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Reaction of stabilised arsonium ylides with acetylenic esters:
convenient ring synthesis of a tetrasubstituted benzene
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Reaction of stabilised arsonium ylides such as 24 with methyl and ethyl propiolate in benzene gives the
â,ã-unsaturated arsonium ylides 25 and 27 resulting from net insertion of the alkyne fragment into the
C]]As bond, but the isomeric ylides 26 and 28 corresponding to net insertion into the C]H bond when
the reaction is carried out in methanol. The assignment of the structures is confirmed in the case of 25
by an X-ray structure determination. The corresponding phosphonium ylide 29 reacts with methyl
propiolate to give 31 in either benzene or methanol in contrast to an earlier report. Further reaction of
25 with DMAD proceeds with net insertion of the alkyne into the C]]C double bond and spontaneous
intramolecular cyclisation to give the tetrasubstituted benzene derivative 39.

The reaction of phosphonium ylides 1 with activated alkynes 2
can give either of the two isomeric 1 :1 adducts 4 and 6 depend-
ing on the substituents present and the reaction conditions
(Scheme 1). The reaction may be considered to proceed by

initial nucleophilic attack by the ylide carbon to give 3 and this
can undergo an intramolecular proton transfer to afford 4 or
else ring-close to 5 which can then open in the opposite direc-
tion to afford 6. In 1964, Bestmann and Rothe reported that
a variety of simple ylides 1 react readily with DMAD to
give exclusively the products of type 6 (R2 = R3 = CO2Me).1

Hendrickson et al. reported that reaction of Ph3P]]CHCOPh
with DMAD gives the product 4 when the reaction is conducted
in methanol but 6 in diethyl ether.2 For the ylides 8 lacking a
hydrogen on the ylide carbon, only products of type 6 are
possible.3 More recent studies have shown that the situation is
more complex and that in many cases the products 4 and 6 can
be interconverted under the reaction conditions. Lower reaction
temperatures tend to favour formation of 4 while higher tem-
peratures give 6,4–6 and heating a mixture of the two may result
in conversion entirely into 6.7,8 Regardless of the nature of R1

and R2, the corresponding reaction of ylides 8 with activated
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nitriles 9 gives the product 10 analogous to 6.9 The net result of
these simple reactions may be viewed as insertion of the alkyne
fragment into the C]]P bond to give 6 or into the C]H bond to
give 4.

For the homologous β,γ-unsaturated ylides further possi-
bilities arise and these have been extensively investigated by
Ding and co-workers. Reaction of ylides 11 with a hydrogen on
the ylide carbon with perfluoroalkylacetylenic esters 12 pro-
ceeds with net insertion into the C]]P bond to give 13 for
X = H,10 but with net insertion into the C]H bond to give 14 for
X = OEt (Scheme 2).11 These reactions are of some synthetic

value since solution thermolysis of the products results in an
intramolecular Wittig reaction to give the specifically tri- and
tetra-substituted benzenes 15 and 16 respectively. For the ylides
17, reaction with 12 generally proceeds with complete selectiv-
ity for insertion into the C]]C bond to give 18 which is readily
thermolysed to afford the 1,2,4,5-tetrasubstituted benzene
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derivatives 20,4,5 although in one case a small amount of the
isomeric product 19 resulting from net insertion into the γ-C]H
bond was observed (Scheme 3).6

It is well established that the arsonium ylides differ markedly
from their phosphonium analogues in many aspects of their
reactivity,12,13 and so we were interested to examine the
pattern of reactivity of these ylides with activated alkynes.
The only two previous reports of reactions of this type involve
two examples of ylides 21 (R = CO2Et and COC6H4Br) react-
ing with DMAD to give 22,14 and 21 (R = C6H4NO2) reacting
with fluorinated acetylenic esters to give 23 (Scheme 4).8 In

this paper we describe the reaction of stabilised arsonium
ylides with methyl and ethyl propiolate to give isomeric β,γ-
unsaturated arsonium ylides depending on the solvent used,
and the further reaction of one of the products with DMAD to
give a specifically tetrasubstituted benzene.

