U BFEFIAFAIE Vol. 57,45-53 (2008) 45

l«
[5
%

REMERZZAA L CERBEARROEMETIE

ZREBEI M2, ARG !

B FY—RMETH BT DT ARE (PYC) 1. KIEBRORENES TH Y IRIEWVEITEEREDOEMAKFEL
WA EN TV AR, EEERE < BREEEROBEME T~OBMIIRETH D, LK > T, PUC ZHWZERE
BIRAEAE TG OB RIL, AMARTRCRII 2EAREREERIELRDTOEETH D, EFLOMRAETI
PA/C PRIl TR MAME S 2R A U BHe RN EARE TG 2 BAR L C & 1o, RUSSHREOBANDL, HILVE
BRI A AT ARG OEBIEELNERETH S, SEIEE HITFMELEHOIRINT & 2 AT o Hi 1 B
LCEMIcBat Ui, FO/BR. P7x=A 27 4 F (PhS) OFEMIZE Y., PdC MEEHFTAES ICEMETLIND
RN NR=NE, FEE Y BEEYT JE _RUPAZ AT RN N-Coz REEOIFT. L7 1,
TEFLUROT Y ROBIRBRITVDFIRE & 12 o 7,

HBIRE : STV YLREE (PUC) . BHEERBNHAE T, MEMERE. V721 AL 4 K (PhS)

Chemoselective Hydrogenation Using Sulfur Catalyst Poison

Akinori MORI "2 and Hironao SAJIKI !

Abstract: While Pd/C is one of the most useful catalysts for hydrogenation, the high catalyst activity of Pd/C causes difficulty
in its application to chemoselective hydrogenation between different types of reducible functionalities. Therefore the development
of a new chemoselective hydrogenation method using Pd/C is important, because it might become a useful tool for synthetic
organic chemistry fields. We have developed a chemoselective hydrogenation method using nitrogenous catalyst poisons. In order
to achieve further chemoselective hydrogenation using Pd/C, we investigated the use of sulfur catalyst poisons as a controller of
the Pd/C catalyst activity. We found that the addition of Ph,S (diphenylsulfide) to the Pd/C-catalyzed hydrogenation reaction
mixture led to reasonable deactivation of the Pd/C activity. By the use of the Pd/C-Ph,S catalytic system, olefins, acetylenes, and
azides could be selectively reduced in the coexistence of aromatic carbonyls, aromatic halides, cyano groups, benzyl esters, and
N-Cbz (benzyloxycarbonyl) protecting groups. The present method is promising as a general and practical chemoselective
hydrogenation process in synthetic organic chemistry.

Keyphrases: palladium carbon (Pd/C), chemoselective hydrogenation, sulfur catalyst poison, diphenylsulfide (Ph,S)
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BREA M E A A A LB e A E IR A ALE TR

ERERLTWE Y, ¥, = FL YT I E PAC
5 Pd/Clen)fb A FABT 5 Z LICHRII L, ThE EReEE
RGBSR AR LTEAL TV Y, —F, FiEiX
Pd/C DAz : LTHLN TV D, ERFELED
DEAET T PUC RBEBICRET S0, MELED
OFEMBAI 2 FINC L 2 BReEERAEMETIITL AL
BEENTOWARWY, FH5 013, BYRmELEYEEE
IR 5 & CUEROE REESR ISR STIEIZ I3
W RERME R BT 2 LR TEBbDEE R,

2. RUSEMOREL

FTEERY FUORTETA LT 4 L ORERIRAIIC
TT B RIEOWSIE BRI E LT, J‘LEODETQE%MFJ“
FRIZHTFETS
A P/C IZxt$ B RBEIEMEMHIZIR 2 /5T L7 (Table
D,

Table 1 Assessment of additives for chemoselective
hydrogenation between olefin and aromatic ketone using
chalcone (1a) as a substrate.?

additive (0.01 equiv)

I ar(aye BT E LT, fix Ol

Q _ _10%PdC (10w %)
Ph 1 “Ph" MeOH, H; (balioor) Phj?\/‘ Ph Phg\/‘Ph PH"Ph
2 n,24h

entry additive 1a : 1 : 1c : 1d
1 none 0 . 0 0 100
2 Ph,S, 100 - 0 0 0
3 PhSH 100 - 0 0 0
4 Ph,S (0.001eq) 0 94 6 0
5 Ph,S 0 100 0 0
6 Ph,S (0.1 eq) 0 100 0 0
7 Ph,SO 0 93 : 7 0
8 Ph,SO, 0 : 0 . 100 0
o s o . om0 0
10 Ho™ > SH 1o . o0 . 0 0
1 NS 100 0 00 0 0
12 N SMe 0 . 100 . 0 0
13 Me,S 0 . 42 . 58 0
14 Me,SO 0 . 0 . 100 0
15 Me,SO, 0 : 0 . 48 52

*The ratio was determined based on 'H NMR analysis.

