ADDITION OF BENZENESULFENYL CHLORIDE TO
DIMETHYLACRYLIC ACID AAND ITS DERIVATIVES
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We have previously reported the addition of methanesulfenyl chloride to derivatives of dimethyl-
acrylic acid [1, 2]. In the present work we have studied the addition of benzenesulfenyl chloride to di-
methylacrylic acid and its derivatives.

In CCly solution in the presence of traces of CaCO;, benzenesulfenyl chlorideadds to dimethylacrylic
acid and its methyl ester (at ~20°) with the formation of a mixture of the adducts (la~c) and (Iia-c). The
addition of benzenesulfenyl chloride to the anilide of the acid takes place most readily (at ~0°). Because
of the poor solubility of dimethylacrylamide in CCl,, its reactions with benzenesulfenyl chloride were per-
formed in CH,Cl, at 37-40°, which led to the formation of a single isomer (IId). Benzenesulfenyl chloride
does not add to dimethylacryloyl chloride in CCl, at 20°.
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The structures of the isomeric adducts and their ratios were shown by their PMR spectra and by
a number of chemical transformations (Tables 1-3).

Compounds (la-c) isomerize into the stable adducts (ITa-c) at different rates and with much greater
difficulty than the o ~chloro-g-methylthioisovaleric acid derivatives described previously [2]. In the case
of (Ia) at ~20°, isomerization is complete after 14 h. The isomerization of (Ib, c) requires a longer time
at ~20° (see Table 1). Inthis case, theisomerization of (Ia-c) into (IIa-c), taking place through anintermediate
episulfonium ion, is retarded by the decrease in the nucleophilicity of the sulfur atom, the unshared pair
of electrons of which is conjugated with the 7 -electrons of the phenyl nucleus. The HyO, oxidation of (Ila-
d) (Table 4) forms the corresponding sulfones (Illa-d) (Table 5).

The ease of the nucleophilic replacement of the chlorine atoms in derivatives of g-chloro-q-methyl-
thioisovaleric acid has been shown previously [3]. The present investigation has shown that the halogen
atoms in compounds (Ila-d) or in their mixtures with (Ia-c) are also replaced by hydroxy or methoxy groups
on heating in agueous dioxane or methanol at 60~70° with the formation of derivatives of f-hydroxy-a ~phenyl-
thio- or g-methoxy-a-phenylthioisovaleric acids, respectively. At room temperature, in contrast to the
derivatives of 8-chloro-«-methylthioisovaleric acid, complete replacement of halogen did not take place,
The rate of hydrolysis of the chlorine atom in g-chloro-¢-phenylthioisovaleranilide (IIa) in aqueous dioxane
is given in Table 2.
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TABLE 1. Addition of C H;SCl to Heating (ITa) with thiourea in ethanol unexpectedly led to

(CH,),C=CHCOR, Accompanied by the the replacement of the chlorine not by a thiourea residue
Isomerization (I) — {II) but by an ethoxy group with the formation of g~ethoxy-o -
tiona | RatIO of the phenylthioisovaleranilide (IVa).
Gompound tRFa"tion T.,°C | of ad- [2dducts, B Although the absence of the signal of a H—C-—~OH proton
e duct ® | av from the PMR spectra of the g-hydroxy-o-phenylthioiso-
Ia 40 min o | 100 | 17 | s3 valeric acid derivatives confirms the structure of the com-
b 1’;% gg il 1g(1) pounds contained, the oxidation of (IVa) with hydrogen per-
74h 20 90 | — | 9 oxide to the sulfone (VI) was performed additionally. Since
le | 17h oy BT no isomerization is observed in the sulfones, by the replace-
1d 30 min 37 | 100 | — )5 ment of the OH group in (VI) by an atom of chlorine under

the action of PCl; we hoped to obtain the sulfone (Illa) or its
isomer (VII}, which were synthesized specially by the oxidation of the sulfides (Ia) and (IIa).
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The sulfone (IIIa) is relatively stable and only on heating is HCI eliminated with the formation of
B,B-dimethyl-c -phenylsulfonylacrylanilide (VIII). However, under the action of PCl; on the sulfone (VI)
at ~20°a molecule of water was unexpectedly split out and the sulfone (VIII) was isolated, apparently having
been formed through the intermediate compound (IX).
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The splitting out of a molecule of water from the sulfone (VD) under the action of PCl; unambiguously con-
firms the structure of the compounds obtained (IVa-d). The absence of the nucleophilic replacement of the
chlorine in the sulfone (IlTa) and in o,8-dichloroisovaleranilide (XI) even under more severe conditions
confirms the formation of the intermediate episulfonium ion in these reactions.

