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oil was vacuum distilled collecting 92.5 g. of 111, b.p. 132- 
135" a t  0.6-0.8 mm. 

Anal. Calcd. for C12H2&0: C, 58.98; H, 8.24; S, 26.23. 
Found: C, 59.13; H, 8.03; S, 26.06. 

Alcoholic hydrolysis of I. In  a 4-1. flask there was placed 
260 g. of I, 1200 ml. of 2070 potassium hydroxide and 1200 
ml. of 95% ethanol. This mixture was refluxed for 40 hr. 
and then carefully acidified n+th concd. sulfuric acid keep- 
ing the temperature below 50". Copious amounts of hydro- 
gen sulfide were liberated on acidification and a small 
amount of sulfur was isolated hy filtration. The acidified 
solution was separated and extracted with 1 1. of ether and 
the ether solution evaporated on a water bath a t  60". The 
residue, 140 g., was fractionated and gave two major 
acidic fractions: A, b.p. 149-152", 36.2 g.; B, b.p. 179- 
185", 30.5 g. 

A was identified as trimethyl acetic acid by conversion 
first to the acid chloride, b.p. 135-140", using thionyl 
chloride, and then to the anilide by refluxing with aniline, 
m.p. 131 ", reported m.p. 129" for trimethylacetanilide. 

Anal. Calcd. for CllH1jON: N, 7.91. Found: N, 7.86. 

The p-bromophenacyl ester of B (from 95% ethanol) 
melted a t  75-76", reported m.p. 76". 

Anal. Calcd. for Cl2HISO3Br: Br, 27.83. Found: Br, 
27.78. 

B was identified as 4,4-dimethylvaleric acid by conversion 
to the amide and the anilide. B was refluxed with thionyl 
chloride and the acid chloride distilled. A solution of 5 
g. of aniline in 50 ml. of benzene was added to 5 g. of the 
acid chloride, the solution refluxed 30 min., washed with 
n-ater, lOyo hydrochloric acid and 10% sodium hydroxide, 
and finally concentrated to 20 ml. total volume. White 
crystals separated from solution and xere recrystallized 
from ethanol, m.p. 141-1q2". The reported melting point 
for 4,4dimethylvaleranilide is 141 '. 

Snal. Calcd. for ClaH190N: N, 6.82. Found: S, 6.83. 
Conversion of the acid chloride of B to the amide with 

cold concd. ammonia gave white platelets, recrystallized 
from water, m.p. 139-141"; reported m.p. 140-141" for 
4,4-dimethylvaleramide. 

Anal. Calcd. for C7H150X': X, 10.85. Found: N, 10.30. 
P.4ULSBOR0, N. J. 
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Two polymorphs of dibenzhydryl tetrasulfide were found. Observations of mutual convertibility and of their melting 
behaviors and determinations of ultraviolet and infrared absorption spectra support the conclusion that the two forms are 
rotational isomers in the solid state. 

Synthesis of a series of dibenzhydryl polysul- 
fides from mono- to hexasulfide was rpported in 
the previous paper,' in which the sulfur-sulfur 
linkages in these polysulfides were linear. Dibenzhy- 
dry1 tetrasulfide had been prepared2 by condeii- 
sation of two moles of the thiol with sulfur mono- 
chloride in carbon disulfide solution. The condensa- 
tion reaction was exothermic. When all the pro- 
cedures were carried out at temperatures below 
30" by cooling, white pillars (I) rvere obtained. 
On the other hand, when the reaction temperature 
exceeded 30°, a mixture of white pillars and pale 
yellow needles (11) was obtained. The higher the 
temperatures, the greater was the proportion of 
yellov- needles. Recrystallization of a mixture of 
pillars and needles from a solvent mixture of ethcr- 
petroleum ether led to an increase in the proportion 
of 11. After two recrystallizations the white pillars 
disappeared completely and all the crystal? were 
composed of the yellow needles (11). Such poly- 
morphism was iiot found in other polysulfides prev- 
iously reported,l p . g . ,  dibenxhydryl tri- and tetra- 
sulfides and dibenzyl tri-, tetra-, and pentasulfides. 

The ultraviolet absorption spectrum and molar 

(1) Part I. J. Tsurugi and T. Nakahayashi, ,I.  Org. Chem., 

( 2 )  J. Tsurugi and T. Nakabayashi, Nippon Kngakic 
24,807(1959). 

