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Development of palladium-polyethyleneimine catalyst and its
application to partial hydrogenation of alkynes to alkenes

Shigeki MORIL,?” and Hironao SAJIKI

Abstract: The selective partial hydrogenation of alkynes to alkenes represents an important class of chemical transformations that
have found extensive use in the construction of enormous bioactive molecules, natural products, and industrial materials as well as
many others. The important transformation has typically been accomplished under ordinary hydrogen pressure and at room
temperature using heterogeneous Pd catalysts such as the Lindlar catalyst [Pd/CaCO;-Pb(OAc), in conjunction with quinoline]. The
Lindlar method, however, requires the pretreatment with harmful Pb(OAc), and the simultaneous use of quinoline. Furthermore, the
smooth over-reduction of mono-substituted (terminal) alkynes to the corresponding alkanes proceeded readily.

We have developed chemoselective hydrogenation methods and catalysts with the addition or immobilization of
nitrogen-containing bases as a catalyst poison. During our effort to develop a Pd catalyst for hydrogenation by possessing different
chemoselectivities, we found that polyethyleneimine (PEIL branched polymer) was likely to be a good carrier of highly poisoned Pd
metal. After detailed investigations, we developed a general preparation method for the Pd(0)-PEI catalyst and applied it to the partial
hydrogenation of various alkynes to the corresponding alkenes. Moreover, we accomplished the highly chemoselective
hydrogenation of alkynes to alkenes with the Pd(0)-PEI catalyst leaving the other reducible functionalities intact.

Keyphrases: palladium (Pd), polyethyleneimine (PEI), alkynes, partial hydrogenation
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1. #

il

BREENRL LB E 7e o TRV, BFEMEEBEOT
B, BREEAM OEMEFEHE OPH BT, B =X —
(LS 2 IR E STV D, BREAULF L FIS T
AR BREICEBLEZER T e 20BN EENT
W5, IR DOTEHE L =RV ¥ — 2R T &G 5 & &
HBIZTL OTOREBETRKEDDTEERTE D20, X
ISEhFR W b BERH OHIEE AR & 9 D EREERAIAL A
BT B A ORI 2 BERICHIRE R R e D, {BF
B SO & I RS\ S B D 72 D DR L il e B g%
F OB G OBRFRITIE IIC FE R ST & 7223, Tl
OB MO BHNETH D), R TARED
LZWVEHEERE L [RISERENHIREND ) HEL LD
MR D D, 6o T, PLHMED 2 RGBSR
2 LW ERME O BEBR T 1S, BIR AL D R 75
NEHEERFIRETH 5,

RT VT APHIE, o < IR ICOR, JTH TS
K=K S D IRFE — IRFBAE AT RS D
fifit & LC, EREN S TEMA T — VOIS E CTIEIE
SHHASNIEBREBTHD Y, IEHERA/H AT Oy
LTI 53T VT ARFPAC)T, TAF = b
DAL LD E L Af R e B Re DK FEL & fil
BEg 2 1 UL TEEEAN E 200 B B B HERL
TORRETOERIRECTCH 72, —F, 15 K=
FN)., U (P), EE(As), 7> FE(Sb), EEA~ A(Bi)]
K16 Rk [HEFE(0), fiE(S), &1 (Se), T/b
(Te)] ERPLYEDEFEA A 1L, PAC ZIZ LD ETD
GRABEORETE L 72 B Z L LTV A 1Y, Al
IRBLEME 2K T S B 572 0BEN S 28, iR /e %
FIR U CIEMEZ S EICImH 2 2 LN TEIEERE
BIREAZEHRTHZLLARETHD, EHELOWREET
I% PA/C A fiblih & U7-Befbisor R I AR Ch » =Mk
WRABANCTRIMT 5 Z LIk, ~vvrz—7)1
HET, Ty, TAXRy, = bk orT
AT IVOFRIRTCDETT 5 L2 RELTND 2,
EBIEMR ETZF LY T 2 v (en)é Pd &JFEA 1
*F 1 EAEEIER LTZ PA/Clen) DIz L, Z %
it b T AR AT a— v JBK
N-Cbz(N-carboxybenzyl) fr # & . = &K ¥ v F kO
TBDMS(tert-butyldimethylsilyl) (3 A7 1E F TO T /L&
V. TN VEOERIKFEEE L L T Y, A
M, Y TR ICEZHEoEFEHEERLL2EGTT 5
polyethyleneimine(PEDIZ3E H L7z, 3725, PEI %41
e 5 Pd fiBEOBAFIZ LD, TAX DL T VT
DY RFEAL R I N EE 2R TSR Ol & L
TOuMAE#FF L, FEMMEOf R, PEI 4k L
L 7= Pd(0)-PEI it D EFRREZ LT 5 & & BT,

