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Ar s aryl

aq. : aqueous

Bn : benzyl

Bu : butyl

cat. : catalytic amount

cod : 1,5-cyclooctadiene

Cy : cyclohexyl

dba : dibenzylideneacetone
DIPEA : N,N-diisopropylethylamine
DMAP : 4-dimethylaminopyridine
DMF : N,N-dimethylformamide
DMSO : dimethyl sulfoxide

dppf : 1,1’-bis(diphenylphosphino)ferrocene
equiv : equivalent

Et : ethyl

mCPBA : m-chloroperbenzoic acid
Me : methyl

Mes : 2,4,6-trimethylphenyl
mp : melting point

N.R. : no reaction

Ph : phenyl

Pr : propyl

PTLC : preparative thin-layer chromatography
quant. : quantitative

R : retention factor

1t : room temperature

sat. : saturated

temp : temperature

TES : triethylsilyl

Tf : trifluoromethanesulfonyl
THF : tetrahydrofuran

TMS : trimethylsilyl

o-tol : o-tolyl



Hhmpbta : 2-(2’-hydroxy-5’-methylphenyl)benzotriazole
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AN AL T o RRAIVARF ¥ R & O RFB-Hi s & D2 LI BRI IEGIZ 13 Raney
nickel AWV HIVE MV, JUG % 5EkE SE D 72D ITBEIEZ LB L L, £ 72, Raney nickel
HIRNIEKIETH D72, RIS DOBIBE OB KSR AEDFEREE D, £i2, RE-FES
A OB RGN BUGIZI3E 2 el ST 3 1 2 s & AV 72 BOG T,
PSR FOMET DO EREEOBETIC L VIRNER E 2 F 01 H 5, AEIEILEY
DAL & EAUTHES KIS T D AR F T RRAIVAR » OIETLAE R L 72 RSB Es A O
ERPE 78T PSR STV A, TR L OTE TR T, T LT LEE) SO
RTH>TWD, EFE, NI ZTFAT T b=y Sz =7 v 7 U —L 21
7 4 ROBTHIMSS VB IO N 2 F AT L PAC ZAWTET LFAA~T T Y
— /L OIBETCH 7RI SOS NS STV A2, RIFEEIINER (90°C) 2B L, £z, HBE
ETNFRNAANT BT U=V ZNLVT 4 RIZRESNTWD, £ T, ERSEAL & A
T EHWH TR OER CET T 2IRMART VX LT V=L AL T f RGT L—2
~OIRTCG % B IR UIRET & Bids L7z,



528 USSR ORE L

F. WHOMFNTIB T, methyl 2-naphthyl sulfide V72577 % L o ~DZEHK GO
W, FHEERGEMELE N =TF LT & WD UG Z KA L 72 (Table 2-1), THF %
g T Uy Al LT PA/C 2 AWZGEIZIE, =R 80 5 TIXEMOAERY TH 5
FTE VU NEMRHEGR CTE O TH -7 (entry 1) 23, SIS 5 B TIE 67% T
HZENTER (entry2), il LTI VT AT T v 7 WAL, 19 Fif#%
TEZLEMEDOT 72 LU BNEH S NT-DH T -7 (entries 3 and 4), £ 7= Pd(OAc), &
AW SGEICH PAC WA ERIBREDOINRTHIIW Z 5 2 (entry 5), /X7 V7 A
fihit 2 FI N2 OIS T, SO T2 < TS 24 B B B MBI S 72 6 %
TV LD LBV R T E 7 (entry 6),

feWNT, U B ROMET 21T -7, Pd(PPhs); (entry 7) <° Pd(PCy3),Cl, (entry 8) F LU
Pd(dpphCl*CH,Cl, (entry 9) % FHWZ35-5121%, SOGITEST L2 WS & 72 572, Pdy(dba);
& X-Phos W =5512IL 25% CHMO 7 2 Lo m B 2 7=,

ZOFEREMNS, UH Y RO X0 RSO TNHES L TND EE 2, SHITRT
D AR E R LT, BRI YT A E WL 25, 80 4 TR 96% DT T X L &
5272 (entry 11), miflEE (99.999%) DAL/ NT 20 L% HWZHGEIT S KOS ITHIEICHE
1T BRI AR 90% CTH X T2 F b b N7 U0 AR ORI RISIZE G LT 5
BRIV DO EFE X HILD (entry 12), hDiER 4R T 5 RhCl;s (entry 13) X° PtCl, (entry
14), Ni(COD), (entry 15) Zfilft U CHWZHAIIISUGITETE T, LI EOKRF R
D, 0D /RT D0 MEER T VXL T U — L RV T ¢ RO RFE-RERE A O ITHIY)
WricBa5- L T2 R Sz,



Table 2-1. Reduction of methyl 2-naphthyl sulfide with TESH with different catalysts

Et;SiH (2.1 equiv)

SMe catalyst (3 mol%) H
THF, rt

1a 2a
Entry Catalyst Time Yield® (%)

1 Pd/C® 80 min trace
2 Pd/C*® 5h 67
3 Pd black 80 min trace
4 Pd black 19h trace
5 Pd(OAc), 6h 79
6 - 24 h 0

7 Pd(PPh;), 80 min 0

8 Pd(PCys;).Cl, 80 min 0

9 Pd(dppf)Cl,+CH,Cl, 80 min 0
10 Pd,(dba);, X-Phos® 80 min 25
11 PdCl, 80 min 96
12 PdCl,* 60 min 90
13 RhCl; 24 h
14 PtCl, 24 h
15 Ni(COD), 24 h 0

* Isolated yields.

® 10 % wt of Pd/C including 3 mol% of palladium was used.
¢ 1.5 mol% of Pd,(dba); and 3 mol% of X-Phos was used.
4 PdCl; (99.999%) was used.

W T OMFTE LT, USRI A 80 43 & L, b 3T U0 AMBBEAF/E T, methyl 2-
naphthyl sulfide 2 J&E & L C TESH Z W T &1 T->7 (Table 2-2), THF Z kit & LT
AW 5E81T, 80 0 TRIGIZZERE LTz (entry 1) 28, MV ZIEMBELE L THWEHE
WZIE. 80 & TITIREINK VY 68% DI & 72~ 7= (entry2), F7=. dioxane #7255
(2 JFEHIFEAE L IERIL 75% & 72 o 7= (entry 3) . MeCN Z W2 A & JFEH IR L.
HWCHD T 72 L OIERIL 75% & 72> 7= (entry 4), DMF % W= 54512 1 80 40 C
WIS FEREE T, 7 X L DI 2% £ -7 (entry5), PAEDOFER LD %
fi L U CIE THE 255 L T D A RIB S 7z,



Table 2-2. Reductive desulfurization of methyl 2-naphthyl sulfide with Et;SiH and PdCl, in
different solvent

Et3SiH (2.1 equiv)

SMe PdCl;, (3 mol%) H
solvent, rt, 80 min

1a 2a
Entry Solvent Yield® (%)
1 THF 96
2 toluene 68°
3 dioxane 75°
4 MeCN 75°
5 DMF 82°

* Isolated yields.
® Starting material remained.

HiAb X7 U N ETESH & OIS TIIKFZH AL MY =F v U s mZ A R(TESCD .,
OMliD/3F 7 WRE L D HERHE SN TS 19, %2 ¢, TESCI AWAR TIGICEE L
TWAHDOTEFH W EEZ, VT OFEET AL I v T A ROWMNOKRE 21T
o7 (Table 2-3), THF ¥&EEH . 3 mol% D/ XT 2 7 A{FFE T, methyl 2-naphthyl sulfide
&£ 2.1 ¥ ED TESH Z# AW ==SIE TORISIZIB T, 1.0 48D TESCl Zifs Lz & 2 A,

FOGEREEIE 80 2375 50 4 «&@mbk(mwﬂ F£72. TESCl DO VIZ RY AF v
YnrmaZA4 K (TMSCI, 1.0 ¥ &) 23 L7258 I3RS REIE 10 5~ b & B I HE
éhW%%w%«kﬁLLk(mmwo_@$W6\im D SHFE~ DB TR
ENHDEEZ LD, TMSCL (1.0 X&) f#E . TESH O&% 1.5 YR~ Lo
AT, JFEHT 45 2 CIHAR L 94% CHIINS LT 72 (entry4), X512 TESH O
2RO L 12 M8 E LIEHaIlid, ROSETEREd. 24 R & R R AE L H A OUL
L 83%L 72 o7= (entry5), 1.2 48D TESH ZHWTH SN TERE Lo T FND
ﬁmN?VWA%Oﬁmkﬁﬁﬁén:mZ\A7v?At%Jh@@£Emikiﬁﬁ
{EDT=HIZ TESH B TH HAlAEME, & L<IE/XT7 U Al LW TESH 234 L7 o
IRLTWDAREMENE 2 biLD, MEROT-0, 1.2 % & TESH % AV "C TMSCI Z IR/
HFIRISEAT T2 & 2 A 24 K[ ORI entry 512K T L 58% & 72 - 7= (entry 6) .
Z OFERIE, TMSCl 2323 entry 5 1ZH sp” (RFBE-FRETRE A OUIWTINELS . Z D572
\F TESH D%y mﬂkﬁbt$%rwawé

FU = b v T E2RAWESAIIIRISTETT 2 00D, &m@@ﬁiﬁ<4%%
T62%E mﬁﬁ%&ﬁ@(mwﬂ 71:wv7y%%mkﬁ i, ﬁmi£< HITL
RWFER L7257 (entry 8), @@“M%MHJCBW%H%ﬁPK ZiX. TMSCl D¥s

. FERINCES D & F ST T LW R & o T2 (entrles9and10)o F7o. KFEFH



K[ETRIREAT 1M, T V0 LEHW5EB L O PA/C & TMSCL Z W54
WIS ROSITHEIT L7V & 72572 (entries 11 and 12), AU S DOFERNG . KBGO
HEATIZIE TESH 2ALZH T 5 VR STz,

Table 2-3. Reaction of methyl 2-naphthyl sulfide with PdCl, (3 mol%) and reducing agent in THF

at room temperature

reducing agent
PdCl, (3 mol%)

SMe additive (1.0 equiv) H
THF, rt

1a 2a
Entry Reducing Agent (equiv)  Additive Time Yield® (%)

] EtSiH (2.1) ] 80 min 91
2 EtSiH (2.1) TESCI 50 min 9%
3 Et:SiH (2.1) TMSCI 10 min 97
4 Et:SiH (1.5) TMSCI 45 min 94
5 EtSiH (1.2) TMSCI 24h 83"
6 Et,SiH (1.2) i 2h 58"
7 (Et0):SiH (2.1) ] 4h 62
8 Ph, SiH (2.1) ] 24h 0°
9 "Bu;SnH (2.1) ] 24h 0°
10 "BusSnH (2.1) TMSCI 24 h 0°
11 H, atmosphere - 24 h 0°
12 H, atmosphere® TMSCI 24 h 0°

* Isolated yields.
® Starting material remained.

¢ 10 % wt of Pd/C including 3 mol% of palladium was used instead of PdCl..



72, PA/IC ZHWZ5EIZ S TMSCL (1.0 X&) ORI & 0 SOSHMEE S 41 80 43D
SOGRER]C B 2 I3 97% T H- 2 7= (entry 2, Table 2-4), ¥ b/ X7 U0 LA L7
0ftiD/NZ7 VT Lxk HWTCGEIZBW L, BT VT L% HWTCGEIZ SO
TS 220 | 80 43 TILEHEO B0 LS4, 24 Bl & B RO OILRIT 21%
L7257 (entries4and 5), F7=. filft L LT Ni(COD), Z H\W\ 7= 54121, TMSCl ORI
DHMZ)D D BT, SONMTET LR WEER Th -7 (entries 6 and 7). LA _EDORFHEE 0>
5. ABUGSZIT % TMSCl ONEHEZh R D RS STz,

Table 2-4. Reduction methyl 2-naphthyl sulfide with TESH with different catalysts

Et3SiH (2.1 equiv)

SMe catalyst (3 mol%) H
THF, rt

1a 2a
Entry Catalyst Time Yield® (%)

1 Pd/C® 80 min trace

2 Pd/C®, TMSCI (1.0) 80 min 97

3 PdCl, 80 min 96

4 Pd*(0)° 80 min trace

5 Pd*(0)° 24 h 21

6 Ni(COD), 24h 0

7 Ni(COD),, TMSCI (1.0) 24 h 0

? Isolated yields.

® 10 % wt of Pd/C including 3 mol% of palladium was used.
¢ Pd*(0) prepared from PdCl, and TESH was used after pumped up.
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I E COMRFCREL SN CREEEAMEEZ D720, Hb/RT 20 Ml
FEF. TES (2.1 ¥4 #) % V>, TMSCI Z i1 L 72\ 55/ (reaction condition A)FS 2 OV TMSCI
%W L 72 5 (reaction condition B)WZFW T, Fix DT /X LT U —/L A/ T 4 RDIEIC
WIS DR 21T - 7= (Table 2-5) , 7 V%)L T U —/LZ)L7 ¢ R 1b-1h (entries 1A-7A)
BELO 111 (entries 9A-11A) DI TIEXIET 2 HHIW % 74-99% DR TH-Z 7o, SAK
BT 2- A FILF A B 7 = =)L 1e' i3 22 iR O [ Wi CTAERRY) 2b % 74% DULER T
5 % 7= (entry 2A) , B 554 H 4 2 L 1400 18" O SUSIZ R < #47 L (entries 3A
and 6A) . BT RGIMIEA AT 5 HE 1€, 1729, 1h, 17?7, 1IKPDISIE 70 5 Toeks L=

(entries 4A, 5A, 7A, 9A and 10A), JEE 1i O = b 0 JEIARMETICB W CREITHET L,
BIERWE 52725, ZO=H, FETH 5 1i OEINER L O HYORITET L,
Kk Z WS T, 7V T  ORIRIGHE Z 0 FFRREE DI & 72 5 7= (entry 10A),

TNFNA~NTaT Y=L 2L T 4 R 1m-10 & W 2356120, %00 TESH & vl

BRI T CRUSZAT o 7203 HHOMNITIRIGE & 722 0 TR T T DR & 7o 72

(entries 12A-14A), L2>L7223 5, ALEW 1p” Y D SUSKITESLONTHEIT L, BHI 2P 215
IX=CH. %z 7=, Table 2-5 D entries 1B-15B DI entries 1A-15A (2L L ClE & A E DIk
BIZBWTILRR ER->TEY . TMSCl DIIEIEN T~ &0 LR sns, LAWY 1

(entry 8B) DA TIX, LVBHETHY . 150 THIIM 2i & R2%DILEETH 2 7=, TMSCI
RN L2 WIEEIIIROSIITER/RE T, 4 BRICAERD 2i & ZUTxhcT 27 I 2%
ZI35%. 25%DINFETH 2 7=, Entry 8 ®ELEL LTI, TMSCI ORI X V(LAY 1i
DIETEIMEAEW) 20 1B T D X Doz, = b rOETIZ L Y 4 U DEIAERMIC &
DAKIENESNIZEREZ HND, H 1k <2 1P % V72 (entries 10A and 11B)
TiE. TMSCl DIRINOA HEZBTD & F RISFERIZE U Th 253, TMSCI DB KV IX
ROEENALNTEY, BRREOER L 2o TS, ZOMERIX, TMSClI 2N L-%
2LV ZEESICBT RIS OETRIE S EE R LTS,

F7z. TMSCI ZHINE X D ARSUEDROFHE Z b <%, T/AFNA~TaT )=/ A7
4 N 1m-1p Z & & U CTHWZHA (entries 12B-15B) (21E, TMSCI ORI X Y K&
HEATLARWRER E o T, BEOLL ZHIIREEOET 2 ~T 0RO ERIF T O FEMENR
IRICIUEEAY TMSCL EHEETER L2207 B 2 b5, 205 OFERIE Graham H#E L
T NFRNAANT BT U —)L AT ¢ ROIETTAGIEI G O NS &R 5 &5 %
Y AR



Table 2-5. The reaction of alkyl aryl sulfides with PdCl, (3 mol%) and TESH (2.1 equiv) in the
absence of TMSCI (A) and in the presence of TMSCI (1.0 equiv) (B) in THF

Entry Substrate Temp. Time Product Yield?2 (%)
MeS H
1A 26 80 min 99
SMe H
2AP 22 h 74
MeS H

W
o >
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©

135 min 83
1d rt : 2d
il Me o
H
45 min 84
H
1f rt SOmin of 94
WO
rt 80 min 2
H
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MeS NO, NO,
8A 1 reflux 4d 2i 35¢
B0 " MEe OO E

40 min

i : 89
SOZMe 1] rt 15 min HQSOZMG 2] 98
10A MeS& 1Kk it 70min H@K ok 62
10B \ COLEL 70 min \_ ok p
o () 2 () 7
MeS N H N
= X
12AP »—SMe 27) reflux I N H 44¢
12Bf (/I N>_ im 50 °C I _ N>_ 2m 0°
Me
N N
13Ab N 2g) reflux A 55¢
138" ©: s>7 SMe 10 5000 P S%H 2n "o
N N
14AP o) reflux 7 h = trace®
148" C[c?_ SMe  10% 550¢ 7 » O\%H 20 U

© ©
w >
m
w

N~
oo

N~
[eNieR

Me Me
15A 2h 728
158 E\ A T 5 A e
Z N7 sEt N"H

2 |solated yields.

b 4.2 equiv. of TESH was used.

¢ 44% of 8 remained. The amine corresponding to 8p (25%) was formed.
d Methyl hydrocinnamete (35%) was formed.

€ Starting material remained.

