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Palladium(II)-Mediated Three-Components Olefin Coupling Reaction
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Department of Chemistry, Cheju National University, Cheju 690-756

Abstract
Three different olefins have been selectively incorporated using Pd(QAc): to construct
the bicyclic compounds, which could be the key intermediates for the synthesis of
prostaglandin analogues. In this study, the scope and limitation of the three
component coupling reaction was described.
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chAloll £ A ol Alavt AYE PAE 4
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Scheme 1.

A+8B A-B

ethyl vinyl ether (4) % 1-octen-3-one (5)

& #Ax L3y AeH o g bicyclic compound

Two Component Coupling Reaction

Three Component Coupling Reaction
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L §IIPA e oW BF F9 Ftolrt
Prostaglandin(PG)2 Al WA o8 7}
2 Helzd 715E& Z+ local hormone2 &
A geix ok Y4¥ALE FAET de A
A Arozng Ras arachidonic acide
A3} & 2 (cyclooxygenase) 9 Z&oll o3t o
29 PGE A%}, Prostaglandind Aol
A v gto] 3& sb5ch WA, PG E 1
FEAEL SR HellA ol BHE
Zch? PGF2 & 833 2 smooth muscle
olfaz Foz & A gt I FzAAY
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a7 =3q Y fFEAolh

2 dzddHE PGY 12-epimer HEAI
B4 28 A v ek’ o] FAHNA A F
79 Az o2 gu9e d9Hez #HA 3
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Scheme 2.
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(6)% one-stepe & A% & Uk FoiA 3}
e 7td z2x¢ $3k prostaglandin
S EAQ 12-epi-PGF. (2) 22 A%E £+ 4
c},
ol@)¥ dF9 Yoz B AFdAdE, PG
A9l 12-epimer PA THsAE HEdHAUCL
%, o9 gL o]&3td  bicyclic
compound 79 #¥4& A=t AFE 7
2k z23-¢ §3to] k3l o -side chain®
ZHE PG #r =42 HEg" 4 i Scheme 3).
B AFedlAE o3t #A AH YzHEA,
PA(II) oA, &% 69 FHoll w& three
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Scheme 3.

Pd(Il)

4344

A Aag yhSol A3 713 2% Aldrich
AZE FUds A&k Thin  Layer
Chromatography(TLC)+ E. Merck4 A&¢9
precoated silica gel aluminum sheet(Silica
Gel 60F-254, 0.2mm)-& A+83%ct. NMR &
ey Nicolet NT-300 £371& o|&3}e
dgich IR 2 EH 9 high-resolution Mass
2#ede IBM IR 98 % Kratos MS-50 #
BN & o] &3 AA

BYgE 7a }A Table 19 3¥E 79 4
€ 7a9 $A4 FYH Wyor o|Fo] Fch
2 &gx3d HYE 3 (107 mg 05
mmol). ethyl vinyl ether (108 mg, 15
mmol) % ethyl vinyl ketone (840 mg, 10.0
mmol)€ ¥, wAZHez2 Pd(OAc), (134
mg. 0.6 mmol)& HEch 479 YL 4
k-1

Lol A 2417+ aH3E 4% hexane 10 ml1& %
o] uteg FHAc} HSES A 4
oA oxigk & 7t KMM &% 539

€ AMH(4/1 hexane/EtOAc)& ol &3 &
W42y Fezvieddsz FARG AHE
7a€ 119 mg (65% +&) ddAck: Ry = 038,
0.30 (4/1 hexane/EtOAc): 1H NMR (CDCh)
0 695 (dd. J = 162 and 84 Hz, 1H.
HC=C)., 611 (d. J = 162 Hz, 1H.
C=CHC=0). 512 (d. J = 48 Hz 1H,
ROCHR'OEt), 468 (t, J = 69 Hz, 1H.
CHOR), 4.20 (m. 1H, CHOSI), 3.66 (dq. J =
99 and 7.2 Hz, 1H, OCHz), 340 (dq. J =
99 and 7.2 Hz, 1H, OCH), 3.00 (m, 1H),

O' PG's
N _—

256 (m, 3H), 2.3¢ (ddd. J = 123, 9.0 and
51 Hz, 1H), 199 (d. J = 147 Hz. 1H), 1.91
(dd, J = 69 and 45 Hz, 1H), 1.85 (dd, J
= 126 and 9.6 Hz, 1H), 1.15 (t, J = 6.9 Hz,
34, CH3), 1.09 (t. J = 75 Hz. 3H, CH3).
0.86 (s, 9H, t-BuSi), 0.03 (3H. SiCHs). -0.01
(s, 3H, SiCH3): *C NMR (CDCl) & 200.80,
145.16. 131.74, 105.15, 83.23, 77.72, 62.13, 50.24,
45.72, 42.23, 35.80, 32.72, 2571, 17.20. 15.30.
839, -4.81, -518: IR (neat) 2955, 1674
(C=0), 1256 cm™.

