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Palladium-Catalyzed Cross-Coupling of Unactivated Alkenes with Acrylates:
Application to the Synthesis of the C13-C21 Fragment of Palmerolide A

Zhen-Kang Wen,"” Yun-He Xu,™"! and Teck-Peng Loh*!*"!

Functionalized butadienes are ubiquitous structural motifs
in natural products, and they are also useful building blocks
in modern organic synthesis.l'! The construction of butadiene
scaffolds is frequently accomplished using the Horner—
Wadsworth-Emmons olefination reaction.”) In recent years,
with the development of transition-metal-catalyzed coupling
reactions, butadiene synthesis that involves the use of either
palladium,”! rhodium,” or ruthenium® complexes as cata-
lysts have been reported. However, for these reactions, the
need for prefunctionalizing the reactants and the undesired
formation of stoichiometric amounts of waste make them
neither atom economical nor environmentally benign.
Consequently, the establishment of catalytic reactions that
involve the formation of a Cy,—C» bond between two olefin
substrates through direct C—H bond functionalization, thus
giving butadienes, are necessary. Pioneering work on stoi-
chiometric palladium-mediated oxidative coupling of arenes
with electron-deficient olefins, as well as a catalytic variant
thereof, was first reported by the research group of Fuji-
wara.[’! Building on those results, palladium-catalyzed direct
C—H bond functionalization reactions are now employed in
the synthesis of complex organic molecules.”! To date, de-
spite the efficiency of direct (hetero)aryl C—H bond func-
tionalization reactions,’! direct alkene—alkene coupling reac-
tions involving alkenyl C—H bond activation are rarely re-
ported. This paucity is primarily due to the inertness of the
C—H bond in simple olefins, and the difficulties in promot-
ing the desired cross-coupling while avoiding homocou-
pling.'”! To date, a number of successful examples of such
cross-coupling reactions have been reported. Ishii and co-
workers reported the cross-coupling reaction of vinyl car-
boxylates with acrylates as catalyzed by Pd" with vanadomo-
lybdophosphoric acid.!'! Yu and co-workers reported cross-
coupling reactions of activated alkenes and functionalized
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1,3-butadiene. A rhodium-catalyzed oxidative C—H olefi-
nation of functionalized alkenes was also developed by Glo-
rious and co-workers.'”] Despite the success in our initial
report on the palladium-catalyzed cross-coupling of two ole-
fins to form dienes, the reaction of more elaborate aliphatic
olefins did not afford the desired products."” Thus as part
of an effort to synthesize the natural product, palmeroli-
de A, which contains a complex diene motif, we needed to
find reaction conditions that would allow alkyl-substituted
alkenes to couple with acrylates. Accordingly, we report
herein a new method for the coupling of alkyl-substituted
alkenes with acrylates along with its application toward the
synthesis of the C13-C21 fragment of palmerolide A.

Initially, using our previously reported reaction conditions,
the model reaction of 1a (1 equivalent) with n-butyl acrylate
(2 equivalent) did not afford any desired product.™ To
obtain the product, different bidentate ligands were used to
increase the catalytic activity of the palladium catalyst
(Table 1, entries 1-4). The results showed that, among the
ligand tested, 1,10-phenanthroline was the most efficient in
promoting the cross-coupling reaction (Table 1, entry 4).
Unfortunately, the reaction was not selective, the £ and Z
products being obtained in equal amounts (50:50). To in-
crease the selectivity, a series of protected homoallylic alco-
hols were employed. To our delight, with the TIPS-protect-
ed substrate, the £ and Z isomers were obtained in a ratio
of 75:25, albeit the reaction yield was low (Table 1, entry 9)
To further improve the reaction yield and stereoselectivity,
the catalyst loading, temperature, and choice of solvent
were varied. Ultimately, we found that the following reac-
tion conditions were the most effective: 10 mol % Pd(OAc),,
12 mol % 1,10-phenanthroline, 12 mol % AgSbF, as an addi-
tive, and 2 equivalents of Cu(OAc), as an oxidant in NMP/
PivOH (v/v, 1:1) at 120°C for 24 hours. When using these re-
action conditions, the desired coupling product was obtained
in 82% yield with an E/Z ratio of 75:25 (Table 1, entry 17).
Moreover, the '"H NMR analysis of the crude reaction mix-
ture indicated that neither products derived from a homo-
coupling reaction of alcohol 1a nor those derived from the
dimerization of butyl acrylate 2 were observed under the
optimized reaction conditions. Other oxidants, such as
AgOAc, Ag,O, and benzoquinone, gave relatively poor
yields of the cross-coupling product.

