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Reactivity of Triplet Diphenylcarbene towards the Sulphur Atom of 
1,2,3-Benzothiadiazole 
By Luisa Benati, Pier Carlo Montevecchi, Piero Spagnolo, and Antonio Tundo, lstituto di Chimica 

Thermal decomposition of diphenyldiazomethane (1 ) at  87 "C in chlorobenzene in the presence of 1,2,3-benzo- 
thiadiazole (2) afforded 9-phenylthioxanthen (3), 6-phenyl-6H-dibenzo[b,d]thiopyran (4), 6-benzhydryl-6- 
phenyl-6H-dibenzo[b,d]thiopyran (5) and thianthren (6). Reaction products are explained in terms of attack on 
the sulphur atom of (2) by triplet diphenylcarbene, leading to decomposition of the heterocyclic nucleus with loss of 
nitrogen and formation of a diradical intermediate (7), from which products (3)-(6) can arise. Some evidence is 
presented that benzothidiazole (2) may act as an an effective spin-trap for triplet diphenylcarbene, thus preventing 
reversible interconversion of singlet and triplet states. 

Organica dell'universitb, Viale Risorgimento 4,401 36 Bologna, Italy 

STRONGLY electrophilic carbenes substituted by electron- 
withdrawing substituents are known to attack the non- 
bonding electron pair of the sulphur atom of alkyl and 
aryl sulphides to give stable sulphur ylides.1*2 Vinyl 

sulphides, thiophen, and dibenzothiophen, in which the 
sulphur lone pair is highly delocalized, have also been 
found to be efficient traps for such carbenes and to form 
stable sulphur y1ides.l 

As for less electrophilic carbenes, such as aryl- and 
diaryl-carbenes, reactions with alkyl and allylic sulphides 
have been found to lead to products which presumably 
arise from rearrangement of the unstable sulphur ylides 
first f ~ r r n e d . ~  

Reactions are all assumed to occur by electrophilic 
attack of singlet carbenes on the sulphur atom; no 
evidence of radical attack by triplet carbenes has been 
so far reported. In this paper we wish to report the 
first definite example of radical attack on the sulphur 
atom by triplet carbenes, obtained from a study of the 
reactivity of diphenyldiazomethane (1) with 1,2,3- 
benzothiadiazole (2) (BTD) . This substrate was selected 
in view of its great reactivity towards radical species 
which attack the sulphur bringing about decomposition 
of the heterocyclic nucleus with loss of nitrogen; 
moreover, there is some very recent evidence that triplet 
arylnitrenes are also capable of adding to the sulphur 
atom of BTD. 

RESULTS AND DISCUSSION 

Thermal decomposition of diphenyldiazomethane (1) 
(0.4~) at 87 "C in chlorobenzene containing a two-fold 
excess of BTD for ca. 12 h (until disappearance of the 
diazo-band at 2 100 cm-l was observed in the i.r. spec- 
trum) gave, after column chromatography; (i) 9- 
phenylthioxanthen (3) (5 yo) ; (ii) 6-phenyl-6H-dibenzo- 
[b,d]thiopyran (4) (8%) ; (iii) 5-benzhydryl-5-phenyl- 
6H-dibenzo[b,d]thiopyran (5) (15%) ; and (iv) thianthren 
(6) @yo), as well as trace amounts of an unidentified 
product (Scheme 1). 

Benzophenone (5 yo), benzophenone azine (20%), and 
traces of tetraphenylethylene and 1,1,2,2-tetraphenyl- 
ethane were also isolated. 

The structures of the hitherto unknown dibenzo- 
thiopyrans (4) and (5) were assigned on the basis of 
elemental analysis and spectral data, and by spectral 
comparison with specimens prepared by other routes. 
Compound (4) could also be prepared by treatment of an 
ether suspension of dibenzothiopyrylium perchlorate 
with an excess of phenylmagnesium bromide ; metal- 
lation of (4) with n-butyl-lithium in dry tetrahydrofuran 
at 0 "C followed by reaction of the resulting lithium 
derivative with benzhydryl chloride led to the dibenzo- 
thiopyran (5) 

PhzCN2 + 
S 

( 3 )  

+ 

( 6 )  ( 5 )  ( 4  1 

Kinetic studies of the thermal decomposition of di- 
phenyldiazomethane (1) in chlorobenzene at 87 "C 
showed the reaction to be first-order in diazo-compound 
(1) both in the absence and in the presence of BTD (rate 
constants are reported in Table 1). 

