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Abstract:  Upon irradiation (>340 nm) of a benzene solution of diazofluorene with di-p-tolyl- or di-p- 
anisyl disulfide, the corresponding 9,9'-bis(arylmercapto)bifluorenyl was afforded in moderate to good 
yield accompanied by formation of 9,9'-bis(arylmercapto)fluorene. The major reaction pathway is 
considered to be a disulfur ylide formation followed by two times of successive Stevens rearrangement or 
by concerted electron redistribution via [2,3]sigmatropic rearrangement.O 1997 Elsevier Science Ltd. 

Reactions of singlet carbenes with sulfides are one of the useful methodology for synthesizing sulfur 

ylides, t As an extension, the reaction of those with disulfides is an interesting approach to synthesize disulfur 

ylides. A study directing this conception has been less studied so far. 2 The major reactivity patterns which have 

been elucidated are carbene monoinsertion 3 into the S-S bond and desulfurization observed in sterically 

congested disulfides to give thioethers. 4 In the mechanistic viewpoints, the reactions of diphenylcarbene and 

fluorenylidene with sulfides and disulfides have been studied. 5 The results suggest that diphenylcarbene 

generally displays chemistry characteristic of the triplet state leading to the products (a thioether and a thioacetal) 

by a radical-like displacement mechanism. By contrast, triplet fluorenylidene is readily able to access the singlet 

manifold to give the same type of products by an ylide mechanism but the reaction of it with diaryl disulfide has 

been still unknown. Now we found the formation of 9,9'-bis(arylmercapto)bifluorenyl, namely a carbene 

diinsertion product between the S-S bond of the disulfide. 

A benzene solution of 9-diazofluorene (1, 1.04 x 10 .2 M) and di-p-tolyl disulfide (2a, 5.20 x 10 .3 M) was 

irradiated under argon with a Xenon lamp (500 W) using a glass filter (>340 nm) 6 for 24 h. The resulting 

mixture was separated with column chromatography (silica gel) to give two products (3a and 4a) (eq. 1). The 

minor product 4a (yield, 1.4%) was determined as 9,9'-bis(p-tolylmercapto)fluorene by independent synthesis.7 

The structure of 3a (yield, 52%) was determined unequivocally by single crystal X-ray crystallography s shown 

in Figure 1. Intriguing structural features of 3a, 9,9'-bis(p-tolylmercapto)bifluorenyl, 9 are: 1) Relatively short 

distance (3.16 A)between sulfur atoms shows close contact in both atoms with reference to the van der Waals 

radius of a sulfur atom (1.85 A).~° 2) Dihedral angle (51.0") consisted of a central S-C-C-S framework shows a 

staggered structure of this compound which accommodates a favorable arrangement for lower repulsion between 

lone pair electrons of both sulfur atoms. The molecular structure of 3a could be predicted also correctly by a 

semiempirical molecular orbital calculation ~ ~ (a calculated dihedral angle of S(1)-C(1)-C(I)-S(1) of the energy- 

optimized 3a: 49.6*). Based on the crystallographic and molecular modeling results, the molecular structure of 
3a is suggested to be that of a highly substituted ethane and the crystal structure is apparently the most energeti- 
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Fig. 1. ORTEP drawing of 3a 
with atom labeling scheme. 
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Fig. 2. Side view from the 
direction of the C(1)-C(I) axis 
of 3a generated by a semiem- 
pirical molecular orbital calcula- 
tion. Bonds are shaded except 
for the ones showing the ethane 
ligands. Hydrogens are omitted 
for clarity. 

cally favored one (Figure 2). Hydrogenolysis of 3a with Raney nickel gave 9,9'-bifluorene (6) quantitatively. 

