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ether concentrate,21 and 5 ml. of dry pyridine in 10 ml. of dry 
benzene was added dropwise a t  5-10" with agitation a solution of 
3.5 g. (0.026 mole) of sulfur monochloride in 10 ml. of dry benzene 
over a period of 1.25 hr. White, crystalline pyridine hydrochlo- 
ride soon precipitated. The addition of more benzene (10 ml.)  
was necessary to loosen the crystalline mass. After the reaction 
mixture had come to room temperature, i t  was stoppered and 
allowed to stand overnight. Water (50 ml.) was added and the 
mixture was shaken for 15 min. The benzene layer was sepa- 
rated and the aqueous layer extracted with 10 ml. of benzene. 
The benzene layers were combined and washed successively with 
40 ml. of 1 .V sulfuric acid, 40 ml. of 1 S sodium bicarbonate, 
and thrice with 40-ml. portions of water. After the benzene solu- 
tion was filtered and dried over anhydrous sodium sulfate, the 
solvent \vas removed in uacuo a t  55-60" under nitrogen. When 
the solvent ceased to distil, the pressure slowly was reduced to 
34 mm. The crude product (7.9 g . )  was fractionated a t  0.021 
mm. under nitrogen. The portion that  distilled a t  83.2-88.5" 
was essentially pure di(methylthiomethy1) disulfide and that 
which distilled a t  90.2-li 1 O was impure trisulfide. Redistilla- 
tion of the latter fraction under the same conditions gave pure 
di(methylthiomethy1) trisulfide. Distiilation was discontinued to 
apoid decomposition when the residue did not distil upon raising 
the bath temperature to 165'. The residue (2.3 g., 35.4%) was 
impure tetrasulfide. The method of solvent e x t r a ~ t i o n ~ ' ~ ~ ~ ~ ~  
previously employed for the isolation and purification of higher 
polysulfides was used for this compound. Extraction with 
absolute alcohol, filtration of the alcohol solution, and removal of 
the solvent a t  room temperature in vacuo and under nitrogen 
gave the alcohol-soluble tetrasulfide. From t>his substance, 
after extraction with absolute chloroform and removal of the 
solvent under the same conditions, the di(methylthiomethy1) 
tetrasulfide was obtained as a pale yellow, moderately viscous 
oil with the usual garliclike odor. The yield was 1.39 g. (21.40/,). 

Di(methylthiomethy1) Pentasu1fide.-To a suspension of 12.1 g. 
(0.051 mole) of potassium pentasulfide in 100 ml. of anhydrous 
ether, protected from moisture and previously flushed with 
dry nitrogen, was added a solution of 9.8 g.  (0.101 mole) of chloro- 
methyl methyl sulfide in KO ml. of anhydrous ether over a period 
of 0.5 hr.  a t  room temperature, with magnetic stirring. The 
reaction mixture was flwhed again with dry nitrogen, stoppered, 
and allowed to react a t  rnom temperature for 13 days. During 
this time, the mixture was stirred 8 hr. daily for 9 days. The 
solid component changed from a coarse, orange-red powder to a 
pale yellow crystalline material. The reaction mixture was fil- 
tered under slight vacuum, the solid residue was washed with 
several 10-ml. portions of ether, and the washings were combined 
wit,h the filtrate. The resultant ether solution of the pentasulfide 
was washed with three 50-nil. portions of water, dried over an- 
hydrous sodium sulfate, filtered, and the ether removed by distil- 
lation a t  34-40' under a slight vacuum and in a nitrogen atmos- 
phere. The residue was taken to, and kept a t ,  50" and about 
35 mm. for 10 min. The yield of crude pentasulfide was 10 g. 
('70%). By extracting the crude product with absolute ethanol 
(disti!led over magnesium) to remove the alcohol-soluble impuri- 
ties, and by suhjecting the residue to a high vacuum a t  room 
temperature to eliminate the last traces of solvent, the penta- 
sulfide was obtained as a pale yellow, slightly viscous oil with the 
usual garliclike odor. The yield was 3.9 g. (27.3%). The 
pentasulfide was stable with respect to autodesulfuration on 
standing a t  room temperature. 