TABLE 1 
Thermal decomposition of diphenyldiazomethane (1) in 

chlorobenzene at 87 "C in the presence of BTD 

SCHEME 1 

[Ph,CNJ/w [BTD]/w Rate constant/min-l 
0.20 0.00 1.2 x 10- 
0.20 0.40 1.7 x 1O-a 
0.20 2.00 2.3 x lo-, 

These findings would appear to indicate intermediate 
formation of diphenylcarbene in the decomposition of (1) 
in the presence of BTD, thus suggesting that diphenyl- 
carbene (singlet or triplet) is the species reacting with 
BTD to give products (3)-(6). On the other hand some 
intervention of benzhydryl radicals, unlikely to be 
formed in such conditions, in the formation of products 
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(3)-(6) appears to be definitely ruled out by our can be ascribed to radical attack on the sulphur of BTD 
observation that benzhydryl radicals, produced by by diradical (7), by analogy with that exhibited by 
thermolysis of azobis(dipheny1methane) in refluxing ortho-thio-substituted aryl radicals (Scheme 3). 
benzene, are not capable of reacting with BTD. Formation of the dibenzothiopyran (5 )  might be 

( 7 )  
SCHEME 2 

Reaction products (3)-(6) can be rationalized by 
assuming intermediate formation of diradical (7), 
arising from attack of diphenylcarbene (singlet or triplet) 
on the sulphur atom of BTD. In fact electrophilic 
attack by a singlet carbene might lead to ylide (8) and 
then to (7) by loss of nitrogen; on the other hand 
radical attack by a triplet carbene would afford (7) by a 
mechanism analogous to that by which BTD traps 
radicals 4 (Scheme 2). 

attributed to further reaction of dibenzothiopyran (4) 
with diphenylcarbene. However this possibility appears 
to be ruled out by our independent experiments, which 
showed the reaction of diphenylcarbene with (4) to 
produce dibenzothiopyran (5) as well as a major product, 
which was assigned the structure of 6,6,7-triphenyl-6,7- 
dihydrodibenzo[b,d]thiepin (12).* Compound (12) was 
shown not to be formed from decomposition of diphenyl- 
diazomethane (1) in the presence of BTD, and was found 
to be quite stable under the reaction conditions. 

An alternative reasonable route leading to (5) might be 
hydrogen abstraction from (11) by triplet diphenyl- 
carbene and dimerization of the resulting radicals. 

From reactions carried out in more dilute chloro- 
benzene solutions of (1) ( 0 . 0 5 ~ )  containing BTD (0.1- 
1 . 2 ~ )  we observed that compound (5) was formed only 
in trace amounts and, more interestingly, that yields of 
(3) and (4) were independent of BTD concentration at 
BTD concentrations >,0.2M, thus suggesting that BTD 
may be an effective diphenylcarbene (singlet or triplet) 
trap. The gradual increase in thianthren (6) yield 
observed with increasing BTD concentration appears to 
support the reaction pathway previously suggested for 
formation of (6), since intermolecular reaction of diradical 

(71 I: +PhZC* 

( 4 )  

Ph,CH* 
dimerization 
____) ( 5 )  

1,4-Cyclization of the diradical (7) would give benzo- intermediate (7) with BTD is expected to be favoured 
thiete (9), from which 9-phenyl-4aH-thioxanthen (10) by increasing BTD concentration. These findings are 
might be formed through ring-opening followed by collected in Table 2. 
electrocyclic closure; aromatization of (10) would In order to throw light on the nature of the carbene 
lead to 9-phenylthioxanthen (3). species attacking the sulphur atom of BTD, we carried 

1,6-Cyclization of (7) would afford (11), from which 6- 
arise by * Chemical and spectral evidence for compound (12), as well as 

a study of the mechanism of its formation, will be reported else- pheny1-6H-dibenzo[b,d]thiopyran (4) 
aromatization. The small amounts of thianthren (6) where. 
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TABLE 2 

