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The three-sulfur compounds formed on oxidation of the a-keto dithio acids prepared by the reaction 
of active methylene compounds with base and carbon disulfide have been shown to be 3,s-bis(acy1- 
methy1ene)-l,2,4-trithiolane derivatives. In several cases, two of the three possible geometrical isomers 
have been isolated and provisional stereochemical assignments have been made. The i.r. and U.V. spectra 
of the trithiolanes have been compared with those of corresponding 2,4-bis(acy1methylene)-l,3-dithie- 
tane derivatives (desaurins) and interpreted in terms of a strong conjugative interaction between the 
sulfur atoms and carbonyl groups. 

I1 a kt6 dtmontrt que les composds contenant des trois atomes du soufreet formts paroxydation des acides 
dithio a-cetoniques obtenus lors de la reaction du sulfure de carbone avec de la base et des composes 
contenant des mCthyltnes actifs sont des derives du bis(acylm6thylene)-3,s trithiolane-1,2,4. Dans plusieurs 
cas, deux des trois isomeres geometriques possibles ont et6 isol6s et des configurations sterdochimiques 
provisoires ont pu Ctre attribukes. Les spectres infrarouge et ultraviolet des trithiolanes ont Bte com- 
parks a ceux des derivks bis(acylmCthyl6ne)-2,4 dithiktane-1,3(dksaurines) correspondants et ont etd 
interprttts en termes d'une interaction conjugative forte entre les atomes de soufre et les groupes 
carbonyles. 
Canadian Journal of Chemistry, 49, 1477 (1971) 

Introduction 
In the course of our investigation of the 

desaurins (I), it was observed that during re- 
crystallization of benzoyldithioacetic acid (I), the 
product obtained by treatment of acetophenone 
with base and carbon disulfide, an insoluble yel- 
low material was obtained. This gave on further 
recrystallization yellow needles, m.p. 236-238" 
(dec.), with the formula C18H120,S,. 

Many years ago Wenzel(2,3) had observed the 
formation of compounds containing three sulfur 
atoms when the sodium derivatives of active 
methylene compounds, such as diethyl malonate, 
were treated in carbon disulfide with bromine or 
iodine. These compounds were assigned struc- 
tures of type 2 and'were considered to arise via 
oxidation by the bromine of the salts of dithioace- 
tic acids analogous to 1. 

Subsequently, Kelber (4) found that oxidation 

C Z H , O ~ C ~ , C ~ ~ S  
S S S  

'For Paper 111 see ref. la. 

of the disodium salt of 1 with ammonium per- 
sulfate gave a three-sulfur compound, C, ,HI ,- 
02S3, m.p. 206-207"; he also obtained this com- 
pound by oxidation of 1 with iodine followed by 
recrystallization of the crude product from high 
boiling solvents, when hydrogen sulfide was 
eliminated. More recently, Gompper and Topfl 
(5) have reinvestigated the oxidation by bromine, 
iodine, and ammonium persulfate of the disodium 
salts of dithio acids derived by reaction of active 
methylene compounds with carbon disulfide. In 
some cases they again obtained three-sulfur com- 
pounds, but in others two-sulfur compounds were 
isolated. The latter were shown to be desaurins 
(3)' (1); the former were assigned structures of 
type 4 on the basis of their chemical properties 
and the similarity of their spectra with those of 
the desaurins. 

-- 
21n this and subsequent structures, no assignment of 

configuration is implied, unless specifically discussed. 
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TABLE 1 .  The n.m.r. spectra of 3,5-bismethylene-l,2,4-trithiolanes 
- 

Compound* 
S-S 

-. -. - 
23 (cH;~;c H C 1.20(s; 18H), 6.95(s, 2H) 
27a p-CH3C6H4 H C 2.42(s, 6H), 7.29(d, J = 8.5 Hz, 4H) 

7.48(s, lH), 7.68(s, 1H) 
7.89(d, J = 8.5 Hz, 4H) 

276 p-CH3C6H4 H S 2.47(~),  7.54(d, J = 8 .5  HZ) 
7 .75(~) .7 .98(d .J=  8 .5Hz)  

'See text for stereochemical assignments. 
tC. Deuteriochloroform; S, 96% sulfuric acid. 

Among the cases investigated by Gompper and 
Topff was that of the disodium salt of 1 ;  this on 
treatment with bromine gave in high yield a yel- 
low crystalline compound, Cl,H1202S3, m.p. 
216220" (dec.). We found that on repeated re- 
crystallization from toluene the m.p. of the prod- 
uct formed in this reaction is raised to 236238" 
(dec.) and that this m.p. is undepressed on ad- 
mixture of the product with that obtained during 
our recrystallization of 1 ;  the spectra of the two 
products were also identical. It is thus clear that 
these products are the same and probable that our 
product was formed by air-oxidation during the 
recrystallization. 

We embarked on a fuller study of these three- 
sulfur compounds for several reasons. First, to 
provide further evidence for the assignment of 
structure; although the spectral data excluded 
structures of type 2 for these compounds, they did 
not definitively establish structures of type 4. 
Second, to examine the possibility of stereoisom- 
erism among these compounds. Third, to examine 

oxidant. It was shown to have the molecular for- 
mula CI4H2,O2S3 by elemental analyses and 
mass spectrometry. Its n.m.r., i.r., and U.V. spectra 
are given in Tables 1-3; they are in accord with 
the assignment of a structure of type 8 and will be 
discussed subsequently. 

Reduction of this substance with zinc and acetic 
acid gave three products. One was shown to be 
ethyl t-butyl ketone (5) by its i.r. and n.m.r. spec- 
tra and by the m.p. of its 2,4-dinitrophenylhydra- 
zone. 

