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Abstract-The cycle-addition reaction of diazomethane with a&unsaturated sulfones is described. 
Divinyl sulfone and phenyl vinyl sulfone give l- or 2-pyrazolines depending on the reaction conditions. 
cis- and rrans-1,2-Bis(methylsulfonyl)ethene form pyrazolines, which on reaction with either triethyl- 
amine or excess of diazomethane lead to substituted pyrazoles. 

The addition of diazomethane to double bonds 
activated by electron-withdrawing substituents 
such as carbonyl, nitro and nitrile is a well-docu- 
mented route to substituted pyrazolines.’ How- 
ever, the addition of diazomethane to Q-unsatur- 
ated sulfones is scarcely mentioned. Parham et 
al.’ reported the formation of two types of pyra- 
zolines from a,punsaturated sulfones and diazo- 
methane viz a normal addition product in which 
the C atom of the diazomethane is attached to 
the p-C of the vinyl sulfone and an abnormal 
product with the diazocarbon attached to the 
ar-C of the unsaturated system. It is generally 
accepted’ that the initial reaction products of 
diazomethane with activated double bonds 
are 1-pyrazolines, which however, may undergo 
a facile prototropic rearrangement to the corre- 
sponding 2-pyrazolines during crystallization, 
by gently warming or by a trace of acid or base.‘” 
Backer et ~1.~ reported that treatment of thiophene- 
1 ,I-dioxides with excess of diazomethane gave 
rise to addition of diazomethane to only one 
double bond of the thiophene- 1, l-dioxides. 

We investigated the reaction of divinyl sulfone 
(Q-an open chain analogue of the thiophene-l,l- 
dioxides-with diazomethane under similar con- 
ditions and we found that instead of one, both 
double bonds of 1 reacted smoothly. 

Treatment of divinyl sulfone (1) with a basefree 
ethereal solution of diazomethane gave the l-pyra- 
zoline 2 as a mixture of the meso and dl form in 
yields up to 90%. In the presence of a trace of 
triethylamine the 2-pyrazoline 3 was obtained in 
76% yield. Heating of 2 in acetonitrile in the 
presence of a little of triethylamine gave a quanti- 
tative rearrangement to 3 (Scheme 1). 
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The structure of 3 was established by a correct 
elemental analysis, a NH absorption at 3340 
cm-’ in the IR spectrum and an AzBz pattern for 
the protons at Cq and C, in the NMR spectrum. 
The structure of 2 (meso+ dl) was evident from 
the elemental analysis, the NMR spectrum which 
showed four multiplets in the intensity ratio of 
1: 1:4:4 and the absence of a NH IR absorption. 
Careful crystallization of the reaction product 2 
gave one of the isomers (either meso or dl) as a 
pure substance. Its NMR showed three multiplets 
in the intensity ratio of 1:2:2. Heating of this 
pure isomer gave a quantitative tautomerization 
to bis-Zpyrazoline 3. 

Parham et al.’ studied the addition of diazo- 
methane to sulfones of the type RI-SO,--CH= 
CHR’. With R* being aryl, they found normal as 
well as abnormal addition products. With R2 being 
H or alkyl, only normal addition took place. The 
position of the double bond with respect to the sub- 
stituent in the isolated 2-pyrazolines was not estab- 
lished.2 Since we were able to isolate a 1 -pyrazoline 
from the (normal) addition reaction of diazomethane 
to 1 and since we could adjudge the position of the 
double bond in the corresponding 2-pyrazoline 3, 
we decided to reinvestigate one of Parham’s sul- 
fones. We found that the addition of diazomethane 
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to phc& %+& 7wlKYw” --pa&eJd z <qT?zdhew 
(4). However, when the reaction was carried out in 
the presence of a trace of base, we isolated just as 
Parham et al? did, a 2-pyrazoline (S), erroneously 
denot&wB&f ~+~zc+x,w&~. 

H 
4 5 6 

Having studied so far the addition of diazo- 
methane to a double bond linked with one sulfonyl 
group (phenyl vinyl sulfone) and a sulfone con- 
nected with two double bonds (divinyl sulfone, I) 
the series was comp\eleb by ‘mvesl@ating ‘Lne 
behaviour of a double bond flanked by two sul- 
fonyl functions, e.g. cis-1,Zbis (metbylsulfonyl)- 
ethenc)?* ‘$Xheme~>. 
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*When this work was carried out Meek and Fowler 
published their results on the reaction of diazomethane 
with cis-1,2-bis(ptolylsulfony1) ethene (compare 7). 
When the reaction was stopped as soon as the starting 
alkene was dissolved 3-ptolylsulfonylpyrazole (compare 
10) was isolated in 17% yield. Leaving overnight cis-l,2- 
bis(p-tolylsulfonyl) ethene with excess of diazomethane 
resulted in a mixture from which 1-methyl-3(S)-ptolyl- 
sulfonylpyrazole (compare 11 and 12) could be isolated 
in 57% yie\& PTo+iic\ fonn*icm is ntiontiiae& by Meek 
and Fowler assuming sulfinate elimination from the inter- 
mediate I-pyrazoline (compare 8). (J. S. Meek and J. S. 
Fowler,J. Org. Chem. 33,985 (1968)). 

