ORGANIC
LETTERS

Highly Regio- and Stereoselective Vol ee
Synthesis of 2( E),4-Alkadienoates via 1707-1709
the Pd(0)-Catalyzed Reaction of Aryl

Halides with 3,4-Alkadienoates

Chunling Fu T and Shengming Ma* 't

Laboratory of Molecular Recognition and Synthesis, Department of Chemistry,
Zhejiang University, Hangzhou 310027, Zhejiang, P. R. China, and State Key
Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, 354 Fenglin Lu, Shanghai 200032, P. R. China

masm@mail.sioc.ac.cn

Received December 25, 2004

ABSTRACT
) 5 5 mol% Pd(PPhs),
R R
5 mol% Ag,CO3 Rl R
R’ R 7 RX =\__R®
EtO K,CO3 (4 equiv) R?
R2  COOC;Hs
o CH4CN, 75 °C, N,

2(E),A-Alkadienoates were prepared highly stereoselectively via the Pd(0)/Ag ,COz-cocatalyzed reaction of 3,4-alkadienoates and aryl halides.
The reaction is believed to proceed via the oxidative addition ~ —carbopalladation —8-H elimination process. Compared to the other reported
methods for the synthesis of 2,4-alkadienoates, in which usually only disubstituted C =C bonds were formed, the current reaction forms the
trisubstituted or even tetrasubstituted C ~ =C bond highly stereoselectively.

Stereoselective synthesis of conjugated 1,3-dienes is offjj A NG

current interestsince they are very important intermediates Scheme 1. Regio- and Stereochemical Issues in the
in organic synthesisRecently, much attention has been paid Pd-Catalyzed Synthesis of 1,3-Dienes from Allenes and Organic
to the transition metal-catalyzed chemistry of allehésfter Halides

observing high selectivities with allenes bearingoafunc- Arl +Pd(0>

tionality,* we proposed that carbopalladation of allenes would s Al

provide a very convenient entry teallyl palladium species, R R LQ(
which upong-H elimination would lead to a convenient ® b eirinaion

formation of conjugated 1,3-dienes (Schemé Hpwever, B H efimination

the stereoselectivity of-H elimination is usually disap- %aﬁon ‘ﬁ'ﬁ_ \

pointing, which makes this approach unsuitable for the highly o efminagon

stereoselective synthesis of 1,3-diefirsthis paper, we wish R1>Q:f R2 Rl i RiN_F
to report the first highly regio- and stereoselective Pd(0)- o2 = - ‘_Q(F@ }Q_f
catalyzed reaction of 3,4-alkadienoates with organic halides Al Rt R Ar

leading to 2E),4-alkadienoates in high yields. Compared to
the other reported protocolsn which usually only disub-
stituted G=C bonds were formed, the current reaction forms

the trisubstituted or even tetrasubstitutegt@© bond highly
stereoselectively.

. At the beginning, we tried the reaction of ethyl 3-butyl-
T ;ﬁ;lla(rlg88)r]§,tresﬁ)l,67510' 3,4-pentadienoatea with phenyl iodide under the conditions
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allenoic acid$,which afforded ethyl 4-phenyl-3-butyl-2j,4-
pentadienoat8ain 80% yield as the only product (entry 5,
Table 1). The stereoselectivity is excellent, i.e., only tHe)2(

Table 1. Pd(0)/Agr-Catalyzed Carbopalladation ayeH
Elimination Reaction ofLa with Phl
5 mol% Pd(PPh3)4

-C.
H frCate 5 mol% Ag,CO3 H o Ph "
H +  PhI W \—
EO-G KoCO3 (4 equiv), N, nG4Hy COOCHs
Ie) Solvent, Temp
1a 2a 3a
temp time Phl yield of 3a
entry solvent °C) (h) (equiv) (%)
1 toluene 75 13 1.5 10
2 THF 75 14 1.5 45
3 dioxane 75 14 1.5 65
4 DMF 75 14 1.5 76
5 CH3CN 75 13 1.5 80
6 CH3CN 75b 13 1.5 63
7 CH3CN 60 13 1.5 16
8 CH3CN 75 13 1.2 63
9 CH3CN 75¢ 13 1.5 71

alsolated yield? Reaction was conducted in the absence ofQ@.
¢ Reaction was conducted in the presence of 2 equiv afCx.

corresponding 2(E),4-pentadieno8ta in 66% yield(entry
13, Table 2). NoS-H elimination toward R or R?> was
observed. However, under the conditions reported by Cheng
et al.8 the reaction afforded a mixture of 1,3-dienes formed
from the nonregioselectivg-H elimination.

