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Thlocarbonyl ylides (1) are the fundamental examples of "tetravalent sulfur" 

compounds. 
2 
Their chief reactions are ring-closure to give thilranes (2) and formation of cyclo- 

adducts (2) with suitable dipolarophiles (eq 1).1'3 
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For the geometric model 1, 
4a,b 

simple theory predicts ring-closure to be conrotatory and conflgu- 

ration to be maintained during cycloaddition (4s+2s).5 Such behavior has been demonstrated for --- 

asomethine ylides 
6 

and strongly implied for carbonyl ylldes 7( If su ur replaced by nitrogen and 

oxygen, respectively). We now demonstrate the validity of these a priori considerations for thio- 

carbonyl ylides even in the face of an impressively unfavorable thermodynamic situation. 

Condensation of propionaldehyde, hydrasine, and H2S gives a mixture of two thia- 

diazolidines; 
8 

trans-configuration is tentatively assigned to the more stable 3 (eq 2). mp 75.4- 

76.9', isolated by tedious recrystallization from pet. ether. The other isomer (s), presumably G, 

decomposes spontaneously at room temperature and can only be handled as a mixture (~a 20$) with &. 

Addition of H2S to the azine of pivalaldehyde In ether under pressure gives & as a highly unstable 

white r:olld; nmr (CLXX 
3' 

-2OO) 6 1.01 (s, 18, C(C%)3), 6 3.41 (s, 2, N-H), 6 4.43 (s, 2, 2,5-&I), 

tentatively considered to be t-. Dehydrogenation of &a-c with diethyl asodicarboxylate' at -loo 

gives the thiocarbonyl ylide precursors 5a-c in quantitative yield. Trans and cis stereochemistry, -- 

respectively, for 5a and 5J (isolated by working at <loo) are based on the difference in chemical - 

H 
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a)I$=I$=Et.. H2=H3=H 

b) F$=3=Et, R2=H4=H 

c)R,=i$+E& H2=H3=H 

4s% A I 
Et02CN=NC02Et 
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shifts (CCl4) for the 2.5~protons. IJ 5-g-6.25 (nultiplet) and b 3.8-4.2 (broadened quartet), 

respectively, nbicb is clearly in the expected order. 
10 

Unambiguous assignment can be made for 2, 

mp 62-63O (decomp); mm (CC++) 6 O.gT (6. 18. C(CH3)3), 6 5.62 (s, 2,2,5-protons) which reacts with 

III-cbloroperben~oic acid (WFBA) in UKl 
3 

to give a sulfoxide, mp 99-105O (decomp), ir (KEW) 1060 

cxu~’ (SO), in ubich tbe 2.5-protons are nonequivalent (8 4.05 and 8 5.68) and couple,~=l.4 Hz, 

ccnaistent only with trans-t-butyl groups. Moreover, the similarity of chemical shifts for the -- 

2,5-protons in gc and !ja is completely consistent with the relative stereochemical assignments. -- 

grolPis of trans-isomer 5a (%5=g.61 x IO 
-4 $ * 

set -', AE =27.5 kcal/mole, AS =11.4 e.u. 

between 40-so) gives In lOC# yield" cis and trans-2.3-diethylthiiranes (qa and 10a) in 93:7 ratio -- -- 

(glpc). !Bese two tbiinrnes were synthesized by an independent route for comparison.12 The minor 

(disrotatorg) product 1Oa may arise partially from undetected isomer contamination in 5 (nmr - 

control with + 5$ accuracy). par e-isomer E. a selectivity of 100 + 5% conrotatory ring-closure 

to trans-thiirane gb is calculated. 'Bans-2.5-di-t_butyl thiadiazoline (SC) decomposes smoothly - 

(k90=2.52 x IO-4 set-1. 
$ $ 

he, =30.7 kcal/mole, AS =7.1 e.u. between 85-100') giving in 10% yield a 
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thiirane, uv (max) 2650 #, e=105;13 nmr (CC14) 6 1.12 (s, 

M.W. 172 (mass spectral). At 120°, this thiirane converts 

nmr (~~14) 6 0.92 (s, 18, ~(CH~),), 6 2.51 (s, 2, 2.3-i). 

18. C&H.& and 6 2.73 (s. 2. 23-!9, and 

slowly (ki_ < 1O-5 see-') IXJ ani-r, 

Iscmerizationmnyalsobe effectedpboto- 

chemically. The thiirane formed initially, when treated carefully with phenyllithiu in ether, 
12 

gives in quantitative yield cis-2,3-di-&-butylethylene. Its i-r yields tram-2.>di-t_lmtyl- - 

ethylene. 
14 

In view of the known stereospecificity of such desulfbrizatiuns, 
12 

thet.iliilnnesmust 

ww 

have the same relative configurations as the alkenes and therefore are s and e. respectively. 

We conclude that thiocarbonyl ylides 6a-c are foxmsd from 5a-c with retention of 

configuration (4s+2s) and undergo conrotatory ring-closure with nearly complete stereospecificity. 

The overall conversion of a readily available trans-precursor (&z) to hindered cis-2,)di-+butyl- - - 

thiirane (&) represents a particularly heartening victory of orbital syletry requi reDents over 

thermodynamics. 

As expected, thiocarbonyl ylides retain configuration *ing cycloaddition (4s+2s). 

With a one-fold excess of diethyl azodicarbo~late. $& gives 5x1 H yield cycloadduct >, xmr (cC14) 

6 0.97 (t, 6, 2=7.2 Hz, (X3), 6 1.28 (t. 6, 5=7.5 Hz, (Xi.+), 6 l.kL2.00 (complex multiplet. 4, 

CIi2CH). 6 4.20 (4. 4, 5=7.5 Hz. CC@ an d 6 5.50 (t. 2. 5=5.2 Hz, t_C-II). With P&IO4 in methanol 

j& gives a sulfoxide, ir (neat) 1060, 1075 cm -' (S=U) inwhiohthe2.5-protonsabsorbat6 5.0 

(broad) and 6 4.80 (t, J=7.0 Hz) and the ester methylenes at 6 4.22 and 6 4.18 (q, 2=7.0 EZ)'~ 

consistent with a trans-configuration and hence retention of configuration during cycloaddition. 

Further oxidation of this sulfoxide with McPE!A gives a single sulfone. mp 75-76O. ir (m) 1100, 

1330 cm-' (S02) i n which the 2,5-protons and ester methylene groups are again identioal.15 With a 

one-fold excess of dimethyl acetylenedicarboxylate, 5a yields 2,5-dihydrothiophene 8a in m yield; - - 

a 74:26 mixture of 5a:5b gives & and & (separated by glpc) in a ratio of 7892. Ihe - spectra -- 

of & and & accord fully with stereochemical assignments. l5 with 2. cycloadducts * and 8c are - 

obtained in yields of lOO$ and 67$, respectively. 'Bans-configuration for 2 was dmon&rated by 

its oxidation with MCPBA to a sulfoxide, mp 57-59O in which the methylene groups are nonequivalent 
1 

(CC14' 6 4.19 and 6 4.27, J=7.0 Hz) as well as the ester methyl groups (6 1.2% and 6 1.33, + 7.0 

Hz); the 2,5-protons absorb at 6 4.78. F'urther oxidation with I&X%& produces a sulfone. mp 64-&O, 

in which the methylene and methyl groups are again equivalent (CC14, 6 4.26 and 6 1.32, 5=7-l Hz); 

the 2,5-protons absorb at 6 4.50. 
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