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bstract
The addition of acetanilides to ethyl propiolate proceeds under neutral conditions in the presence of triphenylphosphine to give the corresponding
-substituted alkyl acrylates together with variable amounts of the �-substituted isomer with (E) geometry. Addition of arylsulfonylanilides to
lkyl propiolates under similar conditions, produced only the alkyl (E)-3-arylsulfonylanilino-2-propenoates.
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. Introduction

Organophosphorus compounds have been used in organic
ynthesis as useful reagents as well as ligands of a number of
ransition metal catalysts [1–3]. However, there are a few reac-
ions in which organophosphorus(III) species work as catalysts
4–7]. The phosphine induced isomerization of alkynoates and
ddition to the �-position of these substrates indicated the pos-
ibility of a new reactivity pattern for alkynoates-nucleophilic
ddition at the �-position as a new source of �-substituted alkyl
crylates.

An important point is the ability of the nucleophile to undergo
ichael addition in preference to the �-attack since phosphines

ould also serve as general base catalysts for conjugate additions
1–3]. Alkyl propiolates should be particularly prone to undergo
uch Michael additions.
. Results and discussion

The nucleophilic �-addition of acetanilides to ethyl propio-
ate was carried out under neutral conditions. Thus, ethyl pro-

∗ Corresponding author. Tel.: +98 21 88011001; fax: +98 21 88006544.
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iolates; Triphenylphosphine

iolate undergoes a smooth reaction with the acetanilides in the
resence of triphenylphosphine (Ph3P) to produce �-substituted
lkyl acrylates in good yields (Scheme 1).

The reaction of acetanilides with ethyl propiolate in the pres-
nce of Ph3P proceeded spontaneously at room temperature in
H2Cl2 and was finished within 24 h. 1H and 13C NMR spec-

ra of the reaction mixtures clearly indicated the presence of
wo types of products, namely the 1,1- and 1,2-enaminoesters.
hese products were separated by column chromatography and

dentified as 2a and 3a based on their elemental analyses and
heir IR, 1H, and 13C NMR spectral data. The mass spectra of
hese compounds displayed molecular ion peaks at appropri-
te m/z values. The 1H NMR spectrum of 2a exhibited a single
harp line for the methyl group at δ = 2.07 ppm, together with
haracteristic A2X3 systems for the ethoxy groups at δ = 1.32
nd 4.32 ppm. Two singlets at δ = 6.17 and 5.4 ppm are read-
ly assigned to the C CH2 group. The 13C NMR spectrum of
a showed 11 distinct resonances in agreement with the ethyl
-(acetylanilino)-acrylate structure. The 1H NMR of 3a exhib-
ted an AX system for the trans-olefinic protons at δ = 8.75
nd 4.75 ppm with 3J = 18 Hz. The 1H and 13C NMR spectra

f 2b–2e are similar to those of 2a, and of 3b–3e are simi-
ar to those of 3a except for the substituted phenyl ring, which
xhibited characteristic resonances with appropriate chemical
hifts.

mailto:yavarisa@modares.ac.ir
dx.doi.org/10.1016/j.molcata.2006.09.042
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Scheme 1.
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because they possess atoms with different oxidation states. The
present method has the advantages that not only are the reac-
tion performed under neutral conditions, but also the substances
Sch

On the basis of the chemistry of trivalent phosphorus nucle-
philes [8], it is reasonable to assume that compounds 2 and 3
esult from initial addition of Ph3P to ethyl propiolate and sub-
equent protonation of the 1:1 adduct by the N–H acid. Then,
he positively charged ion is attacked by the nitrogen atom of the
onjugate base of the NH-acid at the �-position. Compound 2a
s formed by elimination of Ph3P. Attack of the conjugate base
o the �-position leads to 3a.