Compound 7b 'H NMR (CDCl;) & 6.95
(dd. J = 16.2 and 8.4 Hz, 1H H;), 6.10 (d.
J = 16.2 Hz 1H. Hu). 514 (d, J = 4.8 Hz,
1H, Hs), 4.69 (t, J = 45 Hz, Hy), 4.23 (m,
1H, Hu), 3.68 (da. J = 9.6 and 7.2 Hz, 1H,
Hs), 341 (dq, J = 9.6 and 7.2, 1H, Hs), 3.03
(dt, J = 16.3 and 8.4 Hz, 1H, Hi). 2.61 (dt,
J = 4.2 and 84, 1H, H12), 2.36 (ddd, J =
12.3 and 84 and 4.8 Hz, 1H, H)., 2.26 (s,
3H, COCHs), 151 (d, J = 15.0 Hz. Hi). 1.94
(dd., J = 6.6 and 45 Hz, 1H, Hs), 1.88 (dd.
J = 120 and 9.0 Hz. 1H. Hy). 1.72 (t. J =
7.2 Hz, Hy), 0.88 (s, 9H. f-BuSi), 0.05 (s, 3H,
SiMe), 0.01 (s, 3H. SiMe).

Compound 7¢ 'H NMR (CDCl;) & 7.10
(dd, J = 159 and 87 Hz, 1H, Hg). 5.86 (d.
J = 159 Hz, 1H. Hu). 512 (d. J = 48 Hz
1H, He), 467 (t. J = 69 Hz, 1H. Hi). 4.19
(m, 1H, Hu), 3.72 (s. 3H, OCHs). 3.65 (dq, J
= 96 and 7.2 Hz. 1H, Hs), 339 (dq. J =
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9.6 and 7.2 Hz, 1H, Hs), 299 (m, 1H), 2.58
(dt, J = 3.9 and 84 Hz, 1H). 235 (ddd, J
= 123 and 87 and 4.8 Hz, 1H, H7), 2.00 (d,
J 150 Hz, 1H, Hip), 1.91-1.74 (m, 2H),
115 (t. J = 7.2 Hz, 3H, CHs), 0.86 (s, 9H,
t-BuSi), 0.02 (s, 3H. SiMe), 0.00 (s, 3H,
SiMe).

Compound 7d 'H NMR (CDCl3) & 952
(d, J 8.1 Hz, CHO), 6.98 (dd, J 15.9
and 87 Hz, 1H, Hw), 617 (dd, J 15.9
and 8.1 Hz, 1H, Hu), 514 (d, J = 4.8 Hz,
1H. Hg), 470 (t, J = 6.9 Hz, 1H, Hy), 4.27
(m, 1H, Hu), 367 (dqg, J = 9.6 and 7.2 Hz,
1H, Hs), 341 (dg, 1 = 9.6 and 7.2 Hz, 1H,
Hs), 3.06 (m, 1H), 2.74 (dt, J = 3.9 and 8.1
Hz, 1H), 2.34 (ddd. J 12.3 and 8.7 and
51 Hz, 1H), 2.30 (d, J = 15.0 Hz, 1H. Hi),
1.98-1.84 (m, 2H), 1.17 (t, J = 7.2 Hz, 3H,
H,), 0.87 (s, 9H, ¢-BuSi), 0.05 (s, 3H, SiMe),
0.00 (s, 3H, SiMe).

]

Compound 7¢  H NMR (CDCl3) & 7.32
(m. 5H, Ar), 643 (m, 2H, Hi3 and Hu), 5.16
(d, J = 48 Hz, 1H, He), 472 (t, J = 6.9
Hz, 1H. Hy), 4.23 (m, 1H, Hn), 364 (dq, J
= 96 and 7.2 Hz, 1H, Hs), 341 (dq, J
9.6 and 7.2 Hz, 1H, Hs), 3.02 (m, 1H), 2.62
(dt, J = 4.2 and 7.2 Hz, 1H), 247 (ddd, J
= 12.6 and 8.7 and 4.8 Hz, 1H, Hy), 2.00 (d,
J 150 Hz, 1H. Hy). 1.95-1.83 (m, 2H).
117 (t, J 7.2Hz, 3H, H4). 0.87 (s, 9H.
t-BuSi). 0.03 (s, 3H, SiMe), 0.00 (s, 3H.
SiMe).

