB (1.0 M ~F% 4 &K, 0.60 mL, 0.60
mmol)Z MA . 225 (25 mL)&2 /37 U > 7 Uiz, 10 R 21T - 12812, i 2 E
BELILINREME T Ty aiTrhraxs N7 40— (VU TNI~FH -
FEle—F v =20/, vIZ TR L U Fa v e —/L 3-2j ZI0E 71.0 mg (0.109 mmol),
I# 56% T 7=, HPLC pHric X v, T b0y 7 27 LA~ —Hid
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38 3aS-trans/3S 3aR-cis = 81/19 T o 7-, F 7 /L HPLC SHric LV . FBMARD 674
E1X 99% ee TH - 7-,

(35,3a8)-tert-Butyl
3-( naphthalen-2-yl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a,4,5-hexahydrosilolo[ 3 4-c|pyrrole-3
a-carboxylate (trans-3-2i)
Me;Si. SiMe
T

?—%Cozt-Bu

L

Ts

trans-3-2i
White solid
mp: 150-151 °C
[a]p -100.5 (c 0.68, CHCly)
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tg 10.5 min (major)
tg 12.5 min (minor)
99% ee.
'"H NMR (500 MHz, CDCl;) 6 7.80-7.68 (m, 1H), 7.48-7.34 (m, 2H), 7.99-7.04 (br, 6H), 6.81
(d,J=8.0Hz,2H),591 (s, 1H),5.37 (s, 1H),4.50 (d, J = 13.0 Hz, 1H),4.06 (d, J = 12.9 Hz,
1H),2.16 (s, 3H), 1.55 (s,9H), 1.19 (d,J = 149 Hz, 1H), 0.52 (d, J = 14.9 Hz, 1H), 0.06 (s, 9H),
-0.15 t0 -0.60 (br, 9H).
“C NMR (126 MHz, CDCl;) 6 173.9, 157.6 (br), 150.3 (br), 142.6, 137.0, 135.6 (br), 133.1,
132.8 (br), 129.0 (2C), 128.1, 127.5 (2C), 1269, 1259 (br, 3C), 124 .4 (br,2C),82.4,71.2,69.8,
50.7,28.1 (3C),21.3,12.3,-0.3 (3C),-1.1 (3C).
HRMS-ESI (positive mode; M + Na) m/z 672.2453, calcd for C;,H,;;NNaO,SSi;, 672.2431.

ERFEAETD T AN T A — RSO iE (Table 3-3)
(3S)-tert-butyl  3-phenyl-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a,4,5-hexahydrosilolo  [3.4-c]
pyrrole-3a-carboxylate 3-2a O 5%

EREFPWA T, BEICTI0 mL —0F A7 F 23|21 K 3-1a (85 mg, 0.200
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mmol), (Me;Si);SiH (0.07 mL, 0.228 mmol), EtB (1.0 M ~F4 ¥k, 0.60 mL, 0.60
mmol)Z Mz, 2B 25 mL)Z/T7 Y 7 Uiz, 15 MR 21T o 72%12, KIGRAEY
BT T yvallThru~w NTTT 40— (YU ATN~NFY - BEET T L = 301,
25/1 then 20/1, v/iv)B L ONGPC IZTH#I L, & Frvym—/L 3-2a Z & 85.6 mg (0.143
mmol). X% 72% T 7-, HPLC HH#Hlc kY. b0V T7 A5 LA ~—IiE
38,3aS-trans/3S3aR-cis = 84/16 T o7=, F 7/ HPLC GHTIZ LV, EBRMEROSLEH
JE1X93% ee THoTz, F/-tm U v 3-3a Z L& 5 mg (0.011 mmol), I3 5% Tz,

(35,3a8)-tert-Butyl3-phenyl-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a.4,5-Hexahydro
silolo [3.4-c] pyrrole-3a-carboxylate (trans-3-2a)
MesSi, SiMe

g TS

E—%COzt-Bu
Ts

trans-3-2a
White solid
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tg 10.6 min (major)
tg 12.5 min (minor)

93% ee

'H NMR (500 MHz, CDCL,) & 7.32 (d, J = 8.2 Hz, 2H), 7.26 (s, 3H), 7.24-7.07 (m, 2H), 7.03 (d,
J =78 Hz,2H),5.86 (s, IH), 523 (s, 1H), 442 (d,J = 13.0 Hz, 1H), 3.95 (d, J = 13.0 Hz, 1H),
2.32 (s, 3H), 1.51 (s, 9H), 1.15 (d, J = 149 Hz, 1H), 0.50 (d, J = 14.8 Hz, 1H), 0.07 (s, 9H),
-0.20 (s, 9H).

3C NMR (126 MHz, CDCl,) & 173.9, 157.6, 142.6, 138.6, 137.1, 129.1 (2C), 128.3 (br, 4C),
127.5,127.0 (2C), 124.2,82.3,71.1,69.7,50.5,28.0 (3C), 21.5,12.2,-0.3 (3C), -0.9 (3C).
HRMS-ESI (positive mode; M + Na) m/z 6222282, calcd for C;,H,sNNaO,SSis, 622 2275.

(38.3aR)-tert-Butyl ~ 3-phenyl-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,32.4,5-  Hexahydrosilolo
[3.4-c] pyrrole-3a-carboxylate (cis-3-2a)
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MesSi. SiMe
g e

H'Cozt-Bu
Ts

cis-3-2a
Pale yellow oil
[a]p +97.3 (c 0.27, CHCly)
'H NMR (500 MHz, CDCl;) 6 7.63 (d, J = 7.8 Hz, 2H), 7.57-7.50 (m, 2H), 7.33-7.22 (m, 5H),
551 (s, 1H), 4.60 (d, J = 14.3 Hz, 1H), 4.23 (s, 1H), 4.11 (dd, J = 14.3, 1.6 Hz, 1H), 2.39 (s,
3H), 2.00 (d, J = 12.8 Hz, 1H), 1.17 (s, 9H), 0.92 (d, J = 15.0 Hz, 1H), 0.04 (s, 9H), -0.11 (s,
9H).
“C NMR (126 MHz, CDCl;) 6 169.5, 157.8, 143.8, 138.1, 133.1, 129.9 (2C), 128.0 (2C), 127.7
(20), 1277, 127.1 (br, 2C), 1228, 82.1,75.2,72.5,53.7,279 (3C), 21.6, 174,03 (3C), -14
30).
HRMS-ESI (positive mode; M + Na) m/z 622.2292, calcd for C;,H;sNNaO,SSi;, 622.2275.

(28.,35)-tert-Butyl 3-((trimethylsilyl)methyl)-4-methylene-2-phenyl-1-tosylpyrrolidine
-3-carboxylate (3-3a).

SiMe;
}—Ecozt-Bu

Pale yellow oil

[a]p+3.0 (¢ 0.01, CHCl;)

'"H NMR (500 MHz, CDCl;) 6 7.20-7.09 (m, 5H), 7.00-6.94 (m, 4H), 5.36 (s, 1H), 5.21 (t,J =
1.8 Hz, 1H), 5.14 (dd, J =2.7, 1.5 Hz, 1H), 4.36 (dt, J = 13.0, 2.5 Hz, 1H), 3.90 (dt, J = 13.0,
1.5 Hz, 1H), 2.29 (s, 3H), 1.50 (s, 9H), 0.90 (d, J = 14.6 Hz, 1H), 048 (d, J = 14.7 Hz, 1H),
-0.13 (s, 9H).

“C NMR (126 MHz, CDCl;) 6 1724, 148.8,142.4,138.2,136.7, 129.0 (4C), 128.1 (2C), 127 8,
127.0 (2C),110.0,82.4,70.2,61.0,51.5,27.9(3C),21.5,19.6,0.7 (3C).

HRMS-ESI (positive mode; M + Na) m/z 522.2108, calcd for C,;H;,NNaO,SSi, 522.2110.
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(35)-tert-Buty 3-(4-methoxyphenyl)-2-tosyl-5.5-bis(trimethylsilyl)-1,2,3,3a.4,5-
hexahydrosilolo [3.4-c| pyrrole-3a-carboxylate 3-2d ® & %

ZERFMARTF, FRIZTIOmL “HF A7 7 23z A K 3-1a (272 mg, 0.598
mmol), (Me;Si);SiH (0.19 mL, 0.619 mmol), EiB (1.0 M ~F% % &%, 1.80 mL, 1.80
mmol) & Mz, ZE5 5 mL)&E /N7 U > 7 Uiz, 20 53R Z1T - 721212, RIGIREWY
7T wvalThra~w NI TT7 40— (V)BT NANFTY - BEfR T L = 25/1,
20/1, 15/1 then 10/1, v/v)B X O'GPC IZ TR L, Pk Frim—/L 3-2d ZILE 1953 mg
(0310 mmol), UL 52% THlz, HPLC 73#ric LV, 2 b DV AT LA~ —LiZ
38,3aS-trans/3S.3aR-cis = 78/22 T o7=, F 7/ HPLC ZpHTIZ L 0, ERPERO L3
JEIX>99% ee Th o7z, Fovr U T2 3-3d ZINE 39 mg (0.0737 mmol), U= 12% T

B,

(38.,3aS)-tert-Butyl 3-(4-methoxyphenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a.4,5-

hexahydrosilolo [34-c] pyrrole-3a-carboxylate (trans-3-2d)
Me3Si. SiMes
Si

}—%Cozt-Bu
VL
Ts OMe

trans-3-2d
White solid

Chiral HPLC analysis

DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

tg 13.8 min (major)

tg 15.8 min (minor)

>99% ee

'"H NMR (500 MHz, CDCl;) 6 7.32 (d, J = 8.2 Hz, 2H), 7.04 (d, J = 7.8 Hz, 2H), 6.83—6.42 (m,
4H), 5.84 (s, 1H), 5.17 (s, 1H), 4.39 (dd, J = 129,2.2 Hz, 1H), 391 (dd, J = 13.8, 0.8 Hz, 1H),
3.74 (s, 3H), 2.32 (s, 3H), 149 (s, 9H), 1.13 (d, J = 149 Hz, 1H), 0.54 (d, J = 15.0 Hz, 1H),
0.06 (s, 9H), —0.18 (s, 9H).