When the reduction was done with the same catalyst with lower activity, bifluorenylidene (5) as well as 6 was 

obtained (eq. 2). Diazofluorene 1 and di-p-anisyl disulfide (21)) reacted in a similar way to give 3b ~2 in 43% and 

4b in 26% yields after chromatographic separation.~3 Formation of the carbene diinsertion products like 3 has 

been previously reported in only two examples as trace byproducts. 3a. 3c 

According to the EPR, laser flash photolysis and product studies on 1 with a variety of disulfides, Alberti 

et  al. concluded that triplet fluorenylidene is a highly reactive carbene and forms ylides with great rapidity by 

facile intersystem crossing to the singlet state: Likewise in our reaction, no effect of oxygen as a triplet quencher 

on the formation of 3a was observed (runs 1 and 2 in Table l) and when the photoreaction of 1 was examined 

in the presence of an equimolar mixture of 2a and 2b, 3a and 3b formed without any scrambling of p-tolyl and 

p-anisyl groups in 3. These facts suggest that the photoreaction proceeds v/a a singlet state (a singlet 

fluorenylidene or a sulfur ylide). Moreover, although analogous photoreactions of diarydiazomethane were 

examined, no corresponding 9,9'-bifluorenyl was formed at all. Regarding the variation of disulfides, no 9,9'-  

bis(alkylmercapto)bifluorenyl was afforded with dim-butyl and di-t-butyl disulfides and the experiments repro- 
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duced the results reported by Alherti et al. s 

Only the reactions with diaryl disulfides (aryl 

= phenyl, p-chlorophenyl, p-anisyl and p-tol- 

yl) gave the fluorenylidene-diinsertion product 

into the S-S bond of them. One of  the plau- 

sible intermediate (Scheme 1), a thioacetal 4 

prepared independently 7 was subjected to the 

reaction with 1, but 4 was recovered almost 

quantitatively (Path A). Another candidate of 

the intermediate, bifluorenylidene (5) was 

subjected to the reaction with 2a (runs 3 and 4 

in Table 1)J 4 The reactivity of 5 was found to 

Table  1. Photoreactions of 1 or 5 with 2a in benzene." 

Recovery and Products (Yield/%) 
Run Atmosphere 

1 5 2 a  3 a  9-Fluorenone 
1 ° Ar 79 85 15 
2 b O 2 15 85 15 61 

3 c Ar - 98 98 2 

4 c 02 - 78 98 2 20 

a) All reaction time was 40 min. Diazofluorene (1) (runs 1 
and 2) or bifluorenylidene (5) (runs 3 and 4) with 2a 
was irradiated with a Xe lamp (500 W) through a glass 
filter (Toshiba, UV-35, >340 nm) in a Pyrex test-tube. 
Product yields were estimated by 'H NMR spectroscopy 
(400 MHz). 

b) [1] = 1.0 x 1 0  M, [2a] = 5.0 x 10 .4 M. 
c) [5] = [2a] = 9.8 x 10 .4 M. 

hv, 2 Ar.... S*_ ~ Stevens Ar~. S . ~  
~1 - =' Ar~.S4 ' ~ 

hv, 2 A~__~,~ Stevens ~r! . . .~  

7 Scheme 1 

Stevens 
P 3  

= 3 

be ca. 1/7 of that of  1 (Path D, not shown in Scheme 1). Paths A and D, therefore, are minor reaction pathways, 

if any? 5 Based on the above experiments, we propose disulfur ylide formation followed by two times of 

successive Stevens rearrangement ~6'~7 (Path B) or by a concerted electron redistribution via [2,3]sigmatropic 

rearrangemenP 7 (Path C) to 3 shown in Scheme 1. The crystal structure of 3a also suggests that face-to-face 

arrangement with ca. 50 ° of  staggering of two fluorene moieties is auspicious of the concomitant formation of 

the S-ylide 7 by approaching fluorenylidenes to the sulfur atoms through the preexisting space of  2 ~s and 

subsequently, product 3 is formed by least motion of two fluorenylidene moieties of 7. According to the 

experimental results that only diaryl disulfides 2 reacted with 1 to give 3 successfully, Path C is more suited as 

the actual reaction pathway. Under the present circumstances, elucidation of the detailed reaction mechanism 

awaits further studies. 
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