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DEAD
DMAP
DMF
DMSO
DPEphos
DPPB
DPPF
equiv
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Et
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NMP
NMR
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minute
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nuclear magnetic resonance
nucleophile

no reaction

overnight

phenyl

pyridine
di-tert-butylphosphino)ferrocene
retention factor

room temperature
tert-butyldimethylsilyl

tert-butyl

temperature
trifluoromethanesulfonyl



THF :  tetrahydrofuran

TIPS : triisopropylsilyl

TLC :  thin-layer chromatography
T™MS :  trimethylsilyl

tol : tolyl

Ts :  p-toluenesulfonyl

Xantphos : 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene
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B1E F

AL T ORI LR, IV E CHRA R ARLEMN N TIZAERTE S L9

2720 AMOES LEEN b0 L TE T, REN2RHE L TERMOBIIZE
FTond, TNETRRMIIE S TWemD TEMTh oo GILEMN. BHERK
{EFOFERIC LD Zl > KEICHAG R D L9182 . ABOAEIRIITRENICE
RbDIZl oz, L LIESDOEISOEIIT, V— MEEWOR NS Eifid s E
TIZ10 oL EoMIM A L, ZO% 2 X MIFE2IMEMICH D, iz, Ko 1E
S OREEMEL & o T EOHINZ RN 2B EHK GO Bl E TORIE=R L4 % )i
DERICH Y | FRCH AT IO OMEIEBEIC R ONnD, —F, HRIZE 2 m
% £2015 412 [Sustainable Development Goals| 73E# TEEIR 41, 2030 4=F TIZEF
EAlRED D, KV BWERAMED 7200 D17 DHIEL 169 DX —/47 ~ FRERE ST,
ZAUTA & OB 72 R TEIRIE & ARG DR RTZ1T Tl <. BIRDOFHE rTRE 72 4
M. HERBRBEOREZHE L T2b0ThH D, ThasiF TREE R L OEES O
ZURRBAIEL. AU E CTUL ISR DR TR A MK EZ B IE L o b & A T L
DT ATV 5D,

BEMMIEICB T DBV OBRBEEFIES LT, @M IEERGD—D &
LTHEITbND, —MANZEGSOS T, —EDORISEA/ETHEEOR AT (b L<IX
GIWT) MRV, REPOLOERMBEAHE L, EHelEs —RIOBET S Z L
BETH D, IHIT, BB EE, BiREORE, DIGE LR2EK T2 2
EWHRETH D Z LD, BHAEEEE UM T 2 ARIEECAE OIS & iR T
%éoit%éfi@ﬁﬁﬁfﬁﬁ?éﬁﬁ%%ﬂk#ém%%%éhf%D\é%
BRIFEAMIRIAZ BE LIALAEMERTFIEE L R4 ER SNARIGTH D,

WA, /8T U Ml A DT BRSO & L R & 3 2 85 SUG IS K 2 ZhaR a4k
ENL L HEENTWS (Scheme 1) V2,

Scheme 1. Palladium-Catalyzed Cascade Reaction
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L Z DI D EREEALOEER SIS DB IE, FIURI R IR T 5 AKEE
EZTEATLICS WEDEGEREWE B LN D, RO ORI
BAELICRILTH D Z &b, R EFARISOFIE PO TEETH D, L LE
VUK ER 38 DEEE & € Do (21T % B RESAL DRSS & Bl FE T & UThk 4 7 WS
YL B DORRN G TREL 720 | Bl REEMOBRIZEN L LW TE 5, 2
O LB e E AT, EFIT T U0 LR E T2 IR R O L £ Do fiL
(ZR T 5 ERAEEADEGUSHIE 2O B E LT,
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ERFBUHEF LA L, WUkRE O MLIER T2 A3 2bEm L LT, HUlls
TEPEAR . BHLERERLE Y, FURRPED, TREIK A2 E23m 6N THY  (Figure
1) . ERLOEMELEHE L THRSh TN D,
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antitumor agent antiosteoporotic agent

Oy QE@

antidiabetic agent hypolipemic agent

Figure 1. Candidate compounds for pharmaceutical products.

EFTZNOOEWEE, TRDLERFMBKEFLEZAE L, HOMUKKED o (Ll
WEE T 2 AT 2MbA M2 TR THET SRUER H U, Zh b OE e 4
BWIZART 2 FELE LCOERICAERATHD LB 2T, T2 THEE L0 &JE Al
W BAL RS &l R & 9 2 ST K D E Sk Th D, %EE T Scheme 1 T
IR AT AT Z FAT R T U0 A A W BRILBOGICHEE . ALV T f RY—R %
WNT % Z & TRIRFBIUFLAFLOFEE L AV 7 ¢ RiES OMBEZ HEHNIC— TR TH
IR TE DO TRV D, &5 25825 F L7z (Scheme 2),



Scheme 2. Concept for Palladium-Catalyzed Carbothiolation
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F2H RISSRIEORIE L

KT Z IR DI2HT 0 . BRALRIZ B BBEESET LAAWEE 2 AT 2 LE R H -
7oo & ZTSCHERBESN POBRLATIRIA L L CTHE 1a 24k LREt21To7, £3. 7 b
TXARY T 2= VRAT 4 287 200 A 10 mol%AF/E Ny Rk > o A% 1.5 48N
2. NUBCTFA—AE IS YERNL, ROGEIToT0, ZO/RER, KOG ETE
THREFCH 5 5E 1a [T D #ER & 72 > 72 (Scheme 3),

Scheme 3. Palladium-Catalyzed Carbothiolation with Thiol

o

PhSH (1.5 equiv), S

Oil /\)J\ Pd(PPhs),4 (10 mol%), Cs,CO5 (1.5 equiv),
ANAN
o AN

toluene, 100 °C, 12h )

1a

ZORRZ, XU BUTFA—MHFIET DB 7337 YU ATk L THROWBIRINE &
AL TRMERE L LTl E L T Uy AOMBEENME T L2 Tk v E B 1 i
, T, BHIERVVYNLEATHRELEZNVE T AL EANWD Z L THER T
DINT T LD ZIZ ., ISP ETT 2O TIXROE IR LT, EREICR B
FA—IEEEmWN R A Ta ey ) (TIPS)ETHELZ N A4 Y e Ly U Ls
Fx—F 0 Ve O TREIR R TFER, IR 65% THID AL T ¢ K 2a BMFH i
(Scheme 4),

Scheme 4. Palladium-Catalyzed Carbothiolation with PhSTIPS

.

PhSTIPS (1.5 equiv), S
E:[I /\)J\ Pd(PPh3)4 (10 mol%), Cs,CO5 (1.5 equiv),
O toluene, 100 °C, 12h, 65% o
1a 2a



AIOED G2 3720, WRERICK2ELZME L, TORKE, KBt UL
Db BWRERZ 5 272 (entry 3), REET KNV '7-5«’?3}“@&“77 U 7 A (entries 1,2), ~U =TT
VT XV (entry 5)R°7 vttt T U A (entry 6)F HIWZGAIZIL, BONTEITT 50D, HI
R TH D I — MR 2b DER LT, if_ﬁmﬂ#ﬁaﬁ% 24 H%Eﬁfﬁ (entry )& 9% Z L CTHIIY)
THDHANT 4 RE2a #IEL 7T % THDH Z LTk LTz (Table 1), L7=23-> T, [Rkigt
VU LRSI BB IE R T D LI L,

Table 1. Optimization of Base for the Carbothiolation of 1a
PhSTIPS (1.5 equiv)

SPh |
| Pd(PPh3), (10 mol%),
©i /\J\ Base (1.5 equiv),
o) o) o)

toluene, temp, time

1a 2a 2b
Entry Base temp (°C) time (h) 2a (%)? 2b (%)?
1 Na,CO; 100 10 7 21
2 KoCO3 100 10 48 25
3 Cs,CO3 100 10 65 0
4 Cs,CO3 80 10 43 0
5 EtsN 80 10 13 9
6 CsF 100 10 50 16
7 Cs,CO4 100 24 77 0

3|solated yield.

FENT T D0 AR OENE T DR FAT DUV THEE L 7-(Table 2), #E TR+ 554
503 Table 1 OFERNORIEE > U LCEE LT, BERNFTHDH R 7 ==Lk
AT 4 AW TESE, 2a 3R 15%IIK N L, BIZERY 2b 25 19%15% 5 417 (entry
1), V7=V AT 4 ) 7 zutrERAWEES IR 14% CATEOBRLIA 22 135
Hiv, RN DB O HFER Lo sp? RFF IR 7235656 L7 1b 23R S 4L
7o(entry 2), F7= JEEUL T TH D BINAP AW 728HE5. 1b 23 39%DIEETH L
(entry 3), DPPB & [HW\\7235A . 1b SR 6% TR LI DR R Th o 72 (entry 4), —JE
BN 7 DA OH T 1b 33 L AVZEEH X, PAOICT U—b T A R 1a SERERYFHIN
L72tRICRT VT A EDZEE OENEN ZJER AT ¢ VENLFIZ KV EE D AT
Ny DIFEAEBES N2 EEZ TN D, BBRENC L2, RN Th



% Xantphos (entry 5)<°HLEEE7 - Td % QPhos (entry 6), Amphos (entry 7)% V72355,
RIZEE) 3 — NK 2b BEAERM E LTELNT, —07, RS NATHD N-~T g
KA VR(NHC) #8518 T & % (IPr)Pd(cinnamyl)C1'Y 10 mol% % W 723554, 76% DI =R
THTLOBRILIK 2a 35 L7 (entry 8), ELKEE I U A% 1.5 Y&END 3 YEIZH
MU= & Z A, IR 85%% Tk L7z(entry 9), & 512, (IPr)Pd(allyl)C1'” 10 mol%
W& ZA L 9N%DIERTHTLDERINIK 2a 2515 B ALz (entry 10), REEE T U L%
WML 720 GA . WKL 14%F TIK T Liz(entry 11), £/, WEEZRALT V—LTH
LGS 90%INETHY, kT V— L EIZERBEDOIEETHLND Z &N
0o Tz (entry 10), £ 72 PhSTIPS D4 0 IZ PhSTBS % fV 72354 T H UL 79% THT
LOBRALIK 2a BEOND T LN o (entry 11), LA EDFER) G (IPr)Pd(allyl)Cl
AU il 7237 0 MMl Cdo 2 &Il L7z,

Table 2. Optimization of Palladium Catalyst for the Carbothiolation of 1a
PhSTIPS (1.5 equiv)

' Catalyst (10 mol%), SPh
/\)J\ Cs,CO5 (1.5 equw) @
(6]

1a toluene, 100 °C
Entry Catalyst time (h) 2a (%)? 2b (%)?
1 Pd,(dba)s, PPhs (20 mol%) 21 15 19
2b Pd,(dba);, DPPF (10 mol%) 22 74 0
39 Pd,(dba)s, BINAP (10 mol%) 24 36 0
4h Pd,(dba)s, DPPB (10 mol%) 24 7 0
5 Pd,(dba)s, Xantphos (10 mol%) 8 0 82
6 Pd,(dba)s, QPhos (20 mol%) 24 0 54
7 Pd,(dba)s, Amphos (20 mol%) 24 12 65
gb (IPr)Pd(cinnamyl)Cl 24 76 0
gbe (IPr)Pd(cinnamy!)Cl 23 85 0
10° (IPr)Pd(allyl)Cl 36 91 (90 0
11¢ (IPr)Pd(allyl)Cl 36 14 0
120f (IPr)Pd(allyl)Cl 36 79 0

dlsolated yield. °1b was formed (trace). °Cs,COj5 (3.0 equiv) was used. “The yield using the
corresponding bromide is given in parentheses. ¢The reaction in the absence of Cs,CO5
PhSTBS was used. 91b was formed (39%). "1b was formed (6%).



S BIZARBISZ BT D F A — IV DB % FEE L7z (Scheme 5), ZAUE TR L7o&
BRI BT A — & 01 SMEIRNML, IVRT AL — a URIGE T LT,
ZORER. BONFE L < HESNEETH 5 1a D3 62%[ENL S 4L, AW 2a 13U 29%
Tholc, TNHDORRNL, REISIZHWD NI A Y e LvFAo—T )L
DOFEEIIBD TERETHY . MEOF A —/LORBAIZL Y T D LD fhIEEE R
LTI LAV L,

Scheme 5. Thiol Effect on Palladium-Catalyzed Carbothiolation
PhSTIPS (1.5 equiv) SPh
! (IPr)Pd(allyl)CI (10 mol%)
/\)J\ Cs,CO3 (3.0 equiv), PhSH (0.1 equiv)
o
o

1a toluene, 100 °C, 36 h 2a (29%)
recovery of 1a (62%)




55 2 i & TOMGT TR b S U7 SOS S CHRYE o H#EPH 2 F8 4 L 72 (Scheme 6),
7 2= VTF =T VOB FER LICE RO MEERIELZ S ORE (2¢, 2d, 2j, 2k), &
G H A2 © DR (2e, 2f, 2g, 2h, 2i)iX. & BICBREFRINEL 5272, —HFT7 ==/l
FHT =T NVDEEFEREOI N MU ATFNVEEFT D 2,6-0 A FNF AT —TF /L(Q2)
DOEE ., KISHEEITE LK T L, 82 R T 48% DR Th o7z, 72 2,6-¥ 7 nnm
T 22 VF AT mDOBE, SOSITESEIT Lhols, RO DORERND,
AEMNE RNV A YT e VLT Ao —T VOMNKEEDOEEL REXIZITHI L
DR ENT-, WIZ, TILXRNLANLT 4 RO 2RI FER, XUV LF 4o —
TU(20) 1T %D THE LI, RT I FAT—7/1(2n) iE 63%DIETH LIz,
—h. AT e AT FT—T1Q2p) OGEIEL 20%REDRINRICEE 7T, ZOH
HiX, 7VXNVEOBFHREEIZLD NI A Y oy UL TF AT —T VORE
PEDSEIM L, NIV UL EDRBES T LA G L OREWHRELS 2o TNDTD, 5
WEE T BEE O BFE N BN 20 TIE RV L EZ TN D,



Scheme 6. Palladium-Catalyzed Carbothiolation Using Various TIPSthioethers (1)

R'STIPS (1.5 equiv) SR!
' (IPr)Pd(allyl)CI (10 mol%),
/\)J\ Cs,CO3 (3.0 equiv),
o) - o
1a toluene, 100 °C, 36 h 2a-p

o) S

2c (78 %) 2d (74 %) (82h) 2e (96 %

© 0 3

@f§ @Eﬁ ) S

o)

f (79 %) 29 (81 %) 2h (74 %) 2i (86 %)

X 0 Q Q
| ©€§
: soliYs o)
2j (82 %) 2k (93 %) 21 (25 %) 2m (0 %)
(48 %) (82h)

2n (46 %) .
(63 %) (82h) 20 (75 %) 2p (12 %)
(20 %) (82h)

(0]

OMe
2a (91 % )
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SBEZEKT 2EE 312 oW THRERIC, ARG O AP 4 784 L 72(Scheme 7),
6 BERIERLSEL & [FAERIC, AER EOBEBRIEOBEFIREEIIZ T, Wb ERY
ThDHANT 4 Rda-m)% BAFRIRTHD 2 E Dk, —/HT26-VAF NV T 2=
NFF =T )L(4)) DTN RPENRN SR T L2 &b, HHE EoBEHRE
DSR2 EBIIZIT TV DEHEDEEZTWND, BRBTAX AT AV LT —T L%
MW 61% 6 BERIZABUGK: & [FkE, TREOIGRIZE £ 5] TH - 72 (4k-m),

Scheme 7. Palladium-Catalyzed Carbothiolation Using Various TIPSthioethers (2)

R2STIPS (1.5 equiv)

©il (IPr)Pd(allyl)Cl (10 mol%), @g\st
Cs,CO5 (3.0 equiv),
O/\[( $2C03 (3.0 equiv) R 5

3 toluene, 100 °C, 36 h 4a-m
Q S ™
o o o
o}
4a (83 %) 4b (90 %) 4c (72 %) 4d (98 %)
ﬁ) X0 0 30
(o] 0 0 )
4e (85 %) 4f (85 %) 4g (85 %) 4h (77 %)
F
SN
oS L oo
S
o
4i (99 %) 4j (67 %) 4k (45 %)

(:ﬁ?\s (;ffsj\

41 (55 %) 4m (23 %) (82h)

11



WIZT U—oNT A N0 FE i &GP % A L 7= (Scheme 8), 7 7->K75 [ EH# L %
HORE, BHEMEEEL S OEEOWT LS BIAFRIGERTESRYI6, 13). (5, )&%
NENGEDZ LTI LT, ETGEREMTHLA Y UFHEEDOERS, 9, 10)
2 BAF IR CARKISITEA FEETH o 72, S HIZRBEBRZAAL) <° 7 BERFEKA2)
DA TH PREDICRZR N HARRISITEHAATRETH - 7,

Scheme 8. Palladium-Catalyzed Carbothiolation Using Various Substrates

PhSTIPS (1.5 equiv)

R1
1 (IPr)Pd(allyl)CI (10 mol% SPh
XI\I\/R()(V)( %) ~
—_— - x_
N Cs,CO;3 (3.0 equiv) N v
Y toluene, 100 °C, 36 h
SPh () SPh SPh
MeO o) 0 MeO ©
5 (89 %) 6 (87 %) 7 (89 %)
Ph
SPh SPh SPh
o) o)
N N N
Ts Me Me
8 (94 %) 9 (99 %) 10 (74 %)
SPh SPh \100,C SPh
COzMe
CO,Me o ©
11 (68 %) 12 (44 %) 13 (79 %)

12



5 AHT PUSHERE DB L

FOGHEZ BT HICh720 ., BIAERD TH D7 ¥/ 3 v RIRERET 56
PO ATREME A MEE L2, ZAVE TIC T A0 3 7 HEKRD PAO)NCER LRSI L o-7 L3
NG DT ARNERT HEIRERE SN TWD, F 2 AR D RE S DR 5
BAVIZT NV F L3 U EK 2b & A OCEGE SIS TG EIT o 70, EOREFR. IUE 64% T
T DEALIE AT ¢ K 2a 3G 5472 (Scheme 9), L72723-> T, BIRDIEY 1a % i
SMECRIGESED & IN%DINETER(LALT £ R2aRBELNTEY ., F7- TLC TKb
2B D &L 3 U FR 20 1IN THEGR S LR W B DD REIRIZEBNT
X7 VX3 TR 2b ZfRH LIS TS B 2a 235 50TV D ATREME RS
ETERNEZEZTND,

Scheme 9. Reaction of 2b with PhSTIPS
| PhSTIPS (1.5 equiv) SPh
(IPr)Pd(aaly)CI (X mol%)
Cs,CO3 (3.0 equiv)
0 ~ o

2b toluene, 100 °C, 36 h 2a (64%) (X=10)
(0%) (X=0)

T E CTOEBRKE R D HEEMCHENEZ Scheme 10 (283, £, 7 U—AnTA
K 1a @ PAOWZx DERLAFTAINZ L 0 14 NERKRT D, iV TH BRSO EST
Lo-TIFNNRT P M5B AERT D, 22 CETAMEENS T 5 858 3 RIAE KD
ThoravEE2 BELND, —HTRBEESULAZRNTHZEIZEID AT T T L
oI vz L REEA A DN XY 16 NAEKRT D, TR A YT r Ly
INFFT—=T )V L REEA T & OAZHBORIT KD 17 BAER L, % IZE TR NRES
JISERTHRY 2a R BGONDEEZTND,

13



Scheme 10. Plausible Mechanism for the Pd-Catalyzed Carbothiolation
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FIE Vb FrXUYFET = UHHEEOERR

L W

&

N FF T 2 EIEMFEEEZ R T HONREL TRETERL E LTOLAEY
A RAEFITHFIE S LTV 2 (Figure 2), 1 C#H . Raloxifene?ITE R R b a5
BEFHIETH Y | T OB I HEIEREA & L T2004412 A AR CTHRGE S NBILE
THEL DEEMEM LT 5, F£72NSC-380292' )3l BRI EATH Y . #i
HIVIEE L CORREBHIFHFIN TS, b, {LEWI8-20TT 7 /7 > o2V gk
T RO T =7 R IMUEEREEZ AT 2 TH L2 EnMbN TN D,
F 72, physostigmine D it 5 RRIA T & 2 (LA #9211 physostigmine & [R5 DIEMEZ R L
RN D L EAEMIRN LT AERNRE SN TDY, b oERGCERLEMES
WITBETH ZOFEREGHZ & D THERICHE I N TN D,

O §
e -0
OH
S COzMe HO S

NSC-380292 Raloxifene
Ri o
2 MeNHCO,
0] N\
S Y H
18: R, = OH, R, = NHPhMe (-)-physostigmine: Y = NMe
19: R, = OH, R, = tetrahydro-1,4-oxazine 21:Y=85

20: Ry = CHCOPh, R, = tetrahydro-1,4-oxazine

Figure 2. Structures of bioactive compounds including a benzothiophene scaffold.

INFE TOMGEFRERND, F2E TR DR T A L— 3 RO IR FYE
MEHZ RS ERH LN oTe, T TEFITANVT 4 N AT 2bEWEEE
ELTHWAZLET, XUV TA T2V OEBETHLVE R Y F 47 =
DENZ S ARANVRTF AV —2 g URISDEHAFRETH Y | Hic LG TFIEDBIIC

15



BKCEX DO TIIRWhEEZTZ, £22T, THICALVT 4 REAT LT 3E
B LIRGETEITO 28 & LT,

FE 230/, HIRENTWD 2-3—RFK7 =V U 2HBYEE L, WA VT
I KDY T VIR, R FABEE S ) U LMW F AT v F AR L0 E 22
% 33%DILRQ THE)TAK L 9, W TT v F KD A Y ) — L EKERET U D
DX TETF L EAZ I LI B RIZL D0 FRABEOEANIZLY, FTED A
VT 4 REVE 23 % 47%DIERQ TAE) THAMRT 5 2 & A HK7=(Scheme 11),

Scheme 11. Synthetic Route of Sulfide Substrate 23

1) isoamyl nitrite

| BF5-OEt,, Et,0 . 1) 1M NaOH |
[::Ij 0°C [::jij MeOH [::Ii

M2 ) Acsk, DMSO SAC 2) methallyl chloride S/“\f¢
2-iodoaniline 33% (2 steps) 29 2CO3, DMF 23

47% (2 steps)

16



F2H RISSRIEORIE L

ANT 4 BT LHHEE 23 %5 TE 2700, Fix OFRERFH 21T > 72 (Table 3),
FP.H 2 ECRM L milE R CRILBUG Z i T (entry 1), 75 & BRABIKITUER
36% THELNTZb DD, BIENH TH D5 EHER LICESE, WEEF2#E Lt ibay
25 L5007, £ DORAHERE 'THINMR THH L7-#ER, 64/36 DR THTEOBR
(BRI GBI Z Lo =, IRIZ Pdy(dba); $51K% 10 mol% V>, T4 DOEIL
FERAWTHE Lz, MY 7= bR AT 4 U EENLT & L TRHWEES. BIAERY
25 DAHADFF B AV (entry 2), F 72 BRI 1 CTdh D SPhos & W56 RUSIZMENC
HATL, BIAER CTHS 25 NEL L THEON(entry 3), —JH#REILFToH 25 Xantphos,
DPPF ZHW=34 T 25 NEARM & L TEON D HER & 72 o 7= (entries 4-5), F£7-
THRIFAN) T 2= VIRAT ¢ VEEERE WG A THREIERM THD 25 BEL L
THLNDLER L e ol=(entry 6), FHEB LICEBE, WER 25 E LzBIAERD 04
FRANEN I T B ERANL TR TH D & 2 TR AL, Z OfE RITEERN. - TH
BIAER DERPIHI CERWERTH 72, Z ORI D TRNITHET D EE T
IZE BT VT A~DOENLRE TH D120, BB FOBAETHLA L7 4 Ol
MLEY bWMFEFORMAER L TEZ D, fRE LT FRRILEUS XY bR
F & OBRNL T AL OSER TCRINLBES BB EIT LT b D &EE X T 5D,

Table 3. Optimization of Palladium Catalyst for the Carbothiolation of 23
PhSTIPS (1.5 equiv)

| Catalyst (10 mol%) SPh SPh
©i Cs,CO; (3.0 equiv), @

toluene, 100 °C, 36 h

23 24 25
Entry Catalyst Yield (%)2 Ratio (24/25)°

1 (IPr)Pd(allyl)ClI 36 64/36

2 Pd,dbas, PPhs (20 mol%) 15 0/100

3 Pd,dbas, Sphos (20 mol%) 5 24/76

4 Pd,dbas, Xantphos 45 44/56

5 Pd,dbas;, DPPF 13 0/100

6 Pd(PPh3), 48 19/81

4lsolated yield of a mixture of 24 and 25. °Ratio determined by "H-NMR.
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RIZNT V0 Ml 2 NHC $5RICEE L, MOSAE A2 BT L 72(Table 4.), Xt
ZRAWESES, ML U SR UINERTH 7228, BRI b o L LE TR0
IR T T /R TH > (entry 2), — 7 CTHIBREWNZ &2 THF °7 & b= KU b,
DMSO, NMP % W oG E 1T RO IEa < 1T L 72> o 7 (entries 3-6), AISIZEIT 5
T D OEEEZH TN DO W TR R TRIEH S22 o TV,

Table 4. Optimization of Solvent for the Carbothiolation of 23

PhSTIPS (1.5 equiv)

' (IPr)Pd(allyl)CI (10 mol%) SPh SPh
@ Cs,CO3 (3.0 equiv), - @
S/\”/ S S/\H/

23 Solvent, 100 °C, 36 h 24 25
Entry Solvent Yield (%)? Ratio (24/25)

1 toluene 36 64/36

2 benzene® 36 47/53

3 THFY 0 -

4 CH3;CN¢ 0 -

5 DMSO 0 -

6 NMP 0 ;

alsolated yield of a mixture of 24 and 25. Ratio determined by "H-NMR. °Reaction at 80 °C.
dReaction at 65 °C.