Under similar conditions described for the reaction of
cetanilides and ethyl propiolate in the presence of Ph3P, aryl-
ulfanilides undergo a smooth reaction with alky propiolates
o produce alkyl (E)-3-arylsulfonylanilino-2-propenoates (12)
n excellent yields (Scheme 3). Compound 12 is formed by a
echanism similar to that given for ethyl (E)-3-(acetylanilino)-

-propenoates 3 in Scheme 2.
Why the acetanilides give a mixture of �- and �-alkenyl prod-

cts, whereas the arylsulfonylanilides lead exclusively to the
atter products? This marked switch in regioselectivity can be
xplained on the basis of the reactivity of the conjugate base of

he acetanilides. Acetanilides [9] are weaker N–H acids com-
ared to arylsulfonanilides [10], thus, the conjugate base of the
ormer is less stable (more reactive) and leads to the kinetically
referred �-alkenyls as major product (Scheme 3).
.

In conclusion, we have described a convenient route to
thyl 2-(acetylanilino)-acrylates and ethyl (E)-3-(acetylanilino)-
-propenoates through nucleophilic addition to ethyl propio-
ate. Addition of sulfanilides to alkyl propiolates under sim-
lar conditions produced only alkyl (E)-3-arylsulfonylanilino-
-propenoates. These functionalized acrylates and propenoates
ay be considered as potentially useful synthetic intermediates
Scheme 3.
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an be mixed without any modification. The simplicity of the
resent procedure makes it an interesting alternative to other
pproaches.

. Experimental

.1. General

Elemental analyses for C, H, and N were performed using
Heraeus CHN-O-Rapid analyzer. The experimental data

ere in good agreement with the calculated values. M.p.:
lectrothermal-9100 apparatus; uncorrected. IR Spectra: Shi-
adzu IR-460 spectrometer; 1H and 13C NMR spectra: JEOL

nstrument; in CDCl3 at 90 and 22.6 MHz, respectively; δ in ppm,
in Hz. EI-MS (70 eV): Finnigan-MAT-8430 mass spectrometer,

n m/z. Alkyl propiolates, acetanilides, Ph3P and arylsulfanilides
ere obtained from Fluka and were used without further purifi-

ation.

.2. Typical procedure for preparation of ethyl
-(acetylanilino)-acrylate (2a) and ethyl
E)-3-(acetylanilino)-2-propenoate (3a)

To a stirred solution of 0.05 g of Ph3P (0.2 mmol) and 0.27 g
f acetanilide (2 mmol) in 10 mL of CH2Cl2 was added, drop
ise, a mixture of 0.20 g of ethyl propiolate in 4 mL of CH2Cl2

t −5 ◦C over 10 min. The reaction mixture was then allowed to
arm up to room temperature and stand for 24 h. The solvent was

emoved under reduced pressure and the residue was separated
y silica gel column chromatography (Merck 230-400 mesh)
sing n-hexane–EtOAc as eluent to give 2a and 3a.

.2.1. Ethyl 2-(acetylanilino)-acrylate (2a)
Yellow oil, yield 0.16 g (35%). IR (KBr) (νmax/cm−1): 1774

nd 1723 (C O), 1629 and 1607 (C C). 1H NMR: 1.32 (t,
J = 7.2, CH3), 2.07 (s, Me), 4.32 (q, 3J = 7.2, OCH2), 5.4 (d,
J = 1.2, CH), 6.17 (d, 2J = 1.2, CH), 7.20–7.52 (m, C6H5). 13C
MR: 14.1 (CH3), 22.5 (CH3), 61.5 (OCH2), 120.2 ( CH2),
27.7 (CH), 128.0 (CH), 129.6 (CH), 141.8 (C), 142.6 (C), 164.0
C O), 170.4 (C O). EI-MS: 233 (M+, 5), 191 (80), 117 (100).
nal. Calcd for C13H15NO3 (233.2): C, 66.94; H, 6.48; N, 6.00;
ound: C, 66.82; H, 6.45; N, 6.10%.

