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Several unsymmetrical trisulfides, RSSSR’, were prepared by condensation of alkyl hydrodisulfide RSSH with an arene- 
sulfenyl chloride R’SCI or thiocyanate R’SSCN. Here R represents benzhydryl or benzyl group, and R’ 2-nitropheny1, 
2-nitro-4-chloropheny1, 2,4-dinitrophenyl, or 2-naphthyl groups. Ultraviolet absorption spectra of these unsymmetrical 
trisulfides were determined and compared with those of the corresponding unsymmetrical mono- and disulfides as well as 
with symmetrical oneE. 

Recently some unsymmetrical disulfides have 
been prepared by various investigators,2 but only a 
few literature references have been found on the 
synthesis of unsymmetrical trisulfides. A synthetic 
method for unsymmetrical trisulfides is the condensa- 
tion reaction of a disulfide chloride with a mercaptan 

RSSCl + R’SH --+ IISSSR’ 

by which ethyl methyl3 and ethyl benzyl trisulfides4 
were obtained as oily substances and 2-nitrophenyl 
hydroxyphenyl trisulfide4 as a crystalline substance. 
More recently some liquid uiisymmetrical (alkyl 
aryl) trisulfides mere prepared by a rather compli- 
cated reaction5 indicated below. 

REH-SO-SR’ J- 3 R”SH --+ 
R”-SSS-R’ + RNH, + R”-SS-R” + HzO 

where It” represents alkyl and R’ aryl groups. 
Formation of a symmetrical disulfide as well as a 
desired trisulfide makes it necessary to isolate the 
desired product by distillation. 

Another probable synthetic method for unsym- 
metrical trisulfides may be a condensation reaction 
of arenesulfenyl chloride6 (R’SC1) or thiocyanat’e‘j 
(R’SSCS) with alkyl hydrodisulfides (RSSH), 
which were prepared by Bohme? and were utilized 
by the present authors8 to  synthesize dialkyl penta- 
ane hexasulfides. In the present paper some crys- 

talline unsymmetrical trisulfides were prepared hy 
this method. 

RSSH + XSAr --+ RSSSAr (1) 

where RSSH represents benzhydryl or benzyl 
hydrodisulfide and ArSX represents nitrobenzene- 
sulfenyl rhloride or 2-naphthalenesulfenyl thio- 
cyanate. In order to determine some physical 
properties and ultraviolet spectra, it is easier t80 use 
crystalline substances. 

The corresponding Unsymmetrical mono- and 
disulfides, few of which have been reported in the 
literature, were prepared in the present paper to 
compare some of their properties and ultraviolet 
spectra with those of the trisulfides. 

RSH + S S S r  -+ RSSSr ( 2 )  

RX + HSAr --+ RSAr ( 3) 

RSH + XAr + RSAr ( 4 
or 

(1) Part 11, J. Tsurugi and T. Nakabayashi, J .  Org. 
(‘hem., 25 ,  1744 (1960). 

(2) (a) G. Jacini and F. L n u n a ,  Gazz. chzm. ztal., 80, 
762 (1950), Chem Absti., 46, 4499 (1952). G. Jacini et al., 
Gazz. chzvi. ztal., 8 2 ,  297 (1952): Chenz. dbstr . ,  47, 8680 
(1953). (b) 8. LIugnusson, J. E. Christian, and G L. Jen- 
kins, J .  Am. Phaim. dssoc., Scz. E d ,  36, 257, 261 
(1947); (c) 1%. Brintzinger and 11 Langheck, Che77z. Rer., 
86, 557 (1953); 87, 325 (1954); (d) ,4. Schoberl, H. Tausent, 
and H. Grafji, Angew. Chenz , 68, 213 (1956). 

( 3 )  H. Bohme and G. 1’. Ham, Ann., 617, 62 (1958). 
(1) J. F. Harris, Jr., Tiniv. Microfilms Pub. KO. 4927, 

( 5 )  G. Xrwae and H. P. Pataschke, Chem. Rer., 93, 380 

(6) PI’. Kharasch, et al., Chem. Rev., 39, 269 (1946). 
( 7 )  H. Bohme and G. Zinner, Ann., 585,  142 (1954). 
(8) J. Tsurugi and T. Slakabayashi, J .  Org. Ghem,, 246 

111 p.; Chem. Abst i . ,  48, 2636 (1954). 