Results and discussion
We first examined the reaction of benzoylmethylene(triphenyl)-
arsorane 24 with methyl and ethyl propiolate (Scheme 5). This
proceeded readily to give 1 :1 adducts in moderate yield but the
structure of the products depended on the solvent used. In boil-
ing benzene the products 25 and 27 resulting from net insertion
of the alkyne fragment into the C]]As bond were obtained,
whereas in boiling methanol the products were 26 and 28
resulting from net insertion into C]H. The isomeric ylides were
readily distinguished by the fact that the alkene protons in 26
and 28 gave widely separated 1H NMR signals at δH 7.7–7.8 and
4.4–4.5 with a coupling constant of 14–15 Hz clearly indicating
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the E configuration about the double bond, while the corre-
sponding signals for 25 and 27 occurred under the aromatic
signals at δH 7–8 and could not be readily picked out. The
reason for the dramatic shielding of the CHCO2R proton in
26 and 28 is unclear but a similar phenomenon has also been
noted for the corresponding phosphonium ylides 30 and 31
(Scheme 6).4

Since the structure of the isomeric products in this area has
previously rested on degradative studies, we thought it wise to
confirm this by means of an X-ray structure determination. A
suitable single crystal of 25 was obtained and the resulting
structure is shown in Fig. 1. The C]]As bond length and
the shortening of C(1)]C(2), C(2)]C(3) and C(4)]C(5) with
lengthening of C(1)]O(1), C(3)]C(4) and C(5)]O(5) indicative
of delocalisation, is consistent with the results for previously
studied stabilised arsonium ylides.13 There is also evidence of
considerable distortion in order to accommodate a through-

Fig. 1 X-ray structure of the arsonium ylide 25. Selected bond lengths
and angles; As]C(2) 1.877(7), As]C(21) 1.926(6), C(2)]C(1) 1.452(9),
C(1)]O(1) 1.205(7), C(2)]C(3) 1.386(8), C(3)]C(4) 1.333(8), C(4)]C(5)
1.442(9), C(5)]C(51P) 1.516(9), C(5)]O(5) 1.234(7) Å; C(1)]C(2)]As
113.8(5), C(1)]C(2)]C(3) 125.0(7), C(3)]C(2)]As 121.2(5), C(2)]C(1)]
O(11) 109.2(7), C(2)]C(1)]O(1) 127.1(7), O(1)]C(1)]O(11) 123.7(7),
C(11P)]As]C(2) 113.4(3), C(11P)]As]C(21P) 105.3(3)8; dihedral angle
As]C(2)]C(1)]O(11) 6.4(7)8; non-bonded distance As]O(11) 2.90 Å.
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space interaction between arsenic and O(11). This is particu-
larly evident in the reduced angles for As]C(2)]C(1) and
C(2)]C(1)]O(11) and also in the anomalous position of the
front phenyl group which has moved down to some extent
towards a trigonal bipyramid position with a reduced value for
C(11P)]As]C(21P) and proportionate widening of C(11P)]As]
C(2). This type of interaction between arsenic and a suitably
placed oxygen atom has been noted in previous X-ray studies,15

although in all previous cases it has been with a carbonyl
oxygen. The fact that 25 exists entirely with the E configuration
of the As]]C]C]]O unit is rather surprising since by doing so it
does not benefit from the favourable electrostatic interaction of
the As1]C]]C]O2 contributing form which would be present in
the Z isomer.

The observed solvent effect on the regioselectivity of the
reaction is in good agreement with previous studies of the
corresponding phosphonium ylides, particularly the work of
Hendrickson mentioned earlier,2 and may be understood as the
more polar solvent facilitating the intramolecular proton trans-
fer in the intermediate corresponding to 3 and thus directing
the reaction towards products of type 4 as opposed to 6. Since
Hendrickson’s work only used DMAD, we thought it worth
making a direct comparison between the arsenic and phos-
phorus series by reacting the phosphonium ylide 29 with methyl
propiolate. This was found to give the product 31 analogous to
26 and 28 when the reaction was carried out either in benzene
or methanol. While our work was in progress, Ding et al.
described the same reaction but they obtained the other isomer
30 as the major product.4 In their work reaction in CH2Cl2

at room temperature gave 30 and 31 in a ratio of 3 :2 and
this increased to 8.5 :1 in DME at 90 8C and to 12 :1 using
CH2Cl2 in a sealed tube at 90 8C. The reason for the apparent
discrepancy between these results is not clear.

The ester-stabilised arsonium ylide 32 was found to react
with methyl propiolate in a similar way (Scheme 7). In this case

the two alternative mechanisms would give the same product 33
and this was indeed formed from reaction in either benzene
or methanol.