Product yields * for thermal decomposition of diphenyl- 
diazomethane (1) ( 0 . 0 5 ~ )  in chlorobenzene at 87 "C in 
the presence of BTD 

Products (%) 
< A 

\ 

[BTDI /M (3) (4) (6) 
0.1 4.5 18 1 
0.2 7 28 2 
0.4 9 29 3 
0.6 10 28 4 
0.8 10 28 5 
1.2 11 28 9 

* Yields are based on starting diphenyldiazomethane; in 
all experiments benzophenone azine ( 10-20y0), benzophenone 
(3-5%), and trace amounts of 6-benzhydryl-6-phenyl-6H- 
dibenzo[b,d]thiopyran (5) were also observed. 

out a study of the decomposition of diphenyldiazo- 
methane (1) ( 0 . 0 5 ~ )  both in toluene and in a suitable 
mixture of n-butyl alcohol-toluene in the presence of 
varying amounts of BTD. Thermal decomposition of 
(1) in toluene has been reporteds to afford 1,1,2-tri- 

Q 
Ph 

Ph H 

phenylethane (13), 1,1,2,2-tetraphenylethane (14), and 
1,Z-diphenylethane (15) ; these arise from hydrogen 
abstraction from the solvent by triplet diphenylcarbenes 
and couplings of the resulting benzhydryl and benzyl 
radicals formed; we observed that in the presence of 
BTD (0.4--0.8~), decomposition of (1) in toluene led to 
suppression of coupling products (13)-( 15) with form- 
ation of compounds (3) and (4) in yields which were 
found to be independent of the BTD concentrations 
employed, analogous to the results from the correspond- 
ing reactions carried out in chlorobenzene solution. 
Results are reported in Table 3. 

On the other hand n-butyl benzhydryl ether (16) was 
found to be formed in 65% yield from thermolysis of 
diphenyldiazomethane (1) in n-butyl alcohol solution ; 
the formation of this product (16) is most reasonably 

ascribed to attack of singlet diphenylcarbene on the 
solvent, in line with the mechanism suggested for ether 
formation from diarylmethylenes and  alcohol^.^ 

TABLE 3 
Product yields for thermal decomposition of diphenyl- 

diazomethane (1) ( 0 . 0 5 ~ )  in toluene at 87 "C in the 
presence of BTD 

Products (%) * 
r A 

[BTDI/M (3) (4) (13) (14) (1G 
0.0 25 12 12 
0.4 6 28 
0.8 6 28 

* Thianthren (6) was also formed; yields were not calculated. 

Decomposition of phenyldiazomethane (1) in suitable 
solutions of n-butyl alcohol in toluene was found to 
afford mixtures of products arising from reaction of 
diphenylcarbene both with toluene and with n-butyl 
alcohol; in particular n-butyl benzhydryl ether (16) 
was obtained in 40% yield, together with products 
(13)-(15) in 20% overall yield, from decomposition of 
a toluene solution of (1) in the presence of n-butyl 
alcohol ( 0 . 1 ~ ) .  Thus thermal decomposition of (1) 
in toluene containing n-butyl alcohol ( 0 . 1 ~ )  and BTD 
( 0 . 4 ~ )  would be expected to show suppression of triplet 
products with toluene [(13)-( 15)] and little variation 
in the yield of ether (16), if triplet diphenylcarbenes were 
the species attacking the sulphur of BTD, whereas a 
drastic decrease in the yield of ether (16) would be 
expected if attack on the sulphur of BTD occurred by 
singlet carbenes. The data in Table 4 indicate that 

TABLE 4 

Product yields for the thermal decomposition of diphenyl- 
diazomethane (1)  ( 0 . 0 5 ~ )  and n-butyl alcohol (0.1111) in 
toluene at 87 "C in the presence of BTD. 

