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A series of 3-isothiocyanatophenyl alkyl sulfides a n d sulfones h a s been 
p r e p a r e d from t h e a p p r o p r i a t e a m m o n i u m salts b y th iophosgene m e t h o d . 
Their infrared a n d ul t rav iolet spect ra h a v e been recorded a n d are i n t e r p r e t e d 
in this work. 

I n our previous works [1 — 3], deal ing w i t h i sothiocyanates conta ining in addi t ion 
t o t h e functional g roup a n o t h e r sulfur a t o m , we synthesized a series of 4-subst i tuted 
p h e n y l i sothiocyanates . 

I n t h e present work we describe t h e synthesis of S-NCS-CeBU-Y-R, where Y = S, 
SO2 a n d R = m e t h y l , e thy l , n-hexyl, a n d n-octyl . T h e choice of these alkyls was m o t i v a t e d 
b y t h e possible steric in te rac t ion of t h e te rmina l carbon w i t h NCS g r o u p [1] as well as b y 
t h e effect of t h e a l iphat ic residue on t h e va lue of d i s t r ibut ion coefficient a n d , consequent ly, 
4)ii t h e biological"activity of t h e c o m p o u n d . 

3-Nitrobenzenesulfonyl chloride was used as s t a r t i n g c o m p o u n d t o p r e p a r e t h e m e n t i o n e d 
der ivat ives . This was reduced b y red p h o s p h o r u s a n d iodine in a m i x t u r e of acetic 
acid a n d w a t e r [4] t o bis(3-nitrophenyl) disulfide. R e d u c t i o n of th i s p r o d u c t b y sodium 
sulfide in alkal ine m e d i u m gave t h e sodium salt of 3-nitrobenzenethiol which was a lky la ted 
b y alkyl hal ides affording t h e a p p r o p r i a t e sulfides [1]. Their physicochemical c o n s t a n t s 
corresponded to. those given in t h e l i t e ra ture . 

I n such a w a y p r e p a r e d 3-nitrophenyl alkyl sulfides were further reduced wi th t i n ( I I ) 
chloride a n d conver ted into salts of 3-aminophenyl alkyl sulfides b y gaseous hydrogen 
chloride or oxidized wi th 3 0 % hydrogen peroxide in glacial acetic acid to 3-nitrophenyl 
alkyl sulfones a n d subsequent ly reduced similarly as sulfides. 

I s o t h i o c y a n a t e s were p r e p a r e d from t h e a p p r o p r i a t e a m m o n i u m salts by thiophosgene 
m e t h o d in a modified th iophosgenat ing reactor [10]. 

All t h e synthes ized i sothiocyanates of t h e sulfidic series were l iquids a n d t h e sulfones 
solids (Table 1) c o n t r a ^ t o 4-isothiocyanatophenyl alkyl sulfides which were e i ther 
l iquids or solids a n d t o 4-isothiocyanatophenyl alkyl sulfones which h a d significantly 
higher mel t ing po int s [1]. 

Inf rared spect ra of t h e p r e p a r e d i sothiocyanates revealed m e d i u m intense b a n d s 
a t 951 — 957 c m - 1 belonging t o v s (NCS). T h e spectra of all t h e c o m p o u n d s invest igated 
showed very intense b a n d s belonging t o a s y m m e t r i c s t re tching v ibrat ions of t h e NCS 
g r o u p in t h e 2000 — 2200 c m - 1 range . T h e most intense b a n d on t h e spect ra of 3-isothio
c y a n a t o p h e n y l alkyl sulfides a p p e a r e d a t 2100 c m - 1 a n d on t h e spect ra of t h e correspond
ing sulfones a t ~2050 c m - 1 . L e n g t h e n i n g of t h e alkyl chain did n o t influence t h e location 
of m a x i m u m of t h e v a s (NCS) absorpt ion b a n d ; i t was in accordance w i t h small differences 
in t h e i n d u c t i v e effects of n-alkyl groups . W i t h increasing alkyl residues t h e s t re tching 
v ibra t ions of C — H b o n d s were shifted only insignificantly t o lower w a v e n u m b e r s . 
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Table 1 