Thus, the nucleophilic replacement of the chlorine atoms in (ITa-d) in this case takes place through
an intermediate episulfonium ion and also takes place without isomerization.

EXPERIMENTAL METHOD

Benzenesulfenyl chloride was added to the dimethylacrylic acid derivatives, and the resulting adducts
were isolated, ina similar manner to that used previously [2]. The reaction temperatures and the yields
of the adducts are given in Table 1, and the melting points and analytical results in Table 4.

B-Hydroxy-o-phenylthioisovaleric Acid Derivatives (IVa-d). A mixture of 0,001 mole of a g-chloro-
o -phenylthiovaleric acid derivative in 4 ml of aqueous dioxane (1:1) was heated at 70° for 0.5 h, diluted with
water, and extracted with ether, and the extract was dried with MgSO, and evaporated in vacuum. The
results of the experiments are given in Table 6.

B-Methoxy-u~-phenylthioisovaleric Acid Derivatives (IVe~g). A solution of 0.002 mole of a g-chloro-
«-phenylthioisovaleric acid derivative in 6 ml of absolute CH;OH was evaporated in vacuum, and the residue
was recrystallized or distilled. The results are given in Table 6.

o -Ethoxy-g-phenylthioisovaleranilide (VIa). a) A solution of 1.6 g of (Ia) and 0.38 g of thiourea in 7
ml of absolute ethanol was boiled for 1 h. The solvent was evaporated off in vacuum, giving an 80% yield of
(IVa), mp 84-85°,
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TABLE 2. Hy- b) A solution of 1.0 g of (@a) in 7 ml of absolute ethanol was boiled for 1h.

drolysis of (IIa) Then the ethanol was evaporated off and the residue was recrystallized. Yield of
(10% solution in {Iva) 94%, mp 85-85.5° (from aqueous ethanol). Found: C 68.90; H 6.85; S 10.01%.
aqueous dioxane, CiyHy3NO,S, Calculated: C 69.26; H 7.03; S 9.73%. A mixture of the products ob-
3:1, 60°) tained by the two methods gave no depression of the melting point.
rTniill‘_Ille,, (g/lag, (10/\073). B-Hydroxy-«-phenylsulfonylisovaleranilide (VI). With ice~water cooling,
2 ml of 30% H,0, was added to 0.5 g of §-hydroxy-o-phenylthioisovaleranilide in
10 | 7% 9% 6 ml of glacial CH;COOH and 1.2 ml of (CH;CO),0, the mixture was left at ~20°
%8 g’; ég for six days, the solvent was driven off in vacuum, and the residue was recrystal-
40 | 31 | 68,5 lized. The yield of (VI) was 81%, mp 131-132° (from CgHg). Found: C 61.66; H
0= je 5.60; S 8.40; N 4.35%. Cy;H;yNO,S. Calculated: C 61.24; H 5.74; S 9.61; N 4.20%.
Z,?) ?8 38 B,8-Dimethyl-«o-phenylsulfonylacrylanilide (VIII). a) A solution of 0.1 g of

— the sulfone (IIIa) in 5 ml of dioxane and 1.5 ml of water was heated at 70° for 30 h.
de’iﬁ;‘;ﬂz(ag’ g}’? After dilution with water, the mixture was extracted with ether, the extract was
spectra, dried with MgSO,, the solvent was evaporated in vacuum, and the residue was re-

crystallized. The yield of (VIN) was 62%, mp 182-184° (from CgHy).

b) A mixture of 0.1 g of (VI) and 0.07 g of PCl; was ground together and left at 20° for 30 min, after
which absolute benzene was added and carefully evaporated off in vacuum. The yield of (VIOI) was 52%, mp
182-185° (from CgHg). Found: C 64.21; H 5.17; N 4.22; § 10.20%. Cy;H;;NOsS. Calculated: C 64.74; H 5.43;
N 4.44; S 10.16%. A mixture of the samples obtained by the two methods gave no depression of the melting
point.