.2.2. Ethyl 2-(acetyl-2-methylanilino)-acrylate (2b)
Yellow oil, yield 0.19 g (40%). IR (KBr) (νmax/cm−1):

720 (C O), 1610, 1705 (C O), 1240, 1151 (C–O), 1099.
H NMR: 1.35 (t, 3J = 7.0, CH3), 1.87 (s, CH3), 2.32 (s,
e), 4.31 (q, 3J = 7.0, CH2), 4.89 (s, CH), 5.66 (s, CH),

.20–7.30 (m, 4CH). 13C NMR: 14.1 (CH3), 22.4 (CH3), 29.7

CH3), 61.5 (CH2), 114.3 (CH), 127.4 (CH), 128.8 (CH), 129.0
CH), 132.1 (CH), 135.9 (CH), 140.4 (CH), 141.2 (CH), 164.3
C O), 170.4 (C O). EI-MS: 247 (M+, 11), 233 (54), 116
45), 92 (100), 77 (52). Anal. Calcd for C14H17NO3 (247.3):
, 68.00; H, 6.93; N, 5.66; Found: C, 68.12; H, 6.98; N,
.68%.
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.2.3. Ethyl 2-(acetyl-4-methylanilino)-acrylate (2c)
Yellow oil, yield 0.25 g (52%). IR (KBr) (νmax/cm−1): 1723

nd 1671 (C O). 1H NMR: 1.85 (t, 3J = 7.2, CH3), 1.97 (s, Me),
.38 (s, Me), 4.30 (q, 3J = 7.2, OCH2), 5.30 (d, 2J = 1.2, CH),
.05 (d, 2J = 1.2, CH), 7.20–7.52 (m, C6H4). 13C NMR: 14.1
CH3), 21.0 (CH3), 22.4 (CH3), 61.5 (OCH2), 119.5 ( CH2),
27.5 (CH), 130.2 (CH), 138.0 (C), 140.1 (C), 141.8 (C), 164.1
C O), 170.7 (C O). EI-MS: 247 (M+, 6), 233 (41), 116 (34), 92
100), 77 (52). Anal. Calcd for C14H17NO3 (247.3): C, 68.00;
, 6.93; N, 5.66; Found: C, 67.82; H, 6.89; N, 5.78%.

.2.4. Ethyl 2-(acetyl-4-methoxyanilino)-acrylate (2d)
Yellow oil, yield 0.42 g (80%). IR (KBr) (νmax/cm−1): 1710

nd 1666 (C O). 1H NMR: 1.39 (t, 3JHH = 7.2, CH3), 1.96
s, Me), 3.84 (s, OMe), 4.30 (q, 3J = 7.2, OCH2), 5.31 (d,
J = 1.0, CH), 5.97 (d, 2J = 1.0, CH), 6.41 (d, 3J = 8.3, 2CH),
.53 (d, 3J = 8.3, 2CH). 13C NMR: 14.2 (CH3), 22.5 (CH3), 55.5
OCH3), 61.6 (OCH2), 119.2 ( CH2), 114.8 (CH), 130.2 (CH),
39.1 (C), 142.0 (C), 142.4 (C), 159.2 (C O), 170.9 (C O).
I-MS: 263 (M+, 10), 233 (34), 116 (54), 92 (100), 77 (41).
nal. Calcd for C14H17NO4 (263.3): C, 63.87; H, 6.51; N, 5.32;
ound: C, 63.79; H, 6.53; N, 5.28%.

.2.5. Ethyl 2-(acetyl-4-bromoanilino)-acrylate (2e)
Yellow oil, yield 0.21 g (35%). IR (KBr) (νmax/cm−1): 1717

C O), 1673 (C O), 1153 (C–O). 1H NMR: 1.32 (t, 3J = 6.8,
H3), 1.97 (s, CH3), 4.27 (q, 3J = 6.8, CH2), 5.35 (s, CH), 6.04

s, CH), 7.22 (d, 3J = 7.8, 2CH), 7.5 (d, 3J = 7.8, 2CH). 13C NMR:
4.1 (CH3), 29.6 (CH3), 61.7 (OCH2), 120.5 ( CH2), 129.5 (C),
30.9 (2CH), 133.0 (2CH), 137.4 (C), 141.7 (C), 163.8 (C O),
70.2 (C O). EI-MS: 312 (M+, 12), 310 (13), 252 (10), 250 (18),
31 (52), 200 (100), 156 (51), 60 (18), 45 (32). Anal. Calcd for
13H14BrNO3 (312.2): C, 50.02; H, 4.52; N, 4.49; Found: C,
0.09; H, 4.55; N, 4.52%.

