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Mass spectroscopy showed that we are dealing with a I:1 adduct. The spectro- 

scopic data ('H NMR, 13CNMR, IR,UV) were compatiblewith the structureof (2+2)- 

cycloaaauct thietane 3, but incompatible with the structure of thietane 4 (see 

Scheme ). Spectroscopic data for thietane 2, X = OEt: 
1 
H NMR (CDC13) 90 MHz, 

first order); 5.26 (ad, Ha, 'J = 2.1 Hz, 'J = 2.1 Hz), 6 4.90 (ad, Hb, 'J = 

2.4, 'J = 2.1 HZ), 6 4.86 (H3, d, t, 3J = 7.2 HZ, 'J = 2.4 HZ), 6 5.87 (H', d, 

3J = 7.2 Hz). 13C NMR (CDC13); 103.6 (=C H2), 145.8 (S-C’=), 90.0 (HC3-OR), 

52.4 (H-C4-S) ppm. IR (oil); 7 
-1 

(C=C) = 1640 cm . UV (hexane); X 

mol-‘); 249.6 (837) 

max/nm (c/m2 

, 216 (1075) 336 (sh) 369 (sh). The spectroscopic data 

for the thietanes 2 (X = OMe, OtBu, SMe, SEt, SiPr, Ph) were generally very 

similar. Further structural proof for 2 was found by the reaction of thioben- 

zaldehyde 1 with PhCD=C=CH2 (2,. 

The'H NMR pattern (200 MHz) for (2+2)-cycloadduct 2 (X = Ph, R-H) could be 

simulated very well (see Fig. ) resulting in 'J = 2.09 Hz, 3J = 8.00 Hz, 'J = 

2.45 Hz. Themagnitudeof thecouplingconstants, 3J= 7.2-a.OHz, suggests a trans 

stereochemistry for the substituents at the thietane ring (c-f. I'). With 

alkoxy- and alkylthioallenes (2a-f) also only thietane 2 is formed and no -N 
trace of thietane 4 could be detected. This latter type of thietane (5) is 

always formed in cycloaddition reactions of aromatic thiones simultaneously 

with isomer 3. 
1 

Starting from alkoxyallenes a byproduct of very high molecular weight was 

formed, albeit in a very low yield (< 5%). Its exact structure was not eluci- 

dated. 

Discussion 

Because fast intersystem crossing from S, + T, in the thioaldehyde is to be 
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expected, the reaction 

will occur from its T,- 

state. Central attach- 

ment of the sulfur atom 

of the thiobenzaldehyde 

1 is in accordance with 

preferential formation 

of the thermodynamical- 

ly most stable biradi- 

call (5,see Scheme). 

This 1,4-biradical will 

gain stabilization 

energy by Cavery fast) 

rotation of 90' around 

a C-C bond, resulting 

in the allylic 1,4- 

biradical 6 (c.f.'), 

which will give ring 

closure with formation 

of the stericallv less 
PPrn 

5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4:t hindered thietane 2. 

The unexpected selectivity of the ring closure at C(3) in the intermediary 

1,4-biradical 2 will be due to two important phenomena, viz. electronic struc- 

ture and steric crowding. MNDO I2 calculations on the model system H2?%?(X)R 

with X = 0 or S indicate that in the intermediary 1,4-biradical the electron 

density in the highest m-bonding orbital at C(3) is appreciably higher then 

at C(1) (see Table). 

C(l) C(2) C(3) S 
Q2 0.37 0.00 0.53 0.10 H H 

atomic 
charge -0.065 -0.055 -0.175 0.045 

H 

Thus it is conceivable that ring closure on C(3) is preferable to that on C(1). 

The calculations therefore, are in agreement with the exclusive formation of 

thietane 2. 

That diary1 thioketones with allenes also can produce isomer 4_, is probably 

due to sterical crowding of the two arylgroups which hinders the formation of 

isomer 3. This assumption is supported by the fact that in the reaction of xan- 

thenethione with allene 2, 
1 

the yield of thietane 3 decreases with increasing 

size of R (X = OR or SR). 

In cycloaddition reactions of triplet carbonyl- and thiocarbonyl compounds 

to ethylenic compounds, energy loss (low quantum yields and cis/trans isomeri- 
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zation) are explained by disproportionation of the intermediary 1,4-biradicals 

into ground state starting compounds. 

Irradiation of thioaldehyde ,I_ with a two-fold excess of optically active 

(+I-1,3_diphenylallene LA (PhC(H)=C=C(H)Ph, [c~D]=+54)'~showed no racemization of 

recovered 1,3_diphenylallene. Thus, there is no detectable disproportionation 

of the intermediary biradical 6_; therefore, ring closure has to be much faster 

than disproportionation. 
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