Compound 7f Clean separation of this
compound was difficult, because the Rs
value of compound 61 is very close to that
of phenyl vinyl sulfone.

Compound 7g Since this compound was
obtained as a mixture of diastereomers
which are difficult to separate, a clean 'H
NMR spectrum was not obtained.

Compound 7) A «clean 1H NMR
spectrum could not be obtained due to the
presence of 4 diastereomers.

Compound 7m 'H NMR (CDCl3) & 543
(m, 2H, HC=CH), 5.09 (d, J = 45 Hz, 1H,
He), 423 (t. J = 7.2 Hz, 1H, Hy), 4.07 (m,
1H, Hu), 467 (dq, J = 96 and 7.2 Hz. 1H.
Hs), 3.39 (dg, J = 96 and 7.2 Hz, 1H, Hs),
2.90 (m, 1H, Hy), 2.30 (ddd, J = 10.8 and
7.8 and 48, 1H. H;), 216 (m, 1H, Hn).
2.01-1.89 (m. 4H). 1.81-1.70 (m, 3H), 1.31
(m, 4H), 117 (t, J = 7.2 Hz, 3H. Hi). 0.87
(m, 12H, t-BuSi and CHs), 0.03 (s. 3H,
SiMe), 0.00 (s, 3H, SiMe).

3EE 89 ¥4 3YE Tm(6:1 EYE 4H,
69mg, 0.17 mmol)& THF £di(5.1 ml)el 4
X 05 N HCl <89 51 ml& 9} 4y
+ A2oA 247 aygt ¥ 3N NaOH 4
22 F3udcd wSHE ethyl acetate(25
ml x 2)& &% ¥ #71%¢ sat. NaCl £
o2 Ax, Az% ¥ 5389 2322EE
1/2 hexane/EtQAc2 A 2olE ety A A)jstod
313HE 8(46mg, 84% +&)% AUtk R =
0.27 (1:1 hexane/ethyl acetate): 'H NMR
(CDCl) & 559-531 (m, 3H, HC=CH and
ROCHOH), 4.82 (t, J = 6.6 Hz, 0.5 H), 4.72
(t, J = 66 Hz, 05 H), 409 (m, 1H), 351
(br s, 1 H), 295-2.78 (m, 1H), 2.25-1.82 (m.
8H), 1.22 (m, 5 H), 0.87 (t, J = 6.9 Hz, 3H,
CH3) [e] 3}§&¢ diastereomer =2 Qo
A7l o Bl AE¥ NMR &¥Eld S a4 ¢
#+ tUsld: IR (neat) 3605 (OH), 3346
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(OH), 2955, 1717, 1464, 1377 cm™: HRMS
calculated for Ci;sHxOs, 254.18820, found
254.18804.

HFE 99 §A4 THF 55 midl 59 (4-
carboxybutyl)triphenylphosphonium
bromide(559 mg, 129 mmol) £l
KHMDS (05 M in toluene, 52 ml, 26
mmol)& 0°Colld @dch o] & 2oz
B8 g, 1087 wukeddch o] ®h3-ell 3}
£ 8(82 mg, 0.32 mmol, in 1.5 ml THF)&
Yok uh-88 ALoA 20417 Zukdt ¥,
H:0 25 ml& 93 ¥hgg FA28 &7 &
&€ AASZ f5ed 25 ml ethyl acetate
2 AL ¥ #71%¢% 2N HClz2 %32
CH:Cl2(25 mi x 2)& &34k §715& #
4 MgS0s Aelld Azdz sF3%ct 23&
% EtOAc/MeOH/AcOH(90/5/05)8 ==Zv}
Eaey A S3YEE 9(62 mg 57% +
€)8 LdF ojA4AN EZHEY Yulz A
tt: Ry = 033 (18:1 RtOAc¢/MeOH): 1H
NMR (CDCI3) & 550 (m, 4H, HC=CH,
HC=CH), 428 (m, 1H, CHOH), 4.22 (m. 1H,
CHOH), 236 (m. 3H), 2.15 (m, 7H), 1.97 (m,
4H), 1.80 (dt, J = 144 and 45 Hz, 1H),
1.71 (t, J = 7.5 Hz, 2H), 1.28 (m, 8H), 0.88
(t. J = 6.6 Hz, 3H, CHs): “C NMR (CDCl)
& 17892, 131.68, 130.68, 129.77, 129.18, 75.55.
75.47, 45.80, 45.28, 41.56, 33.45, 32.63, 31.43,
20.38, 29.26, 26.68, 24.58. 23.99, 22.57, 14.12:
IR (neat) 3400 (OH), 2928, 2856, 1711. 1439,
1379 em-1: HRMS calculated for CapHOx,
338.24572, found 338.24578.