With optimized coupling reaction conditions established,
we expanded the scope of the reaction by examining the
cross-coupling between a dozen structurally diverse TIPS-
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Table 1. Optimization of reaction conditions for the direct cross-coupling TIPSO
between olefins.! R/K/g Pd(OAC), (10 mol%)
OR ) 1,10-phenanthroline (12 mol%)
Pd(OAC), (10 mol%) 1 (1 equiv) AgSbFg (12 mol%) TIPSO
Cu(OAc), (2 equiv) OR : )\/K/\/cozw
ligand/additive X COonBu * Cu(OAc), (,2 equiv) R
v o S
solvent, 24 h ’ 3
+ Z>CoumBu s 2 (2 equiv)
SO
Entry R Ligand/ T Solvent (1:1)  Yield ElZ TIPSO TIPSO
additive  [°C] [%] [% ]! @M)\/\/COZW @/K)\/\VCOW
1 H L1 60  DMSO/ 23 50:50 ;
AcOH 3a R'=nBu; 82% (E/Z 75:25) 3b R'=nBu; 73% (E/Z 75:25)
2 H 2 60 DMSO/ _ _ 3a'R'=Et 68% (EIZ 75:25) 3b'R'=Et, 65% (E/IZ 75:25)
AcOH HIESO ) TIPSO
3 H L3 60  DMSO/ - - NN COR Meozw
AcOH
4 H L4 60 DMSO/ 32 50:50 3¢ R'=nBu; 65% (E/Z 80:20) 3d R'=nBu; 64% (E/Z > 95:5)
AcOH 3c'R'=Et, 56% (E/Z 80:20) 3d'R'=Et; 53% (E/Z > 95:5)
5 Ac L4 60 DMSO/ 12 50:50 TIPSO
AcOH hlan COunB X CO,nBu
6 Bz L4 60  DMSO/ 14 50:50 NN N
AcOH 3e 67% (E/Z 75:25) 3f 77% (EIZ 86:14)
7 Bn L4 60 DMSO/ 15 55:45 TIPSO
AcOH TIPSO
N MeO,C XCOunBu X CO2nBu
8 TBDPS L4 60 DMSO/ 11 55:45 2 A 2
AcOH 39 62% (E/Z 75:25) 3h 47% (E/Z 75:25)
9 TIPS L4 60 DMSO/ 14 75:25
AcOH TIPSO TIPSO
10 TIPS L4 9  DMSO/ 23 75:25 NN COnBU NN COnBU
PivOH al G
11 TIPS L4 90 NMP/PivOH 34 75:25 3i 46% (E/Z 75:25) 3 3j 37% (E/Z 75:25)
12 TIPS L4 120 NMP/PivOH 65 75:25
13 TIPS L4 130  NMP/PivOH 60 75:25 T'PSOK)\/\/
14 TIPS L4/AgBF, 120 NMP/PivOH 68 75:25 NN C02Bu TIPSO
15 TIPS L4/ 120 NMP/PivOH 62 75:25 3k 30% (E/Z 67:34) TIPSO BnOMCOanu
AgOTE AcO PN
16 TIPS L4/ 120 NMP/PivOH 59 75:25 + K)\/\/COZnBu 1K 3151% (B/z 75:25)
AgClO,
17 TIPS L4/ 120 NMP/PivOH 82 7525 3k’ 32% (EIZ 67:34)
AgSbF,

[a] The reaction conditions are as follows: olefin 1 (0.3 mmol), n-butyl
acrylate (0.6 mmol), Pd(OAc), (10 mol %), ligand (12 mol %), and silver
salt (12 mol %) in mixed solvent at the indicated temperature. [b] The
configuration of the product was confirmed by NMR spectroscopy after
purification. Bn=benzyl, Bz=benzoyl, DMSO =dimethylsulfoxide,
NMP = N-methyl-2-pyrrolidinone, Piv=pivalyl, TBDMS = tert-butyldime-
thylsilyl, TIPS = triisopropylsilyl.