Products (yo) 
c 

[BTDI/M (3) (4) (13) (14) (15) ( 1 4  
0.0 10 5 5 40 
0.4 4 15 19 
0.8 4 17 22 
1.2 4 16 19 

suppression of products (13)-( 15) was accompanied by a 
noticeable decrease in 
yields of (16), and of 

+PhMe 
i""' * PhZCHCHzPh 
/ (13 1 

I 
I I 

+ PhCHZCHzPh -i (15 1 (singlet) (triplet 1 
PbCN2 I I )  Ph,C: 4- Ph&* 

Bu"--O--CHPhr 
(16 1 

SCHEME 4 

the yield of (16); however, 
(3) and (4), were found to be 
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practically unchanged over the range of BTD concen- 
trations investigated (0.4-1.2~). These findings are 
consistent with triplet attack on the sulphur of BTD; 
singlet attack would reasonably lead to a decrease in the 
yield of ether (16) and an increase in the yields of (3) and 
(4) with increasing BTD concentrations. 

Moreover, the lack of any appreciable variation in the 
yields of (16), (3), and (4) appears to indicate that BTD, 
acting as an effective spin-trap for triplet diphenyl- 
carbenes, prevents a reversible interconversion of singlet 
and triplet states, at least for concentrations 2 0 . 4 ~ .  
Such reversible interconversion, which has been pre- 
viously suggested lo for diphenylcarbene, appears to 
be occurring in the absence of BTD, as evidenced by the 
increased yield of the ether (8) obtained in this case. 

EXPERIMENTAL 

Diphenyldiazomethane ( 1) l1 and 1,2,3-benzothiadiazole 
(2) 12 were prepared as described in the literature. The 
reaction products 9-phenylthioxanthen (3) ,13 thianthren (6), 
1,1,2-triphenylethane (13) 1,1,2,2-tetraphenyIethane ( 14),s 
1,2-diphenylethane (15),& benzhydryl n-butyl ether ( 16),14 
benzophenone, and benzophenone azine l5 were identified 
by mixed m.p. and spectral comparison (i.r. and n.m.r.) 
with authentic specimens, which were prepared according 
to the literature or were commercially available. G.1.c. 
analyses were performed on a Varian 1440 instrument (504 
SP 2250 on Supelcoport column). 

6-PhenyZ-6H-dibenzo[b,d]thiopyran (4) .-To a suspension 
of dibenzothiopyrylium perchlorate (2.3 g)  in dry ether 
(100 ml) was added an ether solution of phenylmagnesium 
bromide [from Mg (2.1 g) and bromobenzene (14 g)  in dry 
ether (100 ml)]. The reaction mixture was stirred at room 
temperature for 1 h and then treated with an  aqueous 
solution of ammonium chloride. The organic layer was 
dried and the solvent evaporated to give an oily residue 
which was chromatographed on a silica gel column. Elution 
with n-pentane gave 6-phenyl-6H-dibenzu[b,d]thiopyralz 
(1.2 g, 60%), m.p. 83-85 "C; m/e 274 (M+) ,  273, 197, and 
165; G(CDCl,), 5.20 (1 H, s), 6.95-7.45 (11 H, m), and 
7.72-7.90 (2 H, m) (Found: C, 82.7; H, 5.1; S, 11.5. 
C,,H14S requires C, 83.15; H, 5.15; S, 11.7%). 

6-Benzhydryl-6-phenyl- 6H-dibenzo [b, d] thiopyran (5) .-A 
solution of (4) (0.27 g)  in dry tetrahydrofuran (10 ml) was 
treated with 1 . 5 ~  n-butyl-lithium (0.8 ml) a t  0 "C. The 
resulting reddish mixture was stirred for 15 min, and then 
a solution of benzhydryl chloride (0.35 g) in tetrahydrofuran 
(5  ml) was added dropwise. The reaction mixture was 
stirred for 2 h,  the solvent evaporated, and the crude 
product chromatographed on silica gel. Elution with n- 
pentane afforded the title compound (0.25 g, 57%), m.p. 
208--210°C; m/e 440 (&I+), 273, 242, 241, 197, and 165; 
G(CDC1,) 5.24 (1 H, s), 6.64-6.80 (2 H, m), and 6.92-7.84 
(21 H, m) (Found: C, 86.6; H, 5.5; S, 7.45. C3,H,,S 
requires C, 87.25; H, 5.5; S, 7.3%). 