( 1960). 

where X represents halogen or thiocyanate group. 
Table I indicates melting points and analytical 
data of these series of unsymmetrical mono-, di- 
and trisulfides, one group of which is benzhydryl 
or benzyl and another is one of three types of 
nitrophenyl groups or a 2-naphthyl group. For 
synthesis of the 2-naphthyl benzhydryl or benzyl di- 
and trisulfides, the naphthalenesulfenyl thiocyanate 
rather than the chloride was used, because the 
former is more easily prepared and more stable than 
the latter. Besides the series of unsymmetrical poly- 
sulfides cited in Table I the symmetrical polysul- 
fides, 2,2’-dinaphthyl mono-, di- and trisulfides 
were also prepared, in order to compare some prop- 
erties of the unsymmetrical polysulfides with those 
of the symmetrical ones. The other symmetrical 
polysulfides, dibenzhydryl or dibenzyl polysulfides 
(mono-, di- and trisulfides) were reported in Part 
1 8  of this series. 

Ultraviolet absorption spectra of benzhydryl 
2-nitrophenyl mono-, di-, and trisulfides werc 
measured in alcoholic solution between 220 and 
400 mp and are indicated in Fig. 1. The ultraviolet 
absor~tinn smctra of various unsymmetrical sul- 
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TABLE I 

MELTING POINTS, YIELDS, AND ANALYTICAL DATA OF UNSYMMETRICAL POLYSULFIDES 
Calcd. Found 

M.P. C H s C H S Yield, 
No. Compound % Formula 

1 
2 
3 

4 

6 
0 

7 

8 
9 

10 

11 

12 

13 
14 
15 

16 

17 
18 

19 
20 
21 

22 

23 
24 

Monosulfide 
Disulfide 
Trisulfide 

Monosulfide 
Disulfide 
Trisulfide 

Monosulfide 

Disulfidr 
Trisulfide 

Monosulfide 

Disulfide 

Trisulfide 

Monosulfide 
Disulfide 
Trisulfide 

Monosulfide 

Disulfide 
Trisulfide 

Monosulfide 
Disulfide 
Trisulfide 

Monosulfide 

Disulfide 
Trisulfide 

65.4 
95 
70 

53.6 
87.6 
88 

95.6 

92.5 
98 

i 7 . 5  

95 

53 

56 
77 
56 

90 

94 
76.5 

69 
71 
90.4 

96.4 

61 
73 

2-NITROPHENYL BENZHYDRYL SERIES 
CigHi6XO2S 11 1-1 12 i l  00 4 70 
CisHisNOzSz 81-82 64 56 4 28 
Ci9HiJSOzS3 94-96 59 19 3 92 

2-sITRO-4-CHLOROPHENYL BENZHYDRYL SERIES 
CisHi4ClNOzS 133 5-134 5 64 13 3 97 
C ~ ~ H ~ ~ C ~ S O P S ~  109-110 58 83 3 64 
CigHiaClXO& 80-81 54 34 3 36 

CisHiaX20aS 122-123 62 28 3 85 

CinHi4N204SJ 120 5-121 57 27 3 54 
CisHi320aSa 129-130 53 00 3 28 

2,4-DIXITROPHENYL BENZHYDRYL SERIES 

(122-123)" 