RIZHE % DL % FT L7 (Table 5), REED F U L KEEFT FU UL KBV Y U
Ly REBE VU L EHE A DRIBIRE A RE LR, RBEOSBREORFESNRKE
IR DIT O T A | L 7= (entries 1-4), T AVITIRBEYE D B F 4 2 &8 O JR 11428
MREL D ETHEDIEMENT ELIZlzdEEZ TS, REER, 7 vkt
U L& WA WERITRE B LR D)o To(entries 5-6), £V U= U U AEHN
e A, BIREE R B L7 — TR Y . EMIE L RE CERWVEIERM DA
Bl LICRIT 14%ICB £ DR Th o Tz(entry 7). MY ZF AT I & WA I
JSITETT L7e o Tz (entry 8), MO DFERMNORIEE L U L ZEILE L THWZSGE
(2 36% (BB | RIAER = 66 /34) & e b BN &8I CRTE O BRLIR G H i,
Rl T A EOE IR T D &OHIET L7z (entry 1),

18



Table 5. Optimization of Base for the Carbothiolation of 23

PhSTIPS (1.5 equiv)

| (IPr)Pd(allyl)CI (10 mol%) SPh SPh
(:[ Cs,CO; (3.0 equiv), (jg_ @

Solvent, 100 °C, 36 h

23 24 25
Entry Base Yield (%)? Ratio (24/25)°

1 Cs,CO5 36 64/36

2 Li,CO; 4 34/66

3 N32003 8 29/71

4 K,CO4 19 69/31

5 Ag,CO; 7 2/98

6 CsF 28 66/34

7 KsPO, 14 100/0

8 EtzN 0 -

alsolated yield of a mixture of 24 and 25. Ratio determined by "H-NMR.

SORLIEFHOLBEZ B L, WINFIZMET 252 & & Liz(Table 6), £7°,
Heck SUSDORISMEZ M ESH 5 Z End@EShTunsd B ch 7 F 77
FNAT =L B RTBAC)ORMZME Lc(entry 1), LALLM 5, KISIE
BT Lo T2, —FH, ARIGE 2 BCTRARZ@Y XB o FA4— i L5 Kb
PHEDEELZ KRELZITH LN oTWD, ZDEOARK RO LR
JRE E LT, FEE 23D -7 U VEERIE ARSI X 0 34 LI RHPICHFIET 5T 4 — L)
INT VY LORBEHEVEZ R T S ETW DAt a B R, £ TEHT, FA4—1%
T 2 ME 2 N2 5 2 & TRISERPICHET DMEBOF A — LRV ST Y
U LD A 7 L HEER LIRS A BT 2 O TR RnWnEE R T2, FA L2l
THHEMANL, — AT VU BRI E L THLINTWND 2-AF2-4FH Y o]
NO-E AU AFALLIUALTE RT I RBSA), N-AF/NL-N-b U AF LUK 7
NArTE RT IR (MSTFA), N-EA R U AF L U o L7 (BSUEERR L, it
ZENE L7z (entry 3-6), EDFER. WT LD U ALK Z RN L7356 THIEITR
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<ML, FRZ BSA ZIIN L 725G IR 96%, Ta/8a D EL3R(1T 97/3 DBEPUE THY
LORMAEEGD Z LTI LIz, BSA DR BSA D43 FHITHEET DA I 2 X
HNT VYT LASDEMNRETE DN EREET XL, 2-AF2-4F %Y & iRINA
ELTIMADERSFE Liz(entry 7). LU BINER 11%TH Y . KIotEiXm EL
7einote, LAEDORERNG . BSA ISR FUTER LIZMED F A — L 24tk 3 25 %)
BRIk VIRNm ELEEbDEER LT,

Table 6. Optimization of Additive for the Carbothiolation of 23

PhSTIPS (1.5 equiv)
(IPr)Pd(allyl)Cl (10 mol%)

I Cs,CO3 (3.0 equiv), SPh SPh
©i Additive (2.0 equiv) E:[
S/\[( > S S/\”/

toluene, 100 °C, 36 h

23 24 25
Entry Additive Yield (%)? Ratio (24/25)°

1 - 36 64/36

2 TBAC 0 -

3 TMSCI 80 65/35

4 BSA 96 97/3

5 MSTFA 68 91/9

6 BSU 82 83/17

7 2-methyl-2-oxazoline 11 75/25

4lsolated yield of a mixture of 24 and 25. Ratio determined by 'H-NMR.

O

o
O—/< )N]\TMS F3C)J\ITI/TMS j)J\

Me Me OTMS Me TMSHN NHTMS
2-methyl-2-oxazoline BSA MSTFA BSU
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593 H FEEE O R

INETOREEND BSA ZUSA & L TMA 25602 RSO R#ESRMGE L, BE
1 A PH 2 fRE L 72 (Scheme 12), N U A Y 7 Ay U AT AT —T LOBEEFR EO
BT 2-A TNV T 2 =V TF AT —7 /1 (24b),4- A FI)V 7 = =)V F F T —7 /1(24¢) D
ATHRIRINERTCAKISITERAIEETH -T2, £, MU A YTV Y LRy
VNF AT =T Q24 DGETH 2%E FREDOIGR CIEORILAZ G5 Z & 1T
DLz, B, BFNICANLT 4 RTEHBRLS ANVKRCEZHTSH 23-UE Ry
FH 7z LI-UAF Y ROEEEZRACTESLAETH BRI TERILEREH 5 2 &1
%Zh L 72(27a, 27b)

Scheme 12. Scope Investigation of 2,3-Dihydrobenzothiophene Scaffold

RSTIPS (1.5 equiv)

| Cﬁg\ SR
©i (IPr)Pd(allyl)Cl (10 mol%) ©:
x/\”/

Cs,CO3 (3.0 equiv)
BSA (2.0 equiv)

23: X=S toluene, 100 °C. 36 h 24b-d: X =S 25b-d: X =S
26: X = S0, ’ 27a,b: X = S0, 28a,b: X =S0O,
S S S
24b 92%?7 (24b/25b = 79/21)° 24c 93%7 (24c/25c = 97/3)°  24d 72%?7 (24d/25d = 98/2)°

O//S 0 O//S 0

27a 79% (27a/28a = >20/1)° 27b 85%2 (27b/28b = 64/21)P

3|solated yield of a mixture of 7a and 8a. °Ratio determined by 1H-NMR.
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5 2 HiE TOMEHERD D ARSE D BOSHEEITIR D L 91235 2 TV % (Scheme 13),
{bE% 23 @ PA0)~DELAIFINT X 0 FEA 24-1 AAERKT D, RITHFRT VT~
ORI L0 PR 24-2 BAERT D, HIRE 24-2 13 BALISKBEDFAEET B BEES
DT ENHRRNWZD, REEE T T AL G LA 24-3 NAERRT D, A BRT L
MEBER T OEWVEIMEICEY NV ALY T Ay U LZ—F L ED NTF U ARAR L
(EANELT U PR 24-5 MRS D, A PR 24-5 O& orOBLEER e IC X 0 Ars
DEAUIK 24 235 B3, RIRFZ PAO)SHAET D, —F THHEMAK 24-1 1IZREEES T L L
b BOG UK 25-1 1T S 5 SOSRE A ET D, FRIK25-11Z N A Y 7
NV NVE—=TINED T ARAZAIZ LD FREE 25-2 Z#H LBtz L v
BRI TH D 25 B3 HND,

Scheme 13. Plausible Mechanism

?dLn
Csl CSzCO3 S | 052003
>_< | /

Cs0,CO s

|
: :PdLn C: PdLn

PhSTIPS 3
25- 1

PdLn
0CO,Cs
TIPSOCOCs " sﬁ(

ﬁdLn
L s
S
/NTT/ 24-4 PhSTIPS

25-2 Pd(0)Ln

Sph > PdLn
SPh TIPSOCO,Cs

24-5
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FAE TH~y 7 ORERR LT 5ERG

L W

&

FEBE A a7 A % AT 2R BT L OREEE, i < HHERY 72 K R &
ORI L2720, RSO a7 MIERIRE T 285 5 Wik EOHEEIZ G
WHTELOTERWINEE R, THE, JUSHEE S L THEEW29Z W - =385 T
EEFIR T O ELES 5 FNT sy 7 S Watson HIZ L0 G S AL TND Y,
FIRIFFINC R Z T Fa X A NVEEE S ORENNE T sy 7 Kb & e < B
BESSIZ KX DA V7 ¢ > OFEEED Bower 52 L 0 #4543 T 5" (Scheme 14),

Scheme 14. Palladium-Catalyzed Aza-Heck Reaction

Q (COD)Pd(CH,SiMes), (10 mol%), o
N-OFn P(OCH,CF3)3 (30 mol%),
H -~ NH
Z~ Me BusN, MeCN, 80 °C, 24 h =
Me
89%
29 30

sz(dba)g (25 mol%),
P(3,5-(CF3),CsH3)3 (12.5 mol%), Ts

EtsN (25 mol%), QNJ/\

THF:DMF (3:1),110°C, 8 h
81%

FEFIIIND QRTINS BRIFET R8T U0 MBI 2 @t &
BTN T DT BN T NV a2 L, FNBRAEROG A HEST L7211 o -
RXT VT LDBIEE L e W MR E AT A B ThIVUE, P2 TR L FE L [F]
Roa 27 MO T HF~y 7 BOG e < @R 72 AL 7 4 RS OREEEH rTREIC
725 DO TIHIRND & ZF X ARWFIEIZHE F L 72 (Scheme 15),
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Scheme 15. Concept for Palladium-Catalyzed Azathiolation Reaction with PhSTIPS

Pd PhSTIPS
_____ /Ln -—— - - -
N\/OR1 > N\/Pd\ >
R, R2 OR1
0O O
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F2E MUBRAERRIZ RSOGO 3 L & BRSO Fridl

AW EBRET D270 | R EEE2 AT H2UERD o1, LTINS,
RT DT NIBCHI N E L Z 3720 O BRI EOBERIL L L TITo-~> A L3k
WA THDLZERMOENTNDY, LoT, EFIERET LICO-_XV YA VK%
BT HE R X ABFEERZBRICAIREE LTRIRL, G752 & &L, ARk
EELTEHRESNTWD2-T v F VL EERIZZ HIEWE & L THY., Wittighd )&
L 0bEW34%E ARk Uiz, HbAFH VK VERY 0T 4 R, i N-7 ==
e RRF T IVERINESEDZ L TILEMISE AR LTz, &ZIALEWISDKE
T XA kT 5 2 & TRALATBEAR36Z SRk L 72 (Scheme 16),

Scheme 16. Preparation of Hydroxamic Acid Derivative 36

1) Oxalyl chloride (4.0 equiv),

t .
BuOK (2.6 equiv), DMF (1.0 equiv), CH,Cl,
MePPh3Br (1.3 equiv) -~
OH " OH .
. 2) PhANHOH (2.0 equiv),
o THF, 0°C tor.t. ovn 0 EtsN (4.0 equiv), THF/water (1/1)
33 75% 34 99% (2 steps)
Benzoyl chloride (1.2 equiv),
Et;N (1.2 equiv), CH,Cl, Q
N—OH > N—O
Ph r.t. 30 min Ph
© 68% °
35 ° 36

BRALAIBRAIO N G CE oD, TNy VIS EREETDLHNVRF AL — =
UIRIGERRGET LT, L L s, ZHE TR LERESFG CORICERATZE Z
AL BOGSIEE3613 R 2 (i Lk &7e s & H 93713453 5472 5> > 72 (Scheme 17),
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Scheme 17. Palladium-Catalyzed Azathiolation with PhSTIPS

(IPr)Pd(allyl)CI (10 mol%)

TIPSSPh (1.5 equiv), Cs,CO3 (3.0 equiv), SR
N—OBz > N=Ph
Ph toluene, 100 °C, 48 h
o) . O
36 0% 37

Wiz, FURRELTCI VDY TLAEZRML I TEENEOND D EREE LT,
FORER, B TH D I R IRISITEL N o72b DD, BEREWZ IR
B A AT 2L G390 ULHE26% T 5 4172 (Scheme 18),

Scheme 18. Palladium-Catalyzed Aza-Cyclization with KI

N—OBZ > Ph
o Ph toluene, 100 °C, 5 days

Kl (2.0 equiv),
(IPr)Pd(allyl)CI (10 mol%), \ | O Y O

O 09 O 269
36 38 39

AHE R TARE 0 0 B — B DSPAO)NC LRI L. 5 FNBRALEUS DS 8T L
TRILR 223 B UBRSUEEWIINE LNt DL BbND M, 7Y~y 7 MG %EREA
T DAL K OV FINOC-HIEMAL Z 1 5 TNERFE O AT 2 E TiclE s T
BOLTO, HLWVEKERILELE LTAEDTHD LB X, £ 2 CEFIINURNEHL
BT AEICRE L, RMEOREERFTTo2 L & L,

B D KRS 275 2 TeBRICAROGNE T U R A LB E LW ATREERE 2 61
Tefe®, FURRERNE TS ERA T, TORME, WES2% TURKELEHT
L MERAVEE DL EMI9%FF 2D Z & 23 HK 7= (Scheme 19),

Scheme 19. Palladium-Catalyzed Aza-Cyclization

(IPr)Pd(allyl)CI (10 mol%)
Cs,CO3 (1.5 equiv), \ O
N—OBz =
IIDh toluene, 100 °C, 18 h
o) o

36 52% 39
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S BB AI 2 Bl < | Flix /8T D0 LR O T4 Mt L7
(Table 7). FElE/$T 1 Aentry 1)l 8T % A(entry 2) CIEEE 30 iR+ 5 fib 5
LRl =0T, IRV T TR MR T VY AER(entry )T F T X ALY 7
= SAVIRAT 4 28T Y KK (entry 4)% N & 25 RIS S B 0O WS
BOALEM39% 15 = L ST, /8T U AONHCHERZ VW & = A, IR
52%F Tlal bk L7z(entry 5), £7o. XUV A NED T NVAR =0 EOBERIT AR D
= L CERALEIR A S5 O TRV E IR L, A ABRIFIFE LTERE
FaT—hURB L E2EREMNZ L 25, ILERIT83% E Tk L7 (entry 7),

Table 7. Optimization of Catalyst for the Aza-Cyclization

Pd (10 mol%), Ligand (20 mol%),
Cs,CO3 (1.5 equiv), Additive

A

N—OBz
|
o Fh toluene, 100 °C, 18 h o
36 39
Entry Pd Ligand Additive 39 (%)?
1 Pd(OAc), PPhs - decomposed
2 PdCl, PPhs - decomposed
3 Pd(dba), - - 5
4 Pd(PPhs), - - 16
5 (IPr)Pd(allyl)ClI - - 52
6 (IPr)Pd(allyh)CI - B,Pin, (1.0 equiv) 75
7 (IPr)Pd(allyl)ClI - B,Pin, (2.0 equiv) 83

dIsolated yield.
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5538 UGN DB L

A D FOHERE & L TIXIRD &£ 9125 2 T 45 (Scheme 20), £7°. 3673Pd(0)iZxf
U CEAERIFHIN LR IE36-13 T 5, £ D%, B TNICHIET DT V7 ~Dff
A X0 HER36-33Em87 5, & Z CTHREIAR36-3D/XT7 VT A LD A )L
ENERF A EOXBUBROA /N MIKFERTZIEMHLT 5 2 &L TRERRE & U
KRR B, PAO)YRFHAET D EHE X TV H2D22),

Scheme 20. Plausible Mechanism of Palladium-Catalyzed Aza-Cyclization

oA
+ PhCOOH _0OBz
o) N
39 Ph
Pd(0)Ln o
Y

.
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BSE RIVULMMEEAWETAIALR=L—v g VRSO BEI%

rfin E=R
i WFFeT

ymy

1

&

FAZ AT I A B RRIICEMT 2 2 ERARETH Y, SR A Wb >
TV TROSIC R VEGIZT o ~ERT 5 2 Rk D, FRETKSICE D T
TERS TIVRT ATV ERREETT I RO AT A~FETDHZ &L AHE
Th b,

— ——

e I N

|III R RI}
R"M
Ketone
Coupling

0 O
Rl
AN A,
Reduction
Thioesters Aldehyde
R"YH
0
Substitution J-L R"

\ RS Y
\\R AnﬂdefEs%i///

EHFILIINETOMEBRERNL, NV A YT vy ) V=T VDI IVRTF A
L=y a UIROSZEIGH LI TF AT AT VO BB AR TIERWNEZE X, Thbb,
—BALRBEHK T TR I A Y Tty Yo —T LT D7 M2 Nz 5 =
& TARRF AL O ORELE L CNHERER 2T 4 = AT L OEN AR TIXR VN EHZ X,
ARF A A7 VGBI IZ 35 T L 7= (Scheme 21),

Scheme 21. Concept for Thiocarbonylation

PhSTIPS, CO

X .
@ Palladium SR
Y/\[( """""""""""

Y

Thioester
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F2H RISSRIEORIE L

F9. MO A fRF L 72 (Table 8), ZHNVE THNLARF AL — 3 UG Tl
W72 NT7 U Al LCHE L7 NHC ${KIPr)Pd(allyl)Cl % W T —f{biRFE RS T
TRIGCERATZE A, WE49% TIREDO T AT AT )L 41a B3G5 H A7 (entry 1), KIZ
Pdy(dba); Z 5 mol% v, FEx DRAT 4 VLT ZMET LIz, B FE L TR 7=
=JVIR AT 1 “(entry 2), BINAP(entry 6), DPPF(entry 7). DPEphos(entry 8)% I\ 7=15;
Ay FEHIEAT 2000, MEEZRECERVREIERY BRI NT, £ b
WERIWMY 7 2= VR AT 4 o ERATE L THWESS, RISITETE T
(entry 3), hU T 7 uAFIINRAT 4 &AM S & LTHWESGE, IR 45% TrE
DF AT AT )V 4la D33 b T (entry 4), 5 2 B TORFHRERFRE., ARISIZBNTS
HREENL TN B THDLHDLEEZTND,

Table 8. Palladium-Catalyzed Thiocarbonylation of 40 Using Various Catalysts

PhSTIPS (1.5 equiv), 0
| o Catalyst (10 mol%) S’@
)H( Cs,CO5 (1.5 equiv), o)
N .
M

N
e CO (1atm), toluene, Me
40 100°C, 22 h 41a
Entry Catalyst Yield (%)?
1 (IPr)Pd(allyl)CI 49
2 Pd,dbas, PPh; (20 mol%) 0
3 Pd,dbag, P(o-tol); (20 mol%) NR?
4 Pd,dbas, PCy3 (20 mol%) 45
5 Pd,dbas, DPPE 12
6 Pd,dbas, BINAP 0
7 Pd,dbas, DPPF 0
8 Pd,dbas, DPEphos 0

solated yield. 40 disappeared except entry 3 and low yields are ascribable to the formation of
unidentified by-products. °No reaction.
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IR D B bz Wiat L 7= (Table 9), NMP Z¥EMEE L THWS & U4 < 1T
L7ghoTz(entry 2), 1,4-FA XV ZEEE L THWESEA, 31%DINETTF 4T X
TGN, EE 40 Z 29%[FT HF5R Th o 7z(entry 3), N B 3 L
LTHWD EFEHIERT 2000, I 16%IZHF £ 5#5F Th - 7=(entry 4), THF %
Tl L THWD BT 67%F Tl bk L7z(entry 5), L72id > TARKIGCZIT 5 i
WRIEIX THF Th 5 Ll L7z,

Table 9. Effect of Solvent on the Palladium-Catalyzed Thiocarbonylation of 40

PhSTIPS (1.5 equiv), 0

' 0 (IPr)Pd(allyl)CI (10 mol%) S’@
Cs,CO3 (1.5 equiv), O

N - N

M Me

€ CO (1 atm), solvent,
40 100 °C, 22 h 41a
Entry Solvent Yield (%)?
1 toluene 49
2 NMP NR?
3 1,4-dioxane 31°¢
4 benzene? 16
5 THF® 67

alsolated yield. °No reaction. ©29% of 40 remained. “Reaction at 80 °C. 40 disappeared.
®Reaction at 65 °C. 40 disappeared.