NP / \
~ =N N=
L3 L4

NN N3 N3-tetra-
methylpropane-
1,3-diamine

L1

2,2"-bipyridine 2,9-dimethyl-1,10-

phenanthroline

1,10-phenanthroline

protected homoallylic alcohols and either n-butyl acrylate or
ethyl acrylate. As shown in Scheme 1, all of the reactions
gave the coupling products in moderate to good yields with
moderate E/Z ratios. n-Butyl acrylate reacted effectively to
give the coupling product in a higher yield than that ob-
served for ethyl acrylate, although there was no improve-
ment in the E/Z ratio. Also, the reaction could tolerate sub-
strates containing a chlorine atom, such as 4-chlorophenyl
substrate 3i, thus giving access to products that could be
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Scheme 1. Exploration of the scope of the homoallylic alcohol compo-
nent in the coupling reaction with n-butyl acrylate. The reactions were
carried out as follows: olefin 1 (0.3 mmol), n-butyl acrylate (0.6 mmol),
Pd(OAc), (10mol%), 1,10-phenanthroline (12 mol%), Cu(OAc),
(0.6 mmol) and AgSbF, (12 mol %) in NMP/PivOH (v/v=1:1) at 120°C
for 24 h. The yields and E/Z ratios indicated were determined upon isola-
tion.

synthetically elaborated. Interestingly, the E/Z isomer ratio
was affected by the nature of the substituent on the carbi-
nolic carbon atom of the homoallylic alcohol. For example,
when the hydroxylated carbon atom also bears either a
phenyl group or a primary alkyl group, E/Z ratios of 75:25
were observed for the corresponding products (Scheme 1;
3a, 3a’, 3b, 3b', 3e, 3g, 3h, 3i, 3j, and 31). Products with
higher E/Z ratios (80:20 and 86:14) were obtained when
using substrates bearing secondary alkyl groups on the car-
binolic carbon atom (Scheme 1; 3¢, 3¢/, 3f). However, when
the carbinolic carbon atom of the substrate bears a tertiary
alkyl group (Scheme 1; 3d and 3d’) the corresponding prod-
ucts were obtained with E/Z ratios of greater than 95:5, thus
suggesting that steric bulk influences the stereochemical out-
come of these reactions. We also noticed that when a pri-
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mary TIPS-protected homoallylic alcohol 1k was used as
the substrate, products 3k and 3k’ were obtained in compa-
rable yields and with similar levels of stereoselectivity.

In view of the usefulness of dienyl alcohols in organic syn-
thesis,'we also investigated the cross-coupling reaction of
nonprotected allylic alcohol 4a with fert-butyl acrylate. In
the presence of 20 mol% of Pd(OAc),, 20 mol % 1,10-phe-
nanthroline as a ligand, and 20 mol % AgSbF, as an addi-
tive, diene 6a was obtained in good yield and stereoselectiv-
ity (Scheme 2). Other aryl-, alkyl-, and alkenyl-substituted
allylic alcohols also gave the corresponding dienyl alcohols
in moderate yield and stereoselectivity (Scheme 2). These
results further demonstrate the versatility of our cross-cou-
pling reaction.

OH
Pd(OAC), (20 mol%)
R)\]/ Cu(OAc), (2 equiv) OH
| i 0,
4 1,10-phenanthroline (20 mol%) RWCOztBu
* AgSbFg (20 mol%)
AN 80°C, 48 h
Z" "COxtBu DMSO/PIVOH (1:1) 6
5

\9)\(\/\0021&] W

6b 56% (E/Z 80:20) 6c 58% (E/Z 80:20)

/W/Kr\/\CoztBu

6d 50% (E/Z 84:16)

CO,tBu

OH

W CO,tBu
FiC

6e 61% (E/Z 80:20)

OH
- Meachozzsu

6f R'= OMe 56% E/Z 80:20

69 53% (E/Z 91:9)
6aR'=H 74% (E/Z 83:17)

Scheme 2. Cross-coupling between nonprotected allylic alcohols and tert-
butyl acrylate to form dienyl alcohols.

