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Sulfur-containing Alkylidenemalonic Acids Obtained from
the Reaction of Thiols with Various Diethyl Acylmalonates

STIG ALLENMARK and OVE BOHMAN

Chemical Institute, University of Uppsala, Uppsala, Sweden

The reaction of ethanethiol and phenylmethanethiol, respectively,
with some diethyl acylmalonates as a method for the preparation
of certain alkylthio-substituted, unsaturated malonic acids has been
examined. It was found that the nature of the acyl group had a
great influence upon the reaction. Thus, from diethyl isobutyryl-
malonate f,y-unsaturated malonic acid derivatives were obtained,
whereas diethyl acylmalonates without branching in the acyl group
yielded the «,f-unsaturated compounds. Diethyl pivaloylmalonate as
well as diethyl diphenylacetylmalonate failed to react.

In pyridine the «,-unsaturated acids rearranged to the B,y-
isomers which underwent decarboxylation. The same reaction oc-
curred more readily with use of 1,4-diazabicyclo[2.2.2]octane in
acetone-water mixtures.

The sulfoxides and sulfones corresponding to the sulfide-acids
were also prepared. The sulfoxides of the g,y-unsaturated compounds
were found to decarboxylate in acetone solution much more readily
than the corresponding sulfides and sulfones.

In a previous paper we described the synthesis of alkylthio-substituted
alkylidene malonic acids via thiol addition to diethyl acetylmalonate and
diethyl propionylmalonate, respectively, and their oxidation products.! A
kinetic study of the sulfoxides (VI in Scheme 1) with respect to the reduction
of the sulfoxide group in aqueous hydriodic acid showed this reaction to be
effectively assisted by intramolecular carboxylic group participation.? In
order to gain more information about the influence of bulky substituents (R
and R’) upon the rate of this reaction, some further compounds of this type
were needed. For this reason and also in order to investigate the versatility
of the method for the preparation of this type of compound, the synthetic
work was extended with respect to the carbonyl component in the reaction.
We have therefore now studied the thiol addition to some other diethyl acyl-
malonates and also prepared the oxidation products of the malonic acid deriva-
tives which are formed after hydrolysis.
The synthetic route is shown in the following scheme:
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Compounds of type V could be prepared according to this scheme in
varying over-all yields (between 25 and 40 9,) when the thiol (R = C,H;- or
C¢H;CH,—) was reacted in the presence of hydrogen chloride and zinc chloride
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1406 ALLENMARK AND BOHMAN

with diethyl acylmalonates where R’ = CH;—! C,H;,—}! CiH;—, and
C¢H;CH,—. The diethyl phenylacetylmalonate reacted with phenylmethanethiol
but not with ethanethiol. Attempts to react diethyl pivaloylmalonate
(R’ = (CH,;),C—) and diethyl diphenylacetylmalonate (R’ = (CsH;),CH—)
with ethanethiol as well as phenylmethanethiol failed, a result in agreement
with the findings of Campaigne and Leal,® who found that pivalophenone did
not react with thiophenol for steric reasons.

With diethyl isobutyrylmalonate (R’ = (CH;),CH—) the reaction took
another course, yielding p,y-unsaturated compounds, as ascertained from
product analyses. The various kinds of compounds that could be prepared
in this case are shown in Scheme 2.

R—S RS,
(CH3)2 CH—C—CH(CO,EN), —>.ﬁfg ;C‘CH(Cozs')z S \c-cn(c02H)2
CH3—C CH3—C
\ \
CH; IX CH3 X
R—50n n:1 R=SQ
- -CO
oxidation C—CH(COzH), —_—2 C—CHpCO2H
’ room temp. V4
CH3—C\ CH3--C\
CHy X n=1 CHy X
Xn=2
n=l
-C02
room temp
in D20 + CD30D
R-—SQ
/c—cozcozo
CH3—'C\
CHy IXI¥
Scheme 2.

As illustrated in Scheme 1, the reaction between the diethyl acylmalonate
and two moles of the thiol leads to a dithioketal-diester (I, route a). This
was found for R’ = CHy;— and C,H;—. For R’ = CgH;CH,— the identifica-
tion of the initially formed product after the first step met with difficulties,
80 whether the reaction passes mostly via I in route a or by the direct route
b is uncertain. For R’ = C;H;— the reaction was found to give only an
unsaturated diester (II) according to b. This is not unexpected as in this case
the primarily formed hemithioketal is more stabilized by water elimination
to form II, than by reaction with another molecule of thiol, because here,
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conjugation with the phenyl group in the unsaturated compound becomes
a rather important factor among those influencing the course of the reaction.