BB I DO Bl b &2 M5 L 7= (Table 10), fREE7 U 7 A(entry 2), Fﬁkfﬂ(entry 3)
MU ZF T I U(entry S)E WG, BUSITETT 2 b ODFEETH 5 HE
HRET, IERIL 50%ARTEICHETo, — T VB=) ULzl HGE, J?*Jr
T%é%gmmﬁiﬁé%@@\%ﬁi17w®W¢i&MT%DwMﬁV7A@W
RAEMBZ D> T (entry 4), BLRIEWZ LI27 vk o T A& E L THWSE,
BOGHEITAEEERIZ A L, IR 94%?)3)?‘:’5’@%2Lm7\7/1/%1%6 ETHED L7 (entry
6)e L7oN o TARKINMZIIT DR EIT 7 vk U ATH D & LT,
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Table 10. Effect of Base on the Palladium-Catalyzed Thiocarbonylation of 40

PhSTIPS (1.5 equiv), o
5 (IPr)Pd(ally)CI (10 mol%) s’@
)k”/ Base (1.5 equiv),

Me CO (1 atm), solvent,
40 100 °C, 22 h
Entry Base Yield (%)?
1 CSZCO3 67
2 K,CO4 37°
3 A92CO3 18¢
4 K5PO4 609
5 EtsN 49°
6 CsF 944

alsolated yield. °24% of 40 remained. °34% of 40 remained. 940 disappeared. °37% of 40

remained.
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593 H FEEE O R

52 HilC IV TR S 7o Bl 70 RS St 2 AV AR 00 BB i I iPH A Fi A L
ro FUAY TR EALY Y LFAT—FT LOHEEFR EOBEBILITE TRV,
41g). B LGN (41b, 41¢, 41d) & HIZBAFRINEE 52 7-(Scheme 22), £7-F7F
VT F T AT L OREGET b i FTRE T & - 72(416),

Scheme 22. Palladium-Catalyzed Thiocarbonylation of 40 Using Various TIPS Thioethers

(0]
' 5 (IPr)Pd(allyl)Cl (10 mol%), CO (1 atm)
J\H/ CsF (1.5 equiv), TIPSSR (1.5 equiv) o SR
N .
[ - N
Me THF, 65 °C, 22 h Me
40 41a-g
)
SateS @fﬁs@ sadesl
o)
N
41a (94%) 41b (91%) 41c (81%)
41d (89%) 41e (85%) 41f (93%)
419 (84%)

FIIEEICHRRENZ LICATF A AT ALISIE NV A Y 7 ey U AT LS
NFHATZ—T b IN L, BRERINETHOYOTF 4 = A7 )V %4372 (Scheme 23),
B, 23344,5-~F A FAANFY L2 FA— LD YAV Ty Y LT 4T
—T NV E WS ETHIER 88% CTAMM A 52 7o 2 138 2 B TR VAR TF A
L—2a U ClETFAT—T VORI REREZRELSZIT L 2B D LFET
THETHDHA@IK), F2ECRHLEIVRTF AL —va Vs L, RV A VT
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BELVY LT AFLNTF AT =TI EDTF A INR= L — a VUGN BIFIZHEITL
B E LT, TAXRURTITAGERET VR T D0 AGERD ONED I L 5
LDOLEZ TS, £, ARSI T Y ART P AFRKRERBAT LS THY |
BRALKOGIT L0 AR U7 S Uk e 56 & B 72 (7 & CIRFB—Ri s & DR T 5 Z &
5. MREENEMSEEW R A Y T ey ) v FFm—T L LRI G
L7l &b —REBEZX TS,

Scheme 23. Palladium-Catalyzed Thiocarbonylation of 40 Using Various TIPS Thioethers of

Alkylthiols
o)
' o (IPr)Pd(allyl)CI (10 mol%), CO (1 atm) SR
CsF (1.5 equiv), TIPSSR (1.5 equiv) 0
) - N
\
Me THF, 65°C, 22 h Me
40 41h-l
(o] (o]
S S
6 SN\ O\)g
\ N
Me Me
41h (88%) 41i (83%)
0 (o]
S8 ;
(@) 0]
N N
\ \
Me Me
M1j (82%) 41k (88%)
(o]
S
(0]
N
Me
411 (85%)
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IHIT, TV—NTA FOFHEHFR EOBEWREIC XD OG0~ B2 HE Lz, 52
BEORHINVKRFA L — g UROGFEL, B AR E# 5L (43a, 43b, 43¢, 43d). BT EEH

B 43e), WTNOHETH F VA Y FrE LY U LF AT —T )L L HRNT K
Jin L BRI R TR 21525 Z & 12ath L7=(Scheme 24), ZH 5 DOFER NS, 7TV
— T A ROBEEFER EOBEWIEIIARBUSI IR 2 RIE S22 3B LTz,

Scheme 24. Palladium-Catalyzed Thiocarbonylation of 42a-e with PhSTIPS
PhSTIPS (1.5 equiv) o

| AN | o (IPr)Pd(allyh)ClI (1Qmol%)
X CsF (1.5 equiv) N SPh
2N X-r 0
| Z N

CO (1 atm), THF

65 °C. 22 h \
42a-e 43a-e
0 0
SPh SPh
0 0
F N cl N
\ \
43a (92%) 43b (93%)
0 0
Cl SPh FsC SPh
0 0
N N
\ \
43¢ (83%) 43d (90%)

0
eO@\)g(sm
0
N
\

43e (90%)

WIZHEE D CQPLIZ N AR NI R WE CART A VAR =L — g UL
nit%Lt(Table 25), 75 BB L2, IAR= VR W E V5 A.
FLHY U 72 Bl S CUE RO T 2 < #E1T L 72 Dy 7= (entries 1, 2), & ZC., {AME% THF H»
BX UL UANEETL MOCTRIESHTZEZ A, 28%00 5 41% EARILER2 R 5 BAD
R 155 2 &2 RE) L 7= (entries 3, 4),
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Scheme 25. Palladium-Catalyzed Thiocarbonylation of 44a and 44b with PhSTIPS

| PhSTIPS (1.5 equiv) 0
(IPr)Pd(allyl)CI (10 mol%)
©iY/C<’/ CsF (1.5 equiv) SPh
Y
CO (1 atm), solvent
44a (Y =NTs) temp, 22 h 45a (Y = NTs)
44b (Y = 0) 45b (Y = 0)

Entry Substrate solvent temp (°C) Yield (%)?
1 44a THF 65 45a (0)
2 44b THF 65 45b (0)
3 44a xylene 140 45a (41)
4 44b xylene 140 45b (28)

4lsolated yield.

Heck 7 /VR = /MEISIZEBWT 6-T VX AT D0 APREII VR =V HEIC X D
BENEZ T D ERMLINTWD P, KFA I NAR=b— 3 VRSB W CTHEH
ENTHEIC L DPOGHEDENS C2ALD A NVR= VIR L DB TH D Z & iR
Lz, HE 46 &A% LS Z4T - 72(Scheme 26), < OfEF., THF A 65°CTH
B 46 1THK L. S1%DINKRTHEDTF AT AT N EGD Z ENHKE, b ORE
MH, BFROHNLR= NI E D 6-TAFANRT O AOLE, b LITT I

INT T AOBFEACD IS E G LT\ AD 2 ENRIE S L7z (Figure 3),

Scheme 26. Palladium-Catalyzed Thiocarbonylation of 46 with PhSTIPS

| PhSTIPS (1.5 equiv) Y
©i O (IPr)Pd(allyl)CI (10 mol%) SPh

CsF (1.5 equiv) 0
¥s N
Ts

CO (1 atm), THF
46 65 °C, 22 h 47 (81%)

36



48 49

Figure 3. Structures of chelated 48 and 49. L = ligand, X =1 or F.

£70. 6 ABRERBISICBWTOAF I I NLR=b— g VRUSHEATTRETH 5 H
ERERT D72, FE 50 & Ak LG &7 A 7= (Scheme 27), & OfEHE., THF #, 65°C
THRONFHEIT L, 50% DR TRILIEZ 155 2 & kT, WA xylene IZZEH L,
140°C T % Fehi L 7= fk 5, IRILm EHT 50% Th o7, 44a X° 44b ZHE 20
7256, THF BB CII OGRS T L7 > 72 Z & (Scheme 25, entries 1,2))0 5, 6 BERIE
OGEIIBRIERICE T 2R CNOT AN NI WIZDBRIENEIT LS o 2D Tk
RN, EEZ TS, U EDRERNL, KFA VA=V —2a VRISET VT =
NI—Y REEEE LESATOHREDIRARNLEAARETH L Z LR L N E
ol

Scheme 27. Palladium-Catalyzed Thiocarbonylation of 50 with PhSTIPS

PhSTIPS (1.5 equiv) SPh
(IPr)Pd(allyl)CI (10 mol%)

Ph © Ph ©

CO (1 atm), solvent

50 temp, 22 h 51
Entry solvent temp (°C) Yield (%)?
1 THF 65 50
2 xylene 140 50

gsolated yield. A small amount of 50 remained.
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5 AHT PUSHERE DB L

TUV—=NVEORTNAFANT A RE7 by v sl —BbRFEAST TR vk
MEIERT D2 ENMBNTWND 2, 2O, ARISIZB W TH SR TS
NEB7 ot NV A Y Ty U LF A 2—T VRIS L CF AT AT LA
L TCWAAREEEZ Xz, £ZC, NIA YT Ay ) vFFo—T LV E2RINE
THE 40 2 BERFEFRALXLTCTRI VY LLERISSET v 7 ) RREL5 0
E 9 D EIRFE L 72 (Scheme 28), € DfER, 77wl NIGLAT, EImE %A
T HRERE Aoz,

Scheme 28. Palladium-Catalyzed Thiocarbonylation of 40 without PhSTIPS

| (IPr)Pd(allyl)CI (10 mol%) o
(;I'O CsF (1.5 equiv) .
N = 0
N CO (1 atm), THF N
65 °C, 22 h Me
40 52 Not obtained

T, BT AMIARTF A INR = —2 a VORNIGRETT AT AT IVICER S
NG ONEREEST D720, 7 Ak aTiE- L F A4 2T L~ OIS & Ffii L
72(Table12), F&~7 v{t#)53a, 53b, VT HLDOLGAEITH THF F CRINZBAFIZHET L,
ZNENT AT AT )L 54a, 54b % 5-Z 7=(entries 1,5), F7=/3T7 V0 LA dn L 7
WIGE TH MOME B AFIZHETT L 7= (entries 2, 6), — 7T xylene 1 C % [FIEEDOEH[E] THOE
ITHEIT9 5 2 & 2R LT (entries 3, 4, 7, 8), U5 DOFERIISIS AT THRERN LT
7 a ) RPER LICEE, FAZAT BRI D ATREME 2 R LT 5,
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Table 12. Reaction of 53 with PhSTIPS and CsF

R

53a (R = Ph)

T

0]

F

PhSTIPS (1.5 equiv)
CsF (1.5 equiv)

catalyst (10 mol%)

CO (1 atm), solvent

R._SPh

T

0
54a (R = Ph)

53b (R = Ph(CH,),) temp, 22 h 54b (R = Ph(CH,),)
Entry  substrate catalyst solvent temp (°C)  Yield (%)?
1 53a (IPr)Pd(allyl)Cl THF 65 85
2 53a b THF 65 83
3 53a (IPr)Pd(allyl)Cl xylene 140 52
4 53a b xylene 140 81
5 53b (IPr)Pd(allyl)CI THF 65 50
6 53b b THF 65 79
7 53b (IPr)Pd(allyl)Cl xylene 140 14
8 53b b xylene 140 74

3lsolated yield. °No catalyst.

ZAIVE TO IR R D DHEE R % Scheme 29 (2777, 3, PAO)IZXIT 27
U—bNT A R 40 OFRLHIMTINAEE Z 0 40a 24T 5, HO T FHNERIERISIZ X
D 40b BAERKT D, EDO%, —RILIRFE & DAL LD T 37 T A 40¢ B
R EN5, 40c T bV A Y Ta ey Uiyl r— k& ORI BTG 27T 40e
WAERT D, EIC 40e ORETTHIBEEIC LD F AT A7 )L 41a AR L. PA(0)2NFAE
T 5, 7B, 40c &7 b T AL OENL ARSI K VBT k) 40d DS ERLT
LAREME L H Y . ZOHAITERT vt 40d 2D U A Y TrERL T Y LYY = |

ERORL MlaNERTHEEZTND,
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Scheme 29. Plausible Mechanism for the Palladium-Catalyzed Thiocarbonylation

)

|
S O
) 'T)Y
\
41a 40
Pd(0)Ln
!
0 ) PdLn
TIPS-F, 0
o Riln kf
N
N SR 41a |
40e 40a
C)
404 RSHTIPS-F 0O
o F
TIPS-FX 0
N PdLn
\ AN
o) |
40d N
\ 40b
0
©
RSHTIPS-F o RdLn coO
N X
\
40c

40



R

6 F TARVEDMEERKEEREEIEDRS

L W

&

MEHERIEM 2R a7 02 G ERZ =T oy 70 s
FEEE A RTEa 7 AN R EIE N T AT A S OREBRA S AR IR R &
Ffo, E£72, PUEEIEN A RT Iy ) 7 ) = AR TR, VNI AT ) ER
DMEERENNFHARIRBR 2 B OHEL AL TR0, EELOEMEEW & L TR s
TW5, ZHHDLEWITIET HRERE S LT, BERFOERIEF72RED~
TaRFEAET DA FNEOREG LT BARRFENT 1) Bk ORGERTNIAFAET D
RNET N5, TLT, Z2ONT PV KEEDT-OICEARNBETH L Z &1
A BT DR 3R R & D 2 BFEAFHOLOBENRETHL Z LiX, 2
O DILEM DGR DRI REFHEL o> TW\WD, £ T, FEFITHE2FICTE
HODNVATFA L= a VROGETER LIET Y U EROMEL T2 L L Lz
(Figure 4),

kobusine carnosic acid xerophilusin |

strong vasodilation antioxidant effect cytotoxic activity against
the K562, MKN45 HepG2

OH
cannogenol ouabain
antitumor activity antitumor activity

Figure 4. Structures of drug candidates.
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HOHT NI U A AW VAR TF A L — 3 VRSO

AIRE BT D12 Hi20 , TAXVHEAKRE B LT RBEBRERICHE L7 EE %
AT DMERD -T2, E. MEEREMOSAEIIEL ZE L, A BREMICY A F L
AT HERCHETIE 61 ZUSHEEE L TRELEKRT LI L L, filkEhTnd
{bEW 55 ZIRBEY AT N EDT VX NMMUIZ L S TAF LT ZAT IV 56 ~L BB, fi
< 57T LDTAFMUIZE DTV —na—T K 58 ~EiFE Lz, TR X%
AWTZBRALSOSIZ R D . 7 h o 59 ~&ZE5H#i L7z, Krapcho WifRFESSIZ R Y A F L=
AFNEREL, AFAVRY T2=ARAT 4070 NEHY T ANFFAF LY
7Y RE RV Wittig KOS Z X V| 61 % 157-(Scheme 29),

Scheme 29. Synthesis of 61

Br
a) NaH b) KI <I\/
)OJ\/\)\ dimethyl carbonate j\)?\/\)\ KoCOs3, | 57
Z =~ MeO & o

CHCl, acetone
55 76% 56 74%

© | © |
c) SnCly d) LiCl
—_—
CH,Cl, CO,Me DMSO
55% 70%
59 60

e) MePPh;Br

NaHMDS (1.0 M) [
THF, r.t.
91%
61

BRALIE 61 NEONTZOTEHE 2ETCRH LEINVRT AL — a3 VRIS ORKESAM
TR E RS TZ, TOREFR, S0°CTIIRIGHHET LR D> 72t DD, 100°CIZNES
%2 E TR 29% 236 HAERMESD Z EICRE LT-, S BIZIRINAE L BSA %
Wiz & 2 A, EEIBIE 53%(( A/ N T A = 1/1)THELILD Z & % R L7-(Table
13),
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Table 13. Palladium-Catalyzed Carbothiolation

PhSTIPS (1.5 equiv) PhS
| (IPr)Pd(allyl)CI (10 mol%)
Cs,CO3 (3.0 equiv),
toluene, 36 h
61 62
Entry Base BSA (equiv) temp (°C) 62 (%)? cis | trans
1 KsPOy4 - 50 No Reaction -
2 Cs,CO3 - 50 No Reaction -
3 Cs,CO3 - 100 29 b
4 Cs,CO3 2.0 100 53 1/1

Isolated yield. bFormation of trans was not observed.

HEER AL O AR RLE 2 R T 2720, O N URIRFED o (IR T 4 Rk
BERTLIRILEDO U AEROHEZHEEL, AT —LICED T AT e R~EFHEL
Too FE<BEILIL, 73T 7T HERY A IUAGIZ LD #ESTETREIR~ & 222 L 72 (Scheme
30), LA AL XOBURE S EARAT ORE S, cis OAERIARRE A G T A BILIETH D T L %

fife7d L 7= (Figure 5),

Scheme 30. Synthesis of cis-64

Br.
(0]
0]
PhS O
a) mCPBA, DCM c) NaBH,4, MeOH
b) Py, TFAA, DCM H d) p-bromobenzoate, DMAP,
H DCM
cis-62 cis-63
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cis-64

Figure 5. X-ray crystal structure of cis-64.
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HO3ET NIV A A AW LRARY L— g /LRI —F— g Ve D
1t F

Wiz, AEFEE YA Y Fa ey U AF A —T LSO KR Z VTR
MEER L, EAYSaT— R R EREAIEL, TR TIFARNY T 2 =)Lk
AT 4 U RT VT A0V WG EITIE % (VAN T A =1/8) THUMREKRFED a
PLIZ AR T R HEE LT2BRIGIK 65 2345 & 717 (Table 14),

Table 14. Palladium-Catalyzed Carboborylation

B,Pin, (2.0 equiv) szQ
B

Pd (20 mol%) o
Cs,CO3 (2.0 equiv),

p
’ o

toluene / water, 100 °C, 24 h

61 65
Entry Pd 65 (%)? cis / trans
1 (IPr)Pd(allyl)Cl 58 1/5
2 Pd(PPhs)4 91 1/8

dIsolated yield.
F-, IUEH ) T LERERIE L, DRV UTFUTE FNT I A0)E W

73BT 52% (A/ T oA =1/7) THRRFZD o (il T UENFES L-BIBE
66 7315 5172 (Table 15),
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Table 15. Palladium-Catalyzed Carboiodation

Kl (7.0 equiv) |
Pd,(dba)s (20 mol%)

Sphos (40 mol%)

K>CO3 (1.0 equiv),

fy
' o

61 toluene, 100 °C, 24 h 66
Entry Pd Pd 66 (%)? cis | trans
1 (IPr)Pd(allyl)ClI ; trace _
2 Pd,(dba); Sphos 52 117

dIsolated yield.
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BIE RIS

KL E LT O L5 ICHREET 5,

2.

3.

MNUVAYTa N VLT Fo—T)L T Oy At 2 W=D VR TF A L —
a VRS DBAFRIT R E) LTz,

| B/W
Y

1
R2STIPS (1.5 equiv) R/ NsRr?
(IPr)P(ally)Cl (10 mol%) 17
> I =
. Y
Cs,CO3 (3.0 equiv) 20-90%

toluene, 100 °C, 36 h
R'=R? = alkyl, aryl; Y =CH,, N, O

36 examples

BSA ZIRMAIE LTIMA D Z & TRI Dy Mkt 2 W= VAT AL — 3 v
DYt RaXoy F 47 x VFERE R~ Ik oh L,

X

T

RSTIPS (1.5 equiv)

(IPr)Pd(allyh)ClI (10 mol%), SR
Cs,CO3 (1.5 equiv), BSA (2.0 equiv)
> X

toluene, 100 °C, 36 h X=§, S0,
72-96%

b RS ARRFEENS T Py 7 ROSE R L LI MBRAUVER OREEITHL) L

776

ITI—OBZ
Ph

(IPr)Pd(allyl)CI (10 mol%),
B,Pin, (2.0 equiv),
Cs,CO;5 (1.5 equiv), O \
toluene, 100 °C, 18 h o)

83%
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4. NIAYTeEA VI NLNTFAZ—T )L ERT T A EZ RN TF A IR = —
voa UG OBIFRIZEE LT,

RSTIPS (1.5 equiv) SR
PN I X\~ (IPr)Pd(allyl)CI (10 mol%) 7N S
X+ ~ Xt |
Nyt CsF (1.5 equiv) AN v
Y CO, solvent, temp, 22 h
aryl or 28-94%
alkenyl R =alkyl, aryl; Y =N, O 22 examples

5. T U Ml A N2 B S A T LS D STARIRIN B B RS RS T S =
TP LTz,
RSTIPS (1.5 equiv)

(IPr)Pd(ally)CI (10 mol%) PhS
Cs,CO; (3.0 equiv),

\

toluene, 100 °C, 36 h

Kl (7.0 equiv)
9 B,Pin, (2.0 equiv) Pd,(dba)s; (20 mol%)
O’B Pd(PPh3)4 (20 mol%) Sphos (40 mol%) I
Cs,CO3 (2.0 equiv), K,CO3 (1.0 equiv),
toluene, 100 °C, 24 h toluene, 100 °C, 24 h
cis | trans cis | trans
1/8 117
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H8E HEBRIH

General Information.

"H NMR, *C NMR spectra were recorded on a JEOL INM-ECX500 spectrometer and a
JEOL INM-ECZR500 spectrometer. Chemical shifts are reported in ppm with the residual solvent
resonance as internal standard (CDCI; 'H, = 7.26 ppm, "*C, = 77.16 ppm, CD,Cl, 'H, = 5.32 ppm,
13C, =53.84 ppm, CD;0D 'H, = 3.31 ppm, "*C, = 49.00 ppm). The following abbreviations were
used to explain the multiplicities: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad.
Mass spectral analyses were provided at the Materials Characterization Central Laboratory,
Waseda University. X-ray crystallographic analysis was performed with Rigaku R-AXIS RAPID-
F. All the reactions were carried out under argon atmosphere with dry, freshly distilled solvents
under anhydrous conditions, unless otherwise noted. All the reactions were monitored by TLC
carried out on 0.25 mm E. Merck silica gel plates (60F-254) using UV light as visualizing agent,
and phosphomolybdic acid and heat as developing agents. Kanto Chemical Silica Gel 60N
(spherical, neutral, 62-210 pm or 40-50 um partial size) was used for flash silica gel column
chromatography. Preparative TLC (PTLC) separations were carried out on 0.3 mm E. Merck silica

gel plates (60F-254). TLC R/ value of the purified compounds are included in this section.

Materials

THF, Et,O were distilled from sodium/ benzophenone ketyl, and methylene chloride,
CH3CN, and hexane from calcium hydride. DMF was distilled from CaH; under reduced pressure.
Toluene was distilled from sodium. All the reagents were purchased from Aldrich, TCI, Merck,

or Kanto Chemical Co. Ltd.
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Preparation of Compound la

| )J\AOH (1.3 equiv), |
E:E PPh; (1.3 equiv), DEAD (1.3 equiv), (:[ /\)J\
OH ()

CH,Cl,, 0°C, 3 h
2-lodophenol 1a

A 300 mL round bottom flask was charged with 2-iodophenol (1.9 g 8.72 mmol, 1.0
equiv), 2-methylbut-3-en-1-ol (973 mg, 11.3 mmol, 1.3 equiv), triphenylphosphine (2.97 g, 11.3
mmol, 1.3 equiv), and anhydrous CH,Cl, (80 mL). The reaction mixture was stirred at 0 °C under
argon atmosphere, then DEAD (2.2 M solution in toluene, 11.3 mmol, 1.3 equiv) was added to
the reaction mixture. After 3 hours, to the reaction mixture were added Et;O (100 mL) and brine
(100 mL), and the separated organic layer was dried over Na,SOy, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography (hexane /
ethyl acetate = 30/1) to afford 1a (2.43 g, 97%) as a colorless oil. I'! R;= 0.7 (hexane/ethyl acetate
=4/1).

Preparation of Silyl thioether

Procedure-A
TIPSCI (1.1 equiv), TEA (1.2 equiv) \3,(/4
- s~
THF, r.t. ©/

benzenethiol PhSTIPS

SH

A 100 mL round bottom flask was charged with benzenethiol (3.9 g, 35.6 mmol, 1.0
equiv), TIPSCI (8.3 ml, 39.2 mmol, 1.1 equiv), Et;N (6.0 ml, 43 mmol, 1.2 equiv), and anhydrous
THF( 36 ml). The reaction mixture was stirred at room temperature under argon atmosphere. After
22 hours, the slurry was filtered and the filtrate was washed with 10% KOH (20mL). The aqueous
layer was extracted with hexane (10 mLx3) and the combined organic layer was dried over
NaySOg, filtered, and concentrated under reduced pressure. The residue was purified by activated
alumina column (hexane) to afford PhSTIPS (9.4 g, 99%) as a colorless oil 2,
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Procedure-B

o  TIPSOTI (1.1 equiv), TEA (1.2 equiv) S/\S(.{
/©/ THF, .t /©/ T
F F

4-fluorobenzenethiol 4-F-PhSTIPS

A 30 mL round bottom flask was charged with 4-fluorobenzenethiol (500 mg, 3.90
mmol, 1.0 equiv), EtzN (1.15 ml, 4.29 mmol, 1.2 equiv), and anhydrous THF(7.8 ml) at room
temperature. To the reaction mixture was added TIPSOTT (1.15 ml, 4.29 mmol, 1.1 equiv) at room
temperature. The reaction mixture was stirred at room temperature under argon atmosphere. After
one hour, 10% KOH (5mL) was added to reaction mixture. The aqueous layer was extracted with
hexane (3 mLx3) and the combined organic layer was dried over Na,SO, filtered, and
concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane) to afford 4-F-PhSTIPS (752.8 mg, 68%) as a white solid. mp 39.9-
42.2 °C;'"H NMR (500 MHz, CDCls) § 7.42-7.46 (m, 2H), 6.91 (dd, J = 8.6, 8.6 Hz, 2H), 1.17-
1.28 (m, 3H), 1.07 (d, J = 7.5 Hz, 18H); *C NMR (125 MHz, CDCl;) §162.3 (d, J = 246.3 Hz),
161.3, 137.1 (d, J = 7.2 Hz), 126.6 (d, J = 2.4 Hz), 115.8 (d, J = 21.7 Hz), 18.5, 13.1; HRMS
(DART) [M+H]" calculated for C;sHxsFSSi: 285.1503, found: 285.1497.