The synthesized 3-isothiocyanatophenyl alkyl sulfides and sulfones 

SCNv 

Q V . V - R 

Com

pound 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

R 

Methyl 

Ethyl 

n-Hexyl 

w-Octyl 

Methyl 

Ethyl 

n-Hexyl 

n-Octvl 

Y 

S 

S 

S 

s 

so2 

so2 

so2 

SOo 

Formula 

C 8 H 7 N S 2 

C 9 H 9 N S 2 

C 1 3 H 1 7 N S 2 

C 1 5 H 2 1 N S 2 

C 8 H 7 N 0 2 S 2 

C 9 H 9 N 0 2 S 2 

C 1 3 H 1 7 N 0 2 S 2 

C 1 6 H S I N 0 2 S 2 

M 

181.3 

195.2 

251.4 

279.5 

213.3 

227.3 

283.4 

311.5 

Calculated/found 

%н 

52.93 
52.84 
55.30 
55.41 
62.20 
62.11 
64.20 
64.09 
44.90 
44.82 
47.60 
47.51 
55.20 
55.33 
57.80 
57.95 

%c 

3.87 
3.99 
4.61 
4.72 
6.78 
6.69 
7.52 
7.43 
3.28 
3.31 
3.96 
4.08 
6.00 
6.14 
6.40 
6.59 

%s 

35.40 
35.31 
32.80 
32.96 
25.60 
25.76 
22.90 
22.98 
30.00 
30.11 
28.25 
98.18 
22.65 
22.53 
20.45 
20.58 

Yield 

[%] 

67.0 

63.0 

42.6 

37 

61 

54 

35 

30 

В.р. 
[°C/torr] 

M.p. 
[°C] 

130/1 

115/2 

136/1.5 

140/1.5 

70 

50 

190/1.5 

25 

23.5° 

пл 

1.6888 

1.6632 

1.6069 

1.5915 

— 

— 

— 

— 

Table 2 

Infrared and ultraviolet spectra of 3-isothiocyanatophenyl alkyl sulfides and sulfones 

Com
pound 

I 

II 

III 

IV 

V 

VI 

VII 

VIIT 

Vs(NCS) 
[cm- 1] 

951 

966 

961 

952 

955 

960 

970 

971 

i?s(S = 0) 
[cm- 1] 

— 

— 

— 

1156 

1147 

1146 

1147 

i?as(S = 0) 
[cm- 1] 

— 

— 

— 

1333 
1308 
1327 
1311 
1331 

1331 
1307 

fas(NCS) 
[cm- 1] 

2060, 2115, 2205 

2060, 2114, 2205 

2060, 2150, 2198 

2060, 2120, 2195 

2047, 2095, 2202, 
2221 
2052, 2110, 2212 

2045/2115, 2207 

2054, 2102, 2216 

[nm] 
log e 

220 
4.90 

218 
4.78 

218 
4.99 

219 
5.00 

216 
4.68 

214 
5.06 

213 
4.97 

214 
4.68 

лтах II 
[nm] 
lüg F 

259 
4.68 

260 
4.50 

262 
4.75 

262 
4.74 

281 
4.34 

278 
4.56 

280 
4.43 

279 
4.12 

278 sh 
4.38 

279 sh 
4.25 

278 sh 
4.48 

278 sh 
4.46 

sh — shoulder. 
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The u.v. spectra of 3-isothiocyanatophenyl alkyl sulfides revealed two important 
maxima at 218 — 220 and 259 — 262 nm the last having a shoulder at ~280 nm (Table 2). 
The corresponding 4-isothiocyanatophenyl alkyl sulfides showed two maxima at 291 — 292 
and 302 — 303 nm; their intensities were only slightly different from those of 3-substituted 
derivatives [5]. This spectrum was a modification of the spectrum of phenyl isothiocyana-
te. The NCS in para position was apparently the determining group enabling mesomeric 
interactions with the ring and the free electron pairs on the sulfidic sulfur. In meta position,, 
where the NCS group could not form mesomeric structures, S-alkyl was the determining 
group modifying the spectrum of benzene by its free electron pairs. This was supported 
also by the — I effect of the NCS group in meta position. The small influence of NCS 
group in meta position was also evident from bathochromic effect on the spectra of phenyl 
alkyl sulfides (5 — 8 nm only, while with para derivatives ~50 nm). 