2 1.Deaeration,
48h
2.MeOH

T T N F Gy KR FACSOG & BRI AL 5 2
LERHTICES72Y, 7% Oy KEGIZE
L Ti% NaH-t-AmOH-FEEE /X 2 7 L [PA(OAc),] 2> & 7
#LU7= Pde filltt Y, KR T ¢ L EARY v —IZ Pd A4
Ff L 7= fil i (phosphinated PI Pd)®, 47/ /8—F 4 7 L7
R= T NF I N—=T 4 7D ERBIRE STV,
B bR IR T L Ry KR FEA IR E LTI, R L
T 5(CaCOs)IT Pd A HHFFEE L L 72 Pd/CaCO; % FERE
$R[Pb(OAC),] CH¢EE L 7= Lindlar filtfflZ% 2 U > &N
FTHRFRENERASNTWE?, UL, 2OHETE
BEHLCGRN)T V¥ o Oy KB b~DOBERIZR#ETH D
L LB, ShE T & T D T BB AR E O I [
R H B, AAFZETIL, PA(0)-PEI filtits — @7 L%
LB ST BT VX ORI S K FEE
ikt~ % Z LA LI LT, & 512, PA/C 1T X D #Efih
BILCRGIZIREEIND N-Cobz EZ I LD ETHIRE
TMERERFAET, —BRT VX ORET V7 o~E
KRBT B FEEMITH L L TE I, AR TIECh
b OWFFERZFERT 5,

2. fsEEREGEDRE

FEFOOMIETIL, BHEREE T[T 47 rA
L (Fib) & WERE /X T 2017 A[PA(OAC),]7> 5. B REFEIRING
PR T Pd/Fib OFRBICKIIL TS 1 ZhE
W& LC. PA/PEI fil i O FHHL 2 BiFt L 7=,

OPd/PEI filth: o> FH 8L 5 v

PEI 2.11 g)% 200 mL 7 A7 5 2|2y Ly 7z
R TWIET 48 BERINLA LT, SBIZ T /L T (A H A
ZEA LI, ¥V 23T MeOH(HPLC grade, 100 mL)
EIMZER LTz, 5 DN % . Ar XS T Pd(OAc),
(1 mmol, M L7z PELICKF L CEILHE 0 fli PAd 23 5
B%ERDEDICTHE L TH D)2 E A L7Z 200 mL F A
TIAAFUIH T ALY U EHANTIZ T,

Table 1. Preparation of 5% Pd/PEI

vagcuum pump

Pd(OAC),-PEI-MeOH
solution (rust-colored)

1.1t,24h

Entry Gas Color
1 Ar Yellow (Catalyst A)
2 H, Black (Catalyst B)

Pd(OAc), »* MeOH-PEI {FiRIZ 52 IR LT- %, iR T

77, CatalystA B
2.Concentrated (5% Pd/PEI)
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24 W H#E L. MeOH ZER %7 % Z & T 5% Pd/PEI Table 3. Investigation of Pd source
fil i % %L L 7= (Table 1),

vacuum pump

Pd(OAc), KD 2 flirXT 27 ARHEKRICHKE S é 1gaeraton

Pd source-PEI-MeOH
solution (rust-colored)
1m,24h Catalyst C, D

2.MeOH 2.Concentrated (5% Pd(0)-PEI)