One of the other products was a colorless, crys- 
talline solid, Cl,H2,S2. Its i.r. spectrum showed 
a weak band at 6.1 5 p, characteristic of ethylenic 
or aromatic bonds, and a doublet at 7.18 and 7.32 
p, assignable to t-butyl groups. Its n.m.r. spec- 
trum exhibited two singlets at 6 1.40 (18H) and 

TABLE 2. The i.r. spectra of the 3,5- 
bismethylene-l,2,4-trithiolanes 

Compound* Medium? Lmax (p) 

in detail the relationship between their spectra 19 C 6.25 
and those of the desaurins. 23 C 6.18, 6.26(sh) 

27a N 6.23, 6.25, 6.43 
276 N 6.26, 6.42 

Reactions and Structures of the Three-sulfur 28a N 6.21, 6.26, 6.40 
Compounds 286 N 6.26, 6.39 

The compound whose chemistry has been ex- 29a N 6.25, 6.35, 6.44 
296 N 6.25, 6.35,,6.44 

amined most extensively is that derived from 30 N 6.21,6 .29 
pinacolone. This was prepared in 34% yield by 36t U 6.19 
the general method of Gompper and T~pff  (5) *See Table 1 for structures of compounds. 

with the use of ammonium peroxydisulfate as tN, Nujol mull; C. chloroform; U, unspecified. 
$Referen= 16. 
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YATES AND LYNCH: CARBON DISULFIDE. IV 

TABLE 3. The U.V. spectra of 3,5-bismethylene-l,2,4-trithiolanes 

Compound* Solvent? xmax ( m ~ )  (4 

'See Table 1 for structures of compounds. 
tC, Chloroform; D, dioxane; E, 95% ethanol. 

6.82 (2H). The high field signal could tentatively 
be assigned to two t-butyl groups in equivalent 
chemical environments; the position of the signal 
suggested that these groups might be attached to 
an aromatic ring system. The low field signal 
could then be due to two protons attached direct- 
ly to this system in equivalent chemical environ- 
ments. These spectral data, the origin of the com- 
pound, and the fact that its molecular formula 
requires the presence of a total of five double 
bonds and/or rings, suggested that it might be 
2,5-di-t-butylthieno[3,2-blthiophene (6). 

the observation (10) that t-butylation of the 
parent compound gave, inter al., a compound 
whose i.r. and n.m.r. spectra and m.p. were iden- 
tical with those of our product; a mixture m.p. 
point showed no depre~sion.~ Given this proof of 
the nature of the aromatic nucleus of the com- 
pound CI4H2,S2, the only structures other than 6 
that can be entertained are the corresponding 2,3- 
and 3,5-di-t-butyl derivatives. The former is most 
unlikely to give the simple n.m.r. spectrum ob- 
served for this compound, and both, unlike 6 
(vide infra), could arise only by a complex series of 
rearrangements. Structure 6 is thus preferred for 
this product. 

5 The third reduction product was an oil, which 

(CH3)jC gave a yellow bis-2,4-dinitrophenylhydrazone, 

W C ( C H J 3  

C26H34N808S. The formula of the oil was thus 
indicated to be CI4Hz6O2S, indicating that it is 
acyclic and has no double bonds other than those 

6 of the two carbonyl groups. Its i.r. spectrum 
showed a single carbonyl-stretching band at 5.84 
p. Its n.m.r. spectrum in carbon tetrachloride 

(cH~)~cCOCH~CH~SCH~CH~COC(CH,), solution showed two singlets at 6 1.14 (18H) and 
7 2.67 (8H); this simplicity was deceptive, how- 

Strong confirmatory evidence for the presence ever, since in benzene solution the lower-field sig- 
of the ring system was provided by the U.V. spec- nal appeared as a symmetrical multi~let at 6 2.62. 
trum which exhibited maxima at 269 (E 17 400) 0" the basis of these data, structure 7 is assigned 
and 280 mp  (E 12 600), while the parent corn- to this product; this was confirmed by the fact 
pound, thieno[3,2-b]thiophene, has u.v. maxima that on desulfurization with Raney nicke! it 
at 259 (E 12 600), 268 (E 10 OOO), and 278 mp  (E gave 5- 
10 000) (7). The related thieno [2,3-b]thiophene The formation of the three reduction products 
and thieno[2,3-clthiophene systems, however, 5, and the three-su1fur can 
give u.v. spectra (8, 9) that differ markedly from readily be interpreted in terms of the assignment 
the spectrum of the product. 

3We thank Professor S. Gronowitz, University of evidence for the presence of the Lund, for undertaking this synthesis and carrying out the 
thien0[3,2-blthiophene system was afforded by mixture m.p. determination. 
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z;l; 0 'l 
SH SH SH 
I 

RCOCH2CH-CCH2COR 
iZn':OAc RCOCH 

's' 

11 10 

b HOAc l= 

t o  it of a structure, 8, of the type proposed by 
Gompper and Topfl (Scheme 1). Reduction of 
the disulfide link would lead to  9. which would 
give10 on reduction of one of the ci,P-unsaturated 
carbonyl systems (or of its thione tautomer). Re- 
ductive carbon-carbon bond formation as in 
path a could then lead to  11,4 which after ring 
cleavage to  12 followed by dehydration would 
give 6. Alternatively, 10 could undergo reduction 
of its remaining ci,P-unsaturated ketone system 
(or of its thione tautomer) to  give 13, which on 
further reduction would give 5 and 7. 