TR E Mz o e FEFES N RO VT ¢ i3t
WBTIN, MG T 5 13- 7 =17 uxr (1d) B4
L7 (entry 1), —F., EHEIZXLTO00l HEDT T =
SNV RARALT 4 F (PhS,) HAHNIETFA T ) — b
(PhSH) WML/ E Z A, PA/C ORBLEIZZRICHE
KLEEFEBRT b OHRRLTAL TV DBTIZHE

<HEITF L2227 (entries 2 and 3), ‘V‘ﬁﬂ%‘ LTV 7 =
w_/l//wl/]/f F (PhS) ZAWEEAICIE., FEES b
<miéﬂ?ﬁV74/®ﬁ# WM KBS
T: (entry 5), F7=, A VL7 4 L OBRBKERIL. BN
¢597I:wzw74P&om%%#EOI%%’%%
LIz &I b RBRICETT L7 (entry 6), T 0.001 ¥ &
_ﬁifé&\%ﬁﬁ%%ﬁ%%#ﬁ%bﬁéﬁ&b/
(ALY B R P T IV (1)~ DB TN — BT L7
(entry 4), FiFBEF LOFEFEFH/ESEIVEY T =
SNV AAVEF YR (PRSO) RV T == VA NK
(Ph,SO,) 1% PA/C IZxT 5 AREEHEIIRIRIR MRS, F
FET P OBTEREIIIH CE 2o (entries 7
and 8),
wiz, IEMERMBEICSHORINPRIZ OV TR LT,
THAFNFA—VEEZRINT D &, PAC ORREEMEITTE
FTHE &, BTITIZEA SHEIT LR o7 (entries
9-11), —H, entry Il THEA LT I ) FA—NDF F—
NEEF AT =T NMIERT D L. PAC (I3 2
MERBIT LY 7 = = VAT 4 K EIEIERZE ORIREN
‘oz (entry 12), £, A ?/I/X/I/74 k (Me,S) .
CAFIVANEFT R (Me,SO), RO AFILANK
(Me,S0,) 1E, fEEENME FEKRT b OB s
1T L7= (entries 13-15),
LR OBEAEH OB TIFIDRIT UTOLS B X
D EABPICHRATE 5. MER T LOFEHEE NI
FEANCER STV F A —/L (entries 3 and 9-11) @
BAITIE, FEEFOPd ~DEARESIZE Y, By
gt EM AR, —J, AUEF TR (entries 7 and 14)
AR (entries 8 and 15) i Pd ~DENIEENEL | fb
BEEMEIHII R+ S W, W ER T EICAE
Wkt DOIELEEFEF L2 EOT RN T 4 R\ fbidEs
T (entry 2), ¥, MERTFLOZHOOEMEET
MM BEEICERKSINZF A= —F L (entries 4-6, 12 and
13) 134 L7 ¢ VOBTITETT 200D, 7 h DB
BEHIEND, FAT—TLVEERRTE &, 2-(AF NV
FHY=FNT I (entry 12) TREFTHERET LD
FHBFEFXD Pd ~DOEHL, T 2= VAN T 4 F
(entries 4-6) TIIX ¥ 8B n BEF D Pd ~DEAL (Pd-n-
TV — VRO . TRbLRERTF LS ot
BIREER, PAFARLT 4 F (entry 13) XV 3y i
HEEEPTRTLOLEILND, Thbb, 2(AFLF
VT FNT I HANEIT T ==/ R )VT 4 ROEMT
i, BT O Pd ~DBAREMIZNLZ, BRETH S
WERE B 1 BT D Pd ~DEEIITIVEAIIZ L b
Pd/C OFEBIEMESBEE (CIE s, FEES b oERET
TOALT7 4 OBRIRBILBFREL L oTo b D EB X
TUVD,
PlE, V7 x2=VANT 4 RE2(AFAFH)TF LT
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U EEERY FOERFETICBIT 53V 7 4 BRI
FRTICE LRI Th D L xR LI, V7 = =0
AT 4 R 2 AFAFA)ZFAT IR AR
BEMEEAERSBYOFORES TH LD, e ki
i e UGER LT,

3. BERERRMEAMETE
(1) BBFEINVR=VE

FIRARIZ I VT 2= VAT 4 FOBRIMI LY,
EFRWES N ORFETA LT 4 ORIRKEBETRARE & 2
%, TOEREERMEICET D BREEERT . 7 F
VEF LT 4 BB VET RFLUNRETIEE S
W BRI BT AT R T o7 (Table 2), FEKRST b
VEALT 4 v BBNETEFLUONHEETS 1a—3a %
BELLZL A RE-RELSEM/EPBRIRMITELS
. FeT 2807 U ERBIRECE LN (entries
1-3), &bz, IBURT b &ALy 4 UHBRETLHEE
(4a RO Sa)lEA LIZBAICh, A v T URBIREIC
BT EANT (entries4and 5), LLE. 10%Pd/C 2L L
THEBRTR~DOY 7 = =V ANT 4 ROETIMI L D57
FEHDHITIEBES b EFETAL T 4 VROBT BT
L DBEIRASE T O A LT D2 LN TET,

Table 2 Selective hydrogenation of olefin and acetylene in the
presence of aromatic or aliphatic ketone

Ph,S (0.01 equiv)
fo) 10% Pd/C (10 wt %) 0
—————— e

R1)L R,  MeOH, H, (bailoon) R(‘L Ry’
rt, 24 h
entry substrate product yield (%)
e}
1 Phﬁ/\Ph PR "Ph quant
1a 1b
o (0]
2 PSP~ Ph P ~""Ph 99
2a 2b
0 0
3 Ph)\ Ph~"Ph quant
3a Ph 1ib
o] (0]
4 PN pr~ 84"
4a 4b

(o] (0]
5 )’\/‘(\a’s\ M%\ 68°
5a 5b

Scheme 1 First attempt for chemoselective hydrogenation
of olefin in the presence of aromatic aldehyde.

