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1,3-Dipolar Cycloadditions with Alkynyl Phenyl Sulphones 
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Alkynyl phenyl sulphones (4) react with the nitrile oxide (1 ) ,  the nitrile imine (2), and sydnone (3) to 
afford predominantly or exclusively 4-phenylsulphonyl substituted cycloadducts (5), ( 7 ) ,  and (9). The 
observed reg ioselect ivity is discussed. 

Substituent effects on rate and regioselectivity in 1,3- dipolar 
cycloadditions represent an intriguing problem which has been 
the object of a large number of experimental and theoretical 
studies. In the last years, an increasing interest has been devoted 
to the influence of the sulphonyl group on the dipolarophilic 
behaviour of carbon-carbon multiple bonds. However, while 
several reports have appeared dealing with 1,3-dipolar 
cycloadditions to open-chain and cyclic a,P-ethylenic sul- 
phones,'-' very little is known about the dipolarophilicity of 
sulphonyl substituted acetylenes. This present research 
examines the cycloadditions of a number of 1,3-dipoles with the 
alkynyl phenyl sulphones (4a-c)  (see Scheme 1). 
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procedures. First, compounds (4) were treated with an equi- 
molar amount of 1 -(a-chlorobenzylidene)-2-phenylhydrazine in 
the presence of triethylamine in acetonitrile at room tem- 
perature. In the case of (4a) and (&), a clean reaction was 
observed leading to cycloaddition products in good yields 
(Table 1). However, compound (4b) underwent the concomitant 
base-promoted isomerisation to allenyl phenyl sulphone, which 
was readily isolated from the reaction mixture along with side- 
products derived from it, namely (11) and (12).15 To avoid this 
drawback, a different procedure was adopted for generating in 
situ the nitrile imine (2), i.e. thermolysis of 2,5-diphenyltetrazole 
in refluxing anisole. Under these conditions, the overall yield of 
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Scheme 1. 
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Results 
Reaction of the Nitrile Oxide (1) with Compounds (4).-This 

reaction was carried out in boiling benzene by using equimolar 
amounts of the reactants. Times, products, and yields are 
reported in Table 1. The structures (5a) and (6a) were assigned 
unequivocally by the chemical shifts of the isoxazole protons 
(see Table 2). The regioisomers (5b,c) and (6b,c) were identified 
by a comparison of their spectral data with those of authentic 
samples of (5b) l4 and (5) prepared by the reaction of (1) with 
phenylsulphonylacetone and a-phenylsulphonylacetophenone, 
respectively. 

Reaction of the Nitrile Imine (2) with Compounds (4).-The 
nitrile imine (2) was generated in situ following two alternative 

( 9 )  (10) 

cycloadducts was satisfactory in the case of (4a) and (4b), but 
was modest in the case of (4c) owing to the thermal lability of 
the latter substrate. It is noteworthy that the regiochemical 
course of the observed cycloadditions was practically 
independent of the mode of generation of (2). 

While the isomeric pyrazoles (7a) and (8a) were readily 
recognised on the basis of their n.m.r. signals, compounds (7b) 
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Table 1. Reaction of 1,3-dipoles (1)-(3) with alkynes (4) 

Dipolaro- Time Overall Regioisomeric 
Dipole phile (h) Cycloadducts yield (%) ratio" 

5 
24 

5 
20 
40 
23 
16 
30 
20 
24 
24 
24 

80: 20 
1oo:o 
1oo:o 
1OO:O 
1oo:o 
1oo:o 
1oo:o 
loo: 0 
1oo:o 

70: 30 

76 : 24 

75 : 25 

"The cycloadduct having the PhSO, group in position 4 is the 
predominant or exclusive regioisomer. From 1 -(a-chlorobenzy1idene)- 
2-phenylhydrazine. Side-products were (11) (1473, (12) (2%) and 
allenyl phenyl sulphone (7%). From 2,5-diphenyltetrazole. Formula 
(9c) E (7a). 

and (7c) were identified by comparison with authentic samples 
prepared unambiguously by reaction of (a-chlorobenzy1idene)- 
2-phenylhydrazine with the sodium salts of phenylsulphonyl- 
acetone and a-phenylsulphonylacetophenone, respectively. 