#% MeOH ICkvigIrans &, Honsfiirfeas
%Té HLOLTREIND, &2 ANHERRERIEE O IR
215 S 7= il (Catalyst A)D3EICHEATH -7 &

- Entry Pd source Gas Color
75%\ 2 ffi Pd DEILABRAYITHEIT L TN H D & 1 PdCl, H, Black (Catalyst C)
HEM L7z (Entry 1), £ 2T, B Eom L2 HEE L
2b Pd(PPhy), Ar Cream (Catalyst D)

T Ar FHKFCH#E L 200 mL A7 7220
Pd(OAc),-PEI-MeOH BATAI# KEBH L, RIET 24 * The catalyst was prepared at 90 °C due to the poor solubility
FERIBEE L7- & = A BA O M (Entry 2, Catalyst) 233 5 of PACl, in MeOH at rt. ® THF was added due to the poor
T, 7 BRI B SR 2 < BB S N solubility of Pd(PPhs)s in MOH.
S b, 2Mi0 PAILPEL L 20T Ly s 2%
L7 ETHREICETLEZTTWD Z EBRRENT,
WIZP 7 2= ATEFLrla)aEE LT, #fL
7= filfi(Catalysts A and B)Di& StiE M % 5FH L 72 (Table 2),
Catalyst A Z W 2356 . 1la OETITIEE A EHET LA
o7z (Bntry 1), —J7, Catalyst B Zfilfi & L7=& 2 A,
EIRIRIYIZ & A 2 F X (b)) 35 S M7= (Entry 2),
Entry 1 Ti, AKEFFK T OIS S B & T Kk
D YR AN D B~ L) o f:o NallVpR: 3=
%, FABLERRE T Pd 23 2 i D O I+ icE s g
a7y 7 2B LTLE D & KBFHEKATT
WL THENI EOBETITET L2 L2 F® L

RIZ Catalyst C, D & Catalyst B @?ﬁﬁﬂiﬂﬁ:{% Pk % Lhii
L 7=(Table 4), Catalyst C I Catalyst B & IZIX R D5
ZoR L7273, Catalyst D DFAIZIT 1a @ﬂﬁ: ZEALE
HEAT L7 o 72, 220X PA(PPhy), H13 0 PPhy 23507712

d IZENL(BEE) L TV A7, B BT L Pd DA
fEH., T8 b bRMIBEE IR THD EEZEZTY
% (Entry 3), Catalyst C OFEBELUCIF 90°C O IE A WL EE L
95728, PA/PEI it OFARIZIE PA(OAC), 23 Pd IR &
LTHEYTHD LWLz, - T, Catalyst B & 5%
Pd(0)-PEI fifit & L, FHENED ML BT V¥ A
SPIETTRREE & U C oo M & SRR ST LTz,

’Cb\éo 1o T, MBEFTELELRE T 0 ffid Pd ~ & Zh3RE) Table 4. Comparison of the catalyst activity of Pd(0)-PEIs
BT 5D 2 &3, PA/PEL B SCE & A 5 2 72 prepared from several Pd sources
bf)@z\;ﬁ Ch 2 &t LT,
Catalsyt B-D (10 wt %), H; (balloon) —
Ph—="Fh ltvleétHU mL)+tEtOAc (mL) P bn * P SN oy P
Table 2. Evaluation of the catalyst activity (Catalyst A and B) 1a t24h ' 1 1c 1d
_ Catalsyt A, B (10 wt %), H, (balloon) /—\ Ph Ph
Ph—=——Ph PR T
1 MeOH (1) 2 SL0Ac (1 mb), o N " 1 y Entry Catalyst la_: 1 : 1c : 1d
1 Catalyst B o : 9 = 1 4
Entry Catalyst la_ : 1b : 1c : 1d° 2 Catalyst C S 2 2
1 CatalystA 95 : 5 : 0 - 0 3 .Catalyst D . 79 :1 19 = 1 . : 1
*The ratio was determined by 'H NMR analysis.
2 CatalystB. 0 : 95 : 1 4
*The ratio was determined by '"H NMR analysis. Table 5. Screening of 5% Pd(0)-PEI catalysts
—— 5/";:2):":’151::)‘1“’;/0":: (21(1::1';?%) P Ph * PPN+ PN
- N - N r, 24 h
eV T ARBEH LR > Pd I %:@%ﬁ L 7z(Table 3), Hfifk/< 1a 1 e 1
Z V7 A(PACL) & L 723581213 MeOH ~D AR
PMENT= . REFRFAK T, 90°C T 24 RERE A3 Entry  FHRH la_: 1b : 1le : 1d
5 Z & T, Pd(OAc), DA & RIERIZ B A DMl (Catalyst 1 200;125 A 0 : 95 : 1 : 4
O &L= (Bntry 1), —J7, 0fli Pd 85K THZ T b F
2004 4 6 H 0O - 94 - 2 - 4
FARNY 7 x= LR AT 4 28T U A[Pd(PPhy),] % 1B : : :
Pd I & L7 filff(Catalyst D)IL2 U — Lk 2 LKHET 5 2005FE4R g L, . 4
P4 R TR LT b RIS 5 L ano T, 18 1

