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Intermolecular Heck reactions on solid supports: polymer bound aryl iodides and related compounds
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Table 2 Intermolecular Heck reactions on solid support: polymer-bound alkenes
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Table 3 Synthesis of indoles benzofurans dihydroisoquinolines and benzazepines by Heck reactions on solid supports
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R
Q |7
T
3
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R
J
c o
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linker:R=CO,Me, Ts,Ac

R=H,5,7-(Cl),:
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o} R?

HZNJ\/O /

N
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HO
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P(o-Tol);, NaHCO3, 24
DMF, 40°C, 20h

sz (OAC)zy PPh}y AngOy

DMF, 100°G 16 h =

sz(OAC)z, PPh};
BusNCL K,CO3, 26
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Figure 7 Arylaryl cross-coupling reaction with polymer-bound arylzineates' 3"
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Figure 8 Arylation of a polymer-bound imidacylzincate!*?
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Table 4 Negishi reactions with immobilised zinc salt or with immobilised aryl halides and triflates
/\/NC02ME
(Het)Are NN/
Ny ZnBr (HeD ArX=Phl. U PPh;, DMF, 33
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Figure 9 Derivatisation of a borane!™
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5 . Suzuki
Table 5 Suzuki reactions with immobilised aryl or alkenyl halides and triflates
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) o)
Br Ar
Qx—N | AN HN | N Pd(PPh3)4
51 R! P Na>CO3,
RN ArBCOHD, N tol/ EXOH (8 1)
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CF3 MeONa 80°C, 24h
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>~O Leu\
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/ Gly
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. Gly RBCOH), 55 7
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HN Ald
Ala IAIa R
Alg H,N
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2-(4-HOCHy,)-Thienyl

\N_/
9BBN . y'Si
3 Ar

Ar=p-BrCHzCHzCaH4,
N-Boc-naphthylalanine
methyl ester

PhB(OH),

ArB(OH),;
Ar=Ph, 0-MeC¢H 4
pF3CCeH 4

(HO)ZBO\
CHO

ArB(OH) 2 Ar= p-OHCCgHa
m-0,NCs Hyy m- NHA CeHy,
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|
O“HKQ% A
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HoN O
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X
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25°C,30min

cat, PA(OACQ),,
PPh;CsF, DME,
4h, 90°C

Pd(PPh3)4,
Na»COs,
DMF/H,0
90/ 10),
80°C, 16h

Pd(PPh3)y4,
Na,CO3;, DMF,
75°C, 48h

Pd(PPh3)4,
K;P04, DMF,
75°C, 48h

Pd(PPh3)y,
N32C03s DMFs
75°C, 48h

Pd(PPh3) 4,
NayCOs,
DMF/H,0 15¢1,
80°C, 45h
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P(t-Bu )39
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m’OZNC6H47 m’NHACC6H4s Pd(OAC)Q, dppfy
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Q o© wr (F3C2CeHs, 3 Thienyl S0 DM E
2)ethyl chloro oximidoa e tate ’
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o Br m-0,NCs Hgs m-MeOCgHa g NHZCO; »
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Ph N N//\\//
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24 | = PhB(OH), S Cul K,CO3 33
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Pd(dppf),
K, COs,
25 THF/H,O0, 3
reflux, 48h
N‘dzCOza
D D
26 l.d(Pl h3) 4, 36
dioxane,
reflux, 48h
N
TIPS AICl3,dry DCM, 1t,3 h.
Et
Qs-° N
,/S\\ Et” Pbh(PPh; )y,
27 0 o g PMeCoHiBOOH), K, COs. toluene 57
_ Ph EtOH, 90°C, 20h
polystyrenen with spacer Cleav:Et,NH,60°C, 18h
NHAc ~ RB(OH) NHAC
(o) R= (0] K2C03, Pd(ACO)Q.
Q =) B(OH) di
2 ioxane;
28 N | S HoN 5 H,0 (6D, 38
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¢ 518, . Q3% DVB)
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Table 6 Suzuki reactions with polymer-bound aryl and alkyl boranes
B(OH),

Qoig\goph

oot

Rink amide

.9

Wang resin

B
\
(6]