Procedure-C

nBulLi (1.1 equiv),

TIPSOTF (1.0 equiv),
n-C12H25SH > n-C12H25ST|PS

THF, 0°C

1-dodecanethiol 1-dodecaneSTIPS

A 30 mL flask was charged with 1-dodecanethiol (250 mg, 1.24 mmol, 1.0 equiv),
anhydrous THF (2.5 ml) and the reaction mixture was stirred at room temperature under argon
atmosphere. To the reaction mixture was added n-butyllithium (2.67 M solution in hexanes, 0.51
ml, 1.36 mmol, 1.1 equiv) at 0 °C. After one hour, TIPSOTT (380 mg, 1.24 mmol, 1.0 equiv) was
added to the reaction mixture and the resulting mixture was stirred at room temperature for 30min.
10% KOH (2mL) was added to reaction mixture and the aqueous layer was extracted with hexane
(1 mLx3) and the combined organic layer was dried over Na,SOs, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography (hexane)
to afford 1-dodecaneSTIPS (426.3 mg, 96%) as a colorless oil; 'H NMR (500 MHz, CDCl;) §
1.57-1.63 (m, 2H), 1.36-1.39 (m, 2H), 1.20-1.33 (m, 21H), 1.11 (d, /= 7.4 Hz, 18H), 0.88 (t, J =
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6.8 Hz, 3H); *C NMR (125 MHz, CDCls) §33.3, 32.1, 29.8, 29.8, 29.8, 29.7, 29.4, 29.0, 26.1,
22.8,18.7,18.7, 14.3, 12.9; HRMS (DART) [M+H]" calculated for C>H47SSi 359.3162, found:
359.3156.

Procedure-D

nBuLi (1.1 equiv) \(A

Si

HS/% s
TIPSOTf (1.05 equiv), THF, 0 °C )\

2-Methyl-2-propanethiol

tert-butylSTIPS

A 30 mL flask was charged with 2-methyl-2-propanethiol (249 mg, 2.76 mmol, 1.0
equiv), anhydrous THF (9.2 mL), and the reaction mixture was stirred at room temperature under
argon atmosphere. To the reaction mixture was added n-butyllithium (2.69 M solution in hexanes,
1.13 mL, 3.03 mmol, 1.1 equiv) at 0 °C. After one hour, TIPSOTf (779 pL, 2.90 mmol, 1.05
equiv) was added to the reaction mixture and the resulting mixture was stirred at room temperature
for 30 min. 10% KOH (2mL) was added to the reaction mixture and the aqueous layer was
extracted with hexane (5 mLx3). The combined organic layer was dried over Na;SQOs, filtered,
and concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane) to afford title compound (569.8 mg, 84%) as a colorless oil: 'H NMR
(500 MHz, CDCl;3) § 1.47 (s, 9H), 1.24-1.31 (m, 3H), 1.15 (d, J = 6.80 Hz, 18H); *C NMR (125
MHz, CDCls) & 44.7, 35.9, 19.2, 14.0; HRMS (DART) [M+H]" calculated for C3H3;SSi:
247.1916, found: 247.1910.

4-chlorophenylthiotriisopropylsilane

/©/STIPS
cl

Procedure-A: Purification by activated alumina column (hexane) afforded title compound (943.9
mg, 91%) as a white solid; mp 27.8-28.6 °C ; '"H NMR (500 MHz, CDCls) § 7.41 (d, J = 8.0 Hz,
2H), 7.18 (d, J = 8.0 Hz, 2H), 1.18-1.28 (m, 3H), 1.07 (d, J = 7.5 Hz, 18H);"*C NMR (125 MHz,
CDCl3) 8136.7, 133.1, 130.4, 128.8, 18.6, 13.2; HRMS (DART) [M+H]" calculated for
Ci5Ha6CISSi: 301.1208, found: 301.1202.
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triisopropyl(m-tolylthio)silane

Me\©/STIPS

Procedure-A: Purification by activated alumina column (hexane) afforded title compound (1.14
g, 80%) as a colorless oil; 'H NMR (500 MHz, CDCls) § 7.32 (s, 1H), 7.26-7.29 (m, 1H), 7.07-
7.10 (m, 1H), 7.01 (d, J= 7.4 Hz, 1H), 2.29 (s, 3H), 1.20-1.30 (m, 3H), 1.08 (d, /= 7.4 Hz, 18H);
C NMR (125 MHz, CDCls) §138.4, 136.3, 132.5, 131.2, 128.5, 127.6, 21.4, 18.6, 13.2; HRMS
(DART) [M+H]" calculated for C1sH29SSi: 281.1754, found: 281.1748.

2-chlorophenylthiotriisopropylsilane

Cl
STIPS

Procedure-A: Purification by activated alumina column (hexane) afforded title compound (1.41
g, 69%) as a colorless oil; '"H NMR (500 MHz, CDCl3) § 7.56 (d,J= 7.4 Hz, 1H), 7.39 (d,J= 7.9
Hz, 1H), 7.09-7.16 (m, 2H), 1.26-1.36 (m, 3H), 1.09 (d, J = 7.4 Hz, 18H); *C NMR (125 MHz,
CDCl5) 8139.1, 137.3, 131.7, 130.2, 128.1, 126.7, 18.5, 13.5; HRMS (DART) [M+H]" calculated
for CsHy6CISSi: 301.1208, found: 301.1206.

2-fluorophenylthiotriisopropylsilane

STIPS

Procedure-A: Purification by activated alumina column (hexane) afforded title compound (1.13
g, 49%) as a colorless oil; '"H NMR (500 MHz, CDCl;) & 7.50 (ddd, J = 7.5, 7.5, 1.7 Hz, 1H),
7.18-7.23 (m, 1H), 6.99-7.05 (m, 2H), 1.19-1.31 (m, 3H), 1.08 (d, J = 6.9 Hz, 18H); °*C NMR
(125 MHz, CDCl3) 6163.6 (d, J =245.1 Hz), 138.0, 129.0 (d, /= 8.5 Hz), 124.2 (d, /= 4.8 Hz),
118.8 (d, /= 19.3 Hz), 116.0 (d, J = 24.1 Hz), 18.7, 13.2; HRMS (DART) [M+H]" calculated for
Ci5sHa6FSSi: 285.1503, found: 285.1496.
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2,6-dichlorophenylthiotriisopropylsilane

Cl
STIPS

Cl
Procedure-A : Purification by flash silica gel column chromatography (2.5 % Et:N in hexane)
afforded title compound (263 mg, 28%) as a colorless oil: Ry=0.61 (2.5 % Et;N in hexane); '"H
NMR (500 MHz, CDCl3) 6 7.34 (d, /J=7.9 Hz, 2H), 7.09 (dd, /= 7.9, 7.9 Hz, 1H), 1.33-1.41 (m,
3H), 1.08 (d, J = 7.4 Hz, 18H); *C NMR (125 MHz, CDCl;) §141.0, 131.6, 128.4, 18.5, 17.8,
14.0; HRMS (DART) [M+H]" calculated for CisH,sC1,SSi: 335.0818, found: 335.0811.

triisopropyl(isopropylthio)silane

stps

Procedure-C: Purification by flash silica gel column chromatography (hexane) afforded title
compound (410 mg, 60%) as a colorless oil: Ry = 0.49 (hexane); '"H NMR (500 MHz, CDCl;) &
3.07-3.17 (m, 1H), 1.35-1.37 (m, 6H), 1.21-1.29 (m, 3H), 1.11-1.13 (m, 18H); *C NMR (125
MHz, CDCl;) 831.5, 28.6, 18.8, 13.2; HRMS (DART) [M+H]" calculated for C;,HxSSi:
233.1754, found: 233.1751.

triisopropyl(naphthalen-2-ylthio)silane

lSTlPS

Procedure-D: Purified by flash silica gel column chromatography (hexane with 3% Et:N) to
afford title compound (594.9 mg, 72%) as a white solid: mp 89.1-90.1 °C; "H NMR (500 MHz,
CDCl3) 6 7.99 (s, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.73 (d, J = 7.9 Hz, 1H), 7.69 (d, J = 8.5 Hz,
1H), 7.55 (d, J = 8.5 Hz, 1H), 7.42-7.48 (m, 2H), 1.24-1.32 (m, 3H), 1.10 (d, J = 7.9 Hz, 18 H);
5C NMR (125 MHz, CDCls) & 134.4, 133.8, 133.1, 132.2, 129.2, 128.0, 127.8, 127.3, 126.4,
126.0, 18.7, 13.3; HRMS (DART) [M+H]" calculated for C1oH29SSi: 317.1759, found: 317.1753.

((2,3,3,4,4,5-hexamethylhexan-2-yl)thio)triisopropylsilane

STIPS

54



Procedure-D: Purification by activated alumina column (hexane) afforded title compound (610.5
mg, 88%) as a colorless oil; "H NMR (500 MHz, CDCl3) § 1.22-1.93 (m, 15H), 1.14 (d, J = 6.80
Hz, 18H), 0.77-1.05 (m, 13H); *C NMR (125 MHz, CDCl) § 29.6, 27.6, 22.9, 19.3, 18.2, 14.7,
14.4, 143, 14.2, 9.2; HRMS (DART) [M+H]" calculated for C,;H47SSi: 359.3162, found:
359.3159.

Typical Procedure of Palladium- Catalyzed Carbothiolation

| TIPSSPh (1.5 equiv) SPh
©i /\)J\ (IPr)Pd(allyl)CI (10 mol%), Cs,CO5 (3.0 equiv),
0
toluene, 100 °C, 36 h o
1a 2a

A 50 mL flask was charged with 1a (344 mg, 1.19 mmol, 1.0 equiv), Cs:COs3 ( 1.17 g,
3.58 mmol, 3.0 equiv), (IPr)Pd(allyl)Cl (68.2 mg, 0.119 mmol, 0.1 equiv), TIPSSPh (477 mg,
1.79 mmol, 1.5 equiv), and anhydrous toluene (24 ml, 0.05 mol/L). The reaction mixture was well
degassed then stirred at 100 °C under argon atmosphere. After 36 hours, to the reaction mixture
was added water (20 mL) at room temperature and the aqueous layer was extracted with EtOAc
(20 mL % 3). The combined organic layer was dried over Na,SOs, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography (hexane /
DCM = 40/1) to afford 2a (295.1 mg, 91%) as a colorless oil: R;= 0.46 (hexane/DCM = 1/1); 'H
NMR (500 MHz, CD»Cl») 6 7.34 (d, J=7.5 Hz, 2H), 7.24-7.27 (m, 3H), 7.17 (dd, /= 7.5, 7.5 Hz,
1H), 7.11 (dd, J = 8.0, 7.5 Hz, 1H), 6.88 (dd, /= 7.5, 7.5 Hz, 1H), 6.81 (dd, /= 8.0, 8.0 Hz, 1H),
4.14 (m, 2H), 3.35 (d, /= 12.6 Hz, 1H), 3.28 (d, /= 12.6 Hz, 1H), 2.26-2.31 (m, 1H), 1.81-1.87
(m, 1H), 1.45 (s, 3H);"’C NMR (125 MHz, CD,Cl,) §154.6, 138.1, 129.8, 129.7, 129.3, 128.1,
127.4, 126.3, 120.8, 117.4, 63.1, 47.4, 35.4, 34.0, 28.6; HRMS (DART) [M+H]" calculated for
Ci7H190S: 271.1145, found: 271.1151.

Characterization of the Title Products
2-(3-methylbut-3-en-1-yloxy)phenyl phenyl sulfone (1b)

©iSPh

O/\)J\

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 1b (18.1
mg, 56 %) as a colorless oil: Ry=0.66 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl3) § 7.34-

7.37 (m, 2H), 7.30 (dd, J = 7.4, 1.7 Hz, 2H), 7.23-7.27 (m, 1H), 7.21 (ddd, J = 8.2, 8.2, 1.7 Hz,
1H), 7.08 (dd, J=7.9, 1.7 Hz, 1H), 6.89 (dd, J= 7.9, 1.1 Hz, 1H), 6.86 (dt, J= 7.9, 1.1 Hz, 1H),
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4.80 (m, 1H), 4.76 (m, 1H), 4.10 (t, J = 6.8 Hz, 2H), 2.44 (t, J = 6.8 Hz, 2H), 1.77 (s, 3H); "°C
NMR (125 MHz, CDCls) 8156.7, 142.3, 134.8, 131.8, 131.5, 129.2, 128.2, 127.2, 125.0, 121.3,
112.3, 112.1, 67.7, 37.2, 23.0; HRMS (DART) [M+NH4]" calculated for C;7H»ONS: 288.1417,
found: 288.1411.

4-iodomethyl-4-methylchromane (2b)

O

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2b (17
mg, 82 %) as a colorless oil: Ry=0.63 (hexane/DCM = 1/1); 'H NMR (500 MHz, CD>Cl,) & 7.23
(dd, /=8.0, 1.7 Hz, 1H), 7.11 (dd, J = 7.5, 1.7 Hz, 1H), 6.89 (dd, J = 7.5 Hz, 1H), 6.79 (d, J =
8.0 Hz, 1H), 4.07-4.17 (m, 2H), 3.56 (d, J=10.3 Hz, 1H), 3.51 (d, /= 10.3 Hz, 1H), 2.13-2.17
(m, 1H), 1.76-1.83 (m, 1H), 1.45 (s, 3H); *C NMR (125 MHz, CD,Cl,) §154.6, 128.5, 127.3,
126.9, 120.9, 117.5, 63.0, 35.6, 34.1, 28.5, 22.6 HRMS (DART) [M+NH4]" calculated for
C11H7ONI: 306.0349, found: 306.0344.

4-(4-chlorophenylthiomethyl)-4-methylchromane (2c)

e
@)

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2¢ (12.2
mg, 78%) as a colorless oil: R;=0.55 (hexane/DCM = 1/1); '"H NMR (500 MHz, CD,Cl,) § 7.22-
7.28 (m, 5H), 7.09 (dd, J=8.5, 8.5 Hz, 1H), 6.84-6.86 (m, 1H), 6.77-6.78 (m, 1H), 4.09-4.18 (m,
2H), 3.35 (d, J=12.5 Hz, 1H), 3.25 (d, /= 12.5 Hz, 1H), 2.23-2.28 (m, 1H), 1.78-1.84 (m, 1H),
1.43 (s, 3H); C NMR (125 MHz, CDxCly) §154.6, 136.8, 132.2, 131.2, 129.4, 129.3, 128.1,
127.4, 120.8, 117.4, 63.1, 47.7, 35.5, 34.1, 28.6; HRMS (DART) [M+NH4]" calculated for
Ci7H21ONCIS: 322.1027, found: 322.1021.

4-(4-fluorophenylthiomethyl)-4-methylchromane (2d)

s—(_)*
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Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2d (20.3
mg, 74% (82 h)) as a colorless oil: R;=0.50 (hexane/DCM = 1/1); '"H NMR (500 MHz, CD;0D)
6 7.33-7.35 (m, 2H), 7.22 (d, /= 7.9 Hz, 1H), 6.96-7.03 (m, 3H), 6.79 (dd, /= 17.9, 7.9 Hz 1H),
6.71 (d, J= 8.5 Hz 1H), 4.04-4.14 (m, 2H), 3.35 (d, /= 13.0 Hz, 1H), 3.23 (d, /= 13.0 Hz, 1H),
2.24-2.29 (m, 1H), 1.73-1.78 (m, 1H), 1.38 (s, 3H); *C NMR (125 MHz, CD;0D) §163.1(d, J =
244.4 Hz), 155.6, 134.3 (d,/=3.6 Hz), 133.6 (d, /= 8.3 Hz), 130.3, 128.4 (d, /= 38.2 Hz), 128.3,
121.5, 118.0, 116.8 (d, J = 22.7 Hz), 63.6, 49.2, 36.4, 34.9, 28.9; HRMS (DART) [M+NH4]"
calculated for C;7H,ONFS: 306.1322, found: 306.1317.

4-(4-methoxyphenylthiomethyl)-4-methylchromane (2e)

s@om
0

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2e (32.6
mg, 96%) as a colorless oil: R;=0.55 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl;) § 7.32
(d, J=8.5Hz, 2H), 7.21 (d, /= 8.5 Hz, 1H), 7.09 (dd, /= 7.4, 7.4 Hz, 1H), 6.86 (dd, /= 7.4 Hz
1H), 6.79-6.82 (m, 3H), 4.10-4.15 (m, 2H), 3.78 (s, 3H), 3.27 (d, J= 12.5 Hz, 1H), 3.19 (d, J =
12.5 Hz, 1H), 2.26-2.31 (m, 1H), 1.79-1.84 (m, 1H), 1.42 (s, 3H); *C NMR (125 MHz, CDCl;)
8158.9,154.1, 133.2,129.5, 127.9, 127.8, 127.0, 120.1, 117.2, 114.7, 62.8, 55.4, 49.6, 35.3, 33.5,
28.0; HRMS (DART) [M+NH4]" calculated for C1sH240,NS: 318.1522, found: 318.1516.

o
0]

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2f (20.2
mg, 79%) as a colorless oil: R;= 0.54 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.22-
7.26 (m, 3H), 7.06-7.11 (m, 3H), 6.87 (dd, J= 8.5, 8.5 Hz 1H), 6.80 (d, /= 8.5 Hz 1H), 4.09-4.16
(m, 2H), 3.31 (d, J=12.5 Hz, 1H), 3.24 (d, J = 12.5 Hz, 1H), 2.30 (s, 3H), 2.25-2.29 (m, 1H),
1.80-1.85 (m, 1H), 1.43 (s, 3H); *C NMR (125 MHz, CDCls) §154.1, 136.4, 134.0, 130.5, 129.9,
129.5, 127.9, 127.1, 120.6, 117.3 62.9, 48.2, 35.3, 33.6, 28.1, 21.1; HRMS (DART) [M+NH4]"
calculated for C;sH24ONS: 302.1573, found: 302.1569.

4-methyl-4-p-tolylthiomethylchromane (2f)
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4-methyl-4-m-tolylthiomethylchromane (2g)
Me

)

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2g (30.1
mg, 81%) as a colorless oil: R;=0.51 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.24-
7.26 (m, 1H), 7.14 (d, J = 4.0 Hz, 3H), 7.10 (dd, J = 8.5, 8.5 Hz 1H), 6.96-6.99 (m, 1H), 6.86-
6.89 (m, 1H), 6.81 (d, /= 8.5 Hz, 1H), 4.11-4.18 (m, 2H), 3.34 (d, /= 12.5 Hz, 1H), 3.26 (d, J =
12.5 Hz, 1H), 2.30 (s, 3H), 2.25-2.29 (m, 1H), 1.81-1.86 (m, 1H), 1.44 (s, 3H); *C NMR (125
MHz, CDCl3) 6 154.1, 138.8, 137.3, 130.3, 129.5, 128.9, 127.9, 127.1, 127.1, 126.7, 120.7, 117.3,
62.9, 47.3, 35.2, 33.6, 28.2, 21.5 ; HRMS (DART) [M+NH4]" calculated for C;sH4sONS:
302.1573, found: 302.1566.

4-(2-methoxyphenylthiomethyl)-4-methylchromane (2h)
MeQO

O

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2h (16.4
mg, 74%) as a colorless oil: R;= 0.41 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.25-
7.30 (m, 2H), 7.18 (d, J = 7.4 Hz, 1H), 7.10 (dd, J = 7.4, 7.4 Hz 1H), 6.79-6.90 (m, 4H), 4.13-
4.18 (m, 2H), 3.89 (s, 3H), 3.28 (d, J=12.5 Hz, 1H), 3.20 (d, /= 12.5 Hz, 1H), 2.30 (s, 3H), 2.32-
2.36 (m, 1H), 1.83-1.88 (m, 1H), 1.47 (s, 3H); *C NMR (125 MHz, CDCl3) §157.8, 154.1, 130.5,
129.8, 127.9, 127.6, 127.1, 125.2, 121.2, 120.6, 117.3, 110.7, 62.9, 56.0, 45.4, 34.9, 33.6, 28.0;
HRMS (DART) [M+NH4]" calculated for C;sH240,NS: 318.1522, found: 318.1515.

4-methyl-4-o-tolylthiomethylchromane (2i)
Me
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Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2i (15.2
mg, 86%) as a colorless oil: R;=0.52 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl;) § 7.31
(d,J=7.4 Hz, 1H), 7.24-7.26 (m, 1H), 7.08-7.16 (m, 4H), 6.88 (dd, /= 7.9, 7.9 Hz 1H), 6.82 (d,
J=17.9 Hz, 1H), 4.13-4.21 (m, 2H), 3.30 (d, /= 12.5 Hz, 1H), 3.22 (d, /= 12.5 Hz, 1H), 2.38 (s,
3H), 2.30-2.35 (m, 1H), 1.83-1.89 (m, 1H), 1.48 (s, 3H);"°*C NMR (125 MHz, CDCls) §154.1,
138.2,136.7,130.2, 129.4,129.2, 127.9, 127.0, 126.6, 126.1, 120.6, 117.3, 62.8, 46.8, 35.0, 33.7,
28.2,20.7; HRMS (DART) [M+NH.4]" calculated for C;sH,4ONS: 302.1573, found: 302.1569.

4-(2-chlorophenylthiomethyl)-4-methylchromane (2j)
Cl

0]

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2j (76.2
mg, 82%) as a colorless oil: R;= 0.53 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl;) § 7.36
(dd,J=7.9,1.1 Hz, 1H), 7.31 (dd, J=7.9, 1.7 Hz, 1H), 7.25-7.27 (m, 1H), 7.17 (dd, J=7.4, 7.4
Hz, 1H), 7.09-7.13 (m, 2H), 6.88 (dd, J=7.4, 7.4 Hz 1H), 6.82 (d, /= 8.5 Hz, 1H), 4.14-4.21 (m,
2H), 3.31 (d, J=12.5 Hz, 1H), 3.25 (d, /= 12.5 Hz, 1H), 2.30-2.35 (m, 1H), 1.86-1.91 (m, 1H),
1.49 (s, 3H); C NMR (125 MHz, CDCl;) §154.0, 136.4, 134.5,129.9, 129.8, 129.2, 128.0, 127.2,
127.0, 127.0, 120.7, 117.4, 62.8, 46.1, 34.9, 33.7, 28.1; HRMS (DART) [M+H]" calculated for
Ci7H21ONCIS: 322.1027, found: 322.1022.

4-(2-fluorophenylthiomethyl)-4-methylchromane (2k)
F

@)
Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2k (21.7

mg, 93%) as a colorless oil ; 'H NMR (500 MHz, CD>Cl,) & 7.36-7.39 (m, 1H), 7.19-7.24 (m,
2H), 7.02-7.09 (m, 3H), 6.84 (ddd, J = 8.0, 8.0, 1.2 Hz, 1H), 6.77 (dd, J= 8.0, 1.2 Hz, 1H), 4.09-
4.19 (m, 2H), 3.34 (d, /= 12.6 Hz, 1H), 3.24 (d, J = 12.6 Hz, 1H), 2.29-2.34 (m, 1H), 1.79-1.86
(m, 1H), 1.43 (s, 3H); *C NMR (125 MHz, CD>Cl,) §161.7 (d, J=245.6 Hz), 154.1, 132.8, 129.1,

59



128.7 (d, J =7.2 Hz), 127.9, 127.0, 124.6 (d, J =3.6 Hz), 120.6, 117.3, 115.9, 115.7, 62.8, 46.8,
35.1,33.5,28.0; HRMS (DART) [M+Na]" calculated for C;7H;7FOS: 311.0876, found: 311.0873.

4-(2,6-dimethylphenylthiomethyl)-4-methylchromane (21)
Me

Me
@)
Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 21 (15.1

mg, 48% (82 h)) as a colorless oil: Ry= 0.50 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl5)
6 7.17(dd, J=17.9, 1.1 Hz, 1H), 7.05-7.11 (m, 4H), 6.78-6.85 (m, 2H), 4.14-4.23 (m, 2H), 3.05
(d, J=12.5 Hz, 1H), 2.91 (d, J= 12.5 Hz, 1H), 2.51 (s, 3H), 2.34-2.39 (m, 1H), 1.82-1.87 (m,
1H), 1.47 (s, 3H); C NMR (125 MHz, CDCl;) §154.1, 142.8, 134.5, 129.4, 128.2, 128.1, 127.8,
126.9, 120.5, 117.2, 62.9, 48.4, 35.0, 33.6, 28.2, 22.1; HRMS (DART) [M+NH4]" calculated for
Ci9H260ONS: 316.1730, found: 316.1741.