The reaction of 25 with DMAD was now investigated. When
equivalent amounts of the two reagents were heated in boiling
benzene for 5 h, the products included the ylide 40 formed by
interaction of Ph3AsO with DMAD (Scheme 8).16 It was thus
clear that for optimum yields, a 2 :1 ratio of DMAD and 25
should be used. When this was done the products were 40 and
the tetrasubstituted benzene 39, both formed in over 80% yield.
The latter gave the expected analytical and spectroscopic data
with two singlets at δH 8.21 and 7.67 in the 1H NMR spectrum
supporting the 1,2,4,5-substitution pattern. The reaction most
likely proceeds by initial nucleophilic attack on DMAD to give
34 which ring-closes to 35 and this then opens in the opposite
direction to give 36. This product is analogous to 18 formed in
the corresponding reaction of the phosphonium ylide 17 with
12. However it is well known that arsonium ylides are more
reactive towards Wittig-type reaction than their phosphonium
analogues,12,13 and while the conversion of 18 into the benzene
derivatives 20 has typically been carried out by heating in a
sealed tube at 150–220 8C,4,6 the arsonium ylide 36 undergoes
spontaneous reaction under the conditions required for its
formation to afford 39 and Ph3AsO which reacts with the
second equivalent of DMAD to give 40. While the reaction
could conventionally be regarded as nucleophilic attack of the
ylide carbon on the remote carbonyl group to give the inter-
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cyclic process of the resonance form 37 as shown.

In order to further confirm the proposed mechanism, we
examined the effect of deuterium labelling. When the ylide 41
was prepared as for 25, from 24 and methyl [3-2H]propiolate,
and then reacted with DMAD, the product 43 was that
expected from ring-closure of 42, i.e. it was the 1H NMR signal
at δH 8.21 corresponding to the ring proton between the two
ester groups which was absent (Scheme 9).

In conclusion, we have demonstrated that the reaction
between stabilised arsonium ylides and propiolates may be con-
trolled to give either of two sets of isomeric products with com-
plete selectivity by choosing a solvent of suitable polarity. The
reaction of one of the resulting β,γ-unsaturated arsonium
ylides with an acetylenic ester has been examined for the first
time and is found to result, as for the phosphonium analogues,
in formation of a specifically tetrasubstituted benzene, but with
the distinction that the more reactive arsonium ylide undergoes
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spontaneous ring-closure, thus providing a convenient one-pot
procedure.

Experimental
Melting points were recorded on a Kofler hot-stage microscope
and are uncorrected. Infrared spectra were recorded as Nujol
mulls on a Perkin-Elmer 157G instrument. NMR spectra were
obtained for 1H at 100 MHz on a Varian HA 100 instrument
and for 13C at 20 MHz and for 31P at 32 MHz using a Varian
CFT20 instrument. All spectra were run on solutions in CDCl3

with internal Me4Si as reference for 1H and 13C and external
85% H3PO4 as reference for 31P. Chemical shifts are reported in
ppm to high frequency of the reference and coupling constants
J are in Hz. Mass spectra were obtained on an A. E. I. MS902
spectrometer using electron impact at 70 eV. Column chrom-
atography was carried out using Laporte Industries alumina H.
Benzene was dried by distillation from sodium wire under
nitrogen.

Benzoylmethylene(triphenyl)arsorane 24 17 and methoxy-
carbonylmethylene(triphenyl)arsorane 32 18 were prepared by
the reported methods. Methyl [3-2H]propiolate was prepared by
dissolving sodium in D2O and stirring a mixture of the resulting
solution and methyl propiolate at room temperature for 12 h.
The organic layer was separated, washed with D2O and dried
over calcium chloride.

Reaction of arsonium ylides with acetylenic esters
Methyl 5-oxo-5-phenyl-2-triphenylarsoranylidenepent-3-

enoate 25. A solution of benzoylmethylene(triphenyl)arsorane
24 (1.02 g, 2.4 mmol) and methyl propiolate (0.22 g, 2.6 mmol)
in dry benzene (20 cm3) was heated at 50 8C under nitrogen for
1 h. The solution was evaporated and chromatography of the
residue using ethyl acetate gave the product which was recrystal-
lised from dichloromethane–diethyl ether (1 :1) to afford the
title compound (0.57 g, 45%) as yellow prisms, mp 184–185 8C
(Found: C, 70.85; H, 4.9. C30H25AsO3 requires C, 70.9; H, 5.0%)
(HRMS: M1, 508.1002. C30H25AsO3 requires M, 508.1020);
νmax/cm21 1670; δH 8.1–7.1 (22 H, m) and 3.57 (3 H, s); δC 188.0
(COPh), 167.7 (CO2Me), 146.2 (As]]C]CH), 132.6, 131.7,
129.3, 128.8, 105.8 (PhCO]CH) and 50.5 (OMe).