2-XITROPHENYL BEKZYL SERIES 
Ci3HiiNOzS 82-83 63.65 4.52 

182-83Ib 
CiaHiiXOzSz 53-54 56 29 4 00 

C13HiiSOzS3 80 5-81 50 46 3 58 
(54Y 

2-NITRO-4-CHLOROPHENYL BEUZYL SERIES 
CiaHloClSOzS 129-130 5 55 81 3 60 

Ci3HioClS02Sa 82 5-83 5 45 39 2 86 
CisHioClXO2S2 81-82 50 07 3 23 

2,4-DINITROPHENYL BENZYL SERIES 
C13HioN20aS 128-129 53 78 3 47 

( 130)d 
CiaHioKzO4S2 112-112 5 48 43 3 13 
CiaHi&;20& 112 5-113 44 05 2 84 

C2aHiaS 120-121 84 62 5 56 
CnHiA 94-95 77 05 5 06 
C23Hi& 69-71 70 7 2  4 65 

2-N.4PHTHYL BE~ZHYDBYL SERIES 

Z-XAPHTHYL BEXZYL SERIES 
Ci7HirS 89-90 81 55 5 64 

(89 8-90 5)e 
CuHi4Sz 60-61 5 72 29 5 00 
Ci7Hl4S3 69-71 64 92 4 49 

9 98 
18 15 
24 95 

8 75 

16 10 
22 35 

13 36 

23 10 

31 09 

11 05 

19 87 
27 14 

9 82 
17 90 
24 63 

12 81 

22 71 
30 59 

70.88 4.91 9 .71  
64.36 4.61 17.99 
59.35 4.29 24.73 

63.81 3.97 
58.62 3 .63  
54.04 3.19 

62 51 4 25 8 48 

57 23 3 81 15 83 
53 26 3 52 22 39 

64.12 4.77 13.27 

56.34 4.32 23.49 

50 28 3 85 31 32 

55.75 4.26 
50.30 3.23 
45.73 3.10 

53.88 3 65 11 28 

48.36 3.31 19.78 
43 85 3 00 27 07 

84 40 5 42 10 0 
76 58 5 01 18 1 
71 24 4 75 24 0 

81.35 5 .33  1 2 . 5  

71.60 4.86 22.6 
64.99 4.55 30.6 

a J. Tsurugi and T. Sakabayashi, Nippon Kagaku Zasshi, 77, 581 (1956). A. Sieglitz and H. Koch, Chenz. Ber., 58, 82 
(1925). R. W. Bost, J. 0. 
Turner, and R. D. Norton, J .  Am. Chem. Soc., 54, 1986 (1932). e A. H. Weinstein and R. M. Pierson, J .  Org. Chem., 23, 
557 (1958). 

H. B. Footner and S. Smiles, J. Chem. Soc., 127, 2887 (1925); Chenz. Abstr., 20, 747 (1926). 

fides as well as symmetrical ones have already 
been interpreted by Koch.Q However, the interpre- 
tation of the ultraviolet absorption spectra of 
unsymmetrical disulfides and trisulfides have never 
been presented. Koch@ suggested that the weak 
absorption band near 350 mp of phenyl 2-nitro- 
phenyl sulfide may be attributed to its canonical 
resonance structure (I), which seems both sterically 
and energetically reasonable. h postulated polar 
excited structure of the o-quinoid type (11) mas 
(ionsidered by Koch to be improbable because of 
the resulting interference between the van der Waals 
radii of oxygen and sulfur. Weak absorption bands 
near 350 mp of benzhydryl 2-nitrophenyl mono-, 
di-, and trisulfides in Fig. 1 may be associated with - 

(9) R. P. Koch, J. Chem. Xoc., 387 (1949). 

the similar band of phenyl 2-nitrophenyl sulfide or 
with that of di-2-nitrophenyl sulfide, although inten- 
sities of the band of the unsymmetrical disulfides are 
a little less than those of the latter two. Absorption 
maxima shift to shorter wave length as thenumber of 
sulfur atoms increases from one to three. The 243 mp 
absorption of the unsymmetrical monosulfide in 
Fig. 1 cannot be interpreted at  the present time, 
but the similar absorption is found in (symmetrical) 
di-2-nitrophenyl sulfide and the similar absorption 
with the higher intensity is displayed by (symmet- 
rical) di-2-nitrophenyl disulfide. However, both 
benzhydryl 2-nitrophenyl di-and trisulfides do 
not have similar absorption maxima in the same 
range. Generally it can be said that as compared 
with the spectra of (symmetrical) dibenzhydryl 



2484 NAKABAYASHI AND TS‘C‘RUGI VOL. 2G 

15 
2 
X 

yl 10 

5 

-- 

220 250 300 350 400 
b r )  