2.0 equiv.of TMSCI was used.
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FOGHEREREAT D728 W< DD FEBRZ1T > 72, TES-SEt DAL AMEA ) 1j (Table 2-5)
DEH DL 'THNMR (2 X 0 Bl & 47 (Figure 2-1),

Et3SiH (2.1 equiv)

PdCl, (3 mol%) B_/
EtS SO,Me SO,Me + EtS-S>

C6D61 rt, 40 min
1j 2

Scheme 2-1. Reaction of 1j in C¢Dg

13C-NMR (C¢Dy)

Et,SiOH

l L EtSH

Et,SiH |

l \ Reaction Mixture

A A A
43‘0 I 17‘5 15‘0 12‘5 10‘0 7'k I 5‘0 2‘5
Figure 2-1. °C NMR spectrum of reaction mixture of 1j

% 7-. 2-(2-naphthylsulfanyl)ethyl phenyl sulfone 1q°” D RGN T, BAHEZICT 7 X L
v UFE90%) &FA—n3q (IFET72%) (Scheme2-1) ZhHx, 7x=)VA)VT 1 Vi
T B =727 (Scheme 2-2),

Et3SiH (2.1 equiv)

s H
X ~">350,Ph  PdCl, (3 mol%
(D/ il "S- s0,en
/
1q

THF, rt, 30 min
2a 90 % 39 72 %

Scheme 2-2. Reaction of 2-(2-naphthylsulfanyl)ethyl phenyl sulfone 1q

TMSCI 2 L 2ALE W 1a DRI HHE S OTEMAL 2T~ 2720, NMR OHEZIT -7
73, chemical shift DL EENE B BE 2 1ML L TOZRWERDURIR X u7z (Figure 2-2)

10



N SMe TMSCI (1.0 equiv)
(D/ »  No chemical shift change
= THF-dg

1a rt, 30 min H, 13C NMR analysis
of reaction mixture

Scheme 2-3. NMR analysis of 1a with TMSCI

ui®ﬁ%ﬁ%#E,N?V?A%ﬁ’;é7w%w?u~wz»74Fwﬁﬁﬁﬁﬁﬁ
B OYIK, sp’ IRFB-FHEREA T/ sp’ RB-MEREA TR, M Tr7L—rtyv
) Wﬂﬁéh?”:?’“?]‘*/l/%:a’%zé% i?‘:}iﬁﬁ AQURTIS RV g Wi eI i - NV W % |
SAVTHARR LRI X 0 KRR 22 T CTF A — Va2 52 5542 R LT 5,

Flz, TNETOXEBEITBNT, AL T ENT O LENL DT VT L
RU RREAROIRE O, AR LIz "T VA R REBKIST DE0 0 -2 & A1
HEDHEE >V B ASUE D SUEHE 2 R D X 9 1THEE Lz (Figure 2-2)

Thbb, HLRTPTANRTAFAL T AT VBTSN, 0D/ T 27 AR
T D MNT T NAFNTT & OFEHIMIIPET L XT YT Ak R REEZAERT 5,
0—A XL AIZLY Csp)-S FEB DN S S-Si fE AN AT 5 BEPE T, TMSCl D7 A
PR ORI 7 DO 15 % T IRFI R A 215 LT 2 F ROt S
Be 0=AABIAZLY VYT NAXINNF AT =T IUPE L, BRISE TN R CTT
L— U NERRT B,

PdCl, PdCl,
R3SiH J RsSiH
RsslH R38|H
reductlve reductlve
addition addition
;L//* ‘\\<; TMSC
Ar-Pd-H R4Si-Pd-H Ar-Pd-H RsSI Pd-H
0 metathe3|s o-| metathe5|s
RsSi-S Al R3SI Pd }\ RaSi_S\alkyl RSSI Pd }\
Alkyl-S-Ar S Ar alkyl-S-Ar
AkyI aIkyI
l TMSCI
ReSi——Pd—H
alkyl— SfAr
o]
SIM63

Figure 2-2. Proposed reaction mechanism
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k=111
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F1E FF

AIVEF ¥ R T EICAF R OAGEIE LSS Z b, AFEMBEE LTHVWS
HERHETH D, Lo T, BN OE BRI Z LR X2 RO OBREEIT
IFENTEL, ARSI FICEHTH D,

TNFNT V=)L Z)VRF T RO xtIsT 5 5 HFERAS~OZHEUG T, Raney nickel 2 U
T2 4A 300, 8D Ni(OAc), ° NiClL & AW =4 3m b TV A28, Jiig i kak L7z
L9 REREIERE DK SRRSO S IR R EEZ LE L T5H, £ L TERHAEKDOI A
PEDSS I NS R E A L, BEITKEILT B U 7 AR Grignard 3% VWD Z 005
MR L ERIEEZH WA ENTERNEWOHIRNH 5, ZD7=8, Wfho
HFHEZE T CORISDREA RO BN TS, 2 TEBGRE AT 7 2 WD G
SUEERE LTe, BEtOREE. /X7 U0 AMlEAFAE T TESH Z vy, IiFnffi{E 7e Tk
ERHTHENTE 20, UTFICEEMEZR~5,
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F 28 USSR OREL

55 2 B O b ST SIS IR D e & FV N T methyl 2-naphthyl sulfoxide™ % F U
TIRFZITo7To & 2 A, ANARFY RREILI LT 7 # L 2 & methyl 2-naphthyl sulfide
MENETIEE 80%., IR 4% THHILTE 7 (Scheme 3-1),

o Et3SiH (3.1 equiv)
PdClI; (3 mol%)

(1]
OO SMe  TMSCI (1.0 equiv) N H SMe
- |
THF, 1t, 24 h (D/
4a 2a 80% 1a 4%

Scheme 3-1. Pd-catalyzed reduction of methyl 2-naphthyl sulfoxide

FDI0, FMEOREICE D TAXAT V=N AL T 4 RDBIGTHT L—2 R
VT A RENENAERINTETT T D FNAMHE L & 2, Rid&1T o7, £, HiE T, THF
PAIE | methyl 2-naphthyl sulfoxide 35 & L CHREix O/XT7 20 Al A2 FWCFH 7 % L
U ASDBETCISDREFT 21T > 72 (Table 3-1), b /3T 0 A &fll L L CTHV TMSCI %
WIS PICISZ T o T2 & 2 A, ROCKFFIZERME L, ROSK] 80 0 CH7 # Lo a b2 7

(entry 1), % Z TR Mt s TMSCl 2RI 10T - 7=, fillii e U CHIB T O A%
FAVI5E Tl & BICSISHE NG L 50 50 TF 7 2 Lo % 97% IR TH 2 7= (entry
2), Pdy(dba); & 2355 Tld 100 43 86 %R THWM A 5-2 7= (entry 3), Pd/C % filifiif
& LTHWZEAITIE, 24 B TH BRI OILRIL 67% Tdh > 72 (entry 4) . PACL(PPhs),
R PA(PPhs)y 72 ED VU 7 > R ANT2IGETIE, BOSOEEITIZIERIZE S 24 Kefi#% D IR
IZENEIN10%, 57% & 72572 (entriesSand 6), F7o. /3T 20 MMl 2 N T10 X
SR AAT S T2, F DOBAITIIRSITEIT LR WE R & 72572 (entry 7). VL LT ORE R
L0 RIS AT U0 MER LA TH Y | HTHER ST VU LAREE TH S T L
PR S ATz, E T AT 4 2 ) H Y ROUINC & 0 SUSHEENES 72 5 FHRENT,

13



Table 3-1. Reduction of methyl 2-naphthyl sulfoxide with various palladium catalysts

Q Et,SiH (3.1 equiv)

SMe catalyst (3 mol%) H
_— >
THF, rt

4a 2a
Entry Pd catalyst Time Yield® (%)

1 PdCl, 80 min 94
2 Pd(OAc), 50 min 97
3 Pd,(dba), 100 min 86
4 Pd/C’ 24h 67
5 PACI,(PPh,), 24h 10
6 Pd(PPh;), 24h 57
7 ; 24h 0

? Isolated yields.
® 10 % wt of Pd/C including 3 mol% of palladium was used.

-2 &'|Z methyl 2-naphthyl sulfoxide % #& & LT, HiEE/ N7 U0 MMlEEAF/E . TESH %
FHN TR & DY AR LT, D F b — 7 L% O CIRIS AT - 75 B0 21 RS
HlE & A ERSITETE T EMEO B DB X e DT - 7= (Table 3-2, entry 2),
vrau XX o B E L CTHWEEA I 2 B CRISIEZEME L, 7 X L& 98%D
IRTH 2 72 (entry 3), V=2 & FAWZEGAITIE 21 BRERCROSIZSER L, HEE 93%
DIFETH 27 (entry4), 7 b= b U L& AWZHEITITSONT 2 BRI TRl LT 7 &
Ly % N%OIETEH 272 (entry 5), ZALH ORGSR, KIGKEIZEH L THF %
B D F st & Lz,

Table 3-2. Reduction of methyl 2-naphthyl sulfoxide in different solvent

0 Et,SiH (3.1 equiv)
SMe  Pd(OAc), (3 mol%) H
_—
solvent, rt
4a 2a
Entry Solvent Time Yield® (%)
1 THF 50 min 97
2 Et,O 21h trace
3 CH,Cl, 2h 98
4 toluene 21h 93
5 MeCN 2h 92

* Isolated yields.
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23UV C, methyl 2-naphthyl sulfoxide % Z:E & L CTHY, 2R F THF (&L T ORERE X
TV LEfE L U7 R TROSIT LY LE%’J& LTy 7 Ot T -7 (Table3-3), b

Vo b v TN TRINEITS T2H AT A VAR XY ROETCITET L2, 4T
HANT 4 Rlainb 74 l/‘/f\@)fj—lz TF & A EHETET, methyl 2—naphthyl sulfide %
98% & EINRTHE LN (entry2), MV 7 ==L T E2HWEEAITIE, RIGHR 25

REfi ©F 7 & L 35 &L 0¥ methyl 2-naphthyl sulfide 73 % 412 FUIL 13% 86% THROLNTE
7= (entries2and 3), ZILHDFERNDL, T U EZIBIRT HFICL D AVEKF T ROELE
I CE HFENAH ST,

Table 3-3. Reduction of methyl 2-naphthyl sulfoxide with silane

R3SiH (3.1 equiv)

(0]
OO SMe Pd(OAc)2 (3 mol%) (D, SMe
THF rt “/

4a
Entry R,SiH Time Yield;g%) of Yieldalg%) of
1 Et;SiH 50 min 97 0
2 (Et0);SiH  25h 1 98
3 Ph;SiH 25h 13 86

# Isolated yields.

FEDORFT TANR R Y RH AV T 4 ROiEILHHET L7255 methyl 2-naphthyl
sulfoxide ZH & L THW, EIR T, BT U AEIC L5 N = hd2 v T %2
W2 IRTERE TR A OIRIEZ RET L7z (Table 3-4), Y= F /L —T L Z&¥EEEE LCHWE
G lIEBONITERE T, 24 FE O B OIERIT 46% L 7272 (entry2), ¥ 7 mn
A2 TS UTHWESGEIT S ROSHFH 24 FFE TIEREHIIERE T, methyl
2-naphthyl sulfide DUXEIT 62% T >7= (entry3), MLl ZHWHEIES BIZKIGD
ETPES, BRMOIRIT21% Th o7z, 7 b= MU A ZEEEE U THWSEITE
7 REMCIREHIE A LB %2 95% DILHETH 272 (entry 5), ZAUD DRRETNE, A7
A FAOETTROGIZEB VTS THF I L T D SR A S,
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Table 3-4. Reduction of methyl 2-naphthylsulfoxide with different solvent

Q (Et0)sSiH (3.1 equiv)
SMe  pd(OAc), (3 mol%) SMe
solvent, rt
4a 1a
Entry Solvent Time (h) Yield® (%)

1 THF 4 99

2 Et,O 24 46

3 CH,Cl, 24 62

4 toluene 24 21

5 MeCN 7 95

* Isolated yields.
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5 3 H AEE O

KBGO BB A2 D720 Fei b SIS TRRET 21T 9 F & L7z (Table
3-5), == N, THF 8T, 3 mol% DFEiE/ ST 20 LMFE T, fix D ZVERF L Ra v
TTESHB LU MY = hF v T o2hZna VTG ETTo 72,
3-methylsulfinyl-1,1'-biphenyl Z 8 & L CHWHAIZIX fHETHE 7 = = L LA LT
o4 RIZZENZNE 9%, 88% THLINTET (entry 1),
4-methyl-3'-methylsulfinyl-1,1'-biphenyl Z & & L CHWSGEIZIZ, e T o687 = =1
EANT 4 RENENE 97%., 9T% DR TEH X7 (entry2), BEFHLGHETHL A ¥
VLN EHL L 72 4-methoxy-3'-methylsulfinyl-1,1'-biphenyl Cl3S i DHEITIZORAEL 720 %)
J8T % B 7 = = VE RG] 140 53T 97% DIER, kT D AV 7 4 RIZROGKEF 100 53
T91%DINFETH 7=, (entry 3), /N7 L NEHL L 72 4-fluoro-3'-methylsulfinyl-1,1'-biphenyl
K> 3-chloro-3"-methylsulfinyl-1,1"-biphenyl % 5E & L THWZIGEIC b SOSIFRTEEZ < 1T
LRSS D87 = =L &2 ZE 91%, 8%, MIET D ANT 4 RaEZILEN 84%. 84%
DI TH-%2 7= (entries 4 and 5), Methy-3’-methylsulfinyl-1,1’-biphenyl-4-carboxylate % F\ 7=
BBV TIIE 7 = = b ~OZEHINE S USR] 40 43 THBIM Z 92% DI T H-
RIS, AT 4 ROZEHUTEE S 720 SOSKEH] 2 R TS 92 A7 4 K& 80% DIL
BCTH 27 (entry6) , 1-Ethylsulfinyl-4-methylsulfonyl-benzene DG4 L TH VD | K
T HAFTINT 2 =)V AJVTR 2 ~OZEHITNNE S UG 60 53 CHBI) & IR 95% TH-
A ANT 4 RAOBEBII NV R0 T 2% 6.2 YRV TS XSGR 21 R % &
L, HIMOIHEIL83% ThHh -7 (entry7) . ~7 BERIZEBW TS SITHEIT L,
2-ethylsulfinyl-4-methylquinoline Z V7255512, e d 5% /7 U ViFEEZ 91% DILHET
Bz, WISt 25207 4 R 88%DINERTH 2 7- (entry 8) .
(E)-1-methylsulfinyl-4-styrylbenzene & HV 2355 121%, A L7 4 » ORICIZ X DRI D
B S, TESH & AWZBIE CIIATF AR ORI 42% £ 720, U hFo v T
ZHWIZIBITE TIEIST 2 AV 7 ¢ IR 0% Th o7 (entry9) . —JH. BEFROIME
HThHLZAT NV EDIEA VT ¢ % HT % (E)-ethyl 3-(4-methylsulfinylphenyl)acrylate
BOGSTIE, TESH Z2 HHWZBBICA V7 4 OBRTTIE—EET L2 b OO BRI %2 72%0
WRCTEZ . F M2 FXT T &2 HWTEETTTHRIME 92% DULE TH:7~ (entry 10)
DO ZOOIEE O TEBETRE RO G | EAEHEORNA LT 1 AZB W TIASR
HETORTHENES | ZDTeDOELLDORMELE S, 4] DHEITHAT 4k (28T 5 20
REY FEOBETOBRIRMENEE T BN, £, 4 IZBW TR = R 7
ROV EIZERIMN SO T Bl & L TIRO X S ITBE LTe, RRIGEHIC
LD ANVEXY FPRBETLSNANVT o RIS L, AV T 4 VOBFEETS S
BEDHEBEZOLND,ZDTD JFEDANKR XV RIZHA_REBH D AN T 4 RIZEBWT,
RIBOSINEVRZVOT S RDEEZAOND, ZOZ LD, EH4) TEF) = kY
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VI U EROCEGEICIGENME T L0 Ebis, L LR bbi 4k OBEI
BWTE, mATNVEL IR LEBETBEORNA L7 4 THHD, AT 4D
TEADBUSHEMENEIIMZ, MU= X2 v T 2 WA OEEREOE T 23550
e, BIBIFZEAEEIT Lot EZ BD,

4-methylsulfinyl-1,1'-biphenyl™ % FHUV 72354 T, 3T 5 B 7 = =/L%& 95%DILRTH-
Z XIETHANLT 4 RIL95% DI T Bl (entry 1),

U EOBEFRERNS, VT 0 ARIRTA2HICEY AVEFY R Led a7 L—rF
TEAX AN T ¢ R~ & BRI S MR RTRE 72 OV HIB L 72,

Table 3-5. Reduction of sulfoxide with organosilane and Pd(OAc), in THF

R3SiH (3.1 equiv)

o Pd(OAc); (3 mol%)
aryl—S—alkyl » aryl—H or aryl—S—alkyl
4 THEF, rt 2 1
. .o, . a . o, . b
Entry Sulfoxide Reaction conditions A Reaction conditions B

Time (min) Yield® (%) of2  Time  Yield® (%) of 1

1 Me.q O 4b 90 91 50 min 88
5 U

2 'V'e\s 4 65 97 100 min 97
© Me

3 Me\s O 4d 140 97 100 min 91

4 Me\s 4 70 91 210 min 84
© F

5 Me\s af 110 98 70 min 84
© Cl

7 EtSQ 4h 60 95 21 h 83¢
SO,Me

18




Reaction conditions A* Reaction conditions B®

Entry Sulfoxide Time (min) Yield® (%) of 2 Time  Yield® (%) of 1

o)

Me
8 m 4i 160 91 11h 88
NSt
0
9 MeS O X O 4j 140 42 3h 0
%

MeS
10 \Ej\A 4k 140 72 3h 92
0 A C0,Et

Meé
11 O 41 120 95 130 min 95

* Reaction condition A: Et;SiH (3.1 equiv).

® Reaction condition B: (EtO);SiH (3.1 equiv).
¢ Isolated yields.