4-dodecylthiomethyl-4-methylchromane (2n)

SN NN

O

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2n (32.7
mg, 63%) as a colorless oil: R;=0.61 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.24-
7.26 (m, 1H), 7.09 (ddd, J= 7.7, 7.7, 1.7 Hz, 1H), 6.88 (ddd, /= 17,9, 7.9, 1.1 Hz, 1H), 6.80 (dd,
J=17,9, 1.1 Hz, 1H), 4.13-4.22 (m, 2H), 2.90 (d, /= 12.5 Hz, 1H), 2.83 (d, /= 12.5 Hz, 1H), 2.45
(t,J=17,4 Hz, 2H), 2.19-2.24 (m, 1H), 1.78-1.83 (m, 1H), 1.50-1.56 (m, 2H), 1.40 (s, 3H), 1.25-
1.34 (m, 18H), 0.88 (t,J= 7,4 Hz, 3H) ; *C NMR (125 MHz, CDCl3) §154.0, 129.8, 127.7, 127.0,
120.5,117.2,62.9,45.7,34.79,34.3, 32.0, 33.7,32.0, 30.0, 29.7, 29.7,29.6, 29.4, 29.3, 28.9, 28.1,
22.8,14.2; HRMS (DART) [M+NH4]" calculated for C23H42ONS: 380.2982, found: 380.2975.

4-benzylthiomethyl-4-methylchromane (20)
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Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 20 (21.4
mg, 75%) as a colorless oil: R;= 0.38 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.22-
7.32 (m, 5H), 7.19 (dd, J=17.9, 1.7 Hz, 1H), 7.09 (ddd, J="7.9, 7.9, 1.7 Hz, 1H), 6.86 (ddd, J =
7.4,7.4,1.1 Hz, 1H), 6.78 (dd, J=17.9, 1.1 Hz, 1H), 4.06-4.09 (m, 1H), 3.98-4.03 (m, 1H), 3.65
(d, J=13.0 Hz, 1H), 3.60 (d, J= 13.0 Hz, 1H), 2.77 (s, 3H), 2.10-2.15 (m, 1H), 1.71-1.76 (m,
1H), 1.36 (s, 3H); *C NMR (125 MHz, CDCl;) §154.0, 138.4, 129.5, 129.0, 128.6, 127.7, 127.2,
127.1, 120.5, 117.2, 62.7, 44.2, 37.9, 34.6, 33.7, 28.1; HRMS (DART) [M+NH4]" calculated for
CisH24ONS: 302.1573 , found: 302.1569.

4-isopropylthiomethyl-4-methylchromane (2p)

~
o

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 2p (6.4
mg, 20% (82 h)) as a colorless oil: Ry=0.51 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl5)
6 7.25-7.27 (m, 1H), 7.10 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.89 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H),
6.80 (d, J= 8.0 Hz, 1H), 4.14-4.22 (m, 2H), 2.91 (d, J = 12.0 Hz, 1H), 2.77-2.85 (m, 2H), 2.21-
2.25 (m, 1H), 1.77-1.83 (m, 1H), 1.41 (s, 3H), 1.24-1.26 (m, 6H) ; >C NMR (125 MHz, CDCI;)
6154.0, 129.9, 127.7, 127.0, 120.5, 117.2, 62.9, 43.6, 36.5, 34.5, 33.6, 28.1, 23.7, 23.7; HRMS
(DART) [M+H]" calculated for C14H210S:237.1308 , found: 237.1304.

3-phenylthiomethyl-3-methyl-2,3-dihydrobenzofuran (4a)

o

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4a (16.3
mg, 83%) as a colorless oil: Ry= 0.49 (hexane/DCM = 1/1).F)

3-(4-chlorophenylthiomethyl)-3-methyl-2,3-dihydrobenzofuran (4b)

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4b (30.2
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mg, 90%) as a colorless oil: Ry = 0.60 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCls) §7.12-
7.21 (m, 6H), 6.87 (dd, J= 7.4, 7.4 Hz, 1H), 6.81 (d, /= 7.4 Hz, 1H), 4.56 (d, J = 8.5 Hz, 1H),
4.18 (d, J= 8.5 Hz, 1H), 3.16-3.22 (m, 2H), 1.47 (s, 3H); *C NMR (125 MHz, CDCl;) §161.4,
137.4, 135.4, 134.1, 132.8, 131.0, 130.8, 124.9, 122.6, 111.9, 83.5, 48.5, 47.3, 26.3; HRMS
(DART) [M+H]" calculated for C1sH160CIS: 291.0605, found: 291.0598.

3-(4-fluorophenylithiomethyl)-3-methyl-2,3-dihydrobenzofuran (4c)
S—< >—F
O

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4¢ (14.6
mg, 72%) as a colorless oil: R;= 0.38 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.26-
7.30 (m, 2H), 7.10-7.16 (m, 2H), 6.94 (dd, J = 8.5, 8.5 Hz, 2H), 6.85 (ddd, J=7.4, 7.4, 1.1 Hz,
1H), 6.80 (d, J = 8.5 Hz, 1H), 4.56 (d, J = 8.5 Hz, 1H), 4.17 (d, J= 9.1 Hz, 1H), 3.14-3.20 (m,
2H), 1.45 (s, 3H); >*C NMR (125 MHz, CDCl3) §161.9 (d, J = 246.8 Hz), 159.5, 133.7, 132.6 (d,
J=8.3Hz), 131.9 (d,/=2.4 Hz), 128.9, 123.1, 120.7, 116.1 (d, J = 22.7 Hz), 110.0, 81.6, 46.8,
46.7,24.5; HRMS (DART) [M+NH,4]" calculated for C16H19ONFS: 292.1166, found: 292.1163.

3-(4-methoxyphenylthiomethyl)-3-methyl-2,3-dihydrobenzofuran (4d)
SOOMe
@)

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4d (30.7
mg, 98%) as a colorless oil: R;= 0.55 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.29-
7.32 (m, 2H), 7.11-7.16 (m, 2H), 6.86 (dd, J = 7.4, 7.4 Hz, 1H), 6.79-6.81 (m, 3H), 4.55 (d, J =
9.1 Hz, 1H), 4.16 (d, J = 9.1 Hz, 1H), 3.78 (s, 3H), 3.12-3.17 (m, 2H), 1.45 (s, 3H) ; *C NMR
(125 MHz, CDCls) 8159.5, 159.0, 134.1, 133.3, 128.7, 127.3, 123.0, 120.7, 114.7, 110.0, 81.7,
55.4, 47.4, 46.9, 24.6; HRMS (DART) [M+H]" calculated for C;7H;90,S: 287.1100, found:
287.1097.
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3-methyl-3-m-tolylthiomethyl-2,3-dihydrobenzofuran (4e)
Me

)

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4e (33.2
mg, 85%) as a colorless oil: R;=0.59 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl3) § 7.11-
7.18 (m, SH), 6.98 (d, J = 6.8 Hz, 1H), 6.88 (ddd, /= 7.4, 7.4, 1.1 Hz, 1H), 6.83 (ddd, J = 7.4,
7.4, 1.1 Hz, 1H), 4.59 (d, J= 9.1 Hz, 1H), 4.19 (d, J= 9.1 Hz, 1H), 3.20-3.26 (m, 2H), 2.30 (s,
3H), 1.48 (s, 3H); *C NMR (125 MHz, CDCl;) §159.6, 138.8, 136.8, 134.0, 130.3, 128.9, 128.8,
127.2, 126.7, 123.1, 120.7, 110.4, 81.8, 46.7, 45.2, 24.5, 21.4; HRMS (DART) [M+NH4]"
calculated for C;7H2,ONS: 288.1417, found: 288.1413.

3-(2-methoxyphenylthiomethyl)-3-methyl-2,3-dihydrobenzofuran (4f)
MeO

S

@)
Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4f (34.3

mg, 85%) as a colorless oil: R;= 0.46 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.26-
7.27 (m, 1H), 7.13-7.20 (m, 3H), 6.79-6.89 (m, 4H), 4.63 (d,/=9.1 Hz, 1H), 4.18 (d,/=9.1 Hz,
1H), 3.88 (s, 3H), 3.14-3.19 (m, 2H), 1.49 (s, 3H) ; *C NMR (125 MHz, CDCls) §159.5, 157.7,
134.3, 130.5, 128.7, 127.8, 124.6, 123.0, 121.1, 120.7, 110.7, 110.0, 81.8, 55.9, 46.5, 43.4, 24.6;
HRMS (DART) [M+NH4]" calculated for C;7H20,NS: 304.1366, found: 304.1361.

3-methyl-3-o-tolylthiomethyl-2,3-dihydrobenzofuran (4g)
Me

S

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4g (25.6
mg, 85%) as a colorless oil: R;= 0.68 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.25-
7.27 (m, 1H), 7.07-7.17 (m, 5H), 6.88 (dd, /= 7.9, 7.9 Hz 1H), 6.81 (d, /= 7.9 Hz, 1H), 4.60 (d,

)
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J=9.1 Hz, 1H), 4.20 (d, /= 9.1 Hz, 1H), 3.19 (d, J = 12.5 Hz, 1H), 3.15 (d, J = 12.5 Hz, 1H),
2.37 (s, 3H), 1.50 (s, 3H) ;'*C NMR (125 MHz, CDCl3) §159.5, 138.1, 136.2, 134.0, 130.2, 129.1,
128.8, 126.6, 126.2, 123.0, 120.7, 110.1, 81.7, 46.5, 44.6, 24.6, 20.6; HRMS (DART) [M+H]"
calculated for C;7H;90S: 271.1151, found: 271.1149.

3-(2-chlorophenylthiomethyl)-3-methyl-2,3-dihydrobenzofuran (4h)
Cl

2

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4h (67.0
mg, 77%) as a colorless oil: R;= 0.45 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl;) § 7.36
(d,J=17.9 Hz, 1H), 7.25-7.26 (m, 1H), 7.09-7.18 (m, 4H), 6.88 (dd, /= 7.4, 7.4 Hz, 1H), 6.82 (d,
J=79Hz, 1H), 4.62 (d,J=9.1 Hz, 1H), 4.22 (d,/=9.1 Hz, 1H),3.22 (d,/=11.9 Hz, 1H), 3.19
(d, J = 11.9 Hz, 1H), 1.51 (s, 3H) ; *C NMR (125 MHz, CDCl;) §159.5, 135.9, 134.4, 133.8,
129.9, 129.8, 128.9, 127.2, 127.2, 123.1, 120.8, 110.1, 81.7, 46.4, 43.9, 24.4; HRMS (DART)
[M+Na]" calculated for C;6H;sONaS: 313.0424, found: 313.0420.

3-(2-fluorophenylthiomethyl)-3-methyl-2,3-dihydrobenzofuran (4i)
F

)

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4i (11.7
mg, 99%) as a colorless oil: R;= 0.58 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl;) § 7.32
(dd, J=17.9, 7.9 Hz, 1H), 7.17-7.21 (m, 1H), 7.12-7.15 (m, 2H), 7.02 (dd, J = 7.4, 7.4 Hz, 2H),
6.85(dd,/=7.4,7.4 Hz, 1H), 6.79 (d, /= 7.4 Hz, 1H), 4.60 (d,/=9.1 Hz, 1H),4.19 (d,J=9.1
Hz, 1H), 3.17-3.22 (m, 2H), 1.47 (s, 3H) ; *C NMR (125 MHz, CDCls) §161.66 (d, J = 245.6
Hz), 159.6, 133.7, 132.7, 128.9 (d, J = 3.6 Hz), 128.8, 124.6 (d, /= 3.6 Hz), 123.7 (d, J=16.7
Hz), 123.1,120.8,115.9 (d,J=22.7 Hz), 110.1, 81.7,46.7,44.7, 24.5; HRMS (DART) [M+NH4]"
calculated for C;¢H9ONFS: 292.1166, found: 292.1161.
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3-(2,6-dimethylphenylthiomethyl)-3-methyl-2,3-dihydrobenzofuran (4j)
Me

Me
@)

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4j (10.6
mg, 67%) as a colorless oil: R;= 0.60 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.05-
7.15 (m, 5H), 6.86 (dd, J=17.9, 7.9 Hz, 1H), 6.79 (d, /= 7.9 Hz, 1H), 4.62 (d, /= 9.1 Hz, 1H),
422 (d,J=9.1 Hz, 1H), 2.96 (d, J=11.9 Hz, 1H), 2.87 (d, J= 11.9 Hz, 1H), 2.50 (s, 6H), 1.49
(s, 3H) ; *C NMR (125 MHz, CDCl;) §159.4, 142.7, 142.7, 134.2, 134.1, 128.7, 128.3, 122.9,
120.7, 110.0, 81.7, 46.6, 46.1, 24.7, 22.0; HRMS (DART) [M+H]" calculated for C;sH,;0OS:
285.1308, found: 285.1303.

3-benzylthiomethyl-3-methyl-2,3-dihydrobenzofuran (4k)

S

O

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4k (16.2
mg, 45%) as a colorless oil: R;= 0.58 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.21-
7.30 (m, SH), 7.12-7.17 (m, 2H), 6.88 (ddd, /= 7.4, 7.4, 1.1 Hz, 1H), 6.80 (d, J = 8.5 Hz, 1H),
4.44 (d,J=8.5Hz, 1H), 4.14 (d,J= 8.5 Hz, 1H), 3.59 (s, 2H), 2.73 (d, /= 12.5 Hz, 1H), 2.68 (d,
J=12.5 Hz, 1H), 1.39 (s, 3H) ; *C NMR (125 MHz, CDCl;) §159.6, 138.2, 134.0, 129.0, 128.7,
128.6, 127.2, 123.2 120.6, 110.0, 82.1, 46.3, 42.4, 37.9, 24.6; HRMS (DART) [M+NH4]"
calculated for C;7H2,ONS: 288.1417 , found: 288.1411.

3-dodecylthiomethyl-3-methyl-2,3-dihydrobenzofuran (41)

SN NN

O

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 41 (16.8
mg, 55%) as a colorless oil: R;=0.59 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.13-
7.17 (m, 2H), 6.88 (dd, J= 7.9, 7.9 Hz, 1H), 6.80 (d, /= 7.9 Hz, 1H), 4.56 (d, /= 9.1 Hz, 1H),
4.18 (d,J=9.1 Hz, 1H), 2.82 (d, /= 13.0 Hz, 1H), 2.76 (d, /= 13.0 Hz, 1H), 2.42 (t,J=7.9 Hz,
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2H), 1.49-1.55 (m, 2H), 1.44 (s, 3H), 1.25-1.31 (m, 18H), 0.88 (t, /= 7.4 Hz, 3H) ; '3C NMR (125
MHz, CDCL3) §159.6, 134.3, 128.7, 123.0, 120.6, 109.9, 82.0, 46.5, 43.6, 34.2, 32.0, 29.9, 29.7,
29.7, 29.7, 29.6, 29.4, 29.3, 28.9, 24.5, 22.8, 14.2; HRMS (DART) [M+NH.]" calculated for
C2,H40ONS: 366.2825, found: 366.2819.

3-isobutylthiomethyl-3-methyl-2,3-dihydrobenzofuran (4m)

s

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 4m (6.6
mg, 23% (82 h)) as a colorless oil: Ry= 0.60 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl5)
6 7.13-7.17 (m, 2H), 6.88 (dd, J=17.5, 7.5 Hz, 1H), 6.80 (d, /= 8.0 Hz, 1H), 4.57 (d, /= 8.6 Hz,
1H), 4.17 (d, J= 8.6 Hz, 1H), 2.73-2.84 (m, 3H), 1.43 (s, 3H), 1.23 (d, J= 6.9 Hz, 6H) ; *C NMR
(125 MHz, CDCIs) 8159.5, 134.4, 128.7, 123.0, 120.6, 109.9, 82.0, 46.2, 41.6, 36.6, 24.5, 23.6,
23.6; HRMS (DART) [M+H]" calculated for C;3H;90S:223.1351 , found: 223.1148.

7-methoxy-4-methyl-4-phenylthiomethylchromane (5)
SPh

MeO O

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 5 (17.6
mg, 89%) as a colorless oil: R;=0.58 (hexane/DCM = 1/1); '"H NMR (500 MHz, CD;0D) & 7.31-
7.33 (m, 2H), 7.22-7.25 (m, 2H), 7.12-7.15 (m, 2H), 6.42 (dd, J = 8.8, 2.8 Hz, 1H), 6.29 (d, J =
2.8 Hz, 1H), 4.03-4.13 (m, 2H), 3.70 (s, 3H), 3.33 (d, /= 12.5 Hz, 1H), 3.24 (d, /= 12.5 Hz, 1H),
2.20-2.25 (m, 1H), 1.71-1.76 (m, 1H), 1.37 (s, 3H);"*C NMR (125 MHz, CD;0D) 5§160.6, 156.4,
139.1, 130.1, 129.9, 128.9, 126.7, 122.7, 108.5, 102.6, 63.9, 55.6, 48.1, 35.8, 34.9, 28.7; HRMS
(DART) [M+H]" calculated for C1sH210,S: 301.1257, found: 301.1256.

6-chloro-4-methyl-4-phenylthiomethylchromane (6)

SPh
Cl
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Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 6 (17.3
mg, 87%) as a colorless oil: R;=0.51 (hexane/DCM = 1/1); '"H NMR (500 MHz, CD;0D) & 7.33
(d, J= 8.5 Hz, 2H), 7.23-7.26 (m, 3H), 7.15 (t, /= 6.8 Hz, 1H), 7.00 (dd, J = 8.5, 2.8 Hz, 1H),
6.71 (t, J=9.1 Hz, 1H), 4.06-4.17 (m, 2H), 3.38 (d, /= 13.0 Hz, 1H), 3.27 (d, /= 13.0 Hz, 1H),
2.25-2.30 (m, 1H), 1.74-1.79 (m, 1H), 1.40 (s, 3H);"*C NMR (125 MHz, CD;OD) §154.4, 138.7,
132.1, 131.0, 130.0, 128.6, 128.2, 127.3, 126.2, 119.6, 63.8, 47.8, 36.7, 34.5, 28.9; HRMS
(DART) [M+NH4]" calculated for C;7H,;ONCIS: 322.1027, found: 322.1021.

6-methoxy-3-methyl-3-phenylthiomethyl-2,3-dihydrobenzofuran (7)
SPh

MeO o
Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 7 (17.0

mg, 89%) as a colorless oil: R;= 0.46 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.29-
7.32 (m, 2H), 7.24 (d, /= 7.9 Hz, 2H), 7.14-7.18 (m, 1H), 7.02 (d, J = 8.5 Hz, 1H), 6.41 (dd, J =
7.9,2.3 Hz, 1H), 6.39 (d, /J=2.3 Hz, 1H), 4.58 (d,/=9.1 Hz, 1H), 4.19 (d, /=9.1 Hz, 1H), 3.77
(s, 3H), 3.20 (s, 2H), 1.44 (s, 3H);"*C NMR (125 MHz, CDCl;) §160.9, 160.8, 137.1, 129.6, 129.0,
126.2,126.0, 123.2, 106.4, 96.6, 82.5, 55.6, 46.2, 45.4, 24.7, HRMS (DART) [M+H]" calculated
for C17H190,S: 287.1100, found: 287.1099.

3-methyl-3-phenylthiomethyl-1-tosylindoline (8)
SPh

N
Ts
Purification by flash silica gel column chromatography (hexane/Et,O = 20/1) afforded 8 (22.2 mg,
94%) as a colorless oil: Ry= 0.33 (hexane/Et,O = 2/1); 'H NMR (500 MHz, CDCl3) § 7.65-7.68
(m, 3H), 7.21-7.24 (m, 3H), 7.13-7.18 (m, SH), 7.05 (d, J= 7.5 Hz, 1H), 6.98 (t, /= 7.5 Hz, 1H),
4.08 (d, J=10.9 Hz, 1H), 3.60 (d, /= 10.9 Hz, 1H), 2.99 (d, /= 12.0 Hz, 1H), 2.75 (d, /= 12.0
Hz, 1H), 2.31 (s, 3H), 1.28 (s, 3H); *C NMR (125 MHz, CDCl;) §144.1, 141.2, 137.9, 136.8,
134.1, 129.8, 129.6, 129.0, 128.8, 127.4, 126.3, 123.9, 123.3, 114.9, 60.9, 45.2, 44.9, 25.2, 21.6;
HRMS (DART) [M+H]" calculated for C23H240,NS,: 410.1243, found: 410.1243.
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1,3-dimethyl-3-phenylthiomethylindolin-2-one (9)
SPh

N
\

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 20/1) afforded 9
(18.5 mg, 99%) as a colorless oil: Ry = 0.24 (hexane/ethyl acetate = 4/1).1*

1-methyl-3-phenyl-3-phenylthiomethylindolin-2-one (10)
Ph —spPh

O

N
\

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 20/1) afforded 10
(13.5 mg, 74%) as a colorless oil: Ry = 0.39 (hexane/ethyl acetate = 4/1).]

dimethyl 4-methyl-4-phenylthiomethyl-3,4-dihydronaphthalene-2,2(1H)-dicarboxylate (11)

SPh

COzMe
CO,Me

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 20/1) afforded 11
(14.6 mg, 68%) as a colorless oil: Ry = 0.29 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCl3) 6 7.21-7.29 (m, 6H), 7.14-7.17 (m, 3H), 3.69 (s, 3H), 3.67 (s, 3H), 3.19-3.30 (m, 4H),
2.80 (d, J = 14.3 Hz, 1H), 2.37 (d, J = 14.3 Hz, 1H),1.36 (s, 3H);"*C NMR (125 MHz, CDCl5)
6172.2, 172.0, 140.6, 137.6, 133.6, 129.7, 129.1, 129.0, 127.0, 126.8, 126.3, 126.1, 52.9, 52.7,
52.6, 49.2, 39.1, 38.4, 35.6, 30.0; HRMS (DART) [M+NH4]" calculated for CHzsO4NS:
402.1734, found: 402.1727.

5-methyl-5-phenylthiomethyl-2,3,4,5-tetrahydrobenzo[b]oxepine (12)
SPh
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Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 12 (7.8
mg, 44%) as a colorless oil: R;= 0.18 (hexane/DCM = 1/1); 'H NMR (500 MHz, CDCl;) § 7.24-
7.30 (m, 3H), 7.18-7.21 (m, 2H), 7.08-7.15 (m, 2H), 7.04 (dd, /= 7.4, 7.4 Hz, 1H), 6.94 (d, J =
7.9 Hz, 1H), 4.28 (d, J = 11.9 Hz, 1H), 3.58-3.64 (m, 2H), 3.32 (dd, /= 11.9, 1.7 Hz, 1H), 2.20-
2.28 (m, 1H), 2.05-2.08 (m, 1H), 1.76-1.82 (m, 1H), 1.62-1.67 (m, 1H), 1.51 (s, 3H); *C NMR
(125 MHz, CDCls) 6160.0, 139.6, 137.9, 129.5, 128.9, 128.3, 127.7, 125.8, 124.0, 123.0, 73.1,
43.5,42.5, 37.3, 27.8, 27.6; HRMS (DART) [M+NH4]" calculated for CisH2sONS: 302.1573,
found: 302.1569.

methyl 3-methyl-3-phenylthiomethyl-2,3-dihydrobenzofuran-5-carboxylate (13)

SPh
MeO,C

@)

Purification by flash silica gel column chromatography (hexane/DCM = 40/1) afforded 13 (32.1
mg, 79%) as a colorless oil: R;=0.21 (hexane/DCM = 1/1); '"H NMR (500 MHz, CDCl;) § 7.93
(d, J=2.2Hz, 1H), 7.77 (dd, J = 8.3, 2.2 Hz, 1H), 7.33-7.34 (m, 2H), 7.23-7.26 (m, 2H), 7.15-
7.18 (m, 1H), 6.82 (d, /= 8.3 Hz, 1H), 4.15-4.23 (m, 2H), 3.87 (s, 3H), 3.27-3.36 (m, 1H), 2.29-
2.34 (m, 1H), 1.81-1.86 (m, 2H), 1.46 (s, 3H); *C NMR (125 MHz, CDCl3) §167.0, 158.3, 137.2,
130.2,129.6,129.4,129.1, 126.4, 122.4,117.4,63.3,52.0,47.2, 35.3, 33.1, 28.1; HRMS (DART)
[M+H]" calculated for C1oH2,05S: 329.1203, found: 329.1206.