Fig. 1. Ultraviolet absorption spectra of a series of 2- 
nitrophenyl benzhydryl sulfides (--- , mono-; ---, 
dim; - -- - , trisulfides) and of di-2-nitrophenyl sulfides 
(.=- - - -  , mono-; - . -, disulfides) 

mono-, di-, and trisulfides and with that of (sym- 
metrical) di-Znitrophenyl sulfide, those of unsym- 
metrical ones seem to be the corresponding result- 
ants of di-2-nitrophenyl sulfide and the dibenz- 
hydryl series, except for the deficiency of the 
maxima in the range of shorter wave length of the 
Unsymmetrical di- and trisulfides. Canonical struc- 
tures of type 111 and of polar (0- or p- )  quinoid 
type IV in addition to I make contribution to the 
optical excited states of benzhydryl 2-nitrophenyl 
monosulfide. However, the following canonical 

I I1 

I11 I V  

V VI 

S S=S PhHC 

VI11 

structures T’, IT, and VI1 besides I may contribute 
to the optical excited states of benzhydryl2-nitro- 
phenyl disulfide. The additional canonical struc- 
ture T’III may be plausible for benzyhydryl 2- 
nitrophenyl trisulfide in addition to the ones 
similar to V, VI, and VI1 and in addition to I 
mentioned above. Therefore, the absorption of the 
unsymmetrical trisulfide in the range between 
220-300 mM becomes more intensive and shifts to 

longer wave lengths. Flatter curves of the irnsym- 
metrical disulfide and trisulfide as compared to the 
monosulfide may result for the same reason. 

Similar observations are found in n series of 
benzyl 2-nitrophenyl mono-, di-, and trisulfides 
and of benzyl 2-nitro-4-chlorophenyl mono-, di-, 
and trisulfides as well as in a series of benzhydryl 
2-nitro-4-chlorophenyl mono-, di-, and trisulfides. 
The absorption maxima and their intensities are 
tabulated in Table 11. 

TABLE I1 

MONO-, DI-, AND TRISULFIDES 
ULTRAVIOLET ABSORPTION SPECTRA O F  UNSYMMETRICAL 

--- 

La,,, X,&X, 
c mp 6msx mP max 

BENZYL 2-NITROPHEXYL SERIES 
hlonosulfide 245 20,700 365 4,500 
Disulfide 250 13,500 355 4,300 

(shoulder) 
Trisulfide - I 345 3,700 

BENZYL 2-NITRO-4-CHLOROPHENYL SERIES 
Monosulfide 250 24,700 380 4,700 

270 11,500 
(Bhoulder) 

Disulfide 240 14,100 365 3,800 
(shoulder) 

Trisulfide -_ - 355 3,400 

BENZYL 2,4-nINITROPHESYL SERIES 
- - 330 12,900 >f onosulfide 

1)isulfide I - 320 0,200 
__I - 315 8,900 Trisulfide 

BERZHYDRYL 2-NITRO-4-CHLOROPHENYL SERIES 
Monosulfide 250 19,700 380 4,100 
Disulfide - I 365 3,900 

I - 360 3,800 Trisulfide 

The absorption spectra of benzhydryl 2,4-dini- 
trophenyl mono-, di-, and trisulfides are indicated 
in Fig. 2. The 330 mp absorption maximum of 
the monosulfide and those of the disulfide and 
trisulfide near there may be ascribed to a group 
-S-C,H4(N02)2-(2,4), because an intense absorp- 
tion band of phenyl 4-nitrophenyl sulfide was 
found at  337,5 m , ~ , ~  and the corresponding ortho 
compound has the maximum near 365 mp. Flatten- 
ing of the spectra also occurs as the number of 
sulfur atoms increase from one to three. KO further 
interpretation of the spectra will be attempted 
in view of the paucity of the reference data. 

