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Enol Elimination Reactions.
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Part lll.* The Scope and Limitations of

Eliminations involving Enol Sulphonates

By E. J. D. Brown and John Harley-Mason

Elimination reactions of enol sulphonates have been further studied. The enol sulphonates of p-anisoyi-, 2-furoyl-,
and 2-thenoyl-malonic esters readily gave the corresponding propiolic acids on treatment with base, whereas the
enol sulphonates of o-, m-, and p-nitrobenzoylmalonic esters gave negligible yields. The encl sulphonates of
cyclopropylcarbonylmalonate gave cyclopropylpropiolic acid, while those of trichloroacetylmalonate and

fumaroylmalonate gave no acetylenic product.
acetylene.

In Part I'! a number of new processes leading to acetyl-
enes by elimination reactions of enol sulphonates were
described. We now report some further examples and
a series of experiments designed to show the scope and
limitations of the method.

OH~-
R:C=C(CO,Et)y ——» R-C=C-CO,H

J ’
O*SO,R

ey, an

2-Furyl-, 2-thienyl-, and p-methoxyphenyl-propiolic
acids (II) were prepared in satisfactory yields from the
appropriate acylmalonate enol sulphonates (I) by using
sodium hydroxide in aqueous dioxan as described in
Part I.

Enol sulphonates of diethyl cyclopropylcarbonyl-
malonate (I, R = cyclopropyl; R’ = p-Me-CiH,,
p-Br-CgH,, and $-C, H,) gave cyclopropylpropiolic
acid (II; R = cyclopropyl) in low yield. This case is
interesting in that it is an exception to the general
rule (see Part I) that a double bond or aromatic ring
conjugated with the developing triple bond is essential for
elimination to succeed. Apparently the cyclopropane
ring is sufficiently ‘ ethylene-like ” to enable the re-
action to occur, albeit in low yield.

The foregoing examples are all decarboxylative
eliminations. Two examples of a related fragmentation
process, involving elimination of arylsulphonate ion
and a carboxylic acid, thus leading to acetylenic acids
were described in Part 1.1 A further example of the
latter type of process is provided by the action of alkali
on the enol sulphonates (III; R = p-BrC¢H, and

(6H
o
N

- F/C—Ph
;c=<:\ — >  Ph-C=C-COPh + Ph-COH
Gy COPh (Iv)
-SO,R )
0-5C, + R-SO;~
(111)

p-Me:CgH,) of tribenzoylmethane, giving in this case
the acetylenic ketone (IV).

We now turn to a number of cases in which triple-
bond formation fails, since this gives a guide to the
limitations of the general preparative method. Enol
sulphonates of diethyl trichloroacetylmalonate (I;
R = CCl,, R’ = p-Me*CH,) gave no acetylenic product
and only hydrolysis of the sulphonate occurred. Evi-

The enol sulphonates of tribenzoylmethane gave benzoylphenyl-

dently elimination is not promoted by the very strong
dipole of the trichloromethyl group. Enol sulphonates
of 0-, m-, and p-nitrobenzoylmalonates (I; R = o-,
m-, and p-NOyCgH,, R’ = p-Br-C¢H,) were readily
obtained; in all three cases treatment with alkali gave
only traces of acetylenic acids (detected only by the
infrared spectra). This is perhaps not unexpected in
the case of the ortho- and para-compounds in which the
electron-withdrawing effect of the nitro-group might be
expected to be inhibiting; but the failure in the case
of the meta-compound is surprising.

Treatment of diethyl sodiomalonate with ethyl-
fumaroyl chloride gave triethyl fumaroylmalonate,
which gave an enol toluene-p-sulphonate (V; R =
p-Me-CgH,).

EtO,C-CH=CH-C=C(CO,Et), HO,C+CH=CH+CO*CH, CO,E L

OSO,R
V) VD

On alkaline treatment no acetylenic product was
obtained and only a product of hydrolysis, the half-
ester (VI), was isolated. This failure is interesting in
that the activating double bond is present, and the
similar crotonoylmalonate enol sulphonates in which the
terminal ethoxycarbonyl group of (V) is replaced by
methyl gave an acetylenic acid readily (see Part I1).
This case is clearly analogous to the nitrobenzoyl-
malonates above.