Di(methylthiomethy1) Polysulfide Products Higher than Penta- 
sulfide.*O-To a solution of 7.4 g. (0.079 mole) of methylthio- 
methyl mercaptan in 2 j  ml. of dry benzene was added a solution 
of 6.3 g .  (0.039 mole) of sulfur monochloride in 15 ml. of dry 
benzene according to the procedure described earlier for the 
tetrasulfide. No pyridine was used. Copious evolution of 
hydrogen chloride gas took place at  the beginning of the reaction. 
When the reaction mixture had reached room temperature, 
however, only a little hydrogen chloride gas was evolved which 
gave a weak test with hlue litmus paper and F i th  ammonia. 
With the exception that the benzene solution had to be washed 
six times with KO-nil. portions of ice-water to ohtain a negative 
test for chloride ion, the procedure for working up the reaction 
mixture and removing the solvent was the same as that used for 
the tetrasu!fide. An The weight of the crude oil was 7.6 g. 
_____ 

(21) The concentrate was a n  approximately 61% solution of the mer- 

(22) J. R. Thomas and R .  W, Riding. J .  C h e m .  Soc., 126, 2460 (1924). 
cap tan  in dry  ether.  

attempt to distil i t  under vacuum (0.08 mm.) in a nitrogen at-  
mosphere gave evidence of decomposition, accompanied by an in- 
crease in pressure to 0.1 mm. Two small quantities of oil, 1.4 g. 
and 1.3 g., presumably impure di- and trisulfide, were collected. 
When the bath temperature had reached 185" and the vapor 
123", distillation ceased and the pressure dropped to 0.08 mm. 
The residue was a clear, yellow-orange, moderately viscous oil 
(3.5 g.)  with a mild odor not resembling the previous polysulfides. 
The oil soon became opalescent and, on standing a t  room tem- 
perature, slowly underwent autodesulfuration with the separation 
of .sell defined crystals of rhombic sulfur, identified by melting 
point (109.1-111.5°) and molecular weight (found, 256, 257; 
calcd. for Sa, 256). Shaking the polysulfidic material with ace- 
tone produced the same transformation in much less time. The 
autodesulfuration which took place on standing at room tempera- 
ture was observed over a period of time. At intervals, the clear, 
supernatant oil was carefully removed from the crystals of sulfur, 
and its composition determined by elemental analysis. The 
results are given in Table I. At the end of 3 days, the composi- 
tion of the polysulfide corresponded to that  of di(methy1thio- 
methyl) decasulfide. It corresponded to that of an octasulfide 
a t  the end of 24 days, and thereafter remained constant. 
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Under conditions effecting the Claisen rearrangement 
of allyl phenyl ethers, thia analogs afford mainly the 
corresponding propenyl phenyl sulfides (prototropic 
isomerization). Only recently, however, the obser- 
vations of Kwart and Hackett3 suggested that, through 
amine catalysis, the thia analogs also may be induced 
to follow the path of the Claisen rearrangement; uiz., 
allyl phenyl sulfide (I), dissolved in a high-boiling 
amine, was converted ( 15-2070) into 2-methyl-2,3- 
dihydrobenzothiophene (TI) by a single distillation 
(atmospheric pressure). 

During the course of our a convenient 
preparation of I1 was sought and we followed, essen- 
tially, the method of Kwart and Hackett. In  addition 
to isolating the desired compound we found for the 

(1) This s tudy  is par t  of a series dealing with the nature of organic sulfur 
groups and  is supported by  grants froni the Petroleum Research Fund. The 
preceding paper is by C. Y. hleyers. G. Lombardini. and L.  Bonoli, J .  Am. 
C h e m .  Soc., 84, 4603 (1902) .  (a)  Inquiriesshould be directed to C. Y. Afeyers, 
Department of Chemistry,  University of Southern California, Los Angeles 7, 
Calif. 

(2)  E. S. Karaulova. D. Sh. hIeilanova, and  G. D. Gal 'prrn,  Zh. Ohshch. 
K h i m . ,  27, 3034 (1957). 

( 3 )  H. KtL-art and C. bf. Hackett ,  J .  Am. Chem. Soc., 84, 1754 (1962). 
(4) C.  Y. hIeyers, C. Rinaldi,  and L. Bonoli, 144th Nat iond  Meeting 

of the American Chemical Society, Los Angeles, Calif., April, 1963, Abstracts 
of meeting, p. 4M. 
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first time another major Claisen product, the isomeric 
thiachroman (111) .5  From these observations a new 
and simple preparation of thiachromans is offered, 
further evidence of the greater stability of six- than 
five-membered cyclic sulfides is suggested, and more 
information regarding the Claisen path of this reaction 
is provided. 