On the basis of the analysis &ff NMR spectra of the
crude products, the extent of the formation of thé)2gomer
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Am. Chem. Socl983, 105, 6165. Mandai, T.; Yanagi, T.; Araki, K;
Morisaki, Y.; Kawada, M.; Otera, J. Am. Chem. S0d.984,106, 3670.
Trost, B. M.; Brandi, AJ. Org. Chem1984 49, 4811. Cacchi, S.; Morera,
E.; Ortar, G.Tetrahedron Lett1984,25, 2271. Bloch, R.; Benecou, C.;
Guibé-Jampel, ETetrahedron Lett1985,26, 1301. Otera, J.; Misawa, H.;
Sugimoto, K.J. Org. Chem1986,51, 3830. Mandai, T.; Moriyama, T.;
Tsujimoto, K.; Kawada, M.; Otera, Jetrahedron Lett1986 27, 603. Trost,
B. M.; Schmidt, T.J. Am. Chem. S0d.988,110, 2301. Hettrick, C. M;
Kling, J. K.; Scott, W. JJ. Org. Chem1991,56, 1489. Mitsudo, T.-A.;
Zhang, S.-W.; Nagao, M.; Watanabe, X.Chem. Soc., Chem. Commun.
1991, 598. Guo, C.; Lu, XTetrahedron Lett1992,33, 3659. Trost, B. M.;
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T.; Chan, C.; Harms, A. E.; Rihter, G. Am. Chem. S0d.997,119, 698.
Kinoshita, A.; Sakakibara, N.; Mori, Ml. Am. Chem. So&997, 119, 12388.
Qi, X.; Montgomery, J.J. Org. Chem.1999, 64, 9310. Horvath, A
Béckvall, J.-EJ. Org. Chem2001, 66, 8120. Ma, S.; Wang, Gletrahedron
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stereoisomer was formed, which is quite unique as comparedwa, s.: Wei, Q.: Ren, HTetrahedron Lett2004,45, 3517.

to a similar nonstereoselective reaction with normal alkyl-
substituted allenesThe stereochemistry @a was estab-
lished via the combined NOE study 8& and4a (eq 1).

Ph Ph
__H DIBAL-H H
n-C4Hg  COOCoHs Toluene, -78 °C n-CsHg  CH,OH M
78%
3a NOE
4a

After the reaction was run in different solvents, it was
observed that MeCN is the best solvent (entry 5, Table 1).
Further study indicates the following: (1) The presence of

(2) (a) Fringuelli, F.; Taticchi, ADienes in the Diels—Alder Reaction;
Wiley: NewYork, 1990. (b) Fringuelli, F.; Taticcchi, ADiels—Alder
Reaction: Selected Practical Methods; Wiley: Chichester, UK, 2002. (c)
Wasserman, A.Diels—Alder Reactions; Elsevier: Amsterdam, 1965.
Wallweben, HDiels—Alder Reaction; Thieme: Stuttgart, Germany, 1972.
(d) Oppolzer, W. InComprehensive Organic SynthesiBrost, B. M.,
Fleming, I., Eds.; Pergamon Press: Oxford, UK, 1991; Vol. 5, Chapter
4.1, pp 315-400. (e) Roush, W. R. I€omprehensive Organic Synthesis
Trost, B. M., Fleming, |., Eds.; Pergamon Press: Oxford, UK, 1991; Vol.
5, Chapter 4.4, pp 513—550. (f) Mehta, G.; Rao, S. Plhe Chemistry of
Dienes and Polyenes; Rappoport, Z., Ed.; Wiley: Chicester, UK, 1997;
Chapter 9, pp 361467.

(3) (@) Zimmer, R.; Dinesh, C. U.; Nadanan, E.; Hhan, FCAem. Re.
2000,100, 3067. (b) Reissig, H. U.; Schade, W.; Amombo, G. M. O. P.;
Puulz, R.; Haushherr, APure Appl. Chem2002, 74, 175. (c) Ma, S.
Carbopalladation of Allenesn Handbook of Organopalladium Chemistry
for Organic Synthesis; Negishi, E., Ed.; Wiley-Interscience: New York,
2002; 1491.

(4) (@) Ma, S.; Li, L.Synlett2001, 1206. (b) Ma, SAcc. Chem. Res.

Ag,CO;s is necessary since the reaction in the absence of 52003.36, 701.

mol % AgCQO; only afforded3ain 63% yield (compare entry

5 with entry 6, Table 1). This may be explained by the
interaction between the carbonyl group and"Ag ensure a
fast and regioselectivg-H elimination. (2) The reaction
temperature is also crucial since the reaction at°60
afforded3ain only 16% vyield (entry 7, Table 1). (3) For a
high-yielding reaction, 1.5 equiv of Phl and 4 equiv of-K
CO; are required (compare entry 5 with entries 8, 9, Table
1).
With these results in hand, we studied the scope of this

(5) For some of the most recent results from this group, see: (a) Ma, S.;
Yu, Z. Angew. Chem., Int. EQ003,42, 1955. (b) Ma, S.; Yu, ZJ. Org.
Chem.2003,68, 6149. (c) Ma, S.; Ren, H.; Wei, @. Am. Chem. Soc.
2003,125, 4817. (d) Ma, S.; Hao, X.; Huang, Xhem. Commur003,
1082.