“C NMR (126 MHz, CDCl;) § 174.0, 159.0, 157.7, 142.5, 137.1, 130.9, 129.1 (2C), 128.7 (br,
2C), 127.1 (2C), 124.1, 113.8 (br, 2C), 82.2,71.2,69.3, 554,504, 28.0 (3C), 21.5,12.1,-0.3
(3C),-0.9 (30).
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(35,3aR)-tert-Butyl 3-(4-methoxyphenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a .4.5-
hexahydrosilolo[3 4-c]pyrrole-3a-carboxylate (cis-3-2d)

MesSi. _SiMe
g 3

H. \CO,t-Bu
VL
Ts OMe

cis-3-2d

Colorless oil

[a]lp 495.5 (¢ 0.86, CHCl;)

'H NMR (500 MHz, CDCl3) 6 7.61 (d, J = 7.3 Hz, 2H), 743 (d, J = 6.9 Hz, 2H), 7.26 (d, J =
13.6 Hz, 2H), 6.83 (d, J = 7.9 Hz, 2H), 549 (s, 1H), 459 (d, J = 14.2 Hz, 1H), 4.12 (s, 1H),
4.09 (d, J = 144 Hz, 1H), 3.77 (s, 3H), 2.38 (s, 3H), 1.94 (d, J = 14.1 Hz, 1H), 1.21 (s, 9H),
0.87 (d,J = 14.0 Hz, 1H), 0.04 (s, 9H), -0.12 (s, 9H).

“C NMR (126 MHz, CDCl;) & 169.7, 159.2, 157.8, 143.8, 133.0, 130.0, 129.8 (2C), 128.2 (br,
2C), 128.0 (2C), 1227, 113.2 (2C), 82.0,74.9,72.5,55.3,53.8,28.0 (3C), 21.6,16.9,-0.3 (3C),
-1.4 (30).

HRMS-ESI (positive mode; M + H) m/z 630.2563, calcd for C;;H,NOsSSi;, 630.2561.

(28.,35)-tert-Butyl 3-((trimethylsilyl)methyl)-4-methylene-2-(4-methoxyphenyl) -1-tosyl
pyrrolidine-3-carboxylate (3-3d).

SiMe;

HCOzt-BU
v

Ts OMe

3-3d

Colorless oil

[a]p-12.6 (¢ 1.30, CHCIy)

1H NMR (500 MHz, CDCl;) 6 7.18 (d, J = 7.2 Hz, 2H), 6.98 (d, J = 7.6 Hz, 2H), 6.90 (d, J =
7.3 Hz,2H),6.65 (d,J =79 Hz,2H), 531 (s, 1H),5.17 (d, J =349 Hz,2H), 4.33 (d,J = 13.0
Hz, 1H),4.31 (t,J=16.8 Hz, 1H),3.89 (d,J = 13.1 Hz, 1H), 3.77 (s, 3H), 2.30 (s, 3H), 1.50 (s,
9H),0.89 (d,J = 14.7 Hz, 1H),0.50 (d, J = 14.7 Hz, 1H), -0.12 (s, 9H).
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BC NMR (126 MHz, CDCl;) § 172.5, 1592, 1488, 142.3, 136.7, 130.4, 130.1 (br, 2C), 1289
(20), 127.0 (2C), 1134 (2C),109.9,82.3,69.8,61.0,55.3,51.4,27.9 (3C),214,19.6,0.7 (3C).
HRMS-ESI (positive mode; M + H) m/z 530.2410, calcd for C,gH, NOsSSi, 530.2396.

(35)-tert-Buty 3-(4-fluorophenyl)-2-tosyl-5.,5-bis(trimethylsilyl)-1,2,3,3a.4,5-
hexahydrosilolo [3.4-c| pyrrole-3a-carboxylate 3-2f %k

EHRFEWR T, BEICTIOML 1N+ RA 77 X 3|Zx A K 3-1f (442.5 mg, 0.999
mmol). (Me;Si);SiH (0.31 mL, 1.01 mmol), Et;B (1.0 M~ > ¥4, 3.00 mL, 3.00 mmol)
ZMA, 225 Q5 mL)&2 AT ) o7 Uiz, 20 MR 21T o 12212, JIOSIREWME 7 Z
v ahThIua<w NI T T 4 — (VU BTN FY - g F L = 30/1, 25/1 then
20/1, vIVIIZTTHL L, Yk K vrm—/b 3-2f Z L& 466.5 mg (0.756 mmol), UL 76% T
372, HPLC Z2#TIC L 0 . 2B DY T AT LA~ —id 35,3aS-trans/3S 3aR-cis = 79/21
Toholo, FT7/VHPLC oHTIZ LY . EEMIKOIFHMELIL 95% ee Th o7z,

(35,3a8)-tert-Butyl 3-(4-fluorophenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a.4.5-

hexahydrosilolo [3 4-c| pyrrole-3a-carboxylate (trans-3-2f)
Me3Si. SiMe;
Si

\ CO,t-Bu
VL
Ts F
trans-3-2f

Colorless oil

Chiral HPLC analysis

DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

tg 11.0 min (major)

tg 13.4 min (minor)

95% ee

"H NMR (500 MHz, CDCl;) 6 7.33 (d, J = 8.3 Hz, 2H), 7.06 (d, J = 8.6 Hz, 2H), 6.98-6.62 (m,
4H), 5.87 (s, 1H), 5.20 (s, 1H),4.40 (dd,J=129,2.2 Hz, 1H),3.94 (dd, J = 12.9, 1.3 Hz, 1H),
2.33 (s, 3H), 149 (s, 9H), 1.14 (d, J = 149 Hz, 1H), 046 (d, J = 149 Hz, 1H), 0.07 (s, 9H),
—0.19 (s, 9H).

“C NMR (126 MHz, CDCl;) 6 173.7,162.2 (d,J = 2459 Hz), 157.2,142.9,137.0, 134.7 (2C. d,
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J =33 Hz), 1292 (2C), 128.0, 127.0 (2C), 124.6, 1153 (Br, 2C), 82.4, 71.1, 68.9, 50.4, 28.0
(30).21.5,12.2.-03 (3C), -1.03C).

(35,3aR)-tert-Butyl 3-(4-fluorophenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a,4.,5-
hexahydrosilolo[3 4-c]pyrrole-3a-carboxylate (cis-3-2f)

Me3Si, _SiMe
3 si 3

i
H' 1CO,t-Bu
L
Ts F
cis-3-2f

Colorless oil

[a]p +86.2 (¢ 1.85, CHCly)

'H NMR (500 MHz, CDCl;) 6 7.62 (d, J = 7.1 Hz, 2H), 7.52 (s, 2H), 7.29 (d, J = 7.4 Hz, 2H),
7.01 (t,J =8.1 Hz,2H),5.53 (s, 1H), 4.60 (d, J = 142 Hz, 1H), 4.15 (d, J = 26.8 Hz, 1H), 4.11
(d,J =142 Hz, 1H),2.40 (s, 3H), 1.97 (d,J = 13.9 Hz, 1H), 1.20 (s, 9H), 0.89 (d, /= 13.9 Hz,
1H), 0.05 (s, 9H),-0.11 (s, 9H).

“C NMR (126 MHz, CDCl5) 6 169.5, 1624 (d,J = 245.0 Hz), 1614, 157.5,144.0, 1338 (d,J =
2.8 Hz), 133.8, 132.8, 129.9 (2C), 128.7 (br, 2C), 128.0 (2C), 123.1, 114.7, 1146 (d, J = 21.6
Hz,2C),82.2,74.6,72.4,53.7,28.0 (3C),21.6,17.1,-0.3 (3C), -1.4 (3C).

HRMS-ESI (positive mode; M + H) m/z 618.2370, calcd for C;,H,sFNO,SSi;, 618.2361.