In  several experiments involving two- to four-hour 
refluxing of equimolar quantities of I and quinoline, 
conversions of about 25% into I1 and about 30% into 
I11 were realized. The latter was identified by its 
b.p. 125-127' (14-15mm.) [liL6"b.p. 128-130' ( l5mm.)]  
and its alniost quantitative transformation (one-hour 
reflux with excess hydrogen peroxide in acetic acid) 
to the 1,l-dioxide (IT), m.p. 89.5-90' (from water, 
then ligroin; lit.'m.p. 88-89'). Moreover, 111 was pre- 
pared directly from thiachromaiione (T')* by r e d u ~ t i o n , ~  
then converted to the 1,l-dioxide, melting point the 
same as that of IT' either alone or in mixtures with it. 

quinoline, 
polymers 

Ib 

Ia (slow) 1 \ ( rap id) l t  

I11 

IV 

The isolation of 111 in this study, but not in that 
reported by Iiwart and Hackett, may reasonably be 
explained by comparing their respective reaction pro- 
cedure and results with our own. Their single distilla- 
lions of solutions of I aiid quinoline (or K,S-diethyl- 
aniline) yielded I1 along with mainly unchanged I and 
small or t'race amounts of propenyl phenyl sulfide and 
t'hiophenol. A11 of these have boiling points lower 

(a) The oxy  analogs of I1  (2-niethyl-2,3-dihydrohenzofurans) and I11 
fclironians) are  iiii1)ortant side-products observed follouing the  Claisen 
rearrangement of allyl plrenyl ethers.  See I,. I. Sniith,  Chem. Rec. ,  27. 287 
(1940): and I). 5. Tarbrll. O r g .  Reortzons, 2, 1 5 - 1 9  (1944). 

(fi) ( a )  .J. von Braiin, Ber. ,  43B, 3220 (1910); (b)  C. Angelini and  G. 
Grandolini. Ann.  chim. (Rorne), 46, 235 (10.50), report  b.p. 124-126° (IO 
rnm.) . 

( 7 )  1;. 0. Bordrvell and \V. H. lIcICellin, J .  A m .  Chem. S O C . ,  7 3 ,  2251 
[l9.-)1). 

( 8 )  1:. lirollpfeiffer and H. Schultze. Ber. ,  66B, 1819 (1923). 
(9)  Hatistartory y ie lds n-ere obtained by a simple reflux \r-ith amalga- 

tirated zinc in liyrirocliloric acid (until  tests n i th 2.-l-(linitrophenylhy(lra~ine 
R'ere negatii-e) and the  grodur t  isolated in the subsequent steam-disti l latr .  
Tile \Volff-ICishner method (ref. 7 )  and li thium aluminum hydride ( r e f ,  hh)  
have also been rised. 

than or very close to that of the amine solvent.10 In 
our studies the initial mixture was allowed to rej?ux 
for several hours, the quinoline was then converted into 
its hydrochloride, and the sulfur-containing products 
were removed by ether extraction and separated by 
fractional distillation. In  this way both I1 [b.p 
113-114' (15 mm.);  lit." b.p. 118-120' (21 mm.);  1, l -  
dioxide, m.p. 116-117'; lit." m.p. 115-115.5'1 and I11 
were detected and isolated. Only a very small amount of 
lower-boiling material was isolated, the balance of I 
being represented as high-boiling fractions. l 2  

Significantly, the observed per cent of conversion of I 
into I1 was more or less the same froin the single dis- 
tillation (when much unchanged I but no 111 mas ob- 
t'ained) and from the several-hour reflux (when virt'ually 
no I but much I11 was isolated). This suggests that the 
formation of I1 is rapid but involves reversible reactions 
(or a reaction cycle), while the reaction leading to I11 is 
slow but unidirectional. The formation of I11 experi- 
nientallyI2b from I1 offers additional evidence for this 
mechanism. 

This reasoning is justified by related observations. 
Keither Ia  nor Ib  has been isolated from t'liese reactions. 
If Ia is formed it may be tautoi~ierized'~ to Ib  and, as 
sugge~ ted ,~  the latter rapidly cyclized t'o I1 which is 
detected early. Moreover, I1 mould be the expected 
(Markownikoff) product from direct cyclization of Ia, 
although its formation by this route may be less iin- 
portant because of the lower reactivity of the iioncoii- 
jugated double bond and because the amount of Ia  is 
depleted by its isomerization to Ib. While 111 cannot 
be formed directly from Ib  i t  may be formed by t'he 
cyclization of Ia. The formation of 111, then, would 
be slow not only because of reasons just mentioned, but 
because 111 is not the preferred (Llarkownikoff) prod- 
uct. Finally, it should be noted that cyclic six-niem- 
bered sulfides exhibit much less strain than the corre- 
sponding five-membered sy~ ten i s . ' ~  While I1 is reason- 
ably cleaved under these conditions, 12h,  re-forming Ia 
aiid Ib, 111 is stable and through its continuous forma- 
tion becomes the major product when the mixture is 
allowed to reflux over an extended period. 

