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ABSTRACT

The prepared C-sulfonyldithioformates 3 reacted
with SO,Cl, to give the corresponding a-chlorosulfenyl

chloride 4, which in turn gave different products with
nucleophiles 5-9, among which the thiocarbonyl-S-imide

9. These S-imides 9a,b on treatment with SO,Cl, afforded

only the dichloromethane derivative 10. Diels-Alder
reaction of 3a-e with 2,3-dimethyl-1,3-butadiene led to the

corresponding A -dihydrothiopyrans 11.

DISCUSSION

In continuation of our work on C-sulfonyldithioformates 31’3 ,

three new derivatives together with two known analogous
compounds2 were prepared according to eqn.(1) by two-phase reaction
between aqueous sulfinate anions 1 and chlorodithioformates 2 4 in

benzene with tetrabutylammonium hydrogen sulfate as a phase tranfer

catalvst.

* kniown compounds.
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Chlorinationn of C-sulfonyldithioformates 3b,d with excess
S0O,Cl, at room temperature formed the corresponding o-

chloromethanesulfenyl chloride 43:6 eqn.(2)

RISO R'so a
Sc=s+s0,0, —> > o
R2S R°S SCl
4
4 Ri R?2
2 - CgHs CCls
b 4-CICgH, | 4-CICgH,
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A further study on the chemistry of sulfenyl chloride led upon
reactions with various nucleophiles7, for instance, when
(phenylsulfonyl) (pentachlorophenylthio) chloromethanesulfenyl
chloride 4a was allowed to react with 2-mercaptobenzothiazole
afforded the unsymmetrical disulfide, [a—~Chloro (phenylsulfonyl)
(pentachlorophenylthio) methyl] 2-benzothiazolyl disulfide 5. Also
wih thioacetic acid it gave [o—~Chloro-(phenylsulfony)
" (pentachlorophenylthio) methyl] aéctyl disulfide 6. With p-toluene
sulfinic acid sodium salt , S—[Chloro(phenylsulfonyl)
(pentachlorophenylthio)methyl] p-toluene sulfonate 7 was obtained.
The same sulfenyl chloride 4a was derivatized with secondaryv
hetererocydic amines such as morpholine 6 to form the corresponding
sulfenamide, o—Chloro—{(phenylsulfonyl) (pentachlorophenylthio)]
methanesulfenomorpholide 8, while with t—alkylamines such as t—
octylamine and t—amylaminelo’11 it gave, C-Sulfenyldithioformates

S-[N-(t-alkyl)imides] 9a-b (cf. Scheme 1).

Chlorination of 93-b by means of SO,Cl, at room temperature
afforded only (Pentachlorophenylthio) dichloromethyl phenyl sulfone
10 6,12 according to (3).
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The corresponding dienophilic properties of c-sulphonyl-
dithioformates have been demonsrated by Diels-Alder reactions with
2,3-dimethyl-1,3-butadiene. Since 3a-e contains an electron depleted
thiocarbonyl group and thus should be potent dienophiles, and the
work to be presenfed here fully describe this expectation. When 2,3-
dimethyl-1,3-butadiene was added to a solution of 3a-e in CH2C12 at
room temperature, the reaction is completed within few minutes as
judged by the discharge of the violet colour of 3, with the formation
of A3-dihydrothiopyrans 118 , as shown by eqn.(4).

The above compound 11 decomposes rapidly on standing at

room temperature and should be used immediately.

1

RS CH

% Q . C>"‘< 3 ngﬁcm @
RS 7

1 rRb

a 4-CH G, | (CH3),CH

b 4-CicgH, | ACGH
. C,Hs 4-CIG H,

d C,Hs C4Cls

¢ 4-CH3 CeH, | Cofs
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Table 1. Spectral data