Ph,S (0.01 equiv)
Q 10% Pd/C (10 wt %)

o
OH Me
ooy O Ol
~#  MeOH, H; (balloon) A~ O
O O

6a i, 24 h 6b 6c 6d
6b:6¢c:6d=50:9:41

& 2 AT MR TG IR E A RIS I RE R
B RIFT, PA/Clen)E AWV AR T CIRIEE A ¥ /) —
AWE THE LR 25 L, TRF Y REOETHRBREK
e 9. B BAUVNLASRAHE N-Coz (&R DK B S IEIIH] &
ho 9 Fi PAC AW EMETRET 7 L a—
JL® TBDMS (tert-butyldimethylsilyl) fRiEZEiIA ¥ /) —v
FCESICHRE SN A, B/ (AcOED) &HDHV
77 b= kYL (MeCN) F T e < iR#E Sz 9,
E 51T, PAIC #AE & 3 2B THSIZIHWT, @E
AB )= VHETEHBEBIBTEZIT ARV I NVTZ AT )V
X Cbz REED, BEZFEE-FNMIZRAD LBTSHh
WK RBZEEBEL TS,

PUEOHB LD V7=V AT 4 FIT L AR
MEIZhE LRI L DRSS R EAEDED 2 L
T, BFEET7 VT v ROBTICHT 5 PA/C OREETEMED
BB AEETH D EEX T, FZ T, FEKETAVTE FD

Q Me
solvent, H,, (balloon) @/H\/J’ ©‘/;’O\H/ " C[o’\/

0]
o8
0’\/
6a n, 24h . 6b 6c 6&d

BIEABIRANCIG S A UGB E REHT <, 6a &
B L LI-EERE 21T o7 (Table 3),

Ph;S (0.01 equiv)
10% Pd/C (10 wt %)

Table 3 Solvent effect on the hydrogenation of an aromatic
aldehyde *

entry solvent 6a : 6b : 6¢c : 6d
1 MeOH 0 50 9 41
2 THF 0 100 0 0
3 AcOEt 0 100 0 0
4 MeCN 0 . 100 6 0
5 1,4-dioxane 0 - 100 0 0

“[solated yield. ® The reaction was completed within 13 h. © The
reaction was completed within 1.5 h. The low yield of 5b was due to its
volatile nature.

W2 AKFEEAEFERTNVTE RngkFET 5417 40
(6DBTICHEA LI- & Z A, TAT E ROBILEFTRIC
T 5 Z i3 TE b o7z (Scheme 1),

*The ratio was determined based on "H NMR analysis.

ZFORE, 77 Fe7 5 (THF), EifEx=FIL,
TEr=FUA, RO 14-PFFH 2RO TTEEIE,
EEHET VT E RRE{BrInT AL 7 0 UBAERY
BT END ZEBHALNE o778 (entries 2-5) | BE
B FNEEEE L THELYDFEERT VT e F~DER
ERE L, EFHSEENBERLEFFET LT E R
(6a-8a) DIETITE < HEITHT (Table 3, entries 1-3),
FTHAVT 4 DOBITLOIHDIBRIRGIZEIT L7z (entries
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2R3, 6T, BT RIIMENBHR LICFEET VT
B R (9a KU 10a) ROFFRT AT R (1la R 12a)
CEBALEZEAICL., 7TVF e FiieBand

(entries 4-7) A L 7 ¢ > DBIRAJFE LA ERK 7 (entry
Do

Pk, PAC ZfbfE L T DHMBILR~DY T ==L R
N7 4 ROTMZ LD  BFEEINR=NALEHDETH
BRMICHBZZT AV T4V ROTEF Lo DHEER
TT5FREELTUEATIZENTE T,

Table 4 Suppression of the hydrogenation of aromatic
aldehyde and selective hydrogenation of olefin in the presence
of aromatic aldehyde

Ph,S (0.01 equiv)

HPEFICEL EENDIBRETH B0 KFELHfET
LR MOBTHEEREDR TN TR & 2l FHE
BEOBNENERDOT-DIBDO THRALTIRE RS,

2T, FEEAH D PYC I L BAKELSFRICKE
FTEVT = VANLNT 4 ROBMEBIREKRET L7 (Table
5)a

Table S Suppression of the hydrogenation of aromatic halide
and selective hydrogenation of olefin in the presence of
aromatic halide

Ph,S (0.01 equiv)

