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Generation of Ethyl Thioxoacetate, a Dienophilic Thioaldehyde

Christine M. Bladon, Irene E. G. Ferguson, Gordon W. Kirby,* Alistair W. Lochead, and Duncan C.
McDougall
Department of Chemistry, University of Glasgow, Glasgow G712 8QQ, U.K.

Ethoxycarbonylmethanesulphenyl chloride reacts with triethylamine to give the transient thioaldehyde, ethyl
thioxoacetate, which has been trapped, /n situ, by cycloaddition to various conjugated dienes.

Until recently,!-2 cycloaddition reactions of thioaldehydes with thetic utility of the Diels—Alder adducts of other thiocarbonyl
conjugated dienes had not been reported, although the syn- compounds is well appreciated.> The neglect of simple* thio-
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Scheme 1. i, N-Chlorosuccinimide; ii, Et;N.

aldehydes stems largely from their known tendency to poly-
merise,® but it appeared to us that generation of thioaldehydes
and trapping, in situ, with conjugated dienes should be feasible.
In connection with other work.® we found that thioaldehydes
could be generated by 1,2-elimination, with base, of hydrogen
chloride from sulphenyl chlorides. We report here experiments
with ethyl thioxoacetate (2) formed from ethyl mercaptoacet-
ate according to Scheme 1.

Ethyl mercaptoacetate (5.5 mmol) was treated with freshly
purified N-chlorosuccinimide (6.5 mmol) in dry benzene (10
ml) with stirring at room temperature for 2 h. The resulting
mixture, containing the corresponding sulphenyl chloride (1)
and succinimide, was added dropwise to 2,3-dimethylbuta-1,3-
diene (5.0 mmol) in benzene (10 ml) and methanol (10 ml)
containing triethylamine (6.5 mmol) at room temperature.
After 0.5 h the reaction mixture, freed from triethylamine
hydrochloride and succinimide, was shown by 'H n.m.r.
spectroscopy to consist largely (>909%) of the cycloadduct
(3; R == Et). Distillation (Kugelrohr, 110—120 °C, 0.03 mbar)
(1 bar = 10° N m~2?) gave (3; R = Et) as a mobile oil (65%).
Hydrolysis of this ester with aqueous sodium hydroxide in
ethanol yielded the acid (3; R = H), m.p. 97—98 °C; 8(CDCl,,
90 MHz) 1.70 (br. s, 2 x Me), 2.47 (m, CH,), 3.09 (m, CH,S),
3.66(t, J 6.4 Hz, CH), and 8.0 (br. s, CO,H, exchangeable with
D,0). Formation of the dihydrothian (3; R = Et) is consistent
with the view that triethylamine induced rapid elimination of
hydrogen chloride from ethoxycarbonylmethanesulphenyl
chloride (1) to give ethyl thioxoacetate (2). However, it is con-
ceivable that the sulpheny! chloride first added (1,2 or 1,4) to
the diene and that triethylamine then effected cycloelimination
of hydrogen chloride. The latter possibility was discounted on
the basis of the following experiment. Thus, 2,3-dimethylbuta-
1,3-diene was treated with the sulphenyl chloride (1) under the
usual conditions but in the absence of triethylamine. Addition
of triethylamine then gave a mixture shown by 'H n.m.r.
spectroscopy to contain no significant amounts of the cyclo-
adduct (3; R = Et).

Similarly, thebaine (4) reacted with ethyl thioxoacetate (2),
generated as before, to give the cycloadduct (5) (67 %), m.p.
116—118 °C. Significantly, the crude reaction mixture was
shown by 'H n.m.r. spectroscopy to contain no appreciable
amounts of any isomeric adduct. However, when adduct (§)
was heated in refluxing toluene for 8 h clean conversion into
the isomer (6), m.p. 125—128 °C, was observed. Thus, addi-
tion of the thioaldehyde to thebaine to give (5) had occurred
under kinetic control. The structures (5) and (6) were elucid-
ated by detailed analysis of their 'H n.m.r. spectra (CDCl,,
250 MHz).” In particular, the spectrum of isomer (5) showed
long-range, ‘W’ coupling between 7-H and 6¢’-H [8 4.01 (d,
0.7 Hz, 6’-H)}, and that of isomer (6) showed deshielding of
14’-H by the lone-pair electrons of the adjacent nitrogen [
5.23 (s, 14-H)).