Methyl 5-oxo-5-phenyl-4-triphenylarsoranylidenepent-2-
enoate 26. A solution of benzoylmethylene(triphenyl)arsorane
24 (1.02 g, 2.4 mmol) and methyl propiolate (0.22 g, 2.6 mmol)
in dry methanol (20 cm3) was heated under reflux under nitro-
gen for 3 h. The solution was evaporated and the residue
triturated with diethyl ether to give the product which was
recrystallised from chloroform–hexane (1 :1) to afford the title
compound (0.67 g, 55%) as pale yellow prisms, mp 181–182 8C
(Found: C, 70.8; H, 5.2. C30H25AsO3 requires C, 70.9; H, 5.0%);
νmax/cm21 1686 and 1586; δH 7.89 (1 H, d, J 15 As]]C]CH),
7.7–7.3 (20 H, m), 4.42 (1 H, d, J 15, PhCO]CH) and 3.42 (3 H,
s, OMe).

Ethyl 5-oxo-5-phenyl-2-triphenylarsoranylidenepent-3-enoate
27. A solution of benzoylmethylene(triphenyl)arsorane 24 (1.02
g, 2.4 mmol) and ethyl propiolate (0.25 g, 2.6 mmol) in dry
benzene (20 cm3) was heated at 50 8C under nitrogen for 1 h.
The solution was evaporated and chromatography of the resi-
due using ethyl acetate gave the product which was recrystal-
lised from chloroform–hexane (1 :1) to afford the title com-
pound (0.63 g, 50%) as yellow prisms, mp 169–170 8C (Found:
C, 71.1; H, 5.2. C31H27AsO3 requires C, 71.3; H, 5.2%); νmax/
cm21 1660; δH 7.95–7.15 (22 H, m), 4.03 (2 H, q, J 7) and 0.92
(3 H, t, J 7).

Ethyl 5-oxo-5-phenyl-4-triphenylarsoranylidenepent-2-enoate
28. A solution of benzoylmethylene(triphenyl)arsorane 24 (1.02
g, 2.4 mmol) and ethyl propiolate (0.25 g, 2.6 mmol) in dry
methanol (20 cm3) was heated under reflux under nitrogen for
3 h. The solution was evaporated and the residue triturated with
diethyl ether to give the product which was recrystallised from

chloroform–diethyl ether (1 :1) to afford the title compound
(0.89 g, 78%) as pale yellow prisms, mp 168–169 8C (Found: C,
71.3; H, 5.1. C31H27AsO3 requires C, 71.3; H, 5.2%); νmax/cm21

1680 and 1570; δH 7.86 (1 H, d, J 14, As]]C]CH), 7.7–7.2 (20 H,
m), 4.48 (1 H, d, J 14, PhCO]CH), 3.89 (2 H, q, J 7) and 1.02
(3 H, t, J 7).

Dimethyl 4-triphenylarsoranylidenepent-2-enedioate 33. A
solution of methoxycarbonylmethylene(triphenyl)arsorane 32
(0.40 g, 1.06 mmol) and methyl propiolate (0.10 g, 1.2 mmol)
in dry benzene (10 cm3) was heated at 50 8C under nitrogen for
5 h. The solution was evaporated and chromatography of the
residue using dichloromethane gave the product which was
recrystallised from hexane to afford the title compound (0.30 g,
61%) as yellow prisms, mp 152–153 8C (Found: C, 64.8; H,
5.15. C25H23AsO4 requires C, 64.9; H, 5.0%) (HRMS: Found
M1, 462.0846. C25H23AsO4 requires M, 462.0812); νmax/cm21

1680 and 1665; δH 7.62 (15 H, s), 7.20 (1 H, d, J 14), 5.92 (1 H,
d, J 14) and 3.55 (6 H, s).