The u.v. spectra of 3-isothiocyanatophenyl alkyl sulfones showed two maxima X = 
= 213 —216 nm and Я = 278 —281 nm. Contrary to unsubstituted phenyl methyl 
sulfone, the maximum at lower wavenumbers was more intense by order. The band at 
higher wavenumbers was bathochromically shifted by 16 nm which was less than with 
4-isothiocyanatophenyl alkyl sulfones where the NCS group interacted with SO2 group [6J 
and its intensity again increased (log e = 3 -> 4.6). While the bathochromic effect was 
unimportant with 3-isothiocyanatophenyl alkyl sulfones, the hyperchromic effect was 
very significant with regard to phenyl isothiocyanate, phenyl alkyl sulfone, and 4-iso
thiocyanatophenyl alkyl sulfones. 

Experimental 

3-Nitrobenzenesulfonyl chloride was prepared according to [7], bis(3-nitrophenyl)-
disulfide according to [4], methyl, ethyl, and n-hexyl iodides according to [8], and n-octyl 
bromide according to [9]. 

Infrared spectra were measured on a double-beam UR-20 (Zeiss, Jena) spectrophoto
meter in the 800 — 3000 c m - 1 range in NaCl cells 1.04 mm in width; concentration 2.5 x 
X 10~2 M in chloroform. Ultraviolet spectra were recorded on a Specord UV-VIS instru

ment in the 200 — 350 nm region in 10-mm cells; concentration 1.1 x 10 - 5 —2.0 X 10~5 M 
in ethanol. The synthesized isothiocyanates are characterized in Tables 1 and 2. 

3-Nitrophenyl n-octyl sulfone 

3-Nitrophenyl n-octyl sulfide (8.9 g; 0.03 mole) was dissolved in. glacial acetic acid 
(100 ml) under stirring and 30% hydrogen peroxide (0.12 mole) was added. The obtained 
solution was stirred and heated in a boiling water bath for 3 hours. After cooling the 
solution to laboratory temperature, the precipitated sulfone wras sucked off and dried 
over potassium hydroxide in a desiccator. Yield 8.3 g (92.5%), m.p. 35°C. 

For C14H21NO4S (299.2) calculated: 56.10% C, 7.02% H, 10.68% S; found: 56.17% C„ 
7.13% H, 10.72% S. 

The other nitro sulfones were prepared similarly. Their physicochemical constants 
corresponded to those given in the literature. 

3-Aminophenyl n-octyl sulfone 

Tin(II) chloride (200 g) in glacial acetic acid (400 ml) and ethanol (400 ml) was saturated 
by gaseous hydrogen chloride under vigorous stirring until the solution was clear (3 — 4 
hours). 
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3-Nitrophenyl w-octyl sulfone (3.0 g; 0.01 mole) dissolved in glacial acetic acid was-
added under stirring into a solution of reducing agent containing tin(II) chloride (0.05 
mole). The reducing mixture was further refluxed for 4 hours under stirring, cooled, 
made alkaline by aqueous solution of sodium hydroxide, and the amine was extracted 
with ether. The extracts were dried, ether was distilled off at reduced pressure, and the 
salt of the amine was precipitated with gaseous hydrogen chloride. Yield 2.01 g (66%), 
m.p. 145°C. 

For C14H24CINO2S (305.7) calculated: 55.0% C, 7.87% H, 11.60% CI, 10.45% S; 
found: 54.78% C, 7.79% H, 11.79% CI, 10.60% S. 

3-Isothiocyanatophenyl alkyl sulfides and sulfoties 

The appropriate ammonium chloride (1 mole) was dissolved in the least amount of water 
and added to a chloroform solution of thiophosgene (1.05 mole) in the thiophosgenating 
reactor during 10 minutes [10]. The reaction was slightly exothermic; when the temperature 
exceeded 30°C, cooling was necessary. Sodium hydrogen carbonate (2 moles at the 
beginning) was added to release the amine. In the course of reaction, the addition of 
sodium hydrogen carbonate was regulated so that the pH of the reaction mixture after 
2-hour stirring was neutral or slightly alkaline. Then the chloroform layer was removed 
and the water layer was washed with chloroform. The chloroform solutions were given 
back to the reactor, washed with diluted hydrochloric acid (0.1 N), and dried with 
sodium sulfate. Chloroform was distilled off at reduced pressure and isothiocyanates 
were isolated either by distillation in vacuo or by crystallization from petroleum ether-
or benzene. 
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