Fk va.&w, -d -7 wi-& %zzxs% d &li%vmlof~~e~ 
afforded two isomeric l-methyl-methylsulfonyl- 
pyrazdes 1rn.p. 665-67.5”, 63% and m-p. 77-W, 
18%). The NMR spectra of these isomers differed 

CnLy sli@&~ <EK~s+W?&z&$. T?& C&?&C& Y&&z 
and coupling constants were compared with the 
literature data4 for the isomer identification of 
pyrazoles. On basis hereof the compound with 
mp. 66*5-67*5” was shown to be I-methyl-5- 
methylsulfonylpyrazole (11) and the isomer with 
m.p. 77-78” to be I-methyl-3-methylsulfonyl- 
pyrazole (12) - see Scheme 2. In order to gain more 
insight in the reaction of 7 with excess of diazo- 
methane, it was treated with one equivalent of 
diazomethane. The added diazomethane solution 
was decolorized immediately and the adduct 9 
pTetipita1eb m&y gnantibGv&y anb ana&tictiy 
pure. The IRt of 9 showed a NH absorption at 
3370 cm-’ and was identical to the IR spectrum 
ti tie JnQ+inti DW&n&‘rry We&m& Tfi WWB-‘1,2- 
bis(methylsulfony1) ethene (13) with one equivalent 
of diazomethane. The reaction of 7 with one 
equivalent of diazometbane .and one equivalent of 
triethylamine gave pyrazole 10 in 94% yield. The 
NMR spectrum of 10 showed two doublets for the 
ring protons, characteristic for 3-substituted 
pyG3.Zoles. 

The reaction sequence depicted in Scheme 2 is 
a likely explanation for the product formation 
from 7 in the presence of excess of diazomethane. 

tA &QQQ? ‘X’$&g V&V@SW& ac+ QX.\~ n& &< U+&&&~, 9 
was only sparingly soluble in chloroform and carbon tetra- 
chloridbe, reatZleb vjti actione anb ~~cDI@w~x?~‘KJ_~~~~I 
solvents like dimethyl sulfoxide, water and trifluoro- 
acetic acid. 

T& A?malive Ba& ~XE?~.c acir) eXJxGJ.V&&? &Drn 
8 takes place prior to the prototropic shift must be 
discarded because of the great ease by which the 
tautomerization to the 2-pyrazoline 9 takes place. 
Further evidence for the proposed mechanism is 
~.~~~ ~V+z&_*&s &%kp, Q&?&&~& & XXXA. 
12 formed by the reaction of cis-1,2-bis(methyl- 
sulfonyl) ethene (3, trans-I,2-bis(methyll)- 
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ethene (13) and 3-methylsulfonylpyrazole (10) 
with diazomethane under identical conditions. As a 
third possibility can be envisaged N-methylation 
of the 2-pyrazoline 9 with subsequent elimination 
of sulfinic acid. In that case one would expect only 
1-methyl-3-methylsulfonylpyrazole (12). However, 
pyrazole 12 was isolated in a much lower yield 
than its isomer 11. 

In strong contrast to the stability of pyrazoline 
9 are unsuccessful attempts described recently by 
Witiak and Sinha to isolate or detect intermediate 
l- or 2-pyrazolines in the reaction of cis- and trans- 
Pchloroacrylates with diazomethane. 

EXPERIMENTAL 

M.ps are uncorrected. Microanalyses were performed 
by the analytical department of our laboratory under 
supervision of Mr. W. M. Hazenberg. NMR spectra were 
determined on a Varian A-60 spectrometer, using TMS 
as internal standard. IR spectra were taken on an Unicam 
SP 200. 