* The ratio was determined by "H NMR.
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1% I Pd(0)-PEI filtiiFR # vk o> FR 8 2 BRI 3~ 5 72 RL, YRARFARL 1 ~DEARTEE L L THERD
O e > N TOETCIENZ R U7 (Table 5), & THDHZEBRHALMNERD E LB, AEFRRYED
DOFEFR, &1 v N & BRRA R METENE & =S IRE % Bl FERE S A7z,

Table 6. Solvent effect on the 5% Pd(0)-PEI catalyzed partial hydrogenation

5% Pd(0)-PEI (10 wt %)

Ph—=——Ph H (balloon) Ph/=\Ph + Ph/\/Ph + Ph/\/Ph
Solvent, rt, 24 h
1a 1b 1c 1d

Entry Solvent la : 1b : 1c : 1d*
1 EtOAc 100 : 0 : 0 : 0
2 1,4-dioxane 100 : 0 : 0 : 0
3 MeOH 0 : 68 : 2 : 30
4 MeOH/1,4-dioxane = 4/1 0 : 72 : 4 : 24
5 MeOH/EtOAc = 4/1 0 : 82 : 2 : 16
6 MeOH/EtOAc = 1/1 0 : 95 : 1 : 4
7 MeOH/1,4-dioxane = 1/1 0 : 97 : 1 : 2
g° MeOH/1,4-dioxane = 1/1 0 : 91 : 3 : 6

2 The ratio was determined by 'H NMR analysis. ® The reaction was performed for 48 h.

. ZEBRTLF VOB KELLADER HEHHAIH & 73 & 72 5 7= (Entry 3), & 2 CHERAIEEE G
&5 MeOH & MBI TdH %5 EtOAc & 2 WX
(1) BEDR 1,4-dioxane DIRA T L 2 fRBEIEM: O®#H 2 R A iz & 2
7. MeOH & 1,4-dioxane @ 1 % 1 IR S AN CEiEiR
T, V7= ATEF LDV AAF LR ANZ T A AF IR (Ab) B ARK L2 (Bntry 7)., £72. X
(b))~ KB E T VR & LTI R % 35 ISHEER & 2 592 h 48 FERICHER LT b ERIEDE
(R} L 7= (Table 6), ERRTIERDO LN &b, }iﬁﬁﬁ%ﬁf’%‘iflﬁ’]
KE f2 — 5 )L (EtOAc) & 5 WiE 14V A F Y A== F 7 a DL RN AR S
(1,4-dioxane) Z AL & L7254 121%, 1a OFETII A 7-(Entry 8), #£- T, Pd(0)-PEI % filfiit & Lf:nmb‘?/lx/f
1T L72%>- 7= (Entries 1 and 2)0 ZOEH L LTI, EtOAc CEERIRMEOFEBLIL, AUBETL S B W TR I FE S <
B DT 1,4-dioxane HC D Pd(0)-PET il DV DK 7R B D TH D,
T & &Iz, PRI ICHE SN Pd &BOEMIC VS
L U CKEICIEIET 5 EtOAc & U 1,4-dioxane 73 Pd [Zfd oerPd P,
fry % 2 & TRIEEERAEBLEZ b DO LEZX TN P N A
(Figure 1), %BHC & 2B 4N 51T PEL 2y FH O 7 2 7 3 Me™  OFt
L0 bFNEEZBNDR, KEICIHEL Pd %D Pa-EIOAc Complex pqt1,4-dioxane Complex
FELTWD 72, PELIC & 2 il ISR Zh 3 % 7
LTWEHDEEZEZTWD, —F MeOH HTix, 7V Figure 1.