Reaction of Sydnone (3) with Compounds (4).-All the 
reactions were carried out by heating to 100°C a toluene 
solution of 3-phenylsydnone with an equimolar amount of the 
appropriate alkynyl phenyl sulphone. Reaction times, yields, 
and the ratio of regioisomers are reported in Table 1. The 
structures of the pyrazoles (9a) and (10a) were assigned on the 
basis of the chemical shifts of pyrazole protons (Table 2) and for 
one, (9a), of the regioisomers also by independent synthesis 
according to Scheme 2. Structure (9b) was correlated to (9a) by 
oxidative decarboxy!ation of the 3-methyl group. 

PhNHNHZ SOzPh CN 
I 

PhS02 C =C H OEt - 
Ph 

(1 3) 

Scheme 2. 

Discussion 
The results summarised in Table 1 reveal that the alkynyl 
phenyl sulphones (4a-c) undergo 1,3-dipolar cycloadditions 
with high regioselectivity or even (within the experimental error 
limits) with complete regiospecificity. The prevailing, or 
exclusive, orientation is that which places the sulphonyl group 
in the 4-position of the resulting heterocyclic system, which 
corresponds to bond formation between the carbon of the 1,3- 
dipole and the a-carbon of the sulphone. 

The literature data show that the cycloadditions of nitrile 
oxides,6. ' 6, ' nitrile i m i n e ~ , ' ~ . ' ~  and sydnones 18-20 with 
electron-poor alkynes (a$-acetylenic esters, ketones, and 

nitriles) lead to regioisomeric mixtures where the cycloadduct 
having the electron-withdrawing substituent in the 4-position 
predominates in the case of disubstituted dipolarophiles. 
However, a preference for the latter cycloadduct as pronounced 
as that found in the present study is unprecedented. The 
improvement in formation of the so-called 'reversed' cyclo- 
adduct in the case of the monosubstituted compound (4a) is 
particularly remarkable. 

For the dipoles (1),2' (2),22*23 and (3),22 it has been either 
calculated or estimated on the basis of the values determined for 
simpler molecules, that the larger orbital coefficients are at the 
carbon in the LUMO and at the external heteroatom in the 
HOMO. Although quantitative values are not available for the 
sulphones (4a*), it is plausible that the strong electron- 
withdrawing effect of the sulphonyl group lowers the orbital 
energies and determines a large LUMO coefficient at the p- 
carbon. Consequently, in the reactions investigated here, the 
HOMO (dipole)-LUMO (dipolarophile) interaction should be 
important, thus dictating attack of the carbon of the 1,3-dipoles 
by the a-carbon of the sulphones. Also, electrostatic interaction 
may affect the regioselectivity, to favour the phenylsulphonyl 
substituted cycloadducts (5), (7), and (9). This view seems 
reasonable in the case of sydnone (3) owing to the high local 
charge densities of the mesoionic compounds. On the other 
hand, the importance of the polar term of the interaction energy 
has been recently shown for the cycloadditions of (1) and (2) 
with alkenyl sulphones.' ' 

A further point worthy of attention, is that the propensity 
for the reversed orientation in 1,3-dipolar cycloadditions is 
greater for acetylenes than for ethylenes having the same 
s u b ~ t i t u e n t s . ~ * ~ * ' ~ - '  7,24 This trend is confirmed if the present 
results are compared with those obtained for the reactions of (1) 
and (2) with the alkene derivatives PhS02CH=CHR." For 
instance, in the cycloaddition between the latter dipolarophiles 
and the nitrile oxide (l), the regioisomeric ratio (as defined in 
Table 1) was 9 : 9 1 for R = H and 60 : 40 for R = Ph. As already 
argued by Houk and c o - ~ o r k e r s , ~ * ~  the change of regio- 
selectivity on going from alkenes to alkynes cannot be due to 
the frequently small difference between their LUMO energies. 
However, alkynes have lower HOMO energies than alkenes, 
thus diminishing the importance of the HOMO (dipolarophi1e)- 
LUMO (dipole) interaction and increasing the regioselectivity 
as experimentally observed. Other authors 24 have ascribed the 
different regioisomeric distribution between acrilonitrile and 
propiolonitrile to the intervention of secondary orbital inter- 
actions in the case of linear alkyne dipolarophiles. Such an 
attractive interaction between the carbon of the 1,3-dipole and 
the sulphur could intervene in the present case, thus providing 
an additional contribution in favour of the 4-phenylsulphonyl 
substituted cycloadducts. This hypothesis is consistent with the 
larger value of the carbon-sulphur resonance integral with 
respect to that of the oxygen-~ulphur,~' particularly at the long 
distances at which secondary orbital interactions are operative. 