Di(l-pyrazolin-3-yl)sulfone (2). To a soln of 820 mg 
(6.9 mmole) of 1 in 50 ml ether was added at 0” 24 ml 
1 M CH,N, in ether. Immediate decolorization of the 
first part of the CHzN2 soln and formation of a white 
ppt indicated a fast reaction. After 18 hr at O”, 2 was 
filtered off and washed with ether, yield, 800 mg (58%). 
Two crystallizations from CH&-ether-pentane gave 
600 mg of an equimolar mixture of both diastereomers 
2. NMR (CDCW: S 644 (m, 1 H on C3), 6 5.93 (m, 1 H 
on Q, 6 4.80 (m, 4 H on C&) and 6 2.13 (m, 4 H on Cd; 
IR: no NH absorption. (Found: C, 35.69; H, 5.00, N, 
27.72; S, 15.87. Calc. for CBH,&O,S: C, 35.63; H, 
4.98; N, 27.71; S, 15.85%). After 4 crystallizations one 
diastereomer 2 was obtained pure; NMR (CDC&): 6 
5.93 (m, 1 H on Cd, 8 4.80 (m, 2 H on C& and 6 2.13 (m, 
2 H on Cd; IR: no NH absorption, m.p. 99-104” (dec). 
(Found: C, 35.43; H, 499; N, 27.79; S, 15*83%). Analytic- 
allv nure 2 (one diastereomer) heated for 15 min in MeCN 
in ihk presence of Et3N gavea complete rearrangement to 
3 as was evident from the NMR spectrum. 

Di(2-pyruzolin-3-ylJsulfone (3). To a soln of 1773 mg 
(15.0 mmole) of 1 in 150 ml ether was added at 0” 60 ml 
1 M CHZN2 in ether and 200 mg NaOH. After 18 hr at 
- 5” the mixture was filtered giving 2300 mp; (76%) of 
3. Two crystallizations from C?H.&-ether-pen&e 
afforded analytically pure product, m.p. 101~5-103~5” 
(dec). (Found: C, 35.78; H, 5.14; N, 27.58; S, 15.88. Calc. 
for CBHI&IdOOZS: C, 35.63; H, 4.98; N, 27.71; S, 15.85%); 
NMR (CDCIS); 6 6.48 (s, O.SH, NH) and 6 3.40 (A,B, 
pattern, 2H on C, and 2 H on C3; IR: 3330 cm-’ 
(NH). 

3-Phenylsulfonyl-l-pyrazoline (4). To 840 mg (5 mmole) 
phenyl vinyl sulfone2 in 20 ml dry ether was added at 0 
35 ml @4 M ethereal CH,N,. After 48 hr at - 20” 790 mg 
(75%) of 4 was filtered off. Two crystallizations from 
CH,Clgether-pen&me afforded analytically pure 4, 
m.p. 79-82” (dec). (Found: C, 51.15; H, 4.90, N, 13.06, 
S, 15.20. Calc. for C&10N202S: C, 51.41; H, 4.79; N, 
13.35; S, 15.25%); NMR (CDCII): S 7.75 (m,5 H), 6 
5.75 (m, 1 H on Cd, 6 4.57 (m, 2 H on Cd and 8 2.05 
(m, 2 H on Cd; IR: no NH absorption. 

3-Phenylsulfonyl-2-pyruzoline (5). To 840 mg (5 mmole) 
phenyl vinyl sulfone’ in 20 ml dry ether was added at 0” 
20 ml 0.4 M ethereal CH2NZ and 30 mg Et3N. After 48 hr 

at -20” 885 mg (85%) of 5 was isolated by filtration. 
After 3 crystallizations from EtOH-pentane 5 was ob- 
tained aniytically pure, m.p. 95.5-979 (Found: C, 
5144: H. 4.90: N. 13.04: S. 15.24. Calc. for C.H,.N,O,S: 
C, 51.41; H, 4~79: N, lj.jj; S, 15.25%); NMi +dCi,): 
6 7.75 (m, 5 H), 8 6.30 (broad s, NH) and 8 3.30 (AIBs 
pattern,.4 H); IR: 3380 cm-‘(NH). 

Conuersion of 4 into 5. 420 mg of 4 and 3 mg of EtnN 
in 50 ml ether were kept at 5” fo; 48 hr. After cooling-to 
- 20” filtration of the mixture gave 320 mg of 5 identified 
by IR (NH absorption at 3380 cm-‘) and m.p. (94-97”). 