With this efficient protocol in hand, next we focused on
applying our methodology to the total synthesis of the natu-
ral product, palmerolide A, which was first isolated in
2006.%%! To date, a few total syntheses have been reported
by the research group of Nicolaou'®® and those of oth-
ers.' 1% Qur approach to the synthesis of this natural prod-
uct requires the construction of C13-C21 key fragment 8,
which contains the FE-dienyl-alcohol structure. We envi-
sioned that diene 8 could be readily accessible using our
cross-coupling method. As depicted in Scheme 3, the reac-
tion of readily available intermediate 7 with n-butyl acrylate
using our optimized reaction conditions afforded the desired
diene 8. Even though the yield was poor for the PMB-pro-
tected substrate 7, the acetyl- and benzoyl-protected deriva-
tives 7 gave significantly better results. In fact, the reaction
of acetylated 7 gave the desired diene 8 in moderate yield
(69 %) and a respectable 80:20 E/Z ratio (Scheme 3).
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Pd(OAc), (10 mol%)

1,10-phenanthroline (12 mol%) TIPSO
Cu(OAc), (2 equiv) /\/'\/k/\/ B
A copmBu RO Xy CO2nBu

AgSbFg(12 mol%)

NMP/PivOH (1:1)

7 2 120°C, 48 h 8
Entry R Yield [%] EIZ [%)
1 PMB 18 (8a) 75:25
2 Bz 45 (8b) 75:25
3 Ac 69 (8c) 80:20

65%
SnCly, -78 °C

H
o/\/COzMe ref. [17] PMBO/\/C O 4Ams, CHCly

PN
PMBO™

SiMe3 12

9 10 :
1 (synlanti 91:9)

0ec | TIPSOTY,
2,6-lutidine,
94% | " ch,Cl,

TIPSO 1) DDQ, CH,Cly/H,0, 0 °C>RT TIPSQ
AcO PMBO™

2) Ac,0, pyridine, CH,Cl,, 0 °C-»RT
7 79% for 2 steps

J 13
TIPSO
N S CO,Bu

8
69%, E/IZ 80:20

Scheme 3. Synthesis of the C13-C21 key fragment of palmerolide A.
DDQ =2,3-dichloro-5,6-dicyanobenzoquinone, PMB =p-methoxybenzyl,
Tf = trifluoromethanesulfonyl.

In conclusion, we have developed a straightforward palla-
dium-catalyzed cross-coupling reaction of either homoallylic
or allylic alcohols with acrylates that gives dienyl alcohols in
moderate to high yields, and with good stereoselectivity. We
have also applied this method to the synthesis of the key
C13-C21 fragment of palmerolide A. Further studies to-
wards the synthesis of palmerolide A and other complex
natural products are in progress.

Experimental Section

To a 5 mL round-bottomed flask equipped with a magnetic stirring bar
was added substituted alkene (0.30 mmol), Pd(OAc), (10 mol%,
0.03 mmol), Cu(OAc), (0.6 mmol, 2.0equiv), 1,10-phenanthroline
(12 mol %, 0.036 mmol), AgSbF; (12 mol %, 0.036 mmol), n-butyl acryl-
ate (0.6 mmol, 2.0 equiv), and 0.6 mL NMP/PivOH (v/v=1:1). The reac-
tion mixture was stirred at 120°C for 24 h. The reaction mixture was
cooled to room temperature, followed by the addition of saturated aque-
ous NaHCO; and ethyl acetate. The organic layer was separated and the
aqueous layer was extracted with ethyl acetate (3x10 mL). The com-
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bined organic layer was washed with brine, dried over anhydrous
Na,SO,, filtrated, and concentrated in vacuo. The resulting residue was
purified using column chromatography on silica gel to give the desired
products.

Acknowledgements

We gratefully acknowledge Nanyang Technological University, University
of Science and Technology of China, and Singapore Ministry of Educa-
tion Academic Research Fund (MOE2011-T2-1-013 and MOE2010-T2-
2-067) for the funding of this research. Professor Moses Lee (Hope Col-
lege in USA) is acknowledged for proofreading and valuable discussions.