Experimental 
M.p.s were determined on a Biichi apparatus and are 
uncorrected. N.m.r. spectra were recorded on a Varian EM-390 
instrument; chemical shifts are given in p.p.m. from internal 
SiMe,. 
3,5-Dichloro-2,4,6-trimethylbenzonitrile oxide (1),26 1-(a- 

chlorobenzylidene)-2-phenylhydrazine,27 2,5-diphenyltetr- 
azole,28 3-phenylsydnone (3),29 and the sulphones (4a),30 
(4b),' ' and (4c) ' were prepared according to literature 
methods. 

Reaction of the Oxide (1) with Compounds (Qa-c).-A 
solution of (1) (4.3 mmol) and (4) (4.3 mmol) in benzene (43 ml) 
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Table 2. Physical, spectral, and analytical data of new compounds.a 

M.p. ("C) 
(Recrystallisation 

solvent) 
248 
(To1 uene) 
21 3 
(Benzene) 
183 
(Cyclohexane) 
151 
(Pr',O EtOH) 
I54 
(Hexane-benzene) 
243 
(Hexane benzene) 
130 
(Pr',O--EtOH) 
152 
(Pr'OH) 
182 
(Pr'OH) 
70 
(Pr'OH-Pr',O) 
139 
(Hexane benzene) 
147 
(Pr'OH) 

G(CDC1,) 
1.72 (6 H, s), 2.63 (3 H, s), 7.3-7.8 (5 H, m), 9.22 ( 1  H, s) 

1.88 (6 H, s), 2.61 (3 H, s), 7.2-7.7 (8 H, m), 7.9-8.2 (2 H, m) 

2.15 (6 H, s), 2.60 (3 H, s), 6.85 (1 H, s), 7.5-7.9 (3 H, m), 
8.1-8.3 (2 H, m) 
7.2-7.8 (1 5 H, m), 8.64 (1 H, s) 

2.73 (3 H, s), 7.2-7.8 ( 1  5 H, m) 

7.1-7.6 (18 H, m), 7.65-7.85 (2 H, m) 

7.2-7.6 (14 H, m), 7.75-7.95 (2 H, m) 

7.3-8.2 (10 H, m), 7.70 (1 H, s), 8.40 (1 H, s) 

2.40 (3 H, s), 7.4-8.2 (10 H, m), 8.85 ( 1  H, s) 

6.90 (1 H, d,J4.5 Hz), 7.2-7.8 (10 H, m), 7.85 (1  H,d,J4 .5  Hz) 

4.50 (2 H, s), 6.71 ( 1  H, s), 7.1-7.9 (15 H, m) 

5.0 (2 H, br s), 7 . h 8 . 0  (10 H, m), 7.71 (1 H, s) 

a Mass spectra are in agreement with the assigned structures. 