A very recent report,,l6 of the formation of six-niem- 
bered sultones rather than the expected five-membered 
ones and explained on the basis of t'he greater stability 
of the former (the lat'ter being strained), virtually 
parallels the observations and conclusions arising from 

(IO) Compound 111 has a n  appreciably hietier hoi!ine iioint. ancl, Pven 
i f  i t  were present in small aniorints, it probably ~ v o u l d  not have been detertrrl  
in the distillate. K e  found t h a t  xr-iien a mixture uf qiiinolinp containing 20;G 
of I11 was distilled in coinnion equipnient al,ureciable amounts  of 111 all- 
peared in the  distillate only after a large par t  of the  quinoline had Iwen 
distilled. 

(11) E. N. Karaulova,  D. Sh .  h fe i lanora ,  and G. D. Gal 'pern,  Dokl. A k n d .  
S o u k  S S S R ,  123, 99 (1958). 

(12)  (a) The propenyl phenyl sulfide t h a t  probably was fornied is Pnstly 
converted into polynieric material (ref.  2 ,  3 ) .  fb) From a n,ixturP of I1  .and 
quinoline t h a t  n-as refluxed for  several hours  there was isolat?d unchanged 
11, small amounts  of 111, and polymeric niaterial representing abuut  on?- 
third of the original charge of 11. 

(13) The  well known tautomerization of allylbenopnes to  proppnyl- 
benzenes (e.g., eugenol to isoeugenol) occurs in a mat te r  of minutes in alkal ine 
medium. 

(1.1) C. 1'. Meyers,  S.  Ghersett i .  and .I. RIangini. 140th Sa t iona l  l I e e t -  
ing of the American Chemical Society, Chicago, Ill.. Heytrrl,ber, 1901. 
Abstracts of meeting. p. RT. 

(1.5) H. D. Hartough and S. L. Meisel, "Compoiinds with Condensed 
Thiophene Rings," Interscienre Publishers, Inc., Ken. York. N. I'.. 1954. 
pp. 34 f f .  

(16) \V. E. Trure .  D. K. Burdge, and R. .J. Hteltenkaml,, . J .  O r g .  C h ~ m . .  
27, 3913 (19fi2). 
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this study of the cyclic sulfides. Similarly, the facile 
cleavage of cyclic five-membered sulfones under condi- 
tions not affecting the six-membered systems mas 
attributed $0 ring strain in the former.4 

The isolation of both I1 and I11 in this study provides 
greater evidence that the classical Claisen rearrange- 
ment product (Ia) is the initial intermediate formed 
directly from I ( c j .  ref. 5). However, since neither we 
nor Kwart have actually isolated this classical product 
(or Ib) under conditions leading to the formation of I1 
and now also 111, this evidence may be circumstantial 
and an alternate initial path from I cannot yet be defi- 
nitely precluded. 

The Claisen route, with the initial formation of Ia  
and Ib  as very reactive transients ( i .e . ,  nonisolable)" 
derives further support from related studies. There are 
indications that benzenesulfenyl anions (ArS-) are 
much more reactive nucleophiles than phenoxy anions; 
e . g . ,  1 % -  attacks benzotliiophene 1,l-dioxide forming 
quantitatively the P-PhS-adduct, while PhO- is com- 
pletely unreactive with this substrate.L8 Much greater 
niesonieric delocalization of the negative charge in the 
phenoxy systems reasonably accounts for this and sinii- 
lar observations. lY It follows rationally that while 
o-allylphenols can be isolated from usual Claisen re- 
arrangements, the corresponding thiols may simply 
cyclize too rapidly to be detected per se especially 
under the high-temperature and alkaline conditions em- 
ployed. 