Keywords: butadienes - C—H bond functionalization - cross-
coupling - palladium - palmerolide A

[1] a) F. Fringuelli, A. Taticchi, Dienes in the Diels—Alder Reaction,
Wiley-Interscience, New York, 1990; b) T. Y. Luh, K.-T. Wong, Syn-
thesis 1993, 349; c) G. Mehta, H. S. P. Rao, The Chemistry of Dienes
and Polyenes, Vol. 1 (Ed: Z. Rappoport), Wiley, New York, 1997,
pp- 359-480.

[2] a) L. Horner, H. Hoffmann, H. G. Wippel, Chem. Ber. 1958, 91, 61;

b) L. Horner, H. Hoffman, H. G. Wippel, G. Klahre, Chem. Ber.

1959, 92, 2499; c) W. S. Wadsworth, W. D. Emmons, J. Am. Chem.

Soc. 1961, 83, 1733.

a) N. Miyaura, A. Suzuki, Chem. Rev. 1995, 95, 2457; b) K. S. Yoo,

C. H. Yoon, K. W. Jung, J. Am. Chem. Soc. 2006, 128, 16384; c) S. H.

Cho, S.J. Hwang, S. Chang, J. Am. Chem. Soc. 2008, 130, 9254;

d) J. H. Delcamp, A.P. Brucks, M. C. White, J. Am. Chem. Soc.

2008, 130, 11270.

a) S. Yotphan, R. G. Bergman, J. E. Ellman, J. Am. Chem. Soc. 2008,

130, 2452; b) D. A. Colby, R. G. Bergman, J. A. Ellman, J Am.

Chem. Soc. 2008, 130, 3645; c) Y. Shibata, Y. Otake, M. Hirano, K.

Tanaka, Org. Lett. 2009, 11, 689.

a) T. Mitsudo, S. W. Zhang, M. Nagao, Y. Watanabe, J. Chem. Soc.

Chem. Commun. 1991, 598; b) C. S. Yi, D. W. Lee, Y. Chen, Organo-

metallics 1999, 18, 2043; c) F. Kakiuchi, T. Uetsuhara, Y. Tanaka, N.

Chatani, S. Murai, J. Mol. Catal. A 2002, 182-183, 511; d) T. Nishi-

mura, Y. Washitake, S. Uemura, Adv. Synth. Catal. 2007, 349, 2563.

[6] a) K. Tamao, K. Sumitani, M. Kumada, J. Am. Chem. Soc. 1972, 94,

4374; b) R. F. Heck, J. P. Nolley, J. Org. Chem. 1972, 37, 2320; c) K.

Sonogashira, Y. Tohda, N. Hagihara, Tetrahedron Lett. 1975, 16,

4467; d) A. O. King, N. Okukado, E.-I. Negishi, J. Chem. Soc. Chem.

Commun. 1977, 683; ¢) D. Milstein, J. K. Stille, J. Am. Chem. Soc.

1978, 100, 3636; f) N. Miyaura, A. Suzuki, J. Chem. Soc. Chem.

Commun. 1979, 866; g) Y. Hatanaka, T. Hiyama, J. Org. Chem.

1988, 53, 918.

a) Y. Fujiwara, I. Moritani, M. Matsuda, Tetrahedron 1968, 24, 4819;

b) C. G. Jia, W.J. Lu, T. Kitamura, Y. Fujiwara, Org. Lett. 1999, 1,

2097; ¢) C. G. Jia, T. Kitamura, Y. Fujiwara, Acc. Chem. Res. 2001,

34, 633.

[8] a) D.J. Covell, N. A. Vermeulen, N. A. Labenz, M.C. White,
Angew. Chem. 2006, 118, 8397, Angew. Chem. Int. Ed. 2006, 45,

[3

[t

[4

=

5

[t

[7

—

8217; b) E. M. Stang, M. C. White, Nat. Chem. 2009, 1, 547; ¢) Y. Q.

Feng, G. Chen, Angew. Chem. 2010, 122, 970; Angew. Chem. Int.

Ed. 2010, 49, 958; d) D. H. Wang, J. Q. Yu, J. Am. Chem. Soc. 2011,

133, 5767; e) L. McMurray, F. O'Hara, M. J. Gaunt, Chem. Soc. Rev.

