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Pyro lys is  o f  sp i ro t r i th ianes 3-7 at reduced pressure gave volat i le m ix tu res  consist ing a lmost  ent i re ly  of cycl ic 
thioketones a n d  the i r  enethiols. A t  h igher  temperatures volat i le products  were mixtures o f  mercaptans a n d  ole- 
fins. T h e  nonvolat i le  residue o f  h igher  temperature pyrolysis o f  cyclohexanethione t r imer  conta ined dibenzothio- 
phene, tetrahydrodibenzothiophene, octahydrodibenzothiophene,and spiro-2,2-pentamethylenebenzodithiolane 
(13). Bicyclo[2.2.l]heptane-2-thione (1) i s  a fu r the r  example o f  a re la t ive ly  stable thioketone. 

Several methods for preparing aliphatic thioketones 
have been reported re~ent ly . l -~ Each suffers from lack of 
generality. The absence of a general synthetic method for 
preparing thioketones, their instability, and the disagreea- 
ble odor of their intermediates all have slowed the investi- 
gation of the chemistry of the thiocarbonyl group. In the 
course of synthesis of thiols we prepared norbornanethione 
(1) by pyrolysis of trithiane 3 in good yield despite previous 
 report^^,^ that pyrolysis of trithianes is unsatisfactory for 
preparation of aliphatic thioketones. The results of pyro- 
lyzing the structurally related spirotrithianes 4-7 a t  re- 
duced pressure are shown in Table I. 

These pyrolyses were stopped after generating workable 
quantities of red distillate and were not necessarily pushed 
to completion. Thioketone content of products was esti- 

Table I 
Pyrolyses at Reduced Pressure 

Composition of 
Pot temp, --distillate--- 

of mm (external) min tilling % thione enethiol 
Pyrolysis Pressure, OC Time, "To dis- %- 

3 -20 210-293 60 85 91 
3' 10 240-278 198 43 96 <1 
4 13 195-247 30 10 >13 34 
5 13-17 290-310 10 68 a 
6 13 165-210 80 45 >34 12 
7 10 180-260 95 23 -33 32 

R e d  liquid d i s t i l l a t e  rapidly c r y s t a l l i z e d  t o  g i v e  t r i m e r .  

mated from the absorption maximum a t  about 500 nm and 
enethiol content was estimated from nmr spectra. 
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4 , n = 4  
5,n=5 
6, n =6 

7 

Two oligomers of norbornanethione, both evidently tri- 
mers from mass spectra, gave good yields of monomeric 
thioketone on pyrolysis a t  reduced pressure. Monomeric 
norbornanethione was found to be a remarkably stable 
thioketone. When initially generated it contained less than 
1% (nmr) enethiol2, and after 5 days a t  room temperature 
7% enethiol with 64% (visible) of the,neat liquid surviving 
as the thioketone. In contrast to this stability, injection of 
molten cyclohexanethione trimer (5) onto sand a t  300' in- 
stantly produced a red liquid (thioketone) in the condenser 
which became crystalline and colorless within minutes. The 
crystals were indistinguishable from the starting trimer. 

The few previously reported stable thioketones involve 
heavily a-substituted rigid skeletons. Thiofenchone,s,g 
2,2,4,4-tetramethyl-1,3-cyclobutanedithione,~~ and ada- 
mantanethionell are all rigid, highly hindered, nonenoliza- 

ble thioketones. Thiocamphor7p8 and thioketo steroids12 
possess rigidity and some quaternary a carbons. The trimer 
of adamantanethione is known, but no trimers have been 
prepared from any of the other stable thioketones. From 
the relative stability of norbornanethione it appears that 
the hindrance or conformation provided by the bicyclo- 
[2.2.l]heptane skeleton is sufficient to stabilize the thioke- 
tone without the encumbering methyl groups of thiocam- 
phor or thiofenchone. The thioketone stabilizing effect 
does not extend to its homolog, bicyclo[3.2.l]octane-2- 
thione. The qualitative order of stability of neat thioke- 
tones studied a t  room temperature is norbornanethione 
(days) > cycloheptanethione (days) > cyclopentanethione 
(hours) > cyclohexanethione (minutes). The major causes 
of fading of the red color are enolization and trimerization. 