Ax 4 2%
29 #HAL ug Allyl alechol, ethyl

vinyl ether ¥ o8 7}1x L& o] &3},
Pd(OAc), oA ur-3& APAZck 2 A3}

£ X 1ol 893t}

o8 71x whezAE HEY A, vinyl
ether 3 2% 2 gallH 20 3] FFHg ¢
F Ak EFH, A4 L7l gle 24
A uhe& A Aol M} AEAHY LS 9
ot welA], wbg Aefoz A5 N
& 2uj2Ae d¥E FAod £33 gl

a f-E3LAAUEL 7P ALY AY A
35 entry 1-70 EA&gic} uhg As) U
 AALE T8 48 #71 Uik a8y gl
Bl Ffol we} wkE &0 10-65%2 Aol
£ Jehliicl Ethyl vinyl ketoned ¢ 7}
A 43 vreAd & Jehdg (entry 1). #
2+8 ketoneq! methyl vinyl ketonedl #H¢
o] YolAg #FdAc} (entry 2). o] 7
SollE SLEFQA JFE 30| Hhgoll FdFA
%3 ol gldel WA olBF Aol
ketone?] w34 o B AojollA eht=
Azeln  #@<®ich Vinyl aldehyde o
styrene?| 7 follE W WA T clEo ¥
3 HAEQ 33E 8o] WS} (entries 5,
6). ol+ organopalladium trapping agentZ
A9 e wheA g wel Azeln 3.

e vinyl 3EY F9ollx, ¢ wHE4ol
st (entries 8, 9).  Acetylenic
compound® 7%, Wit APEL A& F
glslet (entry 10). Ethylene gas7t o] &sl&
AeolE AAQEo] odojxx] gt (entry
11). 1-octen-3-0l FEM7I SHHog o] 4%
A, e HE g9 YA Eo| Lo
(entries 12-14). o]2% C-8 3}FYEL zZa~
e}Z2d 9] o -side chainoll 3=l LM
24, AFH<A couplingel <|FoiF FH$,
12-epi-PGe] AAo] vlg HEHoZ o]FolA]
A "k w¢ 23HA 1-heptene =
l-octenee] Moz A8 A, wbszA
o] wiel A Eo] ¥ +&2 dojF o] s
2lct (entries 15-17). 1-Heptenee] &sjHe
2 o83 e wEzA A9 A$ A4 B
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13%2 #&2 dojzion}, utgz7 BE o4
e AE F¥ol 58%2 F43 IASU.
HH327 Bt A% o8 A& Nalsl d7halz
o] £59lcl = Holch Nal9 whe Ul g8 3
B3 v AL glod, §7%EE F0M 9
AdAze wiztel ;o] gloz} il
ol & uh$z7E& 1-octeneoll HEIHHE A
T Uste WA EE 54%9 $€2 doF.

A4E Tme C=C o|FA%e] 124 7 134
ol 1A EFES Hyelz dojzich AAn
BHEE LERSE T3] AN A E
€+ NMRZ #<lsted odgicl o3y A4 E
7m 15-deoxy PG ®#=A 1028 #4o| 7}

Table 1. Three component coupling reaction using palladium acetate gy

Sk & chedt UL WeE Fae Az
zzxe2dd fENE EEYoz Y4HA

ot 94, HCIE o] &3t acetal 7t4838 =
alcohol deprotection® #3ted lactol 3gE
9% A%l oA lacto LS 8L Wittig
reactiong ZAPAA Z22egtFTd 108 A
. & #9EF 304 3xtd whel PG REA
€ & 4+ Uk ojRL A AEHY PG
M g4 ol

OEt
o o
Pd(Il) ~ . LS
ea e O O
3 -,,,/\R \
6 78BSO TBSO
7
% lsolated Yield
Entry Substrate 6 Time (h) Condition Product n el e
7 8 3
1 A 2 A 7a 65
(o]
2 2 A 7b 35 26
-
(o]
3 /\ﬂ/ S B 7b 39 40
(¢]
4 /WOCHB 1 A 7c 26
(o]
H
5 A 1 A 7d 17 5
(o]
6 /\© 05 A 7e 13 7
7 2 A 10
Z780,Ph I

Condition A: 1.2 Pd(OAc),, neat, rt; Condition B: 1.5 Pd(OAc),, 0.2 Nal, neat, rt
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Table 1. continued.

