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residues and a Cg terpenoid component, dihydrousambar- 
ensine features stereochemical relationships characteristic 
of (1) terpene-derived indole alkaloids bearing ethylidene 
groups, normally possessing cis geometry, and (2) the eme- 
tine type, having the cis relationship of C-3 and C-15. Fur- 
ther, the oxidation levels of the heterorings in natural 
products 1, 2!, and tetrahydro-2 corresponds exactly to 
those of the isoquinoline units in emetine, psychotrine, and 
emetamine.5 These similarities constitute a remarkable 
overlap of the various structural features which character- 
ize the two alkaloid classes and suggest action on precursor 
substrates of very similar-perhaps identical-enzyme 
species. 
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Thiocarbonyl Ylides.' Stereochemical Properties 
of 4- tert-Butylcyclohexyl Derivatives 

Summary: The stereoisomeric thiocarbonyl ylides derived 
formally from 4-tert- butylcyclohexanone undergo ring clo- 
sure in a conrotatory manner providing spirocyclic thi- 
iranes, which may be desulfurized. 

Sir: Thiocarbonyl ylides (1) have revealed their usefulness 
as tools for theory and as building blocks for synthesk2 

W 

1 

Methods developed previously by us make now available 
various aliphatically substituted members of this class of 
reactive intermediates.2a We offer here further insight into 
the stereochemical properties of thiocarbonyl ylides and in 
the following articles some applications of the derived 
 product^.^ 

Treatment of the azine (2) of 4-tert- butylcyclohexanone 
with hydrogen sulfide under pressure gives a mixture of 
1,3,4-thiadiazolidines (3). Dehydrogenation of this mixture 
with dimethylazodicarboxylate gives a mixture of 4,5, and 
6.4,5 The yield is quantitative based on 2. Separation of 4 

2 3 (mixture of stereoisomers) 

4 (trans, trans), 34% 5 ( cis,cis) , 23% 

6 (cis, trans), 43% 

and 5 from 6 is achieved by extraction with n-pentane in 
which 6 is totally insoluble. Chromatography over alumi- 
num oxide allows separatfon of 4 and 5. The isomers 4-6 
were pure as determined by lH NMR and 13C NMR spec- 
troscopy6 and chr~matography.~ 

The stereochemistry of 6 was readily ascertained from 
the observation of two tert-butyl absorptions ( 6  0.915 and 
0.95 in CDCl3) of equivalent intensity in the lH NMR spec- 
trum. Moreover in the proton decoupled 13C NMR spec- 
trum eight lines (four pairs) for the ring carbon atoms were 
noted demonstrating the nonequivalence of the rings. Dis- 
tinction between 4 and 5 (tert-butyl absorptions at 6 0.90 
and 0.92, respectively, in CDC13) was made on the basis of 
selective shifts observed in the lH NMR spectrum induced 
by Eu(FOD)3. In 5 the axial hydrogens adjacent to the qua- 
ternary ring carbon atoms project into the vicinity of the 
azo bridge, which provides a good complexing site.s Ab- 
sorptions for these protonsg are shifted strongly downfield 
on addition of Eu(FOD)3, but in 4 where this steric feature 
is absent Eu(FOD)3 influences the 'H NMR spectra only 
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trivially. The configurational assignment was substantiated 
independently by oxidizing 4 and 5 to their respective sul- 
foxides (not shown); here two of the axial protons adjacent 
to the ring quaternary carbons in the sulfoxide 4 project 
into the vicinity of the sulfur-oxygen bond and undergo the 
anticipated downfield shift in C6Ds solution.1° This effect 
is, as predicted, absent in the sulfoxide of 5. 

Pyrolysis in boiling methylcyclohexane of 4 or 5 either 
separately or as a mixture (most convenient for synthetic 
purposes) gave in quantitative yield a single thiirane 7, mp 
208-214' dec. The observation of two tert-butyl absorp- 
tions of equal intensity in the lH NMR spectrum (at 6 
0.915 and 0.95 in CDCl3) as well as clear evidence in the 
proton decoupled 13C NMR spectrum for the nonequiva- 
lence of the cyclohexyl rings established the cis,trans struc- 
ture. 

7 (cis, trans) 8 (tranqtrans) 

H H G?Q 
H H 

9 (cis. cis) 10 (syn) 

H 

K X k  H 

11 (anti) 
Pyrolysis of 6 under similar conditions gave in quantita- 

tive yield also a single thiirane, mp 224-228' dec, with a 
single tert-butyl absorption at  6 0.90 in the l H  NMR spec- 
trum (CDCls). 13C NMR spectroscopy confirmed reflection 
symmetry of the cyclohexyl rings. The spectroscopic data 
establish the product as 8 or 9 but allow no distinction be- 
tween the two. A choice between these structural possibili- 
ties was made on the basis of chemical reactivity consider- 
ations. In refluxing xylene with tri-n-butylphosphine 7 and 
8 or 9 gave (after chromatography and recrystallization) in 
90 and 70% yields, respectively, the isomeric olefins 10 and 
1 I, mp 137-138.5 and 183-1835', respectively. Compound 
7 reacted much more slowly (roughly factor 100) than 8 or 9 
although both reactions were clean and quantitative before 
work-up. Desulfurization of thiiranes by phosphorous com- 
pounds involves initial attack a t  sulfur followed by or con- 
comitant with release of the alkene.ll Steric requirements 
in the transition state are expected to be greater than in 
the ground state and reaction will be slowed a t  an axial rel- 
ative to an equatorial position on a cyclohexyl ring owing to 
increased 1,3-diaxial repulsions.12 In 7 two sets of such in- 
teractions are present, in 8 there are four such interactions, 
and in 9 none. The rate differences are in accord with 
structure 9, which appears to be the thermodynamically 
less favored isomer owing to nonbonded repulsions be- 
tween the axial hydrogens of the two rings, which are 
forced to face each other. 

It has been firmly established that in general the A3- 
1,3,4-thiadiazoline ring system loses nitrogen readily on 
thermolysis producing a reactive thiocarbonyl ylide inter- 
mediate.2a The fact that 4 and 5 afford the same thiirane 7 
indicates the formation of a common thiocarbonyl ylide 12, 
conrotatory ring closure of which produces 7. This implies 

that the terminal carbons of the thiocarbonyl ylide segment 
of 12 are effectively sp2 hybridized. The two possible conro- 
tatory motions for ring closure of 12 are enantiomeric. 

Pyrolysis of 6 produces both enantiomers of 13 (12 with 
the thiocarbonyl ylide segment completely planar is meso); 

+ I  + 

I2 13 

the two possible directions for conrotatory ring closure are 
diastereomeric and lead, respectively, to 8 or 9. The exclu- 
sive formation of 9 provides an extreme example of the 
fairly general tendency of exothermic carbon-carbon bond 
forming reactions to afford the more strained isomer,13 in 
this case through predictable axial-axial ring closure.14 
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