2011, 40, 1885; f) W. R. Gutekunst, P.S. Baran, Chem. Soc. Rev.

2011, 40, 1976.

For selected recent examples on transition-metal-catalyzed C—H

functionalization, see: a) N. P. Grimster, C. Cauntlett, C. R. A. God-

frey, M. J. Gaunt, Angew. Chem. 2005, 117, 3185; Angew. Chem. Int.

Ed. 2005, 44, 3125; b) M. Lafrance, K. Fagnou, J. Am. Chem. Soc.

2006, 128, 16496; c) H. A. Chiong, Q.-N. Pham, O. Daugulis, J. Am.

Chem. Soc. 2007, 129, 9879; d) E. M. Beccalli, G. Broggini, M. Mar-

tinelli, S. Sottocornola, Chem. Rev. 2007, 107, 5318; e¢) D. R. Stuart,

K. Fagnou, Science 2007, 316, 1172; f) R. Giri, J. Q. Yu, J Am.

Chem. Soc. 2008, 130, 14082; g) B. J. Li, S. D. Yang, Z. J. Shi, Synlett

2008, 949; h) L. Ackermann, Modern Arylation Methods, Wiley-

VCH, Weinheim, 2009; i) X. Chen, K. M. Engle, D. H. Wang, J. Q.

Yu, Angew. Chem. 2009, 121, 5196; Angew. Chem. Int. Ed. 2009, 48,

5094; j) S. Yanagisawa, K. Ueda, H. Sekizawa, K. Itami, J. Am.

Chem. Soc. 2009, 131, 14622; k) O. Daugulis, H.-Q. Do, D. Shaba-

shov, Acc. Chem. Res. 2009, 42, 1074; 1) B. Xiao, Y. Fu, J. Xu, T.J.

Gong, J.J. Dai, J. Yi, L. Liu, J. Am. Chem. Soc. 2010, 132, 468;

m) X. E. Wu, P. Anbarasan, H. Neumann, M. Beller, Angew. Chem.

2010, 122, 7474; Angew. Chem. Int. Ed. 2010, 49, 7316; n) C. Liu, H.

Zhang, W. Shi, A. W. Lei, Chem. Rev. 2011, 111, 1780; o) C.S.

Yeung, V.M. Dong, Chem. Rev. 2011, 111, 1215; p)J. Wencel-

Delord, T. Droge, F. Liu, F. Glorius, Chem. Soc. Rev. 2011, 40, 4740;

q) L. Ackermann, S. Fenner, Chem. Commun. 2011, 47, 430; r) X. S.

Wang, D. Leow, J. Q. Yu, J. Am. Chem. Soc. 2011, 133, 13864.

[10] a) G. Ochme, H. Pracejus, Tetrahedron Lett. 1979, 20, 343; b) W. A.
Nugent, E. W. J. Hobbs, J. Org. Chem. 1983, 48, 5364; c) D. Neibeck-
er, P. Grenouillet, I. Tkatchenko, Organometallics 1984, 3, 1130;
d) I. Guibert, D. Neibecker, I. Tkatchenko, J. Chem. Soc. Chem.
Commun. 1989, 1850.

[11] Y. Hatamoto, S. Sakaguchi, Y. Ishii, Org. Lett. 2004, 6, 4623.

[12] H. Yu, W. Jin, C. Sun, J. Chen, W. Du, S. He, Z. Yu, Angew. Chem.
2010, 7122, 5928; Angew. Chem. Int. Ed. 2010, 49, 5792.

[13] T. Besset, N. Kuhl, F. W. Patureau, F. Glorius, Chem. Eur. J. 2011,
17,7167.

[14] Y. H. Xu, J. Lu, T. P. Loh, J. Am. Chem. Soc. 2009, 131, 1372.

[15] T. Diyabalanage, C. D. Amsler, J. B. McClintock, B. J. Baker, J. Am.
Chem. Soc. 2006, 128, 5630.

