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Abstract--Thermal decomposition of N(phenylsulfonyl)-bcnzohydrazonoyl chloride (1) in refluxing toluene 
generated N-phenylsulfonylbenzonitrilimine (2) which gave 1,3-dipolar cycloadducts with ethyl (,la) and methyl 
acrylate (4b), acrylonitrile (4¢), styrene (4d), norbornene (,lie), and norbornadiene (41). The reactions with 4a-tl, 2 
afforded regiospecifically 5-R substituted pyrazolines 5a--d in lower yields. The reaction of 2 with 4e gave only exo 
adduct 5e, while the reaction with 41 gave both exo- (5I~) and endo adducts (Sf,) as well as their retro-Diels-AIder 
product 6. 

An N-(arylsulfonyl)benzohydrazonoyl chloride such as 1, 
readily obtainable from the corresponding hydrazide and 
thionyl chloride, I has been shown recently to be a useful 
intermediate for synthesis of various, azoles and 
azines. 2"3 However, attempted generation and cycload- 
dition of N-phenylsulfonylnitrilimine (2), a potentially 
useful 1,3-dipole for synthesis of N-phenylsulfonyl 
pyrazolines and pyrazoles, 4 from 1 via base-induced 
dehydrochlorination was not successful affording only a 
linear dimer 3a and dihydrotetrazine 3b, a cyclisation 
product of 3a t'2aJa (Scheme 1). Although N-p-tolyl- 
sulfonylnitrilimine has been suggested as a labile inter- 
mediate in the thermal decomposition of 2 - p - tolyl- 
sulfonyl - 5 - phenyltetrazole, 3a~ there seems no report 
on the successful 1,3-dipolar cycloaddition of N-aryl- 
sulfonylnitrilimines. 6 On the other hand, thermal 
decomposition of hydroxamoyi chloride is known to be a 
unique method for generation of nitrile oxides which give 
1,3-dipolar cycloadducts in good yields] We have now 
found that thermal decomposition of the chloride 1 in 

inert solvent such as toluene provides a novel and facile 
method for generation of N-phenylsulfonylnitrilimine (2). 
This paper describes thermal generation of 2 and its 
1,3-dipolar cycloaddition reactivity. 

RESULTS AND DISCUSSION 

The reaction of N-phenylsulfonylbenzohydrazonoyl 
chloride (1) and ethyl acrylate (4a) after work up and 
purification afforded 1 - phenylsulfonyl - 3 - phenyl - 5 - 
ethoxycarbonyl - A 2 - pyrazoline (5a), a 1,3-dipolar 
cycloadduct of 2 to 4a in 11% yield. Similarly, reactions 
of I with methyl acrylate (4b), acrylonitrile (4c) and 
styrene (4d) gave the corresponding 1,3-dipolar cycload- 
ducts 5b-d in lower yields as summarised in Scheme 2 
and Table 1. The assigned 5-R substituted structures 
Sad were supported by analytical and spectral data (IR, 
'H NMR and t3C NMR, Table 2 and 3). In IH NMR 
spectra, 5a--d had characteristic signals due to H4 and Hs 
(Table 2). 8 In 13C NMR spectra, 5a-d revealed charac- 
teristic three lines assignable to C3(s, 8 156.2-156.6), C4 
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Table 1. Cycloadducts of nitrilimine 2 with olefins (4a-f)" 

Olef in  React. t ime,hr  
(mol r a t i o  to 1~ 

Product b Yield,~ M.p. , °C(So lvent )  c ,d  

4~a(10) 10 5~a 11.0 87-88 (MeOH) 

4b(10) 28 S b 10.0 132-133(MeOH) 

4..c(10) 22 5c 7.0 18S-189(EtOH) 

4dd(20) 20 5d 12.0 205-206(EtOH) 

4e(10) 10 5e 53.0 199-200(EtOH) 

4.f(10) 10 (10)e[4] f S ~  28.0 (29.0)e[19.0]  f 173-174(EtOH) 

5£~ n 4.0 ( 4 .0 )e [  3.0] f 156-157(EtOH) 