Diethyl oxalopropionate (VII) gave a crystalline
enol naphthalene-2-sulphonate (VIII); cis or franms) in
609, yield. This, on alkaline treatment, failed to give
any acetylenic acid.

EtO-CO*CO-CHMe"CO,Et
(VII)
PhCO*COCH(CO,EL),
EtO"CO-C=CMe-CO,Et (IX)

O-$0,CyoHeB
(VIID)

Crude diethyl phenylglyoxalylmalonate (IX) (pre-
pared from phenylglyoxalyl chloride and diethyl
ethoxymagnesium malonate) gave the corresponding
enol p-bromobenzenesulphonate (I; R = PhCO, R' =
p-Br-C,H,) in very poor yield. On alkaline treatment,
this, again, failed to give any acetylenic product.
4_’:8Part 11, 1. Fleming and J. Harley Mason, J. Ckem. Soc., 1963,

15,
1 1. Fleming and J. Harley-Mason, J. Chem. Soc., 1963, 4771.
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Enol sulphonates of benzoylacetylacetone (X) were
next examined. Here, two structurally different pro-
ducts could be obtained, (XI) or (XII; cis or frams).

/COMe
PhCO-CH(COMe);  Ph-C=C(COMe), Me-C=C
| Ncophn
O-SO,R O'SO,R
X) (XI) (XII)

Only one product was actually isolated, and was shown
to be (XII) by catalytic hydrogenation over platinum
which yielded the known 3-benzoylpentan-2-one. As
would be expected in the absence of an activating group
(see above), no acetylenic product was obtained on
treatment with alkali.

A further case was studied in an attempt to find an
entirely diflerent leaving group. «-Benzoylbenzyl
phenyl sulphide (XIII) was converted into the enol
p-bromobenzenesulphonate (XIV) which was then

SPh SPh

" o=

\Ph [ \ph
050, CgHyBr-p

(XTII) (XIV)

Ph-CO-CH

SO4Ph
phec=c{
| eh
O*S0,"CgH,Br-p
XV) (XVI)

oxidised to the sulphone (XV). Fragmentation of
(XV) might be possible by attack of hydroxylion on the
sulphone group, leading to elimination of benzenesul-
phonic acid and p-bromobenzenesulphonic acid giving
diphenylacetylene. However, the only isolable material
was found to be the hydrolysis product, benzyl phenyl
sulphone (XVI).

Fleming and Harley-Mason found that very dilute
base gave only ester hydrolysis with the p-bromobenzene-
sulphonate (I; R = Ph, R’ = p-Br'CgH,) of diethyl
benzoylmalonate enol! This would suggest that the
base is directly involved in the elimination, loss of
bicarbonate ion, rater than carbon dioxide, being the
electron source for the developing triple bond. Simi-
larly, loss of acetic acid on alkaline treatment of acyl-
acetoacetate enol sulphonates! and the formation of
benzoylphenylacetylene by elimination of benzoic acid
and sulphonate ion from arylsulphonates of tribenzoyl-
methane enol, must involve attack of hydroxide ion on a
carbonyl group, as shown in (III) —s (IV). That
unimolecular decomposition is indeed unlikely in the
case of decarboxylative elimination was shown by
examination of the behaviour of the p-toluenesulphonate
(XVII) of cinnamoylmalonic acid enol in a non-basic

PhCH=CH-C=C(CO,H),

1

OS50, CeHyMep 050, CgH Me-p
(XVID) (XVIII)
medium. When the diacid (XVII) was heated in water
for 15 min., decarboxylation witkout elimination occurred,
affording the toluene-p-sulphonate (X VIII) of cinnamoyl-

PhCH=CH-C=CH-CO,H

View Ariigg?nline

acetic acid enol, without formation of the acetylenic acid
(IT; R = PhCH=CH). On the other hand, treatment
of (XVII) in aqueous base is known ! to give the acetyl-
enic acid (II; R = PhCH=CH) by concerted elimin-
ation—decarboxylation.

EXPERIMENTAL

Infrared spectra were determined on a Perkin-Elmer 21
spectrometer with sodium chloride prisms, Nujol mulls
being used for solid products. The nuclear magnetic
resonance spectra were determined by use of a Perkin-
Elmer spectrometer operating at 40 and 60 Mc./sec. Posi-
tions of references are quoted as chemical shifts on the =
scale and have been measured against tetramethylsilane
(v = 10) as internal reference.

