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Abstract—The addition of several trialkyl or triarylindium reagents to the acetates of Baylis—Hillman adducts proceeds readily
under the catalysis of copper and palladium derivatives. The reactions of trialkylindiums are catalyzed efficiently by Cul whereas
additions of triarylindiums produce better results with Pd(PPh3)4. The reactions with 3-acetoxy-2-methylenealkanoates provide
(E)-alkenes, whereas similar reactions with 3-acetoxy-2-methylenealkanenitriles lead to (Z)-alkenes. All the reactions are highly

regio- and stereoselective and high yielding.
© 2007 Elsevier Ltd. All rights reserved.

The Baylis—Hillman reaction' is a unique carbon-car-
bon bond forming reaction producing synthetically use-
ful multifunctional molecules having wide applications.?
Several reports® have described the stereoselective
synthesis of trisubstituted alkenes using acetates of Bay-
lis—Hillman adducts. Some of these reported procedures
involve Grignard reagents, potassium organotrifluo-
roborates catalyzed by Pd(OAc),,*® [Rh(Cod)Cl},*
organosilanes in the presence of Pd,(dba);,>¢ alkyl
halides in the presence of Zn/aqueous NH,4CI solution*®
and Friedel-Crafts reaction with benzene catalyzed by
concd H>S0,.3" However, these procedures have limita-
tions with regard to addition of either only alkyl® or
aryl moieties,’® f long reaction times>>® and complexity
of the reagents.’®¢ The increasing interest in organoin-
dium reagents because of their environmentally benign
characteristics and their synthetic utility for carbon—car-
bon bond formation has led to the development of sev-
eral new indium reagents.* Triorganoindium has high
potential and has been found to be capable of participat-
ing in various reactions.> As a part of our continued
activities in the area of indium-mediated reactions,® we
report here a very efficient and convenient synthesis of
trisubstituted alkenes by the addition of trialkyl- or tri-
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arylindium derivatives to the acetates of Baylis—Hillman
adducts catalyzed by Cul and Pd(PPh;)4 (Scheme 1).

The addition of triorganoindiums to allyl derivatives is
usually carried out using Pd-catalysts.? Thus, in our ini-
tial attempts, the reaction of tributylindium with 2-
(acetoxy-phenyl-methyl)-acrylic acid methyl ester was
investigated with different Pd-catalysts such as
Pd(PPh3)4, sz(dba)3/PPh3 and Pd(OAC)z/PPh:; How-
ever, all these catalysts failed to transfer the alkyl group
to the olefinic moiety and a rearranged product (B)
(Table 1) was formed by nucleophilic hydride attack fol-
lowed by elimination of OAc. This may be explained by
the fact that B-H elimination is faster in an n-Bu moiety
than C—C bond formation under Pd-catalysis. However,
when the reaction was tried with PhsIn, product A was
formed rapidly by phenyl transfer under identical condi-
tions. In the search for a suitable catalyst for alkyl trans-
fer, we investigated Cu-catalysts following a report by
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Table 1. Study of the effect of catalyst on the reaction of triorgano-
indiums with 2-(acetoxy-phenyl-methyl)-acrylic acid methyl ester

OAc O
| R;In, Catalyst Ph A\ Ph \
P, OMe W }COZMe + }COZMe
R H
A B
Entry Catalyst R Yield* (%) Ratio of A:B
1 Pd,(dba)s;, PPh;  n-Bu 50 0:100
2 Pd(OAc),, PPh; n-Bu 45 0:100
3 Pd(PPh3), n-Bu 72 0:100
4 Cul n-Bu 82 100:0
5 CuBr-SMe, n-Bu 75 100:0
6 Cu(OTY), n-Bu 20 100:0
7 Cul Ph 10 100:0
8 Cul, BF5-etherate Ph — —
9 Cu(OTf), Ph — —
10 CuCN Ph — —
11 Pd(PPh3), Ph 70 100:0
12 Cul Ph—= — —
13 Pd(PPhj), Ph—= — —

#Yields refer to those of pure isolated products characterized by IR,
'H and '3C NMR spectroscopic data.

Sarandeses®® in which Cu(OTf), was successfully used
for the cross coupling of trialkyl- and triarylindiums to
cinnamyl bromide although it did not work for cinn-
amyl acetate. We also found that Cu(OTf), was not very
efficient in tributylindium addition to a Baylis—Hillman
acetate, however, Cul produced very encouraging
results. Thus, it was decided to carry out the reactions
of trialkylindiums under Cul catalysis and those of tri-
arylindiums with Pd(PPhj),.
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Table 2. Addition of trialkylindiums to acetates of Baylis—Hillman
adducts catalyzed by Cul

OAc O Rl
| Cul (15 mol% ), R3In N\
Rl /H)\OMC THF, reflux > }COzMe
I R

Entry R! R Time (h) Yield® (%) Reference
1 Ph n-Bu 6.0 82 3a
2 Ph Me 5.0 60 11
3 p-MeO-C¢Hy n-Bu 6.5 78 3e
4 p-O.N-C¢Hy;  n-Bu 5.5 75
5 p-Cl-CgHy n-Bu 5.0 80
6 p-MeCO-C¢H, n-Bu 6.0 75
7 n-CsH; n-Bu 5.5 85

?Yields refer to those of pure isolated products fully characterized by
spectroscopic data.