4 6.2 equiv of (EtO);SiH was used.
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FHAH OSHEREDE%E

72, TESH Z HWZIBIL TIE, WTHMOREIZBWTHXNT 5 AT ¢ RSk
ELTHBII SN, EDT-O ARRICEHZHBIT 5 AVEF T Kb T L— U ~O&RITIE,
ANT 4 REREHLTWA LD EHEZESIN, NI v T 20V aIcizAL>
4 R T L= ~OBRITDIEFITEN, b LATETLRWTZOIZ, AVT 4 RBLHE
IB\EENTLBLDEEZOND, ANKRFY RINDANLT 4 RADEHBIZBNTIT
B REMERAAT OHREICBOWTLY ROWRISHHAVELE T 52 b, HHEROE
FIEEFE L ROGE E BB T 2 EB 2 55 (Table 3-5), 72, 2 BEOMFHER (Table 2-5)
L0, AVT 4 RIBRUET 5T L—r ~ORBITO S EDN, BEER D (5 L Wik
B4 22 LD, TESH Z WA LARF Y KInD T L—r ~OE IO KT E N 5
EHRAELELDICRDEEZDBND, LNLARND, B REIMENER L - EE B0
TGN ERET HEND, AT 4 RODXIGET AT L— 2 ~OBETBRHEETH Y |
FDTD, FERBIOANVAF Y OB FHEIMENE EROSHEDNNEHT 5 L EZ 5
b,

PLEDS | REOISORIEHEZ LT O L 9 IZHEE L Tnad  (Figure 3-1), A/LARF R
D S-OFEEIIREL ML TCND, ZD®, BER T EOBBTEENEE->TEBY,
FZVULE R RO A RIFEF L BANCEIET 5 & Bbivs, KIT Si-Pd #5G2UI S
o e LBtk RY RBBRIF T EIZBY | S-O G OEFMAHER - ICiiiLAL 7 4 R
AT %,

RSH H—Pd-SiR,
0 cat. Pd(OAc), k )
aryl—S—alkyl > é) ——> aryl—S—alkyl —> aryl—
THF 1
D5}
| anyl alkyl |

Figure 3-1. Proposed mechanism of reduction of alkyl aryl sulfoxide

T, VT UOREEIZ KD UNEDEWNIOWTIFIRD L 9 1I2B8% L (Figure 3-2),
H2EICBITAHEIHETD 0 - A XL RACBWT A EFRF LOBFEENL T
COBHILIC L o T LT AENTEINS, TFARICHR, = M UETIZR 2RI
K DRI EOINLE X ORETr A RIRF OB FEEN G E D720, Si-Pd fEH 03
TRED EEBICSISTHERETMR LIS WEEBZX LD, TDID, o-A X B ADHE#EST
PR S, AV T 4 ROBITCIGPEITLR2NWED LB B,
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RR H

electron density of

R—\Si—Pd/ R silicon atom
S—Ar Et low
high

Figure 3-2. Electron density of silicon atom in c-metathesis intermediate

21



FARE FAULTNOAIFY Y =0 AEAOBSOSI BT 558

St

F1E ¢

b=
=

NHC U # > RiX, 1991 412 Ardiuengo & OWFFE 7 V—T712 K > THIH TLE/ L NHC 23
HEE O X TRk S NHCHFZE S CE T2 NHC U Y RiZo - R —PERSIERICHR< |
Fix OBEBER L ZERSRISREZ R UEiErE2 e L@ 2o, VA RPe L
THWHRTWD, £/ NHC Z0O b O b AR & U OliET 2 F bt Sh T d,
NHC OEfEE LTI RHET 54 I XV U U LAERA I XYY =0 AN D OZEHNIF
ENEEEDTRBY, ZOZENBAIZ VYT LAEA I XYY =7 AEOAIENE
BERbD L5 TND,

AIZY VT LRERA IZ Y ) =0 MEOGHIEI N E TICEEHE ST 5

(Scheme 4-1) ™, (i) A I # YV —nRoA I H YV U LD N-T7 /L% /U b (method AY”, (ii)
KNIETHTT I EAN NFXBEAT NV ERWZ, T DT =4y Y — R BT HIBAT
1E F TORE(method BY, (i) /L AT I 20 & mF L2 F 4 5k & o KO (method
OVENFT HbND,

R‘l

N '
N
[l\\l>+ R1X . (this work) [N>:S
R2 K§ ﬁ N
1 D "
R R
1 B b K
NH N® l
[ +HC(0R)3C [ S NS (metal)
l\\lH N R1
R2 C R2 \ N
o e L)
® N 1 2
) "
® N
G)\R2

Scheme 4-1. Synthetic approach to imidazolium and imidazolinium salts

Scheme 4-1 IR LT2BRIED 9B, WL ONOBRIEIZA I AV Y o aERCA I XV
=ULEEGKRT ADICAHTIES 20, BEEAMENRIRSNLGG013H0 . Fhpx
FEHEHEFHOINA I XY 7 LESOA I XY ) =0 DEOH T 72 G iIEOMESLINE F
nTn5b,

Flo, FAULT &RV U LEHAWTHIGT D NHC ZHEENK ST 5 FIEDH
DX TUN B 23 (Scheme 4-1), &8 U &7 A O(LFEHIRIEHED I S 235 K H %0, #il %
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X BEA Y U LOETOE I LA FTRRREE N RE I, E28 Y U LBKRDF
KIED & S 96 EREAEICH L ORRE A ME L TR EDRPET b5,
ZITHE2EB IO 3EIC Téﬂﬁ%%&  THU LT ERE TR E DRISH,
EHRFEAOE OB LV ER - ECEZ2FENS, FAU LT LU AbA
& DRUSRIZ i@F%&LTELé NEDANT OB sp’ RF/BLDO FY T ILF LT Y LT
FEEN, NI AEFEET R TAFAL T ALV BRETE 0TI RV EE X
oo TNHOMRIZ L D UGNFERTE UL, BN T2 TINT 5 F2 < SOSDHETTT 5 F
(XD IR, EREEOMIR L, EVVE R SRR L s WA e A
TORISCI D ERAIRE S NS, ULEOFEMNS, RTTT Al & HH 7 2 X D8R
FATLTDHA IZY ) =0 ME~OEBERF Lz, UFICEEZ R~ D,
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F 28 USSR OREL

W2 THRANZL T, TIAFAT U =LAV T 4 ROETTEMT TMSCL A3 IERh
R LIZEN S P Rl SN U244 TH 5 THE IREET, 5 mol% D /37
D LEAELE T, TESH (3.0 24 &), TMSCI(1.2 482 HNWTF A LT 5aW% B L L
T %E1T>72 (Scheme4-2), LWL 6, ONMIETTLARWERE -T2, £ T,
L0872 U ALK TEH D TMSOTSE (1.2 Y1) & b Ui 80°C TS Z1T
Sl Z A 5%DNERTHIY TH LA IL Y ) =0 A a3 b TE 72,

Et;SiH (3.0 equiv)
PdCl, (5 mol%)
conditions X@\_/

TMSCI (1.2 equiv) in THF, rt, 0%
TMSOTf (1.2 equiv) in toluene 80 °C, 35%

Scheme 4-2. Preliminary experimental results of Pd-catalyzed transformation of 5a to 6a

Z 2O A RV ACEE L 5.0 240 TESH, 0.6 248 0(TfOSiMe,CH,),* " % FI T,
INT VY MO 21T > 72 (Table 4-1)
el X7 V0 D HWTRINEIT 2728 2 A, 90 9 ’CEE’J%63%97%@HX#—’C’§LZ_7Z

(entry 1), HAL/XT U0 A& L U THWSGAIZIE, ﬁm@@ﬁiﬁ<ﬁ@ 23 I
DR AN ES R AN E%%@W#iﬂ%f%otoku%%%ﬁwt i, 90
I CIHEEHITER L, 90% DI THIIMZ 5 %72 (entry 3), Pd/C MW =5EI12iE, X

mm@ﬁbkﬁmﬁﬁﬁﬁﬁﬂﬁ%ﬁb\E%%@W%mn%kﬁm%@f%okon
AT 4 VH Y REFT D O0MMD/ T 20 LMl T % Pd(PPhs), < 2 fliD /X7 2 w7 Ll
BT & 5 PA(PPhy),Ch 2 AW G 12, SONMTESEITLRWEEREZRD | AT 1
U2 ROWHINZ LY ROGBEE 305 FDRE S 4172 (entries Sand 6), 737 377 A filie
RN L 22 WIEE IS TETE T RBUSIZIT T VU MRSV T o 2 FH i
BENTZ (entry 7)o ZALHDMRFTOFERNG | AREUGIZHW S /NT D0 Ll I FERE N Z
DU LD T D EHHE LT,
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Table 4-1. Reaction of thiourea with TESH and various palladium catalysts

Et3SiH (5.0 equiv)

s (TfOSiMe,CH.), (0.6 equiv) H
JL Pd cat. ®)\
N N . N N
\_/ \_/

toluene, 80 °C C)

5a To 6a
Entry Pd catalyst (mol%) Time Yield® (%)
1 Pd(OAc), (10) 90 min 97
2 PdCl, (10) 23h 31°
3 Pd,(dba); (5) 90 min 90
4 Pd/C (10) 23 h 32°
5 Pd(PPh;), (10) 23 h 0°
6 Pd(PPh;),Cl, (10) 23 h 0°
7 - 23 h 0°

? Isolated yields.

b Starting material remained.

W Wi ST 0 Dl U CHWTY T v R ORIIAIOREt 21T - 7= (Table 4-2)
Table 4-1, entryl & entry 2 DG RO NG | AW A A 2 3 SO 2 03~ % AIREMEZ 5 2
77O Th b,

TMSCI % > U U b & U THWZGE T, 000 BOSITET LRdro 72 (entry 1), #i
VT TMSOTS 2 W 23551213 95% CH MDA X 7 ) =0 A% 5 2 7= (entry 2) .
(TfOSiMe,CHy), (0.6 &) % o U L LA & L THWEGAIZ S, entry2 &[RIU 1.5 REf DX
JERER CIREISHA L, BRI E SR CTH 272 (entry 3), ¥ U VLA Z RN LaWiGE
i, AR T U AEE S U THWESS S RERIC, ROSITET LARWERE o7

(entry4), hVU 7 x=NT T2 HOEEEICIE, RICOEITIIIEFIZELS 23 K% b
BN LTz (entry5), MU= hFX v T U E2HWEEAICIE, ROGMTIEEIT LW
fER L7070z (entry6), F72, T U ETMLUZRWEAIZIINFEE EITLARWER &
7eotz (entry7), VAEX Y ARISIZIZT VAV R 77— BLOV T URMEATHY |
F 72, TESH i T D FENR o7,
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Table 4-2. Reaction of thiourea with various silane and additive

R3SiH (5.0 equiv)

additive
d(OAc), (10 mol%) ® )\
toluene, 80 °C

Entry R;SiH Additive (equiv) Time (h) Yield® (%)
1 Et;SiH TMSCI (1.2) 23 0°
2 Et;SiH TMSOTTS (1.2) 1.5 95
3 Et;SiH (TfOSiMe,CH,), (0.6) 1.5 97
4 Et;SiH - 23 0°
5 Ph;SiH (TfOSiMe,CH,), (0.6) 23 80P
6 (EtO);SiH (TfOSiMe,CH,), (0.6) 23 0°
7 - (TfOSiMe,CH,), (0.6) 23 0°

* Isolated yields.

b Starting material remained.

5mol%DEFiR/NT VU LAz fillit s L, 3.0 HEO TESH 5 XU 1.2 HED TMSOTS Z /i
W, FEx OPEE (toluene, THF, 1,2-dichloroethane, 1,4-dioxane, benzene) % #iit L 7= (Table
4-3), MU EEEEE L THWERAICE, 96%DIETHIMOA I4 Y =7 Ll 6a
ZhH-x 72 (entry 1), F£7-., THF X° 1,4-dioxane Z H\ 72555 121%, TMSOTT (2 & V) B4
TEMAV 2213 T, WL 5a AAROE L7- 8l ﬁg}}kﬁf@ﬁlﬁﬂﬂu shic (entries 2and3), £7z,
1,2-dichloroethane X B U 2RI & U CTHWESAIZIE, ISOEITIZEVFE R TH -
7z (entries 4 and 5), LA EORRFHI LY | ﬁ)ﬁﬂ?@?@ﬁik LTix b=z ‘/Zﬁﬁif@f‘&)é$75§
A Sz,

Table 4-3. Reaction of thiourea with TESH and Pd(OAc), in various solvent

Et3SiH (3.0 equiv)

S TMSOTT (1.2 equiv) H
NJL . Pd(OAc); (5 mol%) (3 N \
— solvent, 80 °C TfO®
5a 6a
Entry Solvent Time (h) Yield® (%)
1 toluene 24 96
2 THF 2 78°
3 1,4-dioxane 23 76°
4 1,2-dichloroethane 24 49¢
5 benzene 24 65°
*Isolated yields.

® Starting material disappeared.
¢ Starting material remained.
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Table 4-6 |Z RGO Y Befat OFE R A 3, fllit & U CHERE/ X7 ¥ 7 5% 10 mol% H
WIGEIT BORRERTIE 2 RERCFEHE LICERIEL 99%12 M . L7= (entry 2) 23, 3 mol%IZ 3
59 & 24 BRI b FEHITE TP UINRIL 69% & 72> 7= (entry 3), 1#FEIE D TESH (5.0 4
) WD & IERITM EL 98% & 720 (entry4), £7- TESH O&EZHS LI-HA (2.2
W) IZITERIFE T L 80% & 72> 7= (entry 5), TMSOTE O & A5 L7 (0.6 24 5)
I, IERIT 56 % IR T LB AE L72 (entry 6), 2D Z &7vH E TMSOTE 3 F A 7
LT L L TV D R RIBR SIS,

TMSOTE D72 0 12 0.6 24 & D(TFOSiMe,CH,), & AW =351 iE, SO IR CHET T L
83%DINFKTHIIM A 5 2 7= (entry7), (TfOSiMe,CH,), & 5 mol%DEEE/XT ¥ v Ak X
5.0 Y &D TESH & W o 55121 2 IR TRUGIETERE L. 2% DINERTHIY % 5- 2
7= (entry 8), 10 mol%DEEEE/ T V7 A3 L OV5 Y &ED TESH % AW 723545121 1.5 KEfH
TRUSETERE Ly 97%DILRTHII % 5 2 7228 (entry 9) | Hilfig/X7 2w LD &% 3 mol%
~NEPS T 18 KL B FEHIVE TS, AV 6a DRI 77% & 72> 72 (entry 10),

Table 4-6. Preparation of imidazolinium salt 6a

J’SL Et;SiH, R3SiOTf, Pd(OAc), ®JH\
N\_/N toluene, 80 °C N
’ Tfoé_/
5a 6a
Entry Pd(OAc), (mol%) Et;SiH (equiv) R;SiX (equiv) Time (h) Yield® (%)
1 5 3.0 TMSOTf (1.2) 24 96
2 10 3.0 TMSOT( (1.2) 2 99
3 3.0 TMSOTf (1.2) 24 69°
4 5 5.0 TMSOTS (1.2) 24 98
5 2.2 TMSOTf (1.2) 24 80°
6 5.0 TMSOTT (0.6) 24 56°
7 10 3.0 (TfOSiMe,CH,), (0.6) 3.5 83°
8 5 5.0 (TfOSiMe,CH,), (0.6) 2 92
9 10 5.0 (TfOSiMe,CH,), (0.6) 1.5 97
10 3 5.0 (TfOSiMe,CH,), (0.6) 18 77°

* Isolated yields.

® Starting material remained.
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5 3 H AEE O

HEMAMEAETRD 72, ZTRETORGHI LV Gk SN &FE A BLOBIZTTFA
7 L7 Sb-k & Wit 247 - 72 (Table 4-7) , 1-adamantyl #%5E(K 5b 2 W 72355121,
Z A Tl 3R TTRUSASTERE L B9 6b* % 98% DU TH- % (entry 1, reaction
condition A) . & B TIX 97% DR THBI Z 5- 2 7= (entry 1, reaction condition B) .
2-methylphenyl F53E/K Sc Tid, & A IZB W TRISIFHLNIHEIT L 92% DU T HHWY)
6¢% 5z 7= (entry 2, reaction condition A), Z&ff B IR W CIE@E md I T L, 7 V=
U LHEERBIR LT AV AT X R RSB S 4172, 2,6-dimethylphenyl 7554k 5d 5 &
* 2,6-diethylphenyl #5385 & 5¢* % IV 25412 1E, 22 HUSHHRT 5 B9 6d 5 L 18 6e
% EILEIL 99%UX 3 (entry 3, reaction condition B) 35 X TY 96% i3 (entry 4, reaction condition
A) THZT=,

2,6-diisoprpylpenyl #F3E 1A 567 Cld, SLIREEE O 72 UG FEF IS < | 68 DI 58%
& 725 7= (entry 5, reaction condition B) , 6 BERDERIKNT 4 L7 Th 5 2,4,6-trimethylphenyl
PHEIK Sg, ¥ &L N 4-methoxy-2,6-dimethylphenyly #5385 K Sh 1TZxHeT 54 I 4V U =0 A
6g. 6h %1141 94% (entry 6, reaction condition B) 96% (entry 7, reaction condition A) @
IR TH 27, L)L723 5, 4-methoxycarbonyl-2,6-dimethylphenyl #5E4K §5i |Z &6 5 DK
JIEFRFIZBNTHIINT 24 T4V U =0 L0 61 [HMRIGE L 72> 72 (entry 8), ZAUTIX
JEDEITITHEN, = AT VO FAATEF KRG MDA I LV =0 MERTER S, ik
L7eBERICE D AT VDIEMAL S Z D | A TF IV R T I)VONIKGIEDET LT
L& X TU%, 4-carboxy-2,6-dimethylphenyl 758K 5j 2 W FUSICTR W TR, AEOH
% W VAR VT TESH X° TMSOTS 23H# Sh % 72 o1t & > TESH <° TMSOTT %
MHLL LTz, Tz HE9¥ 6§ DURIZ 38% IRV D TH 7=, LU 5 10 Y&
O TESH 36 Z U 10 mol% DFFR/NT 0 L 4 2800 TMSOTS & V% 55 TILRIL 73% %
ThESNT= (entry 9), 4-fluoro-2,6-dimethylphenyl #5354 Sk 1%, HAIY 6k % 98% DILHR
TH x 7= (entry 10, reaction condition B), Z 4156 DRRFHERN LRSS L 912, TMSOTS
ZHWIEGAEIZIE, TIRSNV TV DRED L TRIGEIT) FNTE DL LWV JBFRTH
v . (TfOSiMe,CH,), & AW 72 3A 1212 TMSOTE 2 W24 L 0 b SIS IER IR < | I
BHEGAICL o TER BT 2 W ORERZET b5,
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Table 4-7. Reaction of thiourea with TESH and Pd(OAc), under reaction conditions A and B

S H
R‘NJLN’R Et,SiH, R'3SiOTH, Pd(OA(ﬂz R\C,?J\N/R
—)n toluene, 80 °C Ti10@ n
5 6
Reaction conditions A® Reaction conditions B
Entry Thiourea (R)
Time (h) Yield® (%) Time (h) Yield® (%)
1 I-adamantyl- (n = 1) (5b) 3 98 2 97
2 2-methylphenyl- (n = 1) (5¢) 1 92 1 0°
3 2,6-dimethylphenyl- (n = 1) (5d) 37 85 3 99
4 2,6-diethylphenyl- (n = 1) (5e) 24 96 2 94
5 2,6-diisopropylphenyl- (n = 1) (5f) 35 44 24 58
6 2,4,6trimethylphenyl- (n = 2) (5g) 24 92 3 94
7 4-methoxy-2,6-dimethylphenyl- (n = 1) (5h) 22 96 3 93
8 4-methoxycarbonyl-2,6-dimethylphenyl- (n=1) (5i) 24 28 10 32
9 4-carboxyl-2,6-dimethylphenyl- (n = 1) (5j) 24 38 (73)° 2 19
10 4-fluoro-2,6-dimehylphenyl- (n = 1) (5k) 12 91 1 98

* Reaction condition A: Et;SiH (3.0 equiv), TMSOT( (1.2 equiv), Pd(OAc), (5 mol%).

® Reaction condition B: Et;SiH (5.0 equiv), (TfOSiMe,CH,), (0.6 equiv), Pd(OAc), (10 mol%).
¢ Isolated yields.