Zasshi, 77,583 (1956). 

refraction of beiizhydryl tetrasulfide I1 were re- 
ported in the previous paper.' The spectrum of I 
overlapped with that of I1 within the experimental 
error. As I1 had' linear sulfur-sulfur linkages, by 
analogy, I would be expected to have the same 
sulfur linkages as 11. Isomers such as 111, IV and V 
are unlikely for the structure of I, as such a struc- 
ture should have a different ultraviolet absorption 
spectrum from that of the linear one. Moreover, 
if the polymorphism resulted from such branched 
type isomers, the other polysulfides should have 
similar polymorphs. As stated above, such poly- 
morphism could not be found in the other poly- 
sulfides. 
(C'sHj)?CHSSSCH(CsH:)? (CsH,)?CHSSSCH( Ce,Hs)2 

I11 IV 
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v 
The remaining possibilities are either that these 

polymorphs are rotational isomers of each other 
(possibility A) or that molecules having the same 
configuration aggregate to different crystal struc- 
tures I and I1 (possibility B). In  order to decide 
whether the polymorphism of dibenzhydryl tetra- 
sulfide can be ascribed to possibility A or B, mutual 
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Fig. 1. A. Dibenzhydryl monosulfide. €3. Dibenzhydryl 
d.isulfide. C. Dibenzhydryl trisulfide 

convertibility was attempted, and infrared absorp- 
tion spectra of I and I1 and of the related com- 
pounds were determined. X-ray diffraction patterns 
of I and I1 were also determined. 

The melting point of I1 was in the range of 82- 
83",l while I began to melt a t  73", and in the range 
of 73-83", solid remained mixed with melted sub- 
stance. It melted completely a t  the same tempera- 
ture as the melting point of 11, ie., a t  83". However, 
when I was heated extremely slowly on the micro- 
scope hot stage, white pillars changed to pale 
yellow needles as soon as the former melted a t  73". 
The latter melted a t  83". This indicates that I was 
converted to I1 a t  73". Transformation of I to I1 
was observed on recrystallization as stated above. 
The melt formed by heating I or I1 over 83" did 
not crystallize and remained as yellow viscous oil 
even after being kept a t  room temperatures. How- 
ever, when one pillar of I or one needle of I1 was 
added to  the oil a t  the temperatures near 70", 
the oil crystallized to yellow needles (11). Trans- 
formation from I1 to I was also successful by add- 
ing one pillar of I to  a saturated solution of the 
melted compound in petroleum ether below 30". 
Observations mentioned above indicate that two 
polymorplis are easily interconvertible, and I1 
is more stable than I. Easy convertibility with 
each other again precludes the possibility of isomers 

D. Dibenzhydryl tetrasulfide (I). E. Dibenzhydryl tetra.- 
sulfide (11). F. Dibenzhydryl pentasulfide 

having branched sulfur chains. However, these 
observations do not decide whether possibility 
A or B is applicable. 

Infrared absorption spectra of dibenzhydryl 
polysulfides, including I and 11, were determined 
with a potassium bromide prism (12-25 p )  and indi- 
cated in Fig. la-f. In  general, assignment of C-S 
and S S  vibrations are considered to be difficult 
because of their very weak intensities and wide 
range of the absorptions and because of the tend- 
ency to be shifted easily by neighboring groups. 
Moreover, only a few examples in this range can 
be found in the literature. Therefore, it is necessary 
here to determine the spectra of the homologous 
compounds and to  compare them with each other, 
in order to correlate an absorption band to a given 
structural bond. Of the three spectral bands which 
appeared in the range of 700-770 cm.-l in Fig. 1, 
the central band near 716-727 em.-' can be cor- 
related with C 4  vibration, and the other two to 
C-H out-of-plane deformations of monosubsti- 
tuted aromatic ring in benzhydryl group. The latter 
two are well defined as such3 and the former is ob- 
served in each spectrum of the polysulfides in- 
cluding the monosulfide. Moreover, no vibration 

(3) J. L. Bellamy, The Infrared Spectra of Complex Mole- 
cules, 2nd Ed., London, 1958, p. 350. 
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except those of C-H out-of-plane deformations 
of phenyl groups can be expected with respect to  
dibenzhydryl polysulfides. Absorption bands in 
the region of 590-625 em.-' can be correlated with 
the dibenzhydryl group, because all these bands for 
t m h  compound are observed in the same frequency 
except for those of the monosulfide. Moreover, 
infrared spectrum of dibenxhydryl ether was de- 
termined in potassium bromide region, and three 
bands (578, 601, and 617 cm.-l) were observed. 
-4bsorption bands near 500 em.-', which do not 
appear in the spectrum of dibenzhydryl ether, 
are correlated with C-S and S S  vibrations re- 
spectively, and that vhich does not appear in the 
spectrum for the monosulfide must be correlated 
to  S-S vibration. The above considerations are 
summarized in Table I, in which some absorption 
bands are correlated to C S  and S-S bonds. 