TABLE 3. PMR Spectra of the Products Obtained ("Perkin-Elmer
R-12" spectrometer, 60 MHz, 5% solution in CCl,, internal stan-

dard HMDS) !
Chemical Ch z 1'
— — . _CHR?>—COR? emica.
(CH;);CR—~CHR:—COR? Shift, 5, ppm, (CH)CR—CHR K .Bhift, 6, ppm
H,C. B HC
SN . Ny
Rt R? R? G JG| cH R R RS HC )G cu
a SCeH; |OH 1,81 { 3,87 |/l - | SO,CeHy| OCH, | 2,04 4,37
1,86 OH SCeH; | NHCgH;| 1,41 | 3,58
SCeH, Cl OH 1,31 | 4,19 (|OH SCeHy OH 1,38 | 3,56
1,54 1,40
Cl SCeH 5 NHCeH 5 },SZ 3,84 [|OH SCeH 5 OCH,4 i,gg 3,58
SCH, |Cl NHCH, i% 4,27 |locH SCcH, | NHCsH, ﬁ[é 3,55
SCH; [al OCHj 1323 4,23 ||ocH SC.H; | OCH4 13% 3,78
04 .
Cl SCeH OCH3 1,781 3,) {CH SO,CeH 5 | NHCH * i,i% 447
1,84 K
Cl SCeH 5 NH, 1,75 | 3,82 |[Cl Cl Cl 1,77 | 4,74
1,87 1.83
Cl SO,CeHy [ NHCeH*| 1,53 | 4,33 ||ClL Cl NHCgH;| 1,75 | 4,5¢
1,69 1,78
S0,CeH; |Cl NHCH; | 1,40 | 4,49 (VIID) 1,76
1.5 1,891 —
l SO CgHs | OH 2.05|4,39

*5%solution in CF;COOH

HsC.
TABLE 4. Melting Points and Elementary Analyses of Compounds >CI—CH—COR (I1a-d)
HsC |
Cl SCsHs
Com=~ Empirical Found, % Calculated, %
mp, °C (solvent)
pound formula c 4 a N s c . a N S
1a’ 103.5-104 - CyH;3CINOS | 63.49 5,65 | 10,82 4,56 9,92 63.83 | 5,67 | 11,08 4,37 10,02
(CCl, and hexane)|
Iib* - Cy3H5C1058 55.53 5,83 | 13,99 - 12,39 55,69 | 5,84 | 13,70 - 12.39
ilc 57-58 (petroleum
ether) Cy1H13C1058 | 54,19 5,37 | 14.28 - 13,02 53,98 | 5,35 | 14,48 - 13,10
1id 90-91 (CCly) Cy4H;4CINOS | 54,20 5,58 | 15,42 5,64 13,20 54,20 | 5,78 | 14,54 5,74 13,15

* bp 150°C (5mm); np? 1,5495.
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HsG\

TABLE 5. The Sulfones C—CH—COR (IIIa-d)