4 No desired products were obtained owning to overreduction.

¢ Et;SiH (10.0 equiv), TMSOTT (4.0 equiv), Pd(OAc), (10 mol%) were used.
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o, WESPICBWTH RIS EZTT-72 8 2 A, 3.0 480 TESH, 10 Ok <
TV AR L2 48O TMSOTE 2 AWV CRIEETT ) H T, mIRTHOY 61 % 5 %
T-Hnb, AXIX ) AELRBEOFIEICL Y ERATRETH S5 FH %2 HIHH L7- (Scheme
4-3), FEBRIRT LT 5m OIETIX, 99% & ENETHROT I V=7 A 6m % 5 2,
FEERR T LT SO USICB W T, BIAESR E LTT 2 V=7 A ORI AR —
BRI o0, BIY en’ iR 70% TR L LZ, U EORERENS T I V=0 MO
BRA~bEARE TH HEPR ST,

Et3SiH (3.0 equiv) H
S TMSOTf (1.2 equiv)
2 MU Pd(OAC),, (10 mol%) R‘ﬁ)\N‘R
~N

n-R -
\—/ toluene, 80 °C, 24 h

>

o\=
85% o=

51
R = 2,4,6-trimethylphenyl

S H
J\ Reaction conditions A ®J\
N N - N N
60 °C, 2 h, 99%
5m m

10
6
S H
R'\NJ\N/R' Reaction conditions A R'\%)\N,R'

> I I
b Rk rt, 21 h, 70% TI0” R R

5n 6n

R' = isopropyl

Scheme 4-3. Preparation of 61, 6m and 6n
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FAH USHEREDE%E

FA4 L7 5a & TMSOTE @ CDCL FIZ31F %5 'THNMR A7 kL OB G PR A
Ta DERDRES LT (Figure4-1), vz, ISEME A, B ELHIZBWTHTFA Y
L7 5a & TESH & D/8T V0 AafEl LIoSIFA I Y V=AY 75— MET
R L CHEEITT 5 LHESR S ND, Ta b ORBITRISIT. 5 2 3 CHEE L 72 RUSHERE & (7]
FRIZ o - A X BV AERBHLTEITLTWDHDEEZTND

2.24 ppm 2.43 ppm 2.33 ppm
( 6.91 ppm fom ( ( 6.95 ppm
(\ 91 pp 0.25 ppm TMS\ /\ 7.14 ppm (\ .99 pp

S S H
g"{i’“@z.‘% ppm \qca)\ @21\6 ppm \qﬁé’\l @2‘3\0 ppm
@

O
‘\/ 3.94 ppm \/ 4.55 ppm O ‘\/ 4.47 ppm
6a

5a

Figure 4-1. Proposed intermediate 7a from 'H NMR analysis

F7o, BREWFEICA I XY V=g atH 8a 2 HEE L CTHWERIGTIX, 47 LT
Sa NEONT=DHTEH 7= (Scheme 4-4), BZH L SURFIE 8a DA F NI AE DT v
H—T oA THHRIVENKREL SCHEEVERE L--DEEZOLNS,

Et;SiH (3 equiv.)
Mel (excess) @)\ Iﬂw’f
toluene tolushe N/ N
f, 2.5 h 80°C, 24 h

Y. 98 %
0%

Scheme 4-4. Reaction of 8a
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FAT LT 5a & MeOTf & Z i SHTHK LT 9a DS TIEL, TRRIND L H1TA
IV Y = LM 6a D 83%DIHETHELALTE T (Scheme4-5), LU b, BRI
TMSOTSf & W54 0 1 E <. AT MeOTf (X7 DE W ISHEIZ X D ~T e i 1%
TIFMMELTLE I HEREND TMSOTf WA AL TWb EEZ LN,

Et3SiH (3 equiv.)

S MeOTF (1 0) Pd( OAc)2 (10 mol%) H
N ®)\ I\
N N toluene toluene N” °N
/ m1h 80°C, 24 h v/

©
5a Y. 75 % y. 83 % TfO 6a

Scheme 4-5. Reaction of 9a

BB, FATLT SLHEAW 1075 HBEFE S L TUTOHIEIC L W AR LT (Scheme
4-6),

MesNH (excess) SCCl, (1.2 equiv) s 1) NaBH, (excess)

DMAP (cat.) Cs,COx (3.0 EtOH, rt S
W > Mes” r Mes 002000(000a) - ypoq M htos EORI X
neat, rt H HI 2) HCl aq. rt NN
MeCN, rt o)/,_/ ) q .
10 y. 44 % 1 y. 60 % 12 y. 98 %

Scheme 4-6. Preparation of 51

KELFLODDHE, AIXY VU AHERET DT AT LT 0017 V0 AMillliz H
WCEBT DG EMENL L, TDORMENRA YU U LAEST 2 V=0 AEOARIC b
TEDLHEERH L, o, ARISIZE W T, B OMIZA R T 2 LEB3iERIED
TES-S-TMS & B X Hbivd, ZDT-D | FUSKE TRICHIME S ZRE LT D0 LRl 28
WL TERLS 72T, BHOA XXV V=0l A XXV VLR TIV=U L EEH
WD ENFRRTHY, BERFETHDL, HOI2RIETHRLTHY . FIRMRE
HELDIFELOF A 7 LT BED WES Th H 720, AT NHC RiBRADIHRE DA AR
BWTHHRFIELEEZ D,
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B EAVAZfEL LB T 2 2 AEOGIZ BT A58

e

—
Z
=

b=

&

TEHT X AEROSIC L BT VT B RS EIRIZT VX AL ST T I OB
. AR EA M2 FRMARCERELEEO G BT DT O DF MR IED—2>Th D
P, ZORIRE, PRIETH DA I ORI X AR A 2 CN G OET O
FICLDbDOTHD, SEMBAE T COKRIZL DL P, NaBH,CN® &
NaBH(OAc);”**”,  Brgnsted <> Lewis FE177E I TP It sodium-*" or zinc borohydride™ .
nickel boride™ % 72, pyridine-BH,*, 2-picoline-BH,"”,  2.6-diborane—methanol®”,
dimethylamine-BH,”, t—BuMeiPrN—BHf‘)\ 5-ethyl-2-methylpyridine-BH,*”. benzylamine-BH,*

72 EDT R T U HA, borohydride exchange resin (BER)®, zinc—acetic acid®, sodium
69)

Nmm
1=

. zinc borohydride—zinc chloride”, silica gel—zinc

borohydride— magnesium perchlorate
borohydride . dibutyltin chloride hydride’7 E'3EFH 122 < OEHEN 2 ITHI T X /AL
WEINTND, ZNHORFEOT TR E —KITHN BN D D0, RAEFAE T TO
KFEIZ X HiEIE, NaBH;CN & NaBH(OAc); ThH D, T HDOFHEKE LT, T | DRFE)
S, HWHEEAMEDOWRIAS R ERET oL, ZNO6ORMETENENREEGT 5, H#
ELThIT D &, GRABOFIE T CORAET T, IRE-RFLZEMAO= ik, v
TR EOBFREOBELVPFEEG L TCLEI D, 2O LI REREELET HLEIC R
T D, NaBH;CN (T35 Tdh 0 FelED @ NaCN <° HCN 72 & ORI O Ak O R &0
& NaBH(OAC) ITREANEDIRNT =V v & AW A IR & 22 585505 5 %,

IR, R OB LRETAIE LTy T U2 HWTET T I LIS E ST
Do VI UITABRIELIC IR TH LT, KINEREEDFEEN T LFERT HENAEET
bV FISHEDBUINREL R D FEN D, WHRMHEKIZB W TRERFREAT D,
Lov L7 n, &@ffft s Uik, BEOBEWAXEEHAT 5 BuSnCLPR LT A 4 L%
ST 5 Ga(OTo); ™, InCly™”, ReOBry(Hhmpbta)PPhy 72 & & AW T Y | £ 72, Ga(OTH),™,
InCl;™, ReOBr,(Hhmpbta)PPh; % FHU 7= 5 CIE IR ICHIIR DS & 5 7200, [KFME 222,
Z U TR IRV YB3 FTRE R UG SRAFOBRFE N E E N TN D,

—J . REMEORN Y U v —F L RKEEH & LTz BiBr & AV iz — 7 VAR TV 0N
HEEINTEY ., KEMEOKNT 2 2B O T HRBRIC 7 LV AL A EF T3 AU X BB R
RITH T X JALBUGOBRRICENR DO TRV EE 2T, 2N E TICE A~ R & il &
L CTHWZE#EREZETCH T X AEROSITRERIR 2 <, BERY R &Ml L CTHW=v T
VEBRILHIE T AR T X LRSI FEBLTENX, HHEOBRENR I A MNETH A
Uy NObHDHERRRISE IR VL ENGREZ LG LT,

PLTICEE 2R~ 5,
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F 28 USSR OREL

NRURTNTR REDT 2= AT IV EEEE LT, TESHZHW, iR, 7 h=F
U VIR & il A et L7= (Table 5-1), BiF; TIEa < BUSHHEITHET 13 K& b
JFERDNEAT L7223 (entry 1), BiCly Zfillit & U -CHW A2 99% & @R T H ) 15a
Zh -z 7= (entry2), F7z. BiCl % 5mol%~E IS LI-HEITIE, RIX 34% L 72 -
7= (entry 3), BiBr; 5 L' Bils # W25 b OSITET L. BRI OILRIZZ L ZE
79% (entry 4). 81% (entry5) &72-o7-, 7% b=k ULEHS | BiBr; & TESH & ORUG
2LV 0ffid Bi & TESBr 8T 2 &\ H A5 ™ BiCl & WA bIRIERIC
TESCI 23R LTV 5H & D L AHE L TESCl Z il & U CRIGE T o7, £ OREH, hF &
® TESH Z W22 6 23030 b ROSITTERE T, 42 BB OIERIZ 26% & 2o T2, &
VY Lewis it 2 A L TV 5 TiCL < SnCly & FHW 235G 121E, BOSITETT 25 & OO L
DR E 7257~ (entries 8and 9), SbCls=<° ZnClL., B LU PbCL & AW 7=355 121X H I
RN TH DD (entry 10) . &< USHEIT L72WER & 72572 (entries 11 and 12), 7 >
% ) A RToH D CeClyTH,0 X° YCLe6H,0 & WA IR, N Enienae<#1TL
720N (entry 13) 72>, HBEIIZUER 10% &R TH > 7= (entry 14), InCl3 1ZBF LTI,
T X O L OREITTHT X LRSI ERE SN TWDHN, Y7 = =T I 14a & ]
WSROI 72T . BEtaAT o 70, EOFES. 10 Refll CROGMIETER L. BRI A 94%
DWHETH 27 (entry 15), LU 6, ERL7E L 221 P U ALEio>E D
BN H D, DD a A MERHEMER TEIL TV D BiCl, THEK ETa1T 9 F & L,
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Table 5-1. Lewis acid catalyzed reaction of benzaldehyde and diphenylamine with TESH
EtsSiH 3.0 equv)  p,  pp

i . Ph\N/Ph catalyst (10 mol%) N
iaa 148 MeCN, rt 15a "
Entry Catalyst Time (h) Yield® (%)
1 BiF; 13 0
2 BiCl, 13 99
3 BiCl, 13 34°
4 BiBr; 13 79
5 Bil, 13 81
6 Bi(OTH), 13 74
7 Et;SiCl 42 26°
8 TiCl, 23 59
9 SnCl, 23 68
10 SbCls 23 4
11 ZnCl, 23 0
12 PbCl, 23 0
13 CeCl;7H,0 13 0
14 YCl,+6H,0 13 10
15 InCl, 10 94

* Isolated yields.
® 5 mol% of BiCl; was used.

¢ 6.0 equiv of Et;SiH was used.
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DX E Z AT o T2 NV AT LT R T 2o VT S U A EE LUSKIRT.
BiCl; 3 LUV TESH & W T, fix iz it L7z (Table 5-2), Moo oY xFlo—
TV E WA, EMEO BB BHN SN DD (entries2and4), ¥ 7 1 m A
%, THF, =% /—/L DMF, DMSO % WG EITII N ITEIT LR WRER L e o 72
(entries 3,5-8), F7=., /K7 b= F U WEHANWEGEEIZIE, MOSTEET L0
REROTFNOAROEDKIZ L PHLE S L F RIS 7z (entry 9),

Table 5-2. Direct reductive amination of benzaldehyde and diphenylamine with BiCl; and TESH
Et;SiH (3.0 equiv)

/ﬁ: . Ph\N,Ph BiCls (10 mol%) ~ Phsy-Ph
Ph™ "H H solvent, rt Ph

13a 14a 15a

Entry Solvent Time (h) Yield® (%)
1 MeCN 13 99
2 toluene 23 trace
3 DCM 23 0
4 Et,O 23 trace
5 THF 23 0
6 EtOH 23 0
7 DMF 23 0
8 DMSO 23 0
9 aq. MeCN 23 0

* Isolated yields.

DONT, BT 7 b= KU ELEF | BiCl, 2 HW CELAI O 21T > 7= (Table
5-3), TESH D22V (T 3.0 Y4 &0 NaBHy # W 72355121, ROGIEA AT L 722
L7pol (entry2), F7z, TESH DEZJO L, 2.0 Y&, 1.1 Y& LI2GAICTINERI
ZTNEN, 59% (entry3). BLU32% (entry4) L72-o72, RV hF v T8 7
==V T EETTHE L THWEIGAITIE, RONTE < HEIT LeWiER & 72 572 (entries
5and 6), YTF N T U ERAWEEAICIE, 23 KiIHICH & 72% DILERTH % (entry
N V7 2=y T ERAOESAIE R2%DINERCTHY Z 5 272 (entry 8), A F /L7
TN TRV ATFNT 2=V T R WS EITIE, 23 FfRICERE ZhE N
95% (entry9). 71% (entry 10) TH-X 72, 7 == 7 &2 RAWIZEAIIE 7 F T
BHITHR L (entry 11), 97% DI E 72D 1 H&ITHO L7ZGEITH . BUNEITER L 10 FF
MCTHAZ 93%DINERTH 2 7= (entry 12), ZHAHDMFNC LY, AJETIE TESH &
T =T U TCTh HEN A S,
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Table 5-3. Direct reductive amination of benzaldehyde and diphenylamine with different hydride

hydride
0] Ph., .Ph BiCls (10 mol%)  Ph.-Ph
X, + ) {
Ph™ H H MeCN, rt Ph
13a 14a 15a
Entry Hydride (equiv) Time (h) Yield® (%)
1 Et,SiH (3.0) 13 99
2 NaBH, (3.0) 13 0
3 Et,SiH (2.0) 20 59
4 Et,SiH (1.1) 20 32
5 (EtO);SiH (3.0) 24 0
6 Ph;SiH (3.0) 24 0
7 Et,SiH, (3.0) 23 72
8 Ph,SiH, (3.0) 23 42
9 PhMeSiH, (3.0) 23 95
10 PhMe,SiH (3.0) 23 71
11 PhSiH; (3.0) 7 97
12 PhSiH; (1.0) 10 93
13 - 24 0

* Isolated yields.
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5 3 H AEE O

INE TCOMFT Tt SNTFRETHL=IR 71 b= h U WEEF . 10 mol% D
BiCL # WA EIFICBNT, 7I V& LTV 7 == AT I VA RBEE LTHNT, fixo
TNT e REDG%RET L7= (Table 5-4), 2-chlorobenzaldehyde % FiV /=455 121%, YK
FEE O 7= OUNRITIR T L 22 FEZIC BB A 63% DI TH 2 7= (entry 1), #EiliECi
KBTI ML TITBE L SN T LE I BRRETHL T ETF L2 AT 5
2-ethynylbenzaldehyde % A/ & U THIW 5 12IE, BUGKHH 22 I THEM % 69% T5-
Z7- (entry 2), BTG AHIT D707 b RTIEIGHIEL | 3,4,5-trimethylbenzaldehyde
X 4-methoxybenzaldehy % F5E & L CTHWZHE TIE, BERIZENEI39%., 35% &9
fEk & 72 o7 (entries 3and4), KRG |IMEAZ AT 5 HE TIILUSDINE S 41,
4-nitrobenzaldehyde T3 5 K] THRUNTHE T L HBIZ 90% DR TH- 272 (entry 5), 5
BBRAT OO 7 2- VAT VT ILT b RRE A~ A LTEA LT 72 0 0MEIR &
7257273 30 mol% ® BiCly & W 7= 854512 56% CHIWIW % 5-2. 7= (entry 6), T4 7 = 1/-2-
TIVARF T T v RTIK, 46% THHIST D7 I %5272 (entry 7), E'U P2-3-1 LR
XTIV RE RTCIE, @WERRFOEIEMEIC L D8RO T- 00 BT E& 6
o7z (entry 8), IRHAROT VT E RTHDHU 7 a~F LIV RF T ILT B RO
ZF = WTENENIER 92%35 LN 88% & MR TS T 27 I & 527273 (entries 9
and 10), MAEEDORESWE/ VLT LT B R TIIHBIOINERIT 32% SARINFR L a7

(entry 11), 7 = =T N7 VTt RERHWIZGEITIZRIERY O AR > N in 58|
S, RETHT I ORI 28% LIRIGE L 72572 (entry 12), 7 hraHE L LTH
WG AT DOEITAELS . 20 9EDO T 2 HWZGATHIRIT 15% L7220

(entry 13), 7 B ~FH ) VOGEITITINEE 28% (entry 14), £/ T7 8 b7 =/ U %H
WG BIZIZEBIEE DN (entry 15) WO RERE o7, £, TEMNTATE
RYAFNT L —NET AT b REMEE L THWESAIZE, STETT2H00
20% ERINHE & 72 > 7= (entry 16),
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Table 5-4. Direct reductive amination of carbonyl compounds and diphenylamine with BiCls

catalyst
Et3SiH (3.0 equiv)
o] . Ph.-Ph BICl5 (10 mol%) Ph.y-Ph
|
R 'Rz H MeCN, rt R 'Ry
13 14a 15

Entry carbonyl compound Time (h) Yield? (%) Entry carbonyl compound Time (h) Yield® (%)

cl
1 ©: 13b 22 63 9 Q 13 3 92
CHO CHO
Z 10 ~"ScHo13k 22 88
2 13¢c 22 69
CHO 11 >L 131 24 32
CHO
MeO X
3 Ij 13d 19 39 1 | CHO,. . 5 28
P4
MeO CHO

N

O
13 )J\ 13n 19 15¢
13e 43 35

o
CHO
ON 14 g 130 24 28
5 \CL 13f
o)

o]
CHO 15 JIS 13p 13 0

6 | p CHO 13g 22 56b OMe

S 16 13q 22 20
7 | )—cHo 13h 22 46 Me” “OMe

N\
8 | 13 24 0

=

CHO

2 |solated yields.
b 30 mol% of BiCl; was used.
¢ 2.0 equiv of acetone was used.
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RN THRAEILRIICIBNWTT AT E RELTRUXT AT REEEE LTHNTT
v DOEFET 21T o 72 (Table 5-5) . 7 = U & W 235G 123 OSRH] 18 IR T H AU 2 90%
DOIFRTEH 272 (entry 1), F7o, EFREMEETHD MY 7oA w AF)VENER LT
3,5-bistrifluoromethylaniline % FV N7 5551213 UGRER] 11 KEfE T H P 2 E &5 2 72