Preparation of Compound 23

1) isoamyl nitrite

| BF 3 OEt,, Et,0 | 1) 1M NaOH |
©i 0°C ©i MeOH ©i
NH ] SAc - S
2) AcSK, DMSO 2) methallyl chloride
K,CO3, DMF

2-iodoaniline 22 23

A 50 mL round bottom flask was charged with BF3* Et;O (2.3 mL, 18.2 mmol, 4.0 equiv)
and cooled to —20 °C under argon atmosphere. To the reaction flask was added a solution of the
2-iodoaniline (1 g, 4.57 mmol, 1.0 equiv) in dry Et,O (5 mL) dropwise with stirring over 5 min,
followed by addition of a solution of isoamy] nitrite (1.87 g, 16 mmol, 3.5 equiv) in dry Et,O (5
mL) over 0.5 h. The reaction mixture was stirred at the same temperature for 10 min after the end
of addition and was wormed up to 5 °C. To the mixture was added 1.5 mL cold dry Et,O and the

resultant mixture was cooled at 0 °C for 15 min. The precipitated solid was collected by filtration,
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washed with chilled dry Et;O and dried to give the diazonium salt. After briefly drying, the
diazonium salt dissolved in 5 mL of DMSO was added dropwise to a stirred solution of potassium
thioacetate (626 mg, 5.48 mmol, 1.2 equiv) in 10 mL DMSO. The mixture was stirred at room
temperature for 40 min, and then, brine (10 mL) was added to the reaction mixture and the
aqueous layer was extracted with Et,O (10 mL%3), and the combined organic layer was dried over
NaySOg, filtered, and concentrated under reduced pressure. The solid residue was purified by flash
silica gel column chromatography (hexane/ethyl acetate = 50/1) to afford 22 (406.3 mg, 33%, 2
steps) as a colorless oil:!"! Ry= 0.52 (hexane/ethyl acetate = 4/1); '"H NMR (500 MHz, CDCl;) &
7.97(dd,J=79,1.7Hz, 1H), 7.56 (dd,J =7.4, 1.7 Hz, 1H), 7.40 (ddd, J = 7.9, 7.7, 1.7 Hz, 1H),
7.09 (ddd, J = 7.7, 7.4, 1.7 Hz, 1H), 2.45 (s, 3H);"*C NMR (125 MHz, CDCl;) § 192.5, 140.4,
136.3, 134.1, 131.1, 129.1, 106.8, 30.5; HRMS (ESI) [M+H]" calculated for CsHsIOS: 278.9341,
found: 278.9336.

A 50 mL round bottom flask was charged with 5 (931 mg, 3.35 mmol, 1.0 equiv), MeOH
(35 mL), and 1M NaOH (8.4 mL, 8.4 mmol, 2.5 equiv) under argon atmosphere. The reaction
mixture was stirred at room temperature under argon atmosphere for 30 min, and then, 2M HCI
was added to the reaction mixture to maintain pH 5 and the mixture was concentrated under
reduced pressure. The concentrate was extracted with Et;O (10 mLx%3) and the combined organic
layer was washed with brine (10 mL), dried over Na,SOs, filtered, and concentrated under reduced
pressure. The residue was purified by flash silica gel column chromatography (hexane/ethyl
acetate = 50/1) to afford 2-iodo benzenethiol (394.5 mg, 50%) as a colorless oil: Ry = 0.47
(hexane). A 30 mL round bottom flask was charged with 2-iodo benzenethiol (139.5 mg, 0.591
mmol, 1.0 equiv), K»CO3 (163 mg, 1.18 mmol, 2.0 equiv), DMF (5.9 mL), and methallyl chloride
(107 mg, 1.18 mmol, 2.0 equiv). The reaction mixture was stirred at 80 °C under argon
atmosphere for 2 days, and then, water (20 mL) was added to the reaction mixture and the aqueous
layer was extracted with Et;O (10 mLx3). The combined organic layer was washed with brine
(10 mL), dried over Na,SQOs, filtered, and concentrated under reduced pressure. The residue was
purified by flash silica gel column chromatography (hexane/ethyl acetate = 50/1) to afford 23
(160.6 mg, 94%) as a colorless oil: Ry = 0.63 (hexane/ethyl acetate = 10/1); '"H NMR (500 MHz,
CDCl3) 8 7.82 (d, J = 7.9 Hz, 1H), 7.25-7.30 (m, 2H), 6.86 (ddd, J = 7.4, 7.4, 1.7 Hz, 1H), 4.92
(s, 1H), 4.88 (s, 1H), 3.55 (s, 2H), 1.88 (s, 3H); >*C NMR (125 MHz, CDCl;) § 141.5, 140.0,
139.7, 128.8, 128.6, 127.2, 114.8, 100.7, 42.1, 21.7, HRMS (ESI) [M+H]" calculated for
CioH12IS: 290.9704, found: 290.9699.
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Preparation of Compound 26

©i| mCPBA (2.5 equiv) ©il
S/\’/ S\/\’/

H,Cl,, 0 °C S,
CH2Cl, 0 o o

23 26

A 30 mL round bottom flask charged with 23 (241.7 mg, 0.8329 mmol, 1.0 equiv) and
methylene chloride (8.3 mL) was cooled to 0 °C under argon atmosphere. Then, nCPBA(553 mg,
2.082 mmol, 2.5 equiv) was added to the stirred mixture. The reaction mixture was stirred at room
temperature for 3 h, and then, saturated aq. NaHCOs3 (5 mL) was added to the reaction mixture.
The aqueous layer was extracted with methylene chloride (5 mLx3) and the combined organic
layer was dried over Na,SQOs, filtered, and concentrated under reduced pressure. The residue was
purified by flash silica gel column chromatography (hexane/ethyl acetate = 4/1) to afford 26
(135.8 mg, 51%) as a white solid: Ry= 0.41 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCl3) 6 8.14 (dd, J = 7.9, 1.7 Hz, 1H), 8.11 (dd, J = 7.9, 1.1 Hz, 1H), 7.53 (ddd, J = 7.9, 7.4,
1.1 Hz, 1H), 7.25 (ddd, J = 7.9, 7.4, 1.7 Hz, 1H), 5.03 (s, 1H), 4.84 (s, 1H), 4.11 (s, 2H), 1.88 (s,
3H); *C NMR (125 MHz, CDCl;) & 142.8, 141.0, 134.5, 133.1, 132.4, 128.7, 121.3, 93.2, 60.9,
22.9; HRMS (ESI) [M+Na]" calculated for C1oH210,S: 344.9422, found: 344.9417.

Typical Procedure of Palladium-Catalyzed Carbothiolation

RSTIPS (1.5 equiv)
| (IPr)Pd(allyl)CI (10 mol %) SPh SPh
©is Cs,CO3 (3.0 equiv) S + ©is/\[(
BSA (2.0 equiv)
5

23 toluene, 100 °C, 36 h 24 2

A 10 mL test tube was charged with 6 (12.7 mg, 0.044 mmol, 1.0 equiv), Cs,COs ( 43
mg, 0.132 mmol, 3.0 equiv), (IPr)Pd(ally])Cl (2.5 mg, 0.0044 mmol, 0.1 equiv), PhSTIPS (17.5
mg, 0.066 mmol, 1.5 equiv), BSA (17.9 mg, 0.088 mmol, 2.0 equiv), and anhydrous toluene (880
uL, 0.05 mol/L). The reaction mixture was well degassed, and then, stirred at 100 °C under argon
atmosphere. After 36 h, to the reaction mixture was added water (1 mL) at room temperature and
the aqueous layer was extracted with EtOAc (1 mL x 3). The combined organic layer was dried
over Na,SOy, filtered, and concentrated under reduced pressure. The residue was purified by flash
silica gel column chromatography (hexane/methylene chloride = 40/1) to afford a mixture of 24
and 25 (11.4 mg, 96%, 24/25 = 97/3). The mixture was further purified by preparative thin-layer
chromatography (PTLC) (hexane/methylene chloride as the eluent) to afford the 24 (10.5 mg) as
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a colorless oil: R;= 0.50 (hexane/ methylene chloride = 3/1); '"H NMR (500 MHz, CDCls) § 7.31-
7.34 (m, 2H), 7.23-7.25 (m, 2H), 7.19-7.21 (m, 1H), 7.13-7.17 (m, 2H), 7.09-7.11 (m, 1H), 7.04-
7.07 (m, 1H), 3.49 (d, J = 11.3 Hz, 1H), 3.33 (d, J = 13.0 Hz, 1H), 3.20 (d, J = 11.3 Hz, 1H),
3.16 (d,J = 13.0 Hz, 1H), 1.51 (s, 3H) ; *C NMR (125 MHz, CDCl3)  145.3, 141.1, 137.4, 129 4,
129.1,128.3, 126.2, 124.6, 123.7, 122.8, 52.0, 44.0, 43.6, 24.5; HRMS (ESI) [M+H]" calculated
for C16H17S2: 273.0772, found: 273.0767.

25: a colorless oil; R;= 0.51 (hexane/ methylene chloride = 3/1); "H NMR (500 MHz,
CDCl3) 6 7.36-7.31 (m, 5H), 7.29-7.26 (m, 1H), 7.17 (ddd, J = 7.7, 6.5, 2.3 Hz, 1H), 7.10-7.06
(m, 2H), 4.86 (s, 1H), 4.84 (s, 1H), 3.56 (s, 2H), 1.86 (s, 3H); '*C NMR (125 MHz, CDCl;) &
140.6, 137.6, 137.4, 134.9, 131.8, 131.4, 130.4, 129.5, 127.5, 127.3, 126.9, 114.4, 41.4, 21.5;
HRMS (ESI) [M+H]" calculated for C16H17S2: 273.0772, found: 273.0767.

Characterization of the Title Products
3-methyl-3-(o-tolylthiomethyl)-2,3-dihydrobenzo[bJthiophene (24b)

S

Purification by PTLC (hexane/methylene chloride as the eluent) afforded 24b (11.3 mg) as a
colorless oil: Ry= 0.58 (hexane/methylene chloride = 3/1); '"H NMR (500 MHz, CDCl3) § 7.29 (d,
J=79Hz, 1H), 7.20 (d, J = 7.4 Hz, 1H), 7.13-7.16 (m, 2H), 7.04-7.12 (m, 4H), 3.54 (d,J = 11.3
Hz, 1H), 3.30 (d, J = 12.5 Hz, 1H), 3.21 (d, J = 11.3 Hz, 1H), 3.10 (d, J = 12.5 Hz, 1H), 2.39 (s,
3H), 1.53 (s, 3H); >*C NMR (125 MHz, CDCl3) § 145.5, 141.1, 138.0, 136.4, 130.3, 128.9, 128.2,
126.6, 126.1, 124.6, 123.6, 122.8, 51.8, 44.0, 43.1, 24.6, 20.7; HRMS (ESI) [M+H]" calculated
for C17H19S»: 287.0928, found: 287.0923.

3-methyl-3-(p-tolylthiomethyl)-2,3-dihydrobenzo[bJthiophene (24c)
S :
S

Purification by PTLC (hexane/methylene chloride as the eluent) afforded 24¢ (14.3 mg) as a
colorless oil: Ry=0.67 (hexane/methylene chloride = 3/1); '"H NMR (500 MHz, CDCl;) § 7.24 (d,
J=8.5Hz 2H),7.19 (d,J =79, 1H), 7.14 (ddd, J = 7.4, 6.9, 1.7 Hz, 1H), 7.04-7.09 (m, 4H),
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349 (d,J =113 Hz 1H),3.30 (d,J = 13.6 Hz, 1H), 3.18 (d,J = 11.3 Hz, 1H), 3.11 (d, J = 13.6
Hz, 1H), 2.30 (s, 3H), 1.49 (s, 3H); *C NMR (125 MHz, CDCl;) § 145.5, 141.1, 136.4, 133.7,
130.2, 129.9, 128.2, 124.6, 123.6, 122.8, 52.1, 44.4, 44.0, 24.5, 21.1; HRMS (ESI) [M+H]"
calculated for C17H19S,: 287.0928, found: 287.0922.

3-benzylthiomethyl-3-methyl-2,3-dihydrobenzo[bJthiophene (24d)

s/\©
Purification by PTLC (hexane/methylene chloride as the eluent) afforded 24d (12.8 mg) as a
colorless oil: Ry=0.51 (hexane/methylene chloride = 3/1); "H NMR (500 MHz, CDCls) § 7.28-
7.31 (m, 2H), 7.21-7.25 (m, 3H), 7.19 (d, J = 7.4 Hz, 1H), 7.14 (ddd, J = 5.7, 5.7, 2.8 Hz, 1H),
7.05-7.08 (m, 2H), 3.59 (d, J = 13.6 Hz, 1H), 3.53 (d, J = 13.6 Hz, 1H), 3.35 (d, J = 11.3 Hz,
1H), 3.19 (d,J = 11.3 Hz, 1H), 2.75 (d, J = 13.0 Hz, 1H), 2.72 (d,J = 13.0 Hz, 1H), 1.43 (s, 3H);
5C NMR (125 MHz, CDCl;) & 145.4, 141.2, 138.4, 129.1, 128.6, 128.1, 127.2, 124.5, 123.8,

122.7, 51.6, 44.5, 40.8, 38.1, 24.5; HRMS (ESI) [M+H]" calculated for C17H9S2: 287.0928,
found: 287.0923.

S

3-methyl-3-phenylthiomethyl-2,3-dihydrobenzo[bJthiophene 1,1-dioxide (27a)

S :
//S\\

0]

Purification by PTLC (hexane/methylene chloride as the eluent) afforded 27a (3.6 mg, 79 %) as
a colorless oil: Ry = 0.14 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz, CDCls) & 7.71 (dd, J
=7.4,1.1Hz, 1H), 7.56 (ddd,J=17.4,7.4, 1.1 Hz, 1H), 7.48 (ddd, J = 7.4, 7.4, 1.1 Hz, 1H), 7.42
(d, J=74,1.1 Hz, 1H), 7.32 (m, 2H), 7.25 (m, 2H), 7.19 (m, 1H), 3.79 (d, J = 13.6 Hz, 1H),
3.44 (d,J = 13.6 Hz, 1H), 3.37 (d, J = 13.6 Hz, 1H), 3.28 (d, J = 13.6 Hz, 1H), 1.62 (s, 3H); '*C
NMR (125 MHz, CDCIs) & 143.9, 138.8, 135.8, 133.9, 130.4, 129.6, 129.3, 127.1, 124.7, 121.6,
60.8, 45.9, 44.2, 27.0; HRMS (ESI) [M+H]" calculated for CisHi702S2: 305.0670, found:
305.0663.
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3-methyl-3-(o-tolylthiomethyl)-2,3-dihydrobenzo[bJthiophene 1,1-dioxide (27b)

//S\\

0]

Purification by PTLC (hexane/methylene chloride as the eluent) afforded 27b (10.4 mg, 64 %) as
a colorless oil: Ry= 0.24 (hexane/ethyl acetate = 4/1); '"H NMR (500 MHz, CDCl;) § 7.71 (dd, J
=17.9,1.1 Hz, 1H), 7.56 (ddd,J=17.9, 7.4, 1.1 Hz, 1H), 7.48 (ddd, J = 7.9, 7.4, 1.1 Hz, 1H), 7.41
(d,J =179, 1.1 Hz, 1H), 7.28-7.30 (m, 1H), 7.10-7.16 (m, 2H), 3.82 (d, J =13.6 Hz, 1H), 3.39 (d,
J=13.0Hz, 1H), 3.30 (d,J = 13.0 Hz, 1H), 3.29 (d, J = 13.6 Hz, 1H), 2.36 (s, 3H), 1.65 (s, 3H);
C NMR (125 MHz, CDCl;) & 144.0, 138.9, 138.8, 134.8, 133.9, 130.6, 130.4, 129.5, 127.1,
126.8, 124.6, 121.6, 60.8, 45.3, 44.1, 27.2, 20.8; HRMS (ESI) [M+H]" calculated for C;7H190,S::
319.0826, found: 319.0820.

N-hydroxy-N-phenyl-2-(prop-1-en-2-yl)benzamide (35)

ITI—OH

Ph
o

A 50 mL round bottom flask was charged with 34 (500 mg, 3.08 mmol, 1.0 equiv),
anhydrous CH,Cl; (6.2 ml, 0.5 mol/L) and DMF (2 drops), and oxalyl chloride(1.06mL, 12.33
mmol, 4.0 equiv.) The reaction mixture was stirred at room temperature. After 1h, hydroxyl amine
and Et:N (1.72 mL, 12.32 mmol, 4 equiv) was added to the reaction mixture, then, 1M HCI was
added to the reaction mixture to adjust to Ph 1-2 under argon atmosphere. After 10 min, to the
reaction mixture was added water (1 mL) at room temperature and the aqueous layer was extracted
wit h EtOAc (1 mL x 3). The combined organic layer was dried over Na,SOs, filtered, and
concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane / AcOEt = 40/1) to afford 35 (8.4 mg, 83%) as a white solid: Ry= 0.50
(hexane/AcOEt=1/1); "H NMR (400 MHz, CDCl3) § 7.47 (dd,J = 7.6, 1.4 Hz, 1H), 7.29- 7.37(m,
2H), 7.11- 7.19 (m, 4H), 6.97-7.01 (m, 2H), 5.03 (s, 1H), 4.86 (s, 3H), 1.86 (s, 3H)
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N-(benzoyloxy)-N-phenyl-2-(prop-1-en-2-yl) benzamide (36)

ITI—O
o Ph

A 30 mL round bottom flask was charged with 35 (112 mg, 0.442 mmol, 1.0 equiv),
Et;N (731 pL, 0.530 mmol, 1.2 equiv), and anhydrous CH,Cl, (2.2 ml, 0.2 mol/L). The reaction
mixture was stirred at room temperature under argon atmosphere. To a reaction mixture was added
Benzoyl chloride (61uL, 0.530 mmol, 1.2 equiv), after 30 min, to the reaction mixture was added
water (1 mL) at room temperature and the aqueous layer was extracted with EtOAc (1 mL x 3).
The combined organic layer was dried over Na,SO,, filtered, and concentrated under reduced
pressure. The residue was purified by flash silica gel column chromatography (hexane / AcOEt =
40/1) to afford 39 (108.2 mg, 68%) as a colorless oil: R;= 0.35 (hexane/AcOEt = 4/1); 'H NMR
(400 MHz, CDCls) 6 7.8-8.1 (br, 1H), 7.17- 7.61 (m, 13H), 6.97-7.01 (m, 2H), 5.25 (s, 1H), 5.14
(s, 3H), 1.90-2.10 (br, 3H)

10b-methyl-10b,11-dihydro-6H-isoindolo[2,1-afindol-6-one (39)

ool

@)

A 10 mL Test tube was charged with 36 (15.4 mg, 0.043 mmol, 1.0 equiv), Cs;COs ( 21
mg, 0.064 mmol, 1.5 equiv), (IPr)Pd(allyl)Cl (2.5 mg, 0.0043 mmol, 0.1 equiv), bis(pinacolato)
diborone (22 mg, 0.086 mmol, 2.0 equiv), and anhydrous toluene (1.7 ml, 0.025 mol/L). The
reaction mixture was well degassed then stirred at 100 °C under argon atmosphere. After 18 hours,
to the reaction mixture was added water (1 mL) at room temperature and the aqueous layer was
extracted with EtOAc (1 mL x 3). The combined organic layer was dried over Na,SOs, filtered,
and concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane / AcOEt = 40/1) to afford 39 (8.4 mg, 83%) as a colorless oil: R,=0.33
(hexane/AcOEt = 4/1); '"H NMR (400 MHz, CDCl3) & 7.86 (d, J =7.3 Hz, 1H), 7.68 (d, J = 7.3
Hz, 1H), 7.61 (dd, J = 7.3, 7.3 Hz, 1H), 7.46-7.50 (m, 2H), 7.31 (dd, J = 7.8, 7.8 Hz, 1H), 7.24
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(d, J =7.3 Hz, 1H), 7.09 (dd, J = 7.3, 6.9 Hz, 1H), 3.19 (d, J =15.1 Hz, 1H), 3.11 (d, J = 15.1
Hz, 1H), 1.65 (s, 3H).

Preparation of Compound 40

1)
| (1.2 equiv), EtsN (2.0 equiv) | o
@[ Cl CH,Cl, 0°Ctor.t,2h E:[
> N
NH, 2) ) ) |
NaH (1.2 equiv), Mel (1.2 equiv) Me
2-lodoaniline THF, 0 Ctor.t, ovn 40

A 300 mL round bottom flask was charged with 2-iodoaniline (5 g, 22.8 mmol, 1.0
equiv), triethylamine (6.4 mL, 45.6 mmol, 2.0 equiv), and anhydrous CH,Cl, (76 mL). The
reaction mixture was stirred at 0 °C under argon atmosphere, and then 2-propenoyl chloride (2.65
mL, 27.4 mmol, 1.2 equiv) was added to the reaction mixture at the same temperature. The
reaction mixture was worm up to room temperature. After 2 h, water (20 mL) was added to the
reaction mixture and the aqueous layer was extracted with CH,Cl, (20 mLx3). The combined
organic layer was dried over Na,SQOs, filtered, and concentrated under reduced pressure. To the
residue was added THF (76 mL) and the reaction mixture was stirred at 0 °C under argon
atmosphere. To the reaction mixture was added NaH (1.1 g, 27.4 mmol, 1.2 equiv) and the reaction
mixture was stirred at 0 °C. After 15 min, Mel (1.7 mL, 27.4 mmol, 1.2 equiv) was added to the
reaction mixture and stirring was continued for 12 h. The reaction mixture was quenched with
saturated aqueous NH4Cl solution (200 mL), and the aqueous layer was extracted with Et,O (20
mLx3). The combined organic layer was dried over Na;SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography (hexane /
ethyl acetate = 10/1) to afford 40 (4.56 g, 70%) as a white solid:'¥ R;= 0.22 (hexane/ethyl acetate
=4/1).

N-(5-fluoro-2-iodophenyl)-N-methylmethacrylamide

[
LS
i \ )L[(
A 10 mL test tube was charged with 5-fluoro-2-iodoaniline (205 mg, 0.865 mmol, 1.0
equiv), triethylamine (0.32 mL, 2.34 mmol, 2.7 equiv), and anhydrous CH,Cl, (1.7 mL). The

reaction mixture was stirred at 0 °C under argon atmosphere, then to the reaction mixture was

added 2-propenoyl chloride (0.12 mL, 1.21 mmol, 1.4 equiv) at the same temperature, and the
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mixture was worm up to room temperature. After 2 h, the water (1 mL) was added to the reaction
mixture and the aqueous layer was extracted with CH,Cl, (1 mLx3). The combined organic layer
was dried over Na,SQOs, filtered, and concentrated under reduced pressure. To the stirred residue
in THF (1.7 mL) was added NaH (42 mg, 1.04 mmol, 1.2 equiv) at 0 °C, and the reaction mixture
was stirred for 15 min at the same temperature. Then, Mel (65 pL, 1.04 mmol, 1.2 equiv) was
added to the mixture and stirring was continued for 12 h. To the reaction mixture was added water
(1 mL) and the aqueous layer was extracted with Et;O (1 mLx3). The combined organic layer
was dried over Na,SOs, filtered, and concentrated under reduced pressure. The residue was
purified by flash silica gel column chromatography (hexane / ethyl acetate = 10/1) to afford title
compound (151 mg, 55%) as a colorless oil: R;=0.30 (hexane/ethyl acetate = 4/1).; 'H NMR (500
MHz, CDCl3) 6 7.82 (dd, J = 8.8, 6.2 Hz, 1H), 6.94 (br, 1H), 6.79-6.83 (m, 1H), 5.05 (s, 2H),
3.23 (s, 3H), 1.86 (s, 3H) ; °C NMR (125 MHz, CDCl3) § 171.6, 164.2, 148.5, 141.0, 140.0,
119.6,117.1,116.9, 92.5, 36.9, 20.6 ; HRMS (ESI) [M+H]" calculated for C;;H;2FINO: 319.9948,
found: 319.9941.

Typical Procedure for the Palladium-Catalyzed Thiocarbonylation

0
"5 TIPSSPh (1.5 equiv)
)K’/ (IPr)Pd(ally)CI (10 mol %) o SFh
N > N
| CsF (1.5 equiv), CO (1 atm) \
40 THF, 65 °C, 22 h Ma

A 10 mL test tube was charged with 40 (28.3 mg, 0.094 mmol, 1.0 equiv), CsF (21 mg,
0.141 mmol, 1.5 equiv), (IPr)Pd(allyl)ClI (5.4 mg, 0.0094 mmol, 0.1 equiv), TIPSSPh (38 mg,
0.141 mmol, 1.5 equiv), and anhydrous THF (1.9 mL, 0.05 mol/L). The reaction mixture was well
degassed and then stirred at 65 °C under CO atmosphere. After 22 h, to the reaction mixture was
added water (2 mL) at room temperature and the aqueous layer was extracted with EtOAc (2
mLx3). The combined organic layer was dried over Na SO, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography
(hexane/ethyl acetate = 4/1) to afford 41a (27.5 mg, 94%) as a colorless oil: Ry = 0.20
(hexane/ethyl acetate = 4/1).1%!