1R (KBr) ‘

1
d. HNMR (CDCB )
R & (ppm) {Caor!) A
3a | 1.A(d, 6H), 2-45(s, 2H), 3.75(septet, IH) |V so, 1160 1320 Vo 2850 2950
7334, 2H),7.9(d, 2H).
3b | 7.3(d,2H), 745(d, 2H), 755(d, 2H),  |v . 1150 1330 v _;.1090
8.0(d. 25D). S02 c=s
3c | 7.25(d, 2H), 7.4(d, 2H), 7.6 Vo, 1145 1335 v g 1040
(m, 2H),7.7(m, 1H),8.05(d, 2H). 2
4b | 7.35(d, 28D, 7.45(d, 2HD, 7.6(d, 2H), |V, 1150 1330
8.05(d, 2H). :
5 | 7.35(m, 3H), 7.7(m, 4H), v 1155 1320
8.15(d, 2H). 502
6 | 2.4(s, 3H), 7.5, 2H), 7.8(d, 1H), Voo, 1150 1340 Ve 1720
8.1(t, 2H), R 0
7 | 245(s, 3H), 7.6(m, 4K, 7.75(m, 1H), | vcu, 1155 1330
8.0(dd, 4H).
8 3.35(m, 4H), 3.65(m, 4H), 7.6(m, 2H), v 50, 1160 1340
77(m, 15, 8.15(d, 2H). Ver® 2860 2920 2960
92 | 0.95(t, 3H), 1.4(s, 6H), 1.75(q, 2H), v 1150 1340 vy 930
7.5(t, 2H), 7.55(t, 1H), 7.9(d, 2H). S02 =N
op | 1.2(s, 9H), 1.5(s, 6HD), 1.7(s, 2H), Vo, 1145 1345 v 940
7.45(m, 2H), 7.6(m, 1H), 7.9(m, 2H).
10 | 7.6(m, 3H), 7.95(d, 1H), 8.15(d, 1H). | VSO2 1160 1340 v - o 650
11a | 1.5(d, 6H), 1.7(d, 3H), 1.9¢s, 3H), Vso, 1156 1320
2.45(s, 3H), 2.75(m, 3H), 3.2(d, 1H),
4.65(septet, 1H), 7.25(d, 2H),7.55(d, 2H)
11b | 1.75(s, 35D, 1.9(s, 3H), 2.8(m, 3H), Vso, 1155 1320
3.1(d, 1H), 7.6(d, 2H), 7.45(d, 2H),
7.25(dd, 4H.
11c | 1.7¢s, 3H), 1.8(s, 3H), 2.85(m, 3H), Vo, 1150 1330
3.2(d, 1H), 7.2(d, 2K, 7.5(d, 28,
7.6(m, 2H), 7.7(m. 15), 8.2(d, 2ED).
11d | 1.7(s, 35, 1.75(s. 3H), 2.9(m, 3H), Vso, 1155 1340
3.1(d. 1H), 7.55(m, 2H), 7.65(m, 1H),
8.1(d, 2H).
l1e | 1.75(s, 3H), 1.85(s, 3H), 2.4(s, 3H), Vso, 1150 1330
2.9(m, 3H), 3.1(4, 1), 7.35(m, 3H),
7.4, 2H), 7.55(d, 2H), 7.65(d, 2H).
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The structure of all compounds was confirmed by 1H NMR, IR,
and microanalytical data (cf. Tables 1 and 2)

EXPERIMENTAL

C-Sulfonyldithioformates 3.

The two-phase mixture of the appropriate sodium sulfinate
dihydrate 1 (0.01 mol), 2 (0.01 mol), 1.0 g. tetrabutylammonium
hydrogen sulfate, 100 ml. benzene, and 100 mi. water was stirred at
room temperature, and the progress of the reaction is checked by TLC
(Merck silica gel, eluent ether/petroleum ether 1:5). When the reaction
was completed the benzéne phase was separated and washed with
water (3 times), dried over anhydrous calcium chloride, and evaporated
in vacua. The remained oily red residue was solidified on addition of
ether/petroleum ether (1:1) and cooling. The recrystallization was

carried out as shown in Table 2.

a-Chloromethanesulfenyl Chloride 4b

To a stirred solution of the appropriate 3 (5 mmol) in 30 ml
carbon tetrachloride was added SO,Cl, (3 mmol) and stirring was
continued at room temperature until the violet colour of 3 disappears.
The solven was evaporated under reduced prossure, and the solid

formed was triturated with ether 20 ml. Recrystillization was done as

shown in Table 2.
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o—Chioromethane disulphide 5,6.

Equimolecular ammounts of the appropriate thiol and o—
chloromethane-sulfenyl chloride 4 were stirred in ether (50 ml.) at
room temperature for 24 hours. The solid formed was callected by

filtration and recrystallized from the suitable solvent (cf. Table 2).
o—Chloromethyl-S-p-toluene sulfonate 7.

To a stirred solution of 4 (1.0 mmol) in benzene (40 ml.) was
added p-toluene sodium sulfinate ( 1.0 mmol), and stirring was
continued at room temperature for 2 hours. The solvent was distilled
off under reduced pressure and ether (10 ml.) was added and evoled.
The solid formed was collected by filtration and recrystallized (cf.
Table 2).

a—Chloro-[(phenylsulfonyl)(pentachlorophenylthio)] ~
methanesulfenc-morpholide 8.