10% Pd/C (10 wt %) 0
T H Y H
Ry ACOEY, H, (balloon) R
, 24 h
entry substrate product yield (%)*
Q
MeO. H
1 MeO recovery 99°
OMe
7a
0} 0]
H H
2 d;/\/ E)\)(;\/ 91
6a 6b
o] o]
H H
3 \/\O/Ejk \/\Oji\;l)L 95
8a 8b
o}
4 NC/©)L H recovery 92%¢
9a
o}
H b
5 Q} 9
HO,C recovery
10a
o}
6 Ph recovery 94>
11a
(0] (0]
H H
7 93d
12a 12b

X 10% Pd/C (10 wt %) X
R—:(j’ R
7 MeOH, H, (balloon) 7
(X=Cl, Br) 1, 24 h
yield
ent substrate roduct
ry p (%)
"—Cl
1 Q Q recovery 75°
13a
(0] o
Y
Ci Cl
14a 14b
(@] (0]
F
Ph O)\/‘Ph
3 CIO)K/ Cl 97
15a 15bh
0 0
4 /@/\)LNHZ /@/\)LNHZ 90°
Cl Ci
16a 16b

(e]
J@N CcoH 99
Cl
17a 17b
6 BI’ >99d.e

recove
i8a ry
o
7 /(j)K recover 2b4d
Br Y 8
19a
(ONZ OO\/\

8 Br Br >99°f

20a 20b

“Isolated yield. ° Isolated yield of the recovered substrate. ¢ MeCN
was used as a solvent. ¢ Small amount of intractable material contained.

(2) HEWH my

Pd/C ZFEHR 0y DKFLHFRI X 2 8\ AR
EHEEZRE LTS BMETZE0ER TR THEER
NaF U ERETLZ L EEEETH D Y, F72. Pd/Clen)
b PA/C L RIBRICHF SR v b OKFE S RERRETEE %
FLTNBE ), —F, FBR A0 AIEERL R EEWE

*Isolated yield. ® Isolated yield of the recovered substrate. ¢ The yield
was determined based on '"H NMR analysis. ® Ph,S (0.5 equiv) was
used. ° Determined by GC/MS analysis. A trace of debromination was
detected. " Ph,S (0.1 equiv) was used.

4-7mn 7 2= V(130)FFEHE LT 001 B0V 7
T NVANT 4 RERIUTZ & A ERREBEZEDOKEL
SIRTESEIT Lol (entry 1), RIZ, FEKESE
A LT 4 oBEFETHIREEA4 1T ER N E 2 S, B
WHRIETDHZ LR FVLT7 4 DI ERIRIGETT S
TN TEI (entries2-5), 7, HEEEHE LY bkE
a2 TRTWEFRREBEOKELBImHEIZ Ty
T2V ANT 4 R 0.0l HENG 0SS HETHEET DN
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Wi o7 (entry 6and 7), BELOFI L LT, FEKRR
A VT 4 o NRETDIEEQIM RN AL T 4D
EHERIRAEAR TICE, 01 HBDY T 2=V AT 4
FoOEmELEE L (entry8), LAk, PA/C &MV HE
BT AG TS 7 2= VAL T 4 RORIMI L5 EEEK
WFRDDVIIEFRREFLFT TOA LT 1 DFRE
BINFREE Lo T,

(3) RUVNVTART IV

RPN T RATFVTEAURERBETHY . ~TF
RAERAITIUD LT HEEEM TR TR BROKE
HELTEASNTWS 9, BUREIZIIRRIEERET T
DMK SRR Birch Btie EMFEA IR DM, K Vigf
Fed RS TS BT BB TIES R L — RN TH D, 1
L7-2o TEREE £~ Do 2T VR #IT MR T
WL ABUMRESIHE TSNS Z L BE L RPNV T A
FAEE FICHOBTIEEEE 2 BROICEMET T D
CWVNHRAMIIINFETITEAEEE LMo T, BILP R,
Ny PNT AT UVEIETICB T Ao ERREETIEERE
HORRAEAB TR THE & Ul AR TRIZBIT 51
VOAT AT AOERMENE L L AREK AL TS ET
OF - IBR A RET LR TE D,

Zappia & I3FEEE = F L H 3% PA/C & WS TIC
W RN RTFAERELEEEHFTLIALV T 4
L OBREBRTICRI LTS (Scheme2) ", LU
ERRE SN DAL FEHKFIIC N U= AT VO
REDEITT DO FUEEEEBRBSNTOILEND D,

Scheme 2
| e 3% PA/C (5 Wt %) NHBoc
NHB \
COBN  AcOEY, H, (balloon) COBn
1h:95%
16h : 83%

LI AT, MEFEE TR L Pd/Clen)it Ny Pbx—
FNDOKFE R A B L2 WS AR DNV T AT VR
BRI BURET D Z ERA LML o TS Y,

—F5  Pd/Fib IZ_ Y O R F L DOKRBLSRRCKT D
BETEMEDME S | N UL AT AEET, AL T 4D
BIRMEERE T A ATRE S LW B8, LY DR S
Vo, B-REIFIAR S DA AT LT, BRI TREMA,
1) 2 1B THF 2 BV @R ERE SRR
11)