6 4.0 ( 4 .0 )e [19 .0 ]  f 91-92 (~-CeH14-CoH 6) 

a A mixture o f ~  (2-3 mmol) and o le£in  was heated under r e f l u x  in to luene .  

b 5~a-S£5~are c o l o r l e s s  pr isms;  ~6 is  c o l o r l e s s  p l a t e s ,  c Solvent  for  r e c r y s t a l l i z a t i o n .  
d Many s ide  products  were a l so  produced (see Exper imenta l ) .  e The r e a c t i o n  at  110 ° in  

£ 
chlorobenzene.  The r e a c t i o n  under r e f l ux  in chlorobenzene.  

(t, 8 38.5--43.9) and C5 (d, a 49.0--65.2) respectively, 
supporting the given 2-phenyl-5-R substituted A 2- 
pyrazoline structures (Table 3), 9 

The reaction of 1 with norbornene (4e) afforded 
exclusively exo-adduct 5e in 53% yield, while the reac- 
tion with norbornadiene (40 yielded exo- and endo-l:l 
adducts, 5fx and 5f,, and I - phenyisulfonyl - 3 - pbenyl- 
pyrazole (6) in 28, 4 and 4% yields, respectively (Scheme 
2 and Table 1). The stereochemistry of 5e, 5fx and 5f, 
was based on ~H NMR spectra (Table 2). The coupling 
constants, J i .2=4.1Hz and J6.7=3,8Hz for 5f, sup- 

ported the given endo-adduct structure, while nearly 
zero values of J~.2 and J6,7 for 5e and 5fx were compatible 
with the given exo-adduct structures. 1°'" ~3C NMR 
spectra of 5e, 5fx and 5f. had also characteristic pyrazol- 
ine ring carbons (Table 3). Compound 6 had charac- 
teristic ~H NMR signals due to pyrazole ring protons 
(Table 2), and was a retro-Dieis-Alder product of 5f~ and 
5f. as indicated by its formation from 5fx and/or 5f. on 
heating in refluxing toluene and also by the increased 
yield (19%) of 6 in the reaction of I with ,If at a higher 
reaction temperature (in refluxing chlorobenzene) (Table 
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1). 12 On the other hand, no interconversion between 5f~ 
and 5f~ was observed under the reaction conditions (in 
refluxing toluene) and the observed exo: endo ratio 7.0 is 
very similar to 6.7 reported for the reaction of diphenyl- 
nitrilimine with ,If) 3 

In order to examine the 1,3-dipolar cycloaddition 
reactivity of 2, we examined also the reactions of 1 with 
cyclohexene, cycloocta-l,5-diene, diethyl fumarate, 
diethyl maleate, methyl cinnamate as well as aikynes 
such as dimethyl acetylenedicarboxylate, ethyl pro- 
piolate and phenylacetylene, but the corresponding 
cycloadducts could not be obtained and only complex 
mixtures were produced, from which diphenyl disulfide, 
phenyl thiobenzoate, phenyl thiobenzenesulfonate, 1,2 - 
dibenzoyl - 1 - phenylsulfonyl - hydrazine and benzoic 
acid were isolated as common decomposition products. 
These products were also produced in thermal decom- 
position of 1 in the absence of dipolarophiles (Experi- 
mental). 

Thermal or photo decomposition of 2,5-disubstituted 
tetrazoles is a general method for generation of the 
corresponding nitrilimine, ~4'~s and in the thermolysis of 2 
- p - tolylsulfonyl - 5 - phenyltetrazole, Wawzonek and 
Kellen isolated several decomposition products similar to 
the above decomposition products: ° Therefore, our 
present results of thermolysis of I in the presence and/or 
in the absence of dipolaropliiles could most reasonably 
be explained in terms of the thermal generation of N - 
phenylsulfonyl - benzonitrilimine (2) from I via dehy- 
drochlodnation. 