Reaction of the threeIsulfur c o m ~ o u n d  with 
phosphorus pentasulfide in boiling xilene gave a 
compound C,H,,S,, m.p. 69.C69.5". This prod- 
uct showed no bands in the 5-6.5 p region of its 

4Cf. the occurrence of C-C bond formation in the 
nickel reduction of the desaurin derived from deoxy- 
benzoin (1). 

i.r. spectrum. Its n.m.r. spectrum showed two 
singlets a t  6 1.43 (9H) and 7.18 (1H). These data 
showed the product t o  be 5-t-butyl-l,2-dithiole-3- 
thione (14) (1 1). This structural assignment was 
corroborated by the similarity of the product's 
U.V. spectrum with that of 1 5  (12). The yield of 14 

was 56%, based on the formation of 2 mol from 1 
mol of the original three-sulfur compound. This 
reaction can again be readily interpreted in terms 
of the assignment of structure 8 to  the latter com- 
pound (Scheme 2). Conversion of the diketone 
in the usual fashion to  the corresponding dithione 
1 6  could be followed by processes (17 and 18, 
arrows) that lead t o  two molecules of 14. 
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YATES AND LYNCH: CARBON DISULFIDE. IV 

Reaction of 8 with phosphorus pentachloride 
gave a product, Cl,Hl,CI,O,S,. The U.V. spec- 
trum of this product indicated that the original 
chromophore was intact (vide infra). Its n.m.r. 
spectrum showed only a singlet at 6 1.33. These 
data are clearly in accord with the assignment to 
this product of structure 19, in which the vinyl 
hydrogen atoms are replaced by chlorine atoms. 
A related substitution reaction has been reported 
recently (13) in which treatment of the desaurin 
20 with bromine gives 21. 

S-S 

appears to be the 2,4-bismethylene-1-thiono-1,3- 
dithietane, 22. However, branched bonding at sul- 
fur is unlikely in the present case. Such bonding 
appears to occur only in cases where the sulfur 
atom to which the branch is attached is also 
bonded to highly electronegative atoms (14). The 
assignment of structure 8 has subsequently been 
confirmed by an X-ray crystallographic study by 
Nyburg and Mellor (15), which has shown the 
compound to have the structure, configuration, 
and conformation shown in 23. 

S 
II 
S 

23 
Thus, these reactions of the three-sulfur com- 

I pound from pinacolone can all be interpreted in Compounds with the gross structure 4 can exist 
terms of structure 8. The only possible alternative as three geometrical isomers: trans (24a), cis, 
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(24b), and cis, ( 2 4 ~ ) . ~  As expected on the basis of 
the assignment of the cis, configuration 23 to the 
trithiolane from pinacolone, this compound 
shows a single vinyl proton signal in its n.m.r. 
spectrum (Table 1). The n.m.r. spectrum of the 
crude product and that of a sample recovered 
after solution of the pure product in 96% sulfuric 
acid and quenching on ice showed an additional, 
weak signal at F 7.10, indicating the presence of a 
second geometrical isomer. Attempts to isolate 
this were unsuccessful, however. 

More success was met in the case of the product 
from p-methylacetophenone. Two isomeric tri- 
thiolanes, C2,Hl6O2S,, were obtained. The 
major product was insoluble in chloroform and 
had m.p. 251-252", while the minor product was 
chloroform-soluble and had m.p. 213.5-214.5". 
The i.r.and U.V. spectra of these products (Tables 
2 and 3) were in accord with the assignment of 
structures analogous to that of the trithiolane 
from pinacolone. Furthermore, reduction of the 
higher-melting isomer with zinc and acetic acid 
followed by lithium aluminum hydride gave l-p- 
tolyl-1-propanol (25), confirming the assigned 
carbon skeleton, and treatment with phosphorus 
pentasulfide gave a product, C,,H,S,, whose 
spectra (see Experimental) showed it to be 26, the 
analog of 14. 

The n.m.r. spectrum (CDCI,) of the lower- 
melting isomer (Table I), showed in addition to 

signals attributable to the p-tolyl protons, two 
singlets at F 7.48 and 7.68 that can be assigned to 
the vinyl protons. This isomer must therefore be 
the trans compound 27a, since this is the only one 
of the three isomers of type 24a-c that has chem- 
ically non-equivalent vinyl protons. The two p- 
tolyl rings in 27a also are non-equivalent; how- 
ever the difference between their environments 
must be too small to lead to differentiation of 
their proton signals. The n.m.r. spectrum of the 
higher-melting isomer could not be taken in con- 
ventional solvents because of its insolubility. Its 
spectrum in 96% sulfuric acid showed in addition 
top-tolyl proton signals a singlet at F 7.75 attrib- 
utable to the vinylic protons. This is in accord 
with the assignment to it of either a cis, or cis, 
structure, each of which has chemically equiva- 
lent vinyl  proton^.^ No firm basis for choice be- 
tween their two structures is available, but the 
cis, structure 27b is provisionally assigned by 
analogy with 23. 

When the lower melting isomer was heated 
under nitrogen at 225" it was converted to the 
higher-melting isomer. The observation that ther- 
mal interconversion of one isomer to another can 
occur and that the higher-melting isomer is 
favored ~rovides some evidence that this isomer 
has the cis, rather than the cis, structure. For it 
has been found that in this type of compound 
there is an attractive interaction between the oxy- 

51n the general case the designations cisl and cisz are 
arbitrary. However for all the cases examined by us, X = 
RCO # Y, and we define 24b as cisz (RCO groups cis to 
two-sulfur bridge) and 24c as cisl (RCO groups cis to 
one-sulfur bridge). 