F2T, LVRAREOENEEFRAR T VT =2
NANT 4 FOBEAZHET LI (Table 6),

Table 6 Selective hydrogenation of olefin in the presence of
benzyl ester
Ph,S (0.01 equiv)
10% Pd/C (10 wt %)

R-CO,Bn ~ R-CO.Bn
MeOH, H, (batloon)
rt, 24 h
entry substrate product yield (%)*
Z~CO,Bn “CO,Bn Y
1 22a 22b 100
2 )\C02Bn /LCOQBH loob
23a 23b
AAC05Bn A~L05Bn
3 242 24b quant
~CO0,Bn ~_C0,8n
4 Ph Ph 94

25a 25b
\/@COQB“ CO,Bn
5 > \/C 95
26a 26b

“[solated yield. ° The reaction was performed in CD;OD. The yieid
was determined based on 'H NMR.

ZORER, wp-FBATMINVE VBRIV ATV

(entries 1-4) RFFE RN VAR LR VLT AT )L (entry
5) b eI EanT £FETLFVT 4 DR
BRI T D Z LN TE T,

bk, Y72 AV T 4 ROFMIZE D, PIC %A
23 5D TR R AR TR G T N VAT RT
LEFETIA LT ¢ v 2 RIRBANR T 5 FIEL ML
L7,

(4) N-Cbz g

Cbz (benzyloxycarbonyl) {3l £ 3Bt FLMEGo kT i
W ER T T I ) EOREREL LTATTF FEHKICE
HAEnTnsd 9 BR#E L L CIXRHeRREITOEERR
ETTOMKSFELH LN TS, FBfkfHT, £
MERTRE R AR TTIED R b — R TH D, LI »> T, &
ARNITHARB T T Chz SREEEBRET D L 5 el
BRI THILD, UL, Chz SR#EREZ EIREICHIREL
RRVERRB TIEN R R ST GEE OBMETIC LS8
1R & DFEND T L BF B — N OBRHE
LB,

Zappia Bi, FITERI-ARU TN T ATV L FERIC,
BB F LR U & 45 2 & T Cbz OKFE(L/SAE LI
SN HFETHALT 4 CRBRIRICEMEIL SIS 2 &
FEEL TS (Scheme3) 7y LU, BrEAFHIIC Cbz
(R DOKBLDRIETTH 2 KISOEERVE=
2 TBRUEAETHD,
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Scheme 3
NHCbz 3% Pd/C (5 wt %) oh NHCbz
Ph Az
COMe  AcOEt, H, (balioon) . COMe
45 min : 60%
3h:>10%

Shinada 53 Pd/C & Ve BERETTRGT X2 7 U v
ERFERDOBRIMZE Y Cbz (REEDOKFLLBEIMH X
NAZLEERHL AL T 4 R DN AT )LOFER
FIBELE LTHELTWA (Scheme4) P, LaL, {b
EERE O KRB MY [3-(cyclohexylamino)-4-
(1-methylethoxy)-3-cyclobutene-1,2-dione] 23 %L E T v [
NS,

Scheme 4
)
10% PAIC, | O 1 equiv
P ° PO N (Teau) NHCbz
CO,Me CO,Me

MeOH, H, (bailoon), 1 h 93%
—J7. Pd/Clen)% i - HEAB UM T Cld, IS L
T THF 25 L IERAIE T 2 >0 Cbz (RS BifR#E X
nin, L, BEEET IO Cbz F#EDOKFELS
FRITIEITE RN D, X 5|2, PFib S LTHWS
b AB ) — NV TIE—ER Cbz 1R R D BB IS 25 81T
T5M, THF 2B E+HZ LT, FEET I D Cbz
RBEEAFEBFL-EETHL 7 4 VA BRWGETTE
Z) llc)o

EFIL, VT 2= NANT 4 REETIZET S PAC %
fb & U 7-HEB ik s Cbz (RER L AL 7 4 UiNHeE
T A EEQRT29a)Z A L7~ (Table 7).,

Table 7 Selective hydrogenation of N-Cbz protecting group

Ph,S (0.01 equiv)
10% Pd/C (10 wt %)

TORER. BWIET IV - FEET I 0 T1d Cbz
REL AR T D L AL T 4 U EBRIIC
BILTE T (entries 1-3), AFETITIAMERE W PA/C
ERAE )= NEFERATH LS EREL L TER
MEREWEERD,

(5) HEWHRL T /5

EELCBRIER VAR BoEE L LT
FBRYT ) BEEFETHLONREN Y, - o7 2 &Eix
MRS IERLBRRIGEB L TT AT ROAIARCBHD
W7 IV R ESRERERE~LERTE DD FEK
= MU VTERBRAERPREEE 725 809 BiC PA/C % il
WL LEHBE=RNIADORINT I o ~OHEEBT
PR GT CHRITT 2 -0FASENED, LML, BE
BT ) BOREPLERIGE \ITEMET TR 28T
HUNEBRHDT D FERYT / EEETETIMOBRT
HEREOBREMETS TENIT. = N LD BEN
ERENB,