The regiochemistry and reactivity of 1,3-dipolar 
cycloadditions are rationalised recently in terms of fron- 
tier orbital theory by Houk) 6 The observed regiospecific 
formation of 5-R substituted pyrazolines 5a--d from R 
substituted olefins 4a-d is the same trend reported for 
dipbenylnitrilimine, a LUMO (=lowest unoccupied 
molecular orbital)-controUed type 1,3-dipole. The 
phenylsulfonyl group of 2 may lower the LUMO energy 
compared with formonitdlimine as N-phenyl substituent 
and 2 should be also a LUMO-controlled type 1,3-dipole. 
Therefore, the cycloaddition reactivity of 2 is lower 
toward electron-deficient dipolarophiles as was observed. 
However, the reactivity of 2 toward electron-rich 
dipolarophiles like norbornene (4e) is comparable with 
diphenylnitrilimine. 

EXPERIMENTAL 
Microanalyses were performed with a Perldn-Eimer 240 ele- 

mentla analyzer. M.ps were determined with a Yanngimoto 
micromelting point apparatus (hot-stage type) and are uncor- 
rected. IR spectra were obtained with a Jasco IRA-1 spec- 
trometer. ~H NMR spectra were recorded on a Jeol JNM-C- 
60HL spectrometer at 60 MHz, while 13C NMR spectra were 
recorded on a Jeol JNM-FX 60FT NMR instrument at 
15.04 MHz. All NMR spectral peak positions are given in parts 
per million (8) downfield from tetramethylsilane as an internal 
standard. 

General procedure/or 1,3-dipolar cydoaddition of N-phenyl- 
sulfonylbenzonitrilimine (2). A soln of (1) (2.00mmol) and an 
appropriate dipolarophile (20.0 retool) in dry toluene (15 ml) was 
heated under argon and under reflux. After heating for 10-28 hr, 
during which a slow evolution of HCI gas ceased, the solvent was 
removed under vacuum, and the residue was purified on a silica 
gel column to afford adducts $a--[ and 6. The results are sum- 
marised in Table I-3. 

3 - Phenylsalfonyl - 5 - phenyl - 3,4 - diazatncyclo - 

[5.2.1.02"~°]deca - 4 -ene (Se). A soln of I (590 mg, 2.00 retool) 
and 4e (I.89g, 20.0retool) in dry toluene (15 ml) was heated as 
above for I0 hr. Removal of the solvent and excess 4e under 
vacuum gave a residue (742 mg) which was purified on a silica gel 

column eluting with Et20-C6H6 (2:98) to afford the adduct 5e as 
colorless prisms after recrystaUisation from EtOH (372mg, 
53.0%). 

Thermal decomposition of 1 in the absence of 
dipolarophiles. A soln of l (590 rag, 2.00 mmol) in dry toluene 
(15 ml) was heated as above for 15 hr. The cooled reaction was 
concentrated to ca 8 ml under vacuum and was allowed to stand 
overnight at room temp. The resulting crystals were filtered off and 
washed with toluene to afford 1,2 - dibenzoyl - 1 - phenyl. 
salfonylhydrazine as prisms after recrystallisation from EtOH 
(130 mg, 36.0%); m.p. 201-202"; IR(K)Br) 3200, 1690, 1660. 1375 
and llg0cm-~; IH NMR (CDCI3)8 11.58 (s, IH, disappeared on 
shaking with DzO) and 7.3-8.3 (m, 15H). (Found: C, 63.08; H, 
4.51; N, 7.20. C2oH~tN204S requires: C, 63.15; H, 4.24; N, 7.37%). 

The combined filtrate and washings were evaporated to dry- 
ness under vacuum to afford an oily residue which was purified 
on a silica gel column eluting with n-hexane-CtHt-EhO system 
(9:1:0- 1:1:0-0:1:0-0:98:2) to give the following known 
compounds: diphenyldisulfide (41 mg, 20.0%); S-phenyl thioben- 
zoate (ll5mg, 29.0%), m.p. 56-57' (lit., I~ 56°); S-phenyl ben- 
zenethiosulfonate (40rag, 17.0%), m.p. 43-440 (lit, Is 45°); the 
chloride 1 (60mg, 10.0% recovery); benzoic acid (71 mg, 32.3%). 
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