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arboxylative allylic coupling of
acetates of Baylis–Hillman alcohols with propiolic
acids: a highly regio- and stereoselective synthesis
of 1,5-diarylpent-1-en-4-yne derivatives†

Satyanarayana Tummanapalli,* Parthasarathy Muthuraman,
Dhanunjaya Naidu Vangapandu, Gnanakalai Shanmugavel, Sanjeeva Kambampati
and Kee Wei Lee
Pd-catalyzed decarboxylative allylic coupling of acetates of Baylis–

Hillman alcohols with alkynyl carboxylic acids leading to the

formation of an important class of 1,5-diarylpent-1-en-4-ynes in a

highly regio- and stereoselective manner has been developed.

Decarboxylative coupling happened via an exclusively SN20 pathway.

Acetates of the Baylis–Hillman alcohols derived from alkyl acrylates,

ethyl vinyl ketone and phenyl vinyl sulfone provided exclusively (E)-

1,5-diarylpent-1-en-4-ynes while the acetates of the Baylis–Hill-

man alcohols derived from acrylonitrile provided exclusively (Z)-1,5-

diarylpent-1-en-4-ynes.
Due to the many advantages over traditional oxidative
coupling reactions,1,2 decarboxylative cross coupling reactions
have become an important tool for the construction of carbon–
carbon bonds in modern synthetic organic chemistry. Decar-
boxylative cross coupling reactions employ more stable and
inexpensive carboxylic acids as key reaction partners while
traditional coupling reactions have typically involved expen-
sive and usually air-sensitive organometallic species as their
reaction partners.1,2 Recently alkynyl carboxylic acids have
been inducted into decarboxylative coupling partners by
providing aryl alkyne derivatives.3 In 2008, Lee et al. reported
rst decarboxylative coupling of alkynyl carboxylic acids with
aryl halides.3a Later Li et al. expanded the scope of substrates
to benzyl chlorides, bromides, and acetate in this coupling by
providing desired benzyl alkynes.3e Tunge and co-workers
independently reported the rst intramolecular Pd-catalyzed
decarboxylative allylic rearrangement of allyl alkynoates in
2005.4 The Baylis–Hillman reaction is another important atom-
economical carbon–carbon bond forming reaction providing
densely functionalized molecules. Applications of Baylis–
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Hillman adducts in many organic transformations have been
well documented.5 In continuation of our interest in the
decarboxylative coupling and studies in the application of
Baylis–Hillman adducts in various synthetic organic trans-
formations6 we herein report Pd-catalyzed decarboxylative SN20

allylic coupling of acetates of the Baylis–Hillman alcohols with
the alkynyl carboxylic acids leading to the formation of
important class of 1,5-diarylpent-1-en-4-ynes in a highly regio-
and stereoselective manner. To the best our knowledge there is
no study reported on the Pd-catalyzed decarboxylative allylic
coupling of alkynyl carboxylic with acetates of Baylis–Hillman
adducts.7,8 Furthermore, SN20 Pd-catalyzed decarboxylative
addition of alkynyl carboxylic on allylic acetate has also not
been described.9 In addition, 1,5-diarylpent-1-en-4-yne is an
important structural moiety present in the extracts of some
medicinal plants.10 Rooperol (1a), hypoxoside (1b) and many
other 1,5-diarylpent-4-yne-1,2-diol derivatives found in plant
extracts which were reported to exhibit medicinal properties
such as anticancer, anti-inammatory, antibacterial, and
antioxidant activity (Fig. 1).10

Being interested in the decarboxylative coupling and the
development of new synthetic methodologies particularly
using Baylis–Hillman adducts, we studied the Pd-catalyzed
decarboxylative allylic coupling of acetates of the Baylis–Hill-
man alcohols with the alkynyl carboxylic acids. Accordingly,
we subjected allyl acetate 2a11 and phenyl propiolic acid 3a to
decarboxylative coupling conditions using of a catalyst
combination of 5 mol% of Pd(OAc)2 and 10 mol% of S-Phos at
Fig. 1 Structures of rooperol (1a) and hypoxoside (1b).

This journal is © The Royal Society of Chemistry 2015
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Table 1 Regio- and stereo-selective Pd-catalyzed allylic decarboxylative coupling of methyl acrylate derived acetates 2b–e leading to the
formation of (E)-1,5-diarylpent-1-en-4-ynes 4a–i

Entry Acetatea Propiolic acid Product(s)b Yieldc (%)

1 86

2 3a 81

3 86

4 2b 3b 82

5 2d 3b 79

6 2c 85

7 3a 78

8 2e 3c 83

a Acetates of Baylis–Hillman alcohol 2b–e were prepared by following the typical procedure described in ref. 11. b Reactions were carried out
following the typical procedure described in ref. 12. c Isolated yields aer chromatographic purication on silica gel.
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70 �C. Work-up and silica gel column chromatography
provided (E)-methyl-2-(4-methylbenzylidene)-5-phenylpent-4-
ynoate (4a) as the exclusive isolated product in 88%
yield.12,13 Proton NMR analysis of the crude reaction mixture
did not indicate the presence of other regioisomer 6 or the
corresponding Z-isomer 5. Formation of exclusively E-isomer
4a suggests that decarboxylative coupling between allyl
acetate 2a and phenyl propiolic acid 3a happened in a highly
This journal is © The Royal Society of Chemistry 2015
regio- and stereoselective manner via exclusively SN20 allylic
pathway.