The identity period along the c axis of I and I1 
were also determined by the x-ray rotating crystal 
method; these were 8.0 and 5.7 A for I and I1 
respectively. 

Whether possibility A or B is applicable to ex- 
plain the polymorphism may be decided by con- 
sidering the results obtained above and by refer- 
ring to some literature references on sulfur chemis- 

TABLE I 

HYDRYL POLYSULFIDES 
ASSIGNMEST OF C-S AXD S-S VIBRATIOXS IN DIBEXZ- 

C--8, s-s, 
Cm.-l Cm.-l 

[(C6'&)2CHl,S 716.8 512.3 - 
[( CeHa)zCH] pS 719.4 501.3 492.6 
[ (C~&)ZCHI~S 716.3 500.5 486.1 
[(Ca&.)zCHl2S, I 726.2 511.8 487.8 
[(Ce"WH] .S, I1 714.3 501.3 491.4 
[ (  csH~,)zcH]?S 725.7 506.3 489.5 

try. Table I indicates that I and I1 have C-S and 
S--S vibrations different from each other, and Fig. 
1 indicates that absorption bands of I have stronger 
intensities than those of 11, in general. This dif- 
ference may be explained by an assumption that 
two polymorphs are rotational isomers of each 
other, and that I1 has better symmetry than I. 
Cymernian and Willis4 reported that weak S-S 
vibration was found in a spectrum of diphenyl 
disulfide, while the corresponding vibration could 
not be found in that of diphenyl disulphone be- 
cause of its symmetrical center. Woodrow, Car- 
mack, and Miller5 concluded from determination of 
dipole moments that n-hexadecyl tetrasulfide in 
benzene has three pairs of conformers, which result 
from rotation of S-S bonds. Thus, if one assumes 
that I is composed of one specific configuration 
among these conformers and I1 another, the slight 

(4) J. Cymerman and J. B. Willis, J. Chem. SO~., 1332 

(5) C. C. Woodrow, M. Carmack, and J. G. Miller, J. 

~- 

(1951). 

Chem. Phys., 19,951 (1951). 

shift of the infrared absorption bands from I to  
I1 could be explained. The weaker intensities of 
bands of I1 than those of I could be attributed to 
a better symmetry of the former, while possibility 
I3 predicts nothing about the infrared spectra. 
The observations that the melted tetrasulfide does 
not crystallize even after long stmiding at  room 
temperatures and that I, 11, or their niisturc is 
obtained depending on the temperatures during 
preparation are explained by assuming that poly- 
sulfides in liquid state or solution are in equi- 
librium of several configurations, and that the 
tetrasulfide can take two specific configurations 
depending on conditions under which it solidifies 
or crystallizes. The reason why benzhydryl tetra- 
sulfide has such rotational isomers in the solid 
state may be found in a similar example in the 
study of a series of polymethylene dihalides TX- 
(CH2).X]. Brown and Sheppard6 fomd that tri- 
methylene diiodide alone has two solid rotational 
isomers, one stable (TT) and one metastable 
(TG) isomer, while no other polymethylene 
dihalides have such metastable solid isomers. 
In  this case, the bulky iodine atoms located a t  
both ends of the molecule and the specific chain 
length of methylenes may lead to a metastable solid 
rotational isomer. The same situation may hold 
for the series of benzhydryl polysulfides. The bulky 
benzhydryl end groups and specific sulfur chain 
length of the tetrasulfide may lead to such a meta- 
stable rotational isomer as well. 

Palmer' reported the configuration of sulfur 
monochloride, in which the dihedral angle between 
C1-SS-C1 is near 100". When the synthesis of 
benzhydryl tetrasulfide is carried out a t  lower tem- 
peratures, the product may be assumed to maintain 
the same or similar dihedral angles between 
<SlS2S3 and <S:S,S4 as that of sulfur monochloride. 
This configuration corresponds to I. On the other 
hand, a t  higher temperatures S-S bond rotation 
may occur owing to steric repulsion of each bulky 
dibenzhydryl group. This leads to a more coiled 
and more stable configuration, which corresponds 
to  11. The x-ray diffraction pattern and infrared 
spectra which indicate better symmetry of I1 are 
in accord with the above assumption. 