M. p.s and b. p.s are not corrected.

The following new diethyl acylmalonates were prepared
by the methods of Bowman ? or Reynolds and Hauser.?
They were distilled and analytical samples were subse-
quently obtained by molecular distillation (130-—140°/
1072 mm.) of the purified product. The yields and physical
properties of each were as follows: diethyl 2-furoylmalonate
(76%, Bowman), b. p. 148°/102 mm. (Found: C, 56-5;
H, 5-9. C;pH;,0q¢ requires C, 56-7; H 5:5%); v, 3140m
and sharp, 2990vs (C-H), 1735vs and broad (ester CO),
1677s (ketonic CO), and 1570s (C=C) cm.™; diethyl 2-thenoyl-
malonate, (99%,, Bowman), pale yellow solid, m. p. 56—45°
(Found: C, 53-6; H, 54. C;,H,,0;S requires C, 53-4;
H, 5:29%); vp,. 1740vs (ester CO) and 1665vs (ketonic
CO) cm.; diethyl cyclopropylcavbonylmalonate, (86%,
Reynolds and Hauser), b. p. 124°/1 mm. (Found: C, 58-1;
H, 73. C;H;(O; requires C, 57-9; H, 7-0%): v,..
3400—2700 broad and flat (chelated enolic OH), 1735s,
1710s (ester CO), 1635 (ketonic CO), 1590s (enolic C=C).
These infrared results suggest the presence of a mixture of
keto and enol forms, which was confirmed by the n.m.r.
spectrum in carbon tetrachloride. The n.m.r. spectrum
showed a singlet at © —3'8 (conjugated and chelated OH),
two singlets at 6:6 and 6-8, two multiplets centred at 58
(—CH,~ of the ester groups) and 8-9 (CH; of the ester groups
and presumably also the cyclopropyl —CH,—) and a broad
flat multiplet centred at 7-9 (presumably due to the CH-
of the cyclopropyl ring). The complete absence of ab-
sorption between t 3 and 5:5 (olefinic protons) shows that
isomerisation of the cyclopropyl ring has not occurred;
diethyl trichlovoacetylmalonate (68-5%,, Reynolds and
Hauser), b. p. 115—120°/1 mm. (Found: C, 35-55; H, 3-7;
Cl; 34-7. C,H,,Cl;,0; requires C, 35:4; H, 3:6; Cl, 34-9%,);
Vmax, 17728 (ester CO) and 1740s («-halogen substituted
ketone) cm.™.

Diethyl  m-Nitrobenzoylmalonate—(100%, Bowman).
The crude compound was crystallised from aqueous ethanol
and an analytical sample was subsequently obtained by
molecular distillation; it had m. p. 42—54°. The indefinite
m. p. suggests the presence of a mixture of keto and enol
forms (Found: C, 54-35; H, 52; N, 4.7. C,,H,;NO,
requires C, 534-4; H, 4-85; N, 4-5%); Yinax. 3400—2600
(chelated and conjugated OH), 1740vs, 1730vs (ester CO),
1700s (ketonic CO), 1612s (C=C), and 1527vs (NO,} cm.™™,

Diethyl Phenylglyoxalylmalonate—Phenylglyoxylic acid
(40 g.; recrystallised from benzene-light petroleum)
was dissolved in a mixture of purified thionyl chloride

2 R. E. Bowman, J. Chem. Soc., 1950, 322.
3 G. A. Reynolds and C. R. Hauser, Org. Synth., 1950, 30, 70.
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{66 ml.) and benzene (80 ml.), and the solution was refluxed
for 24 hr. Benzene and excess of thionyl chloride were
removed under reduced pressure and the residue of crude
phenylglyoxalyl chloride was distilled under wvacuum,
yielding a yellow oil (36-5 g., 81%,) which had b. p. 60—65°/
0-3 mm. (lit.,* b. p. 91°/9-5 mm.); v 1780s (COCl),
1690s (CO), and 1600m (aromatic ring) cm.™. Diethyl
phenylglyoxalylmalonate was subsequently prepared by the
method of Reynolds and Hauser, from the above acyl
chloride and freshly distilled ethyl malonate. The desired
enol was isolated as a thick yellow oil and was used without
further purification since it decomposed on attempted dis-
tillation; it had v,  1780s, 1730s (ester CO), 1670s, 1630s
(ketonic CO), and 1600m (aromatic ring) cm.™.