.2.6. Ethyl (E)-3-(acetylanilino)-2-propenoate (3a)
Yellow oil, yield 0.3 g (65%). IR (KBr) (νmax/cm−1): 1715

nd 1626 (C O), 1593 and 1491 (C C). 1H NMR: 1.28 (t,
J = 7.2, CH3), 2.01 (s, Me), 4.17 (q, 3J = 7.2, CH3), 4.75 (d,
J = 17.2, CH), 7.12–7.82 (m, C6H5), 8.75 (d, 3J = 17.2, CH).
3C NMR: 14.2 (CH3), 23.1 (CH3), 59.9 (OCH2), 102.3 (CH),
28.1 (2CH), 129.3 (CH), 130.3 (2CH), 138.3 (CH), 141.8 (C),
67.1 (C O), 169.3 (C O). EI-MS: 233 (M+, 9), 205 (60), 159
100). Anal. Calcd for C13H15NO3 (233.2): C, 66.94; H, 6.48;
, 6.00; Found: C, 66.88; H, 6.45; N, 6.06%.

.2.7. Ethyl (E)-3-(acetyl-2-methylanilino)-
-propenoate (3b)

Yellow oil, yield 0.22 g (45%). IR (KBr) (νmax/cm−1): 1720
C O), 1673 (C O), 1152 (C–O). 1H NMR: 1.27 (t, 3J = 7.3,
H3), 1.35 (s, CH3), 2.16 (s, Me), 4.17 (q, 3J = 7.3, CH2), 4.62 (d,
J = 14.1, CH), 7.09–7.39 (m, 4CH), 8.71 (d, 3J = 14.1, CH). 13C

MR: 14.3 (CH3), 17.0 (CH3), 29.7 (CH3), 60.1 (CH2), 101.9

CH), 128.1 (CH), 128.4 (CH), 129.7 (CH), 131.9 (CH), 134.2
C), 136.1 (CH), 140.6 (C), 167.4 (C O), 169.6 (C O). EI-MS:
47 (M+, 8), 233 (65), 116 (18), 92 (100), 77 (34). Anal. Calcd
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or C14H17NO3 (247.3): C, 68.00; H, 6.93; N, 5.66; Found: C,
8.19; H, 6.99; N, 5.70%.

.2.8. Ethyl (E)-3-(acetyl-4-methylanilino)-
-propenoate (3c)

Yellow oil, yield 0.25 g (52%). IR (KBr) (νmax/cm−1): 1709
nd 1625 (C O). 1H NMR: 1.18 (t, 3J = 7.2, CH3), 1.90 (s,
e), 2.30 (s, Me), 4.05 (q, 3J = 7.2, OCH2), 4.65 (d, 3J = 16.5,
H), 6.86 (d, 3J = 8.4, 2CH), 7.40 (d, 3J = 8.4, 2CH), 8.60 (d,
J = 16.5, CH). 13C NMR: 14.1 (CH3), 21.0 (CH3), 22.4 (CH3),
1.5 (OCH2), 102.4 (CH), 127.9 (2CH), 130.9 (2CH), 135.8
C), 139.5 (CH), 142.0 (C), 167.3 (C O), 169.6 (C O). EI-

S: 247 (M+, 6), 221 (100), 147 (65), 132 (35). Anal. Calcd
or C14H17NO3 (247.3): C, 68.00; H, 6.93; N, 5.76; Found: C,
7.92; H, 6.89; N, 5.72%.

.2.9. Ethyl (E)-3-(acetyl-4-methoxyanilino)-
-propenoate (3d)

Yellow oil, yield 0.42 g (80%). IR (KBr) (νmax/cm−1): 1700
nd 1617 (C O). 1H NMR: 1.22 (t, 3J = 7.2, CH3), 1.95 (s, Me),
.85 (s, OCH3), 4.15 (q, 3J = 7.2, OCH2), 4.75 (d, 3J = 16.4, CH),
.81 (d, 3J = 8.5, 2CH), 7.38 (d, 3J = 8.5, 2CH), 8.70 (d, 3J = 16.4,
H). 13C NMR: 14.3 (CH3), 23.3 (CH3), 55.6 (OCH3), 60.1

OCH2), 102.5 (CH), 115.6 (2CH), 129.3 (2CH), 131.0 (CH),
42.3 (C), 160.1 (C), 167.4 (C O), 169.7 (C O). EI-MS: 263
M+, 8), 233 (54), 116 (42), 92 (100), 77 (39). Anal. Calcd for
14H17NO4 (263.3): C, 63.87; H, 6.51; N, 5.32; Found: C, 63.39;
, 6.56; N, 5.23%.