The further reaction of I could occur along two routes, (¢ and d), both
finally yielding an unsaturated half-ester (IV). With a base like potassium
hydroxide in absolute ethanol, elimination of thiol occurred with the formation
of IT, which then could be partially hydrolyzed to yield IV. When this reaction
was carried out in 80 9, ethanol, ¢.e. under conditions where also hydrolysis
of the first ester group is possible, IT and the dithioketal-half-ester (III) were
both formed, which means that ¢ and d are concurrent reaction paths under
these conditions. Dithioketals of acetoacetic acid have been prepared by
Hauptmann and Giora 4 by hydrolysis of the corresponding esters under very
mild conditions. They also showed that these compounds could very readily
eliminate thiol, thus yielding 3-alkylthio-cis-crotonic acids.

Compound IV, which consisted of a mixture of geometric isomers, was
readily hydrolyzed to the unsaturated malonic acid (V), which in turn upon
oxidation with peracetic acid in ether or acetone gave the corresponding sulf-
oxide (VI) and sulfone (VII) in good yield. As reported earlier,! the conversion
of I to V can be performed in one reaction without isolation of any of the inter-
mediate products II, III, or IV, if a sufficient amount of alkali hydroxide in
a water-ethanol mixture is used.

The sulfoxide VIII could be prepared by oxidation of IV with an equivalent
amount of peracetic acid.

A B,y-unsaturated diester (IX, Scheme 2) was the only observed product
from the reaction of thiol with diethyl isobutyrylmalonate. By alkaline hydrol-
ysis of IX the §,y-unsaturated malonic acid (X) was formed, which was oxidized
to the sulfoxide (XI) and sulfone (XII). Compound XI was found to decar-
boxylate extremely readily, the rate of the reaction being measurable at
room temperature in acetone solution. Thus, upon two recrystallizations of
X1 from ethyl acetate (b.p. 77°) the mono-acid (XIII) was obtained almost
quantitatively. If the decarboxylation of XI was allowed to take placein a
mixture of methanol-d, and deuterium oxide, the resulting product (XIV)
was completely «-deuterated.

A similarly facile decarboxylation reaction was not found for X or XII.
These compounds could therefore be recrystallized without difficulty, although
in acetone at 60° a very slow decarboxylation was observable by NMR-studies.
A preliminary investigation has given, as a result, that the rate of decar-
boxylation in acetone decreases in the following order: XI > XII > X.

The results indicate an interaction between the sulfoxide and carboxyl
functions in the decarboxylation of XI. It is probable that the sulfoxide group,
being the most basic one and forming the strongest hydrogen bonds of the
three sulfur-functions in the series,5® will assist the formation of the carboxy-
late anion (necessary for direct decarboxylation of the acid ?) through an
intramolecular process. In the case of X the reaction is likely to follow the
mechanism proposed for decarboxylation of ordinary malonic acids.”®

The formation of the dithioketals and unsaturated sulfides, respectively,
from the reaction between thiophenol and certain ketones has been studied
earlier by Campaigne and Leal® who also discussed the mechanism of the
reactions. Our results concerning the reaction between thiol and the diethyl
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1408 ALLENMARK AND BOHMAN

acylmalonate are fully consistent with their proposed mechanism. Thus,
protonation of the primarily formed hemithioketal and loss of a water-molecule
yields a carbonium ion, the further reaction of which can proceed according to
two routes: a) reaction with a second molecule of thiol yielding a dithioketal
or b) loss of a proton with the formation ofan unsaturated sulfide. Whether
a or b occurs should be dependent upon both steric and electronic factors.
Firstly, if the steric screening of the carbonium carbon is great, b should
be favoured relative to @, secondly, electron-releasing substituents R’ should
favour the electron-shift leading to b, whereas electron-withdrawing substi-

Table 1. Products formed from the reaction between diethyl acylmalonates and thiols.

Reactants Intermediate
carbonium ion
’ + Product according
R’—C—CH(CO,Et), RSH R’'—C—CH(CO,Et), toroutea or b
I i ! l '
'j S—R
R = R =
P
CH,— C,H,— and CH,—C—CH dithioketal (a)
C,H,CH,— N
-R
L
CH,CH,— —y = CHaC'H,——C—CH\ —» —
|
: S—R
(CH;),CH — — 0 — CH, + o unsaturated sulfide
SCH—C—CH | (b) (double bond be-
CH, | tween g- and y-
S—R carbons)
?y B o«
(CH,),C— —_» — no reaction —_
+
CH,— —»— CH,—C—-CH < unsaturated sulfide
l (®)
S—R
p «
+ / . .
CH,CH,— —» — CH,CH,— (l} — CH\ not identified
S—R
no reaction fo:
R = C,H,—
(CeH;).CH — —_—p — no reaction —

tuents should not. Qur results are summarized in Table 1. As expected accord-
ing to the previous discussion, an increased number of methyl groups in R’
will change the reaction from route a to route b and finally to no reaction at
all for the most substituted R'. For R’ = C¢H;—, we obtained the unsaturated
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Scheme 3.

sulfide, whereas Campaigne and Leal  found that ethyl benzoylacetate gave a
dithioketal with thiophenol. This difference is most likely due to the much
greater steric hindrance to nucleophilic attack at the carbonium carbon in
the intermediate in our case.