Elemental analysis (:lo) 

Found (requires) 

C H N 
54.7 3.6 3.5 

(54.6) (3.8) (3.5) 
60.8 4.2 2.8 

(6 1 .O) (4.1) (3.0) 
54.8 3.8 3.4 

(54.6) (3.8) (3.5) 
69.9 4.4 7.9 

(70.0) (4.5) (7.8) 
70.4 4.8 7.6 

(70.6) (4.8) (7.5) 
74.3 4.8 6.3 

(74.3) (4.6) (6.4) 
70.1 4.4 7.7 

(70.0 j (4.5) (7.8) 
63.3 4.3 9.9 

(63.4) (4.3) (9.9) 
64.6 4.6 9.3 

(64.4) (4.7) (9.4) 
63.3 4.2 9.9 

(63.4) (4.31 (9.9) 
70.8 4.9 7.5 

(70.6) (4.8) (7.5) 
60.2 4.3 14.0 

(60.2) (4.4) (14.0) 

A r > 

was refluxed for the time indicated in Table 1. The solvent was 
removed and the residue was chromatographed on a silica gel 
column with light petroleumdiethyl ether (2: 1) as the eluant. 
Products and yields are given in Table 1. 

Reaction of the Oxide (1) with a- Phenylsulphonylaceto- 
phenone.-A solution of (1) (1 .O mmol) and a-phenylsulphonyl- 
acetophenone 32  (1.0 mmol) in absolute ethanol (50 ml) was 
treated with 0.1M-ethanolic sodium hydroxide (3 ml) and 
refluxed for 3 h. The solvent was removed under reduced 
pressure and the residue was taken up with ether and water. The 
organic solution was dried (Na,SO,) and evaporated. The 
residue was chromatographed on a silica gel column with light 
petroleumdiethyl ether (2:l) as the eluant to afford the 
isoxazole (5) (28%). 

Reaction of the Imine ( 2 )  with Compounds (4a+).--(a) A 
solution of I-(~-chlorobenzylidene)-2-phenylhydrazine (5 
mmol) and (4 )  (5 mmol) in acetonitrile (50 ml) was treated with 
triethylamine (7.5 mmol) and left at  room temperature for the 
time reported in Table 1. The solvent was removed under 
reduced pressure and the residue was taken up with diethyl 
ether and water. The organic solution was dried (Na,SO,) and 
evaporated. The residue was chromatographed on a silica gel 
column with toluene-ethyl acetate (9: 1) as the eluant to give the 
products listed in Table 1. 
(6) A solution of 2,5-diphenyltetrazole (2.8 mmol) and (4 )  (2.8 

mmol) in anisole (10 ml) was refluxed as indicated in Table 1. 
After removal of the solvent under reduced pressure, the residue 
was chromatographed on a silica gel column with toluene-ethyl 
acetate (9: 1) as the eluant (Table 1). 

Reaction of 1 -(a- Chlorobenzylidene)-2-phenylhydrazine with 
Phenylsulphony1acetone.-A solution of the title hydrazonyl 
chloride (2.5 mmol) and phenylsulphonylacetone (2.5 mmol) 

in methanol (25 ml) was treated with 0.25~-sodium methoxide 
in methanol (10 ml) and refluxed for 1 h. The solvent was 
removed under reduced pressure and the residue was taken up 
with diethyl ether and water. The organic layer was dried 
(Na,SO,) and evaporated. The residue was chromatographed 
on a silica gel column with light petroleum4iethyl ether (1 : 1) 
as the eluant to afford pyrazole (7b) (29%). 

Reaction of' 1 -(a-Chlorobenzylidene)-2-phenylhydrazine with 
a-Phenylsulphony1acetophenone.-The reaction was carried out 
following the procedure described in the preceding preparation 
(6 h) to give pyrazole (7c) (23%). 

Reaction of Sydnone (3)  with Compounds (4a-c).-A mixture 
of (3)  (10 mmol) and ( 4 )  (10 mmol) in toluene (50 ml) was 
heated at 100 "C for 24 h. The solvent was evaporated and the 
residue was chromatographed on a silica gel. column. Elution 
with toluene gave the products listed in Table 1. 

5-Amino- 1 -phenyl-4-phenylsulphonylpyrazole (14).-A mix- 
ture of (13)34 (2 g, 8.4 mmol) and phenylhydrazine (0.83 g; 8.4 
mmol) in ethanol (50 ml) was heated at 60 "C for 5 h. The 
solvent was evaporated off and the residue was recrystallised 
from propan-2-01 to give (14) (60%) (Table 2). 