.2.10. Ethyl (E)-3-(acetyl-4-bromoanilin)-
-propenoate (3e)

Yellow solid, mp 107–111 ◦C, yield 0.37 g (60%). IR (KBr)
νmax/cm−1): 1698 (C O), 1690 (C O), 1119 (C–O). 1H NMR:
.24 (t, 3J = 7.1, CH3), 1.98 (s, CH3), 4.14 (q, 3J = 7.1, CH2),
.67 (d, 3J = 14.1, CH), 7.06 (d, 3J = 8.4, 2CH), 7.66 (d, 3J = 8.4,
CH), 8.59 (d, 3J = 14.14, CH). 13C NMR 14.3 (CH3), 23.2
CH3), 60.2 (OCH2), 102.7 (CH), 123.6 (CH), 130.0 (2CH),
33.8 (2CH), 137.4 (C), 141.7 (C), 167.0 (C O), 169.0 (C O).
I-MS: 312 (M+, 10), 310 (11), 252 (23), 250 (20). Anal. Calcd

or C13H14BrNO3 (312.2): C, 50.02; H, 4.52; N, 4.49; Found:
, 50.21; H, 4.57; N, 4.52%.

.2.11. Methyl (E)-3-[(phenylsulfonyl)anilino]-
-propenoate (12a)

Yellow oil, yield 0.49 g (78%). IR (KBr) (νmax/cm−1): 1710
C O), 1621 (C C), 1360 and 1168 (N–SO2). 1H NMR: 3.68
s, CH3), 4.64 (d, 3J = 14, CH), 6.80–8.30 (10 H, m, aro-

atic), 8.38 (d, 3J = 14, CH–N). 13C NMR: 53.0 (OCH3)

01.4 (CH), 123.4 (CH), 127.0 (CH), 128.8 (CH), 129.4
2CH), 130.9 (CH), 131.3 (CH), 135.5 (C), 139.3 (C), 145.6
CH), 169.1 (C O). EI-MS: 317 (M+, 12), 233 (65), 116
51), 92 (100), 77 (44). Anal. Calcd for C16H15NO4S (317.3):
, 60.55; H, 4.76; N, 4.41; Found: C, 60.68; H, 4.78; N,
.46%.
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.2.12. Ethyl (E)-3-[(phenylsulfonyl)anilino]-
-propenoate (12b)

Yellow oil, yield 0.47 g (71%). IR (KBr) (νmax/cm−1): 1704
C O), 1683 (C C), 1363 and 1165 (N–SO2). 1H NMR: 1.20
t, 3J = 7.2, CH3), 4.17 (q, 3J = 7.2, CH2), 4.7 (d, 3J = 17, CH),
.8–8 (10 H, m, aromatic), 8.5 (d, 3J = 17, CH). 13C NMR: 14.3
CH3), 60.4 (O–CH2), 100.1 (CH), 121.5–139.2 (12C, 2C6H5 ),
43.8 (2CH), 167.2 (C O). EI-MS: 331 (M+, 9), 233 (54), 116
54), 92 (100), 77 (65). Anal. Calcd for C17H17NO4S (331.4):
, 61.61; H, 5.17; N, 4.23; Found: C, 61.55; H, 5.20; N, 4.26%.