STRUCTURE DETERMINATION FROM NMR-SPECTRA

The structures of IX—XIV were definitely established by NMR; all
spectra showing the pattern of chemical shift difference, due to magnetic non-
equivalence between the two geminal methyl groups. This is consistent with
an isopropylidene structure where the spacing between the peaks corresponding
to the two types of methyl protons is mainly dependent upon anisotropy
effects influencing one methyl group more than the other. In the case of an
isopropyl structure, the two peaks would have been the result of coupling
with the vicinal proton and thus have shown an almost constant spacing of
around 7 cps corresponding to the coupling constant.

Making the reasonable assumption that the methyl protons located cis
to the sulfur atom in X—XII are shifted more than the frans-methyl protons
on passing from sulfide to sulfoxide, it can be deduced from Table 2 that a
sulfoxide group causes a diamagnetic shift of the cis-methyl protons, in com-
parison with a sulfide or even a sulfone group, which cannot be accounted
for in terms of inductive effects. The inductive effects on the chemical shifts
of the ethylenic protons in cis- and trans-3-arylthio-, 3-arylsulfinyl-, and 3-
arylsulfonylacrylic acids have been discussed by Hogeveen et al.*® The observed
behaviour is also consistent with earlier results. Thus, NMR-spectra of 3-
alkylthio-2-methyl-cis-crotonic acid (3-alkylthioangelic acid) and the corre-
sponding sulfoxide have shown that the replacement of the divalent group
by a sulfoxide function is accompanied by a diamagnetic shift of the protons
of the cis-methyl group.

Rather few investigations on the anisotropy of the sulfoxide group seem to
have been made; most work in this respect appears to have been performed on
ring systems.’2717 In the reported cases, the anisotropy of the sulfoxide group
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causes a paramagnetic shift for protons in a syn-axial position, ¢.e. the proton
in question will be situated very near an axis perpendicular to the S—O
bond and passing through the centre of the latter. The data reported by
Foster et al 1 further show, however, that protons lying near the sulfur atom
and almost in line with the direction of the S—O bond will undergo consider-
able diamagnetic shielding resulting in a shift towards higher field in comparison
with the corresponding sulfides and sulfones. This behaviour is in agreement
with a diamagnetic anisotropy effect of acetylenic type for the sulfoxide
bond.16:17 Thus, in our opinion, the assignment of sulfoxide configuration by
the NMR-method is better based upon the observation of the rather great
diamagnetic (i.e. upfield) shifts for protons lying near the sulfur atom and
in line with the S—O bond.

Our investigated system is more flexible and not directly comparable
with the cyclic ones without a knowledge of the arrangement of the various
groups in the most stable conformation. A more precise interpretation of the
diamagnetic shift in this case must therefore wait until further data are
available.

Fig. 1 shows the NMR-spectra of compounds X—XIII (R = C{H,CH,—).
It is evident that the AB-quartet in XIII is due to the two diastereomeric
protons at the a-carbon in this acid because it disappeared in XIV, which
was shown for R = C,H;— (Table 2). The likewise diastereomeric methylene
protons in the benzyl group appear as an A,-singlet at a rather constant
position around J = 4.0 ppm in XI as well as in XIII. In chloroform, how-
ever, these benzyl protons form an AB-quartet. Such a magnetic non-equiv-
alence of diastereomeric protons in benzyl methyl sulfoxide has earlier also
been shown by NMR-methods to be associated with a kinetic non-equivalence
upon hydrogen exchange.l®1® The great variation of the chemical shift dif-
ference between diastereomeric protons with the solvent (AB—A,) has also
been pointed out previously.20,%

The absolute value of the coupling constant was found to be greater for
the a-protons than for the methylene protons in the benzyl group by 5 cps
(Table 2). The value of the latter is in good agreement with the value found for
benzyl methyl sulfoxide,!® |J,,| = 13.0 cps.