The experimental procedure is very simple.” Several
diversely substituted 3-acetoxy-2-methylenealkanoates
(acetates of Baylis—-Hillman adducts)® underwent very
easy reactions with trimethyl and tri-n-butylindiums’
in the presence of Cul to produce the corresponding
(E)-2-substituted alken-2-enoates. The results are sum-
marized in Table 2. The presence of electron donating
and electron withdrawing groups on the aromatic ring
of the adduct (entries 3 and 4, Table 2) did not make
any difference with regard to reactivity and yields of
products. The addition of trialkylindiums was also
highly chemoselective as the keto-carbonyl present in
the substrate in entry 6, Table 2 and entry 4, Table 3
remained intact even when excess trialkylindium was

Table 3. Addition of triarylindiums to acetates of Baylis—Hillman adducts catalyzed by Pd(PPh;),

1

R
OAc 7 =COpMe }COZMe
ol Z R;ln, Pd(PPhs), R
| THEF, reflux )
I
Z=CN _X_\
CN R
Entry R! V4 R Time (h) Yield® (%) Ratio of E:Z isomers Reference
1 Ph CO,Me /@ 3.5 75 95:5 3b
2 Ph COMe AN 4.0 70 100:0 12
3 p-Cl-CgH, CO,Me O 3.0 7 80:20 3d
4 p-MeCO-C¢Hy CO,Me O 4.0 70 90:10
5 p-Me-CcHy CN /@ 3.5 72 0:100
6 Ph CN /@ 3.2 75 0:100 3b
7 Ph CN N 3.5 70 5:95 13

#Yields refer to those of pure isolated products fully characterized by spectroscopic data.
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used. It should be mentioned that no existing procedures
have addressed the compatibility of carbonyl groups
present in the molecule.?

A number of triaryl- and trivinylindiums were subjected
to additions with several acetates of Baylis—Hillman ad-
ducts under the catalysis of Pd(PPh;)4 using this proce-
dure to provide the corresponding products. The results
are reported in Table 3. In accordance with the results
obtained by other groups,® the acetates of Baylis—Hill-
man carboalkoxy adducts produced mainly (E)-alkenes
(entries 1-4, Table 3) whereas Baylis—Hillman nitrile
adducts led to (Z)-isomers (entries 5-7, Table 3)
exclusively, or stereoselectively. The stereochemistry of
the products was established by comparing NMR
parameters for the olefinic and methylene protons with
literature values.® It was observed that small amounts
(2-5%) of the corresponding homocoupled prod-
ucts from triarylindiums were also formed in these
reactions.

In general, the reactions were high yielding. THF was
found to be the most suitable solvent and the reactions
were carried out under reflux. As is evident from the re-
sults, aryl transfer from the triarylindiums proceeded
smoothly under Pd-catalysis, whereas alkyl transfer oc-
curred via Cul catalysis. Although Pd-catalysis is well
documented,>> Cu-catalysis in alkyl additions to Bay-
lis—Hillman acetates is less explored. It may be assumed
that the trialkylindium undergoes transmetallation with
Cul and subsequently the organocuprate forms a =-
complex with the Baylis—Hillman acetate adduct in
which the cuprate fragment is bound anti to the acetate
moiety. Reductive elimination of alkylcopper through a
o-copper(IIl) species with retention of configuration
gives rise to the SN2’ product.'® It is worth mentioning
that Cu(OTf),-catalyzed coupling of triorganylindiums
to cinnamyl bromide provided both Sy2 and Sy2’ prod-
ucts and that Cu(OTY), did not initiate addition to cinn-
amyl acetate. Significantly, this Cul-catalyzed reaction
led only to SN2’ products.

In conclusion, we have developed a general and efficient
method for the addition of triorganoindiums to Baylis—
Hillman acetate adducts to provide (E)- and (Z)-trisub-
stituted alkenes stereoselectively. Substrates bearing car-
boalkoxy moieties produced (E)-alkenes, whereas those
having a nitrile group gave (Z£)-alkenes. This protocol
is applicable to both alkyl and aryl transfer under Cul
and Pd(PPh;), catalysis, respectively. The use of trior-
ganoindiums in this addition reaction made this proce-
dure chemoselective being inert to carbonyl groups,
which is not likely to be achieved with Grignard
reagents.
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1 mmol) and tributylindium (1.2 mmol) in THF (3 mL)
was heated under reflux for 6 h (TLC) in the presence of
Cul (28 mg, 15 mol %). The reaction mixture was then
quenched with a few drops of H,O and extracted with
Et,O (3 x6 mL). The extract was washed with aqueous
HCI (0.5 N), brine, water and dried over Na,SO,. Evap-
oration of the solvent gave a crude product, which was
purified by column chromatography over silica gel (hex-
ane—ethyl acetate 98:2) to furnish 3-(4-acetylphenyl)-2-
pentylacrylic acid methyl ester (205 mg, 75%) as a yellow
semi-solid; IR (neat): 2954, 2929, 2860, 1714, 1686 em™ Y
'"H NMR (CDCl;, 300 MHz) 6 0.86-0.89 (m, 3H), 1.29-
1.30 (m, 4H), 1.49-1.54 (m, 2H), 2.45-2.50 (m, 2H), 2.60
(s, 3H), 3.81 (s, 3H), 7.41 (d, J=28.07 Hz, 2H), 7.62 (s,
1H), 7.96 (d, J=8.07Hz, 2H); '*C NMR (CDCls,
75 MHz) 6 14.0, 22.4, 26.7, 27.7, 29.0, 31.9, 52.1, 128.5
(2C), 128.6, 129.3 (2C), 135.8, 136.5, 140.7, 168.6, 197.5.
Anal. Calcd for C;7H,;05: C, 74.42; H, 8.08. Found: C,
74.39; H, 8.01.