With regard to the spectra of naphthyl benzyl 
polysulfides shown in Fig. 3 ,  that of the monosulfide, 
if it is indicated in logarithmic scale, is in complete 
agreement with that recorded by Weinstein and 
Pierson.’O They observed a maximum similar to 
the 285 mp peak of 2-naphthyl benzyl sulfide in 
2-thionaphthol a t  283 mp, and ascribed it to a 

(10) A. H. Weinstein and R. M. Pierson, J. Org. Chem., 
23, 554 (1958). 
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1 1 
220 250 300 350 400 

?. ( m d  
Fig. 2.  Ultraviolet absorption spectra of a series of 2,4- 

dinitrophenyl benzhydryl sulfides (- , mono-; ---, 
di-; - - - -  , trisulfides) 

9 1  

I 
8 

I A  

7 r l  I 
i 

1 1 
220 250 280 310 

X (mr )  
Ultraviolet absorption spectra of a series of 2- 

naphthyl benzyl sdfides (- , mono-; , di-; 
- - _ -  , trisulfides) and of di-2-naphthyl sulfides (- a -, 
mono-; - - -  , di-; _ _ _ _ _  - , trisulfides) 

Fig, 3. 

naphthalene chromophore bathochromically shifted 
by a thiol auxochrome. The 253 mp absorption 
peak of 2-naphthyl benzyl sulfide resembles the 
absorption of 2,2'-dinaphthyl sulfide, although 
intensity of the former is considerably weaker than 
that of the latter, and may be ascribed to  a modified 
naphthalene chromophore. As for the series of 
alkyl nitrophenyl polysulfides mentioned above, 
in this series also flattening of the curves is ob- 
served as the number of sulfur atoms increases 
from one to three. The same relationship was ob- 
served in ultraviolet spectra of a series of 2-naph- 
thy1 benzhydryl mono-, di- and trisulfides. 

Molecular refraction of a series of unsymmetrical 
2-naphthyl benzhydryl or benzyl polysulfides were 
determined. The results are indicated in Table 
111. 

Calculated values of the sulfur atoms in the 
mono-, di-, and trisulfides in each series are in good 
agreement within experimental error. This confirms 
the existence of linear sulfur chains in each trisul- 
fide as in the disulfide. 

TABLE I11 

BENZYL POLYSUJJWES A N D  Arroimc REFRACTION OF SULWR 
IN THESE COMPOUNDS 

MOLAR REFRACTIONS OK 2-xAPHTHYL RENZHYDRYL OR 

~~ 

Molar Refrac- 
Refrac- tion of Atomic 

Unsymmetrical tion Group Refraction 
Sulfides NRD- Sn of Sulfur 

R-Sn-R' ( RSnR') RD( Sn) RD( Sn) /n 

2-CloH7--S-CH( C G H ~ ) ~  106.7 10.2 10.2 
2-CloH7-Sz-CH( C G H ~ ) ~  116.8 20 .3  10.1 
~-C~~H~-SS-CH( CGH,)~ 126.0 29.5 9.8 

2-CioH+3-CH2CsHs 81.1 9 . 8  9.8 
~-C~~HT-S~-CH&GH~ 92 .6  21.3 10.7 
Z-C1oH+?+CH2CsHj 101.3 30 0 10.0 

10.0 z!= 0 . 2  

1 0 . 2 i o . 5  

EXPERIMENTSL 

Unsyminetrical monosuljdes. According to  Equation 3, 
0.02 mole of arenethiol (2-nitrobenzenethiol or 2-naph- 
thalenethiol) in 50 nil. of ethanol was converted to potassium- 
thiolate by potassium hydroxide, and then was allowed to  
react with an equivalent amount of benzyl bromide in 50 
ml. of dry benzene in an atmosphere of inert gas a t  refluxing 
temperature for 2 hr. under stirring. When benzhydryl 
bromide was used in place of benzyl bromide, not potassium 
arenethiolate but arenethiol itself was refluxed with benz- 
hydryl bromide to avoid the probable hydrolysis of the 
bromide, and the reaction was carried out in benzene solu- 
tion. The solution was washed with water and dried with 
anhydrous sodium sulfate. After the solvent was evaporated, 
compounds No. 1 and N o .  19 were recrystallized from a 
benzene-ethanol mixture. S o .  10 was recrystallized from 
ether, and No. 22 from ethanol. 