BASE-CATALYZED REARRANGEMENTS WITH SUBSEQUENT DECAR-
BOXYLATIONS

Because of the great difference between sulfoxides VI and XT with respect
to their tendency for decarboxylation, we also undertook a preliminary study
of the decarboxylation of the sulfides V and X in pyridine at 50°. The reaction
mixtures were conveniently studied directly with the use of NMR-technique.
We found that the g,y-unsaturated malonic acids X were completely converted
to the corresponding mono-acids after 3 h under these conditions. The «,f-
unsaturated acids V reacted more slowly, being first converted to the cor-
responding f,y-isomers which then decarboxylated. Thus, V (R = CgH,CH,—,
R’ = C,H;—) was completely converted to the f,y-unsaturated mono-acid
after 24 h at 70°, but 3 h at 50° gave less than 40 %,. The reaction, which is
quite consistent with the results of Corey2*~2 for the decarboxylation of
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o,f- and f,y-unsaturated malonic acids in boiling pyridine (111°), may be
pictured according to Scheme 4.

R-S
AN
/c CHaCOoH + CO
/ RICH  xy
R—-S, COoH R—S COoH
/ 2 N / 2
c-_—c\ — C—CQ
R-CH,  COH R|C¢ COgH \
S————
R \
C=CHCO2H + CO3
W/
R
I
Scheme 4.

The decarboxylation of V (R = CH,CH,—, R’ = CH;—) yielded a
mixture of XV and XVI.

By using 1,4-diazabicyclo[2.2.2]Joctane (DABCO), the reaction described
in Scheme 4 was accelerated and could be performed in acetone-water mixtures
at room temperature. Making use of this method, we were able to isolate the
B.y-mono-acid XV (R = CgH;CH,—, R; = CH;—) m.p. 45—47° by careful
acidification and extraction with ether.

The sulfoxides XI decarboxylated very readily under these conditions too.
Thus, in a typical experiment XI (R = C,H;—) was completely converted
to XIII after 45 min at 50°.

The other compounds have not yet been investigated with respect to this
reaction. Work on this subject is, however, in progress in this laboratory.

EXPERIMENTAL

Preparation of diethyl acylmalonates

The procedure described by Lund * was used, ¢.e. diethyl malonate, magnesium,
and absolute ethanol were first allowed to react and when the evolution of hydrogen
had ceased the mass was dissolved by the addition of ether. The acyl chloride, diluted
with some ether, was added slowly. Then the mixture was refluxed for a short time and
after cooling, acidified with dilute sulfuric acid. The ether phase which then separated
was washed with water and dried. After evaporation of the ether, the residue was vacuum-
distilled. In one case, however, vacuum-distillation could not be performed, but instead
the substance which solidified on standing, was purified by recrystallization. The com-
pounds given below were prepared.

Driethyl acetylmalonate was obtained in 81 9, yield. B.p. 109°/10 mm, np* = 1.4480.
(Ref. 26: B.p. 115—117°/13 mm, np* = 1.4477).

Diethyl propionylmalonate was obtained in 75 %, yield. B.p. 124°/8 mm, np* = 1.4448.
(Ref. 27: B.p. 137°/14 mm, np*® = 1.4420).

Drethyl benzoylmalonate. The reaction of benzoyl chloride with the magnesium com-
pound of diethyl malonate gave 79 9%, of this ester with b.p. 152°/0.2 mm, np* = 1.5071.
(Ref. 28: B.p. 169—170°/5 mm, np* = 1.5103).

Diethyl phenylacetylmalonate. Similarly, the reaction of phenylacetyl chloride with
the magnesium compound of diethyl malonate yielded 75 9% of this ester. B.p. 165—
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1414 ALLENMARK AND BOHMAN

166°/0.15 mm, np® = 1.5050. (Ref. 29: B.p. 120°/0.01 mm). (Found: C 64.83; H 6.47.
Cale. for C,;H,,0,: C 64.74; H 6.52).

Diethyl pivaloylmalonate. From 126.5 g (1.05 mole) of pivaloyl chloride (prepared
from pivalic acid and benzoyl chloride *) and 160 g (1.0 mole) of diethyl malonate 211 g
(87 %) of this compound was obtained. B.p. 134—136°/8 mm, np!® = 1.4358. (Ref. 31:
B.p. 139°/10 mm). (Found: C 58.99; H 8.18. Cale. for C,,H,,0,: C 59.00; H 8.25).