[16] a) K. C. Nicolaou, R. Guduru, Y. P. Sun, B. Banerji, D. Y.-K. Chen,
Angew. Chem. 2007, 119, 6000; Angew. Chem. Int. Ed. 2007, 46,
5896; b) K. C. Nicolaou, Y. P. Sun, R. Guduru, B. Banerji, D. Y.-K.
Chen, J. Am. Chem. Soc. 2008, 130, 3633; c) X. Jiang, B. Liu, S. Leb-
reton, J. K. De Brabander, J. Am. Chem. Soc. 2007, 129, 6386; d) M.
Penner, V. Rauniyar, L. T. Kaspar, D. G. Hall, J. Am. Chem. Soc.
2009, 131, 14216.

[17] a) J. L. Luo, H. M. Li, J. L. Wu, X. L. Xing, W. M. Dai, Tetrahedron
2009, 65, 6828; b) A. B. Smith III, Y. Qiu, D. R. Jones, K. Kobayashi,
J. Am. Chem. Soc. 1995, 117, 12011; c¢) K. A. Scheidt, T. D. Bannis-
ter, A. Tasaka, M. D. Wendt, B. M. Savall, G. J. Fegley, W. R. Roush,
J. Am. Chem. Soc. 2002, 124, 6981.

[9

—

Received: May 23, 2012
Published online: Il 1, 0000

www.chemeurj.org

SR These are not the final page numbers!

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Chem. Eur. J. 0000, 00, 0-0


http://dx.doi.org/10.1055/s-1993-25863
http://dx.doi.org/10.1055/s-1993-25863
http://dx.doi.org/10.1002/cber.19580910113
http://dx.doi.org/10.1002/cber.19590921017
http://dx.doi.org/10.1002/cber.19590921017
http://dx.doi.org/10.1021/ja01468a042
http://dx.doi.org/10.1021/ja01468a042
http://dx.doi.org/10.1021/cr00039a007
http://dx.doi.org/10.1021/ja063710z
http://dx.doi.org/10.1021/ja8026295
http://dx.doi.org/10.1021/ja804120r
http://dx.doi.org/10.1021/ja804120r
http://dx.doi.org/10.1021/ja710981b
http://dx.doi.org/10.1021/ja710981b
http://dx.doi.org/10.1021/ja7104784
http://dx.doi.org/10.1021/ja7104784
http://dx.doi.org/10.1021/ol802767s
http://dx.doi.org/10.1039/c39910000598
http://dx.doi.org/10.1039/c39910000598
http://dx.doi.org/10.1021/om990129l
http://dx.doi.org/10.1021/om990129l
http://dx.doi.org/10.1002/adsc.200700371
http://dx.doi.org/10.1021/ja00767a075
http://dx.doi.org/10.1021/ja00767a075
http://dx.doi.org/10.1021/jo00979a024
http://dx.doi.org/10.1016/S0040-4039(00)91094-3
http://dx.doi.org/10.1016/S0040-4039(00)91094-3
http://dx.doi.org/10.1039/c39770000683
http://dx.doi.org/10.1039/c39770000683
http://dx.doi.org/10.1021/ja00479a077
http://dx.doi.org/10.1021/ja00479a077
http://dx.doi.org/10.1039/c39790000866
http://dx.doi.org/10.1039/c39790000866
http://dx.doi.org/10.1021/jo00239a056
http://dx.doi.org/10.1021/jo00239a056
http://dx.doi.org/10.1016/S0040-4020(01)98677-6
http://dx.doi.org/10.1021/ol991148u
http://dx.doi.org/10.1021/ol991148u
http://dx.doi.org/10.1021/ar000209h
http://dx.doi.org/10.1021/ar000209h
http://dx.doi.org/10.1002/ange.200603321
http://dx.doi.org/10.1002/anie.200603321
http://dx.doi.org/10.1002/anie.200603321
http://dx.doi.org/10.1038/nchem.351
http://dx.doi.org/10.1002/ange.200905134
http://dx.doi.org/10.1002/anie.200905134
http://dx.doi.org/10.1002/anie.200905134
http://dx.doi.org/10.1021/ja2010225
http://dx.doi.org/10.1021/ja2010225
http://dx.doi.org/10.1039/c1cs15013h
http://dx.doi.org/10.1039/c1cs15013h
http://dx.doi.org/10.1039/c0cs00182a
http://dx.doi.org/10.1039/c0cs00182a
http://dx.doi.org/10.1002/ange.200500468
http://dx.doi.org/10.1002/anie.200500468
http://dx.doi.org/10.1002/anie.200500468
http://dx.doi.org/10.1021/ja067144j
http://dx.doi.org/10.1021/ja067144j
http://dx.doi.org/10.1021/ja071845e
http://dx.doi.org/10.1021/ja071845e
http://dx.doi.org/10.1021/cr068006f
http://dx.doi.org/10.1126/science.1141956
http://dx.doi.org/10.1021/ja8063827
http://dx.doi.org/10.1021/ja8063827
http://dx.doi.org/10.1002/ange.200806273
http://dx.doi.org/10.1002/anie.200806273
http://dx.doi.org/10.1002/anie.200806273
http://dx.doi.org/10.1021/ja906215b
http://dx.doi.org/10.1021/ja906215b
http://dx.doi.org/10.1021/ar9000058
http://dx.doi.org/10.1021/ja909818n
http://dx.doi.org/10.1002/ange.201003895
http://dx.doi.org/10.1002/ange.201003895
http://dx.doi.org/10.1002/anie.201003895
http://dx.doi.org/10.1021/cr100379j
http://dx.doi.org/10.1021/cr100280d
http://dx.doi.org/10.1039/c1cs15083a
http://dx.doi.org/10.1039/c0cc02360d
http://dx.doi.org/10.1021/ja206572w
http://dx.doi.org/10.1016/S0040-4039(01)85966-9
http://dx.doi.org/10.1021/jo00174a043
http://dx.doi.org/10.1039/c39890001850
http://dx.doi.org/10.1039/c39890001850
http://dx.doi.org/10.1021/ol047971u
http://dx.doi.org/10.1002/ange.201002737
http://dx.doi.org/10.1002/ange.201002737
http://dx.doi.org/10.1002/anie.201002737
http://dx.doi.org/10.1002/chem.201101340
http://dx.doi.org/10.1002/chem.201101340
http://dx.doi.org/10.1021/ja8084548
http://dx.doi.org/10.1021/ja0588508
http://dx.doi.org/10.1021/ja0588508
http://dx.doi.org/10.1002/ange.200702243
http://dx.doi.org/10.1002/anie.200702243
http://dx.doi.org/10.1002/anie.200702243
http://dx.doi.org/10.1021/ja710485n
http://dx.doi.org/10.1021/ja0715142
http://dx.doi.org/10.1021/ja906429c
http://dx.doi.org/10.1021/ja906429c
http://dx.doi.org/10.1016/j.tet.2009.06.070
http://dx.doi.org/10.1016/j.tet.2009.06.070
http://dx.doi.org/10.1021/ja00153a030
http://dx.doi.org/10.1021/ja017885e
www.chemeurj.org