Kinetic Expeviments.-Kinetic measurements of the 
thermal decomposition of diphenyldiazomethane (1) were 
carried out at 87 "C in chlorobenzene solutions of (1) (0 .20~)  
containing BTD (0.0, 0.4, and 2.0M). During the thermo- 
lyses portions were removed a t  regular intervals, diluted 
twenty-fold with chlorobenzene, and assayed by measuring 
the area of the diazo-band at 2 040 cm-l in the i.r. spectrum. 
Concentrations of diphenyldiazomethane (1) were obtained 

from a previously prepared calibration curve. Disappear- 
ance of the diazo-compound (1) was followed over at least 
two half-lives and first-order kinetic plots of log [diphenyl- 
diazomethane ( 1) concentration] us. time were obtained, 
and the rate constants reported in Table 2 were determined 
from the slopes of the graphs. 

Thermal Decomposition of Diphenyldiazomethane (1). 
General Procedure.-Solutions of diphenyldiazomethane (1) 
in the appropriate solvent were de-gassed by bubbling 
through a stream of nitrogen for 3 h and then kept at 87 "C 
for 12-14 h under nitrogen until disappearance of the 
diazo-band a t  2 040 cm-l in the i.r. spectrum was observed. 

( A )  I n  chlorobenzene. A solution of (1) (1.55 g)  in 
chlorobenzene (20 ml) containing BTD (2.18 g)  was allowed 
to react as described above. Column chromatography on 
silica gel (n-pentane as eluant) afforded (in order of elution) : 
thianthren (6) ( 5 % ) ,  tetraphenylethane (1-2%), 9- 
phenylthioxanthen (3) (5y0), 6-phenyl-GH-dibenzo[b,d] thio- 
pyran (4) (15%), small amounts (2%) of an unidentified 
product [m.p. 175 O C ,  m/e 440 (&I+)], and 6-benzhydryl-6- 
phenyl-6H-dibenzo[b,d]thiopyran ( 5 )  (15%). Elution with 
20% ether-n-pentane gave benzophenone (5%)  and benzo- 
phenone azine (13%). 

Quantitative determination of reaction products was 
carried out by g.1.c. analysis of mixtures obtained from 
thermolysis of diphenyldiazomethane ( 1) ( 0 . 0 5 ~ )  in chloro- 
benzene containing BTD (0.1, 0.2, 0.4, 0.6, 0.8, and 1 . 2 ~ ) .  
Results collected in Table 1 are the average of a t  least 
two independent experiments. Product (5 )  was not 
detectable by g.l.c., due to its thermal instability; however, 
t.1.c. analyses of these reaction mixtures showed ( 5 )  to be 
present only in trace amounts. 

Thermal decompositions of (1) ( 0 . 0 5 ~ )  
in toluene solution (10 ml) were carried out in the absence 
and in the presence of BTD (0.4 and 0 . 8 ~ ) ;  the reaction 
mixtures were directly analysed by g.1.c. without mani- 
pulation. Results reported in Table 3 are the average of a t  
least two independent experiments. 

( C )  I n  n-butyl alcohol. Column chromatography on 
silica gel (n-pentane as eluant) of the reaction mixture from 
decomposition of diphenyldiazomethane (1)  (1.55 g) in n- 
butyl alcohol (20 ml) gave benzophenone ( 5 % ) ,  benzo- 
phenone azine (5y0), and benzhydryl n-butyl ether (16) 

(D) I n  n-butyl alcohol (0.lM)-toluene. Reactions were 
carried out in solutions of diphenyldiazomethane (1) 
(0.05 M) in n-butyl alcohol (O.lM)-toluene solutions (10 ml) 
containing BTD (0.0, 0.4, 0.8, and 1.2111). Quantitative 
determination of the reaction products was effected by 
g.1.c. analysis of the reaction mixtures without manipul- 
ation. At least three independent experiments were 
performed in each case and the averaged results are collected 
in Table 4. 

Thermal Decomposition of Azobis(diPheny1methane) .-A 
solution of azobis(dipheny1methane) * (1.52 g, 4.2 mmol) 
and BTD (0.57 g, 4.2 mmol) in benzene (20 ml) was refluxed 
for 5 h. On filtration of the cooled reaction mixture, 
1,1,2,2-tetraphenylethane (14) (1.40 g, 1OOyo) was isolated; 
evaporation of the filtrate gave undecomposed BTD. No 
evidence of other products was found. 

(B)  I n  toluene. 

(65%). 
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