A stirred solution of 4a (2.7g., 5 mmol) in 50 ml. CHC13 was
treated with excess morpholine (8.6 ml.,100 mmol) at room
temperature. After the addition was complete, the reaction mixture was
stirred for another 20 minutes. The formed salt was removed by
filtration and the chloroform phase was washed with water (3 times),
dried over anhydrous CaCl, and evaporated in vacuu. The residual oil
was treated with ether and cooled. The solid precipitaled then
recrystallized (cf. Table 2).
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C-Sulphenyldithioformates thiocarbonyl S-imides 9.

To a stirred solution of 4a (3 mmol) in 30 ml. chloroform was
added dropwise the appropriate t-alkylamine (10 mmol) at room
temperature. After the addition was complete, the reaction mixture was
stirred for another 15 mins., the precipitated salt filtered off, and the
chloroform phase was washed with water (3 times), dried over
anhydrous CaCl,, and evaponated in vacuu. The residue was triturated
with 40 ml. petroleum ether with cooling whereupon the crude product
crystallizes out. The recrystallization was carried out as shown in

Table 2.

(Pentachlorophenylthio)phenyl sulfone 10.

To a stirred solution of 9 (0.001 mol.) in 50 ml. CCl,, was
added dropwise SO,Cl, (0.01 mol), and stirring was continued at
room temperature for an hour. The solvent was evaporated under
reduced pressure till dryness. The solid formed washed with petroleum
ether and recryotallized (cf.Table 1).
C-Sulphonyldithioformate—2,3-—dimethyl—A3—dihydro-
thiopyrans 11.

A mixture of 3 (5 mmol) in 40 ml. dry ether and a large excess of
2,3-dimethyl-1,3-butadiene (20 mmol) was stirred at room temperature
until the violet colour disappeared (5-15 mins). The ether was
evaporated in vacuu and petroleum ether (20 ml.) was added. The solid
formed was collected by filtration and recrystallized from proper
solvent (cf. Table 2).

57



Salah M. Yassin

Table 2. Experimental data

de. Yield M.P(C*) Molecular formula Analysis
(%) Solvent M. wt.) Calc. / Found
C H Cl N S

3a | 40 43 CH1:1H, 40, S3 482 51 — - 350
ether / pet. ether 274) 479 50 — — 354
3b | 70 124 CsHsCLO,S3 | 43.0 22 196 — 264
pet. ether (363) 426 2.5 193 — 260
3¢ 65 109 Ci3HgCl O S5 475 2.7 108 — 292
ether (328.5) 479 22 11.0 — 289
4b | 80 127 Ci3Hs Cla O, S3 359 14 321 — 229
CH, Cl,/ pet.ether 434) 354 12 325 — 220
5 80 185 GoHoClgNO,Ss ) 359 1.3 319 2.1 24.0
CH2C]2/ pet.ether (668) 36.1 1.5 316 2.6 233
6 60 114 CisHgClgOs S, 329 14 362 — 21.7
pet. ether (589) 325 1.1 37.0 — 21.0
7 55 140 CoH1 140,48, 363 1.4 324 — 195
Acetonitrile 657) 36.1 1.2 31.9 — 19.2
8 75 194 Ci7H{CIgNO3 S5 | 347 2.2 362 24 163
CH, Cly/ pet. etheg (588) 351 2.1° 358 2.1 169
9 | 80 160 -3 CisHi CIsNO,S; | 39.3 2.9 322 2.5 174
pet. ether (551.5) 397 2.8 321 24 170
9% | 80 195-7 GH, CILNO, S3 | 425 3.7 299 24 162
pet. ether (593.5 427 31 302 2.1 159
10 60 - 155 Ci3Hs Cl702842 30,9 1.0 492 — 127
pet. ether (505.5) 31.1 0.5 489 — 123
11a | 30 88 Ci7H,40, S5 573 67 — — 210
ether / pet. ether (356) 575 7.2 == __ 263
11b | 50 70 C9H15C12,05 S5 512 4.0 160 — 218
CH, Cl/ pet. ethexl (445) 511 37 1 — 222
11c | 55 81 CioHioC10,S; 4 555 4.6 86 — 234
ether / pet. ether (410.5) 541 45 91 — 228
11d | 55 950 CioH15Cl50, S3 41.6 27 324 — 175
ether /pet. ether (548.5) 417 3.0 320 — 170
1le | 65 65 GoH20,83 615 56 — — 246
CH, Cl,/ pet. ethe1 (390) 620 6.1 _ __ 251
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