Dietkyl diphenylacetylmalonate. From 43.5 g (0.188 mole) of diphenylacetyl chloride 3
and 27.8 g (0.174 mole) diethyl malonate 55 g (90 9,) of this ester was isolated. It solidi-
fied to a mass which on recrystallization from ethanol gave a white crystalline product
with m.p. 65— 67°. Attempts to vacuum-distil this compound were unsuccessful because
of a considerable decomposition with the evolution of gas on distillation at 220°/0.2 mm.
(Found: C 71.21; H 6.25. Cale. for C,,H,,0,: C 71.17; H 6.26).

Diethyl isobutyrylmalonate was obtained in 76 % yield. B.p. 125—126°/9 mm,
np?® = 1.4442. (Ref. 33: B.p. 126—127°/10 mm, np'5¢ = 1.4428).

Preparation of dithioketal-diesters and unsatu-
rated diesters

The method described earlier ! was used, i.e. a mixture of the diethyl acylmalonate,
the thiol, and zinc chloride was saturated with hydrogen chloride and allowed to stand
at room temperature until a separation of the liquid into two phases showed no further
change. Then the whole was poured onto ice-water and extracted with chloroform. After
drying the solution, the chloroform was evaporated and then the excess thiol and un-
reacted diethyl acylmalonate was distilled from the residue yielding a crude product
consisting of a dithioketal-diester, an unsaturated diester or a mixture of both, depend-
ing upon the diethyl aoylmalonate used in the reaction. Thus, from diethyl benzoyl-
malonate and diethyl isobutyrylmalonate, unsaturated esters were formed directly,
while from the other diethyl acylmalonates thet did react, dithioketal-diesters were the
main products. In the case of diethyl phenylacetylmalonate, however, the structure of
the product formed is questionable, because the latter could not be purified by distilling
off the starting material still present in considerable amount after the reaction.

In two cases the crude product could be vacuum-distilled and in this way the com-
pounds described below were obtained in a comparatively pure state.

Diethyl 2,2-bis-(ethylthio )-propan-1,1,-dicarbozxylate (I, R = C,H,—, R’ = CH,) was
isolated by distillation of the crude product obtained from the reaction between diethyl
acetylmalonate and ethanethiol as described earlier.! B.p. 154.5—157°/0.25 mm,
np? = 1.4908.

Diethyl 2-ethylthio-3-methyl-2-buten-1,1-dicarboxylate (IX, R = C,H;—) was the only
product obtained from the reaction between diethyl isobutyrylmalonate and ethanethiol.
It was purified by vacuum-distillation; b.p. 117°/0.15 mm, np* = 1.4815. (Found:
C 56.89; H 8.07; S 12.31. Cale. for C,;H,,0,8: C 56.96; H 8.08; S 11.69).

In those cases where the initially formed product consisted of a dithioketal-diester,
the unsaturated ester was obtained on treatment of the dithioketal-diester with one
equivalent of potassium hydroxide in absolute ethanol at room temperature for 12 h,
after which time the whole was diluted with water and extracted with ether. Drying
of the ether solution and evaporation of the ether yielded a product from which the
compounds described below were obtained in a relatively pure state by vacuum-distilla-
tion or, when this could not be made, by bringing the compound to crystallization.
Recrystallizations were made from ethyl acetate-petroleum ether.

Driethyl 2-ethylthio-1-propen-1,1-dicarbozylate (II, R = C,H,—, R’ = CH;—). B.p.
140—141°/0.2 mm, np'® = 1.5045. (Found: C 53.17; H 7.49; S 14.95. Cale. for C,,H ,0,S:
53.64; H 7.37; S 13.02).

Diethyl 2-benzylthio-1-propen-1,1-dicarboaylate (I, R = CH,CH,—, R’ = CH,—).
lgl.p. 49—50.5°. (Found: C 62.63; H 6.56; S 10.45. Cale. for C,;H,,0,S: C 62.31; H 6.54;

10.40).

Diethyl 2-ethylthio-1-buten-1,1-dicarboxylate (II, R = C,H,—, R’ = C,H,—). B.p.
122—123°/0.15 mm, np* = 1.5010. (Found: C 55.13; H 7.77; S 12.29. Calec. for 6,3H200‘S:
C 55.36; H 7.74; S 12.32).
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Preparation of dithioketal-half-esters and unsatu-
rated half-esters

The unsaturated half-esters described here could be obtained by mixing the crude
product described in the previous section with one equivalent of potassium hydroxide
in 80 9, ethanol and allowing the resulting solution to stand for 2 days at 40° after which
time it was almost neutral. Then the solution was extracted with ether in order to remove
any unchanged diester and liberated thiol. Careful acidification and extraction with ether
finally yielded the half-ester. In one case where the reaction mixture had been kept at
room temperature for 4 days, we were also able to isolate (besides the unsaturated
half-ester) a dithioketal-half-ester. The unsaturated half-esters were all obtained as
mix;ures of cis-trans-isomers; this was easily observed from the NMR-spectra of the

roducts.
P Ethyl hydrogen 2-ethylthio-1-propen-1,1-dicarboxylate (IV, R = C;H,—, R’ = CH;—).
M.p. 81—82° (decomp.). (Found: C 49.61; H 6.51; 8 14.55; equiv. wt. 220.0. Calc. for
C,H,,0,8: C 49.56; H 6.47; S 14.69; equiv. wt. 218.3). By repeated recrystallizations
from ethyl acetate-petroleum ether one of the isomers could be obtained in a pure state.
Its geometric configuration is, however, still questionable.