«

Arl

plC¢H4CONHBn

Arl

ArX: Ar=Ph,
0-NO,Cg¢Hys
m-M eOC()H 4
o-NCCgHy

Ar
OO{’\SO%
° 0

O NH
Cleav:30%TFA,DCM

Ar

Ar
_O. /[ j

O

Cleav:1)50%TFA,DCM,3min
2)Me3SiCHN,,CHCI3,MeOH

PdCl, (dppf)
EtzN, HzO 40
40°C, 24h

Pd(PPPh3)4

DMF, 70°C 62

Pd(PPPh3)4, EtOH,
K,CO3, tolurene, 63
ref, 12h

Pd(PPPh3)4,

K,CO3; DMF o4




Figure 10 Reaction used to prepare PS chiral BINO Ls!7%
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6 66
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Polystyrene MeOH/THF(1:4),ref,20h
Q\A R-I Pdcat,
7 llaj b WR 67
A rBe
Ar:p’HOZCC6H4y
p-HOCH, CeH 4 Pd(PPh3) 4,
8 P(CeHy) K,COs;, DME, 68
B(OH), p-HaNCH,C6H 4 Ar 70°C, 72h
polystyrene p-H2NSO,CH ,C6 Has
2-T hienyl, 2-Furyl
BocHN (0]
O s
Ar = NH
HN "«,/< OYS/ K, POy,
9 Arl Pd(PPh3),4. 69
., NH
Hi © <:> B,O:C >//£ 60~80°C, 48h
. 0 HN" S0
o} NHBoc
TFA/H,OITIS
2006 Suzuki BINOL ( 10)
C 1D L
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O, Do .
B(OH), OO O OH
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Figure 11 Oxidation of aryl methyl thioethers!”
2 A . . N v
4 FAWEMAK LW Stille 18 5% R AL
John K. Stille Stille
[72]
Stil]e )
b
. John K. Stille 1989 s ,
3 .
Stille ( 7)7
Stille ( 8), Ellman s
( 120,
@/\Ge/ SnMe, R'COCI Pd;(dba); KoCOs, N Q
\@[ iPryEtN, THF @Ge\ C \/U\R1
NHMpc -
NHMpc
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Table 7 Stille reactions with immobilised aryl halides
BusSn R!
o _
Q | R? Pd; (dba) 3,
N R'=H,Me;R2=H, A sPhs, .
Me,Ph or NMP, 45%C,
NHR .
BuzSn o overnight
Rink amide
Cleav: 5% TFA,DCM
O
Q BusSn R i
uszon HO\ Pd; (dba) s,
Q\/O\A|a \=/ Ala R A sPh 3 72
_— NMP 457,
" I R=H,Me overnight
Wang resin Cleav: 95% TFA,DCM
! Ph
)('L/©/ w Pd, (dba) s,
Q P(2-FuryD 3,
N BusSnPh HoN LiCL NMP, 3
. 12h
Rink resin Cleavi5% TFADCM
|
\/©/ Pd; (dba) s,
OS MesSnAr Ar= Ph, P(2-FuryDs 7
m-AcOCgH 4 LiCl, NMP,
Rink amide with Cleav:hv(350nm),MeCN rt 12h
NpSSMpact linker
(0]
|
H /©/ SnBuj Pd; (dba) 3,
Q. HaN . AsPha 74
o 0 OFEt o NMP rt, 15h
Rink amide
Cleav:20% TFA,DCM
| Ph Pd; (dba) s,
H HON A sPh,
Q BusSnPh 2 NMP. microwave 75
(6] o) irradiation
Rink amide Tentagel Cleav:90% aq.TFA,1h (3 8min, 40W)
Q-° oo &0
\©\ PACl, (PPhy)4 -
| . QiPr Cul DMFE rt, 30h
BusSn OiPr HO
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14

15

O

polystyrene with
magnetite core

@"Ql

polystyrene with thio linker
and with magnetite core

Wang or PEG:X=Gly,Phe,
Ala-Aca,Arg(Pbf)-Aca

(0]

Qo

Tentagel S with
photocleavable linker

|
Oo/\©/
polystyrene with

base labile linker

polystyrene on
SynPhase crown

OR!
QLY ™
O

Br
Wang type diol linker

M e3SnPh

S

MesSn
U

Oct

21
MeSSn—/

various substituents

M e; SnPh

BuzSnR: R=Aryl
Hetaryl or Alkenyl

Buz Sn(2-FuryD

Bus SnR3: R3= various

alkenyl groups

O

Cleav:Pd(OAc),,
NH,4HCO3,DMF,
65°C,20h

I‘

Cleav:hv(350nm),DMF,6h

Oct
O/ N s_ J\°
YA

Repetitive coupling and
bromination:n=1 to 3;
cleav:NaOMe, THF,reflux
then Mel, 18-c-6,reflux,3h