(38)-tert-Buty 3-(4-chlorophenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a,4,5-hexa
hydrosilolo [3.4-c| pyrrole-3a-carboxylate 3-2g D45k,

ERFEMERT, FRICTIOmML A7 A7 T A2 A K 3-1g (92.2 mg, 0.201
mmol), (Me;Si);SiH (0.07 mL, 0.228 mmol). EiB (1.0 M ~F% % &K, 0.60 mL, 0.60
mmol) &Nz, 285 (25 mL)Z/ N7 U > 7 Uiz, 30 pEiBHEIT - 72%IC. MIGRAGY
7T valiThraw I TT7 04— (VU BFIINFY - FiETF L = 25/1
then 20/1, yWIZTHRLL . P& Fr s m—/L 3-2g #IE 94.5 mg (0.149 mmol). XK 74%
TH37z, HPLC Z#TiC L, b0V T AT LA~ —lhid 35 3aS-trans/38 3aR-cis =
82/18 T o7z, F 7/ HPLC HTIZ LV . ERMIKD N FHIEZIL 9% ee Th o7,

(35,3a8)-tert-Butyl 3-(4-chlorophenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,.3a,4,5-
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hexahydrosilolo [3 4-c| pyrrole-3a-carboxylate (trans-3-2g)
Me3Si. SiMe
e

E_%COZFBU
VL
Ts Cl

trans-3-2g
Colorless oil
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tg 8.4 min (major)
tg 10.7 min (minor)
91% ee.
'"H NMR (500 MHz, CDCl;) 6 7.34 (d,J = 7.3 Hz, 2H), 7.07 (d, J = 8.2 Hz, 1H), 7.18 to 6.42
(br,4H), 5.87 (s, 1H), 5.18 (s, 1H), 4.39 (dd, J = 13.3, 1.8 Hz, 1H), 3.95 (d, J = 13.1 Hz, 1H),
2.34 (s,3H), 148 (s,9H), 1.14 (dd, J = 15.0, 1.0 Hz, 1H), 046 (dd, J = 14.8, 1.0 Hz, 1H), 0.06
(s,9H), -0.19 (s, 9H).
“C NMR (126 MHz, CDCl;) & 173.6, 157.0, 143.0, 137.4, 136.9, 133 4, 129.3 (2C), 128 4 (br,
4C), 127.0 (2C), 124 .8,82.4,71.0,68.9,504,28.0 (3C),21.5,12.2,-0.3 (3C),-1.0 (3C).

(35,3aR)-tert-Butyl 3-(4-chlorophenyl)-2-tosyl-5.,5-bis(trimethylsilyl)-1,2,3,3a.4,5-
hexahydrosilolo [3 4-c| pyrrole-3a-carboxylate (cis-3-2g)
Me;Si.  SiMe

T

-1CO,t-Bu

VL
Ts cl

cis-3-2g
Colorless oil
[a]p +55.7 (¢ 1.12, CHCly)
'"H NMR (500 MHz, CDCl;) 6 7.62 (d, J = 7.7 Hz, 2H), 748 (d, J = 6.1 Hz, 2H),7.29 (d, J =
8.2 Hz, 2H), 7.26 (s, 2H),5.53 (s, 1H),4.59 (d,J = 143 Hz, 1H),4.17 (s, I1H), 4.11 (d,J = 143
Hz, 1H),2.40 (s,3H), 1.97 (d,J = 14.1 Hz, 1H), 1.20 (s, 9H), 0.89 (d, J = 14.0 Hz, 1H), 0.05 (s,
9H), -0.10 (s, 9H).
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“C NMR (126 MHz, CDCl;) 8 1694, 157.4, 144.0, 136.7, 133.4, 132.8, 129.9 (2C), 128.5 (br,
2C), 128.0 (2C), 1279 (2C), 123.2,82.3,74.6,72.4,53.7,28.0 (3C), 21.6,17.2,-03 (3C), -1 4
(30).

HRMS-ESI (positive mode; M + H) m/z 634.2063, calcd for C;,H,sCINO,SSi;, 634.2066.

(35)-tert-Butyl 2-tosyl-3-(4-(trifluoromethyl)phenyl)-5.5-bis(trimethylsilyl)-1,2,3,3a.4,5
-hexahydrosilolo [3.4-c| pyrrole-3a-carboxylate 3-2h D5 ik

EHEFWR T, BEICT 10 mL —AF R 77 232z A~ 3-1h (K (294 mg, 0.596
mmol), (Me;Si);SiH (0.19 mL, 0.619 mmol), EtB (1.0 M ~F% % &%, 1.80 mL, 1.80
mmo)Z Mz, 255 25mL)& /N7 U 7 Uiz, 20 B E2IT 721212, KNiREW
7T vvallThruvw N TTT7 44— (VI BTIINFY - FERT T L = 30/1
then 25/1, viVIZCTTHRLL . ¥t Rt m—/L 3-2h #2187 mg (0.328 mmol), UL
55% CH7-, HPLC AT LD . 2o DT T A7 LA~ —iE 35,3aS-trans/3S,3aR-cis =
73/27 T oz, F 7/ HPLC HHTIC L0 ERMEROSCFMELIL 79% ee TH T,

(38.,3aS)-tert-Butyl 3-(4-(trifluoromethyl)phenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,
3a4.5-hexahydrosilolo [34-c] pyrrole-3a-carboxylate (trans-3-2h)
Me3Si( SiMe

-

\ CO,t-Bu

N
Ts Fs

trans-3-2h
Colorless oil
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tz 6.2 min (major)
tz 7.5 min (minor)
79% ee.
'"H NMR (500 MHz, CDCl;) 6 7.70-7.27 (m, 4H), 7.33 (d, J = 8.4 Hz, 2H), 7.03 (dd, J = 7.8,
1.1 Hz, 2H), 5.90 (s, 1H), 5.25 (s, 1H), 443 (d, J = 11.3 Hz, 1H), 4.01 (d, J = 13.0 Hz, 1H),
2.31 (s, 3H), 149 (s, 9H), 1.15 (d, J = 15.0 Hz, 1H), 0.38 (d, J = 15.6 Hz, 1H), 0.07 (s, 9H),
-0.23 (s, 9H).
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3C NMR (126 MHz, CDCL,) & 1734, 156.7, 143.1, 142.8, 136.9, 130.0, 129.7 (q. J = 32.4 Hz),
129.3 (20), 127.5 (q. J = 1342 Hz), 126.9 (2C), 125.2 (br, 2C), 125.1, 124.5,82.6, 71.0, 68 9,
50.6,28.0 (3C),214,122,-03 (3C),-1.1 (3C).

(38.,3aR)-tert-Butyl 3-(4-(trifluoromethyl)phenyl)-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,
3a4,5-hexahydrosilolo |3 ,4-c] pyrrole-3a-carboxylate (cis-3-2h)
Me3Si. SiMe

si 3

|
H‘ 'COzt-BU
N
Ts Fj

cis-3-2h
Colorless oil
[alp +67.0 (¢ 1.18, CHCI;)
'H NMR (500 MHz, CDCl3) & 7.72 to 7.66 (br, 2H),7.63 (d,J = 7.5 Hz, 2H), 7.57 (d,J = 7.9
Hz,2H),7.30 (d,J=7.7 Hz, 2H), 5.56 (s, 1H), 4.60 (d, J = 14.3 Hz, 1H), 4.30 (s, 1H), 4.13 (d,
J=143 Hz, 1H),2.40 (s,3H),2.01 (d,J = 14.0 Hz, 1H), 1.15 (s, 9H), 0.94 (d, J = 14.0 Hz, 1H),
0.06 (s, 9H), -0.09 (s, 9H).
“C NMR (126 MHz, CDCl;) 6 169.2,157.2,144.2, 1424, 132.8, 130.0 (2C), 128.0 (2C), 127.5
(br,2C), 1247 (dd,J=6,3.2.8 Hz,4C), 123.5,824,74.6,72.4,53.6,27.9 (3C),21.6,17.5,-0.3
(3C),-14 (30).
HRMS-ESI (positive mode; M + Na) m/z 690.2158, calcd for C;;H,,F;NNaO,SSi;, 690.2149.

(38)-tert-Butyl 3-cyclohexyl-2-tosyl-5,5-bis(trimethylsilyl)-1,2,3,3a,4,5-Hexa hydro
silolo [3.4-c] pyrrole-3a-carboxylate 3-2k D4k,

EFEFWKT., BEICTIOML —“AF A7 T 232z A K 3-1k (859 mg, 0.199
mmol), (Me;Si);SiH (0.07 mL, 0.228 mmol). EiB (1.0 M ~F% % &K, 0.60 mL, 0.60
mmol) &M%, 245 25 mL)& /N7 U v 7 Uiz, 15 BB E2IT 072412, RINRAY
7T yvalThraw NI T T 40— (VU BFNANFTY - BEBET TV = 30/1,
25/1 then 20/1, viV)IZ TR L, b Rz v — L 3-2k %L 68.1 mg (0.113 mmol), I
R 57% T2 HPLC OMTIC LV . 26 DY T AT LA~ —Lhid 35 3aS-trans/38 3aR-cis
=67/33 Th-o1z,

(38.3aR)-tert-Butyl 3-cyclohexyl-2-tosyl-5.,5-bis(trimethylsilyl)-1,2,3,3a,4,5-Hexahydro
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silolo [3 ,4-c] pyrrole-3a-carboxylate (frans-3-2Kk)

T™MS, TMS
Si

\ CO,t-Bu

Ts

trans-3-2k
White solid
mp: 168-169 °C
[alp -8.24 (¢ 0.85, CHCL;)
Chiral HPLC analysis
Not determined
'H NMR (500 MHz, CDCl3) & 7.71 (d, J = 7.8 Hz, 2H), 7.33 — 7.08 (m, 2H), 5.71 (s, 1H), 4.37
—4.21 (m, 2H), 3.56 (d, J = 13.7 Hz, 1H), 2.40 (s, 3H), 1.66 (s, 2H), 1.48 (s, 9H), 1.42 — 1.00
(m, 7H), 0.96 — 0.82 (m, 2H), 0.12 (d, J = 4.0 Hz, 18H).
“C NMR (126 MHz, CDCl;) 6 173.9, 161.5, 142.8, 138.8, 129.4 (2C), 127.2 (2C), 120.6, 82.0,
70.4,69.8,50.3,40.8,32.6,28.2,28.1 (3C),26.6,264,26.3,21.6,12.1,-0.0 (3C),-0.5 (3C).
HRMS-ESI (positive mode; M + H) m/z 606.2937, calcd for C;yHs,NO,SSi;, 606.2925.