Ethyl  hydrogen  2-benzylthio-1-propen-1,1-dicarboxylate (IV, R = CH,CH,—,
R’ = CH;—). M.p. 123.5—~124° (decomp.). (Found: C 59.83; H 5.71; S 11.54. Calc. for
CH,0,8: C 59.98; H 5.75; S 11.44). Repeated recrystallizations from ethyl acetate
gave an almost pure single isomer, the configuration of which so far being undetermined.

Ethyl hudrogen 2,2-bis-(benzylthio )-propan-1,1-dicarboaylate (III, R = CH,CH,—
R’ = CH,—). This dithioketal-half-ester could be isolated from a mixture with the previ-
ous compound. It was recrystallized from ethyl acetate. M.p. 105—106° (decomp.).
(Found: C 62.35; H 5.93; S 15.72; equiv. wt. 402.9. Cale. for C,,H,,0,S,: C 62.35; H 5.98;
S 15.85; equiv. wt. 404.6).

Ethyl  hydrogen  2-ethylthio-2-phenyl-ethen-1,1-dicarboxylate (IV, R = C,H,—,
R’ = CH;—). A recrystallization from ethyl acetate-petroleum ether gave a product
of m.p. 158 —159.5° (decomp.). (Found: C 59.93; H 5.77; S 11.49; equiv. wt. 275.1. Calec.
for C,,H,,0,8: C 59.98; H 5.75; S 11.44; equiv. wt. 280.3).

Preparation of unsaturated malonic acids

With the use of sodium hydroxide in excess, the ester hydrolysis yielded the malonic
acids which were worked up and purified as described earlier.! In this way the following
new compounds were prepared.

2-Ethylthio-2-phenyl-ethen-1,1-dicarboxylic acid (V, R = C,H,—, R’ = CH;—).
M.p. 199—199.5° (decomp.). (Found: C 57.21; H 4.89; S 12.68; equiv. “wt. 125.8. Calc, for
C,.H,,0,8: C 57.13; H 4.79; S 12.71; equiv. wt. 126. 15).

2-Benzylthio-.?—phmyl-ethen-1,1-dicarbozylic acid (V, R = CH,CH,—, R’ = C;H,;—).
'This acid was found to contain one water of crystallization. M.p. 175—175.5° (decomp.).
(Found: C 62.40; H 4.70; S 9.68; equiv. wt. 166.5. Calc. for C,;H,,0,S; H,0: C 61.43;
H 4.85; S 9.65; equiv. wt. 166. 2)

2- Benzylthw 3-phenyl-1-propen-1,1-dicarboxylic acid (V; = CH,CH,—
R’ = C,H,CH,—). M.p. 128—129° (decomp ). (Found: C 65.77; H 4.91; S 9.86; equiv. Wt
164.3. Cale. for C,sH,0,8: C 65.84; H 4.91; S 9.76; equiv. wt. 164. 2).

2-Ethylthio-3-methyl-2-buten-1 I-dmrbozylw acid (X, R = C,H;—). M.p. 103—104°
(decomp.). (Found: C 49.78; H 6.54; S 14.63; equiv. wt. 109.2. Cale. for C;H,,0,8: C 49.52;
H 6.47; S 14.69; equiv. wt. 109.1).

-Benzylthzo 3-methyl 2-buten-1,1-dicarboxylic acid (X, R = C;H,CH,—). M.p. 125—
126° (deeomp.). (Found: C 59.98; H 5.76; S 11.38; equiv. wt. 141°1." Cale. for C.H,0,S:
C 59.98; H 5.75; S 11.44; equiv. wt. 140.2).

Preparation of sulfoxides

The sulfoxides described below were all synthesized by oxidation of the correspond-
ing sulfides with an equivalent amount of peracetic acid. To the sulfide, dissolved in
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acetone or ether, was added the calculated amount of a solution of peracetic acid in
acetic acid. The whole was kept in a refrigerator for 48 h and then the solvent was evapo-
rated yielding the sulfoxide which was recrystallized from a suitable solvent in those cases
where this could be performed without decarboxylation of the product.