Methyl 5-oxo-5-phenyl-4-triphenylphosphoranylidenepent-2-
enoate 31
A solution of benzoylmethylene(triphenyl)phosphorane 29
(1.25 g, 3.3 mmol) and methyl propiolate (0.28 g, 3.3 mmol) in
dry benzene (15 cm3) was stirred at room temperature for 24 h.
The solution was evaporated and the residue triturated with
diethyl ether to give the product which was recrysallised from
ethyl acetate to afford the title compound (1.07 g, 70%) as yellow
needles, mp 214–215 8C (lit.,4 219–220 8C) (Found: C, 77.6; H,
5.4. C30H25O3P requires C, 77.6; H, 5.4%) (HRMS: Found M1,
464.1534. C30H25O3P requires M, 464.1541); νmax/cm21 1685 and
1580; δH 7.9–7.2 (21 H, m), 4.49 (1 H, d, J 16) and 3.62 (3 H, s)
[lit.,4 7.81–7.35 (21 H, m), 4.47 (1 H, d, J 15) and 3.46 (3 H, s)].

Reaction as above but using methanol (15 cm3) in place of
benzene gave an identical product (58%).

Reaction of methyl 5-oxo-5-phenyl-2-triphenylarsoranylidene-
pent-3-enoate 25 with DMAD
A solution of methyl 5-oxo-5-phenyl-2-triphenylarsoranyl-
idenepent-3-enoate 25 (0.32 g, 0.63 mmol) and dimethyl acetyl-
enedicarboxylate (0.18 g, 1.27 mmol) in dry benzene (15 cm3)
was heated under reflux under nitrogen for 5 h. Evaporation
followed by trituration of the residue with diethyl ether gave
dimethyl 2-oxo-3-triphenylarsoranylidenesuccinate 40 (0.24 g,
82%) as a white solid which was recrystallised from ethyl acetate
to give colourless crystals, mp 210–211 8C (lit.,16 214 8C); δH

7.7–7.1 (15 H, m), 3.84 (3 H, s) and 3.30 (3 H, s). Evaporation
of the combined ether solutions from the trituration gave an oil
which crystallised with time. Recrystallisation from diethyl
ether gave trimethyl biphenyl-2,4,5-tricarboxylate 39 (0.17 g,
82%) as colourless crystals, mp 131–132 8C (Found: C, 65.9; H,
4.9. C18H16O6 requires C, 65.8; H, 4.9%) (HRMS: Found M1,
328.0940. C18H16O6 requires M, 328.0947); νmax/cm21 1748, 1735
and 1722; δH 8.21 (1 H, s), 7.67 (1 H, s), 7.5–7.3 (5 H, m), 3.93,
3.91 and 3.67 (each 3 H, s).

Reaction of methyl 3-deuterio-5-oxo-5-phenyl-2-triphenylarsor-
anylidenepent-3-enoate 41 with DMAD
Reaction as above but using methyl 3-deuterio-5-oxo-5-phenyl-
2-triphenylarsoranylidenepent-3-enoate 41 (0.32 g, 0.63 mmol)
{prepared by reaction of benzoylmethylene (triphenyl)arsorane
24 with methyl [3-2H]propiolate} and dimethyl acetylenedicarb-
oxylate (0.18 g, 1.27 mmol) in dry benzene (15 cm3) gave tri-
methyl 3-deuteriobiphenyl-2,4,5-tricarboxylate 43 (0.18 g, 84%)
as colourless crystals, mp 120–122 8C; δH 7.67 (1 H, s), 7.5–7.3
(5 H, m), 3.93, 3.91 and 3.67 (each 3 H, s).

X-ray structure determination of 25
A colourless lath suitable for X-ray diffraction was obtained
by recrystallisation from dichloromethane–diethyl ether. The
following crystal data were obtained.
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C30H25AsO3, M = 508.42, monoclinic space group P21/n; a =
13.3576(13), b = 14.127(2), c = 13.8147(12) Å, β = 107.887(8)8,
V = 2480.9(5) Å3, Z = 4, Dc = 1.361 g cm23, R = 0.0556,
wR2 = 0.0788 for 1404 data with I > 2σ(I) and 308 parameters.
Data were recorded at 293 K using Mo-Kα radiation and the
structure was solved using DIRDIF-96 19 and refined using
SHELXL-97.20

Atomic coordinates, molecular dimensions and anisotropic
displacement parameters have been deposited in CIF format at
the Cambridge Crystallographic Database (CCDC). For details
of the deposition scheme, see ‘Instructions for Authors’,
J. Chem. Soc., Perkin Trans 1, available via the RSC Web page
(http://www.rsc.org/authors). Any request to the CCDC for
this material should quote the full literature citation and the
reference number 207/204.
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