This procedure was followed for the reactions of all the
substrates listed in Tables 2 and 3. The products (entries
1-3, Table 2) and entries (1, 2, 3, 6 and 7, Table 3) were
identified by comParison of their spectroscopic data (IR,
'H NMR and '*C NMR) with those reported (see
references in Tables 2 and 3). New compounds (entries
4-7, Table 2) and entries (4 and 5, Table 3) were
characterized from their spectroscopic data and elemental
analysis. These data are presented below:
3-(4-Nitrophenyl)-2-pentyl-acrylic acid methyl ester (entry
4, Table 2): Yellow semi-solid; IR (neat) 2954, 2929, 1517,
1597, 1346 cm™'; "H NMR (CDCls, 300 MHz) 6 0.85-0.90
(m, 3H), 1.25-1.32 (m, 4H), 1.49-1.59 (m, 2H), 2.44-2.49
(m, 2H), 3.84 (s, 3H), 7.47 (d, J=8.8 Hz, 2H), 7.64 (s,
1H), 825 (d, J=88Hz 2H); *C NMR (CDCl,
75 MHz)é 14.3, 22.7, 28.0, 29.2, 32.1, 51.8, 124.1 (2C),
130.1 (2C), 136.4, 137.5, 142.9, 147.8, 168.5. Anal. Calcd
for C;sH;9oNOy4: C, 64.97; H, 6.91; N, 5.05. Found: C,
64.91; H, 7.01; N, 5.15.
3-(4-Chloro-phenyl)-2-pentyl-acrylic acid methyl ester
(entry 5, Table 2): Yellow semi-solid; IR (neat) 3026,
3001, 1714, 1404 cm™'; '"H NMR (CDCl;, 300 MHz) 6
0.85-0.90 (m, 3H), 1.30-1.33 (m, 4H), 1.46-1.54 (m, 2H),
2.44-2.49 (m, 2H), 3.80 (s, 3H), 7.26 (d, J = 8.3 Hz, 2H),
7.35 (d, J=8.3 Hz, 2H), 7.57 (s, 1H); >°C NMR (CDCl;,

10.

11.

12.

13.

75 MHz) § 13.9, 22.2, 27.4, 28.7, 31.8, 51.9, 128.6 (2C),
130.3 (2C), 134.1, 134.2, 134.3, 137.2, 168.6. Anal. Calcd
for C;sH;9ClO,: C, 67.54; H, 7.18. Found: C, 67.49; H,
7.17.

2-Pentyl-hex-2-enoic acid methyl ester (entry 7, Table 2):
Yellow oil; IR (neat) 2956, 2871, 1716, 1458 cm™'; 'H
NMR (CDCl3, 300 MHz) 6 0.84-0.97 (m, 6H), 1.24-1.73
(m, 8H), 2.13 (q, J = 7.3 Hz, 2H), 2.26 (t, / = 6.9 Hz, 2H),
3.7 (s, 3H), 6.7 (t, J=15.0 Hz, 1H); '*C NMR (CDCl;,
75 MHz) 6 14.2, 14.3, 22.4, 22.8, 27.1, 29.3, 30.9, 32.1,
51.9, 132.9, 142.9, 168.9. Anal. Calcd for C\,H»,0;: C,
72.68; H, 11.18. Found: C, 72.36; H, 11.05.
3-(4-Acetyl-phenyl)-2-benzyl  acrylic  methyl ester
(entry 4, Table 3): Yellow semi-solid; IR (neat)
2952, 2929, 1715, 1682, 1602 cm™!; '"H NMR (CDCls,
300 MHz) ¢ 2.57 (s, 3H), 3.75 (s, 3H), 3.93 (s, 2H), 7.15-
7.31 (m, 6H), 7.43-7.45 (m, 2H), 7.91-7.94 (m, 2H); *C
NMR (CDCl;, 75 MHz) 6 26.7, 33.3, 52.4, 126.4, 127.9
(2C), 128.6 (2C), 128.7 (2C), 129.1, 129.4 (2C), 130.1,
132.8, 139.0, 140.0, 168.3, 197.5. Anal. Caled for
Ci9H305: C, 77.53; H, 6.16. Found: C, 77.28; H,
6.07.
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