Freshly generated norbornanethione contained 4% (vpc) 
of a mixture of exo- and endo-2-norbornanethiol. These 
thiols were major products of atmospheric pressure pyroly- 
sis. The appearance of a small amount of norbornanone 
was observed in several instances by ir, vpc, and mass spec- 
trum after norbornanethione was manipulated or stored for 
prolonged periods a t  room temperature. Assuming that the 
fresh pyrolysis distillate contains 96% norbornanethione, as 
suggested by its nmr and vpc, pure norbornanethione has 
A,,, (heptane) 497 nm ( e  11.8). This value is close to that 
observed for other relatively stable thioketones.7>8,11 

Cracking of trithianes at atmospheric pressure produced 
no thioketones but only pyrolysis products of thioketones 
which are characterized by hydrogen disproportionation 
and H2S elimination. Pyrolyses of 3'-7 were pushed until 
no more distillate was collected, by which time the heating 
bath temperature was about 350'. Hard black residues 
were left after pyrolysis of 3', 4, 6, and 7, while the residue 
from pyrolysis of cyclohexanethione trimer was a yellow oil. 
The distillates had the following compositions: from 3', 45% 
2-norbornanethiol and 55% norbornene; from 4, 75% cyclo- 
pentanethiol and 25% cyclopentene; from 5, 88% cyclohex- 
anethiol and 12% cyclohexene; from 6, 84% cycloheptene; 
and bicyclo[3.2.1]-2-octene as the major product from 7. 
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Cyclopentanethiol and 2-norbornanethiol were character- 
ized as crystalline 2,4-dinitrophenyl (DNP) derivatives. 
The 2,4-dinitrophenyl-2-norbornyl sulfide was a mixture of 
endo and exo isomers which could not be completely sepa- 
rated by recrystallization. However, integration of the 
unique methine nmr signal showed that the major pyrolysis 
product was exo-2-norbornanethiol, Pure exo-2-norbor- 
nanethiol was prepared by addition of thioacetic acid to 
norbornene followed by saponification of exo-2-norbornyl 
thioacetate. endo-2-Norbornanethiol, containing some exo 
isomer, was prepared by NaBH4 reduction of 2-norbor- 
nanethione. endo-2-Norbornanethiol is distinguished from 
the exo isomer by its exo methine proton resonance a t  
2.95-3.45 ppm in CC1,; this methine resonance occurs at  
2.6-3.0 ppm in exo-2-norbornanethiol. In the endo-DNP 
derivative the methine resonance occurs at  3.45-3.9 ppm 
and in the exo-DNP derivative at  3.11-3.45 ppm. 

Distillation products from atmospheric pressure pyroly- 
ses were generally more hydrogenated than the starting tri- 
thianes. Pot residues must then be relatively dehydrogen- 
ated. The dehydrogenation products of triscyclohex- 
anethione, which appeared to give the least polymeric pot 
residue, were fractionated by molecular distillation fol- 
lowed by preparative tlc. Major components were identi- 
fied as 1,2,3,4-tetrahydrodibenzothiophene (lo), character- 
ized as its crystalline sulfone, crystalline dibenzothiophene 
(1 l),  1,2,3,4,5,6,7,8-octahydrodibenzothiophene (9), and 
liquid spiro-2,2-pentamethylenebenzodithiolane (13). 

Dehydrogenation product 13 had a chemical ionization 
mass spectral ion at  mle 223 (M + 1) withisotopic peak in- 
tensities expected for natural abundance 34S and 13C in a 
C12H14S2 compound. It  had a uv spectrum compatible with 
an o-dithiobenzene derivative.13 Spiro structure 13 was as- 
signed primarily on the basis of a four-proton multiplet at  
1.9-2.3 ppm rather than a two-proton multiplet in this re- 
gion required for the conceivable isomer hexahydrothian- 
threne. Under the dehydrogenative conditions hexahy- 
drothianthrene, if present, could have been expected to un- 

dergo extensive dehydrogenation to thianthrene. Pyrolysis 
of thianthrene is known to give dibenzothiophene.l4 How- 
ever, no thianthrene could be detected in any fractions. 
Further, the presence of hydrodibenzothiophenes suggests 
that the route to dibenzothiophene is one of those shown in 
Scheme I rather than via thianthrene. Fromm investigated 
the pyrolysis of triscyclohexanethione under similar condi- 
t i o n ~ . ~ ~  He did not examine the pot residue but did isolate 
a major volatile component to which he assigned structure 
8 based on elemental analysis and the decolorization of 
bromine. Although the structural evidence is not compel- 
ling, compound 8 could be an intermediate between trimer 
5 and dibenzothiophene. Katritzky and coworkers observed 
the formation of spiro dimer 12 on treatment of an ethereal 
ethanolic solution of cyclohexanethione monomer, from 
which the red color had faded, with diazomethane at  25O.16 
Since 13 was probably formed via 12, the diazomethane 
used by Katritzky and coworkers is probably not necessary 
in the conversion of cyclohexanethione into its dithiolane 
dimer. 