% Isolated Yield

Entry Substrate 6 Time (h) Condition Product
7 8 3
8 /K 4 A 79 10 - 30
OH
9 /\f< 4 B 79 15 - 20
OH
10 //\WCsHu 5 min A 7h 0 -
0
1" H,C=CH, 2 A 7 0 )
CsHqy
12 Y 7 4 - -
OAc 2 A
CsHy, .
13 /Y ) 8 7 15
OAc
CsH
14 Y st 2 8 7k 5
0oTBS
13 4 4
15 A CeHry ) A 71
16 /CsH” 2 B 7| 58 i i
17 #CeHia 2 B m >

Condition A: 1.2 Pd(OAc),, neat, rt; Condition B: 1.5 Pd(OAc),, 0.2 Nal, neat, rt

w7t Ze] At Ethyl vinyl ketoned &3l
o o]&% coupling reaction® A, vk%
w7t Ee o3 o] At 4 PA(ID)
9} vinyl ether7} coordinationg ol &} vinyl
9] AAMzE7 %743k Alkoxy palladation
o] Z#sle] organopalldium 11§ HAH%F,
£2hd 28 insertiono] & slo] F7+A| 13
& A%} o] FAE syn $Xol alkoxy
717} ZA8t2 g B -hydride eliminatione] #

=z gtk o Aelold  ethyl vinyl
ketones} Heck-type additione] sf=ic},
Addition ¥ syn B -hydride eliminationol
Agsio] Y= MAE Tol dojFch A,
Heck-type reactiono] Z&Hog o]Fojx7
ke Ao, BUS Heo] EEHQ] 8o H
A EZ odoZich o] HbZolAE, e vhE-
o2 3ol MEE o -HAife] ol HdHog
doiAE ¢ 4 AUrh
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Scheme 4.
OEt OEt
9/« 9{ 0.5N HC!
s — O ¢ o
.O' N NG g * S, RN THF
TBSO TB8SO n 2d
m s Tm
(54%)
OH
{ 0
9’§ 4[PhyP(CH_),CO,H]Br H SN oM
O.,, P A P 8 KN(TMS), : B2\ e Y
5 — HO
HO THF. 1, 1.5h 10
s (57%)
(89%)

Scheme 5.
OEt OFEt
HO q(oa Q/«/PdOAc 9’&
' . OAC
+Pd _— _—
_.@ ' onac Q G “PdOAc
T8SO T8S0 TBSO
3 11 12
/\n/\
% he
OFEt OFEt OFEt
Q/Q o 0
TS - HPdOAc R PUOAC TS
:O""/\n/\ _'O.“'I /H}/\ O
785G 0 T8SO 0 TBSO
6 13 8
a8 AL HAY Lo Addo] Rolu} Fa ¥
& JAs
£ AFdA e palladium(I)& siHMZ o] A% Eadn whgzAE iz A,

uh-S-(three component coupling reaction)oll
o, W34 o f84E AEIANL 53,
cyclopentenol, vinyl ether 3 71el £#lg&
g8 zzAElFed FHTZE AAE
HEE HEHUG £ g5 A A9 Aot
AYE Aoz A4Hse ole agHU W
SYE WAHAG a, £ urge 4F =

&3t A MY Az o 2HHUE AR LEHE 15-deoxy-prostaglandin® ZHz2E <47

HAss olald Be FTAE Aepdl o

Wittig W& Fste] zzael
H4RE oY 4 dolA 2
A WS FA4L 27z e A
FANE oI FEA 48R & s
S,
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A3EYH 2. For a review, see Collins, P. W.. Djuric,
S. W. Chem. Rev. 1993, 93, 1533.
1. a) Noyori, R. Chem. in Britain 1989, 883. 3. a) Larock, R. C.: Lee, N. H. J. Am.
b) Noyori, R.: Suzuki, M. Angew. Chem., Chem. Soc. 1991, 113, 7815. b) Lee, N. H.:
Int. Ed. Engl. 1984, 23, 847. Larock, R. C. Bull. Korean Chem. Soc.
1995, 16, 859.
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