Ethyl  hydrogen  2-ethylsulfinyl-1-propen-1,1-dicarboxylate  (VIII, R = C,H,—,
R’ = CH;—). The product, consisting of a mixture of the two geometric isomers, was
recrystallized from ethyl acetate-petroleum ether. M.p. 99.5—101° (decomp.). (Found:
C 46.21; H 6.03; S 13.78; equiv. wt. 235.6. Cale. for C;H,,0;S: C 46.14; H 6.02; S 13.69;
equiv. wt. 234.3).

Ethyl hydrogen 2-benzylsulfinyl-1-propen-1,1-dicarboxylate (VIII, R = C;H,CH,—,
R’ = CH;—). The mixture of geometric isomers obtained was recrystallized from ethyl
acetate. M.p. 113—114° (decomp.). (Found: C 56.54; H 5.40; S 10.92; Cale. for C,,H O,S:
C 56.74; H 5.44; S 10.82).

2-Ethylsulfinyl-2-phenyl-ethen-1,1-dicarboxylic acid (VI, R = C,H,—, R’ = C;H;—).
Recrystallizations from acetone-petroleum ether yielded a product with m.p. 129—130°
(decomp.). (Found: C 53.79; H 4.47; S 11.98; equiv. wt. 134.9. Cale. for C,;,H,,0,S:
C 53.72; H 4.51; 8 11.95; equiv. wt. 134.1).

2-Benzylsulfinyl-2-phenyl-ethen-1,1-dicarboxylic acid (VI, R = CH,CH,—,
R’ = CH;—). This acid was found to contain one water of crystallization. Recrystalliza-
tions from acetone-petroleum ether yielded a product with m.p. 92—93° (decomp.).
(Found: C 58.32; H 4.61; S 9.08; equiv. wt. 174.6. Cale. for C,,H,,0,8, H,0: C 58.61;
H 4.63; S 9.20; equiv. wt. 174.2).

2-Benzylsulfinyl-3-phenyl-1-propen-1,1-dicarboxylic  acid (VI, R = CHCH,—,
R’ = C,H,CH,;—). The acid had m.p. 130—140° (decomp.) after recrystallizations from
ethyl acetate-petroleum ether. (Found: C 62.73; H 4.68; S 9.25; equiv. wt. 171.8. Calec.
for C,,H,,0,S: C 62.78; H 4.68; S 9.31; equiv. wt. 172.2).

2-Ethylsulfinyl-3-methyl-2-buten-1,1-dicarboxylic acid (XI, R = C,H;—). Owing to
facile decarboxylation, this acid could not be purified by recrystallization. Instead, the
substance was finely ground and repeatedly washed with ethyl acetate, in which it
was only sparingly soluble. In water it is quite soluble. M.p. 107° (decomp.). (Found:
C 46.58; H 6.06; S 13.56; equiv. wt. 117.8. Cale. for C,H,,0,S: C 46.14; H 6.02; S 13.69;
equiv. wt. 117.1). :

2-Ethylsulfinyl-3-methyl-2-buten-1-carboxylic acid (XIII, R = C,H;—). This acid
was readily obtained by warming an acetone solution of the previous compound to 60°
for 1.6 h, after which time the decarboxylation was complete. M.p. 105—106°. (Found:
C 50.66; H 7.43; S 16.46; equiv. wt. 190.6. Calc. for C;H,,0,8: C 50.50; H 7.42; S 16.85;
equiv. wt. 190.3).

2-Benzylsulfinyl-3-methyl-2-buten-1,1-dicarboxylic acid (XI, R = C,H,CH,—). As the
corresponding compound with R = C,Hy;—, this substance decarboxyiated so readily
that no recrystallization could be performed and it was therefore treated in the same
way. M.p. 107.5—108° (decomp.). (Found: C 56.99; H 5.49; S 10.90; equiv. wt. 149.9.
Cale. for C,,H,,0,8: C 56.74; H 5.44; S 10.82; equiv. wt. 148.2).

2-Benzylsulfinyl-3-methyl-2-buten-1-carboxylic acid (X111, R = C;H,CH,~—). This acid
was obtained by decarboxylation of the previous compound in the same way as just
described. M.p. 136—137°. (Found: C 61.66; H 6.30; S 12.64; equiv. wt. 250.1. Calc. for
C,:H,,0,8: C 61.88; H 6.39; S 12.71; equiv. wt. 252.3).

Preparation of sulfones

Oxidation of the sulfide-function to sulfone was effected by the use of peracetic acid
50 % in excess of the calculated amount, and in this way the compounds below were
synthesized.