(6S)-tert-butyl  6-phenyl-5-tosyl-4,5,6 6a-tetrahydro-1H- thieno|3 4-c|pyrrole-6a-carboxylate
4-2a D& (AIBNZBEH)

EFRFHX T, 500mL 177 A3|Zx A {K4-1a (1.2795 g,3.01 mmol),n-4 7 ¥ >
F A —/V (5.3 mL, 30.4 mmol), and AIBN (0.1202 g, 0.73 mmol) % /L2 (300 mL)H .
110 “CT20 hifg#k L7410, WA RIERE Lz, RIGREWE 7 7 v alFhrn
~hNIT T 40— (VAT NIFY o -FEET TV = 20/1 then 5/1, viVIZTHRIL | &
t NaF 47 = trans-4-2a% IL3E27% (0.3701 g, 0.81 mmol) . cis-4-2a % YL F22%
(0.3030 g, 0.66 mmol) CF&7=,

(65)-tert-butyl  6-phenyl-5-tosyl-4,5,6 6a-tetrahydro-1H-  thieno[3 4-c]pyrrole-6a-carboxylate

4-2a DER CERHT)

ERFHKT, 100mLA Ly 7 A7 T Z2a|Zx A {E4-1a (211.8 mg, 0.50 mmol),

TAFNY AT 4 R(045 mL, 5.06 mmol)E kL (50 mL)H TEEAME(>340 nm) HUH

TT5 W# L7, AT E L, RIGRGWE 77 v a7 L7~ b

757 40— (VAT NF Y U -FEET TV = 20/1 then 5/1, viIZTHERIL, v R
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0T 47 = Vtrans-4-2a% LFE60% (1357 mg, 0.30 mmol) . cis- 4-2a% L% 12% (27.3 mg,
0.060 mmol) C#&7=,

trans-4-2a

S

%COQFBU

N

Ts
SRENTEEN
mp. 117.0-118.0 °C
[a]p +60.8 (c 0.87, CHCls)
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tg 21.9 min (major)
tg 28.0 min (minor)

97% ee.

'H NMR (500 MHz, CDCl3) 6 7.43 (d,J = 8.3 Hz, 2H), 7.34 = 7.19 (m, 3H), 7.11 (d,J = 7.9 Hz,
2H), 6.98 (br, 2H), 6.08 (s, 1H), 5.11 (s, 1H), 421 (dd, J = 126,22 Hz, 1H),4.10 (d,J=1.2
Hz, 1H),3.10(d,J=11.8 Hz, 1H),2.60 (d,J = 11.8 Hz, 1H), 2.34 (s, 3H), 1.43 (s, 9H)

C NMR (126 MHz, CDCl;) & 171.8, 143.3, 138.6, 136.0, 133.8 (2C), 129.4 (2C), 128.8 (2C),
128.1,127.3 (2C), 126.6,120.9,82.9,73.2,67.8,47.7,37.8,27.8 (3C),21.6

IR (neat) v 1720, 1343, 1161, 1143, 1093,912, 812 cm™

HRMS-ESI (positive mode; M + Na) m/z 480.1283, calcd for C,,H»,NO,S,Na m/z 480.1279.

cis-4-2a
S
H- 1CO,t-Bu

N

|
Ts

] A
mp.71.0 = 72.0 °C

89



[a]lp +133.5 (¢ 0.31, CHCl;)

'H NMR (500 MHz, CDCl3) 6 7.65 (d,J = 8.3 Hz, 2H), 7.31 (d,J = 7.9 Hz, 2H), 7.29 - 7.21 (m,
5H),5.78 (s, 1H),4.68 (s, 1H),4.42 (dd,J = 14.2,2.1 Hz, 1H), 4.28 (dd, J = 14.2, 0.9 Hz, 1H),
383 (d,J=108 Hz, 1H),3.25 (d,J =109 Hz, 1H), 2.44 (s, 3H), 1.08 (s, 9H)

“C NMR (126 MHz, CDCl;) 6 168.1, 144.2, 137.5,135.7, 134.1, 129.8 (2C), 128.2 (2C), 128 0,
127.8 (2C), 126 .9 (2C), 119.1,82.6,75.2,72.2,50.1,43.2,27.5 (3C), 21.7.

IR (neat) v 1724, 1350, 1161, 1189 cm™

HRMS-ESI (positive mode; M + Na) m/z 480.1291, calcd for C,,H,»;NO,S,Na m/z 480.1279.

(6S)-tert-butyl 6-(o-tolyl)-5-tosyl-4,5,6,6a-tetrahydro-1H- thieno|3 4-c|pyrrole-6a-carboxylate
4-2b DAL

BHRERFHLK T, 30mLXA Ly 7 A7 T A2|Zx 2 A {K4-1b (90.0 mg, 0.20 mmol), ¥
AF LY AT 4 K(0.17 mL, 1.91 mmol)% kL= (20 mL)H TEAIE(>340 nm) RS T
TS5 hiEFR L7ofglc, WA MERE Lc, RISREME 7 Ty v ahhdnrsa~v b7
T 74— (VAT FT Y o -FEE = F L = 20/1 then 5/1, vivIIZTHRELL . 2t K
F A7 = L 42b% ILH64% (60.7 mg, 0.13 mmol) TH7=, HPLCHOHTIZL Y, Zhbo
T AT A= —iX3S8,3aS-trans/3S,3aR-cis = 90/10 TH o 7=,

trans-21b
S

E—%Cozt-Bu
Ts

SRENTEEN

mp72.0 - 73.0°C

[a]p +80.2 (¢ 0.88, CHCl5)

Chiral HPLC analysis

DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

tx 16.2 min (major)

tg 18.6 min (minor)

91% ee.
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'H NMR (500 MHz, CDCl3) 6 7.49 (d,J = 8.3 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 7.13 = 7.10 (m,
2H),7.03 - 6.98 (m, 1H),6.78 (d,J = 7.6 Hz, 1H), 6.07 (s, 1H), 543 (s, 1H),4.26 (dd, J = 12.6,
2.3Hz, 1H),4.12 (dd,J =126, 1.2 Hz, 1H),3.15 (d,/ = 11.6 Hz, 1H),2.58 (d,J = 11.6 Hz,1H),
2.36 (s,3H),2.32 (s,3H), 1.44 (s, 9H);

“C NMR (126 MHz, CDCl;) & 172.0, 143.3, 136.8, 136.2, 135.1, 133.9, 130.4, 129.5 (2C),
127.8, 127.4 (2C), 127.2, 126.6, 121.0, 82.9, 73.0, 64.1, 47.6, 37.2, 27.8 (3C), 21.4, 19.4;

IR (neat) v 1716, 1340, 1162, 1145, 1094, 906 cm*

HRMS-ESI (positive mode; M + Na) m/z 494.1426, calcd for C,sH,,NO,S,Na m/z 494.1426.

cis-4-2b
S

?—z- \CO,t-Bu
Ts

e 0 15 W iR A

[a]p +120.0 (¢ 0.12, CHCl;)

'H NMR (500 MHz, CDCl;) 6 7.63 (d, J = 8.2 Hz, 2H), 7.46 (dd, J = 7.5, 1.7 Hz, 1H), 7.29 (d, J
= 8.0 Hz, 2H), 7.19 — 7.04 (m, 3H), 5.83 (s, 1H), 4.96 (s, 1H), 4.43 (d, J = 13.0 Hz, 1H), 4.40 (d,
J=14.2 Hz, 1H), 3.81 (d, J=10.6 Hz, 1H), 3.22 (d, J = 10.6 Hz, 1H), 2.44 (s, 3H), 2.28 (s, 3H),
1.02 (s, 9H)

“C NMR (126 MHz, CDCl;) & 168.9, 144.1, 137.5, 136.5, 135.1, 135.0, 130.1, 129.8 (2C),
128.2,127.8, 127.6 (2C), 126.0, 118.6, 82.5, 74.9, 68.6, 50.2, 44.9, 27.4 (3C), 21.7, 19.9;

IR (neat) v 1751, 1303, 1288, 1246, 1163, 912 cm™

HRMS-ESI (positive mode; M + Na) m/z 494.1433, calcd for C,sH,NO,S,Na m/z 494.1436.