Z T, PAC OFEFRST /) EOBMBETIEMIC T
LTV T == NANT 4 ROWHIEIREE BT L7 (Table 8),

Table 8 Suppression on the hydrogenation of aromatic cyano

group
Ph,S (0.01 equiv)
10% Pd/C (10 wt %)

CN CN
fl N DR A

MeOH, H, (balloon)

n,24h
entry substrate product yield (%)*
o
1 MeO recovery 100
30a
¥
2 .4 recovery 100
31a
o~ CN
H
3 g d recovery 940
9a

R-N-Cbz R-N-Cbz
MeOH, H, (balloon)
rn,24 h
entry substrate product yield (%)*
\/\NV \/\N"\/
i Cbz Cbz quant
27a 27b

NHCbz NHCbz
28a 28b
©\N/\/ ©\N/\/

Cbz Cbz
29a 29b

99

?Isolated yield.

*Determined by '"H NMR. ® MeCN was used as a solvent. ° Isolated
yield.

TR, FEHERVT 7 EIEL BRrESh o
(entries 1-3), 728, £HETAFEFHE I LR =/LEE 4L
HBEZ T 2h o7 (entries 2 and 3),

PAE, PAIC ZffiE L+ 2HAMBRTRA~DY 7 2 2L X
NT 4 ROEINZ LY (FEEST 7 EOEME T 20
TOHZENTERLASERETCIIA LT 4 B DT
TEFVOBTITETT D7D AV 74 oHBVNTT
TF L LEFRYT ELOBICBY A ERELRIRM
EAEITTOREME A RE T3 2 L BN TE T,
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(6) 7VF

7Y R, PIC ZfbE s T 2 EMMRTRIGICE D 7 2
UNEBD TRBICEBREIND T, T I UREIEREAE LT
AobhTng B, 7oV AT 4 RERMT5Z
LIV TV FOEMETAIS TENE. TV REET
TOA VT 4 R EOBIRVBETTOFREL 25,

Table 9 Pd/C-Ph,S catalyzed hydrogenation of azide

Ph,S (0.01 equiv)
10% Pd/C (10 wt %)

N3 o NH2

MeOH, H, (batloon)

i, 24 h
entry substrate product yield (%)
MeO._ N3 MeO. -~ NHy
1 MGOQ jQ/ t
M uan
OMe e0 OMe q
32a 32b
ot o
2 HO,C HO,C quant
33a 33b

solated yield.

BNORE KSR T 2= VALT 4 RREELT
L7 Y REAESICBTIN HGT AT I o NEBMICHE
Hiv7- (Table 9, entries 1and 2), T 7cbH, 7V FEA v
T4 UROTEFLV LB T 2=V AN T 4 FOR
MC & BBITHE EZ RO R L L R o T AD
BUOMERELET CO7 Y FORRGBARGESL L
TOLEBOBERPRAEND,

(7) =ha &

ZheEEIBTIC L VRRCT I ERCE RIS T
W EER= kA WiET =) UBEERORIEEAEE LT
HRATHD, HFEKR=raEoBTE LTE, 2AX (Sn)
81028k (Fe) P2 HVWAFELHS MDMbATVD
MR — F A M A O - AR TR — R FIET
H5 Y,

Tl = b EOEELRIROEMETECELTLE
SMBIFRENTNG ), FlZ1E, Pt-Sx-B—HR v &
TR, /o buUEUEEENb /e T
=) VEHEEEA~OERIZAV STV S (Scheme 5) 9,

Scheme §

2% Pt-Sx-Carbon Powder -
e )-nos - o~y

EBITENT, R —REMEe AW ICBMETIZ L D,

FLT 4V EERTNATE FHAWIFEEREYT ) ETF
HETFTO= b o ERRARTHEE S/ (Scheme 6) ¥,

Scheme 6.

OzNO/\

AU/TIO, (0.23 mol%)
129 °C, H, (9 bar)

H2N\©/\

conversion : 98.5%
selectivity : 95.9%

— 5 EH O DOFEETY Pd/Clen) & -~ VLT
—F L) FeRRT I V0 Coz R#ERE PP R TR
R 2D T TO= b uEORRK AR TR MY L
TW5b, Ll EMELEEFT T= o E0OBETL I
L.,= b a0 LB ERINMBR T & 2R L6
HHESNTWRY, F2C, = b ErkEfs ik
BFe LT, = bunEoBEMB A3V 7oV ANT
4 FOWMBREME LIz (Table 10),

Table 16 Attempt on the Pd/C-Ph,S catalyzed hydrogenation
of nitro compound

Ph,S (0.01 equiv)
10% Pd/C (10 wt %)

~-NO2 ~NH2
R{)/ R
Z MeCH, H; (balloon) Z

rn, 24 h
entry substrate product yield (%)*
NO,
1 @ complex mixture -
33a

ONOz NH,
2 MeO MeOO 67°
34a 34b
YO/Noz NH,
3 & \,(O 53¢
o 35a 0 35b

*The yield was determined based on 'H NMR analysis. ° 33% of the
substrate remained intact. © 47% of the substrate remained intact.