S-(o-tolyl) 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41b)
O
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Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
41b (23.9 mg, 91%) as a colorless oil: Ry=0.22 (hexane/ethyl acetate = 4/1).1*!

S-(m-tolyl) 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41c)

PR

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
41c (21.3 mg, 81%) as a colorless oil: Ry= 0.18 (hexane/ethyl acetate = 4/1).1*!

S-(p-tolyl) 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41d)

ngji@f

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
41d (25.8 mg, 89%) as a colorless oil: Ry= 0.14 (hexane/ethyl acetate = 4/1).1*!

S-(2-fluorophenyl) 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41e)

(0]
@fﬁs@
0
N F
\

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
41e (29.7 mg, 84%) as a colorless oil: Ry= 0.16 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCl3) 6 7.33-7.38 (m, 1H) 7.27 (dd, J = 7.4, 6.8 Hz, 2H), 7.19 (dd, J = 7.7, 6.8 Hz, 1H), 7.05-
7.11 (m. 3H), 6.83 (d, J = 7.7 Hz, 1H), 3.25-3.26 (m, 2H), 3.22 (s, 3H) 1.42 (s, 3H); °C NMR
(125 MHz, CDCl3) 6191.7, 179.2, 162.0 (d, Jcr = 250.3 Hz), 143.5, 136.7, 132.2(d, Jcr = 7.8
Hz), 132.1(d, Jcr = 7.8 Hz ), 128.4, 124.7 (d, Jor = 3.6 Hz), 123.1, 122.6, 116.3 (d, Jc.r = 22.7
Hz), 114.8 (d, Jc.r = 17.9 Hz), 108.4, 49.9, 46.4, 26.6, 24.1; HRMS (ESI) [M+Na]" calculated for
CisHisFNNaO,S: 352.0783, found: 352.0776.
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S-(4-fluorophenyl) 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41f)

Q%g
O
N

\

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded 41f
(23.4 mg, 85%) as a colorless oil: R;= 0.18 (hexane/ethyl acetate = 4/1).

S-(naphthalen-2-yl) 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41g)

Seeave

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
41g (21.5 mg, 83%) as a colorless oil: R;= 0.15 (hexane/ethyl acetate = 4/1).

S-(2,6-dimethylphenyl) 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41h)

S

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
41h (31.4 mg, 90%) as a white solid: mp 106.1-106.7 °C; Ry= 0.18 (hexane/ethyl acetate = 4/1);
"HNMR (500 MHz, CDCl3) § 7.29 (d, J = 7.4 Hz, 1H), 7.24-7.27 (m, 1H), 7.13 (dd, J = 7.9, 7.4
Hz, 1H), 7.06-7.02. (m, J = 3H), 6.81 (d, J = 7.9 Hz, 1H), 3.32 (d, J = 15.3 Hz, 1H),3.25 (d, J =
15.3 Hz, 1H), 3.21 (s, 3H) 1.70-2.30 (br, 6H), 1.41 (s, 3H);"*C NMR (125 MHz, CDCl3) §192.5,
179.5,143.8, 142.8, 132.2,130.0, 128.4, 128.3, 126.7, 122.8, 122.5, 108.4, 50.3, 46.5, 26.6, 24.5,
21.5; HRMS (ESI) [M+Na]" calculated for C20H2;NNaQO,S: 362.1191, found: 362.1183.
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S-butyl 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41i)

S
\

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded 41i
(24.9 mg, 88%) as a colorless oil: R;=0.21 (hexane/ethyl acetate = 4/1).

S-benzyl 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (241j)

0
Cree:
o
N
\
Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded 41j
(28.0 mg, 93%) as a colorless oil: Ry = 0.16 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCl3) 6 7.28 (dd, J = 7.5, 1.2 Hz, 1H), 7.16-7.23 (m. 4H), 7.01-7.04 (m, 3H), 6.84 (d,J = 7.5
Hz, 1H), 3.93 (s, 2H), 3.24 (s, 3H), 3.21 (d, J = 15.5 Hz, 1H), 3.11 (d, J = 15.5 Hz, 1H), 1.39 (s,
3H);'"*C NMR (125 MHz, CDCl3) § 194.7,179.6, 143.6, 137.3, 132.2, 128.8, 128.7, 128.4, 127.3,

122.9, 122.5, 108.3, 50.3, 46.5, 33.2, 26.6, 24.3; HRMS (ESI) [M+Na]" calculated for
C19H19oNNaO,S: 348.1034, found: 348.1027.

S-(tert-butyl) 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41k)

Soes

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 20/1) afforded
41k (26.0 mg, 82%) as a colorless oil: R;=0.25 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCl3) 6 7.26 (dd, J = 7.5, 7.5 Hz, 1H), 7.23 (d, J = 7.5 Hz, 1H), 7.04 (dd, J = 8.0, 7.5 Hz, 1H),
6.83 (d, J = 8.0 Hz, 1H), 3.25 (s, 3H), 3.06 (d, J = 15.5 Hz, 1H), 2.95 (d, J = 15.5 Hz, 1H), 1.37
(s, 3H), 1.23 (s, 9H);"*C NMR (125 MHz, CDCl3) 5196.1, 179.8, 143.6, 132.3, 128.2,123.3, 122.3,
108.1, 51.0, 48.3, 46.6, 29.6, 26.6, 24.1; HRMS (ESI) [M+Na]" calculated for CisH2iNNaO,S:
314.1191, found: 314.1184.
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S8-(2,3,3,4,4,5-hexamethylhexan-2-yl) 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (411)

N
\

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 20/1) afforded 411
(35.9 mg, 88%) as a colorless oil: Ry = 0.40 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCls) 6 7.20-7.26 (m, 2H), 7.03 (dd, J = 7.5, 7.5 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 3.24 (s, 3H),
2.92-3.10 (m, 2H), 0.60-1.90 (m, 28H); *C NMR (125 MHz, CDCl;) §196.0, 179.8, 143.7,132.3,
128.2, 123.2, 122.3, 108.2, 51.4, 51.1, 46.6, 39.2, 32.6, 29.9, 26.6, 24.3, 14.6, 14.5, 14.3, 9.0;
HRMS (ESI) [M+H]" calculated for C24H3sNO,S: 404.2623, found: 404.2616.

S-dodecyl 2-(1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (41m)

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 20/1) afforded
41m (37.6 mg, 85%) as a colorless oil: Ry= 0.38 (hexane/ethyl acetate = 4/1); 'H NMR (500 MHz,
CDCl3) 6 7.23-7.28 (m, 1H), 7.20 (d, J = 7.4 Hz, 1H), 7.03 (d, /= 7.9, 7.4 Hz, 1H), 6.84 (d, J =
7.9 Hz, 1H), 3.25 (s, 3H), 3.18 (d, J = 15.9 Hz, 1H), 3.09 (d, J = 15.9 Hz, 1H), 2.62-2.72 (m, 2H),
1.37(s, 3H), 1.18-1.35 (m, 20H), 0.88 (t, J = 7.4 Hz, 3H);"*C NMR (125 MHz, CDCl3) § 195.5,
179.7,143.6,132.5,128.3, 122.8, 122.4, 108.3, 50.5, 46.3,32.1, 29.8, 29.7,29.6, 29.5,29.4,29.2,
29.1, 28.8, 26.6, 24.3, 22.8, 14.3; HRMS (ESI) [M+H]" calculated for C2sH3sNO,S: 404.2623,
found: 404.2619.
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S-phenyl 2-(6-fluoro-1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (43a)

O
SPh

N
F \

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
43a (31.8 mg, 92%) as a white solid: mp 70.2-71.3 °C; Ry= 0.22 (hexane/ethyl acetate = 4/1); '"H
NMR (500 MHz, CDCIs) 6 7.31-7.36 (m, 3H), 7.17-7.22 (m, 3H), 6.72 (ddd, J =9.07, 9.07, 2.27
Hz, 1H), 6.56 (dd, J = 9.07, 2.27 Hz, 1H), 3.28 (d, J = 15.9 Hz, 1H), 3.21 (d, J = 15.9 Hz, 1H),
3.19 (s 3H), 1.39 (s, 3H);"*C NMR (125 MHz, CDCl3) § 193.6, 179.8, 163.2 (d, Jcr = 245.0 Hz),
145.1 (d, Jer = 11.9 Hz), 134.5,129.7, 129.3, 127.6 (d, Jcr = 3.6 Hz), 127.2,123.8 (d, Jcr = 9.5
Hz), 108.4 (d, Jcr = 22.7 Hz), 97.3 (d, Jcr = 27.4 Hz), 50.0, 45.9, 26.7, 24.3; HRMS (ESI)
[M+Na]" calculated for C;sH;6FNNaO,S: 352.0783, found: 352.0776.

S-phenyl 2-(6-chloro-1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (43b)

O
SPh

N
Cl \

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
43b (19.6 mg, 93%) as a colorless oil: R;= 0.24 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCl3) & 7.31-7.37 (m, 3H), 7.20-7.22 (m, 2H), 7.16 (d, J = 7.7, 1H), 7.02 (dd, J = 7.7, 2.3 Hz,
1H), 6.82 (d, J = 2.3 Hz, 1H), 3.29 (d, J = 16.4 Hz, 1H), 3.21 (d, J = 16.4 Hz, 1H), 3.20 (s, 3H),
1.38 (s, 3H);*C NMR (125 MHz, CDCl;) § 193.5,179.4, 144.8, 134.5,134.1, 130.8, 129.7, 129 4,
127.1, 123.8, 122.3, 109.2, 49.9, 46.0, 26.7, 24.2; HRMS (ESI) [M+Na]" calculated for
CisHi6CINNaO,S: 368.0488, found: 368.0481.

S-phenyl 2-(5-chloro-1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (43c)

O

cl SPh
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Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
43¢ (26.5 mg, 83%) as a colorless oil: Ry= 0.20 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCl) & 7.32-7.36 (m, 3H), 7.23-7.25 (m, 4H), 6.74 (d, J = 8.6 Hz, 1H), 3.30 (d, J = 16.0 Hz,
1H), 3.22 (d, J = 16.0 Hz, 1H), 3.20 (s, 3H), 1.39 (s, 3H);"*C NMR (125 MHz, CDCls) § 193.5,
179.0,142.2,134.6, 134.2,129.7, 129.4, 128.3, 127.9, 127.1, 123.4, 109.4, 49.8, 46.4, 26.7, 24.2;
HRMS (ESI) [M+H]" calculated for C1sH;7CINO,S: 346.0669, found: 346.0666.

S-phenyl 2-(1,3-dimethyl-2-oxo-5-(trifluoromethyl)indolin-3-yl)ethanethioate (43d)

O

FaC SPh

N
\

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 10/1) afforded
43d (27.2 mg, 90%) as a colorless oil: R;=0.19 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCl3) 8 7.55 (d, J = 8.5 Hz, 1H), 7.47 (s, 1H), 7.30-7.37 (m, 3H), 7.19-7.21 (m, 2H) 6.88 (d, J
= 8.5 Hz, 1H), 3.35 (d, J = 16.4 Hz, 1H), 3.27 (d, J = 16.4 Hz, 1H), 3.24 (s, 3H), 1.42 (s, 3H);
C NMR (125 MHz, CDCl;) § 193.6, 179.4, 146.7, 134.6, 133.0, 129.8, 129.4, 127.0, 126.2 (d,
Jer=3.6 Hz), 124.7 (q, Jcr = 32.2 Hz), 124.6 (q, Jcr =271.8 Hz), 119.8 (d, Jcr = 3.6 Hz), 108.2,
49.8, 46.2, 26.8, 24.3; HRMS (ESI) [M+H]" calculated for CioH;7FsNO,S: 380.0932, found:
380.0926.

S-phenyl 2-(5-methoxy-1,3-dimethyl-2-oxoindolin-3-yl)ethanethioate (43e)

)

MeO SPh

N
\

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 4/1) afforded 43e
(21.0 mg, 90%) as a colorless oil: Ry = 0.11 (hexane/ethyl acetate = 4/1); '"H NMR (500 MHz,
CDCl3) 6 7.31-7.34 (m, 3H), 7.21-7.22 (m, 2H), 6.88-6.89 (m, 1H), 6.77-6.80 (m, 1H), 6.71-6.73
(m, 1H), 3.79 (s, 3H), 3.28 (d, J = 15.9 Hz, 1H), 3.20 (d, J = 15.9 Hz, 1H), 3.19 (s, 3H), 1.40 (s,
3H);'"*C NMR (125 MHz, CDCl3) § 193.5,179.1, 156.1, 137.1, 134.6, 133.8, 129.6, 129.3, 127.4,
112.3, 110.8, 108.7, 56.0, 50.0, 46.7, 26.7, 24.4 ; HRMS (ESI) [M+H]" calculated for
Ci9H20NOsS: 342.1164, found: 342.1159.
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S-phenyl 2-(3-methyl-1-tosylindolin-3-yl)ethanethioate (45a)

SPh
N

\

Ts

Xylene was used as the solvent. Purification by flash silica gel column chromatography
(hexane/ethyl acetate = 4/1) afforded 45a (12.4 mg, 41%) as a pale yellow solid: mp 32.6-32.9 °C:
R;= 0.38 (hexane/ethyl acetate = 4/1); '"H NMR (500 MHz, CDCl;) § 7.70-7.72 (m, 2H), 7.68 (d,
J = 8.5 Hz, 1H), 7.42-7.43 (m, 3H), 7.33-7.35 (m, 2H), 7.22-7.25 (m, 3H), 7.00-7.06 (m, 2H),
4.10 (d, J = 11.3 Hz, 1H), 3.68 (d, J = 11.3 Hz, 1H), 2.37 (s, 3H), 1.26 (s, 3H); *C NMR (125
MHz, CDCls) 6 195.0, 144.3,141.0, 138.2, 134.5, 134.3, 129.9, 129.8, 129.4, 128.8, 127.5, 127.5,
123.9, 123.1, 115.0, 61.5, 52.5, 43.2, 25.4, 21.7; HRMS (ESI) [M+H]" calculated for
C24H24NO3S;: 438.1198, found: 438.1190.

S-phenyl 2-(3-methyl-2-oxo-1-tosylindolin-3-yl)ethanethioate (47)

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 4/1) afforded 47
(15.7 mg, 81%) as a colorless oil: Ry = 0.24 (hexane/ethyl acetate = 4/1); "H NMR (600 MHz,
CDCl3) 6 7.90-7.93 (m, 3H), 7.27-7.35 (m, 4H), 7.14-7.17 (m, 4H), 6.99-7.01 (m, 2H), 3.29 (d, J
=16.5Hz, 1H), 3.15(d, J = 16.5 Hz, 1H), 2.29 (s, 3H), 1.36 (s, 3H); >*C NMR (151 MHz, CDCl;)
6 192.6,177.8,145.3,139.0, 134.9, 134.3, 131.3, 129.5, 129.4, 129.1, 129.0, 128.3, 127.0, 124.9,

122.7,113.9,50.4,46.7,25.4,21.9.; HRMS (ESI) [M+H]" calculated for C24H2NO4S,: 452.0990,
found: 452.0984.

84



S-phenyl 2-(3-methyl-2,3-dihydrobenzofuran-3-yl)ethanethioate (45b)

SPh
)

Xylene was used as the solvent. Purification by flash silica gel column chromatography
(hexane/ethyl acetate = 30/1) afforded 45b (6.9 mg, 28%) as a colorless oil: Ry = 0.51
(hexane/ethyl acetate = 10/1); '"H NMR (500 MHz, CDCl;) & 7.41-7.43 (m, 3H), 7.37-7.39 (m,
2H), 7.14-7.18 (m, 2H), 6.91 (dd, J = 7.4, 7.4 Hz, 1H), 6.82 (d, J = 7.9 Hz, 1H), 4.64 (d, J = 9.1
Hz, 1H), 4.29 (d, J = 9.1 Hz, 1H), 3.07 (d, J = 15.3 Hz, 1H), 2.97 (d, J = 15.3 Hz, 1H), 1.48 (s,
3H);"*C NMR (125 MHz, CDCl;) § 195.6, 159.3, 134.6, 134.0, 129.8, 129.4, 128.9, 127.6, 123.0,
120.9, 110.2, 82.4, 52.7, 45.0, 25.0 ; HRMS (ESI) [M+Na]" calculated for Ci7H;¢NaO,S:
307.0769, found: 307.0763.

S-phenyl 2-(3-methyl-5-phenyl-3,6-dihydro-2H-pyran-3-yl)ethanethioate (51)

SPh

Ph

Purification by flash silica gel column chromatography (hexane/ethyl acetate = 4/1) afforded 51
(10.2 mg, 50%) as a colorless oil: Ry = 0.44 (hexane/ethyl acetate = 4/1); "H NMR (500 MHz,
CDCl) 6 7.38-7.44 (m, 5H), 7.27-7.35 (m, 5H), 6.10 (m, 1H), 7.45-7.53 (m, 2H), 3.84 (d, J =
11.5 Hz, 1H), 3.47 (d, J = 11.5 Hz, 1H), 291 (d, J = 14.3 Hz, 1H), 2.80 (d, J = 14.3 Hz, 1H),
1.22 (s, 3H); C NMR (125 MHz, CDCl;) §195.5, 137.8, 135.2, 134.5, 129.6, 129.4, 129.3, 128.7,
128.2, 127.9, 125.1, 73.8, 67.2, 52.1, 35.6, 23.1; HRMS (ESI) [M+Na]" calculated for
C20H20Na0,S: 347.1082, found: 347.1076.

Typical Procedure for the reaction of acyl fluoride with PhSTIPS and CsF

TIPSSPh (1.5 equiv)

IPr)Pd(allyl)CI (10 mol %
. (IPPd(allyl)Cl ( ) <or

o) CsF (1.5 equiv), CO (1 atm)
53b 54b
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A 10 mL test tube was charged with 53b (18.4 mg, 0.121 mmol, 1.0 equiv), CsF (28 mg,
0.182 mmol, 1.5 equiv), (IPr)Pd(allyl)CI (6.9 mg, 0.0121 mmol, 0.1 equiv), TIPSSPh (49 mg,
0.182 mmol, 1.5 equiv), and anhydrous THF (2.4 mL, 0.05 mol/L). The reaction mixture was well
degassed and then stirred at 65 °C under CO atmosphere. After 22 h, to the reaction mixture was
added water (2 mL) at room temperature and the aqueous layer was extracted with EtOAc (2
mLx3). The combined organic layer was dried over Na,SOs, filtered, and concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography
(hexane/ethyl acetate = 20/1) to afford 54b (14.7 mg, 50%) as a solid: R,= 0.62 (hexane/ethyl
acetate = 4/1).

methyl 2-(2-iodophenethyl)-7-methyl-3-oxooct-6-enoate (58)

To a stirred solution of 56 (2.21 g, 11.9 mmol, 1.0 equiv) in acetone (177 mL, 0.1 M)
were added potassium iodide (9.91 g, 59.7 mmol, 5.0 equiv), potassium carbonate (8.25 g, 59.7
mmol, 5.0 equiv), and Aryl iodide 57 (15.0 g, 41.8 mmol, 3.5 equiv) at room temperature, and the
reaction mixture wasstirred reflux for 15 h. The reaction mixture was quenched with saturated
aqueous NH4Cl solution (150 mL), and the aqueous layer was extracted with CH,Cl, (150 mL
x3). The combined organic layer was dried over Na,SOs, filtered, and concentrated under reduced
pressure. The residue was purified by flash silica gel column chromatography (hexane / ethyl
acetate = 200/1) to afford 58 (3.65 g, 74%) as a colorless oil: Ry= 0.6 (hexane / ethyl acetate =
4/1); 1H NMR (500 MHz, CDC13) § 7.79 (dd, J= 7.9, 1.1 Hz, 1H), 7.27 (ddd, /= 7.4, 1.1 Hz,
1H), 7.19 (dd,J=7.4, 1.7 Hz, 1H), 6.89 (ddd, /=7.9, 7.4, 1.7 Hz, 1H), 5.03 (dd, /= 7.4, 6.8 Hz,
1H), 3.74 (s, 3H), 3.50 (dd, J =7.4, 6.8 Hz, 1H), 2.60-2.80 (m, 2H), 2.43-2.60 (m, 2H), 2.21-2.28
(m, 2H), 2.08~2.15 (m, 2H), 1.66 (s, 3H), 1.60 (s, 3H).
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methyl 2-(2-iodophenethyl)-7-methyl-3-oxooct-6-enoate (59)

CO,Me

To a stirred solution of 58 (2.94 g, 7.01 mmol, 1.0 equiv.) in CHxCl; (70.9 mL) was
added tin (IV) chloride (2.72 g, 10.6 mmol, 1.5 equiv) at 0 °C and the resultant mixture was stirred
for 10 h. The reaction mixture was slowly quenched with 1N HCI (30 mL), and the aqueous layer
was extracted with CH,Cl, (100 mL x3). The combined organic layer was dried over Na,SOs,
filtered, and concentrated. The residue was purified by flash silica gel column chromatography
(benzene) to afford product 59 (1.67 g, 55%) as an yellow oil: Ry=0.6 (benzene / acetone = 50:1);
1H NMR (400 MHz, CDCls) & 7.78 (dd, J= 7.8, 0.9 Hz, 1H), 7.34 (ddd, J = 7.8, 1.8 Hz, 1H),
7.28 (ddd, J=17.8, 7.6, 0.9 Hz, 1H), 6.87 (dd, J = 7.6, 1.8 Hz, 1H), 3.81 (s, 3H), 2.91-3.00 (m,
1H), 2.76 (dt, J=12.4, 5.0 Hz, 1H), 2.43-2.51 (m, 1H), 2.40 (dt, J=12.4, 5.0 Hz, 1H), 1.91-2.06
(m, 2H), 1.71-1.90 (m, 3H), 1.47-1.57 (m, 1H), 1.22 (s, 3H), 0.82 (s, 3H).

methyl 2-(2-iodophenethyl)-7-methyl-3-oxooct-6-enoate (60)

To a stirred solution of 59 (2.12 g, 5.10 mmol, 1.0 equiv) in DMSO (63 mL, 0.08 M)
was added LiCl (1.73g, 40.9 mmol, 8.0 equiv) at room temperature, and the reaction mixture was
stirred at 160 °C for 8 h. The reaction mixture was quenched with H,O (50 mL), and the aqueous
layer was extracted with hexane/ ethyl acetate (4/1) (50 mL x 3). The combined organic layer was
washed with brine (200 mL), dried over Na,SO4 and concentrated. The residue was purified by
flash silica gel column chromatography (benzene) to afford product 60 (1.38 g, 70%) as a yellow
oil: Ry= 0.5 (benzene / acetone = 50:1); 1H NMR (400 MHz, CDCls) 6 7.80 (dd, /J=7.8, 1.4 Hz,
1H), 7.26 (ddd, J= 8.0, 7.3, 1.4 Hz, 1H), 7.22 (dd, /= 7.3, 2.3 Hz, 1H), 6.86 (ddd, J = 8.0, 7.8,
2.3 Hz, 1H), 2.80-2.70 (m, 1H), 2.52-2.42 (m, 1H), 2.40 (t,J =4.6 Hz, 1H), 2.36-2.27 (m, 1H),
2.16 (br, 1H), 1.95-1.75 (m, 3H), 1.65-1.55 (m, 3H), 1.03 (s, 3H), 0.75 (s, 3H).
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methyl 2-(2-iodophenethyl)-7-methyl-3-oxooct-6-enoate (61)

To a stirred solution of methyl triphenylphosphonium bromide (4.01 g, 11.2 mmol, 4.0
equiv) in THF (30 mL, 0.09 M) was added 1 M solution of sodium bis(trimethylsilyl) amide in
THF (2.57 g, 14.1 mL, 5.0 equiv) at 0 °C and the resultant solution was stirred for 30 min. Then,
to the reaction mixture was added 60 (1.01 g, 2.81 mmol, 1.0 equiv.) in THF (25 mL, 0.1 M), and
the reaction mixture was stirred at room temperature for 3 h. The reaction mixture was quenched
with H,O (50 mL), and the aqueous layer was extracted with ethyl acetate (50 mL x 3) .The
combined organic layer was washed with brine (200 mL), dried over Na,SO4 and concentrated.
The residue was purified by flash silica gel column chromatography (hexane) to afford product
61 (0.901 g, 91%) as a colorless oil: Ry= 0.7 (hexane) 1H NMR (400 MHz, CDCl3 ) ¢ 7.79 (dd,
J=1.8,0.9Hz, 1H), 7.26 (ddd, /=7.8,7.3,0.9 Hz, 1H), 7.19 (dd, J= 7.3, 1.8 Hz, 1H), 6.86 (ddd,
J=7.8,7.3, 1.8 Hz, 1H), 4.85 (d, /= 1.4 Hz, 1H), 4.65 (d, /= 1.4 Hz, 1H), 2.68 (dt,J=12.5, 5.0
Hz, 1H), 2.43 (dt,J=12.5, 5.0 Hz, 1H), 2.30-2.15 (m, 1H), 2.15-2.03 (m, 1H), 1.84 (dd, 11.5,3.2
Hz, 1H), 1.75-1.68 (m, 1H), 1.65-1.41 (m, 5H).