The E-stereochemistry was assigned based on the literature
precedence of E/Z-stereochemical assignments of 3-aryl-(2-
substituted)-prop-2-enoates.14 The E-stereochemistry of 4a was
further ascertained by 2D NOESY. A strong NOE cross peak
between the CH2 (allylic methylene proton) and Ar-Hortho (ortho
proton of the benzene ring) was observed, while there was
RSC Adv., 2015, 5, 49392–49399 | 49393
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no (or a weak) NOE correlation between the CH2 (allylic
methylene) and CH (olenic proton of the double bond).
To provide the generality of the palladium-catalyzed allylic
decarboxylative coupling, other acetates 2b–e were treated
with propiolic acids 3a–c in the presence of 5 mol% of
Pd(OAc)2 and 10 mol% of S-Phos following the standard
reaction procedure.12 The crude products, obtained aer usual
work-up, were puried by silica gel chromatography to furnish
pure (E)-1,5-diarylpent-1-en-4-yne derivatives 4b–i in high
yields (Table 1).

Encouraged by these results, we extended our studies to the
acetates of Baylis–Hillman adducts derived from acrylonitrile.
Accordingly, we subjected acetate 7a (derived from Baylis–
Hillman alcohol of benzaldehyde and acrylonitrile)15 to
decarboxylative coupling with phenyl propiolic acid 3a using a
catalyst combination of 5 mol% of Pd(OAc)2 and 10 mol% of S-
Phos following the standard reaction procedure.16 Work-up
and silica gel column chromatography provided exclusively
(Z)-2-(4-methoxybenzylidene)-5-phenylpent-4-ynenitrile (8a) in
Scheme 1 Regio- and stereo-selective Pd-catalyzed allylic decar-
boxylative coupling of methyl acrylate derived acetate 2a leading to
the formation of exclusively E-isomer 4a.12

Scheme 2 Regio- and stereo-selective Pd-catalyzed allylic decar-
boxylative coupling of acrylonitrile derived acetate 7a leading to the
formation of exclusively Z-isomer 8a.16

49394 | RSC Adv., 2015, 5, 49392–49399
90% yield.16 (Scheme 2). Proton NMR analysis of the crude
reaction mixture did not indicate the presence of other
regioisomer 10 or the corresponding E-isomer 9. Again,
formation of exclusively Z-isomer 8a clearly suggests that, in
acrylonitrile derived acetate 7a case too, decarboxylative
coupling happened regioselectively via exclusively SN20

pathway. However, in contrast to the methyl acrylate derived
acetates (2a–e, Scheme 1 and Table 1), in this case (acryloni-
trile derived acetate 7a), the isolated product 8a was formed
with a shi in the stereoselectively, i.e., from E to Z (Scheme 2).
The Z-stereochemistry in the case of 8a was ascertained by 2D
NOESY experiments where a strong NOE cross peak was
observed between the CH2 (allylic methylene proton) and CH
(olenic proton of the double bond), while there was no (or a
weak) NOE correlation between the CH2 (allylic methylene
proton) and Ar-Hortho (ortho proton of the benzene ring). To
expand the substrate scope, we treated other acrylonitrile
derived acetates 7a–f12 to stereoselective SN2

0
allylic decarbox-

ylative coupling with aryl propiolic acids 3a–c (Table 2).
Upon standard work-up and silica gel chromatographic puri-
cation, pure (Z)-1,5-diarylpent-1-en-4-yne derivatives 8b–k
were isolated in high yields with exclusively Z-stereochemistry
(Table 2).16