7 Ad)y~D A — 3= 1 5' 7 Ta rynNBEETHY .
Pd(0)-PEI % fiflit & U 7= #%fi/K B LICxtd 5 MeOH DN
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Table 7. Partial hydrogenation of various di-substituted alkynes using 5% Pd(0)-PEI catalyst

5% Pd(0)-PEI (10 wt %)

H, (balloon /—\ ' '
R——=—-~R' 2 ( - ) R R’ + R/\/R + R/\/R
MeOH (1 mL) + 1,4-dioxane (1 mL),
rt, 24 h
2a 2b 2c 2d
Entry Substrate 2a : 2b : 2¢ : 2d*
1 Ph—==——COMe 0 36 58 6
2 0 : 0 : 0 : 100
Ph—=——CO,H
3 0 : 96 : 4 : 0
4 Ph—==—CO,Et 0 : 94 : 0 : 6
5 CsH11%C5H11 0 : 100 : 0 : 0
6 C4H9%(CH2)2OH 0 : 100 : 0 : 0
7 %éé 0 : 100 : 0 : 0
HO OH
8 70 : 24 : 0 : 6
9° Ph———-TMS 57 : 27 : 0 : 16
10 0 : 0 : 0 : 100

% The ratio was determined by "H NMR analysis. ® K,COj; (1 equiv) was used in this reaction. ¢ This reaction was performed in MeOH
(2 mL) and 1,4-dioxane (0.5 mL). ¢ This reaction was performed in MeOH (2 mL).

(2) AEERAMEORE

WIZ, MeOH & 1,4-dioxane @ 1 5t 1 IRAVEMEAZ HW
THEx 72 BT VX v OERS K FEALRIS BT L7
(Table 7)., TI/VF AT B F NI EH LG Tl
F Y B(58%) D trans RIS L2 b DD @V ERMET
TN U (cis IR & trans IROFE T 94%) 5155 Z LN TX
7= (Entry 1), £720FNICH VR B E T 58 T,
MeOH & 1,4-dioxane @ 1 % 1 IBREWEFTHL T v
NDOFA—NR—=Y Z T q VINESITHEIT L, M5 KEL
K@D, 20)IX LB B2 - 72(Entry 2), 2. v
RUBOBMETa N AZX VPRI FHOT I ENT
o hAbID Z & T, BIREOHIENIC EE A A R
7L TWD7 I 5D Pd SRSk DECREDME T L
72l ThDHEBEZTND, £ THNRCBEBOF %
HHE LT I SHEDOREED D 7 AK,CONEIRM LT &
A, EEIRAIC cis-cinnamic acid 255 Z LN TE 72
(Entry 3), 5o T, DFPRICHIEEREEEET S EED
By KBTI IO RMBMATH D Z L BN L
Lhhotr, —FH, TF LT AT EELE L LESEAIT
W HEEZRINLARL &b 2b ~ & EEIRAYICER ) kTR

L& N7 (Entry 4), WKIT, D THICHEEFERE RV
BT N F A DWW THRFT L 72 (Entries 5-7), 7 /L2 — /b
(Entries 6 and 7)X°3ARIIZ 5 @V T /L% (Entry 7) B 3%
PHNTE AR FL E AL, KIET D 2b OHEERT D Z
& N TE - (Entries 5-7), B R U AF LT VLT F
DOFAETIE, PSS OHIENRETH 0 | ok
FALIK 2b 2 BEIRIRAICIE D 2 L 12T 720> - 7= (Entries
8-10),