(6S)-tert-butyl  6-(m-tolyl)-5-tosyl-4,5,6,6a-tetrahydro-1H-thieno| 3 4-c|pyrrole-6a-carboxylate
4-2¢ DE L

BHEFHLT., 30mL A Ly 7 A7 T AT A {K4-1¢ (83.8 mg, 0.19 mmol), ¥
AF T AT 4 R(0.20 mL, 2.25 mmol) % kL= (20 mL)H THEAE(>340 nm) T
TS5 Wi L2 RIC, Wl ZRER E L, RISIREWME T Ty vahTnrsn< b7
T 74— (VBTN F T U -FERE=TF L = 20/1 then 5/1, vVIZTHHRL L, Yk Fa
FA 7 = 427 HET1% (63.8 mg,0.14 mmol) THF7=, HPLCHOHTIZ LD, Zh by
7 AT LA~ —iE3S,3a8-trans/38,3aR-cis = 14/26 T - 1=,
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trans-4-2¢

SRENFEEN

mp 119.0 — 120.0 °C

[a]p +66.7 (¢ 0.88, CHCls)

Chiral HPLC analysis

DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

tg 19.3 min (major)

tg 27.2 min (minor)

98% ee.

'"H NMR (500 MHz, CDCl;) 6 7.42 (d, J = 8.3 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 7.11 — 7.15 (br,
1 H), 7.02 (d, J=17.5 Hz, 1H), 6.83 — 6.61 (br, 2H), 6.07 (s, 1H), 5.08 (s, 1H), 4.22 (dd, J = 12.6,
2.3 Hz, 1H), 4.08 (dd, J = 12.6, 1.1 Hz, 1H), 3.10 (d, J = 11.7 Hz, 1H), 2.61 (d, J = 11.7 Hz,
1H), 2.34 (s, 3H), 2.26 — 2.15 (br, 3H), 1.44 (s, 9H);

“C NMR (126 MHz, CDCl;) 6 171.9, 143.2, 138.4, 138.3, 136.1, 133.9, 129.3 (2C), 128.9 (2C),
128.7, 128.0, 127.3, 124.5, 120.8, 82.9, 73.1, 67.8, 47.7, 37.9, 27.8 (3C), 21.5;

IR (neat) v 1719, 1341, 1159, 1144, 1094, 812 cm™

HRMS-ESI (positive mode; M + Na) m/z 494.1441, calcd for C,sH»,NO,S,Na m/z 494.1436.

cis-21c
S

H' 'COzt-BU

N

|
Ts

M B A
[alp +264.4 (c 0.09, CHCl,)
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'"H NMR (500 MHz, CDCl,) & 7.62 (d, J=8.3Hz, 2H), 7.29 (d, J=8.2Hz, 2H), 7.15 (t, J=7.6Hz,
1H), 7.09 — 7.01 (m, 3H), 5.79 (s, 1H), 4.66 (s, 1H), 4.42 (dd, J = 14.1, 2.1 Hz, 1H), 4.31 (d, J =
14.8 Hz, 1H), 3.81 (d, J = 10.8 Hz, 1H), 3.26 (d, J = 10.9 Hz, 1H), 2.44 (s, 3H), 2.27 (s, 3H),
1.09 (s, 9H);

“C NMR (126 MHz, CDCl;) 6 1682, 144.0, 137.5, 137.2, 135.8, 134.5, 129.7 (2C), 128.7,
128.1, 127.8 (2C), 127.6, 124.1, 119.0, 82.4, 75.2, 72.3, 50.1, 43.2, 27.5 (3C), 21.7, 21.5;

IR (neat) v 1722, 1350, 1163,912 cm™

HRMS-ESI (positive mode; M + Na) m/z 494.1426, calcd for C,sH,,NO,S,Na m/z 494.1436.

(65)-tert-butyl 6-(p-tolyl)-5-tosyl-4.5 6,6a-tetrahydro-1H- thieno|3.4-c|pyrrole-6a-carboxylate
4-2d DEHL
ERFHXT, 30mL XA Ly 7 A7 T A3l A {K4-1d (87.0 mg, 0.20 mmol),
AF VY AT 4 F(0.19 mL, 2.14 mmol) % k /L= (20 mL)H TLEAM K (>340 nm)RE T
T5 hEFR L72fRIC, W ER E LT, RIGREME 7 7 v aliT hru< N7
T 74— (VAT FT Y o -FEE = F L = 20/1 then 5/1, vivIIZTHRELL ., b K
FA 7 = 42d%ILHK93% (892 mg, 0.19 mmol) TH7=, HPLCHOHTIZL Y, Zhbo
T AT A= —iX3S,3aS-trans/3S,3aR-cis = 81/19TH o 7=,
trans-4-2d

S

%COzt-BU

N

Ts
SRENTEEN
mp 93.0 — 94.0°C
[a]p +58.2 (¢ 0.91, CHCls)
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tz 19.5 min (major)
tg 24.5 min (minor)
91% ee.
'"H NMR (500 MHz, CDCl;) & 7.44 (d, J=8.3Hz, 2H), 7.12 (d, J=8.0Hz, 2H), 7.03 (d, J=7.6Hz,
2H), 6.87 (d, J = 7.0 Hz, 2H), 6.07 (s, 1H), 5.07 (s, 1H), 4.18 (dd, J = 12.6, 2.2 Hz, 1H), 4.08
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(dd, J =12.5, 1.2 Hz, 1H), 3.08 (d, J = 11.7 Hz, 1H), 2.63 (d, J = 11.8 Hz, 1H), 2.34 (s, 3H),
2.30 (s, 3H), 1.41 (s, 9H);

“C NMR (126 MHz, CDCl;) 8

171.9, 143.2, 137.9, 136.0, 135.6, 133.9, 129.5 (2C), 129.4 (2C), 127.3 (2C), 127.3 (2C), 120.8,
82.8,73.2,67.6,47.7,37.9,27.8 (3C), 21.6,21.3;

IR (neat) v 1718, 1342, 1161, 1143, 1094,912 cm

HRMS-ESI (positive mode; M + Na) m/z 494.1433, calcd for C,sH,,NO,S,Na m/z 494.1436.

cis-4-2d

S
}—E-ICOzt-Bu

Ts
e (335 IR AR
[alp +123.8 (c 0.24, CHCLy)
'"H NMR (500 MHz, CDCl;) & 7.63 (d, J=8.3Hz, 2H), 7.30 (d, J=8.0Hz, 2H), 7.19 (d, J=7.2Hz,
2H), 7.08 (d, J = 8.1 Hz, 2H), 5.77 (s, 1H), 4.60 (s, 1H), 4.42 (dd, J = 14.2, 2.1 Hz, 1H), 4.25
(dd, J =14.2, 0.9 Hz, 1H), 3.80 (d, J = 10.8 Hz, 1H), 3.23 (d, J = 10.9 Hz, 1H), 2.44 (s, 3H),
2.30 (s, 3H), 1.12 (s, 9H);
“C NMR (126 MHz, CDCl;) 6 168.2, 144.1, 137.6, 135.7, 134.3, 134.1, 129.8 (2C), 128.8 (2C),
127.8 (2C), 126.9 (2C), 118.9, 82.5, 75.2, 72.2, 50.2, 43.1, 27.6 (3C), 21.7, 21.2;
IR (neat) v 1722, 1350, 1163,912 cm™
HRMS-ESI (positive mode; M + Na) m/z 494.1435. calcd for C,sH»,NO,S,Na m/z 494.1436.

(6S)-tert-butyl 6-(p-methoxyphenyl)-5-tosyl-4,5,6 6a-tetrahydro-1H-
thieno|3 4-c|pyrrole-6a-carboxylated-2e D k%

EHRFHKT., 30mL3A Ly 7 A7 T 2|2z A U{F4-1e (93.7 mg, 021 mmol), ¥
AF NP AT 4 R(0.18 mL, 2.03 mmol) % k /L (20 mL)H TESME(>340 nm) U T
TS5 WiEFR LIRS, W2 e E LT, ROSREWE 7 7 v al T hn~< b7
F 74— (VAT T o -FEEEF L = 20/1 then S/1, vIVIC TR L, Yk i
F A7 = 420 FKT6% (779 mg,0.16 mmol) THH7-, HPLCHO#ric kv, Z2hboy
T AT LA~ —IE3S,3aS-trans/3S,3aR-cis = 87/13 T > 1=,

trans-4-2e
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N

Ts
e i DA R A
[a]p +34.0 (¢ 0.96, CHCls)
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

E_%COZ'I-BU
©\0Me

tg 21.9 min (major)

tg 28.4 min (minor)

97% ee.