e’ | |
Cl S0:CeHs
_"g‘ mpl, °c Empirical Found, % Calculated, %
i solvent
g Tt’[/;eld'( | formula clu|a|{N]|sic|= | al i N | s
w 3
a 89 | 160—164 | CiHCINO,S | 58,231 5,02 | 10,02] 4,26 | 9,14] 58,04 5,15 | 10,07] 3,98 { 9,11
. (benzene l , .
b 90 hggﬁ%e) CeHyCl0,S | 49,39 5,25 | 11,93) — 1 11,37) 49,57) 5,50 | 12,49] —. | 11,02
¢ 7k gm,s‘m,a CuHClO4S | 47,33 4,83 | 12,57 — | 11,60] 47,74} 4,73 | 12,88) — | 11,58
d 96 (tal‘;'zfial%?) CuHuCINO;S | 47,68 5,03 | 13,12] 5,25 | 14,80] 47,9 5,12 | 12,85] 5,08 | 11,62
HsC
TABLE 6. o-Phenylthioisovaleric Acid Derivatives >C—CH~—COR (IVa-~g)
HiC |
OR” SCeHs
3 Found, % Calculated, %
'E I r R Yield, mp, °C (solvent) Empirical
& % formula c H N s c H N s
a H NHC:;H;| 80,3 | 95—95.5 CrH1sNO,S| 67,33 (6,18 — 10,841 67,74 6,35 — 10,63
(CCl, and hexane, 1 : 1)
b |H |oCH, 5B bp 134° (4 mm) CpHis0;8 | 61,39 |6,32| — 14,35 | 59,97 | 6,71 — 13,34
20
a2 14,5525
c | H OH 85,7 | 86—87 ’ C;HuO,4S 58,31 {6,25 -- 13,39 | 58,38 6,24 — 14,16
(ether and hexane) :
d (H NH, 94 | 147175 CyHysNO,S| 58,24 |7,05| 6,53 |14,37| 58,64 | 6,71 6,22 14,25,
(ethyl acetate and hexane)
e CH, { NHCGH;| 92 109—110 C1sHy;NO,S | 68,45 | 6,70 | 4,70 10,39 68,53 6,71 4,58 10,16
(CCla aqd hexane, 3 : 7)
f | CH, | OCH, 76 | bp 141° (5 mm) CysHiSO, | 61,86 [6,87 | — 14,24 61,38 | 7,3 — 12,60
n 14,5456
g CH; | NH, 88 128—129 C,HNO,S| 60,46 [7,43 | 6,08 13,26 | 60,22 7,16 5,85 13,39
(ethylacetate)

a,B-Dichloroisovaleroyl Chloride. To 3.0 g of o,5~dichloroisovaleric acid, mp 46° [4], was added
3.1 g of SOCI,, and the mixture was left at ~20°. On the following day, it was heated to 100°, and then the
excess of SOCIL, was eliminated in vacuum without heating, and the residue was distilled. The yield of acid
chloride was 72%, bp 33° (3 mm); nj 1.4720. Found: C 32.82; H 3.75; Cl 54.40%. C;H,CLO. Calculated:
C 31.70; H 3.72; Cl 56.13%. According to the PMR spectra, the substance contained 5% of an impurity,
probably «-chloro-g8,8-dimethylacryloyl chloride.

a,fB~-Dichloroisovaleranilide (IX). With stirring at ~20°, 1.86 g of aniline in 15 ml of absolute ether
was added dropwise to 1.89 g of «,8-dichloroisovaleroyl chloride in 20 ml of absolute ether. The mixture
was left at ~20° for 0.5 h and was then boiled for 0.5 h. The aniline hydrochloride was filtered off, and the
ether was evaporated off in vacuum. The yield of (IX) was 82%, mp 107-108° (from CCl). Found: C 53.82;
H 5.40; C1 28.74; N 5.72%. Cy;H;;CL,NO. Calculated: C 53.67; H 5.32; CI 28.80; N 5.68%,

Attempt at the Hydrolysis of (IX). A solution of 0.5 g of the anilide (IX) in 4.5 ml of dioxane and 3 m!
of HyO was heated at 65° for 2 h and was then diluted with water and extracted with ether. After the eva-
poration of tke ether, the initial anilide with mp 108-109° was recovered. A mixture with authentic (IX)
gave no depression of the melting point.

CONCLUSIONS

1. Benzenesulfenyl chloride adds to dimethylacrylic acid and its derivatives with the formation of

mixtures of adducts of o-chloro-g-phenylthio- and 8-chloro-o -phenylthioisovaleric acids and their deriva-
tives, respectively.

2. o-Chloro-g-phenylthioisovaleranilide readily isomerizes spontaneously at ~20° into g-chloro-
a-phenylthioisovaleranilide; «~chloro-g~phenylthioisovaleric acid and its methyl ester isomerize with far
greater difficulty.
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3. The nucleophilic replacement of the chlorine atoms in g-chloro-o-phenylthioisovaleric acid and
its derivatives at high temperatures by OH and OCH; groups, which takes place through an intermediate
equisulfonium ion, is not accompanied by isomerization.
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