6The use of sulfuric acid as solvent leads to the possi- 
bility of isomerization in solution (vide supra); however, 
in this case there was no spectral evidence of suchjsomer- 
ization, and the higher-melting isomer was recovered un- 
changed on quenching the solution on ice. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
O

N
C

O
R

D
IA

 U
N

IV
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



YATES AND LYNCH: CARBON DISULFIDE. I V  1483 

gen and sulfur atoms (1, 1 5),7 and it may be antici- 
pated that the cis, isomer will be more stable than 
the cis, isomer because the two oxygen atoms 
intera'ct with a common sulfur atom in the latter 

I case while in the former they interact with two 
different sulfur atoms. 

The observation that two isomeric trithiolanes 
are formed from p-methylacetophenone led us to 
reexamine the case of aceto~henone. As has been 
discussed previously, the major product, C, ,HI ,- 
02S3, has m.p. 236-238" (dec.). Work-up of the 
mother liquors from the crystallization of this 
compound led to the isolation of a more soluble, 
isomeric compound, m.p. 167.5-1 68.5". The viny- 
lic proton signals in the n.m.r. spectra of both 
isomers are embedded in the aromatic proton 
multiplets and do not serve to distinguish be- 
tween the isomers in this case. A tentative assign- 
ment of stereostructures 28a and b to the lower- 
and higher-melting isomers is made on the basis 
of the m.p. and solubility relationships and analo- 
gy with 23. The fact that the lower-melting isomer 
resolidified above its m.p. and melted again with 
decomposition at ca. 225" strongly indicates that 
thermal conversion of the lower- to the higher- 
melting isomers occurs in this case also. 

A third instance of the formation of two stereo- 
isomeric trithiolanes was observed in the case of 
deoxybenzoin. The major product, C3,H,,0,S3, 
m.p. 277-278" (dec.), was accompanied by a 
minor, isomeric, more soluble product, m.p. 219- 
220". Since these products lack vinyl hydrogen 
atoms, the trans isomer cannot be recognized by 
n.m.r. spectroscopy. A tentative assignment of 
stereostructures 29a and b to the lower- and 
higher-melting isomers, respectively, is again 
made on the basis of the m.p. and solubility re- 
lationships and analogy with 23. 

'Nyburg and Mellor (15) have tound the shortest 
S-0 distances (2.51 A) in 23 to be markedly smaller 
than the sum of the van der Waals' radii of sulfur and 
oxygen (cf. ref. 1). 

From mesityl methyl ketone only a single tri- 
thiolane, C,,H,,0,S3, was obtained. Its n.m.r. 
spectrum (Table 1) showed a single low-field 
singlet attributable to superimposition of the sig- 
nals due to both the vinylic and phenyl protons. 
Thus this is most probably a cis stereoisomer and 
it is provisionally assigned the stereostructure 30 
by analogy. 

We conclude this discussion of the reactions 
and structures of the 3,5-bismethylene-l,2,4-tri- 
thiolanes by noting that two reactions have been 
reported in which these compounds are con- 
verted to desaurins, i.e., 2,4-bismethylene-l,3- 
dithietanes (3) (1). Wenzel (3) observed that 
saponification of the trithiolane 31 with sodium 
hydroxide in ethanol followed by acidification 
gave the desaurin 33.' This transformation most 
probably involves the reductive cleavage of the 
disulfide linkage by the alcoholic base (cf. Scheme 
1, 8 -+ 9) to give 32 followed by closure to the 
desaurin with elimination of sulfide ion (Scheme 
3). 

More recently, Kirby (16) has converted the 
trithiolane 36 to the desaurin 37 by treatment 
with boiling triethyl phosphite. The trithiolane36 
was obtained by an analogous, novel method, 
viz., reaction of triethyl phosphite with the tetra- 
thiane 35 at room temperature (or by heating 35 
in boiling toluene). The tetrathiane 35 (16, 17) 
was obtained by reaction of 34, the adduct of 
biacetyl and trimethyl phosphite with carbon di- 
sulfide (Scheme 4). 

Spectra of the 3,5-Bisnlethylene-1,2,4- 
trithiolanesg 

Aspects of the n.m.r. spectra of the trithiolanes 
have already been discussed in the discussion of 
stereochemistry. It remains here to comment that 
the expected relationship between the vinylic pro- 
ton signals in the spectra of the alkyl ketone 23 
and the aryl ketones 27b and 28b holds in that the 
former appears at 6 6.95, while the latter are 
shifted to lower field (6 7.4-7.7). Further, the 
mesityl ketone 30 more closely resembles the 
alkyl ketone than the other aryl ketones in this 
respect, as anticipated to result from a consider- 
able departure from coplanarity of the mesityl 
and a, P-unsaturated carbonyl systems (18). It is of 
interest to note that the vinylic proton signals of 

8The desaurin was originally considered to be a cyclo- 
butane-1,2-dithione on the basis of the erroneous assign- 
ment of structure 2 to the trithiolane (3). 

9For a discussion of the mass spectra of several 3,s- 
bismethylene-l,2,4-trithiolanes see ref. 6.  - 
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CH3 
\ C /"\ CH3CO 

\ /-\ / 
CH3 

cs2 

/P(OCH3r-  
C = C  c==c 

CH3 
/ \ / \  

/ "0 
S-S COCH3 

CH3 
34 35 I P(OC2H5)3 

276 and 286 in sulfuric acid are only at slightly 
lower field than those of 27a and 28a in deuterio- 
chloroform. Presumably, the species present in 
the sulfuric acid solutions are cations of type 38 
(or the corresponding dications). Protonation of 
simple ci, P-unsaturated ketones normally causes a 
shift of 0.61.0 p.p.m. to lower field of the ci- 

vinylic proton signal (19, 20), e.g. protonated 
mesityl oxide (39) shows this signal at 6 6.96 (19) 
(A6 = 1.0). The n.m.r. data in the present case 
indicate that the positive charge is more exten- 
sively delocalized, thus reducing the effect on the 
vinylic proton. 