(entry 2), [FIERICEFRBIMEIETH DT F N AT VN ANICER 2T =V > 14t %
AW SGEITE, W 9I1% & mICETHRM A 5% (entry 3) . KIEZMEDK 4-nitroaniline
ZHWIEGAE S, BRI 97% & IR TH LT E 72 (entry 4), 3-nitroaniline TIHULFH
76% & 720 (entry 5) SEARFEE DK X U 2-nitroaniline TIFULE 50% 1K T L (entry 6), 3K
BEED S HITHERL SEARFEE DO K E\WT 2 > Th D 2.4-dinitroaniline TiE B L5 51072
Motz (entry7), 7T & ROA )V MIICERLEL 255 % 2-chlorobenzaldehyde <°
2-bromoaldehyde % JHV 72356 & SERRE R OB T, SONTE < £ ENBOSKFH 20 FFfHE
TULF 79% (entry 8) 368 KX OUGIRF(H 48 Ffi] T 52% & 72> 72 (entry 9), L2>L7R723 5N
IRREE N K K E U 2,4,6-trichloroaniline 2 W 7235412 SOSTHET L, 23 BEEIE DOILER
13268% & 72572 (entry 10), Z4 6 DOEEDOMAGOEIEL, NaBH(OAc); TIESULAEST
LAWENRESNTEY O, ARSEOBMEDO—>THD EF2 D, L AEEDOK
&\ N-phenyl-2,4,6-trichloroaniline”™ % J£2 & L THWW A TIZSUSITEST L2 Ui &
7257z (entry 11) . M EME D EWVEFRFF 243 % 2-aminopyridine X 3-aminopyridine TI&,
BiCl; L5 &= T 2 72D BTSN WEER CTh -7 (entries 12and 13), 7 /L%
LTIV THLVZF AT IR DraAVGE S OERIEC L B85 R
EEDONDDEHIIIGF LN NOEER E 72 o7 (entries 14 and 15a), £727 I > Ok
Wi H 55T BiCly & OFEERLOINE X O I U IBAROIEED B IR R EA2 B LT
entry 15b 35 X Wentry 16b Gt L7223 XY U0 OHIEE 2 W 256 CIEE IS o
AL (entry 15b) . N-methylaniline DEFEH 2 W 23566 7 U — (K& W25 EI1TH A~
PERITIZ & A EE S 72> 72 (entry 16b), 2,4-dinitroaniline & Feife L CT7 I o DI
N E LTV & E 2 515 N-methy-2,4-dinitroaniline”™ & IV 7= 855 B2 & SRS EIC L 5
HENRKENEZZ LIV, FUNMTETLARWER o7z (entry 17), ¥ 7 ==L 7 I
FHEIR 14ai Z HOTZGAIIE, P72 =T I U EAWSA & LIGRIFIE T L,
BiCl; % 30 mol%H\ T b H M DULZIT 22% T -7 (entries 18aand 18b), ZiLld, —
DONE VRO AEIZL VEEDREEN S NEEERRES RoTbD B BNLD,
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Table 5-5. Direct reductive amination of benzaldehyde and amines with BiCl; catalyst
Et3SiH (3.0 equiv)

o) RiyR2  BICls (10 mol%) Ri - Re
+ | )
Ph™ "H H MeCN, rt Ph
13a 14 15
Entry Amine Time (h) Yield? (%) Entry Amine Time (h) Yield? (%)
cl cl
! 1ar 18 % 10 14aa 23 68
NH, NH,
CFs ol
2 14s 11 quant. Cl Cl
11 14ab 24 0
FsC NH, N
EtO,C c H
3 \©\ 14t 22 91
SN
NH, 12 I/ 14ac 20 0
O-N NH,
4 \Q 14u 15 97 Ny
NH, 13 | 14ad 20 0
N L
5 14v 22 76
O,N NH, 14 Bt B 14ae 21 0
NO, H
6 14w 19 50 15a  piperidine 24 0
@NHQ 150  piperidine-HCl 148t o4 0
16a  PhNHMe 18 9
O:N NO, 16b  PhNHMe-HCI 1439 15 19
7 14x 24 0
NH, OoN NO,
cl 17 \CE Ve 14ah 24 0
8 14y 20 79 N’
NH, H
s
9 Br 18a = 1aai 24 13
14z 48 52 18b « | 16 22b

2 |solated yields.
b 30 mol% of BiCl; was used.
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FEDORRFHZ LV SRKEMEDIRNT 2 B W T HIETM T X LIS ETT 5 EN D
fili e D REZEH 2 W CHRiET 217> 72 (Table 5-6) . ethyl 2 O¥ methylcarbamate Z 72555
WX ENETUE 95%., 96% CHEI# % 5 -2 7= (entries 1 and 2), phenylcarbamate % >K£%
Fl& U THWZSEITIFIERITOCE T L, BOGKEH 24 Fefi THI %2 75% CTH372 (entry
3). 7B RT I PN AT I FTIRENEIN13%.23% LKRIER & 72 V) (entries 4 and 5) |
7 7=V RCIXEHIMIZE G672 > 7 (entry 6), F 7=, oxazolidone % 715
A2 H BTG T UG T D carbamate [T 1 FRIZBR 54U 5 3R X 4172 (entry
7)o imide Z HW2IGAIZ S BRIIIAE DR WEER & 72 572 (entries8and 9), F72, A
VR EERZ W TRET 2T o 7223, 3NLUCEFRGIMETH LA F N ZAT VER
T54 2 F—=/v 1das TG G bEFIREERZAT 51 2 F—/L 1at Z IV TZGEIC
H HEWIIASE S 780 572 (entries 10and 11), AL 7 X K 14au = HW 72551213,
KA B AR 2 29% DINRTH 2 72 (entry 12),

Table 5-6. Direct reductive amination of benzaldehyde and less basic amines with bismuth catalyst
Et3SiH (3.0 equiv)

o) Ri..-Ra  BiCl;(10mol%)  Rivy-Re
+ 'I\l )
Ph™ "H H MeCN, rt Ph
13a 14 15
Entry Nucleophile Time (h) Yield2 (%) Entry Nucleophile Time (h) Yield? (%)
0 0
1 14aj 24 95 HN 14aq 24 0
HQNJ\OMe 8 //‘\J&
O o 0
2 14ak 24 96
HoN™ OEt g HN 14ar 24 0
(0] (0]
3 14al 24 75
HQNJ\OPh H
0 10 8 14as 24 0
4 JI 14am 19 13
HoN" "Me MeO,C
i N
5 14an 22 23
H2NJI\Ph 11 @ 14at 24 0
0 M
6 ph. J 1420 22 0 e
N” “Me 0...0

H S
o) 12 HoN \©\ 14au 24 29
7 H'\|:/</O 14ap 24 0 Me

a |solated yields.
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Table 5-6 |2 TIT > T2 Rt OFE R ethyl carbamate 28 BWiERE G- 2722 Lt Fx DT
T REDRISOMFE 51T > 72 (Table 5-7), BEMIEDO T VT RTHDH 7 m~F L
HNHRXTT T RRT BT — L HNWEEAIZIE. EEI92% (entry 1), 85%

(entry 2) DOULETRHNGT DA E 5 272, FTEEEORZINE LT LT E RIC
BOWTHSTHEIT L, BRWOIRIT 89% & 7roT= (entry3), ~T RERFHENRTH D
T T HINVIRRTTILT e RROF AT = 2-HVRF LT ILT B RIZBWT S KT
MPICHET L, kST 2 BRI DOILEEIL 66% (entry 4) B 1V85% (entry5) &7p-o7-,
7 R 13ba & ORUGTIE, SUOSIFEW S OO SUGEER 43 KR < B A% 15ba % 66% DI
CTH 27 (entry 6), carbonate D7 /L /UKL, REEHLGSC, Re,0; Zfilgt & LCH
WBEE ORI OENTWD, BIEIIEEESETHY . £, BETEMR L =7 2%
WD EED D  HPESREN S M 7 B A~ A2 VWA ARISIZ AR THD L E2 D,

Table 5-7. Direct reductive amination of carbonyl compounds and ethylcarbamate with bismuth

catalyst
Et3SiH (3.0 equiv) R, O
)‘i . ji BiCl; (10 mol%) )\2 I
R;” "R H,N™ ~OEt —> Ry "N "OEt
1 2 2 MeCN, rt H
13 14ak 15
Entry Elctrophile Time (h) Yield2 (%)
1 O\ 13av 29 92
CHO
2 ~_-CHO 13aw 14 85
CHO
3 >‘/ 13ax 24 89
(0]
4 | p CHO 13ay 21 66
S
5 | )—CHO 13az 21 85

0
6 (j 13ba 43 66

2 |solated yields.
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FHAH OSHEREDE%E

FOSHIEZ TR D120 BEtaiTo7c, EE L TRUVATATE REVT 2= LT 3
YERW, FIRT, TR M= MIAREES, NI ZTFATT o EDORISIZBWT, Ex D
fi a2 FV . BOGRE 2 13 RERIZEE L CU 21T > 72 (Table 5-8), BiCly & W 7235
\ZIEBUSIETERE L B % 99% DINER TH- 2 7= (entry 1), 7 & b=k U LIS BiCl; &
TESH 725 0 o> Bi & TESCI 3£ % & OGN 555, BiCl; D23 Y {2 TESCI
Zft L U CHWESEAIZRBW T, BRI OUERIL 23% & 722 0 U R (E L 7= (entry 2),
BiCl; & TESH & DG T OAfid A~ X &G L7-121Z TESCl Z WM L, Z DB f
AR L7~ (entries3-8), £, Ofio v A~ Z2DOFHED -0, WFEEEZITHRIOT
T b= F ULV ToO BiCl; & TESH & SUGK 2 3 43, 1R, 10 e & RE L, 7%
TERFFRGEZ TR L 0L T LI TE L, 78 = KU/, TESH BLORE
DT b= bV VEEEZ A SOGZAT 272, T ORH, FHRRFHR 3 7y, 1 K¢, 10 KFfZ
NZENUITEBNT, BB 27%. 15%. 15%DICETH L (entries 3,4,5), £72. 0
i B A~ A% FRRORISHF Tl URERRE L%, TV FEK N, 7' =1
UV TESCl Z ZNEIUTIRIM L BIEEOT & b= ) VR E IR S ZT T2,
Z ORE R 343, 1R, 10 FERZ 2 UV T, BRI 88%. 72%. 86% D
IR TELNT (entries 6,7,8), ARSI TWVD Offid B A~ A¥yK % VT TESCI % i
MUTGE LRI LW ORETbIT o728 2 A, TESCL 2RI L2 WA CIEICRIX
4% (entry9) L7210 TESCl Z ¥R L725AIZIFUE 69% & 72 > 7= (entry 10),

YL EORRED S ABOGIE TESCL THHEEITT %23, TESCLITAREE & L Tl LTV
NHER STz, Offid B2~ 2 DOFHHIFEFIC L W 15a DULRANEAD L7725, ZHid BiCls
DIRITCICR I Z LB E T HHEEZRR L TWD, £, entry 9 DFERICALNDL L DT, O
> B A~ A1X Lewis FeE 2 1 & A E7R S THIRTIZSOLAEST L7220, £ LT, TESCI
DHTHITE A EIEDEITLRVEMNS, Offio B A~ R & TESCI Z#lAA b THW
TG A IR DA LRI Do FITERR Y, 5P 2B AT IS 5T, &
DHEELH DL LD EBZXTNDE, T72bb, BERNVBFHEETIEA I =0 s LI
ANIT I TN EIETTERVWERAS AL R NENER L, BENOAENKRTHAI=
A L<IEAI T I — vHREAZ TESCI NEMAL T 2 FHCEILOETT D AlREME L B
bihvd,
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Table 5-8. Direct reductive amination of benzaldehyde and diphenylamine with different catalyst
Et,SiH (3.0 equiv)

(0] Ph. _Ph catalyst h\N/Ph
J, ] N
Ph H H MeCN, rt, 13 h Ph
13a 14a 15a
Entry Catalyst Yield® (%)
1 BiCl; (10 mol%) 99
2 Et5SiCl (30 mol%) 23
3 Bi(0)" (3 min) (10 mol%) 27
4 Bi(0)" (1 h) (10 mol%) 15
5 Bi(0)" (10 h) (10 mol%) 15
6 Bi(0)" (3 min) (10 mol%) + Et,SiCl (30 mol%) 88
7 Bi(0)" (1 h) (10 mol%) + Et5SiCl (30 mol%) 72
8 Bi(0)" (10 h) (10 mol%) + Et3SiCl (30 mol%) 36
9 Bi(0)*¢ (10 mol%) 4
10 Bi(0)*° (10 mol%) + Et;SiCl (30 mol%) 69

* Toslated yields.
" Bi(0) prepared from BiCl; and Et3SiH was used.
¢ Commercially available bismuth (0) powder was used.

A I 16a IZBWTHRBRORF 2175 2 & &L, |ET, 7k b= RV EEFR b
JZFNT T EDRISIZIBWT, ROSK /2 13 R & U, il 2 Ol 2 OIS 21T -
7= (Table 5-9) , BiCl; Z HHWW TG E T o 72 & 2 A, 86% DI THMW %157 (entry 1),
F 72, TESCl ZHW=GAITIE, WRIT29% E 720 (entry2), F7=, HIROE A~ 2
KERWZGAI, DERIZ1T% E WO FEFR L7272 (entry 3), & D7z, TESCI (1fiffit
E LTI TV RN, 0D B A~ AAREE D E 22 CTlI s nWFo R s iz, %
72, EBIZTESCl Z M L7285 Aa121E 89% E W I R & 72> 72 (entry 4), entry 1 & entry
4 DFERIZZIUTI EENTNEND . A 2 U OIETTITB W TL, BiCl; TOMEM: T
DRENTz, o, IVK=UUbLEMET I VFHEREDA I, A I =T LEMRB LD
A~ T X —VERRIC BiCl 28 Lewis fig & U CER L TV D HEAHERI S D, 7o, milk
DERAY ZPRE HWTZIGE LR L 72 0fli B2~ X & -V 235G CIRIZEN & 5 DI,
KL RICEDEARAT ADEMREEDEIZ L DB O EHEE LTV D03, HERAERIC L 55N
TFIEE STV 2L (Table 5-8, entries 4, 5, 9)
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Table 5-9. Reduction of imine with different catalyst

Cl Et3SiH (3.0 equiv)
\EjV catalyst \(jV H
N _ > N
\[::] MeCN, rt, 13 h \[::]
16a 15bb

Entry Catalyst Yield* (%)
1 BiCl; (10 mol%) 86
2 Et;SiCl (30 mol%) 29
3 Bi(0)*" (10 mol%) 17

4 Bi(0)** (10 mol% ) + Et,SiCl (30 mol%) 89
? Isolated yields.
® Commercially available bismuth (0) powder was used.

Flo, OiEAS ABAER L TV L FELMERT D700, MAEEREZITHI>IZ &L L, O
MHOEAYAZHANCTT U AT I RERVAT AT E REEKGSERGTHHRET Y
VTV ERGD OGS FKIEDS D7 )V —T 12 L > THRE SN TWD M, Z oA T,
BREAT AL LATHHOT VI =T A0 BRZLY BiCh 2T TiEm Lz 0ffio B4
Y AEHNWTEY, ZORISTOEBDOICRIZZ VR LA~ AZHBT5 0ffio v
AT ADEREHERTE D EZ X, £ZC, | T, 78 b= RV LSS BiCl; &
TESH & % 3 70 E 7213 1 RFAOG S8, BUE FiRf, Mo o a7 5 Z LIkl
LA~ AEHWTC LGRS 21T 72 (Table 5-10), T OFER, entry 1 TIXHMDER
ET VT3V 17 (TR 27% T H AL, entry 2 TIHINER 98% & 7 o7z, Z OFEHRM
5. 1R OFHRIRFE T H W2 BiCls O KER 3728 ORI STV DN, RS 7z,
Z OFERIZ LD Table 5-8 @ entries 5, 6,7, 8 CTHW/ZE A< ZAfLX 0 THL EEZ BN
5o

Table 5-10. Reaction of allylbromide and benzaldehyde with Bismuth (0)

catalyst
- > =
CHO DMF, rt, 1 h

1.1 equiv OH
13a 17 18
Entry Catalyst Yield® (%)
1 Bi(0) (3 min)* (100 mol%)" 27
2 Bi(0) (1 h)* (100 mol%)°® 98

? Isolated yields.
* Bi(0) prepared from TESH (10.0 equiv) and BiCl; (100 mol%).
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=S

H6E FREE

Kim L LA T O X 9 ITHBET 5,

1. sp” IR B FfE & DR TIPSO Z B D 2R
NGOG NEEE T A N TF AT RN, TAAXALT U — VAL T 4 Ry
57 L= ~OEBEICBNT, U AFLT Y L7 a ) REGRTICERNT %
LT, ROSIINR SN D Fa A LTz, BOSONEB R & B REAEIR MDA L4 B
BT LTZ TR Wed | AIFRITAERS L FIICER R H D VR D,

Et3SiH, cat. PdCl,
TMSCI
aryl—S—alkyl > aryl—H
THF

2. TIVFNT U —)L 2R F ¥ ROBRITCUGIZ T 26F78
FERR /R T V7 MEAFAE T, PUZFAL T B LIE NI bRy T 0205
FIZED, TAXAT V=NV ANVRXRY RLT L—rB5WIT VX LT U —/L A
VT 4 RSBIRPCEWS 2 00 % B Uiz, 3T U0 Al 2 -V CEIE TIT 9 X
VRN 2 < RO R AR FIEITIAS L FIICERDEH D L0 2 5,

R5SiH
O cat. Pd(OAc), aryl—S—alkyl (R =EtO)
aryl—S—-akyl —— or
THF, t aryl—H (R = Et)

3. FATLT A LY Y =0 MEA~OBERIIEI BT SR
NT VT LMBEAE T, P 2F Ay T e AlE LTHY, R T AF LT YL
MU 75— FERIT 2 6T, FAY LT ERETBA IHY V= A1 Y 75—
MR~ 5 IR Lz, ARISIREEEERS L | A 247D & AT S
U=y MO AHA~ BT FE R Lis, FHYLT &4 4V Y =0 MFIC
IEH B BRI S E TICBE 82 < L IR THID TOBIThH S,
S . .
a A r L PAGA, NI
ST toene 100

N-R
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4. BAR R &ML U2ETi T 2 AL BT 2B
T b= UJVREES 10 mol% DM b B A~ A(IMFEE T, MY =F LT &
AL L THWL ST, EHERETLT X BSOS EITT 5 Z 2 R Le, RBUS
(3. ZAM7ZR D OTEDIRN B2~ A E VD Z & B IR UGS TEEE
HRIRIED N Z & DARES AL FANCA R RIETH D,

Et;SiH
)(])\ Rs\N’R“ cat. BiCl; s\NfR4
Rl v A
1 2 H MeCN, it Ry "R,
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97 JERRIH
General Information.