In summary, polymorphism of dibenzhydryl 
tetrasulfide may be interpreted as due to rotational 
isomerism, and all the experimental results and 
literature references cited support this assumption. 

EXPERIIMEKTAL 

Preparation of I. White pillars of I were prepared by con- 
densation of a slight excess of benzhydrgl mercaptan (b.p. 
9&99O/0.03 mm.) and freshly distilled sulfur monochlo- 
ride.2 In a stream of nitrogen gas and protected against 
moisture, sulfur monochloride in carbon disulfide was 

(6) J. K. Brown and N. Sheppard, Proc. Roy. SOC., 231, 

(7) K. J. Palmer, J .  Am. Chem. Soc., 60,2360 (1938). 
555 (1951). 
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HSCHCOOH + olefin 
AH2COOH 

NaSCHCOONa I1 + 

Htirred into the mercaptan in carbon disulfide maintained 
111 a cooling bath below 30'. After standing for 4 hr., the 
solvent was evaporated under vacuum and the remaining 
oil was taken up in ether. The ether solution was stored in a 
refrigerator and white pillars were obtained from the yellow 
solution a few days later. 

AnaE. Calcd. for C N H ~ ~ S ~ :  C, 67.49; H, 4.79; S, 27.i2. 
Found: C, 68.00; H, 4.86; S, 27.30. 

Preparation of 11. Yellow needles of I1 were obtained by 
recrystallization of the white pillars from ether-petroleum 
ether (b.p. 33-46'). The analysis and physical properties 
of 11, including ultraviolet spectrum, have been reported.1V2 
The ultraviolet spectrum of I was identical m4th that of I1 
within experimental error. 

Infrared spectra of a series of dibenzhydryl polysulfides 
and dibenzhydryl ether in the range of potassium bromide 
were determined by using a Perkin-Elmer 21. Specimens 
were measured in a potassium bromide disk. 

X-ray diffraction patterns of single crystals of I and I1 
were determined by the rotating crystal method. An iron 

RSCHCOOH 
- + I  

CHiCOOH 

target was used (A = 1.93728 A), and the radius of the 
casset was 50 cm. Distances between equatorial line and 
first layer line and between the former and second layer 
line were 12 and 27.5 mm. respectively in the case of I, and 
those of I1 18 and 46 mm. respectively. 
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Solid S-alkylmercaptosuccinic acids have been prepared from olefins, mercaptans, and alkyl bromides and their melting 
points and solubilities have been studied as a function of the structure of the alkyl group. These properties vary with struc- 
ture in a predictable manner. The acids are satisfactory solid derivatives for primary olefins and mercaptans and both 
primary and secondary alkyl bromides because of the ease with which the reaction can be effected, the good yields obtained, 
and the ease of purification. They have the added advantage of being acids; thus their neutralization equivalents may be 
obtained for confirmatory characterization. 

In  the present era of instrumental analyses by 
which compounds are characterized with scarcely 
a trace of chemistry, it may seem archaic to propose 
a new reagent for the preparation of a solid deriva- 
tive to be used as an aid in compound characteriza- 
tion. There are times, however, when a good crystal- 
line derivative is highly desirable, but hard to 
find. This is especially true with the olefins, mer- 
captans, and alkyl bromides. 

2,4-Dinitrobenzenesulfenyl chloride*** is the most 
generally useful reagent for olefins4 and mer- 
captam6 Other reagents which have been proposed 
I uolude nitrosyl chloride, 4-mer~aptobipheny1,~ 
other sulfhydral compounds,' and silver 3,5- 
dinitrobenzoate plus iodine.8 

(1) Dow Chemical Co. Fellow, 1951-52; American Oil 
Co. Fellow, 1953-54. Present address: Dow Chemical Co., 
Freeport, Tex. 

12) N. Kharasch. J .  Chenz. Ed., 33.585 (1956). 
(3)  R. B. Lanyford and D. D. Lawson, J.'Chem. Ed., 

34, 510 (1957). 
(4) N. Kharasch and C. M. Buess, J .  Am. Chem. SOC., 

71, 2724 (1949); (b) N. Kharasch and A. J. Havlik, J .  Am. 
Chem. SOC., 75, 3734 (1953). 

(5)  H. Bohme and H. 0. Stachel, 2. Analyt. Chem., 154, 
2T (1957). 

( 6 )  C. T. Lester. F. G. Rodgers, and E. E. Reed, J .  Am. 
Chem. SOC., 66 ,  1674 (1944). 