+OH S-S 

Bands in the 5-6 p region of the i.r. spectra of 
the trithiolanes are listed in Table 2. These bands 
resemble those in this region in the spectra of the 
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YATES AND LYNCH: ( 3ARBON DISULFIDE. IV 1485 

desaurins (1) in that the carbonyl-stretching 
bands are at unusually long wavelength and often 
appear to be unusually weak. The trithiolanes 23 
and 36 of type 40 (R' = H or alkyl) have their 
carbonyl-stretching band at 6.18-6.19 p." This 
represents a significant shift to longer wavelength 
relative to the corresponding desaurins. It is pos- 
sible that this shift is related to the fact that the 
S 4  distance in the trithiolane 23 has been 
found to be shorter than that in one of the de- 
saurins (15). In more general terms, the geome- 
try of the trithiolanes may be more favorable 
for delocalization of the unshared electrons on 
sulfur than that of the dithietanes. It is note- 
worthy that the carbonyl-stretching band of 19, 
in which the vinylic hydrogen atoms of 23 are re- 
placed by chlorine atoms, is shifted to 6.25 p. In 
the case of cyclic enones substitution of chlorine 
for @-vinyl hydrogen usually causes a shift of the 
carbonyl-stretching band to lower wavelength 
(21). The present result can be interpreted as due 
to the existence of 19  in an s-cis conformation; 
the dipoles of the carbon-halogen bonds would 
then facilitate the stretching of the carbonyl 
bonds, in contrast to their effect in the s-trans 
cyclic enones. 

I S-S S- 

RCOC==C 
/ \ 

C==CCOR 
I , \ /  I 

R S R' 
/ \ 

S- 
40 R = alkyl 
41 R = aryl 

As in the case of the desaurins, the carbonyl- 
stretching bands of compounds of type 27 and 28 
with an aryl group in conjugation with the car- 
bony1 group (41) are moved to longer wavelength. 
Again they occur at longer wavelength than in the 
case of the corresponding desaurins. Their range 
cannot readily be defined because of overlap with 
aromatic stretching vibrations; the lower wave- 
length limit, however, is 6.21 p. Compound 30, 
the mesityl derivative falls at this lower limit as 
expected, due to departure from coplanarity of 
the aryl rings and the carbonyl groups (18). 
Another feature of the trithiolane spectra that re- 
sembles those of the desaurins is the occurrence 
of strong or very strong bands in the region 6.8- 

I 

I l0The actual range may extend to slightly longer wave- 
length, since the shoulder at 6.26 p in the spectrum of 23 
suggests that the carbonyl-stretching band in this case 
may be split (cf. ref. 1). 

7.2 p." These are probably similar in origin to 
strong bands observed in the 6.5-7.0 p region of 
the spectra of the desaurins and related two- 
sulfur compounds (1, 22). These have been as- 
signed by Jensen and Henriksen (22) to the v, 
vibration of the grouping 42. As previously noted 
(I), this assignment must be considered as pro- 
visional because strong bands due to aromatic 
C-C stretching and aliphatic C-H bending vi- 
brations can also occur in this region. 

Examination of the i.r. spectra of the trithio- 
lanes suggests that the carbonyl-stretching bands 
have unusually weak intensities relative to other 
bands in the spectra, as in the case of the desau- 
rins (1). Measurement of the integrated absorp- 
tion intensity for 27a in chloroform solution gave 
a value of 4.17, i.e., 2.09 per carbonyl group, and 
for 27b in a potassium bromide disc a value of 
2.24, i.e., 1.12 per carbonyl group.12 These values 
are comparable with those for benzophenone in 
chloroform and in a potassium bromide disc, i.e., 
2.35 and 1.20, respectively. The apparent abnor- 
mal weakness of the carbonyl-stretching bands 
observed on qualitative examination of the spec- 
tra is presumably due to the presence of unusually 
strong bands in other regions of the spectra and 
the fact that most of the spectra were recorded in 
the solid state.13 In the case of planar chromo- 
phores, conjugation with an ethylenic double 
bond or aromatic ring brings about an increase in 
the carbonyl-stretching band intensity (23, 25). 
While the positions of the carbonyl-stretching 
bands of 27a and b show a considerably higher 
degree of conjugation than that in benzophenone, 
their integrated intensities per carbonyl group are 
slightly lower than the intensity of the carbonyl- 
stretching band of benzophenone. Thus, there 
does in fact appear to be a significant reduction in 
intensity relative to simple conjugated ketones 
when carbonyl groups are conjugated with the 
grouping 42. As for the desaurins (I), this may be 
due to an interaction through space between the 
sulfur and oxygen atoms (15) in these compounds. 

The U.V. maxima of the trithiolanes are listed in 
Table 3. The spectra ofcompounds 19,23, and 36 

"Although most of the spectra were recorded in Nujol 
mulls, it is clear that strong absorption due to the sample 
is superimposed on the Nujol absorption in this region. 

''See ref. 1 for details of these integrated intensity 
measurements; the values are given in absorbance units 
(23), i.e., 1 x lo4 mol-' I cm-l. 