Enol Awylsulphonates—These were prepared by the
following method. To the enol dissolved in ethanol,
sodium ethoxide (1 equiv.) in ethanol was added. After
removal of the ethanol, the dry enol salt was dissolved or
suspended in a suitable solvent, the arylsulphonyl chloride
(1-2 equiv.) was added, and the resulting mixture was kept
at room temperature for several days (or heated on the water-
bath for several bours). The solvent used and the time
needed for reaction are given below for each enol sulphonate.
The enol sulphonates were isolated from the reaction mixture
as described in Part I ! and were kept in ethanol until crystal-
lisation occurred. The yields and physical properties of
each were as follows.

2,2-Diethoxycarbonyl-1-2’-furylvinyl p-bromobenzenesul-
phonate (I, R = 2-furyl; R’ = p-Br-CgH,). Prepared
in ethanol, kept overnight at room temperature, in 129
yield, this sulphonate had m. p. 56—58° (Found: C, 45-7;
H, 40. C,gH;;BrO,S requires C, 45-65; H, 3-69%); v ..
1740s, 1720vs (ester CO), 1617vs (C=C), 1572m, 1550m
(aromatic ring), and 1395vs (sulphonate) cm.™.

2,2-Diethoxycarbonyl-1-2'-furylvinyl naphthalene-2-sul-
phonate (I; R = 2-furyl; R’ = 8-C;(H,). Prepared in
dioxan, kept for two weeks at room temperature, in 51:59%,
yield, this sulphonate had m. p. 89—71° (Found: C, 59-6;
H, 5:0. CypH, 048 requires C, 59:5; H, 45%); vy,
1725vs (ester CO), 1618vs (C=C), 1547Tm (aromatic ring),
and 1392vs (sulphonate) cm. ™.

2,2-Diethoxycarbonyl-1-2"-thenoylvinyl p-bromobenzene-
sulphonate (I; R = 2-thienyl; R’ = p-Br-C¢H,). Pre-
pared in dry tetrahydrofuran, refluxed for 6 hr. and kept
overnight at room temperature, in 26-69, vyield, this
sulphonate had m. p. 89—91° (Found: C, 44-8; H, 4-0.
C,sH;,BrO;S, requires C, 44:2; H, 3-45%); v, 1743vs,
1700vs (unsat. ester CO), 1622s (C=C), 1575vs (aromatic
ring), and 1395vs (aromatic sulphonate) cm.™.

1-p-Anisoyl-2,2-diethoxycarbonylvinyl p-bromobenzene-
sulphonate (I, R = p-MeO-CH,; R’ = p-Br'C;H,). Pre-
pared in dioxan, kept for 3 days at room temperature and
heated at 100° for 4 hr., in 389, yield, this sulphonate
formed felted needles, m. p. 101-5—103-5°, from aqueous
ethanol (Found: C, 49-3; H, 4-2; Br, 155. C,H,,BrOS
requires C, 49-15; H, 4-1; Br, 15-6%,); Viax 17358, 1695vs
(unsat. ester CO), 1635m (C=C), 1605m, 15756m (aromatic
ring), and 1375s (sulphonate) cm.™.

2,2-Dibenzoyl-1-phenylvinyl p-bromobenzenesulphonate
(III; R = $-Br-C¢H,). Prepared in dry dioxan, heated at
100° for 3 hr. and kept overnight at room temperature, in
47%, vyield, this sulphonate had m. p. 141-—142° (Found:
C, 61-4; H, 3:-34; Br, 14-7. C,H;,BrO;S requires C, 61-4;

4 M. S. Kharasch, C. S. S. Kane, and H. C. Brown, J. Amer.
Chem. Soc., 1942, 64, 332.

J. Chem. Soc. (&4 18&8"™
H, 3-5; Br, 14:69%); v

max. 16555, 1640s (ketonic CO),
1595m, 1570m (aromatic ring), and 1385vs (~SO,~0-)
cm.™?,

2,2-Dibenzyl-1-phenylvinyl  toluene-p-sulphonate (111;
R = p-Me'C¢H,). Prepared in dry dioxan, heated at
100° for 3 hr. and kept for 3 days at room temperature,
in 309, yield, this sulphonate had m. p. 123—124° (Found:
C, 72-2; H, 5:0. CuH,,0,S requires C, 72:2; H, 4-6%);
Vi, 16608, 1630s (ketonic CO), 1595s (C=C), 1580m (aro-
matic ring), and 1360vs (~SO,~0-) cm.™.