Although reduced pressure pyrolysis of trithianes is not 
necessarily a general method of preparing thioketones, it  
has some range of utility and is a very good method of 
preparation of 2-norbornanethione. The stability of nor- 
bornanethione compares favorably with the most stable 
thioketones known. Thus norbornanethione provides a 
good model for investigation of thioketone chemistry be- 
yond enthiolization and trimerization. 
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Iron and cobalt Complexes [Fe(RS02N)&O.H20], and [CO(RSO~N)~CO.~ /~H~O] ,  which are deficient of termi- 
nal and bridging metal carbonyls have been isolate, .;om the reaction of methane-, benzene-, and p-toluenesul- 
fonyl azide with iron pentacarbonyl, diiron nonacarbonyl, and dicobalt octacarbonyl. Hydrolysis of these with di- 
lute hydrochloric acid leads to the corresponding N,N'-bis(sulfony1)urea. Possible structures for the complexes 
involving coordination of a sulfonyl oxygen to the metal are presented and supporting evidence for such coordina- 
tion is given. Free singlet sulfonyl nitrenes are not formed in these decompositions. The decomposition of tert- 
butyl azidoformate with iron pentacarbonyl and diiron nonacarbonyl gave impure complexes, still containing ter- 
minal and bridging carbonyls, which could be hydrolyzed to give mainly tert-butyl carbamate, di-tert-butyl imi- 
nodicarboxylate, and N,N-bis(tert-butoxycarbony1)urea. 

Despite the large volume of information available on the 
thermal and photochemical decomposition of organic azid. 
e ~ , ~ ~ , ~ - ~  studies pertaining to the decomposition of organic 
azides by transition metal carbonyls have only recently ap- 
peared. Phenyl azide, which thermolyzes only above 120°, 
decomposes a t  room temperature in the presence of diiron 
nonacarbonyl to give a low yield of the nitrene product, 
azobenzene. The main product is the complex 1, which de- 
composes spontaneously in solution to the urea complex 2.5 

Ph 

1 2 
A similar complex was obtained from 2-azidobiphenyl, to- 
gether with the urea and nitrene-derived products.6 As part 
of our interest in generating sulfonyl nitrenes under mild 
conditions to study their behavior with aromatic com- 
pounds under kinetic control condition~,~97 we now report 
the results for the decomposition of sulfonyl azides and 
tert-butyl azidoformate by transition metal carbonyls. 

Results and Discussion 
The decomposition of excess methane-, benzene-, and 

p-toluenesulfonyl azide and p-toluenesulfonyl isocyanate 
with diiron nonacarbonyl a t  room temperature (heteroge- 
neous) or iron pentacarbonyl a t  60-65' (homogeneous) in 
benzene gave a low yield of the corresponding sulfonamide 
(3) and a high-melting amorphous iron complex (4) devoid 
of both terminal and bridging iron carbonyls. N-Sulfonyl- 
azepines (51, the expected aromatic addition products if 
discrete nitrenes were formed, were not detected nor were 
the corresponding sulfonanilides (6).  Thus, no free singlet 
sulfonylnitrenes are generated in these catalyzed decompo- 
sitions. 

RSO,N=C=O (R = p-CH3C,H,) 

6 

t iron comDlex + N ]  + co 

basic a'um1na (RSOJH)-CO 

7 

The nmr spectra of these complexes could not be ob- 
tained owing to their paramagnetic nature (vide infra) and 
their insolubility in solvents that did not effect their de- 
composition, and the mass spectra could not be determined 
owing to their insufficient volatility. Elemental analyses 
(reproducible from run to run) satisfied an empirical for- 
mula corresponding to Fe(RS02N)2CO.H20. Hydrolysis of 
these complexes with dilute hydrochloric acid gave the cor- 
responding N,N'-bis(sulfony1)urea (7) in high yield (70- 
80%), while chromatography on basic alumina gave the cor- 
responding sulfonamide (80%). The crystal structure of the 
complexes obtained in this study could not be determined 
because of our inability to obtain them crystalline. They 
gave blue solutions in dimethyl sulfoxide from which the 
complex could not be recovered. 

The stoichiometry of the reaction was found to be azide: 
Fez(C0)g = 4. For the decomposition of methanesulfonyl 
azide with diiron nonacarbonyl, the molar ratio of nitrogen 
to carbon monoxide evolved was 0.68. The calculated molar 
ratio, in which seven molecules of carbon monoxide are lost 
from diiron nonacarbonyl and four molecules of nitrogen 
are evolved from methanesulfonyl azide, is 0.57. The ob- 
served ratio is expected to be higher since a low yield of 
methanesulfonamide was also formed. 

The decomposition of methanesulfonyl azide with dico- 
balt octacarbonyl in benzene a t  room temperature gave a 