Addition of ethyl thioxoacetate to cyclohexa-1,3-diene
under the foregoing conditions gave the expected adduct (7;
R = Et)t in only 379 isolated yield. The by-products
appeared (n.m.r. control) to be derived by attack of the
sulphenyl chloride on the diene in competition with elimina-
tion to give the thioaldehyde. In accord with this interpreta-

t The stereochemistry of (7) has not yet been determined.
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tion, increasing the amount of triethylamine (to 3 mol. equiv.)
caused an increase (ca. 2-fold) in the yield of adduct (7; R =
Et). The cycloadduct (7; R = Et) was obtained as an oil [b.p.
120 °C, 0.05 mbar (Kugelrohr)]. The corresponding acid (7;
R = H) had m.p. 113—114 °C; 8(CDCl,, 90 MHz) 1.1—2.3
(m, CH,CH,), 3.46 (m,2 x CH),4.05(d, J 3.2 Hz, SCHCO,H),
6.20 and 6.64 (2 x br.t,J 7.5 Hz, 2 x vinyl-H), and 8.60 (br.
s, CO,H, exchangeable with D,O).

We had earlier shown?® that nitrosocarbonyl compounds, a
class of unstable dienophiles, can be trapped as their adducts
with 9,10-dimethylanthracene. These adducts dissociated
thermally allowing transfer of the labile dienophile to a variety
of conjugated dienes. We have employed the same device with
ethyl thioxoacetate. Thus, the sulphenyl chloride (1), formed
from ethyl mercaptoacetate (11 mmol) and N-chlorosuccin-
imide (13 mmol) in chloroform (20 ml), was added slowly to
anthracene (11 mmol) in chloroform (40 ml) containing tri-
ethylamine (13 mmol) with heating under reflux. The resulting
adduct (8; R = H, R’ = Et) (379 yield isolated, ca. 509 by
n.m.r. control) had m.p. 135—137 °C; 8(CDCl,, 90 MHz) 1.15
(t,J 7 Hz, Me), 4.12 (d, J 3.0 Hz, SCHCO,Et), 4.09 (q, J/ 7 Hz,
CH,), 5.07 (d, J 3.0 Hz, CH), 5.12 (s, CH), and 7.1—7.5 (m,
aryl-H). The corresponding adduct (8; R = Me, R’ = Et) of
9,10-dimethylanthracene was obtained (46%,) similarly using
dichloromethane in place of chloroform as solvent. This oily
adduct was converted into the corresponding acid (8; R =
Me, R’ = H), m.p. 173—175 “C; 8(CDCl,, 90 MHz) 2.20 (s,
Me), 2.31 (s, Me), 3.87 (s, CH), 7.15—7.0 (m, aryl-H), and
7.9 (br. s, CO,H exchangeable with D,O). When the anthracene
adduct (8; R == H, R’ := Et) was heated in toluene at 100 °C
for 10 h with an equimolar amount of thebaine (4) the thebaine
adduct (6) was obtained (78 %;). Similarly, the 9,10-dimethyl-
anthracene adduct (8; R = Me, R’ = Et) and thebaine at
110 °C for 5 h gave (6) (86°;). Finally, transfer of ethyl thioxo-
acetate from (8; R H, R’ = Et) to cyclohexa-1,3-diene was
effected at 110 “C during 3 h to give (7; R Et) (79%).
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Vedejs et al* generated, and trapped as Diels-Alder adducts,
a variety of thioaldehydes, including methyl thioxoacetate, by
photolysis of the S-phenacyl derivatives of thiols. More recent-
ly Baldwin and Lopez? have shown that alkyl thiosulphinates
are cleaved thermally to form thioaldehydes in high yield. The
latter authors also demonstrated the formation of thiobenz-
aldehyde by thermolysis of the corresponding anthracene
adduct. Armitage and Clark® reported that methanesulphenyl
chloride and dialkylamines react to give methanesulphenamides
and, in lesser amounts, bis(dialkylamino)methanes. They sug-
gested that the latter products might arise from thioformalde-
hyde, a view supported by our experiments with ethoxy-
carbonylmethanesulphenyl chloride (1). Professor J. K.
Sutherland has kindly informed us?® that butyl thioxoacetate
is formed, and can be trapped by dienes, by the reaction of
butyl glyoxalate and phosphorus pentasulphide.
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