4, —BMTILX DR KFIE~DER
(1) BEHR

Lindlar fil i CIIER AN W2 — BT L% o DSy
KFITH 9B 5% Pd(0)-PEI O A Z a4 5720,
BT VX U DE KL T RAF BRI A R LT
MeOH ¢ 1,4-dioxane @ 1 %} 1 IREEEEF . 2-7 = =/1-3-
T F 2T — 1 (3a) B HEfIK SR L 7= (Table 8, Entry 1),
TORER, TAH @) ~DA— "= X7 2 a U RH
BICHEIT L, BHRIE T DT A7 G EIRINNICE S =
EIIREETH o 72 (Bntry 1), & Z T Pd 2%} L CTHIALMEE
RO A2 Lz, TORR, nETFE2EEIC
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oo L bELEEFEET S
1,4-dioxane ZVEHE &+ 5 2 & T, TIV7 o ~DESRTT

L CREICHFEMET D 14-dioxane DA T T — LRfR
FIFF FOIEIFEFRD Pd &)@t U Com e IS BN

ZHIHT 5 Z & 3 TE = (Entries 2-6), ZAUiE. S

LIZHRTH D EEZ TN D,

Table 8. Solvent effect on the partial hydrogenation of 2-phenyl-3-butyn-2-ol (3a) using 5% Pd(0)-PEI catalyst

5% Pd(0)-PEI (10 wt %)

OH H, (balloon) OH OH
= /\*/ + /\*/
Ph Solvent, rt, 24 h Ph Ph
3a 3b 3c

Entry Solvent 3a : 3b : 3c?
1 MeOH/1,4-dioxane = 1/1 0 : 34 : 66
2 MeCN/1,4-dioxane = 1/1 2 : 76 : 22
3 EtOAc/benzene = 4/1 4 : 82 : 14
4 EtOAc 5 : 82 : 13
5 EtOAc/toluene = 4/1 0 86 14
6 1,4-dioxane 0 88 12

The ratio was determined by '"H NMR analysis.

(2) EEERALEORET

IZ PA(0)-PEI D—BHL 7 L% o 3a l2kF3 Dy K3
{bARfETE M 2 | Lindlar fififi & bl U 72 (Scheme 1), Lindlar
b X 2 KB OB S BIRTTH T AT r~D
RITELT L 3¢ NEEMICAERK L7z, —J7. Pd(0)-PEI
L L2l 2 A, RWIREOA—N"—Y X7 g
R@)DAER DT BV, BRI T v 2 3b
BRDZENTE, $E-C, Pd(0)-PEI fiftfitid Lindlar
il 2 VeI HBINMEZ R L, — BT L X 2 bafIs
T T NT o ~DEKRBIEZ LT D LR TE
HHLDEEZT,

Scheme 1. Comparison of the Pd(0)-PEI catalyst to the
Lindlar catalyst

Lindlar catalyst (10 wt %)
H, (balloon), quinoline (1 equiv) OH

cyclohexane (2 mL), rt, 24 h

OH 100%
Ph
3a
OH OH
5% Pd(0)-PEI (10 wt %), H, (balloon)
= +
1,4-dioxane (2 mL), rt, 24 h /\i: Ai:
3b 3c