Being fascinated by reversal in the stereochemistry when
EWG (electron withdrawing group) was changed from methyl
ester to cyano group and to understand the effect of other EWG
on the stereochemical outcome in this Pd-catalyzed allylic
decarboxylative coupling, we further extended our studies to
the acetates of Baylis–Hillman adducts derived from other
EWG (ketone, sulfone, other esters etc.). Accordingly, we sub-
jected acetate 11 derived from Baylis–Hillman alcohol of
benzaldehyde and ethyl vinyl ketone11 to decarboxylative
coupling with aryl propiolic acids 3a and 3c using standard
reaction procedure.16 Work-up and silica gel column chroma-
tography provided corresponding products 14 and 15 exclu-
sively with (E)-stereoselectivity (Table 3). Proton NMR analysis
of the crude reaction mixture did not indicate the presence of
Z-isomer. Similarly, acetate 12 derived from Baylis–Hillman
alcohol of 4-methylbenzaldehyde and ethyl acrylate11 provided
corresponding products 16 and 17 exclusively with (E)-stereo-
selectivity (Table 3). Again, proton NMR analysis of the crude
reaction mixture did not indicate the presence of Z-isomer.
Finally, we extended our studies to Baylis–Hillman acetates
13a–b derived from phenyl vinyl sulfone11 to decarboxylative
coupling with aryl propiolic acids 3a and 3c using standard
reaction procedure.12 Work-up and silica gel column chroma-
tography provided corresponding products 18 and 19 exclu-
sively with (E)-stereoselectivity (Table 3). Formation of
exclusively E-isomers 14–19 clearly suggests that the decar-
boxylative coupling happened regioselectively via exclusively
SN20 pathway in the case of electron withdrawing groups (EWG)
such as ethyl vinyl ketone (11), ethyl acrylate (12) and phenyl
vinyl sulfone (13). However, unlike the cyano group (Scheme 2,
Table 2), the electron withdrawing group, ethyl vinyl ketone
(11) and phenyl vinyl sulfone (13) and ethyl acrylate (12)
provided similar E-stereoselectivity like the methyl acrylate
(Scheme 1, Table 1).
This journal is © The Royal Society of Chemistry 2015
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Table 2 Regio- and stereo-selective Pd-catalyzed allylic decarboxylative coupling of acrylonitrile derived acetates 7a–f leading to the formation
of (Z)-1,5-diarylpent-1-en-4-ynes 8a–k

Entry Acetatea Propiolic acid Product(s)b Yieldc (%)

1 79

2 3a 83

3 3a 87

4 7b 80

5 7d 3b 82

6 7c 81

7 3a 78

8 7e 3c 80

9 3a 82

10 7f 3c 84

a Acetates of Baylis–Hillman alcohol 7a–f were prepared by following the typical procedure described in ref. 15. b Reactions were carried out
following the typical procedure described in ref. 16. c Isolated yields aer chromatographic purication on silica gel.
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Transition state models and plausible
explanation of the stereochemical
switch between the acetates derived
from methyl acrylate and acrylonitrile

The stereochemical reversal from an ester group to a cyano
group is consistent with earlier reports on other synthetic
This journal is © The Royal Society of Chemistry 2015
transformations using the Baylis–Hillman adducts.6d,7,18 and
with formation of similar products using other strategies. The
E-selectivity in the case of aryl propiolates of Baylis–Hillman
alcohols derived from methyl acrylate can possibly be
explained using transition state models TS-1a and TS-1b
(Scheme 3, Path-I). Ester, ethyl ketone and phenyl sulfone
groups are relatively bulkier and exert more steric effect on
aryl group in TS-1a than the methylene group on aryl group in
RSC Adv., 2015, 5, 49392–49399 | 49395
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Table 3 Regio- and stereoselective Pd-catalyzed allylic decarboxylative coupling of Baylis–Hillman acetates derived from other EWG; ethyl vinyl
ketone (11), ethyl acrylate (12) and phenyl vinyl sulfone (13a, 13b)

Entry Acetatea Propiolic acid Product(s)b Yieldc (%)

1 78

2 11 80

3 3a 83

4 12 3c 85

5 3c 79

6 3c 85

a Acetates of Baylis–Hillman alcohol 11, 12, 13a and 13b were prepared by following the typical procedure described in ref. 11. b Reactions were
carried out following the typical procedure described in ref. 12. c Isolated yields aer chromatographic purication on silica gel.
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TS-1b. Therefore, product will form via more favoured tran-
sition state TS-1b leading to the formation of E-isomer. Simi-
larly, The Z-selectivity in the case of aryl propiolates of Baylis–
Hillman alcohols derived from acrylonitrile can be explained
by transition state models TS-2a and TS-2b (Scheme 3, Path-II).
Being a small linear group, CN group will have relatively lower
steric effect on aryl group in TS-2a when compared to the
methylene group on aryl group in TS-2b. Therefore, in this
case (aryl propiolates of Baylis–Hillman alcohols derived from
acrylonitrile) product will form via more favoured transition
state TS-2a leading to the formation of Z-isomer.
Conclusions

In conclusion, we have developed a highly regio- and stereo-
selective palladium-catalyzed SN20 allylic decarboxylative
49396 | RSC Adv., 2015, 5, 49392–49399
coupling between acetates of the Baylis–Hillman alcohols and
aryl propiolic acids leading to the formation of important
classes of 1,5-diarylpent-1-en-4-ynes with exclusively E- or
Z-selectivity. Acetates of the Baylis–Hillman alcohols derived
from alkyl acrylates, ethyl vinyl ketone and phenyl vinyl sulfone
provide exclusively (E)-1,5-diarylpent-1-en-4-ynes and the
acetates obtained from acrylonitrile provide exclusively (Z)-1,5-
diarylpent-1-en-4-ynes.
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Scheme 3 Plausible mechanism and transition state models leading
E-selectivity in the case of acetates derived from alkyl acrylates (2a–e,
12) ethyl vinyl ketone (11) and phenyl vinyl sulfone and (13a–b) and
Z-selectivity in the case of acrylonitrile derived acetates 7a–f.
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