The other iinsymmetrical monosulfides were prepared by 
Equation 4. To an absolute alcoholic solution of potassium 
a-diphenylmethane or a-toluenethiolate was added an 
equivalent amount of chloronitrobenzene (1,4-dichloro-2 
nitrobenzene or 2 4-dinitrochlorobenzene) in ethanol in a 
stream of inert gas under stirring. The mixture was heated 
for 3 hr. a t  50-70°, and diluted with 10 volumes of water. 
Compounds Yo. 4 and Xo. 13 were recrystallized from ben- 
zene, KO. 7 and KO. 16 recrystallized from a mixture of 
benzene and ethanol. 

linsymmetrical disulfides. To a solution of 0.01 mole of 
alkanethiol (a-diphenylmethane- or a-toluenethiol) in 50 
ml. of dry benzene was added a soution of arenesulfenyl 
chloride (2-nitrobenzenesulfenyl,1' 2-nitro-4-chlorobenzene- 
sulfenyl, l2  or 2,4-dinitrobenzenesulfenyl chloride13) a t  room 
temperature. The flask was protected by a calcium chloride 
tube and kept standing overnight. The solution was washed 
with water and dried. After the solvent was evaporated 
under diminished pressure, the solid obtained was recrj stal- 
lized from a mixture of benzene and ethanol. Compounds 
No. 2, 5 ,8 ,  11, 14, and 1 7  were thus prepared. 

2-Naphthalenesulfenyl thioc~ranate'~ was used to prepare 
unsymmetrical naphthyl alkyl disulfides. The sulfenyl thio- 
cyanate (0.01 mole) in 50 ml. of dry ether was added to a 
solution of alkanethiol (a-diphenylmethane- or a-toluenc- 
thiol) in 50 ml. of dry ethw a t  room temperature in a stream 
of inert gas with stirring. The mixture was stirred for an 

(11) Max H. Hubacher, Org. Syntheses, Coll. Vol. 11, 

(12) Th. Zincke and J. Baeumer, Ann., 416, 86 (1918). 
(13) N. Kharasch, G. I. Gleason, and C. M. Buess, 

(14) H. Lecher and M. Wittwer, Chem. Rer., 55 ,  1474 

455 (1948). 

J. Am. Chem. Soc., 72, 1796 (1950). 

(1922). 
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hour. -4fter being washed and dried, t,hc solvent was evapo- 
rated. The solid obtained was recrystallized from ethanol. 
Compounds Xo. 20 and 23 were prepared by the method 
described above. 
Cnsgmwretricol tr isul f ides .  To a solution of 0.02 mole of 

alkyl hydrodisulfide (henzhydryl or lienzyl hydrodisulfide) 
in  50 ml. of dry ether n-as added a solution of arenesulfenyl 
rhloride (2-nitrobenzenesulfenyl, 2-nitro-4-chlorobenzene- 
~ u l  lenyl, or 2.4-dinitrobenzenesiilfenyl chloride) in 50 ml. 
of dry ether at room temperature in a stream of inert gas 
under stirring. A w r y  slight excess of the hydrosulfide 
was used, otherwise diaryl disulfide was formed from the 
arenesulfenyl chloride. This made it' difficult to isolate 
t"ne unsymmetrical from the symmetrical disulfide. The reac- 
tion system was prot,ected against moist)ure by a calcium 
chloride tube. St,irring Tyas continued for 2 hr., and the solu- 
tion was washed, dried, and concentrated by evaporation. 
The solid obtained x-as recrystallized from et'her. 

For t,he spthesis  of 2-nsphthj.1 benxhydryl or benzyl 
trisulfide, 2-naphthalenesulfenyl thiocyanate was used in 
placr of t h e  sulfenyl chloride. The procedure was the same 
:is for the above rritrophen2.1 alkyl trisulfides. 