FORE, = tuXo ¥ @33 a)0ETiiEReT. #
MR SUSIREME 52 (entry 1), FEEKE= b{La&®
IEEMETICE Y = ba EES. BV TE Raf T
IVERTT = UBERICERENDS, ZOWRET, &
FTOETRBWHEICIEFHEETH D = b o YRR REE
B®AEZF. TEL TR RIS LEMBERT
B ERHMBATNVS ', KETIE, V7 ==V AT
4 FOFIMZ LY = b o EoBrsiBiE L (TREOHFam
MEL2V), FIEHEHITET LD EEZ LN,

Fo, BFHESHEENERLIZAEGI)H 5 WNITE
RAIMEENERR L - EE35)DBIT T, BIERY TR
AN b DD, 33a OFETT L FEMKISIEZEREE T,
JF#H(34a and 352)037% 7% L7 (entries 2 and 3), LA L DFER
MNE T 2=V A T 4 REINZ L D= e 3BTl
IR THD ZEBRHALNE ST, 2B, RO L



52 ZOBRI, EIEAILE B EMEE AR A Lo ERAERRBEMETIE

7oV 7 x=AANT 4 FE& PUC IZHFF L - iR
PA/IC(Ph,SY & ER$H 2 & ¢, = huioBrisEacil
BT B ERHLMNERSTNE DD THOBEIZH
HLREW,

(7) fhigLoHF R

TIE Tl T & 7B R B IRNA AR ST A TRy
—% PA/C A 45, LiZA > T, AR -FHF
AR L i, AFEOFERAMERILIIMET S, £
IT, AR VN (24a) G L LT, RO BR|
& #at L7 (Table 11),

Table 11 Recycling of used Pd/C on chemoselective
hydrogenation of benzyl cinnamate

Ph,S (0.01 equiv)
10% Pd/C (10 wt %)

P CO2BN ~COBN + A~ COH
242 MeOH, H, (bailoon) 24b 24c¢
n 24h
entry reuse 24a : 24b t 246
1 — 0 : 100 : 0
2° Ist 8 L2 10
3 2nd 80 200 0

*The ratio was determined based on 'H NMR analysis. "The reaction
was carried out without further addition of Ph,S.

FKERADOIBELER LIBEIT AN IAT AT V%

FERELILEEA LT 4 OB BERINGE T I 07, RIT,

entry 1 TEA L7 4 R, RBREBEEREZRAL,
BN L7t 2 ATV 7 == 27 4 REEMES
ICEARIT Lo & 2 A MEIEEORTARD b, N
CNTRATADOBEEOETHAMEI S ND L EbIZAV
TAVOBITLREBE LR o7 (entry 2), iz, D
BAHA 2ENRD EEELS ST LR (entry 3),

PlE —BEHER U OIEE I RIBICRHB LY 72 =
NANT 4 REFHZIZEN LR THERV LT ATV

DBRERMB SND ZEBHALNE ol LIEB - T,

DT =)V ANT 4 REBRMALE 45 EREEERIR A Ah
BILTHRARFEHO PA/C 2 —KEEWEI D TERT 200
ZFE LV,

BREERINAETIIH R D PA/C &gt L U7-BEAE T
TIEHEHRECH S, FF O BHMEEEE2ETDH
MFELAYOMBERMEICER L, 2 ORI X 2 fmEEsE
DOFEZ R Uiz, ZOREER, s (FEEIZx LT 0.01
UE) DY T = ARAT 4 FOBRMIC LY. PUC D
TTIEMPEEICMEI SN Z WAL E L ),

b, PAC %Rl L4 2BART CIIBESIGEILEND
EERT b TATE RERO NS Y (CLBr), N
VT IE RO UAT AT N-Coz iR#ELE A RRFELLE
F OHETEFLT 40, TEFLUVROT Y RORBIRY
BRIONAEEE 2o Tz, oB, U7 ==L ANT 4 R, B
EETFOPd~DOEMORR LT, RUEVR 1 BEFOR
iR AR L SO ED WRAMERS #MA L
THEERTHDRERLELDEZEZTNS,

5. ZEI

1) (a) Sajiki, H., Tetrahedron Lett., 1995, 36, 3465, (b)
Sajiki, H., Kuno, H., Hirota, K., Tetrahedron Lett. 1997,
38, 399, (¢) Sajiki, H., Kuno, H., Hirota, K., Tetrahedron
Lett., 1998, 39, 7127, (d) Sajiki, H., Hirota, K.,
Tetrahedron 1998, 54, 13981, (e) Sajiki, H., Yakugaku
Zasshi 2000, 120, 1091, (f) Sajiki, H., Hirota, K., Chem.
Pharm. Bull. 2003, 51, 320.

2) (a) Sajiki, H., Hattori, K., Hirota, K., J. Org. Chem. 1998,
63, 7990, (b) Sajiki, H., Hattori, K., Hirota, K., J. Chem.
Soc., Perkin Trans., 1998, 1, 4043, (c) Sajiki, H., Hattori,
K., Hirota, K., Chem. Commun., 1999, 1041, (d) Hattori,
K., Sajiki, H., Hirota, K., Tetrahedron Lett. 2000, 41,
5711, (e¢) Sajiki, H., Hattori, K., Hirota, K., Chem. Eur. J.
2000, 6, 2200, (f) Hattori, K., Sajiki, H., Hirota, K.,
Tetrahedron 2000, 56, 8433, (g) Hattori, K., Sajiki, H.,
Hirota, K., Tetrahedron, 2001, 57, 2109, (h) Hattori, K.,
Sajiki, H., Hirota, K., Tetrahedron, 2001, 57, 4817, (i)
Sajiki, H., Hirota, K., J. Org. Synth. Chem. Jpn., 2001, 59,
109.