2-2-Diethoxycarbonyl-1-trichloroacetylvinyltolueve-p-sul-
phonate (I, R = CCl;; R’ = p-Me:C,H,). This, prepared
in dioxan, kept for 2 days at room temperature and heated
at 100° for 3 hr., was a colourless /iguid which could not be
distilled without decomposition (Found: C, 42-5; H, 4-5;
Cl, 21-7. C,gH,,Cl,0,S requires C, 41-75; H, 3.7; Cl,
23-29,), indicated that the material was somewhat impure;
Vo 1780s (ester CO), 1590m(C=C), 1370s and 1180s
(=S0,-0-) cm. ™.,

2,2-Diethoxycarbonyl-p-nitrobenzoylvinyl p-bromobenzene-
sulphonate (I; R = p-NO,CsH,; R’ = p-Br-C;H,). Pre-
pared in ethanol, kept overnight at room temperature, in
609, yield, this sulphonate had m. p. 125—126° (Found:
C, 45-6; H, 3-4; Br, 14-8; N, 2:7. C,H,B1NO,S requires
C, 45-45; H, 3-4; Br, 1515; N, 2:65%); Viax 1735vs
(unsat. ester CO), 1637m (C=C), 1600w, 1757w (aromatic
ring), and 1523s (NO, group) cm.™,

2,2-Diethoxycarbonyl-o-nitrobenzoylvinyl p-bromobenzene~
sulphonate (I; R = 0-NO,CH,; R’ = p-Br'C;H,). Pre-
pared in dioxan, heated at 100° for 7 hr. and kept overnight
at room temperature, in 649, yield), this formed needies,
m. p. 125—127° (Found: C, 45-6; H, 3-8; Br, 14:8; N,
N, 2-6. C,yH,;4BrNO,S requires C, 45-45; H, 3-4; Br,
15:15; N, 2-65%); vy, 1740vs, 1700vs (conjugated ester
CO), 1637w (C=C), 1607mw, 1573m (benzene ring), 1530vs
(NO,) em.™.

2-2-Diethoxycarbonyl-o-nitvobenzoyvlvinyl naphihalene-
2-sulphonate (I; R = 0-NO,CiH,; R’ = B-C,;H,). Pre-
pared in dioxan, heated at 100° for 5 hr. and kept overnight
at room temperature, in 539, yield, this formed needles,
m. p. 106-5—108° (Found: C, 57-9; H, 47; N, 2-8.
Cy4HyNOyS requires C, 57-7; H, 4-2; N, 2-8%); v ..
1740vs, 1700s (unsat. ester CO), 1640w (C=C), 1605w,
1574w (naphthalene rings), and 1535s (NO, group) cm.™.

2,2-Diethoxycarbonyl-m-nitrobenzoylvinyl p-bromobenzene-
sulphonate (I, R = m-NO,CH,; R’ = $-Br-C;H,). Pre-
pared in ethanol, kept overnight at room temperature, in
40-89, vyield, this sulphonate formed felted plates, m. p.
72:5—74° (Found: C, 45'5; H, 3-7; Br, 15-3; N, 2:8.
CyoHsBrNOyS requires C, 45-45; H, 3-4; Br, 15'15;
N, 2:66%); v .. 1760vs, 1707s (unsat. ester CO), 1640m
(C=C), 1575m (aromatic ring), and 1532vs (NO, group)
cm.k,

1-Diethoxycarbonylmethylene-3-ethoxycarbonylallyl toluene-
p-sulphonate (V; R = p-Me-C¢H,). Prepared in dioxan,
kept for 3 days at room temperature, in 739, vield, this
sulphonate had m. p. 71—73° from aqueous ethanol (Found:
C, 54-5; H, 5-1. CyH,,04S requires C, 54:55; H, 5:459);
Vpax 1740s and 1730s (ester CO), 1645m and 1610s (C=C),
1370s and 1180s (aromatic sulphonate) cm.™,

1,2-Diethoxycarbonylprop-l-enyl Naphthalene-2-sulphonate
(VIII).—Prepared in dioxan, during two weeks at room
temperature, in 609, vield, this sulphonate had m. p. 91—93°
(Found: C, 58-1; H, 5'1. C,,H,,0,S requires C, 58-2; H,
519%); Yy 1725s (ester CO), 1660m (C=C), 1625w, 1595w,
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and 1505m (naphthalene rings), 1380s and 1190s (aromatic
sulphonate) cm. .