~\=

2Ry
RO-X-NH /
(0]

Cleav:R=H;TFA/DCM/H,0
(80:15:5),rt,1h;R=Me;

DCM,MeOH,DBU, rt,overnight

O
e
Ph

Cleav:hv(Hg pressure,>320nm)

Cleav:6 eq,NaOMe,

MeOH/dioxane(1:4),
t,24h

Cleav:0.1M NaOMe,
THF/MeOH(4:1),

rt,24h
OR!
QLY ™
O
R3

Pdy(dba)s,
P(2-FuryD 3,
LiClL NMP,
65°C, 22h

Pd, (dba)s.
P(2-FuryD 3,
LiCl, NMP,
microw ave
irradiation, 2h

PdCL (PPh3),
LiClL DMF, 80C

dz (dh a) 3. A SPh 3
NMP, 45°C,

overnight

Pd, (dba);, A sPhs,
NMP, 50°C, 42h

dz (dha);, A sPh 3
dioxane, 50°C, 24h
(preferentially) or
Pd(PPh;3) 4,
dioxane,

100°C, 24h

sz (dh 3)37 A SPh 3s
THF

Pdy (PPh3) 4
dioxane,

100°C, 24h

77

77

78

79

80

81

72




Cleav:MeOCOCI(3eq),
DCM,rt,3h

° 18 2011 7
/Y]
Y
Q.o A jHij
X o HO S
o) Bu3SnR: R= Ph', Ethenyl R PA(PPhy)as
16 2-Furyl 2-Thienyl o) DMF. 60°C 84
o O-EthC(O)CﬁHm 24"&8[} '
Et;NC(O)0CsH HO
O._ Br okt o o R
o\ 0"\
polystyrene:Y=CH,H
/ﬁ/l R!SnBus: RlI= R
o—l ; 2-Furyl, 2 Thienyl, TN Pd,(dba)s, A sPhs,
17 \’R 2-Pyn 3-Pyn % dioxane, 50°C, 24h 85
various scaffolds Ethenyl R
bl °
Pd, (dba)s, A sPhs,
18 | | Bus Sn(2-Furyl) W, o 86
polystyrene or Cleav:Cu(OAc),
X?gé?:%i or MeOH,pyr,rt,2h
~
S
oTf =
H
H Pd(PPh3) 4,
19 o _ Buz Sn(2-T hieny D LiCl DMF, 87
o . 110°C, 3h
HO"
polystyrene with fluoride-labile H
linker Cleav: TABF, TMU,
100°C,1h
0 N
§=0 S" N
| pu—
HN\N R
20 | BuzSnA r, Ar=Ph, PdCl, (PPh3), 88
R pF-CeHy DMF, 90°C, 24h
Ar
Cleav:SOCI,,CICH,CH,CI
polystyrene Br 60°C,5h
R! R
K R®SnBus: R*= Ph, =N
N— 2-Furyl C(OEt)CH,. N=\ gt Pd(0Ac),, dppps
21 ) N/)—R1 2-Pyr. CCPh. RZ/QN N)_ Cuz0, NMP, 89, 90
™ON m-E 10 Ce Ha. H 100°C, 20h
g Ethenyl Cleav:20% TFA,
CICH,CH,CI
/\/NC02MG
Ph._N.__N"
N -Br “ PbCl, (PPhs),
22 | PhSnBu;z x DMF, reflux, 33
= 18h
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O
; L
|
N~ ~O
ﬁj': - Cul i
23 N™ O  RsnR; 0 Pd; (dba)s. »
dioxane,
0 o OH 80°C, 20h
a R=4-(Methylthio)-phenyl
b R=4-methoxyphenyl
OAc MeONa (6 equiv),
MeOH/dioxane (v/v 1:4), 24 h.
OTf =
X — N Pd(PPh})M
24 o R, SnBuj R 1, 4-dioxane 5
Q_/ R Q'/ o R
8 Stille
Table 8 Stille reaction with polymer-bound stannanes
RCOCl: R=
o SnMe; o m, pMeOCgH 4 "
o \(:[ cHexs 2M e NCCoH 4 Pdy (dba) s
m-CF3CeHy4 p tBuCeH 0 R CHCl;,
! NHBpoc  cicgHy, 1(p-CIPh) cPent, Q K»CO3 91,92
_— CH;CH2CO2Me, Thienyl NHBpoc HTE rt
polystyrene with linker 2-Furyl 1-Ad 2-Naphthyl
3- (1, 2- methylene-dioxo) Cs H3
H HoN
N\"(\©\ 2 7W/\©\
O Pd, (dba)s, TFP,
2 © snBug | er ot Ph 1icL NMP, ri. 12h %3
Cleav:5% TFA,
Rink amide DCM
\Si/ \S./
i
Q NHBpoc  peoct r— Q NHBpoc  pg, (dba;, CHCL,,
3 m, pM eOCe Hys R K,CO3 THF, 94
SnMe; 1-Ad. Ph iPr,NH, rt
polystyrene with linker (@)
1
A Q = | PiikSs R'=X; R'X=ArOT# ( ’ = | R B 2 63
' LiCL DMF,
R AxCH, Br N5 120°C, 28h
RO SnMe, Br ~
S\JQ/ S OR Ohc PA(PPhsy).ss
s QD EtsN. reflux, 63
4h
BzO OAc OBz