2-Ethylsulfonyl-2-phenyl-ethen-1,1-dicarboxylic acid (VII, R = C,H;—, R’ = C;H ).
M.p. 148—149° (decomp.), (from acetone-petroleum ether). (Found: C 50.56; H 4.28;
S 11.57; equiv. wt. 142.6. Cale. for C,,H,,0,S: C 50.70; H 4.25; S 11.28; equiv. wt. 142.2).

2-Benzylsulfonyl-2-phenyl-ethen-1,1-dicarboxylic  acid (VII, R = C,H,CH,—,
R’ = CH;—). M.p. 180—181° (decomp.), (from acetone-petroleum ether). (Found:
C 58.79; H 4.07; S 9.17; equiv. wt. 174.2. Cale. for C,,H,,0,S: C 58.95; H 4.08; S 9.26;
equiv. wt. 173.2).
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2-Benzylsulfonyl-3-phenyl-1-propen-1,1-dicarboxylic acid (VII, R = CHCH,—,
R’ = C;H,CH,—). M.p. 153—154° (decomp.), (from acetone-benzine). (Found: C 59.92;
H 4.49; S 8.92; equiv. wt. 181.2. Cale. for C,;H,,0,S: C 59.99; H 4.48; S 8.90; equiv.
wt. 180.2).

2-Ethylsulfonyl-3-methyl-2-buten-1,1-dicarboxylic acid (X1I, R = C,H,—). M.p. 103—
104° (decomp.), (from ethyl acetate-petroleum ether). (Found: C 49.78; H 6.54; S 14.63;
equiv. wt. 109.2. Cale. for C,H,,0,8: C 49.52; H 6.47; S 14.69; equiv. wt. 109.1).

2-Benzylsulfonyl-3-methyl-2-buten-1,1-dicarboxylic acid (XI1I, R = CH,CH,—). M.p.
132—133° (decomp.), (from ethyl acetate-petroleum ether). (Found: C 54.05; H 5.17;
S 10.36; equiv. wt. 125.8. Cale. for C,,H,,0,S: C 53.84; H 5.16; S 10.27; equiv. wt. 126.1).

Decarboxylation products from «f-unsaturated
malonic acids

As already mentioned, decarboxylation of V in pyridine or DABCO was followed by
NMR and passed via the 8,y-unsaturated compound. The reaction was in one case per-
formed on a preparatory scale with isolation of the B,y-unsaturated mono-acid. Thus,
the compound below was prepared.

2-Benzylthio-2-buten-1-carbozylic acid (XV, R = CHCH,—, R, = CH;—). 1 g of
the malonic acid V, R = C;GH,CH,—, R’ = C,H;—, and 0.42 g of DABCO was dissolved
in a mixture of 10 ml of acetone and 10 ml of water and allowed to stand for 48 h at
50°. Evaporation of the acetone, dilution with water and drop-wise addition of dilute
hydrochloric acid to pH =. 4, followed by extraction with ether, washing of the ether-
phase with water, drying and removal of the ether, yielded a crystalline product. An
NMR-spectrum showed this to consist of a mixture of the two geometric isomers of
XV. It was purified by dissolution in ethyl acetate at room temperature and addition
of petroleum ether which caused the formation of crystals after storing in a cold place.
A new NMR-spectrum gave the pattern of only one isomer. M.p. 45—47°. (Found:
C 64.68; H 6.40; S 13.90. Cale. for C,,H,,0,8: C 64.83; H 6.35; S 14.42). NMR (CCl,,
d-values (ppm) from int. TMS): 7.17 (C;H,—), 5.83 (quartet, —CH=, J = 7 cps), 3.78
(benzyl—CH,), 3.15 («.—CH,), 1.67 (doublet, CHy—, J = 7 cps). The peaks at 5.83,
3.15, and 1.67 showed additional fine structure due to coupling via the double bond.

The NMR-spectra were recorded with a Varian A-60 spectrometer. The chemical
shifts were measured from tetramethylsilane which was used as an internal reference.
Methanol-d, and acetone-d, were used as solvents for the free acids and the esters were
studied in carbon tetrachloride or deuteriochloroform. Spectra of acids in methanol-d,
were recorded immediately in order to avoid any eventually occurring esterification.

The melting points given for the the malonic acids are of course of limited value
because all these compounds underwent decarboxylation. Because of a varying degree
of reproducibility of these decomposition temperatures, however, they may be of interest
and are therefore given in connection with the other data. The determination of the
melting points was carried out with the use of capillary tubes, an electrically heated
apparatus and a rate of heating of approximately 1 degree/min.
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