.2.13. Methyl (E)-3-[4-methyl
phenylsulfonyl)anilino]- 2-propenoate (12c)

Yellow oil, yield 0.53 g (80%). IR (KBr) (νmax/cm−1): 1716
C O), 1600 (C C), 1359 and 1166 (N–SO2). 1H NMR: 2.36
s, CH3), 3.97 (s, OCH3), 4.64 (d, 3J = 14, CH), 6.78 and 7.25
dd, 3J = 8, C4H6), 7.4–7.9 (m, C6H5), 8.35 (d, 3J = 14, CH).
3C NMR: 21.2 (CH3), 51.3 (OCH3), 99.7 (CH), 122.5, 127.7,
29.2, 130.5, 132.1, 133.7, 137.7, and 140.1 (12C, aromatic),
44.0 (CH), 167.5 (C O). EI-MS: 331 (M+, 8), 233 (69), 116
47), 92 (100), 77 (32). Anal. Calcd for C17H17NO4S (331.4):
, 61.62; H, 5.17; N, 4.23; Found: C, 61.48; H, 5.22; N, 4.18%.

.2.14. Ethyl (E)-3-(4-methyl
phenylsulfonyl)anilino)-2-propenoate (12d)

Yellow oil, yield 0.57 g (83%). IR (KBr) (νmax/cm−1): 1706
C O), 1622 (C C), 1365 and 1167 (N–SO2). 1H NMR: 1.22
t, 3J = 7.0, CH3), 2.4 (s, CH3), 4.18 (q, 3J = 7.0, OCH2), 4.7
d, 3J = 16, CH), 6.82 and 7.18 (dd, 3J = 9 Hz, C6H4), 8.4 (d,
J = 16, CH). 13C NMR: 13.8 (CH3), 20.6 (CH3), 59.5 (O–CH2),
9.5 (CH), 121.7, 126.7, 127.2, 130.1, 131.8, 134.0, 137.8 and
39.7 (12C, aromatic), 143.4 (CH), 166.8 (C O). EI-MS: 345
M+, 9), 233 (60), 116 (42), 92 (100), 77 (34). Anal. Calcd for
18H19NO4S (345.4): C, 62.59; H, 5.50; N, 4.06; Found: C,
2.38; H, 5.50; N, 4.10%.

.2.15. Methyl (E)-3-[4-methoxy
phenylsulfonyl)anilino]-2-propenoate (12e)

Yellow oil, yield 0.55 g (80%). IR (KBr) (νmax/cm−1): 1716
C O), 1625 (C C), 1357 and 1166 (N–SO2). 1H NMR: 3.65
s, OCH3), 3.8 (s, OCH3), 4.66 (d, 3J = 14, CH), 6.82 and 7.86
dd, 3J = 8, C4H6), 7.2–7.9 (m, C6H5), 8.39 (d, 3J = 14, CH).
3C NMR: 51.1 (OCH3), 55.3 (OMe), 99.4 (CH), 114.9, 126.8,
27.5, 128.6, 130.0, 133.7 and 137.4 (11C, 2C6H5), 144.7 (CH),
60.3 (C) 167.3 (C O). EI-MS: 347 (M+, 10), 226 (5), 141 (40),
5 (35), 60 (25), 31 (50). Anal. Calcd for C17H17NO5S (347.4):
, 58.78; H, 4.93; N, 4.03; Found: C, 58.62; H, 4.84; N, 4.08%.

.2.16. Ethyl (E)-3-[4-methoxy
phenylsulfonyl)anilino]-2-propenoate (12f)

Yellow oil, yield 0.59 g (83%). IR (KBr) (νmax/cm−1): 1704
C O), 1618 (C C), 1359 and 1166 (N–SO2). 1H NMR: 1.23
t, 3J = 7.0, CH3), 3.74 (s, OMe), 4.13 (q, 3J = 7, CH2), 4.7 (d,

J = 13, CH), 6.82 and 6.85 (dd, 3J = 7 Hz, C6H4), 8.4 (d, 3J = 13,
H). 13C NMR: 14.0 (CH3), 55.1 (OCH3), 59.7 (OCH2), 99.6

CH), 114.7, 126.7, 127.4, 128.5, 130.4, 133.6 and 137.3 (11C,
C6H5), 143.7 (CH), 160.1 (C–OMe), 166.8 (C O). EI-MS:
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61 (M+, 7), 233 (37), 116 (52), 92 (100), 77 (44). Anal. Calcd
or C18H19NO5S (361.4): C, 59.82; H, 5.30; N, 3.88; Found: C,
9.70; H, 5.37; N, 3.82%.
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