88% 12%

WIHERAMEDILRE B L, fkx 2p—Ei 7 L%
v DSy KFAL BT L= (Table 9), Z OfEH, NENjE
FOSTRNICT I REFT 55 EHE —ERT VX
R BRRETT A U~ KFlLS LT
(Entries 1 and 2), 23 +PNICAREIR %269 5 & Tl
WisE D Pd Tk 2 ABEFIEMIC & 28T iEEOK T2
BAINTN, BRI AT E2GDZENTE 2
(Entry 3), F£72. MAWIZES W T VX v Oy kFEL
H RRE7ZR < 1T L 7= (Entries 4-6), fFlC=F A7 0 Tl
SFNT ) OBETITEETET. T OESK
FALDOHBEIT L= (Entry 5), BT, B TFHN7 =/ —
AARBEEAT I F =L A T PF—LTlL,
Table 7, Entry 3 & [AERIC, FEIZH LT 1 48D K,CO;
EWRINT 52 LT, BIRMICT V7 2 03% BTz (Entry
6). —J7. WK UBEFT DIRNIERG T V¥ v A
B e LIEHAITIE, KCOsERML T A— =Y X7
Va vESEAICIEIT S Z EIETES, 18%D T Ay
DR L7z(Bntry 7). 7235, EHRT L% 2 TIEHS K
FAERREE T o7 A F o G ERE~OH 2R
T ZA TN ~DF——=U F T a3 ) 20%E
FEHEIT L2 b o0, FERICHH 215D L O3IRE T,
BRALZEIICE AR B = 5 i35 7= (Entry 9),
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Table 9. Pd(0)-PEI catalyzed partial hydrogenation of various mono-substituted alkynes

5% Pd(0)-PEI (10 wt %)

H, (balloon)
Solvent and Additive, rt, 24 h
4a 4b 4c
Entry Substrate Solvent 4a : 4b : 4¢*
1 Me(CHy)g—= 1,4-dioxane 0 : 83 : 17
2 H2N4H<::j>44fff 1,4-dioxane 11 : 85 c 4
3 <:>Fs - MeOH/EtOAc = 1/1 o 98 2
4 O.O MeOH/1,4-dioxane = 1/4 0 : 88 : 12
= OH
OH
5 Ljigjiy MeOH/1,4-dioxane = 4/1 0 : 85 : 15
o
OH _
6° MeOH/1,4-dioxane = 4/1 0 : 100 : 0
HO
o}
7° é%//\\//\\/ﬂ\OH 1,4-dioxane 9 : 73 : 18
(0]
8° dkox 1,4-dioxane 0 : 83 : 17
d / .

9 SI\_= 1,4-dioxane 0 : 77 : 23

% The ratio was determined by "H NMR analysis. ® K,CO5 (1 equiv) was used in this reaction.  MeOH (1.5 equiv) was added in this
reaction. ¢ MeOH (1.0 equiv) was added in this reaction.

5. EXMEREXETTO7ILF DY KFRIERIG Scheme 2.
%2 < ORI EIE LT TNICEE OB RERE N 3L (jéhqa Lindlar catalyst, H, (j/Y%B
CbzN MeOH, rt, 45 min HN

745, 1> T, FEDOERERERD H & BIRIE LT S
FyEIE, R - DR OB EA RV — - O8N
AufeLTHI NS, TENBOTERTH S,
Ghosh &%, Lindlar it % AW T+ ZEA L 7 o
CEEUDLEY S BEMIETCT L L T DR L
I N-Cbz HDOKFICSENRHHET D L a2WE LT
V)% (Scheme 2)'Y,

5

% Z T, Pd(0)-PEl filiED 72 5H APk LA BHIE L,
N-Coz {R#ERK A 1T U & T AR B RERILTT NIk T
DR T VR 2 DRI 73 KBRS & MET L7z
(Table 10),
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Table 10. Pd(0)-PEI catalyzed chemoselective hydrogenation of mono-substituted alkynes in the presence of other reducible

functionalities

5% Pd(0)-PEI (10 wt %)
H, (balloon)

m\
R— Solvent, rt, 24 h

Fg = Cbz, CO,Bn, OBn, OTBS

FQ\R/\ + FQ\R/\ + X + RN

Entry Substrate Solvent

Selectivity”

CszN4{<::>AAEE
1
6a

MeOH/1,4-dioxane = 1/4

o O
CbzHN CbzHN

93% 6b 7% 6¢
O o
2 MOB MeOH/1,4-dioxane = 1/4 WOBn
7a 100% 7b
OBn .
0B~ _OBn
3 i MeOH/1 4-dioxane = 1/4
8a 96% 8b 4% 8c
OTBS OTBS
S :«/ﬂ/
4 OTBS MeOH/1,4-dioxane = 1/4 Ph Ph
= 71% 9a  29% 9b
Ph
OTBS
9a =
5 MeOH Ph
100% 9b
* The ratio was determined by 'H NMR analysis.
FT 0TI HERR N-Coz (R A F T 5 &R 6. FEEm