1-Methyl-5-methylsu!fonylpyrazole (11) and I-methyl-3- 
methylsulfonylpyrnzole (12). To 920mg (5 mmole) of 
7 in 10 ml CH,Cl, and 30 ml dioxane was added 100 ml 
0.5 M ethereal-C&NZ. After standing for 1 week at 5” 
the CH%N, had disappeared. Solvents were removed 
under diminished pressure. The resulting oil was chroma- 
tographed over A&O, (activity II-III, neutral, benzene- 
ether), yield, 540 mg (67%) of 11, and 147 mg (18%) of 
12. Pyrazole 11 was obtained analytically pure by 2 
crystallizations from ether, m.p. 66.5-67.5” (Found: C, 
37.93; H, 5.08; N, 17.44; S, 20.13. Calc. for C,H,N,O,S: 
C, 37.48; H, 5.03; N, 17.49; S, 20.02%); NMR (CDCW: 
6 7.51 (d, 1 H, J 2 c/s), 6 6.85 d, 1 H, J 2 c/s), 6 4.16 (s, 
3 H, N-Me) and 6 3.17 (s, 3 H, SOTMe); IR: no NH 
absorption. Compound 12 was also obtained analytically 
pure by 2 crystallizations from ether, m.p. 77-78”. (Found: 
C, 37.34; H, 4.86; N, 17.57; S, 20.22%); NMR (CDCl& 
S 7.48 (d, 1 H, J 2.5 c/s), S 6.75 (d, 1 H, J 2.5 c/s), 6 4+0 
(s, 3 H, N-Me) and 6 3.17 (s, 3 H, SOTMe); IR: no NH 
absorption. 

3,4-Di(methylsulfonylJ-2-pyrazoline (9). To 736 mg 
(4 mmole) of 7 in 20 ml CH,Cl, and 2Oml ether was 
added at 0” 8 ml 0.5 M CH,N, in ether. After cooling to 
- 20” 810 mg (90%) of 9 could be filtered off. Washing with 
CH,Cl,, ether and pentane gave analytically pure 9, m.p. 
130-133” (dec). (Found: C, 26.50; H, 4.45; N, 12.27; S, 
28.06. Calc. for C,H,~N,OS,: C, 26.54; H, 4.45; N, 
12.38; S, 28.35%). The IR showed a NH absorption 
(3370 cm-‘). An attempt to obtain 9 analytically pure by 
crystallization from acetone (5x) failed since 9 reacted 
with acetone. The elemental analysis of the new product 
(m.p. 131*5-135’, dec), was in agreement with a structure 
of a compound formed by condensation of 2 mole of 9 
with 1 mile of acetone. (Found: C, 32.15; H, 4.98; N, 
11.29: S. 25.52. Calc. for C,,H,,NIOQS,: C. 31.70: H. _” _. - I . 
4.91; h, il.37; S, 26.04%); IR: no NH absorption. ’ 

3-Methylsulfonylpyrazole (10). To 920 mg (5 mmole) of 
7 in 10 ml dioxane was added at 0” 10 ml 0.5 M CH,N, in 
ether and 600 mg Et,N. After standing for 48 hr at 5” the 
solvents were evaporated under diminished pressure. 
The resulting oil was chromatographed (silica gel, EtOAc) 
giving 685 mg (94%) of 10. Two crystallizations from 
i&OH gave &alyti&lly pure prod&t, m.p. 99-103”. 
Found: C, 32.84: H. 4.15: N. 19.36: S. 22.08. Calc. for 
C4H8NOO& C,‘32& I-i, 4.14; N; 19.17; S, 21.94%); 
NMR (CDCW: 8 7.90 (d, 1 H, J 2.5 c/s), 6 6.83 (d, 1 H, 
J 2.5 c/s) and 6 3.15 (s, 3 H); IR 3340 cm-‘(NH). 

The reaction of cis- resp. trans-1,2-bis(methylsulfonyl)- 
ethene and 10 with CH,N, under identical conditions. To 
92 mg of 7 in 5 ml CH&l, was added at 0” 15 ml of 0.45 
M CH,N, in ether. After standing for 1 week at 5” volatile 
components were removed on a vacuum evaporator, 
giving a nearly colourless oil. The NMR spectrum 
showed 11 and 12 to be present in the ratio of 3.4: 1, and 
in addition some minor impurities. The same procedure 
was applied to 13. The ratio of 11 and 12 was found to be 



1378 R. HELDER, T. DOORNBOS, J. STRATING and B. ZWANENBURG 

4-7: 1. WhemX nag &‘timS rrhYY&p was%reztreb r+tbr b&u, ?r. “rusco, t . ‘CL 3ahoe, ‘)-vra.&es, ~vr~zdbws, 
15 ml 0.45 M CH,N, the ratio of 11 and 12 amounted to Pyrazolidines, lndazoles and Condensed Rings (Edited 
4.5: 1. by R. H. Wiley). 
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