1-Benzoyl-2,2-diethoxycarbonylvinyl — p-bromobenzene-sul-
phonate (I, R = PhCO; R’ = p-Br'CiH,). Prepared in
ethanol, kept for 5 days at room temperature, in 0-5%,
yield, this sulphonate had m. p. 144—146° (Found: C, 49-2;
H, 3-6. C,,H,;BrOS requires C, 49:35; H, 3:7%); v
1750s (ester CO), 1630s (ketonic CO), 1560s (C=C), and
1395s (sulphonate) cm.™.

2-Acetyl-2-benzoyl-1-methylvinyl p-bromobenszenesulphonate
(XII; R = p-Br'CiH,). Prepared in dry acetone, kept
overnight at 0°, in 249, yield, this sulphonate had m. p.
83—85° (Found: C, 51-45; H, 3-62. C;gH,;BrO;S requires
C, 51-1; H, 3-559%); v, 1700s, 1680s, 1660s (ketonic
CO), 1610m (C=C), and 1590s (aromatic ring) cm.”. The
n.m.r. spectrum taken in CCl, solution showed two multiplets
centred at v 2-15 and 2-4 (aromatic ring) and two singlets
at v 7-85 and 805 (methyl groups).

o-Phenyl-B-phenylthiostyryl p-Bromobenzenesulphonate
(XIV).—Sodium hydride (509, dispersion in oil, 24 g.)
was added in small portions to desyl phenyl sulphide
(XIII) 36 (14+6 g.) in dry acetone (200 ml.), with ice cooling.
After 30 min., p-bromobenzenesulphonyl chloride (13 g.)
in dry acetone (100 ml.) was added and the mixture was
refluxed for 2 hr. and kept overnight at room temperature.
Working-up afforded 10 g. (409%,) the p-bromobenzenesul-
phonate (XIV), m. p. 128-5—131-5° (from ethanol) (Found:
59-7; H, 3-7; Br, 154. C,H,,BrO,S, requires C, 59:6;
H, 3:6; Br, 15:3%); vy, 1570m (C=C}, 1375s and 1185s
(=SO,~0-) cm.™.

a-Phenyl-B-phenylsulphonylstyryl p-Bromobenzenesulphon-
ate (XV).—Hydrogen peroxide (30%,, 15 ml.) was added to
a-phenyl-B-phenylthiostyryl p-bromobenzenesulphonate
(X1IV) (5 g.) in glacial acetic acid (100 ml.) and the mixture
was heated at 90° for 3 hr. After cooling, water was added
dropwise, the white solid material which separated was col-
lected, washed with water and recystallised from a mixture
of ethanol (200 ml.) and acetone (50 ml.), yielding quanti-
tatively the sulphone (XV), m. p. 170—173° (decomp.)
(Found: C, 56-1, 56-2; H, 371, 3-38; Br, 14-51.
C,eH,4BrO;S, requires C, 56-25; H, 3-4; Br, 14-4%);
Yy, 1640m, 1615w, 1570m (C=C and aromatic ring), 1360s
and 1165s (sulphone and sulphonate) cm.™.

Action of Alkali on 1,2-Diethoxycavbonylprop-1-enyl,
2,2-Diethoxycarbonvi-1-trichlovoacetylvinyl,  2,2-Diethoxy-
carbonyl-o-, -m-, and -p-nitrobenzoylvinyl, and 2,2-Diethoxy-
carbonyl-1-trichlovoacetylvinyl Sulphonates—These were
treated with 0-2N-sodium hydroxide in aqueous dioxan as
described in Part I.! In all cases, no acetylenic acid could
be isolated: only hydrolysis products were obtained, with
no triple bond absorption in the infrared spectrum of the
crude reaction products except in the case of the three
nitrobenzoyl malonates where a weak band at 2210—2240
cm.™t was present.