'HNMR, "CNMR 227 /LiZ, JEOL AL-300 spectrometer, JEOL AL-400 spectrometer,
JEOL ECX-500 spectrometer Bruker AVANCE 600 spectrometer % FV N THlliE L7=, 'HNMR,
BCNMR D7 2 07 MiE, TMS ZWNEHEHEYE L L2 &0 § i (ppm) THRLL
TW5%, B&EEEIX multiplecities (s, singlet; d, doublet; t, triplet; g, quartet; quint., quintet; m,
multiplet; br, broad) #3 L, JEDOH,LIL Hz TELTW5H, IR A7 hLE JASCO
FT/IR-8300 Z JHWTHIE L7z, ~A A7 hbid, SX102A Z2 W THIE Lz, @i
Yamamoto capillary melting point apparatus Z FHVWNCTHIE L7, X TOGIE, 0.25 mmE.
Merck silica gel plates (60F-254) ZHWCiifg 27 v~ s 77 7 4 —%{T\, UV T 74
R REEZHWCAHET 5 2 L TR LTe, BT L7 v~ 87T 7 4 —Ii% E. Merck
silica gel (60, particle size 0.040-0.063 mm) % FedHf| & L CfEMH L7, Preparative thin-layer
chromatography (PTLC) %, 0.3 mm E. Merck silica gel plates (60F-254) /LR L7z 6 D%
FER L7, T TORIGIE, FRHCEEZEDRTUL Ar FHEK T, BKEHE T T, RO
EOWFER LT R 2 W TIT o 7,

Materials.

THF : KOH THZEL . NalZlX VA L7c, S HICNa, XY T = /) T
(Z RO HERTICARE LT,

Et,0 : CaCl, CHZEEL . Na, LIAIHJIC X VAR L7, S HIZNa, XY 7z /v
TF M VR ERNICARE LT,

CH,Cl, . PCls TREMEL ., CaH ik W ARB L=, &5 CaHy I L Y B RIICHRE
L7z,

benzene : CaH, Z AV TR L7-, 62 CaHL IC K W R ERNZZRE LT,

MeOH C LICK o TEMAL L7z Mg 222K L, MS3A & AU TIRIE LT,

EtOH : Na 22 BZAE L, MS3A # ANV TR LT,

toluene . fEFHERNC Na bR LT,

hexane : CaH, & AIVCTRHE L7,

DMF o BUE AR L,

DMSO : CaH, Z NIV CRUEZRE LT,
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MeS

Methyl 3’-methythio-1,1’-biphenyl-4-carboxylate (1h)

A mixture of 3-methylthiobenzbromide (215 mg, 1.00 mmol), 4-methoxycarbonylphenylboronic
acid (200 mg, 1.05 mmol) and Pd(PPh;), (55 mg, 0.05 mmol) in a mixture of MeOH, toluene and
sat. NaHCO; aq. (3 : 6 : 2). The mixture was stirred under reflux for 2 days under argon atmosphere.
Cooled to room temperature, the reaction mixture was extracted with CH,Cl, and the organic layer
was concentrated in vacuo. The residue was purified by column chromatography (Hexane / AcOEt
=40/ 1) to give title compound (213 mg, 78%) as pale yellow solid;

R¢=0.50 (hexane / ethyl acetate = 6 / 1); 'H NMR (400 MHz, CDCls) 8 8.11 (d, J = 8.0 Hz, 2H),
7.64 (d, J= 8.0 Hz, 2H), 7.49 (br, 1H), 7.41-7.34 (m, 2H), 7.31-7.27 (m, 1H), 3.94 (s, 3H), 2.54 (s,
3H); C NMR (100 MHz, CDCls)  145.2, 140.7, 139.4, 130.1, 129.3, 129.1, 126.1, 125.4, 124.1,
52.2,15.9; IR (neat) vimax 1707, 1288, 1271 cm'l; HRMS ESI (+) [M+Na]+ calcd for C;5H4NaO,S:
281.0612; found: 281.0602; mp. 47 °C.

MeS N02

3-Methylthio-3’-nitro-1,1’-biphenyl (1i)

A mixture of 3-methylthiobenzbromide (100 mg, 1.05 mmol), 3-nitrophenylboronic acid (99 mg,
1.20 mmol) and Pd(PPhs), (53 mg, 0.05 mmol) in a mixture of EtOH, toluene and sat. NaHCO; aq.
(3 : 6 : 2). The mixture was stirred under reflux for 13 h under argon atmosphere. Cooled to room
temperature, the reaction mixture was extracted with CH,Cl, and the organic layer was concentrated
in vacuo. The residue was purified by column chromatography (Hexane / AcOEt=10/1) to give
title compound (101 mg, 84%) as pale yellow wax;

R¢=0.20 (hexane); 'H NMR (400 MHz, CDCls) 8 8.43 (s, 1H), 8.21 (d, J=8.1 Hz, 1H), 7.89 (d, J
=7.6 Hz, IH), 7.61 (t, J=8.1 Hz, 1H), 7.48 (s, 1H), 7.43-7.36 (m, 2H), 7.29-7.32 (m, 1H), 2.55 (s,
3H); C NMR (100 MHz, CDCls) & 148.7, 142.4, 139.8, 139.4, 133.1, 129.8, 129.5, 126.3, 125.1,
123.9, 122.3, 121.9, 15.8; IR (neat) vinu 1523, 1347, 887, 782, 735, 699, 681 cm™; HRMS FAB (+)
[M]" calcd for C3H;;0,NS: 245.0511; found: 245.0566.

HS -~ 50,ph

2-Phenylsuflonylethanethiol (3q)
To a mixture of 2-(2-naphthylsulfanyl)ethylphenylsulfone (1q) (75 mg, 0.23 mmol) and PdCl, (1.2
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mg, 0.007 mmol) in THF (2 mL) was added Et;SiH (0.076 mL, 0.48 mmol). And the mixture was
stirred at room temperature under Argon atmosphere. After starting material was disappeared, to the
reaction mixture was added H,O and the mixture was extracted with CH,Cl,. The organic layer was
concentrated under reduced pressure. The residue was purified by PTLC (hexane only) to give title
compound (28.5 mg, 72%) as colorless oil;

R¢=0.20 (hexane / ethyl acetate = 3 / 1); 'H NMR (400 MHz, CDCl3) & 7.93-7.92 (d, J = 8.0 Hz,
2H), 7.71-7.67 (m, 1H), 7.60 (¢, J= 8.0 Hz, 2H), 3.39-3.35 (m, 2H), 2.80-2.86 (m, 2H), 1.68 (¢, J=
8.0 Hz, 1H); "C NMR (100 MHz, CDCls)  138.7, 134.1, 129.5, 128.159.6, 17.3; IR (neat) Vpax
1144, 1083 cm'l; HRMS ESI (+) [M+Na] calcd for CsH;,NaO,S,: 225.0020; found: 281.0015.

General procedure for synthesis of alkylsulfinyl aryl compounds

To a solution of sulfide compound (1.94 mmol) in CH,Cl, (4 ml) was added mCPBA (1.94 mmol) at

0 °C. And the mixture was stirred at room temperature under Argon atmosphere. After starting
material was disappeared, to the reaction mixture was added saturated aqueous solution of NaHCO,
and the mixture was extracted with CH,Cl,. The organic layer was concentrated under reduced

pressure. The residue was purified by column chromatography.

3-(Methylsulfinyl)-1,1'-biphenyl (4b)

According to general procedure, a solution of 3-(methylthio)-1,1'-biphenyl (1b) (38 mg, 0.189 mmol)
and mCPBA (50 mg, 0.189 mmol) in CH,Cl, (4 mL) was stirred for 13 h to afford title compound
(28.5 mg, 70%) as colorless syrup;

Ry=0.10 (hexane / ethyl acetate = 1 / 1); '"H NMR (400 MHz, CDCL3) & 7.87 (br, 1H), 7.72-7.68 (m,
1H), 7.62-7.57 (m, 4H), 7.47-7.42 (m, 2H), 7.40-7.35 (m, 1H), 2.76 (s, 3H); °*C NMR (100 MHz,
CDCl;) 8 147.1, 143.3, 140.4, 130.4, 130.4, 129.7, 128.8, 127.9, 122.9, 122.7, 44.8; IR (neat) vy, 3055,
2361, 1592, 1468, 1404, 1086, 1041, 754, 696 cm™; HRMS (ESI) [M+Na] " caled for C13H;,NaOS:
239.05066; found: 239.05136.

4-Methyl-3'-(methylsulfinyl)-1,1'-biphenyl (4¢)
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According to general procedure, a solution of 4-methyl-3'-(methylthio)-1,1'-biphenyl (1d) (371 mg,
1.73 mmol) and mCPBA (459 mg, 1.73 mmol) in CH,Cl, (20 mL) was stirred for 30 min to afford
title compound (360 mg, 90%) as colorless solid;

Ry=0.13 (hexane / ethyl acetate = 1 / 1); '"H NMR (400 MHz, CDCL) & 7.86 (br, 1H), 7.71-7.69 (m,
1H), 7.58-7.55 (m, 2H), 7.53-7.49 (m, 2H), 7.28-7.24 (m, 2H), 2.77 (s, 3H), 2.40 (s, 3H); *C NMR (100
MHz, CDCl;) 6 146.4, 142.8, 138.2, 137.0, 129.9, 129.7, 128.3, 127.2, 122.1, 121.9,44.2, 21 .4; IR
(neat) viax 3023, 2914, 1710, 1469, 1048, 787, 694 cm’; HRMS (ESI) [M+Na] " calcd for C14H ,NaOS:
253.06631; found: 253.06737; mp 75-77 C.

o L
TOC
OMe

4-Methoxy-3'-(methylsulfinyl)-1,1'-biphenyl (4d)

According to general procedure, a solution of 4-methoxy-3'-(methylthio)-1,1'-biphenyl (1g) (30 mg,
0.13 mmol) and mCPBA (35 mg, 0.13 mmol) in CH,Cl, (4 mL) was stirred for 13 h to afford title
compound (19.7 mg, 62%) as colorless solid;

R¢=0.08 (hexane / ethyl acetate = 1 / 1); "H NMR (400 MHz, CDCl;) 8 7.83 (s, 1H), 7.65 (d,J= 6.8
Hz, 1H), 7.55-7.52 (m, 4H), 6.97 (d, J = 8.5 Hz, 1H), 3.84 (s, 3H), 2.75 (s, 3H); *C NMR (100 MHz,
CDCl;3) 8 160.3, 146.7, 142.8, 132.6, 130.2, 129.8, 128.8, 122.1, 122.0, 114.9, 55.9, 44.6; IR (neat) Vi
3055, 2962, 2838, 1712, 1607, 1516, 1470, 1249, 1015, 793 cm™; HRMS (ESI) [M+Na] " caled for
C14H14NaO,S: 269.06122; found: 269.06160; mp 49-50 C.

Me . O
eéSIJ O
F

4-Fluoro-3'-(methylsulfinyl)-1,1'-biphenyl (4¢)

According to general procedure, a solution of 4-fluoro-3'-(methylthio)-1,1"-biphenyl (1e) (72 mg,
0.329 mmol) and mCPBA (88 mg, 0.329 mmol) in CH,Cl, (4 mL) was stirred for 13 h to afford title
compound (43.1 mg, 56%) as colorless solid;

Ry=0.09 (hexane / ethyl acetate = 1 / 1); '"H NMR (400 MHz, CDCl3) & 7.84 (s, 1H), 7.67-7.64 (m,
1H), 7.59-7.54 (m, 4H), 7.14 (1, J = 8.5 Hz, 2H), 2.76 (s, 3H); *C NMR (100 MHz, CDCl;)  165.0,
162.5,147.3, 142.6, 136.7, 130.6 (d, J=22.3 Hz), 129.7 (d, J="7.5 Hz), 122.9 (d,J=41.4 Hz), 116.8 (d,
J=21.5Hz), 44.9; IR (neat) Vimay 3063, 2990, 1691, 1513, 1463, 1218, 1047, 797 cm™; HRMS (ESI)
[M~I—Na]+ calcd for C3H ;FNaOS: 257.04123; found: 257.04229; mp 75-76 C.
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4-Chloro-3'-(methylsulfinyl)-1,1'-biphenyl (4f)

According to general procedure, a solution of 4-chloro-3'-(methylthio)-1,1"-biphenyl (1f) (456 mg,
1.94 mmol) and mCPBA (515 mg, 1.94 mmol) in CH,Cl, (4 mL) was stirred for 16 h to afford title
compound (541 mg, quant.) as colorless syrup;

Ry=0.15 (hexane / ethyl acetate = 1 / 1); '"H NMR (400 MHz, CDCls) & 7.87 (s, 1H), 7.69-7.67 (m,
1H), 7.62-7.54 (m, 3H), 7.45-7.42 (m, 2H), 2.77 (m, 3H); *C NMR (100 MHz, CDCL;) & 146.8,
141.7,138.4, 134.5, 130.2, 129.8, 129.4, 128.7, 122.8, 122.0, 44.3; IR (neat) Vi 3051, 2910, 1596,
1496, 1465, 1389, 1091, 1050, 788, 692 cm™'; HRMS (ESI) [M+Na]" calced for C,3H;;CINaOS:
273.01168; found: 273.01159.

Me\S N

1 |
© Z > co,Me

Methyl 3’-(methylsulfinyl)-1,1’-biphenyl-4-carboxylate (4g)

According to general procedure, a solution of methyl 3’-(methylthio)-1,1’-biphenyl-4-carboxylate (1h)
(75 mg, 0.29 mmol) and mCPBA (77 mg, 0.29 mmol) in CH,Cl, (4 mL) was stirred for 13 h to afford
title compound (61.5 mg, 77%) as colorless solid;

R¢=0.06 (hexane / ethyl acetate = 1 / 1); "H NMR (400 MHz, CDCl;) 6 8.08 (d, J = 8.5 Hz, 2H), 7.90
(s, 1H), 7.72-7.70 (m, 1H), 7.65 (d, J = 8.3 Hz, 2H), 7.59-7.58 (m, 2H), 3.93 (s, 3H), 2.77 (s, 3H); °C
NMR (100 MHz, CDCl3) 8 167.8, 147.8, 145.1, 142.5, 131.4, 131.0, 130.9, 130.8, 128.3, 124.1, 123.2,
53.3,45.2; IR (neat) Vi 3008, 2953,2910, 1709, 1431, 1278, 1048, 783 cm™; HRMS (ESI) [M+Na]
calcd for CsHsNaO;S: 297.05613; found: 297.05690; mp 102-103 C.

SO,Me
1-(Ethylsulfinyl)-4-(methylsulfonyl)-benzene (4h)
According to general procedure, a solution of 1-(ethylthio)-4-(methylsulfonyl)-benzene (1j) (419 mg,
1.19 mmol) and mCPBA (515 mg, 1.94 mmol) in CH,Cl, (4 mL) was stirred for 16 h to afford title
compound (383 mg, 85%) as colorless solid,
R¢=0.05 (hexane / ethyl acetate = 1 / 1); '"H NMR (400 MHz, CDCls) 8 8.11 (d, J = 8.5 Hz, 2H),
7.82 (d,J= 8.5 Hz, 2H), 3.10 (s, 3H), 3.03-2.96 (m, 1H), 2.81-2.76 (m, 1H), 1.23 (¢, J="7.3 Hz, 3H);
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C NMR (100 MHz, CDCls) 8 150.6, 143.2, 128.5, 125.5, 50.5, 44.8, 6.0; IR (neat) vy 3000, 2919,
1385, 1305, 1285, 1147, 1025, 956, 783, 541 cm™; HRMS (ESI) [M+Na]" caled for CoH;,NaOsS:
255.01255; found: 255.01224; mp 129-130 C.

2-(Ethylsulfinyl)-4-methylquinoline (4i)

According to general procedure, a solution of 2-(ethylthio)-4-methylquinoline (1p) (779 mg, 3.83
mmol) and mCPBA (1017 mg, 3.83 mmol) in CH,Cl, (40 mL) was stirred for 1.5 h to afford title
compound (750 mg, 89%) as colorless solid;

Ry=0.15 (hexane / ethyl acetate = 1 / 1); '"H NMR (400 MHz, CDCls) & 8.08 (d, J= 9.0 Hz, 2H), 7.95
(s, 1H), 7.81-7.77 (m, 1H), 7.68-7.64 (m, 1H), 7.30-7.21 (m, 1H), 3.09-3.00 (m, 1H), 2.83 (s, 3H), 1.27 (¢,
J=17.6Hz, 3H); "C NMR (100 MHz, CDCls) & 163.8, 147.2, 147.1, 130.2, 129.7, 128.1, 127.4, 124.1,
116.3,48.0, 19.0, 5.8; IR (neat) Vi 3058, 2979, 2933, 1714, 1580, 1504, 1057, 1022, 763 cm™'; HRMS
(ESI) [M+Na]" calcd for C,H;sNNaOS: 242.06155; found: 242.06244; mp 33-34 C.

Q
MeS ! X

(E)-1-(Methylsulfinyl)-4-styrylbenzene (4j)

According to general procedure, a solution of (E)-1-(methylthio)-4-styrylbenzene (11) (530 mg, 2.34
mmol) and mCPBA (621 mg, 2.34 mmol) in CH,Cl, (20 mL) was stirred for 45 min to afford title
compound (453 mg, 80%) as colorless solid,

R¢= 0.20 (dichloromethane / ethyl acetate =4 / 1); "H NMR (400 MHz, CDCLs) & 7.85 (s, 1H), 7.60
(d,J=1.3 Hz, 1H), 7.53-7.50 (s, 3H), 7.48-7.44 (m, 1H), 7.37 (¢, J= 7.3 Hz, 2H), 7.32-7.28 (m, 1H),
723 (d,J=16.3 Hz, 1H), 7.12 (d, J= 16.3 Hz, 1H), 2.77 (s, 3H); C NMR (100 MHz, CDCl5) &
146.8, 139.5,137.2, 131.3, 130.2, 129.7, 129.4, 128.8, 127.6, 127.3, 122.8, 121.4, 44.6; IR (neat)
Vinax 3025, 1589, 1414, 1034, 1046, 957, 691 cm™; HRMS (ESI) [M+Na]" caled for C,5H,4NaOS:
265.06631; found: 265.06705; mp 40-41 C.

Z > CO,Et
(E)-Ethyl 3-(4-(methylsulfinyl)phenyl)acrylate (4k)
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According to general procedure, a solution of (E)-ethyl 3-(4-(methylthio)phenyl)acrylate (1k) (230
mg, 1.04 mmol) and mCPBA (275 mg, 1.04 mmol) in CH,Cl, (10 mL) was stirred for 40 min to
afford title compound (222 mg, 90%) as colorless solid;

R¢=0.15 (dichloromethane / ethyl acetate = 4 / 1); "H NMR (400 MHz, CDCls) 8 7.67-7.65 (m, 5H),
6.49 (d, J=16.1 Hz, 1H), 4.26 (¢, J= 7.1 Hz, 2H), 2.73 (s, 3H), 1.33 (t,J=7.1 Hz, 3H); °C NMR
(100 MHz, CDCl3) 6 166.5, 147.6, 142.9, 137.2, 128.8, 124.1, 120.5, 60.8, 44.0, 14.3; IR (neat) Vi,
2980, 1705, 1636, 1311, 1172, 1041, 822, 641 cm™'; HRMS(ESI) [M+Na]" calcd for C,H4,NaOsS:
261.05613; found: 261.05725; mp 47-50 C.