'"H NMR (500 MHz, CDCl;) & 7.42 (d, J=8.3Hz, 2H), 7.12 (d, J=8.0Hz, 2H), 6.89 (d, J=7.5Hz,
2H), 6.75 (d, J = 8.6 Hz, 2H), 6.07 (s, 1H), 5.08 (s, 1H), 4.19 (dd, J = 12.6, 2.2 Hz, 1H), 4.06
5556 (dd, J = 12.5, 1.2 Hz, 1H), 3.77 (s, 3H), 3.10 (d, J = 11.8 Hz, 1H), 2.66 (d, J = 11.8 Hz,
1H), 2.34 (s, 3H), 1.43 (s, 9H);

“C NMR (126 MHz, CDCl;) 8 171.9, 159.4, 143.2, 136.2, 133.9, 130.7, 129.4 (2C), 128.6,
127.3 (2C), 120.8, 114.1 (2C), 82.9, 73.3, 67.4, 55.4,47.6, 37.7,27.9 (3C), 27.8, 21.5;

IR (neat) v 1719, 1512, 1367, 1341, 1247, 1161, 1143, 1033, 839, 750 cm™'

HRMS-ESI (positive mode; M + Na) m/z 510.1385, calcd for C,5sH»,NOsS,Na m/z 510.1385.

cis-4-2e

S
E—z-lcozt-Bu

'}l I©\0Me

Ts
M (32 IR AR
[alp +48.9 (c 0.36, CHCly)
"H NMR (500 MHz, CDCl,) 6 7.62 (dd, J = 8.1, 1.1 Hz, 2H), 7.30 (d, J = 7.8 Hz, 2H), 7.22 (d, J
=".7 Hz, 2H), 6.80 (dd, J = 8.9, 1.3 Hz, 2H), 5.78 (s, 1H), 4.58 (s, 1H), 4.42 (d, J = 14.2 Hz,
1H), 4.26 (d, J = 14.1 Hz, 1H), 3.77 (s, 3H), 3.23 (d, J = 10.9 Hz, 1H), 2.44 (s, 3H), 1.14 (s,
9H);
“C NMR (126 MHz, CDCl;) 6 168.3, 159.4, 144.1, 135.7, 134.1, 129.8 (2C), 129.3, 128.2 (2C),

95



127.8 (2C), 118.9, 113.6 (2C), 82.6, 75.3, 72.0, 55.4, 50.2, 43.0, 27.6 (3C), 21.7,
IR (neat) v 1719, 1514, 1249, 1163, 912 cm™
HRMS-ESI (positive mode; M + Na) m/z 510.1385. calcd for C,sH,NOsS,Na m/z 510.1385.

(68)-tert-butyl 6-(p-chlorophenyl)-5-tosyl-4,5,6 6a-tetrahydro-1H-
thieno|3 4-c|pyrrole-6a-carboxylate 4-2f D3k
ZFRFHLAT, 30mL XA Ly 7 AT T A a|Zx A K4-1£ (962 mg, 0.21 mmol), ¥
AF VY AT 4 K(0.17mL, 1.91 mmol)% /L= /(20 mL)H TERAM(>340 nm) I T
TShiEfR Lo RIS, WEEZBIERE L, ISIREMEZ 7 7 vy a7 hru< N7
T 74— (VBTN F Y o -FElE = F L =20/1 then 5/1, viVIZ THERIL, b Kn
FA 7 = 425 NHE42% (44.0 mg, 0.089 mmol) CTH7=, HPLCHOHTIZ LD, ZhbH D
T AT A= —LiX3S8,3aS-trans/3S,3aR-cis = 83/17 CH o 7=,
trans-4-2f

S

%COzt-BU
@u

N

|

Ts
e PR R AR
[a]p +38.7 (¢ 0.69, CHCls)
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tg 19.1 min (major)
tg 24.1 min (minor)
93% ee.
'"H NMR (500 MHz, CDCl;) 6 7.46 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 7.3 Hz, 2H), 7.16 (d, J =
7.8 Hz, 2H), 6.94 (d, J = 7.8 Hz, 2H), 6.10 (dd, J = 2.1, 1.2 Hz, 1H), 5.08 (s, 1H), 4.17 (dd, J =
12.5, 2.2 Hz, 1H), 4.09 (dd, J = 12.5, 1.2 Hz, 1H), 3.10 (d, J = 11.8 Hz, 1H), 2.60 (d, J = 11.8
Hz, 1H), 2.37 (s, 3H), 1.41 (s, 9H);
“C NMR (126 MHz, CDCl5) 6 171.5, 143.6, 137.3, 135.8, 134.1, 133.3, 129.5 (2C), 129.0 (2C),
128.8, 127.3 (2C), 121.4 (2C), 83.1, 73.1, 67.1, 47.6, 37.8, 27.8 (3C), 21.5;
IR (neat) v 1742, 1370, 1350, 1228, 1163, 1091, 840 cm™
HRMS-ESI (positive mode; M + Na) m/z 514.0903, calcd for C,,H,,CINO,S,Na m/z 514.0890.

96



cis-4-2f
S
E—z' 'CO,t-Bu
P

N

|

Ts
e 2 W R A
[a]p +96.6 (c 0.41, CHCIy)
'H NMR (500 MHz, CDCl;) 6 7.63 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.25 (s, 4H),
5.80 (s, 1H), 4.61 (s, 1H), 4.41 (dd, J = 14.2, 2.1 Hz, 1H), 4.26 (dd, J = 14.2, 1.1 Hz, 1H), 3.80
(d, J=10.8 Hz, 1H), 3.23 (d, J=10.9 Hz, 1H), 2.45 (s, 3H), 1.13 (s, 9H);
“C NMR (126 MHz, CDCl;) & 168.0, 144.4, 136.1, 135.3, 133.9, 133.8, 129.9 (2C), 128.4,
128.3 (2C), 127.8 (2C), 119.3 (2C), 82.9,75.2, 71.6, 50.1, 43.0, 27.6 (3C), 21.7;
IR (neat) v 1722, 1491, 1346, 1163, 1089 cm™
HRMS-ESI (positive mode; M + Na) m/z 514.0901. calcd for C,,H,,CINO,S,Na m/z 514.0890.

(65)-tert-butyl 6-(p-fluorophenyl)-5-tosyl-4.,5,6 6a-tetrahydro- 1 H-
thieno[3 4-c|pyrrole-6a-carboxylate 4-2g D& %
TEHRBFEMLAT. 100mL A Ly 7 A7 T 23|22 A 2 {K4-1g (271.0 mg, 0.61 mmol).
PAFNYANT 4 (054 mL, 6.08 mmol)% /L= 2 (60 mL)F TERAME(>340 nm) FE G
TTShE#E LI, WIRARIERE LTz, JOSIREME 7 7 v a7 L7~ b
T T 40— (V) AT FY - TV =20/1 then 5/1, viVHIZTRERIL, Y R
0T A7 =428 % INHF63% (182.1 mg, 0.38 mmol) TH7z, HPLCOATIZ LY., b
DT AT A< —iE38,3aS-trans/3S,3aR-cis = 86/14T& - 7=,
trans-4-2g

S
E—%Cozt-Bu

O

N

Ts
SREREEZN
mp 62.0 —63.0 °C
[a]p +51.5 (¢ 0.84, CHCl5)
Chiral HPLC analysis
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DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

tg 19.9 min (major)

tg 25.9 min (minor)

95% ee.

'"H NMR (500 MHz, CDCl;) 6 7.44 (d, J = 8.2 Hz, 2H), 7.15 (dd, J = 7.9, 0.6 Hz, 2H), 7.04 —
6.85 (m, 4H), 6.10 (s, 1H), 5.10 (s, 1H), 4.18 (dd, J = 12.5, 2.3 Hz, 1H), 4.09 (dd, J = 12.5, 1.2
Hz, 1H), 3.10 (d, J = 11.8 Hz, 1H), 2.59 (d, J = 11.8 Hz, 1H), 2.36 (s, 3H), 1.41 (s, 9H);

“C NMR (126 MHz, CDCl;) 8§ 171.6, 162.5 (d, J = 247.2 Hz), 143.5, 135.8, 134.6 (d, J = 3.3
Hz), 133.4, 129.5 (2C), 129.1 (2C, d, J = 8.2 Hz), 127.3 (2C), 121.3, 115.8 (2C, d, J = 21.6 Hz),
83.1, 73.1, 67.0, 47.6, 37.8, 27.8 (3C), 21.6;

IR (neat) v 1718, 1508, 1341, 1225, 1155, 1093, 842 cm™

HRMS-ESI (positive mode; M + Na) m/z 494.1184, calcd for C,,H,,FNO,S,Na m/z 494.1185.

cis-4-2g
S
H' ‘COzt-BU
(O

N

Ts
e ¢ % WA
[alp +82.4 (¢ 0.52, CHCL,)
'H NMR (500 MHz, CDCl;) & 7.63 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.3 Hz, 2H), 7.30 — 7.26 (m,
2H), 7.00 — 6.95 (m, 2H), 5.80 (s, 1H), 4.62 (s, 1H), 4.42 (dd, J = 14.1, 2.1 Hz, 1H), 4.27 (dd, J
=14.2, 1.1 Hz, 1H), 3.80 (d, J = 10.8 Hz, 1H), 3.23 (d, J = 10.8 Hz, 1H), 2.45 (s, 3H), 1.13 (s,
9H);
BC NMR (126 MHz, CDCl;) & 168.1, 162.5 (d, J = 246.5 Hz), 144.3, 135.4, 134.0, 133.2(d, J =
3.0 Hz), 129.9 (2C), 128.7 (2C, d, J = 8.0 Hz), 127.8 (2C), 119.2, 115.1 (2C, d, J = 21.7 Hz),
82.8,75.2,71.6,50.1,43.0,27.6 (3C), 21.7,
IR (neat) v 1722, 1508, 1350, 1161, 1089 cm™
HRMS-ESI (positive mode; M + Na) m/z 494.1179. calcd for C,,H,,FNO,S,Na m/z 494.1185.