Investigation of the Product obtained by Alkaline Treatment
of 1-Diethoxycarbonylmethylene-3-ethoxycarbonylallyl Tolu-
ene-p-sulphonate (V).—The enol sulphonate (V) failed to
give any acetylenic product on alkaline treatment, but a
small quantity of a crystalline acid was obtained which
had m. p. 1837—139° after sublimation at 110°/0-5 mm.
This compound was formulated as ethyl trans-8-cavboxy-
acryloylacetate (VI), on the basis of analytical and infrared

5 A. L. M. Ward, Org. Synth., 1932, 12, 20.
¢ A. Schonberg and Y. Iskander, J. Chem. Soc., 1942, 90.
7 E. Knoevenagel, Ber., 1888, 21, 1349.

4z
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data (Found: C, 51-5; H, 5-4. CgH,,O; requires C, 51-6;
H, 54%); v, 3200w and broad (OH), 2700w, 2600w
(carboxylic acid), 1710s (ester CO), 1660s (carboxylic CO},
and 1600s (C=C) cm.™.

Action of Alkali on a-Phenyl-B-phenylsulphonylstyryl p-
Bromobenzenesulphonate (XV).—The enol-sulphonate (XV)
was treated with NaOH in aqueous dioxan as described in
Part I 1 but failed to give any diphenylacetylene. Working
up gave a crystalline residue which was subsequently
recrystallised from ethanol and proved to be benzyl phenyl
sulphone, having the same m. p. 150—153° and mixed
m. p. (lit.,” m. p. 148—149°) and the same infrared spectrum.

Preparation of 2-Furyl-, 2-Thienyl-, and p-Methoxyphenyl-
propiolic Acids (II; R = 2-furyl, 2-thienyl, and p-methoxy-
phenyl).—These were prepared by alkaline treatment of
the corresponding enol sulphonates (I) as described in Part
I.  The method of purification, yields and physical pro-
perties are as follows: 2-furylpropiolic acid (II; R = 2-
furyl), recrystallised from chloroform-light petroleum,
489, yield, m. p. 106—111° (decomp.) (lit.,® m. p. 109—110°);
Ve 3200—2600w and broad (acidic OH), 2220vs (C=C),
1665vs (CO,H), and 15656m (C=C) cm.™; 2-Thienylpro-
piolic acid (II; R = 2-thienyl), recrystallised from carbon
tetrachloride, 51-59%, yield, m. p. 133—135° (lit.,* m. p.
130—133°) (Found: C, 55-1; H, 3-3. Calc. for C;H,0,S:
C, 55-25; H, 2:6%). v, 3200—2500w and broad (carb-
oxylic OH), 2210vs (C=C), 1670vs and broad (carboxylic
CO), 1515w (C=C) cm.™!; p-methoxyphenylpropiolic acid
(II; R = p-MeO-C4H,), white needles from benzene-light
petroleum, 709, yield, m. p. 141—142° (decomp.) (lit.,*°
m. p. 141—143° 144—144-4°) (Found: C, 68-2; H, 4-8.
Calc. for CoHgO4: C, 68:25; H, 4:5%); v, 3300—2600w
and broad (acidic OH), 2240m, 2200vs (C=C), 1665vs and
rather broad (CO,H), and 1600s (aromatic ring) cm.™.

Cyclopropylpropiolic Acid (II; R = Cyclopropyl).—The
dry sodium salt of diethyl cyclopropylcarbonylmalonate
was added to the arylsulphonyl chloride (1-3 equiv.) in dry
acetone and the resulting mixture was kept for 2 weeks at
room temperature. Working-up in the wusual manner
afforded oils which could not be crystallised, but which
were formulated as l-cyclopropylcarbonyl-2,2-diethoxy-
carbonylvinylarylsulphonates (I; R = Cyclopropyl; R’ =
p-MeCgH,, p-Br-C¢H,, and B-C,jH,), on the basis of their
infrared spectra and behaviour in alkaline conditions;
Yy 1760—1710s (ester CO), 1620m (C=C), 1570m (aromatic
ring), and 1380s (sulphonate) cm.™. The crude aryl-
sulphonates were treated with sodium hydroxide in aqueous
dioxan as described in Part I! and the acidic reaction
products were isolated in the usual manner. In each case,
a pale yellow oil was obtained which was formulated as
cyclopropylpropiolic acid (II; R = cyclopropyl); v,..
(for the crude product) 3200w, 2600w, 2230vs (C=C), and
1700s (CO,H) cm.l. The compound decomposed on
attempted vacuum distillation and was characterised as
the S-benzylthiouronium salf, m. p. 195—198° (decomp.)
(Found: C, 60-3; H, 6-4; N, 99. C,,H,(N,0,S requires
C, 60-85; H, 58; N, 10-15%).