General procedure for synthesis of dianiline dihydrobromide

To a solution of aniline derivative (3.0 equiv) in MeOH was added dibromoalkane (1.0 equiv). The
resulting mixture was vigorously stirred under reflux for 2 days. The solution was evaporated under
reduced pressure to furnish a brown solid. The solid was triturated with acetone (40 mL), filtrated,

and washed with acetone to yield corresponding dianiline dihydrobromide.

Me Me

seley

2HBr

N,N'-Bis(2-methylphenyl)-1,2-ethanediamine dihydrobromide

According to general procedure, a solution of o-toluidine (5.14 g, 47.9 mmol) and
1,2-dibromoethane (1.38 mL, 16.0 mmol) in methanol (10 mL) was heated for 2 days to afford title
compound (1.88 g, 29%) as pale pink powder;

Ry=0.43 (hexane / ethyl acetate = 3 / 1); '"H NMR (400 MHz, DMSO-de) & 7.21-7.18 (m, 4H), 7.06
(d,J=28.1 Hz, 2H), 6.97 (¢,J = 7.8 Hz, 2H), 3.51 (s, 4H), 2.28 (s, 6H); C NMR (100 MHz,
DMSO-dg) 6 131.1, 127.3, 127.1, 122.7,43.8, 17.3; IR (neat) vim.x 3317, 3003, 2840, 2562, 2474,
1585, 1449, 1431, 750 cm™; HRMS (ESI) [M+H-2HBr]" calcd for C;¢H, N5: 241.1705, found:
241.1702; mp 199 °C (decomp.).

Me Me
Q\NH HN@
Me \—/ Me 2HBr

N,N'-Bis(2,6-dimethylphenyl)-1,2-ethanediamine dihydrobromide
According to general procedure, a solution of 2,6-dimethylaniline (11.8 mL, 95.8 mmol) and

1,2-dibromoethane (2.80 mL, 31.9 mmol) in methanol (20 mL) was heated for 2 days to afford title
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compound (6.30 g, 82%) as colorless powder;

Ry=0.45 (hexane / ethyl acetate = 3 / 1); '"H NMR (400 MHz, CDCl3) § 7.04 (1, J = 7.3 Hz, 4H),
6.95 (t,J="1.3 Hz, 2H), 3.45 (s, 4H), 2.41 (s, 12H); °C NMR (100 MHz, DMSO-d¢) d 139.4, 130.6,
129.3, 125.3,47.0, 18.1; IR (neat) Vi 3308, 2938, 2720, 1571, 1473, 1418, 1366 cm™; HRMS
(ESI) [M+H-2HBr]" calcd for C;gH,sNa: 269.2018, found: 269.2023; mp 230 °C (decomp.).

Me Me Me Me

\©1NH HNi©/

Me L_J Me 2HBr

N,N'-Bis(2,4,6-trimethylphenyl)-1,3-propanediamine dihydrobromide
According to general procedure, a solution of 2,4,6-trimethylaniline (5.30 g, 39.2 mmol) and
1,3-dibromopropane (1.39 mL, 13.1 mmol) in methanol (10 mL) was heated for 2 days to afford
title compound (3.32 g, 54%) as light brown powder;
Ry=0.61 (hexane / ethyl acetate = 3 / 1); 'H NMR (400 MHz, DMSO-de) 8 9.98 (br, 2H), 7.02 (s,
4H), 3.44-3.40 (m, 4H), 2.40 (s, 12H), 2.24-2.19 (s, 8H); C NMR (100 MHz, DMSO-de) & 138.4,
131.8, 130.4, 129.5,47.2,20.2, 19.9, 17.8; IR (neat) Vi 2915, 2706, 1563, 1482, 1427 cm™;
HRMS (ESI) [M+H-2HBr]" calcd for CyH3 Ny: 311.2487, found: 311.2500; mp 190 °C (decomp.).

General procedure for synthesis of thiourea

To a mixture of dianiline dihydrobromide in CH,Cl, was added SCCl, and Et;N at 0 °C. The

resulting mixture was stirred at room temperature. After completion of the reaction, to the reaction
mixture was added sat. NaHCO; aq. and the aqueous layer was extracted with CH,Cl, (% 2). The
organic layer was dried over Na,SO, and the filtrate was concentrated in vacuo. The residue was

purified by silica gel column chromatography using Hexane / AcOEt as eluent.

@NJN
=

1,3-Bis(1-adamantyl)-2-imidazolidinethione (Sb)

According to general procedure, a mixture of N,N -bis(1-adamantyl)-1,2-ethanediamine
dihydrobromide (1.19 g, 2.43 mmol), SCCI, (0.21 mL, 2.67 mmol) and Et;N (1.52 mL, 10.9 mmol)
in CH,Cl, (30 mL) was stirred for overnight to afford title compound (139 mg, 15%) as light brown
powder;

R¢=0.50 (hexane / ethyl acetate = 8 / 1); 'H NMR (400 MHz, CDCL3) 8 3.49 (s, 4H), 2.47 (s, 12H),
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2.10 (br, 6H), 1.71 (d, J = 12.0 Hz, 6H), 1.63 (d, J = 12.0 Hz, 6H); *C NMR (100 MHz, CDCl;) &
182.0, 58.1, 43.5, 39.3, 36.4, 30.0; IR (neat) Vi 2905, 2848, 1392, 1311, 1239, 1206 cm™; HRMS
(FAB) [M-H] calcd for C,3H33N,S: 369.2364, found: 369.2367; mp 197-198 °C.

S
SR We
Me Me

1,3-Bis(2-methylphenyl)-2-imidazolidinethione (5c)
According to general procedure, a mixture of NV,N-bis(2-methylphenyl)-1,2-cthanediamine
dihydrobromide (924 mg, 2.30 mmol) SCCI, (0.39 mL, 5.00 mmol) and Et;N (0.96 mL, 6.89 mmol) in
CH,Cl, (25 mL) was stirred for overnight to afford title compound (553 mg, 85%) as colorless
powder;
R¢=0.31 (hexane / ethyl acetate = 1 / 1); '"H NMR (400 MHz, CDCls) & 7.34-7.27 (m, 8H), 4.05 (s,
4H), 2.39 (s, 6H); °C NMR (100 MHz, CDCls)  182.5, 139.2, 136.7, 131.2, 128.4, 128.1, 127.1,
49.8,17.9; IR (neat) Vima 2877, 1470, 1401, 1292, 1273, 1121, 1040 cm™; HRMS (ESI) [M+Na]"
caled for C7HsN,NaS: 305.1088, found: 305.1084; mp 197-198 °C.

Me s M

N

TorP

1,3-Bis(2,6-dimethylphenyl)-2-imidazolidinethione (5d)

According to general procedure, a mixture of N,N"-bis(2,6-dimethylphenyl)-1,2-ethanediamine
dihydrobromide (2.00 g, 2.30 mmol), SCCI, (0.21 mL, 2.67 mmol) and Et;N (1.52 mL, 10.9 mmol) in
CH,Cl, (40 mL) was stirred for overnight to afford title compound (738 mg, 49%) as colorless
powder;

Ry=0.38 (hexane / ethyl acetate = 3 / 1); '"H NMR (400 MHz, CDCls) & 7.22-7.14 (m, 6H), 4.03 (s,
4H), 2.36 (s, 12H); *C NMR (100 MHz, CDCl3) 8 180.7, 137.0, 136.9, 128.7, 128.5, 47.5, 17.8; IR
(neat) vimx 3308, 2938, 2720, 1571, 1473, 1418, 1366 cm’; HRMS (ESI) [M+H] " calcd for
CisH25N,: 269.2018, found: 269.2023; mp 304-305 °C.

Me Me SMe Me
NJ\N
Me v Me

1,3-Bis(2,4,6-trimethylphenyl)-3,4,5,6-tetrahydro-2(1 H)-pyrimidinethione (5g)
According to general procedure, a mixture of N,N-bis(2,4,6-trimethylphenyl)-1,3-propanediamine
dihydrobromide (1.60g, 3.40 mmol), SCCI, (0.29 mL, 3.74 mmol) and Et;N (2.13 mL, 15.3 mmol) in
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CH,Cl, (30 mL) was stirred for 2 days to afford title compound (618 mg, 52%) as light brown powder;
Ry=0.45 (hexane / ethyl acetate = 3 / 1); "H NMR (400 MHz, CDCls) 8 6.91 (s, 4H), 3.59 (1, J=5.9
Hz, 4H), 2.37-2.22 (m, 20H); "C NMR (100 MHz, CDCls) § 177.8, 141.7, 136.9, 134.6, 129.5, 48.5,
22.3,21.1,17.9; IR (neat) via 2950, 2858, 1488, 1436, 1325, 1310, 1205, 850, 598 cm™'; HRMS
(ESI) [M+Na]" caled for C,,H,sN;NaS: 375.1871, found: 375.1857; mp 281-282 °C.

Me s Me
MeO J\ OMe
N N
Me / Me

1,3-Bis(4-methoxy-2,6-dimethylphenyl)-2-imidazolidinethione (5h)

According to general procedure, a mixture of
N,N'-bis(4-methoxy-2,6-dimethylphenyl)-1,2-ethanediamine dihydrochloride (758 mg, 1.89 mmol),
SCCl, (0.23 mL, 3.02 mmol) and Et;N (1.31 mL, 9.40 mmol) in CH,Cl, (20 mL) was stirred for 3 days
to afford title compound (365 mg, 44%) as light brown powder;

Ry=0.15 (hexane / ethyl acetate = 3 / 1); 'H NMR (400 MHz, CDCls) § 6.68 (s, 4H), 3.98 (s, 4H),
3.78 (s, 6H), 2.32 (s, 12H); >C NMR (100 MHz, CDCls) & 181.6, 159.0, 138.1, 130.2, 113.8, 55.2,
47.7,18.1; IR (neat) Vimax 2959, 1598, 1444, 1310, 1271, 1150, 1076 cm™; HRMS (FAB) [M+H]"
caled for C,;H»N,0,S: 371.1746, found: 371.1789; mp 257-258 °C.

Me S Me
Br )]\ Br
N N
Me \—/ Me

1,3-Bis(4-bromo-2,6-dimethylphenyl)-2-imidazolidinethione

According to general procedure, a mixture of

N,N -bis(4-bromo-2,6-dimethylphenyl)-1,2-cthanediamine dihydrobromide (658 mg, 1.32 mmol),
SCCl, (0.13 mL, 1.71 mmol) and Et;N (0.74 mL, 5.28 mmol) in CH,Cl, (10 mL) was stirred for 2 days
to afford title compound (386 mg, 62%) as light brown powder;

Ry=0.60 (hexane / ethyl acetate = 3 / 1); 'H NMR (400 MHz, CDCls) § 7.30 (s, 4H), 3.98 (s, 4H),
2.30 (s, 12H); °C NMR (100 MHz, CDCls)  180.6, 139.0, 136.0, 131.7, 129.0, 128.2, 122.4, 47.4,
17.7; IR (neat) vimax 2916, 1573, 1483, 1400, 1255, 1031 cm’; HRMS (ESI) [M+H] " calcd for
C19H,BoN,S: 466.9792, found: 466.9778; mp 296-297 °C.

Me S Me

MeO,C J\ CO,Me
NT N
/

Me Me

1,3-Bis(4-methoxycarbonyl-2,6-dimethylphenyl)-2-imidazolidinethione (5i)
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A mixture of 1,3-bis(4-bromo-2,6-dimethylphenyl)-2-imidazolidinethione (310 mg, 0.66 mmol),
Pd(OAc), (7.0 mg, 5 mol%), dppf (17.0 mg, 5 mol%) and Et;N (0.28 mL, 1.99 mmol) in DMF (6
mL) and MeOH (6 mL) was stirred at 60 °C under CO atmosphere. After stirring for 20 h, to the
reaction mixture was added 30 mL of H,O and the precipitate was collected. The precipitate was
purified by silica gel column chromatography (CH,Cl, / MeOH = 10/ 1) to afford title compound
(219 mg, 78%) as colorless solid;

Ry=0.10 (hexane / ethyl acetate = 3 / 1); '"H NMR (400 MHz, CDCls) & 7.84 (s, 4H), 4.04 (s, 4H),
3.90 (s, 6H), 2.40 (s, 12H); C NMR (100 MHz, CDCls) § 180.2, 166.6, 140.9, 137.4, 130.0, 52.2,
47.4,17.9; IR (neat) Vma 2953, 1713, 1487, 1438, 1319, 1229, 1010 cm™; HRMS (ESI) [M+Na]"
caled for Co3HpgN,NaO,S: 449.1511, found: 499.1501; mp 295-296 °C.

Me S Me

HO,C CO,H
AL
/

Me Me
1,3-Bis(4-carboxy-2,6-dimethylphenyl)-2-imidazolidinethione (5j)
A mixture of 1,3-bis(4-methoxycarbonyl-2,6-dimethylphenyl)-2-imidazolidinethione (5i) (200 mg,
0.47 mmol) and NaOH (100 mg, 2.5 mmol, 5.0 equiv) in THF (7 mL), MeOH (7 mL) and H,O (7
mL) was stirred at room temperature. After stirring for 21 h, to the reaction mixture was added 10
mL of conc. HCI aq. and the precipitate was collected to afford title compound (205 mg, quant.) as
light brown powder;
R¢= 0.20 (dichloromethane / methanol = 5 / 1); "H NMR (400 MHz, DMSO-dg) & 12.93 (s, 2H), 7.74
(s, 4H), 4.07 (s, 4H), 2.33 (s, 12H); °C NMR (100 MHz, DMSO-ds) 8 178.9, 166.9, 141.1, 137.4,
130.3, 129.2, 47.1, 17.3; IR (neat) Viax 2977, 2605, 1427, 1309, 1242 cm™'; HRMS (ESI) [M+Na]"
caled for Co;H»nN,NaO,S: 421.1198, found: 421.1179; mp 389 °C (decomp.).

. Me s Me .

LAy

Me Me

1,3-Bis(4-fluoro-2,6-dimethylphenyl)-2-imidazolidinethione (5k)
According to general procedure, a mixture of
N,N'"-bis(4-fluoro-2,6-dimethylphenyl)-1,2-ethanediamine dihydrochloride (2.09 g, 5.54 mmol),
SCCl, (0.42 mL, 5.54 mmol) and K,CO; (2.30 g, 16.6 mmol) in MeCN (20 mL) was stirred for 2 days
to afford title compound (1.62 g, 84%) as pale yellow powder;
R¢=0.10 (hexane / ethyl acetate = 8 / 1); "H NMR (400 MHz, CDCl;) 8 6.84 (s, J = 8.7 Hz, 4H), 3.99

(s, 4H), 2.32 (s, 12H); *C NMR (100 MHz, CDCl;) 8 181.2, 163.1, 139.2 (d, J = 10 Hz), 132.9,
115.3 (d, J = 22 Hz), 47.6, 18.0; IR (neat) vy 2920, 1471, 1310, 1269, 1017, 862 cm™'; HRMS
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(ESI) [M+Na]" caled for C;oH,0N,F2NaS: 369.1207, found: 369.1207; mp 226 °C (decomp.).

Bis(cis-2,6-dimethylpiperidine)thiourea (Sm)

According to general procedure, a mixture of cis-2,6-dimethylpiperidine (1.19 mL, 8.84 mmol), and
SCCl, (0.17 mL, 2.20 mmol) in CH,Cl, (2 mL) was stirred for 27 h to afford title compound (399 mg,
17%) as pale yellow syrup;

R¢=0.70 (hexane / ethyl acetate = 8 / 1); "H NMR (400 MHz, CDCls) 8 4.44 (br, 2H), 4.30 (br, 2H),
1.84-1.75 (m, 2H), 1.70-1.63 (m, 4H), 1.53-1.42 (m, 6H), 1.12 (d, J = 5.5 Hz, 12H); C NMR (100
MHz, CDCl;) 6 201.6, 55.7, 32.4, 21.5, 20.1; IR (neat) V., 2965, 2929, 2856, 1408, 1368, 1241,
1054 cm'l; HRMS (ESI) [M-I-Na]+ caled for C;sHpsNoNaS: 291.1865, found: 291.1865.

General procedure for the synthesis of imidazolium salt

Procedure A: To a suspension of thione (0.12 mmol, 1.0 equiv), Pd(OAc), (1.3 mg, 0.006 mmol, 5
mol%) in 1 mL of toluene was added TMSOTH (0.026 mL, 0.14 mmol, 1.2 equiv) and Et;SiH (0.057 mL,
0.35 mmol, 3.0 equiv) under argon atmosphere. The resulting mixture was stirred at 80 °C. After
completion of the reaction, the reaction mixture was cooled to room temperature and purified by silica

gel column chromatography using CH,Cl, / MeOH as eluent.

Procedure B: To a suspension of thione (0.12 mmol, 1.0 equiv), Pd(OAc), (2.6 mg, 0.012 mmol, 10

mol%) in 1 mL of toluene was added (TfOSiMe,CHy), (0.022 mL, 0.07 mmol, 0.6 equiv) and Et;SiH
(0.095 mL, 0.59 mmol, 5.0 equiv) under argon atmosphere. The resulting mixture was stirred at 80 °C.
After completion of the reaction, the reaction mixture was cooled to room temperature and purified by

silica gel column chromatography using CH,Cl, / MeOH as eluent.

Me Me
®
L
Me @\_/ Me
oTf
1,3-Bis(2,6-dimethylphenyl)-4,5-dihydro-1H-imidazolinium (6d) trifluoromethanesulfonate
1,3-Bis(2,6-dimethylphenyl)-2-imidazolidinethione (5d) (37.0 mg) was used. Procedure A: 37 h,

36.8 mg (85%), Procedure B: 3 h, 51.2 mg (99%);
R¢= 0.23 (dichloromethane / methanol = 10/ 1); "H NMR (400 MHz, CDCl;) & 8.35 (s, 1H), 7.30 (z,
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J=1.6Hz, 2H), 7.19 (d, J = 7.6 Hz, 4H), 4.56 (s, 4H), 2.42 (s, 12H); *C NMR (100 MHz, CDCl;)
0159.2,135.3, 1324, 130.7, 129.5, 51.6, 17.8; IR (neat) Vi 2930, 1629, 1270, 1248, 1234, 1144
cm™'; HRMS (ESI) [M-OTf]" caled for C1oH3No: 279.1861, found: 279.1872; mp 267-268 °C.