3) Oelschlager, H., Arch. Pharm., 1960, 293, 442.

4) (a) Sajiki, H., Hattori, K., Hirota, K., Chem. Eur. J. 2000,
6, 2200, (b) Sajiki, H., Hirota, K., J. Org. Synth. Chem.
Jpn. 2001, 59, 109.

5) (a) Sajiki, H., Hattori, K., Hirota, K., J. Org. Chem. 1998,
63, 7990, (b) Hattori, K., Sajiki, H., Hirota, K.
Tetrahedron 2000, 56, 8433.

6) (a) Hattori, K., Sajiki, H., Hirota, K., Tetrahedron Lett.
2000, 41, 5711, (b) Hattori, K., Sajiki, H., Hirota, K.,
Tetrahedron, 2001, 57, 4817.

7) Misiti, D., Zappia, G, Monach, G.D., Synthesis, 1999,
873.

8) (a) Larock, R. C., Comprehensive  Organic
Transformations, 2nd ed., Wiley-VCH: New York, 1999,
(b) EHER, &AL F BAAKERLEIE A
ARA~OGR, BEELFERA, HEKX 1987, (c)
Nishimura, S., Handbook of Heterogeneous Catalytic
Hydrogenation for Organic Synthesis, Wiley-Interscience:
New York, 2001, (d) Hudlickey, M. Reductions in
Organic Chemistry, 2nd ed., ACS: Washington, DC, 1996,
(e) Rylander, P. N. Hydrogenation Methods; Academic,
New York, 1985.



U BB A ZATEE Vol. 57,45-53 (2008)

53

9) Sajiki, H., Yakugaku Zasshi, 2000, 120, 1091.

10) (a) Greene, T. W., Wuts, P.G.M., Greene’s Protective
Groups in Organic Synthesis, 4rd ed., Wiley: New Jersey,
2007, (b) Kocienski, P. J. Protecting Groups, 3rd ed.,
Thieme: Stuttgart, 2005.

11) (a) Sajiki, H., Ikawa, T, Yamada, H., Tsubouchi, K.,
Hirota, K., Tetrahedron Lett., 2003, 44, 171, (b) Sajiki, H.,
Ikawa, T., Hirota, K., Tetrahedron Lett., 2003, 44, 8437,
(c) Ikawa, T., Sajiki, H., Hirota, K., Tetrahedron 2005, 61,
2217, (d) Ikawa, T., Sajiki, H., Hirota, K., J. Org. Synth.
Chem. Jpn., 2005, 63, 1218, (e) FEIE AL FOoLHEZE
B, 2006, 74, 2.

12) Shinada, T., Hayashi, K., Yoshida, Y., Ohfune, Y., Synlett

2000, 1506.
13) Kleemann, A., Engel, J., Kutscher, B., Reichert, D.,
Pharmaceutical ~ substances  synthesis, patents,

applications, 4th ed., Georg Thieme: Stuttgart, 2001.

14) (a) Natelson, S., Gottfried, S.P., J. 4m. Chem. Soc., 1939,
61, 1001, (b) Clarke, H.T., Hartman, W.W., Org. Synth.,
Coll. Vol. 1, 1941, 455; (c) Hartman, W.W., Dickey, J.B.,
Stampfli, J.G, Org. Synth., Coll. Vol. 2, 1943, 175, (d)
Mathieson, D.W., Newbery, G, J. Chem. Soc., 1949, 1133,
(€) Sheehan, M., Cram, D.J., J. Am. Chem. Soc., 1969,
3544, (f) Doxsee, K.M., Feigel, M., Stewart, K.D,,
Canary, J.W., Knobler, C.B., Cram, D.J., J. Am. Chem.
Soc., 1987, 109, 3098.

15) Hazlet, S.E., Dornfeld, C.A., J. Am. Chem. Soc., 1944, 66,
1781.

16) BHER F TEELEME-EReBEAEORE
B Ri—, Y=T 4 3, 2003.

17) Brand, K., Steiner, J., Chem. Ber., 1922, 55, 875.

18) Mori, A., Mizusaki, T., Kawase, M., Maegawa, T,
Monguchi, Y., Takao, S., Takagi, Y., Sajiki, H., Adv. Synth.
Catal., 2008, 350, 406.

19) (a) Mori, A., Miyakawa, Y., Haga, T., Maegawa, T., Sajiki,
H. Org. Lett., 2006, 8, 3279, (b) Mori, A., Mizusaki, T.,
Miyakawa, Y., Ohashi, E., Haga, T., Maegawa, T,
Monguchi, Y., Sajiki, H., Tetrahedron, 2006, 62, 11925.