Benzoylphenylacetylene (IV).—The enol sulphonate (III;
R = p-Br'C¢H,) (1-8 g.) was dissolved in a mixture of
dioxan (35 ml.), water (11 ml.), and 2-5N-sodium hydroxide
solution (4 ml.) and kept overnight at room temperature.

8 G. Mirkl, Angew. Chem. Internat. Edn., 1962, 1, 160.

9 A. J. Osbahr, A. Vaitiekunas, and F. F. Nord, J. Amer.
Chem. Soc., 1955, 77, 1911.

10 . Bergman and A. Bondi, Ber., 1933, 66, 278.
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After acidification, the mixture was evaporated under
reduced pressure, and the residue was distributed between
CHCl, and dilute sodium hydroxide solution. Evaporation
of the dried (Na,SO,) chloroform extract gave an oily
material which was boiled with light petroleum and filtered.
The insoluble substance (700 mg.) was tribenzoylmethane.
On keeping at 0° the filtrate deposited crystals of benzoyl-
phenylacetylene (200 mg., 299%), m. p. 47—49° (lit., 1t
m. p. 49—50°), whose infrared spectrum was identical with
that of an authentic specimen; v, . 2210s (C=C), 1650s
{ketonic CO), 1610m, 1580m (aromatic ring) cm.™. Alkaline
treatment of 2,2-dibenzoyl-l-phenylvinyl p-toluene-sul-
phonate (III; R = p-Me'CgH,) under similar conditions
gave the same result.

Reactions of 2-Acetyl-2-benzoyl-1-methylvinyl p-bromobenz-
enesulphonate (XII; R = p-Br-CsH,, cis or #trans).—On
treatment with 3 equivs. of 0:25N-sodium hvdroxide in
aqueous dioxan, this enol-sulphonate failed to give any
acetylenic product (there was no band between 2400 and
2100 cm.™ in the infrared spectrum of the crude reaction
products).

The enol-sulphonate (2 g.) in ethanol was hydrogenated at
atmospheric pressure for 6 hr. over Adams catalyst. The
uptake was 250 ml. (approximately 2 moles of hydrogen per
mole of reactant). The ethanol was removed and the
residue treated with ether and water. The ether extract
was evaporated, yielding a mobile oily residue whose in-
frared spectrum showed 2 strong CO bands at 1720 and 1680

J. Chem. Soc. (&)71988"™

cm.t and 2 weak bands at 1600 and 1580 cm.™ (benzene
ring). The residue was treated with a saturated aqueous
solution of copper acetate, some aqueous ammonia was added
and the mixture shaken for 3 hr. and kept overnight at
room temperature. The dark green precipitate was collec-
ted and recrystallised twice from benzene, giving green
needles (decomp.), m. p. 210°. This compound was identical
with the copper salt of 3-benzoylpentan-2-one (mixed m. p.
and infrared spectrum).

Decarboxylation of 2,2-Dicarboxy-1-styrylvinyl Toluene-p-
sulphonate (XVII).—Purified cinnamoylmalonic acid enocl-
p-toluenesulphonate ! (XVII) (1 g.) was suspended in water
(20 ml.) and the mixture boiled for 15 min. The smallest
amount of acetone was added for dissolution and the
solution was then refluxed for 1 hr. Evaporation of the
acetone (reduced pressure) followed by extraction with
ether afforded 2-carboxy-1-styrylvinyl toluene-p-sulphonate
(XVILI) (0-5 g., 50%) (Found: C, 62-76; H, 5-049,
M, 345. C,sH,;0;S requires C, 62-8; H, 4-659,; MM, 344);
Yo, 3200—2700w and broad (acidic OH), 1680s (carboxylic
acid), 1620s (C=C), and 1590s (benzene ring) cm.™, m. p.
151—152° from benzene-light petroleum.
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