Et Et

®
S Ng
Et @\—/ Et
OTf

1,3-Bis(2,6-diethylphenyl)-4,5-dihydro-1H-imidazolinium trifluoromethanesulfonate (6¢)
1,3-Bis(2,6-diethylphenyl)-2-imidazolidinethione (5¢) (43.0 mg) was used. Procedure A: 24 h, 54.9
mg (96%), Procedure B: 2 h, 53.5 mg (94%);

Ry=0.41 (dichloromethane / methanol = 10/ 1); "H NMR (400 MHz, CDCl;) § 8.34-8.32 (m, 1H),
7.37 (¢t,J="1.8 Hz, 2H), 7.19 (d, J= 7.8 Hz, 4H), 4.49 (s, 4H), 2.66 (¢, J= 7.6 Hz, 8H), 1.27 (¢, J=
7.6 Hz, 12H); "C NMR (100 MHz, CDCl3) § 158.8, 141.2, 131.1, 131.0, 127.5, 53.1, 24.0, 15.1; IR
(neat) Vi 2969, 2937, 1626, 1268, 1250, 1143, 1028 cm™'; HRMS (ESI) [M-OT{]" caled for
CxH;31N»: 335.2487, found: 335.2484; mp 188-189 °C.

Me Me Me Me
T
Me L_J e
TfOe
1,3-Bis(2,4,6-trimethylphenyl)-3,4,5,6-tetrahydropyrimidine-1-ium trifluoromethanesulfonate
(62)
1,3-Bis(2,4,6-trimethylphenyl)-3,4,5,6-tetrahydro-2(1 H)-pyrimidinethione (5g) (41.0 mg) was used.
Procedure A: 24 h, 50.9 mg (92%), Procedure B: 3 h, 52.0 mg (94%);
R¢= 0.32 (dichloromethane / methanol = 10/ 1); '"H NMR (400 MHz, CDCl;) § 7.54 (s, 1H), 6.92 (s,
4H), 3.87 (1, J = 5.4 Hz, 4H), 2.53 (1, J = 5.4 Hz, 2H), 2.26-2.24 (m, 18H); °C NMR (100 MHz,
CDCl3) 8 154.2, 140.5, 136.3, 134.2, 130.1, 46.4, 20.9, 19.3, 17.4; IR (neat) V., 2926, 1658, 1263,
1140, 1031 cm™; HRMS (ESI) [M-OTf]" caled for CoHoN,: 321.2331, found: 321.2343; mp
246-247 °C.

Me Me

MeO OMe
®
\Q\ N&\ N@
/

Me Me
©
oTf

1,3-Bis(4-methoxy-2,6-dimethylphenyl)-4,5-dihydro-1H-imidazolium
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trifluoromethanesulfonate (6h)

1,3-Bis(4-methoxy-2,6-dimethylphenyl)-2-imidazolidinethione (5h) (44.0 mg) was used. Procedure
A:24h, 55.5 mg (96%), Procedure B: 10 h, 53.4 mg (93%);

R¢= 0.20 (dichloromethane / methanol = 10/ 1); "H NMR (400 MHz, CDCL;) & 8.23 (s, 1H), 6.60 (s,
4H), 4.38 (s, 4H), 3.74 (s, 6H), 2.29 (s, 12H); *C NMR (100 MHz, CDCl3) & 160.5, 159.7, 136.8,
125.2, 114.5,55.5,51.9, 18.1; IR (neat) Vima 2930, 1625, 1486, 1328, 1255, 1216, 1148, 1028 cm™;
HRMS (FAB) [M—OTﬂ+ calcd for C,1H»7;0,N,: 339.2073, found: 339.2079; mp 198-199 °C.

Me Me
MeOZC ® CO,Me
NAN
/

Me TfO@ Me
1,3-Bis(4-methoxycarbonyl-2,6-dimethylphenyl)-4,5-dihydro-1 H-imidazolinium
trifluoromethanesulfonate (6i)
1,3-Bis(4-methoxycarbonyl-2,6-dimethylphenyl)-2-imidazolidinethione (5i) (50.0 mg) was used.
Procedure A: 24 h, 17.8 mg (28%), Procedure B: 2 h, 20.3 mg (32%);

R¢= 0.07 (dichloromethane / methanol = 10 / 1); '"H NMR (400 MHz, CD,CL,) 8 8.64 (s, 1H), 7.89 (s,
4H), 4.55 (s, 4H), 3.91 (s, 6H), 2.47 (s, 12H); °C NMR (100 MHz, CD,CL,) 8 166.1, 160.1, 137.1,
136.4, 131.0, 130.7, 52.7, 52.8, 18.1; IR (neat) vin.x 3084, 2961, 1698, 1632, 1324, 1244, 1151, 1028,
777, 635 cm'l; HRMS (ESI) [M—OTﬂ+ caled for Co3Hy/N,O4: 365.1965, found: 365.1966; mp
203-206 °C.

Me Me
HO,C ® CO,H
NAN
Me — Me
©)

oTf

1,3-Bis(4-carboxy-2,6-dimethylphenyl)-4,5-dihydro-1H-imidazolium
trifluoromethanesulfonate (6j)
1,3-Bis(4-carboxy-2,6-dimethylphenyl)-4,5-dihydro-1H-imidazolium (5j) (47.0 mg) was used.
Procedure A: 24 h, 23.4 mg (38%), Procedure B: 2 h, 11.7 mg (19%);

R¢= 0.05 (dichloromethane / methanol = 5 / 1); "H NMR (400 MHz, DMSO-dg) §9.10 (s, 1H), 7.84
(s, 4H), 4.54 (s, 4H), 2.47 (s, 12H); C NMR (100 MHz, DMSO-ds) 8 166.7, 160.3, 137.1, 136.7,
132.2,129.9, 125.6, 122.4,119.2, 116.0, 51.0, 17.5; IR (neat) Vi 3479, 1632, 1249, 1228, 1171,
1029 cm'l; HRMS (ESI) [M-OTf]" caled for C;H,3N,04: 367.1658, found: 367.1657; mp 344 °C
(decomp.).
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TfO

1,3-Bis(4-fluoro-2,6-dimethylphenyl)-4,5-dihydro-1H-imidazolium trifluoromethanesulfonate
(6K)

1,3-Bis(4-fluoro-2,6-dimethylphenyl)-4,5-dihydro-1H-imidazolinethione (5K) (40.9 mg) was used.
Procedure A: 12 h, 49.3 mg (91%), Procedure B: 1 h, 53.5 mg (98%);

R¢=0.25 (dichloromethane / methanol = 10/ 1); "H NMR (400 MHz, DMSO-d) 8 8.98 (s, 1H), 7.18
(d, 1=9.15 Hz, 4H), 4.47 (s, 4H), 2.41 (s, 12H); "C NMR (100 MHz, DMSO-dq) 8 163.1, 160.6 (d,
J=11Hz), 138.9 (d,J=9 Hz), 129.6 (d,J=3 Hz), 115.3 (d, J=23 Hz), 51.8, 17.4; IR (neat) Vyax
3065, 2932, 1630, 1478, 1253, 1150, 1029, 636 cm™; HRMS (ESI) [M-OTf]" calcd for C oHy N,Fs:
315.1665, found: 315.1667; mp 299°C (decomp.).

o
®
N 4\)\5

1-(cis-2,6-dimethylpiperidine-1-ylmethylene)-cis-2,6-dimethylpipelidinium
trifluoromethanesulfonate (6m)

Bis(cis-2,6-dimethylpiperidine)thiourea (51) (33.3 mg) was used. Procedure A: 47.8 mg (99%);

R¢= 0.19 (dichloromethane / methanol = 10/ 1); "H NMR (400 MHz, CDCl;) § 7.98 (s, 1H),
4.26-4.19 (m, 4H), 1.97-1.81 (m, 6H), 1.73-1.58 (m, 6H), 1.49 (d, J = 6.9 Hz, 12H); °C
NMR (100 MHz, CDCl;) 8 155.7, 119.1, 30.0, 22.0, 12.5; IR (neat) Vy.x 2948, 2874, 1641,
1271, 1250, 1222, 1145, 1027, 634 cm™; HRMS (ESI) [M-OTf] " caled for CisHyoN,: 237.2325,
found: 237.2325; mp 233 °C (decomp.)

/TMS
Me g Me

Me Me

®

koo
Me \g/ Me

TfO
2-Trimethylsilylthio-1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydro-1 H-imidazolium
trifluoromethanesulfonate (7a)
To a solution of 1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinethione (5a) (25.4 mg, 0.075 mmol)
in CDClI; (0.75 mL) was added TMSOT{ (0.014 mL, 16.7 mg). After stirred for 5 min, the mixture
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was analyzed by 'H NMR.
"H NMR (400MHz, CDCl5)  7.14 (s, 4H), 4.55 (s, 4H), 4.54 (s, 4H), 2.46 (s, 6H), 2.43 (s, 12H),
0.25 (s, 9H).

/Me
Me s Me

Me Me
Q/\%%N@
-/

Me Me
I@

2-Methylthio-1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydro-1H-imidazolium iodide (8a)

To a suspension of 1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinethione (5a) (50 mg, 0.15 mmol) in
toluene (2 mL) was added iodomethane (1 mL). The reaction mixture was turned to clear solution.
Then precipitate was appeared gradually. After the mixture was stirred for 2.5 h, the precipitate was
collected and washed with Et,O to afford title compound (70 mg, 98%) as colorless powder;

R¢= 0.35 (dichloromethane / methanol = 10/ 1); "H NMR (400 MHz, CDCls) § 7.00 (s, 4H), 4.72 (s,
4H), 2.42 (s, 12H), 2.33 (s, 6H), 1.84 (s, 3H); °C NMR (100 MHz, CDCls) § 167.6, 141.2, 135.7,
130.2, 130.1, 53.1,21.1, 18.2, 13.5; IR (neat) Vima 2951, 2915, 1536, 1446, 1283, 851 cm™; HRMS
(ESI) [M-OTIf]" caled for C2,HoN,S: 353.2046, found: 353.2044; mp 226 °C (decomp.).

Me S/ Me

TfO

2-Methylthio-1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydro-1H-imidazolium
trifluoromethanesulfonate (9a)

To a suspension of 1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinethione (5a) (97 mg, 0.29 mmol) in
toluene (3 mL) was added methyltrifluoromethanesulfonate (0.032 mL, 0.29 mmol). After stirring
for 1 h, the reaction mixture was purified by silica gel column chromatography (CH,Cl, / MeOH =
20/ 1) to afford title compound (108 mg, 75%) as light brown foam;

R¢= 0.35 (dichloromethane / methanol = 10/ 1); "H NMR (400 MHz, CDCls) § 6.99 (s, 4H), 4.45 (s,
4H), 2.35 (s, 12H), 2.32 (s, 6H), 1.83 (s, 3H); °C NMR (100 MHz, CDCl5) § 168.5, 141.3, 135.8,
130.4, 130.2, 52.1,21.2, 17.7, 13.4; IR (neat) Vima 2924, 1537, 1255, 1149, 1028, 850 cm™; HRMS
(ESI) [M—OTﬂ+ caled for CHpoN»S: 353.2046, found: 353.2044.
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Me Me

Me Me
NH HN

Me )—/ Me
e} HI

N-(Mesityl)-N’-(mesityl)ethane-2-amine amide hydroiodide (11)

N-lodoacetylmesitylamine (10) (4.56 g, 15.0 mmol) and DMAP (5 mg) in 2,4,6-trimethylaniline (4
mL) was stirred at room temperature for 2 days. After completion of reaction, 2,4,6-trimethylaniline
was removed in vacuo and the residue was purified by trituration with MeOH (10 mL) to afford title
compound (2.27 g, 44%) as colorless solid;

R¢= 0.50 (dichloromethane / ethyl acetate = 5/ 1); "H NMR (400 MHz, CDCls) § 9.22 (s, 1H), 6.85
(s, 2H), 6.74 (s, 2H), 4.32 (br, 1H), 3.72 (s, 2H), 3.30 (br, 1H), 2.24 (s, 6H), 2.21 (s, 3H), 2.15 (s,
3H), 2.04 (s, 6H); >C NMR (100 MHz, CDCl;) 8 169.4, 143.6, 135.2, 134.7, 132.1, 129.5, 129.0,
128.2,128.1,51.0,20.4, 20.1, 18.3, 17.9; IR (neat) vy.x 3368, 3262, 2915, 2885, 1659, 1541, 1485,
1439, 1237, 855, 714 cm™; HRMS (ESI) [M+Na] " calcd for C,0H,60N,Na: 333.1937, found:
333.1936; mp 176-177 °C.

General procedure of direct reductive amination of diphenylamine
To a suspension of bismuth chloride (10 mol%) in MeCN (0.02 M) was added Et;SiH (3.0 equiv.)
and a solution of carbonyl compound (1.0 equiv.) and amine (1.0 equiv.) in MeCN (0.2 M). And the

mixture was stirred at room temperature under Argon atmosphere. After starting material was
disappeared, to the reaction mixture was added saturated aqueous solution of NaHCO;, and the
mixture was extracted with CH,Cl,. The organic layer was concentrated under reduced pressure.

The residue was purified by column chromatography using Hexane / AcOEt (10/ 1) as eluent.

N-(2-Chlorolbenzyl)-N-phenylbenzenamine (15b)

According to general procedure, 2-chlorobenzaldehyde (0.02 mL) and diphenylamine (30.0 mg)
was used to give title compound (32.8 mg, 63%) as colorless syrup;

Ry=0.73 (hexane / ethyl acetate = 3 / 1); '"H NMR (400 MHz, CDCls) & 7.46 (dd, J=5.4,3.7 Hz,
1H), 7.38 (dd, J= 5.6, 3.4 Hz, 1H), 7.29-7.24 (m, 4H), 7.21-7.17 (m, 2H), 7.08-7.05 (m, 4H), 6.96 (t,
J=1.6 Hz, 2H); °C NMR (100 MHz, CDCl;) 8 147.6, 135.9, 132.4, 129.5, 129.4, 129.3, 128.0,
126.9, 121.6, 120.5, 54.3; IR (neat) Vi 3059, 1589, 1494, 1223, 1037 cm™; HRMS (ESI) [M+H]"
calcd for CoH7NCl: 294.1044, found: 299.1043.
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N-(2-Ethynylbenzyl)-N-phenylbenzenamine (15c¢)

According to general procedure, 2-ethynylbenzaldehyde (0.024 mL) and diphenylamine (30.0 mg)
was used to give title compound (34.6 mg, 69%) as colorless syrup;

R¢=0.50 (hexane / ethyl acetate = 3 / 1); '"H NMR (400 MHz, CDCl;) 8 7.51 (d,J = 7.3 Hz, 1H),
745 (d,J="1.3 Hz, 1H), 7.28-7.17 (m, 6H), 7.07 (d,J= 8.0 Hz, 4H), 6.94 (t,J=7.3 Hz, 2H), 5.15 (s,
2H), 3.40 (s, 1H); °C NMR (100 MHz, CDCL3) & 147.8, 141.4, 132.9, 129.3, 129.1, 126.5, 126.3,
121.4,120.5,119.9, 83.2, 81.1, 55.0; IR (neat) Vi 3286, 3062, 1588, 1493, 1223 cm™; HRMS (ESI)
[M+H]+ calcd for Co HgN: 284.1434, found: 282.1433.

N-(3,4,5-Trimethoxybenzyl)-N-phenylbenzenamine (15d)

According to general procedure, 3,4,5-trimethoxybenzaldehyde (28.0 mg, 0.142 mmol) and
diphenylamine (24.0 mg, 0.142 mmol) was used to give title compound (19.3 mg, 39%) as colorless
syrup;

Ry=0.20 (hexane / ethyl acetate =3 / 1); '"H NMR (400 MHz, CDCls) & 7.27-7.23 (m, 4H), 7.08 (d,
J=1.8Hz, 4H), 6.95 (t,J=7.6 Hz, 2H), 6.56 (s, 2H), 4.91 (s, 2H), 3.81 (s, 3H), 3.77 (s, 6H); °C
NMR (100 MHz, CDCls3) 8 153.4, 148.1, 135.0, 129.3, 121.4, 120.7, 103.3, 103.1, 56.3, 56.1, 49.3;
IR (neat) Vina 2937, 2247, 1588, 1494, 1232, 1124, 728, 694 cm’™'; HRMS (ESI) [M+Na]" caled for
C,H»303NNa: 372.1570; found: 372.1570.

o JJ
4

N-Phenyl-N-(furane-2-ylmethyl)benzenamine (15g)

According to general procedure, 2-furylaldehyde (0.015 mL) and diphenylamine (30.0 mg) was
used to give title compound (24.5 mg, 56%) as colorless wax;

Ry=0.70 (hexane / ethyl acetate = 3 / 1); '"H NMR (400 MHz, CDCl3) & 7.33 (br, 1H), 7.25 (1, J=8.2
Hz, 4H), 7.06 (d, J= 8.2 Hz, 4H), 6.95 (¢, J=7.3 Hz, 2H), 6.26-6.25 (m, 1H), 6.15-6.14 (m, 1H), 4.88 (s,
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2H); BCNMR (100 MHz, CDCl;) 8 152.2, 147.6, 141.6, 129.2, 121.5, 120.9, 110.3, 107.5, 49.5; IR
(neat) vinax 3036, 2916, 2360, 2341, 1588, 1493, 1361, 907, 789, 691 cm’'; HRMS (ESI) [M+H]"
caled for C7HsON: 250.1226, found: 250.1227.

o O
Wi
s

N-Phenyl-/V-(thiophen-2-ylmethyl)benzenamine (15h)

According to general procedure, thiophene-2-aldehyde (20.0 mg) and diphenylamine (30.0 mg) was
used to give title compound (21.7 mg, 46%) as colorless wax;

Ry=0.75 (hexane / ethyl acetate = 3 / 1); "H NMR (400 MHz, CDCls) 8 7.26-7.22 (m, 4H), 7.13 (d, J
=4.6 Hz, 1H), 7.07 (d, J = 7.8 Hz, 4H), 6.97-6.89 (m, 4H), 5.10 (s, 2H); *C NMR (100 MHz, CDCl;) &
147.6,142.8,129.2, 126.7, 124.7, 124.1, 121.6, 120.9, 51.8; IR (neat) vy, 3035, 2918, 2360, 2360,
2341, 1588, 1493, 1358, 1247, 746, 690 cm™; HRMS (ESI) [M]" calcd for C,7H;sNS: 265.0920,
found: 265.0921.

C%Q

N-(Cyclohexylmethyl)-/N-phenylbenzenamine (15j)

According to general procedure, cyclohexylcarbaldehyde (0.021 mL) and diphenylamine (30.0 mg)
was used to give title compound (43.3 mg, 92%) as colorless oil;

Ry=0.30 (hexane / ethyl acetate = 3 / 1); '"H NMR (400 MHz, CDCls) 8 7.26 (t, J = 7.8 Hz, 4H), 7.00
(d,J="1.8 Hz, 4H), 6.94 (¢, /= 7.8 Hz, 2H), 3.5 (d,J=7.1 Hz, 2H), 1.86-1.65 (m, 6H), 1.27-1.12 (m,
3H), 1.00-0.91 (m, 2H); °C NMR (100 MHz, CDCl5)  148.9, 129.1, 121.1, 120.9, 59.3, 36.6, 31.4,
26.5, 26.0; IR (neat) vy 2921, 2850, 1587, 1494, 1209 cm’'; HRMS (EST) [M+H]" calcd for CjoHyN:
266.1903, found: 266.1903.
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