¥ () FE L L& 2 A, MeOH & 1,4-dioxane ®
1 % 4 IRATRIEEF C, N-Cbz &L OB LICT L
X DRET NI ~SEES KRBT HENTE
(Entry 1), & HIZH TR PNV AT (Ta) e O
VIUNTE=TNBa)EEETHREETH, —EHET X
DB R 53 K FEAL A HEST L 72 (Entries 2 and 3),
—75. O-tert-butyldimethylsily(TBS)¥:% & ¢e 9a Tid,
MeOH & 1,4-dioxane @ 1 Xf 4 IRAGTREEH . KU F%TT
LS D 5ERBITIZE & 723> 7= (Entry 4), 9a @ O-TBS
FEWRE L7z 3a OEEMKBEILTIIT VI ~DA—
W= X7 a VNHERINTND Z LD (Table 8)
O-TBS EDSLR S S 3700 B 7 V% il OBk
PHRICE D Pd EA~OBEENDIE S 2 & B EHE
HFORRKTHD EHEZTNWD, BB, IEEAEETH S
MeOH (Table 6, Entry )& L7=& Z A, 7 AF 00 b
TN ~OFETERIGE TN EIT L, BE T2 9 %
ERMICED Z &3 TE = (Entry 5),

T IV NS T IV L~ DRl ER 43 K R AV RO
HIENARETH Y | HL<DOFEA RPEIRFI ST
7o ¥IZ CaCO;HEF Pd % Pb(OAc), THY#E L 7= Lindlar
flkBEIZ % 7 U 2RI L 72 BEfiluR T R I, m VB IRE
FEMES R SNFEREND TEM LUV E TIFL L
FIHENTWAD, L2 L Lindlar o HRUCIIBREA
TIDE Pb OFEHBULEATHY, —EBRT LF O

DKRFEATIEIZEZX 7 VU ERMLUTHIERDONL
BRIRMEEGD 2 LIZRETH D, FHEH DL, Pd Ofl
BHERDERMEEEL S TAICESZEGTH. A
FL oA IVPENEHKE LT L3 5 Kk FE bl
BEPA(0)-PE A BHFE T 5 & & HIT, T zfiiite LT
LN T IV A~ DERS mf%ﬁméﬁibtog
Eﬁ?ﬁ?ﬂ/"% v DERGy K FEAIE MeOH & 1,4-dioxane D 1:1

BRI A Fl-—EHT VX Ok FELIE MeOH
k 1,4-dioxane %Y 72 E| A& CIRE LI-E2 AT 5
TETERIND, DI, OB RERFE FIC



16 HEB R TVT ARV F LA I UBEORREET VX Y KFBARIE~D A

BIF5 BT VX OFERIRIES KFECEZ T
THEEHIT, AMBEORIEIZkE L [HE fok
P TERASH LV AT ARV =FL g3
(PA/PEL, =— I No. 161-22221 R Tr 167-22223)& LT
HifR & TV 5], Pd(0)-PEI i IBRES ICE LW T L%
RSy KT AL & U, Lindlar filtfific Ao 0 FEERE )
O TEMBIEE CIRILOCEAARGESND, Zhb0uf
eI, BUNAELEN BT /- 7 I A MY —
WRELEMRT A LD EEBEZTND,

1. HiE

ABFFECE L Tx O BB R @S 2B Y £ LIz R
SR REANFAC E RS LT IR - M A ZR ek
BRI I KRRKRFEMBET VT4 2T 0T 5
I BNV SLFHEMBIRICIRE R 2 EEZR LET, K
BB DT 0 B HTH X £ U 7ok BRI 5 5
LSRR O & B W ONEAFFE A BN REGGHE L £ 7,
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