(((4aR,10aR)-1,1-dimethyl-1,3,4,9,10,10a-hexahydrophenanthren-4a(2H)-yl)methyl)
(phenyl)sulfane (cis-62)
(((4aS,10aR)-1,1-dimethyl-1,3,4,9,10,10a-hexahydrophenanthren-4a(2H)-yl)methyl)
(phenyl)sulfane (trans-62)

PhS

H

A 10 mL test tube was charged with 61 (12.5 mg, 0.0353 mmol, 1.0 equiv), Cs2COs ( 35
mg, 0.106 mmol, 3.0 equiv), (IPr)Pd(allyl)Cl (2.0 mg, 0.0035 mmol, 0.1 equiv), TIPSSPh (14 mg,
0.053 mmol, 1.5 equiv), and anhydrous toluene (710 pL, 0.05 mol/L). The reaction mixture was
well degassed then stirred at 100 °C under argon atmosphere. After 36 hours, to the reaction
mixture was added water (1 mL) at room temperature and the aqueous layer was extracted with
EtOAc (1 mL x 3). The combined organic layer was dried over Na,SOs, filtered, and concentrated

under reduced pressure. The residue was purified by flash silica gel column chromatography
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(hexane / EtOAc = 40/1) to afford cis-62 (3.1 mg, 26%) as a colorless oil and trans-62 (3.2 mg,
53%): Rr= 0.81 (cis-62, hexane / EtOAc = 10/1);1H NMR (400 MHz, CDCl3) & 7.31-7.33 (m,
1H), 7.09-7.24 (m, 7H), 7.01-7.04 (m, 1H), 3.15 (d, /= 12.4 Hz, 1H), 2.98 (d, /= 12.4 Hz, 1H),
2.88-2.92 (m, 2H), 2.44-2.47 (m, 1H), 1.94-2.12 (m, 2H), 1.87-1.89 (m, 1H), 1.72-1.80 (m, 1H),
1.43-1.52 (m, 2H), 1.26-1.36 (m, 2H),0.96 (s, 3H), 0.35 (s, 3H) ; R;= 0.70 (¢rans-62, hexane /
EtOAc =10/1) ;1H NMR (400 MHz, CDCls) 6 7.35-7.39 (m, 1H), 7.01-7.17 (m, 8H), 3.49 (d, J
=12.4 Hz, 1H), 3.23 (d, J = 12.4 Hz, 1H), 2.81-3.04 (m, 3H), 1.83-2.01 (m, 2H), 1.57-1.64 (m,
2H), 1.49-1.56 (m, 2H), 1.22-1.41 (m, 2H), 1.01 (s, 3H), 0.95 (s, 3H).

(4aR,10aR)-1,1-dimethyl-1,3,4,9,10,10a-hexahydrophenanthrene-4a(2H)-carbaldehyde (cis-
63)

H

A 10 mL test tube was charged with cis-62 (11.4 mg, 0.034 mmol, 1.0 equiv), CH>Cl,
(1.0 mL) and cooled to -78 °C. To the reaction mixture was added mCPBA (10.8 mg, 0.041 mmol,
1.2 equiv) and warm to -20 °C over 1h, then Na,S,0saq was charged and extracted with CH,Cl,.
The organic layer was extracted with NaHCOsaq and the combined organic layer was dried over
NaySOg, filtered, and concentrated under reduced pressure. The residue was diluted with CH,Cl,
(1.0 mL) and cooled to 0°C. To a reaction mixture a pyridine (8.2 uL, 0.102 mmol, 3.0 equiv),
TFAA (14.3 uL, 0.102mmol, 3.0 equiv) were added at 0 °C. After 30 min, the reaction mixture is
warmed to room temperature and stirred additional 30 min, then quenched with NaHCOsaq and
extracted with CH,Cl,. The combined organic layer was dried over Na,SO,, filtered, and
concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane / EtOAc = 40/1) to afford cis-63 (3.1 mg, 26%) as a colorless oil and
cis-63 (3.2 mg, 53%): Ry=0.73 (hexane / EtOAc = 10/1);1H NMR (400 MHz, CDCIs) 6 9.35 (s,
1H) 7.09-7.17 (m, 3H), 6.93-6.97 (m, 1H), 2.75-2.95 (m, 2H), 2.31 (br, 1H), 2.07-2.14 (m, 1H),
1.93 (br, 1H), 1.61-1.77 (m, 2H), 1.46-1.54 (m, 2H), 1.37 (dt, J=13.3, 3.7 Hz, 1H), 1.13 (br, 1H),
1.01 (s, 3H), 0.95 (s, 3H).
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(4aR,10aR)-1,1-dimethyl-1,3,4,9,10,10a-hexahydrophenanthren-4a(2H)-yl)methyl
4-bromobenzoate (cis-64)
Br

H

To a stirred solution of ¢is-63 (11.2 mg, 0.0462 mmol, 1.0 equiv) in methanol (1.0 mL, 0.05
M) was sodium borohydride (3.5 mg, 0.0924 mmol, 2.0 equiv) at 0 °C and the reaction mixture was
stirred at room temperature for 15 min. The reaction mixture was quenched with saturated aqueous
NH4CI (1.0 mL) solution, and the aqueous layer was extracted with ethyl acetate (2.0 mL x3). The
combined organic layer was washed with brine (10 mL), dried over Na,SOs, filtered, and concentrated
under reduced pressure. The residue was purified by flash silica gel chromatography (hexane / ethyl
acetate = 20/1) to afford cis-alcohol (9.0 mg, 80%) as a white solid: Rr= 0.3 (hexane / ethyl acetate =
10/1). 1H NMR (400 MHz, CDCl3) 6 7.27-7.30 (m, 1H), 7.04-7.17 (m, 3H), 3.47 (s, 2H), 2.53 (br,
1H), 1.96-2.17 (m, 2H), 1.69 (dd, J=7.3, 2.3, 2H), 1.10-1.51 (m, 6H), 0.96 (s, 3H), 0.40 (s, 3H).

To a stirred solution of cis-alcohol (3.0 mg, 0.0123 mmol, 1.0 equiv) in CH>Cl, (1.0 mL,
0.02 M) was added p-bromobenzoyl chloride (4.1 mg, 0.0184 mmol, 1.5 equiv), and DMAP (3.0 mg,
0.0246 mmol, 2.0 equiv) and the reaction mixture was stirred at room temperature for 1 h. The reaction
mixture was quenched with 1M HCI (1.0 mL), and the aqueous layer was extracted with CH»Cl, (2.0
mL x3). The combined organic layer was washed with brine (10 mL), and dried over Na>SOg, filtered,
and concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (hexane / ethyl acetate = 20/1) to afford cis-64 (5.1 mg, 98%) as a white solid: Ry=
0.5 (hexane / ethyl acetate = 20/1); 1H NMR (400 MHz, CDCls) 6 7.83 (d, J= 8.7 Hz, 2H), 7.57 (d, J
= 8.7 Hz, 2H), 7.32-7.35 (m, 1H), 7.10-7.17 (m, 2H), 7.02~7.08 (m, 1H), 4.24 (d, J=11.0 Hz, 1H),
4.09 (d,J=11.0 Hz, 1H) , 2.92-2.98 (m, 1H), 2.52-2.59 (m, 1H), 1.98-2.20 (m, 2H), 1.78 (dd, J=7.3,
1.8 Hz, 2H), 1.54-1.65 (m, 1H), 1.45-1.51 (m, 2H), 1.28-1.35 (m, 2H), 0.96 (s, 3H), 0.34 (s, 3H); The
Cambridge Crystallographic Data Centre (CCDC) has assigned crystallographic information file
deposition number 2143651 for compound (cis-64).

2-(((4aS,10aR)-1,1-dimethyl-1,3,4,9,10,10a-hexahydrophenanthren-4a(2H)-yl) methyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (cis-65)
2-(((4aR,10aR)-1,1-dimethyl-1,3,4,9,10,10a-hexahydrophenanthren-4a(2H)-yl)methyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (trans-65)

90



To a stirred solution of 61 (12.3 mg, 0.0347 mmol, 1.0 equiv) in toluene/water (10/1) (1.74
mL, 0.02M) was added bis(pinacolato)diborone (17.6 mg, 0.0694 mmol, 2.0 equiv), Pd(PPhs)4 (8.03
mg, 0.00694 mmol, 20 mol%), and cesium carbonate (22.6 mg, 0.0694 mmol, 2.0 equiv) at room
temperature, the reaction mixture was stirred at 100 °C for 24 h. The reaction mixture was concentrated
under reduced pressure. The residue was purified by flash silica gel chromatography (hexane/ethyl
acetate 30/1) to afford an inseparable mixture of trans-65 and cis-65 (11.4 mg, 93%, trans : cis = 0.89 :
0.11) as a white solid: Ry= 0.5 (hexane /ethyl acetate 10/1). An inseparable mixture of trans-65 and
cis-65; 1H NMR (400 MHz, CDCl3) 6 7.30-7.37 (m, 0.89H), 7.25-7.27 (m, 0.11H), 6.95-7.09 (m,
3.00H), 2.70-3.02 (m, 2.89H), 2.59 (m, 0.11H), 2.19-2.31 (m, 0.11H), 1.78-1.90 (m, 2.00H), 1.73 (dt,
J=13.7,3.2 Hz, 0.89H), 1.57-1.67 (m, 1.00H), 1.38-1.47 (m, 1.00H), 1.05-1.38 (m, 1.11H), 1.23-1.26
(m, 2.88 H), 1.15-1.21 (m, 2.22H), 1.05-1.12 (br, 5.45H), 0.95-1.03 (br, 8.01H), 0.85-0.91 (br, 3.00H),
0.29 (s, 0.33H).

(4aR,10aR)-4a-(iodomethyl)-1,1-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene  (cis-
66)
(4aS,10aR)-4a-(iodomethyl)-1,1-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene (trans-
66)

H

To a stirred solution of 61 (14.0 mg, 0.0395 mmol, 1.0 equiv) in toluene (0.02 M) was
added potassium iodide (45.9 mg, 0.277 mmol, 7.0 equiv), Pdx(dba); (7.2 mg, 0.00790 mmol, 20
mol%), SPhos (6.5 mg, 0.0158 mmol, 40 mol%) and potassium carbonate (5.4 mg, 0.0395 mmol,
1.0 equiv) at room temperature, the reaction mixture was stirred at 100 °C for 24 h. The reaction
mixture was quenched with pure water, and the aqueous layer was extracted with ethyl acetate
(2.0 mL x3). The organic layer was washed with brine (2.0 mL), and dried over Na,SOs, filtered,
and concentrated under reduced pressure. The residue was purified by flash silica gel

chromatography (hexane) to afford inseparable mixture of cis-66 and trans-66 (trans : cis=7: 1,
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7.2 mg, 52%) as a white solid: R,= 0.5 (hexane). ; cis-66 1H NMR (400 MHz, CDCls) §7.01-7.21
(m, 4H), 3.92 (d, /= 10.1 Hz, 1H), 3.43 (d, /= 10.1 Hz, 1H), 2.83-3.07 (m, 2H), 2.67 (br, 1H),
1.98-2.01 (m, 2H), 1.78-1.89 (m, 1H), 1.74 (dd, J = 13.3, 3.7 Hz, 1H), 1.48-1.68 (m, 2H), 1.40
(br, 1H), 1.22-1.29(m, 1H), 0.99 (s, 3H), 0.95 (s, 3H).; trans-66 1H NMR (400 MHz, CDCl;)
87.22-7.26 (m, 1H), 7.01-7.16 (m, 3H), 3.76 (d, /= 10.1 Hz, 1H), 3.29 (dd, /= 10.1,1.8 Hz, 1H),
2.81-3.01 (m, 2H), 2.36 (br, 1H), 1.90-2.01 (m, 2H), 1.68-1.87 (m, 2H), 1.57-1.67 (m, 2H) 1.40-
1.50 (m, 1H), 1.22 (s, 3H), 1.12 (s, 3H), 1.01-1.21 (m, 1H).

92



B 3R

1) (a) Vachhani, D. D.; Butani, H. H.; Sharma, N.; Bhoya, U. C. K.; Shah, A. K.; Van der Eycken,
E. V. Chem. Commun. 2015, 51, 14862. (b) Wei, F.; Wei, L.; Zhou, L.; Tung, C.-H.; Ma, Y.;
Xu, Z. Asian J. Org. Chem. 2016, 5, 971.

2) (a) Lu, A.; Ji, X.; Zhou, B.; Wu, Z.; Zhang, Y. Angew. Chem., Int. Ed. 2018, 57, 3233. (b)
Xiao, G.; Chen, L.; Deng, G.; Liu, J.; Liang, Y. Tetrahedron Lett. 2018, 59, 1836.

3) Mario, M.; Firos, J.; Agniesxka, M-F.; Tanay, K.; Jesse, W. W02009073620.

4) Sui, Z.; Zhang, X.; Li, X. W02006047017.

5) Duan, J.; Lu, Z.; Weinstein, D. S.; Jiang, B. U.S. Patent No. US 7,888,381 B2, Feb. 15, 2011.

6) Michel, B.; Jean Jaques, Z.; Jean Jaques, B.; Francis, C.; Guy, A. W0O2000039113.

7) Gao, Y.; Xiong, W.; Chen, H.; Wu, W.; Peng, J.; Gao, Y.; Jiang, H. J. Org. Chem. 2015, 80,
7456.

8) (a) Hegedus, L. L.; McCabe, R. W. In Catalyst Poisoning; Marcel Dekker: New York, 1984.
(b) Hutton, A. T. In Comprehensive Coordination Chemistry, Wilkinson, G., Gillard, R. D.,
McCleverty, J. A., Eds.; Pergamon Press: Oxford, U.K., 1984; Vol.5, p1151. For deactivation
of Pd catalyst by PhSH, see: (c) Mori, A.; Mizusaki, T.; Miyakawa, Y.; Ohashi, E.; Haga, T.;
Maegawa, T.; Monguchi, Y.; Sajiki, H. Tetrahedron 2006, 62, 11925.

9) (a) Lechuga-Eduardo, H.; Zarza-Acuna, E.; Romero-Ortega, M. Tetrahedron Lett. 2017, 58,
3234. For the use of TIPS thioethers for the formation of aryl thioethers, see: (b) Fernandez-
Rodriguez, M. A.; Shen, Q.; Hartwig, J. F. J. Am. Chem. Soc. 2006, 128, 2180.

10) Marion, N.; Navarro, O.; Mei, J.; Stevens, E. D.; Scott, N. M.; Nolan, S. P. J. Am. Chem. Soc.
2006, 128, 4101.

11) Viciu, M. S.; Germaneau, R. F.; Navarro-Fernandez, O.; Stevens, E. D.; Nolan, S. P.
Organometallics 2002, 21, 5470.

12) Glasebrook, A. L.; Misner, J. W.; Stephenson, G. A.; Schmid, C. R. Bioorg. Med. Chem. Lett.

1999, 9, 1137.
13) Krajewski, K.; Zhang, Y.; Parrish, D.; Deschamps, J.; Rollera, P. P.; Pathakb, V. K. Bioorg.

Med. Chem. Lett. 2006, 16, 3034.

14) Kikugawa, K.; Ichino, M.; Chem. Pharm. Bull. 1973, 21, 1151.

15) An-naka, M.; Yasuda, K.; Yamada, M.; Kawai, A.; Takamura, N.; Sugasawa, S.; Matsuoka,
Y.; Iwata, H.; Fukushima, T. Heterocycles 1994, 39, 251.

16) Liu, R.; Li, Y.-H.; Chang, J.; Xiao, Q.; Zhu, H.-J. 4sian. J. Chem. 2010, 22, 3059.

17) Jeftery, T. Tetrahedron 1996, 52, 10113.

18) Shuler, S. A.; Yin, G.; Krause, S. B.; Vesper, C. M.; Watson, D. A. J. Am. Chem. Soc. 2016,
138, 13830.

93



19) Haselden, I. R.; Ma, X.; Langer, T.; Bower, J. F. Angew. Chem., Int. Ed. 2016, 55, 11198.

20) Palladium-catalyzed intramolecular oxidative aminoarylation of alkene has been reported:
Zhang, W.; Chen, P.; Liu, G. Angew. Chem., Int. Ed. 2017, 56, 5336.

21) Ping, Y.; Li, Y.; Zhu, J.; Kong, W. Angew. Chem., Int. Ed. 2019, 58, 1562.

22) Hirano, M.; Kawazu, S.; Komine, N. Organometallics 2014, 33, 1921.

23) (a) Zhang, Y.; Negishi, E. J. Am. Chem. Soc. 1989, 111, 3454. (b) Copéret, C.; Negishi, E. M. Org.
Lett. 1999, 1, 165.

24) (a) Sakakura, T.; Chaisupakitsin, M.; Hayashi, T.; Tanaka, M. J. Organomet. Chem. 1987, 334,
205. (b) Okano, T.; Harada, N.; Kiji, J. Bull. Chem. Soc. Jpn. 1992, 65, 1741. For selected recent
reviews, see: (¢) Gonay, M.; Batisse, C.; Paquin, J.-F. Synthesis 2021, 53, 653. (d) Ogiwara, Y.;
Sakai, N. Angew. Chem., Int. Ed. 2020, 59, 574.

25) Wade, K.; Ishizuki, S.; Mori, T.; Bando, H.; Murayama, M.; Kawahara, N. Biol. Pharm. Bull.
1997, 20, 978.

26) Martin, D.; Rojo, A.; Salinas, M.; Diaz, R.; Gallardo, G.; Alam, J.; Ruiz de Galarreta, C.-M.;
Cuadrado, A. J. Biol. Chem. 2004, 279, 8919.

27) Li, L.-M.; Weng, Z.-Y.; Huang, S.-X_; Pu, J.-X_; Li, S.-H.; Huang, H.; Yang, H.; Yang, B.-B.;
Han, Y.; Xiao, W.-L.; Li, M.-L.; Han, Q.-B.; Sun, H.-D. J. Nat. Prod. 2007, 70, 1295.

28) Khatri, H.-R.; Bhattarai, B.; Kaplan, W.; Li, Z.; Curtis Long, M.-J.; Aye, Y.; Nagorny, P. J.
Am. Chem. Soc. 2019, 141, 4849.

29) Huang, Y.-T.; Chueh, S.-C.; Teng, C.-M.; Guh, J.-H. Biochem. Pharmacol. 2004, 67, 727.

94



PHEF

AL OEICHT-Y, EXIZEVELR THREEZHY £ U7z R H R T2
Bt HHREAZIRICLIVEEHLP L BT ET,

KL e L TwWerZs, BERAZIHS2HEE E LERME R TN 58
X BN, EHEEETE, IWAERESRICELS BV L E T,

BEEREICB L CRAEBIFRCAR D T LEENEZRZIX 0D &3 2 WMEiHlE v
Z—DERRICER W LET,

MEANE L THEEBRIRICHERZTICHIZ0, B THEWZEE, BFLE L
TFEo7NEME L (PSR S ARSI R . ArH'E L (ol
SRS R) 21X U &3 DRG0 O L 0 - L ET,

WREER B LR, A b PO M, ERTLIBLEIPT /=y 7 2R EITED T
L TWeRZWiesaARFER L (Bl AuiE KRR AL 2B EdR) (R < E#Eh 72
LET,

L% RO ILRFES & LA 2 CI Xm0/ M REEE LS (il
RRRENE ) | 1 R RIE L, RN AR IR T 2 L E T,

ZIE COMERATFICEAD S T2fEEE S . W TN W AR DT %
DBRETARGMILAIERT 22 EAHRE L, OEVEGEH L B E9,

BB, BN =L LT 2RGT 5 2 & B Uit £ IS LT T
ANTeR GLE, B BE, TLTHEELZ XX TINIE P, WFEEENICE %
Hz Tkt 1t B—Ic@<E# W= LET,

202242 H



No.1

[

BheHXRT L (HTF) FAHGFE MREEE

p={1)

(20224 2H  H(E)

vl

BN R - FATHRRGEA | F# - FATHFA EAE (HFFEET)

R

O¢“Preparation of 2,3-Dihydrobenzo[b Jthiophen Bearing Benzylic Quaternary Carbon by Palladium-
Catalyzed Cascade Reaction”

Hosoya.Y.; Yasukochi, H.; Mizoguchi, K.; Nakada, M.

Heterocycles, in press. DOI : 10.3987/COM-21-14611

O“Palladium-Catalyzed Thiocarbonylations with TIPS Thioethers”
Hosoya,Y.; Mizoguchi, K.; Yasukochi, H.; Nakada, M.
Synlett, in press. DOIL: 10.1055/a-1733-6073

O“Palladium-Catalyzed Carbothiolation via Trapping of the o-Alkyl Palladium Intermediate with
RSTIPS”

Hosoya,Y.; Kobayashi, I.; Mizoguchi, K.; Nakada, M.

Org. Lett. 2019, 21, 8280-8284.

“Preparation of a Chiral Building Block by an Organocatalytic Asymmetric Intramolecular Michael
Reaction”

Sato, Y.; Hosoya,Y.; Kobayashi, I.; Adachi, K.; Nakada, M.

Asian J. Org. Chem. 2019, 8, 1033-1036.

“Total synthesis of (—)-FR182877 through Tandem IMDA-IMHDA Reactions and Stereoselective
Transition-Metal-Mediated Transformations”

Tanaka, N.; Suzuki, T.; Matsumura, T.; Hosoya, Y.; Nakada, M.

Angew. Chem. Int. Ed. 2009, 48, 2580-2583.

“Synthetic studies on (-)-FR182877: construction of the ABCD ring system via the intramolecular
cycloadditions(2)”

Tanaka, N.; Suzuki, T.; Hosoya, Y.; Nakada, M.

Tetrahedron Lett. 2007, 48, 6488-6492.

“Synthetic studies on (-)-FR182877: construction of the ABCD ring system via the intramolecular
cycloadditions(1)”

Suzuki, T.; Tanaka, N.; Matsumura, T.; Hosoya, Y.; Nakada, M.

Tetrahedron Lett. 2007, 48, 6483-6487.

“Studies on the diastereoselectivity in the IMDA reactions of terminally activated & ,E ,E )-nona-1,6,8-
trienes”

Suzuki, T.; Tanaka, N.; Matsumura, T.; Hosoya, Y.; Nakada, M.

Tetrahedron Lett. 2006, 47, 1593-1598.

“o-T VXTIV B R E LT D VR AL —s g
A AL P2 FEI01VRFES, A T4, 202143 A
FA FEIT, /R B3, 1 0 PR, HHE HEA
“(=)-FR182877D 44 FEAFZE(2)”

H AR b2 88 F A2, WAL, 20084F3

H P 2RSS, M PRI, T HEA
“(-)-FR182877D A A 7E(1)”

H A b 728 E T2, HUR, 200843 H

AR FEIT, R ZREESE, T HEA
“(-)-FR182877D4& R 72

H AR b2 TR FF2, KIR, 200743 H

R AR SE, A R, K
“FR182877 D4 R Ze”

H A b 7P FHRo R FF2, T, 20064E3 H

HH A, $aK 220, AR FEIT, TR HEA