Tentagel
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. R= AN
N RCOCL R: M NHPG
M NHPG ms pMeOCeH 4 o Pdy(dba;, CHCls
6 o \@( 1-Ad 3(1, 2 methy lene- R K>COs. THF, 95
diox o) CgHs, rt, lh
SnMe ’
3 2-Naphthyl 0
\S'/ MeO e
e
o '\@\ OMe O Pd(PPhy),,
MeO aq NaxCOs,
7 SnMejz O CHO DME, reflux, %
R=H,0OMe | CHO 12h
polystyrene with linker Cleav:50% TFA,
DCM
Bu3Sn l ! R
RBr: R=2-, 3-Pyr, Pd(PPh3) 4,
8 ‘ Ph, 2-T hienyl and LiCl, DMF, 97
fo) other hetaryl 100°C
(0]
Qo
(6]
polystyrene o/\
(0]
o Q/\O Palladacy cle
® B ArX: X=Br. 1 mA LcL Nup. 9oC B
SnBug r
SnBuj;
SnBug
o\
o\ Pd(PPh3) 4.
3, 5-di tBu-4-
10 o) ArX hydroxy-toluene 99
o toluene Ny,
Qo dl\ 90~ 100 C, 24h
(©)
oxidized Wang linker
O OMe
O OMe R |
Cl
Qo :©/ Pdy(dba)s,
MeO AsPhs,
! CO,Me CsE DME 100
BusSn 80°C, 12h
R=H,Me CO,Me
MeO,C
2 Cleav:NaOMe,
THF/MeOH 2:1,
reflux,20h
/~—NCO,Me
(Het)Ar NN
b N _-SnBuz (HeD A X= Phl, U PPhs, DMF, 1
| P 2-Br Py, PhBr refluxs 18h
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Research Progress of Pd Catalyzed Cross-coupling Reactions Utilized
in Solid Phase Organic Synthesis

HAO Shu-lin"?, ZHANG Zheng-pu' ", LIU Chang-ling’
(L Instituteof Polymer Chemistry, Nankai University, Tianjin 300071, China;
2 State Key Laboratory of the Discovery and Development of Novel Pesticide, Shenyang Research Institute
of Chemical Industry Co. Ltd., Shenyang 110021, China)

Abstract; Coupling reaction using transition metal Pd as catalyst has been very efficient in
formulating C-C bond, thus Pd catalyzed C-C coupling reaction has been under spotlight of scientists’
attention for years and series of derivative reactions were thence developed, among which Pd catalyzed
Solid-phase organic reactions suck as Heck reaction. Negishi reaction. Suzuki coupling and Stille
coupling, with their accessible reaction conditions, high tolerance of diverse functional groups, low steric
hindrance, ex cellent chemical selectivity, mild toxicity, side products friendly and removable, efficient in
yields, have always been the researching focus of catalytic chemistry and solid phase combinatory
chemistry. With reference to different classification standards and our own research work, this article
reviews the researching progresses of Pd catalized Cross-coupling reactions used in solid phase organic
synthesis reactions, such as Heck/ Negishi/Suzuki and Stille reaction.

Key words: Palladium catalyzed cross-coupling reactions; Heck reaction; Negishi reaction; Suzuki

coupling; Stille coupling; Solid phase synthesis; Combinatoryal chemistry