I t  has been suggested*" that I initially might cyclize 
directly into 111-anion which then is reversibly trans- 
formed into the anions of la,  Ib,  and 11, all in equilib- 
rium, but irreversibly into I11 by proton abstraction. 
The experiniental facts-sequence of formation of I1 and 
111, cleavage of I1 but not 111 under these conditions, 
etc.-together with independent evidence of the greater 
stability of six- than five-membered cyclic systems con- 
taining a sulfur atom4 14-16  do not support this argu- 
ment. 
h closer examination of these reactions, necessarily 

under less vigorous conditions, should prove interesting 
and fruitful. 

(17) While this  was suggested by Kwar t  to explain the  absence of I a ,  
n o  supporting evidence was offered. 

(18) F .  (;. Bordwell and  W. H. AlcRellin, J .  Am,  Chem. Soc., 72, 1985 
(1950). 

(19) See C .  C .  Price a n d  R .  Oae, "Sulfur Bonding," The  Ronald Press 
co . ,  New T o r k .  s. I-,, 19fl2, p. 2 5 .  

(20)  Tlrc s i i thors  grs teful l j -  acknowledge R referee's suggestion. 

homoannulation) has been reported by Mazur2 and 
Z d e r i ~ . ~ ~  A11 our attempts to convert suitable pre- 
cursors to A-ring unsaturated compounds by chemical 
methods have failed-for example, bromination-de- 
hydrobromination,6 selenium dioxide oxidation,' arLd 
heating with dichlorodicyanoquinones-and Zderic has 
mentioned having the same experience. 

We have now found that fermentation of 12a-aza-3P- 
hydroxy-C-homo-5a-pregnane-12,20-dione (I) with 
Nocardia sp .  A.T.C.C. 14558 gave 12a-aza-C-homo-1,4- 
pregnadiene-3,12,20-trione (11). Compound I1 was 
obtained in two polymorphic forms having identical 
solution infrared spectra. The structure was confirmed 
by quantitative hydrogenation and by n.m.r. spectrum. 
The latter showed the typical complex pattern in the 
350-4t50-c.p.s. region due to interaction of the C-4 pro- 
ton with the C-2 proton (itself part of an AB system). 
Similarly, fermentation of 3P-acetoxy-12a-aza-17a- 
hydroxy-C-homo-5 a-pregnane-12,20-dione (I I I) with 
Nocardia sp.  X.T.C.C. 14359 gave 12a-aza-17a-hydroxy- 
C-homo-l,4-pregnadiene-3,12,20-trione (IT'), with typi- 
cal n.m.r. spectrum in the 350--43O-c.p.s. region. A dif- 
ferent result was obtained by fermenting 36-acetoxy- 
12a-aaa-C-homo-5a-pregnane-12,20-dione (V) with Ar- 
throbacter sp .  ,Z.T.C c. 14360 which yielded 12a-aza- 
C-homo-5a-pregn-l-ene-:3,12,20-trione (VI) ; the 1i.m.r. 
spe,trum showed the .1R pattern of a AWketone. 
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111, R = Ac, R' = OH I V ,  R '  = OH 
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;\.mstcroid- ha\ e attracted sonie attention a? a direc- 
tion in  i t  liicli to  aearch for 3teroid hormone analogs. 
Introductioii oi nitrogen into ring C (n ith concurrent 

(11 Par t  111 R H l l a z  ir J Org Chem 28,  348 (1963) 

It is interesting that the ultraviolet spectra of all 
products showed a hypsochromic shift of about 4 mp 
usually associated with 11-keto steroids. To our knowl- 
edge, there is only one previous example of direct con- 
version of a ring X/B saturated steroid 3-alcohol deriv- 
ative to a A1 4-3-ketone by ferrnentat i~n.~ 

(2)  R.  H. Maeur,  J .  Am. Chem. Sac., 82, 3992 (1960). 
(3) R. H. hlaaur,  ibid., 81, 1454 (1959). 
( 4 )  J. A .  Zderic, H. Carpio,  a n d  D. C. Limon, J .  O r g .  Chem. ,  27, 1125 

(1962). 
(;7) .J. .1. Zderic a n d  J. Iriarte,  i b d .  27, 1750 (1902). 
(6) E.  S. RothInan and  11, E. \Tall, J .  Am. Chem. Sac.. 78, 1744 (1956). 
(7) C. l l eys t re ,  H. Frey, \\'. Voser, and A .  WPttstein. Hela. Chim. Acto, 

(8) D. Burn. D. N.  Kirk,  a n d  1'. Petrow. ['roc. Chem. Soc., 14 (1900). 
(9) V. E. Oriponi, Neil E. Ripler. and  .J. J. Goodman, U.  S. Patent, 

3 9 , 7 3 4  (1956). 
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