131t has previously been found that absorptivities are 
less in the solid state than in solution (24). 
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of type 40 (R' = H, CH,, or C1) have a high in- 
tensity long wavelength maximum at 339-352 mp 
(E 19 500 - 19 800) and another maximum at 232- 
241 mp (E 15 100 - 17 800). These may be com- 
pared with the spectra of analogous desaurins 
which have maxima at 350-370 mp (E 28 700 - 
29 500) and ca. 242 mp (E 1440-25 10) (1, 16), and 
of the related compound 43, which has maxima 
at 317 (E 8950) and 243 mp (E 5360) (16,26). The 
relationship among these spectra is consistent 
with transmission of delocalization through one 
or more of the sulfur atoms in the trithiolanes, 
but to a lesser extent than in the desaurins (13,16). 
This reduction most probably reflects reduced 
transmission through the disulfide linkage rela- 
tive to that through the single sulfide linkage. The 
relationship among the spectra of 19, 23, and 36 
is in accord with expectation in that substitution 
of alkyl groups or chlorine atoms for vinylic hy- 
drogen atoms leads to a bathochromic shift of the 
long wavelength maximum. 

The stereoisomers of the trithiolanes 27, 28, 
and 29 of type 41 show maxima in their U.V. spec- 
tra at 378-395 mp (E 29 500 - 35 500) and 265- 
282 mp (E 21 400 - 27 500). The bathochromic 
and hyperchromic shifts of the long wavelength 
maxima relative to those of the trithiolanes of 
type 40 clearly reflect the additional conjugation 
of the carbonyl groups with the phenyl groups. 
Again, the spectra give evidence of transmission 
of delocalization through one or more of the sul- 
fur atoms [cf. the spectra of the related com- 
pounds of type 44: A,,, 344-350 mp (E 15 800 - 
22 900) and 257-263 mp (E 7940 - 14 500) (l)], 
but indicate that this is less than in the case of the 
related desaurins [A,,, 392419 mp (E 38 100- 
49 000) and 266-274 mp (E 17 000 - 22 900) (I)]. 
The relationship among the spectra of the stereo- 
isomers of 27,28, and 29 is analogous to that in 

the case of the related desaurins in that substitu- 
tion of phenyl groups for vinylic hydrogen atoms 
leads to a bathochromic shift of the long wave- 
length maximum. The relationship between the 
spectra of each pair of stereoisomers indicates 
that the cis isomers have long wavelength maxima. 
a t  somewhat longer wavelengths than the cor- 
responding trans isomers; the relationship is 
clouded, however, by the fact that the long wave- 
length maxima can show shoulders at either 
shorter or longer wavelength. 

The trithiolane 37 of type 41, but with R = 
mesityl, has a U.V. spectrum that more closely 
resembles the spectra of the trithiolanes of type 40 
than the spectra of the other trithiolanes of type 
41. This difference is readily attributable to the 
usual marked departure from coplanarity of the 
aryl ring and the carbonyl group in mesitoyl 
derivatives (1 8). 

Experimental 
Melting points were taken on a Fisher-Johns micro hot 

stage and are corrected. Solutions in organic solvents 
were dried over anhydrous sodium sulfate. The n.m.r., 
i.r., and U.V. spectroscopic data for the trithiolanes are 
listed in Tables 1-3 in the text. 

Preparation of the Trithiolarze 23 ( 8 )  from Pinacolone 
Pinacolone (5.00 g, 50.0 mmol) was added dropwise to 

a stirred suspension of sodamide (1.95 g, 50.0 mmol) in 
anhydrous ether (40 ml) cooled in ice. When anion forma- 
tion was complete, carbon disulfide (1.50 ml, 25.0 mmol) 
was added slowly. The bright yellow precipitate that 
formed was dissolved by the addition of methanol (5 ml). 
Ammonium peroxydisulfate (5.70 g, 25 mmol) in water 
was then added slowly, and, when the addition was com- 
plete, the solution was stirred for a further 0.5 h and 
filtered. The solid was dissolved in chloroform, the solu- 
tion was filtered and dried,and the solvent was removed to 
give 8 (23) as a pale yellow solid (1.34 g, 34%), m.p. 202- 
204". Five crystallizations from chloroform-hexane gave 
fine, very pale yellow needles, m.p. 211.5-212.5". 

Anal. Calcd. for C14H2002S3: C, 53.12; H, 6.37; S, 
30.39. Found: C, 53.23;H,6.22; S,30.24. 

Reduction of 8 with Zinc and Acetic Acid 
A mixture of 8 (6.80 g, 21.5 mmol), zinc dust (21.3 g, 

325 mg-atoms), and glacial acetic acid was boiled under 
reflux with stirring for 5 h. After cooling, the reaction 
mixture was diluted with ether and filtered, and the fil- 
trate was washed with water until free of acetic acid. The 
ethereal solution was dried, and the solvent was removed 
by careful distillation until only a few milliliters remained. 
The residual solvent and the volatile product were re- 
moved by distillation at 80" (10 mm) into a series of Dry 
Ice traps. Distillation of the material in the traps gave 
ethyl t-butyl ketone (5; 1.78 g, 36%), b.p. 12&125", 
identified by its i.r. and n.m.r. spectra, and the formation 
of a 2,4-dinitrophenylhydrazone, m.p. 144.5-146" [lit. 
(27) m.p. 143.5-144.5"]. 
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The non-volatile material (2.2 g) was chromatographed 
on silica gel. Elution with 2 % benzene-pentane gave 6 as 
a white crystalline solid (0.10 g), m.p. 161.5-162", after 
two sublimations at 100" (15 mm); h,,,(CCI,) 6.15 (w), 
6.7 (w), 6.85 (m), 7.18 (w), 7.32 p(w); h,,.(CZH50H) 269 
(E 17 400), 280 mp (E 12 600); 6 (CCI,) 1.40(s, 9H), 6.82(s, 
1H); m/e = 252 (mol. ion; 33.5%), 237 (loo%), 222 
(1 6.3 %), 207 (9 %). 