6-(2-Furyl)-5-tosyl-4,5 6 6a-tetrahydro- 1 H- thieno|3 4-c|pyrrole-6a-carboxylate 4-2h D &k
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EHRFHK T, 100mLSA Ly 7 A7 T A 2(Zx A 1K4-1h (250.1 mg, 0.60 mmol),
TAFNT AT 4 K(0.54 mL, 6.08 mmol) % kL= (60 mL)H TEEAN K (>340 nm) G
TCShEFR LIS, WIEEIER E L, KSIREME 7 Ty ahhThra~ b
757 4 — (VBT INFY - F L =20/1 then 5/1, viVIZTHRIL, B R
0 F A7 = 420 INHE62% (1668 mg,0.37 mmol) CTH:7z, HPLCHOMTIZ LW, Zh b
DT AT VA< —133S,3aS-trans/3S,3aR-cis = 8020 T - 7=,

trans-4-2h

\ COzt-BU
0y -0

P IR R

[a]p +22.8 (¢ 0.49, CHCls)

Chiral HPLC analysis

DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

tg 17.1 min (major)

tg 26.7 min (minor)

90% ee.

'"H NMR (500 MHz, CDCl;) 6 7.37 (d, J = 8.3 Hz, 2H), 7.13-7.12 (m, 1H), 7.12 (d, J = 7.3 Hz,
2H), 6.25-6.22 (m, 2H), 6.02 (s, 1H), 523 (s, 1H),4.18 (dd,J=12.5,22 Hz, 1H),3.93 (dd, J =
12.5,1.3Hz, 1H),3.26 (d,J = 11.7Hz, 1H),2.65 (d,J = 11.7 Hz, 1H), 2.35 (s, 3H), 1 49 (s, 9H);
“C NMR (126 MHz, CDCl;) 8 171.1,150.8, 1432, 143.0, 136.0, 1344, 129.4 (2C), 127.0 (2C),
119.8,110.3 (2C),83.2,72.9,61.3,46.8,36.9,27.9 (3C), 21 4;

IR (neat) v 1718, 1344, 1276, 1247, 1159, 1094, 813 cm'
HRMS-ESI (positive mode; M + Na) m/z 470.1068, calcd for CooHpy5NO5SoNa m/z 470.1072.

cis-4-2h
S

\ "'COzt-BU
iy -0

NT ]
L0
005 BIRR
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[a]p +16.2 (c 0.30, CHCly)

'H NMR (500 MHz, CDCl;) 6 7.61 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 7.22 — 7.21(m,
1H),6.33 (d,/=3.3 Hz, 1H),6.28 (dd,J=3.2,1.8 Hz, 1H), 5.84 (s, 1H), 4.61 (s, 1H), 4.35 (dd,
J=138,2.1Hz,1H),3.79 (d,J=11.1 Hz, 1H),3.23 (d,J = 11.2 Hz, 1H), 2.43 (s, 3H), 1.31 (s,
9H);

“C NMR (126 MHz, CDCl;) 8 1684, 149.8, 1439, 142.3 (2C), 134.8, 129.7 (2C), 127.7 (20),
1194,110.6,109.3,82.6,73.9,65.9,49.6,42.4,27.7 (3C),21.7

IR (neat) v 1719, 1344, 1276, 1159, 1093 cm™

HRMS-ESI (positive mode; M + Na) m/z 470.1068. calcd for C,,H,sNOsS,Na m/z 470.1072.

(65)-tert-butyl 6-(2-naphthyl)-5-tosyl-4.5 6,6a-tetrahydro-1H-

thieno[3 4-c|pyrrole-6a-carboxylated-2i % ik

EFRFWR T, 30mLSA Ly 7 A7 T A3z A 2 {K4-1i (777 mg, 0.16 mmol), ¥

AF IV AT 4 F(0.18 mL, 2.02 mmol) % k /L= (20 mL)H TEEAME(>340 nm) ST T
TS hEH LIRS, WHEAMERE L., RISIREWE 7 7 vy ah T i~ b7

T 74— (VAT ~FY U -FEE =T L =20/1 then 5/1, viVIZTREI L, Tt Fr

F AT = L 42%HK62% (62.1 mg,0.13 mmol) TH7=, HPLCOHTIZ LY, Zh b oy
T AT L A< —LiX38,3aS-trans/3S,3aR-cis = 78122 CdH > 7=,

trans-4-2i

S

E—%Cozt-Bu
N
Ts

(SRER(GHEN

mp 94.0-95.0 °C;

[a]p +40.4 (¢ 0.88, CHCl5)

Chiral HPLC analysis

DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C

tg 30.8 min (major)

tz 38.0 min (minor)

93% ee.

"H NMR (500 MHz, CDCl;) & 7.79 (dd, J = 6.1, 3.2 Hz, 1H), 7.69 (d, J = 7.4 Hz, 2H), 7.47 (dd,
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J=6.1,3.1 Hz, 3H), 7.41 (d, J = 7.8 Hz, 2H), 7.05 (br, 1H), 6.99 (d, J = 8.1 Hz, 2H), 6.12 1819
(s, 1H), 5.30 (s, 1H), 4.30 (dd, J = 12.6, 1.9 Hz, 1H), 4.20 (d, J = 12.7 Hz, 1H), 3.14 (d, J=11.8
Hz, 1H), 2.63 (d,J = 11.8 Hz, 1H), 2.25 (s, 3H), 1.48 (d, J = 0.7 Hz, 9H);

3C NMR (126 MHz, CDCL,) & 171.8, 143.3, 136.0, 135.8, 133.9, 133.2, 133.0, 129.4 (2C),
128.7, 128.2, 127.7, 127.3 (2C), 126.8, 126.5, 126.4, 124.9, 121.0, 83.1, 73.2, 68.0, 47.9, 37.9,
27.9 (3C), 21.5;

IR (neat) v 1718, 1340, 1273, 1161, 1093,910 cm™
HRMS-ESI (positive mode; M + Na) m/z 530.1431, calcd for CogHygNO4SoNa m/z 530.1436.

cis-4-2i

S

H- 'CO,t-Bu
N
Ts

SREREEZN

mp 92.0-93.0 °C;

[a]p +108.5 (¢ 0.39, CHCLy)

'H NMR (500 MHz, CDCl;) & 7.80 — 7.70 (m, 4H), 7.63 (d, J = 8.2 Hz, 2H), 7.47 — 7.41 (m,
2H), 7.39 — 7.33 (m, 1H), 7.26 (d, J = 8.0 Hz, 2H), 5.84 (d, / = 0.7 Hz, 1H), 4.85 (s, 1H), 4.50
(dd, J=14.1, 2.1 Hz, 1H), 4.38 (d, J = 14.1 Hz, 1H), 3.87 (d, /= 10.8 Hz, 1H), 3.37 (d, J=10.9
Hz, 1H), 2.41 (s, 3H), 0.96 (s, 9H);

“C NMR (126 MHz, CDCl;) & 168.2, 144.2, 135.7, 134.7, 1344, 133.2, 133.0, 129.8 (2C),
128.1, 1279, 127.8 (2C), 127.7, 126 2, 126.1, 126.0, 1249, 119.1, 82.6,754,72.5,50.2,43.2,
27.5(3C),21.7,

IR (neat) v 1751, 1340, 1163,912 cm™

HRMS-ESI (positive mode; M + Na) m/z 530.1428, calcd for C,gH»,NO,S,Na m/z 530.1436.

(6S)-tert-butyl 6-(rm-methoxyphenyl)-5-tosyl-4.5,6 6a-tetrahydro- 5354

1 H-thieno|3 4-c|pyrrole-6a-carboxylate 4-2j D&k

EFEFMK T, 30mL/SA Ly 7 A7 T Aa3|Zx A K 41§ (83.9 mg, 0.18 mmol), ¥
AF T AT 4 R(0.20 mL, 2.25 mmol) % kL= (20 mL)H THESME(>340 nm) T
TS5hiEE LRI, WIEEZHERE LT, RICREWME 7 7 v aliTsrn< b7
T 74— (VAT T o -EEET TV = 20/1 then 5/1, viVIZTIERLL . Yk KR
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FA T = 42§ BIUE 49% (44.5 mg, 0.09 mmol) THH7=, HPLC 0#ric L v, 2hbo
T AT LA~ —LhiX 35.3aS-trans/3S,3aR-cis = 77:23 ToH > 7=,

trans-4-2j

S

}—%Cozt-Bu
Ts
OMe
e 335 IR AR
[a]p +47.3 (¢ 0.63, CHCls)
Chiral HPLC analysis
DAICEL CHIRALPAK ID (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.)
hexane/i-PrOH, 95/5, 1.00 mL/min, 230 nm, 40 °C
tg 35.8 min (major)
tg 53.8 min (minor)
94% ee.
'"H NMR (500 MHz, CDCl;) & 7.44 (d, J = 8.2 Hz, 2H), 7.15 (t, J = 8.2 Hz, 1H), 7.12 (d, J = 8.2
Hz, 2H), 6.76 (dd, J = 8.2, 2.5 Hz, 1H), 6.62 — 6.54 (br, 1H), 6.48 — 6.39 (br, 1H), 6.07 (s, 1H),
5.08 (s, 1H), 4.21 (dd, J = 12.6, 2.2 Hz, 1H), 4.07 (d, J = 12.7 Hz, 1H), 3.73 — 3.64 (br, 3H),
3.12(d, J=11.7 Hz, 1H), 2.64 (d, J =11.7 Hz, 1H), 2.35 (s, 3H), 1.44 (s, 9H);
“C NMR (126 MHz, CDCl;) 8 171.9, 159.4, 143.2, 136.2, 133.9, 130.7, 129.4 (2C), 128.6,
127.3 (2C), 120.8, 114.1 (2C), 82.9, 73.3, 67.4, 55.4, 47.6, 37.7, 27.9 (3C), 27.8, 21.5;