,",Z'-Di.naphth~~l iiiono-: di-, nnd lrisulfides. These were 
also prepared as specimens for determining the spectra. The 
monosulfide was obtained by pyrolysis of lead 2-naphthalene- 
thiolate16 at 300-320" under 100 mm., and after several 
recrystallizat,ions from a henzene-ethanol mixture, m.p. 
148---14Oo (lit,,le m.p. 151°), the JTield x-as 4553. 

-1na2. Calcd. for G H J :  C, 83.88; H, 4.93' S, 1 I 2 0 .  Found: 
C, 84.04; H, 5.33; 8, 11.0. 

The disulfide was the oxidation product of P-naphthalene- 
thiol by iodine,'O recrystallized from benzene, m.p. 139" 

Anal. Calcd. for CZJJ~~SZ: C, 75.43; H, 4.43; 6,  20.1. 
Found: C, 75.19; H, 4.33; 8, 20.0. 

The trisulfide was prepared by the ordinary method froni 
the thiol and sulfur dichloride, recrystallized from benzent,- 
ethanol mixture, m.p.  115-116O (Lit.,'6 m.p. 108-10!1"), 
yield 79%. 

ilna2. Calcd. for C2oH1,Ss: C, 68.53; H: 4.03; S, 27.45. 
Found: C, 68.75; H, 3.93; S, 26.8. 

Delermination of ziltraoiolet absorption spectra and ~ z o l e c w  
lar rejraction. These were the same as those reported in 
Part 1 8  of t,his series. 

Ackn,owledgment. m e  wish t,o thank Dr. E. E. 
Campaigne of Indiana L-niversit<y for his kindness 
in revising the manuscript. 
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m.p. 141.8-142.6'), yield 98%. 

(15) F. Krafft and R. Schonherr, Chem. Ber., 22, 825 
(1889); N. A. Lange and H. S. Haupt, J. Am. Chem. Sac., 
51, 2277 (1929). 

(16) T. Hornung, J .  p r a k f .  C'henz. 121, 60, 137 (1899). 
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The Ultraviolet Absorption Spectra of Some Unsymmetrical Disulfides' 

E. CAMPAIGNE, J. TSL-RUGI,Z ASD K. W. JIEYER 

Received August 18, 1960 

The ultraviolet absorption curves of certain unsymmetrical diaryl disulfides, Ar-S-S-Ar', were calculated as one- 
half the sum of the absorption curves of the two symmetrical disulfides, ArSSAr and Ar'SSAr'. Slight deviations from the 
calculated values in the observed curves were consistent with inductive effects of groups attached to sulfur in the two halves 
of the molecule, ,4rS-- and Ar'S-. KO transmission of electronic effects through the sulfur-sulfur bond could be detected 
i n  the ultraviolet spectra of the diaryl disulfides. 

It is certain that disulfides undergo heterolytic 
vleavage in polar reactions. Sucleophilic cleavage 
of disulfide is evideiiced by the reaction with or- 
ganometallic reagents3 and by Lewis-acid catalyzed 
electrophilic attack of disulfide on aromatic sys- 
temj4 and o1efins.j Electrophilic cleavage may be 
illustrated by the reaction of disulfides with halides 
wch as methyl iodide6 or 2,4-diiiitrochlorobenzene.' 

(1) A Technical Report prepared under the sponsorship 
of the Office of Ordnance Research, United States Army, 
Contract DA 33-008-OBI) 1916. 

(2)  Postdoctoral Research Associate 1959-1960, on leave 
from the University of Osaka Prefectire, Osaka, Japan. 

(3 )  H. Burton and IT. A. Davy, J Chem. Sac., 528 
i 1948). 

(4) Cj. S. Archer and C. >I. Suter, J Am. Chem. Sac., 74, 
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The whole question of heterolytic scission of the 
sulfur-sulfur bond in disulfides has recently been 
revieweds with numerous examples of both types of 
cleavage. Such cleavage must be initiated by 
polarization of the disulfide bond. 

Polarizatioii of the disulfide bond may be con- 
sidered to be stabilized by resonaiice invoh7ing a 
10-electron sulfur shell, as in h +-+ B. One might 
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logically expect that placing a resonaiice system 
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bathochromic shift of the ultraviolet absorption of 
the simple chromophore. However, the opposite 
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