Anal. Calcd. for C14HZOS2: C, 66.61; H, 7.99; S, 25.41. 
Found: C, 66.47; H, 7.94; S, 25.24. 

The third reduction product, 7, was obtained as an oil 
(2.0 g) by elution of the column with 2-5% ether-ben- 
zene. Purification was effected by further chromatography 
followed by molecular distillation at 70' (0.2 mm); 
h,,,(CCl,) 5.84 (s), 6.76 (m), 7.18 (w), 7.31 p(m) ; 8 (CCI,) 
1.14 (s, 18H), 2.67 (s, 8H); 6 (C6H6) 0.93 (s), 2.62 (m). 

A bis-2,4-dinitrophenylhydrazone was prepared by the 
method of Shriner et 01. (28) and purified by five crystal- 
lizations from ethanol - ethyl acetate; m.p. 196-197.5". 

Anal. Calcd. for C26H34Ns08S: C, 50.47; H, 5.54; N, 
18.11; S, 5.18. Found: C, 50.62; H, 5.52; N, 17.86; S, 
5.35. 

Desulfurization of 7 with Raney Nickel 
A mixture of 7 (0.19 g, 0.720 mmol) and W-2 Raney 

nickel (ca. 2 g) in ethanol (15 ml) was boiled under reflux 
for 3.25 h under a slow stream of nitrogen. Nitrogen was 
bubbled through the solution for a short time after it had 
cooled to remove any acetaldehyde present. The solution 
was filtered, and the filtrate was treated with an excess of 
2,4-dinitrophenylhydrazine reagent (28). After standing 
overnight, the mixture was filtered to give the 2,4-dini- 
trophenylhydrazone of ethyl t-butyl ketone (0.082 g, 
20%), m.p. 136-138". One crystallization from 95% 
ethanol gave crystals, m.p. 142-143", undepressed upon 
admixture with an authentic sample, m.p. 144.5-146". 

Reaction of 8 tvifh Phosphorus Pentasulfide. 
I 
I 

Formation of 1 4  
A mixture of 8 (0.54 g, 1.70 mmol) and phosphorus 

, pentasulfide (1.00 g 2.30 mmol) In p-xylene (40 ml) was 
/ boiled under reflux for 2 h. When cool, the dark solution 
I was washed successively with aqueous 10% potasslum 

hydroxide, aqueous 10% hydrochloric acid, and water 
and dried. The solvent was removed and the crude prod- 
uct was crystallized from hexane to give 14 as yellow 
needles (0.37 g, 56 %), m.p. 69.0-69.5, after three crystal- 
lizat~ons from methanol; h,,.(CHCI,) 6.84 (m), 7.31 p(s); 
h,,,(CzH50H) 230 (E 9600), 246 ( E  5900), 268 (E 6900), 
317 mp (E 4400), 408 rnp (I 1 000); 6 (CDCI,) 1.43 (s, 9H), 
7.18 (s, 1H). 

Anal. Calcd. for C,HlOS3: C, 44.17; H, 5.30; S, 50.54. 
Found: C, 44.21; H, 5.30; S, 50.46. 

Reaction of 8 with Phosphorus Pentachloride. 
Formation of 19 

Compound 8 (0.100 g, 0.316 mmol) was mixed with 
phosphorus pentachloride (0.150 g, 0.680 mmol) and the 
mixture was heated at 140-145' under nitrogen for 50 

t min. Water and chloroform were added to the dark yel- 
low product after it had cooled, and the organic layer 

I was washed several times with water and dried. Removal 
of the solvent and crystallization of the residue from 

i acetone gave 19 as pale yellow needles (0.040 g, 3573, 

m.p. 222.5-223.5" after three further crystallizations from 
acetone. 

Anal. Calcd. for C,,Hl8Cl2OzS3: C, 43.63; H, 4.71; 
CI, 18.40; S, 24.96. Found: C, 43.78; H, 4.75; C1, 18.50; 
S, 24.56. 

Preparation of the Trithiolanes 27a and 6 from 
p-Methylacetophenone 

p-Methylacetophenone (6.70 g, 50.0 mmol) in anhy- 
drous ether (10 ml) was converted to a mixture of 27a and 
6 by the method used for the preparation of 23. The re- 
sulting yellow solid (3.87 g, 80%) was washed with water 
and methanol, air-dried, and heated briefly in chloro- 
form. The insoluble material was filtered off, and the 
filtrate was retained. The chloroform-insoluble material 
was recrystallized five times from toluene to give 276, 
m.p. 251-252". 

Anal. Calcd. for CZOH160ZS3: C, 62.47; H, 4.19; S, 
25.02. Found: C, 62.55; H, 4.49; S, 24.81. 

Evaporation of the chloroform filtrates to dryness gave 
a yellow solid, which was crystallized from benzene to 
give yellow crystalline clumps, m.p. 210-212" (0.60 g, 
13 %). Four recrystallizations from benzene gave 27a, 
m.p. 213.5-214.5". 

Anal. Calcd. for CZOH160ZS3: C, 62.47; H, 4.19; S, 
25.02. Found: C, 62.73; H, 4.20; S, 24.90. 

Compound 27a (0.027 g) was heated at 225" for 3 min. 
After cooling, the reddish solid was crystallized twice 
from toluene to give yellow needles (0.018 g, 6673, m.p. 
249-25Io, undepressed on admixture with 276. 