Cross-Coupling of Unactivated Alkenes with Acrylates

Diene to meet: A palladium-catalyzed
cross-coupling reaction between alkyl-
substituted olefins and acrylates give
the corresponding butadienes in mod-
erate yield and stereoselectivity. This
atom-economical reaction, which
forms C,—C,, bonds, tolerates a wide
range of allylic and homoallylic alco-
hols, and acrylates (see scheme; TIP-
S =triisopropylsilyl). The methodology
was applied to the synthesis of the
C13-C21 fragment of palmerolide A.

R?0

w% R*0
3
n PA(OAG), R1J\<\%\/\/COZR

R2=HorTIPS —»

n=0or1 46-82% yield
EIZ = 75:25 t0 95:5
Z CO,R3 23 examples
OH O ...
: D .
N AN
Ao NI OBu &

69%, E:Z = 80:20 palmerolide A

COMMUNICATION

Cross-Coupling

Z.-K. Wen, Y.-H. Xu,
T-P Loh*..................... -

Palladium-Catalyzed Cross-Coupling
of Unactivated Alkenes with Acryl-

ates: Application to the Synthesis of

the C13-C21 Fragment of Palmero-

lide A

Chem. Eur. J. 2012, 00, 0-0

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.chemeurj.org

These are not the final page numbers! 77


www.chemeurj.org