IR (neat) v 1718, 1601, 1489, 1340, 1284, 1161, 1093, 1039, 914, 842 cm™
HRMS-ESI (positive mode; M + Na) m/z 510.1385, calcd for Co5HygNO5SoNa m/z 510.1385.

cis-4-2j

S

H"COzt-BU
N
Ts
OMe

M IR
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[a]p +110.5 (¢ 0.19, CHCl;)

'H NMR (500 MHz, CDCl3) & 7.64 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 7.19 (t, J = 7.9
Hz, 1H), 6.89 — 6.82 (br, 2H), 6.77 (dd, J = 8.1, 2.6 Hz, 1H), 5.78 (s, 1H), 4.65 (s, 1H), 4.41 (d,
J=14.1, 1H), 429 (d, J = 14.2, 1H), 3.82 (d, J = 10.8 Hz, 1H), 3.76 (s, 3H), 3.25 (d, / = 10.9
Hz, 1H), 2.44 (s, 3H), 1.11 (s, 9H);

“C NMR (126 MHz, CDCl;) & 168.1, 159.4, 144.2, 138.9, 135.7, 134.3, 129.8 (2C), 129.2,
127.8 (2C), 119.3, 119.0, 113.3, 113.0, 82.5, 75.2, 72.1, 55.3, 50.1, 43.2, 27.5 (3C), 21.7;

IR (neat) v 1742, 1587, 1350, 1163, 912 cm™

HRMS-ESI (positive mode; M + Na) m/z 510.1391, calcd for C,sH,NOsS,Na m/z 510.1385.

(65)-tert-butyl 6-propyl-5-tosyl-4.,5,6 6a-tetrahydro-1H-thieno| 3 4-c|pyrrole-6a-carboxylate
4-2k DE KL

ZHRFHE T, 50mL A Ly 7 27T 2a|Zx A 4K 4-1k (117.6 mg, 0.30 mmol),
TAFIVY AT 4 K(0.30 mL, 3.38 mmol)% kL= (30 mL)H TERAME(>340 nm) PR
TCTShif Lizklc, WkZ2 Wt E L, ]ISRAEWME 7 7 v a T A7 a~< b
TT 7 40— (V) AT~ T Y -FEfE=F L = 15/1 then 5/1, vivIIZTHRLL, Y K
nFA4 7 = 42k ZILHE 29% (36.5 mg, 0.09 mmol) TH7=, HPLC o#Tic kv, Zh
5DV T AT LA~ —LiE 38,3aS-trans/38,3aR-cis = 50:50 T > 1=,

4-2k

M (33 I R

'"H NMR (500 MHz, CDCl;) 6 7.70 (d, J = 5.0 Hz, 2H for one isomer), 7.68 (d, J = 5.0 Hz, 2H
for another isomer), 7.32 (dd, J = 8.5, 0.5 Hz, 2H for one isomer), 7.28 (d, J = 8.0 Hz, 2H for
another isomer), 5.99 (s, 1H for one isomer), 5.72 (s, 1H for one isomer), 4.21 (dd, J=14.1, 2.1
Hz, 1H for one isomer), 4.05 (dd, J = 14.1, 1.1 Hz, 1H for one isomer), 4.00 — 3.95 (m, 1H for
one isomer), 3.93 (dd, J =12.9, 2.3 Hz, 1H for another isomer), 3.88 (dd, ] = 12.9, 1.4 Hz, 1H)
for another isomer), 3.74 (d, J = 11.0 Hz, 1H for one isomer), 3.45 (d, J = 11.6 Hz, 1H for
another isomer), 3.37 (dd, J =9.9, 3.3 Hz, 1H for one isomer), 3.35 (dd, J = 7.9, 6.2 Hz, 1H for
another isomer), 3.05 (d, J = 11.1 Hz, 1H for another isomer), 2.44 (s, 3H for one isomer), 2.40

(s, 3H for another isomer), 1.47 (s, 9H for one isomer), 1.77 — 1.19 (m, 4H for both isomers),
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1.29 (s, 9H for another isomer), 0.90 (t, J = 7.7 Hz, 3H for one isomer), 0.88 (t, J = 7.4 Hz, 3H
for another isomer);

“C NMR (126 MHz, CDCl;) 8 172.2, 169.2, 143.9, 143.5, 136.0, 135.9, 135.2, 134.9, 130.0,
129.9, 129.8 (2C for one isomer), 129.7, 127.8, 127.6 (2C for one isomer), 127.5 (2C for
another isomer), 127.1, 119.1, 118.2, 82.9, 82.5, 72.7, 71.7, 69.4, 63.6, 49.8, 46.9, 42.6, 37.5,
35.7, 34.5, 28.0 (3C for one isomer), 27.7 (3C for another isomer), 21.7, 21.6, 19.3, 18.3, 14.2,
14.0;

HRMS-ESI (positive mode; M + Na) m/z 446.1428, calcd for C,;H,xNaNO,S, m/z 446.1736.

(2S,Z)-tert-Butyl 3-((Methylthio)methyl)-4-
((methylthio)-methylene)-2-phenyl-1-tosylpyrrolidine-3-car- boxylate 4-3a® &%
ERFHXT, 50mL A Ly 7 A7 T A2z A {K4-1a (450 mg,0.11 mmol), ¥
AFIT AT 4 R0.1 mL, 1.13 mmol) Z I 2., 844 J6(>340 nm) #R I T C5 hiE#: L 7=,
BINRE a2 7 T v allThrsa<x N7 74— (VAT ~FH o -Fiig—TF
Jb =8/1 then 5/1, viV)IZ TR L | 4-3a%I3¥27% (15.0 mg,0.03 mmol) Tz, ZibH
DT AT VARG EZ ) A 7 VHPLCTHBEL T ZAZNOD YT AT LA~ —
%2838 .Z -trans/2S 3R Z -cis = 50:50 T& - 7=,

(28,35.2)-tert-Butyl
3-((Methylthio)methyl)-4-((methylthio)-methylene)-2-phenyl-1-tosylpyrrolidine-3-carboxylate

trans-4-3a.

MeS SMe
\\%CC)zt-BU
“'Ph

N

|
Ts
trans-4-3a

£ % IR

'"H NMR (500 MHz, CDCL) 8 7.28 (d,J = 8.2 Hz, 2H), 7.20 (t, ] = 7.6 Hz, 1H), 7.17-7.10 (br,
2H),7.01 (d,J = 8.4 Hz, 2H), 6.90~7.05 (br, 2H), 6.11 (t, ] = 2.0 Hz, 1H), 5.50 (s, 1H), 4.07 (s,
2H), 2.66 (d, ] = 12.5 Hz, 1H), 2.33 (s, 3H), 2.31 (s, 3H),2.11 (d, ] = 12.4 Hz, 1H), 1.86 (s, 3H),
147 (s, 9H).

3C NMR (126 MHz, CDCLy) 8 170.2, 1427, 137.7, 136.3, 133 4, 129.2, 129.1 (2C), 128.2 (2C),
128.0 (2C), 1272 (2C), 123.8,82.9,68.9,63.4,50.2,374,279 (3C), 21.5, 18.1, 17.7; HRMS
(ESI TOF M + Na) m/z 542.1462. Calcd for CoHy;NO,S;Na m/z 542.1469.
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(28.3R .Z)-tert-Butyl
3-((Methylthio)methyl)-4-((methylthio)-methylene)-2-phenyl-1-tosylpyrrolidine-3-carboxylate
cis-4-3a.

MeS SMe
Hcozt-Bu
"'Ph

N

|
Ts
cis-4-3a

e (335 IR AR

'"H NMR (500 MHz, CDCl;) 6 7.21 (d,J = 8.1 Hz, 2H), 7.17-7.14 (m, 1H), 7.10 (t,J = 7.6 Hz,
2H),6.99 (d,J =84 Hz,2H),6.99 (d,J =7.3 Hz,2H),6.70 (t,J = 2.2 Hz, 1H), 4.89 (s, 1H),
4.10(dd,J=144,2.6 Hz, 1H),4.02 (dd,J = 144,2.1 Hz, 1H),3.26 (d,J = 13.3 Hz, 1H), 2.76
(d,J=132Hz,1H),241 (d,J =04 Hz,3H),2.31 (s, 3H), 2.08 (d,J = 0.5 Hz, 3H), 1.00 (s,
9H).

“C NMR (126 MHz, CDCl5) 8 168.0, 143.0, 142.4, 138.0, 129.2 (2C), 128 .4 (2C), 1282 (20),
128.1,127.2 (2C), 126 8,126 .4,81.9,72.0,62.8,50.0,44.0,27.4 (3C),21.5,18.0,17.6.
HRMS (ESI TOF M + Na) m/z 542.1456. Calcd for C,sH;3NO,S;Na m/z 542.1469.
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