Reduction of 276. Formation of 25 
Compound 276 (3.14 g, 8.10 mmol) and zinc dust (18.5 

g) were suspended in glacial acetic acid (50 ml), and the 
mixture was boiled under reflux with stirring for 6 h. 
When the mixture had cooled, ether was added, and the 
acetic acid was removed by washing with water. Removal 
of the solvent gave a yellow oil (1.94 g) which was chro- 
matographed on silica gel. Fractions eluted with ether- 
benzene mixtures were combined and evaporated. The 
product was t~eated with excess lithium aluminum hy- 
dride in anhydrous ether, and the oil obtained was chro- 
matographed on silica gel. Elution with ether-benzene 
gave 1-p-tolyl-1-propanol (25) as an oil (0.52 g, 21 %): 
h,,,(CCI,) 2.74 p(m); 6 (CCI,) 0.82 (t, J = 7 Hz, 3H), 
1.55 (m, 2H), 2.26 (s, 3H), 4.35 (t, IH), 7.01 (s, 4H). The 
identity of this compound was confirmed by comparison 
of its spectra with those of an authentic sample prepared 
by reduction of p-methylpropiophenone with lithium 
aluminum hydride. 

Reactiori of 276 tvith Phosphorus Pentasulfide. 
Formation of 26 

A mixture of 276 (1.00 g, 2.60 mmol) and phosphorus 
pentasulfide (2.00 g, 4.60 mmol) in xylene was boiled 
under reflux for 2 h. When cool, the xylene solution was 
washed successively with aqueous 10% potassium hy- 
droxide, 10% hydrochloric acid, and water and dried. 
The solvent was removed to give a reddish residue which 
was chromatographed on neutral alumina (Woelm). 
Elution with benzene gave yellow-red oils, which crystal- 
lized spontaneously. These were combined and the prod- 
uct was recrystallized from benzene to give yellow crys- 
tals (0.757 g, 65 %). Five further crystallizations gave 26, 
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m.p. 119-120"; X,,.(CHC13) 6.22 (m), 6.73 (s), 7.10p(w); 
11,,,(C2H,0H) 230 (E 12600), 271 (E 8300), 327 (E 
21 N O ) ,  433 mp (E 10 700); 6 (CDCI,) 2.40 (s, 3H), 7.42 (s, 
1 H), 7.23 and 7.55 (dd, J = 8.5 Hz, 4H). 

Anal. Calcd. for CloH8S3: C, 53.53; H, 3.59; S, 42.88. 
Found: C, 53.49; H, 3.56; S, 42.84. 

Preparation of the Trithiolanes 28a and b from 
Acetophenone 

The method of Gompper and Topfl (5) was followed, 
giving the crude product in 65 % yield. The material was 
purified by recrystallization from toluene to give 28b as 
fine yellow needles, m.p. 236-238" (dec.). The same materi- 
al was also obtained by recrystallization of a yellow, in- 
soluble, material obtained during the purification of 
benzoyldithioacetic acid. A mixed m.p. with the material 
obtained by Gompper and Topfl's method showed no 
depression. 

Anal. Calcd. for Cl8H1,O2S3: C, 60.64; H, 3.39; S, 
26.99. Found: C, 60.53; H, 3.44; S, 26.77. 

The mother liquors from the first method of prepara- 
tion were stripped of solvent, and the residue was crys- 
tallized several times from benzene-hexane to give 28a, 
m.p. 167.5-168.5". 

Anal. Calcd. for Cl8H1,O2S3: C, 60.64; H, 3.39; S, 
26.99.Found:C,60.71;H,3.52;S,26.58. 

Preparation of the Trithiolanes 29a and b from 
Deoxybenzoin 

Deoxybenzoin (2.00 g, 10.0 mmol) in anhydrous ether 
(10 ml) was converted to a mixture of 29a and b by the 
method used for the preparation of 23. The resulting 
yellow precipitate (0.49 g, 38 %) was washed with water, 
air dried, and heated briefly in chloroform. The solution 
was filtered, and the filtrate was retained. The chloro- 
form-insoluble material (0.40 g, 31 %) was crystallized 
three times from toluene to give 296, m.p. 277-278" (dec.). 

Anal. Calcd. for C30H2002S3: C, 70.83; H, 3.96; S, 
18.91. Found: C, 70.85; H, 3.98; S, 18.60. 

Evaporation of the chloroform filtrates gave 29a, m.p. 
ca. 213" (0.085 g, 7%). After several recrystallizations 
from benzene-hexane, this had m.p. 219-220", with sub- 
sequent solidification and remelting at ca. 245" (dec.). 

Anal. Calcd. for C30H2002S3: C, 70.83; H, 3.96; S, 
18.91. Found: C, 70.90; H, 4.29; S, 18.85. 

Preparation of the Trithiolane 30 from Mesityl 
Methyl Ketone 

Mesityl methyl ketone (2.0 g, 12.5 mmol) in anhydrous 
ether (15 ml) was converted to 30 by the method used for 
the preparation of 23. Benzene was added to the reaction 
mixture, and the organic layer was washed several times 
with water and dried. The solvent was removed, and the 
crude product was crystallized from chloroform-hexane 
to give 30 as small plates (0.38 g, 29%), which after five 
further crystallizations from chloroform-hexane had 
m.p. 208.5-210". 

Anal. Calcd. for C,,H,,02S3: C, 65.42; H, 5.49; S, 
21.83. Found: C, 65.35; H, 5.52; S, 21.45. 

We thank the National Research Council of Canada 
for generous support of this work and for fellowship 
support (T.R.L.). 
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