(6) For some of the most recent typical reports on the chemistry of
allenes, see: (a) Hashmi, A. S. K.; Schwarz, L.; Choi, J.-H.; Frost, T. M.
Angew. Chem., Int. E@000,39, 2285. (b) Kang, S.; Ha, Y.; Ko, B.; Lim,

Y.; Jung, JAngew. Chem., Int. ER001,41, 343. (c) Lee, K.; Seomoon,
D.; Lee, P.Angew. Chem., Int. EQ2002,41, 3901. (d) Brummond, K;
Chen, H.; Sill, P.; You, LJ. Am. Chem. So2002,124, 15186. (e) Franzen,

J.; Béackvall, JJ. Am. Chem. So2003,125, 6056. (f) Trost, B.; Jakel, C;
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K.; Takeoka, Y.; Tanaka, TAngew. Chem., Int. ER003,42, 2647. (h)
Yang, F.; Shanmugasundaram, M.; Chuang, S.; Ku, P.; Wu, M.; Cheng, C.

transformation; some typical results are summarized in Table J. Am. Chem. So@003,125, 12576.

2. From Table 2, it can be concluded that the reaction is
general: R can be H, alkyl, or aryl; both electron-

withdrawing and electron-donating aryl halides can be used

in this reaction (entries 7—12, Table 2). The reaction with
thienyl bromide also proceeded smoothly, affording the
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(8) (@) Chang, H.-M.; Cheng, C.-H. Org. Chem2000,65, 1767. (b)
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Table 2. Pd(0)/Ag--Catalyzed Reaction of 3,4-Alkadienoates with Organic Hafides

5 mol% Pd(PPhs),

Rl A 5 mol% Ag,CO3 Rl R
R RX —\_H
EtO K,CO3 (4 equv) R!
R2  COOCHs
o CH4CN, 75 °C, N,
1 2
entry R! R2 RX 2/1 (equiv) time (h) yield of 8 (%)°

1 H n-C4Hg (1a) PhI (2a) 1.5/1 13 80 (3a)

2 CHj; H (1b) Phl (2a) 1.5/1 23 82 (3b)

3 CqoHs H(1e) PhI (2a) 1.5/1 19 77 (3¢)

4 (CHa)4 H@1d) PhI (2a) 1.5/1 11 85 (3d)

5 (CHz)s H(1e) Phl (2a) 1.5/1 19 77 (3e)

6 H Ph (1f) Phl (2a) 1.5/1 18 44 (3f)

7 H n-C4Hy (1a) p-MeOCgH4I (2b) 1.2/1 11 65 (3g)

8 H n-C4Hy (1a) p-CH3CsH4l (2¢) 1.5/1 11 65 (3h)

9 H n-C4Hy (1a) p-MeaNCOCgH4I (2d) 1/1.5 11 62 (3i)
10 H n-C4Hy (1a) p-CH3COCsH4I (2e) 1/1.2 46 75 (3j)
11 H n-C4Hy (1a) p-NCCgH4I (2f) 1/2 60 82 (3k)
12 H n-C4Hy (1a) p-MeO2CCeH4l (2g) 1/2 24 85 (31)
13 H n-C4Ho (1a) 2-thienyl bromide (2h) 1.5/1 21 66 (3m)

aReaction was carried out using 8:8.5 mmol of 3,4-alkadienoate%lsolated yield.

is <4%, if any. Even with ethyl 2-methyl-3,4-pentadienoate
19, the reaction afforded ethylE)4-pentadienoatdn highly

In conclusion, we have established a highly regio- and
stereoselective protocol for the synthesis dE)4-alkadi-

stereoselectively, which was established by the NOE study enoates. Due to the high stereoselectivity and easy availability
of 3n and 4n (Scheme 2). The stereochemistry may be of the starting allene¥,this method will be useful in organic

Scheme 2

H 5 mol% Pd(PPhg),

5 mol% Ag,CO3 ph

CH; + Phl CHs
EtO K,CO3 (4 equiv —
o 2a 2003 (& equl) H  COOEt

MeCN, 75 °C, N,

19 1.5 equiv 58% 3n

DIBAL-H

Toluene, -78 °C
84%

Ph
CHg

H  CHyOH

NOE
4n

explained by the favorablgans orientation of the 3-vinyl
group and the ester group referring to thg-C=C bond.
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synthesis. Further studies in the area are being pursued in
our laboratory.
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