Conversion of (14) into (9a).-To a stirred solution of (14) 
(0.5 g, 1.67 mmol) in 20% aqueous hydrochloric acid (15 ml), 
sodium nitrite (0.13 g; 1.9 mmol) was added in portions with 
cooling at 5 "C. After 15 min, hypophosphorous acid (3 ml) was 
added and the solution was kept at room temperature for 12 h. 
The reaction mixture was extracted twice with dichloromethane 
(20 ml), the organic solution was dried (Na,SO,) and 
evaporated, and the residue was chromatographed on a silica 
gel column. Elution with toluene gave (9a) (52%). 
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Conversion of(9b) into (9a).-A solution of (9b) (0.5 g, 1.67 
mmol) in acetone (50 ml) was treated with potassium 
permanganate (0.53 g, 3.34 mmol) and stirred at room 
temperature for 24 h. The solid material was filtered off, the 
solvent was evaporated, and the crude residue was heated at 
200°C for 30 min. The resulting dark product was 
chromatographed on a silica gel column with toluene as the 
eluant to give (9a) (30%). 

Acknowledgements 
We are indebted to Minister0 della Pubblica Istruzione for 
financial support. 

References 
1 W. E. Parham, F. D. Blake, and D. R. Theissen, J.  Org. Chem., 1962, 

2 D. C. Dittmer and R. Glassman, J.  Org. Chem., 1970,35999. 
3 R. Helder, T. Doornbos, J. Strating, and B. Zwanenburg, 

Tetrahedron, 1973,29,1375. 
4 J. Sims and K. N. Houk, J. Am. Chem. SOC., 1973, 95, 5798; K. N. 

Houk, A. Bimanand, D. Mukherjee, J. Sims, Y.-M. Chang, D. C. 
Kaufman, and L. N. Domelsmith, Heterocycles, 1977,7,293. 

27,241 5. 

5 F. Sauter and G. Buyiik, Monatsh. Chem., 1974,105,254. 
6 K. N. Houk, Y.-M. Chang, R. Strozier, and P. Caramella, 

Heterocycles, 1977,7,793. 
7 M. Chiericato, P. Dalla Croce, G. Garganico, and S. Maiorana, J. 

Heterocycl. Chem., 1979, 16, 388. 
8 P. G. De Benedetti, C. De Micheli, R. Gandolfi, P. Gariboldi, and A. 

Rastelli, J .  Org. Chem., 1980, 45, 3646; P. G. De Benedetti, S. 
Quartieri, A. Rastelli, M. De Amici, C. De Micheli, R. Gandolfi, and 
P. Gariboldi, J. Chem. Soc., Perkin Trans. 2, 1982,95. 

9 A. Bened, R. Durand, D. Pioch, P. Geneste, J. P. Declercq, G. 
Germain, J. Rambaud, and R. Roques, J. Org. Chem., 1981,46,3502, 
A. Bened, R. Durand, D. Pioch, P. Geneste, C. Guimon, G. P. 
Guillouzo, J. P. Declercq, G. Germain, P. Briard, J. Rambaud, and 
R. Roques, J. Org. Chem., 1982,47, 2461 and J. Chem. Soc., Perkin 
Trans 2, 1984, 1. 

10 F. Marinone Albini, P. Ceva, A. Mascherpa, E. Albini, and P. 
Caramella, Tetrahedron, 1982, 38, 3629; P. Caramella, E. Albini, T. 
Bandiera, A. Corsico Coda, P. Griinanger, and F. Marinone Albini, 
Tetrahedron, 1983,39,689. 

11  M. Barzaghi, P. L. Beltrame, P. Dalla Croce, P. Del Buttero, E. 
Licandro, S. Maiorana, and G. Zecchi, J. Org. Chem., 1983,48,3807. 

12 M. Komatsu, Y. Yoshida, M. Uesaka, Y. Ohshiro, and T. Agawa, J. 
Org. Chem., 1984,49,1300. 

13 G. Guillerm, A. L'Honore, L. Veniard, G. Pourcelot, and J. Benaim, 
Bull. SOC. Chim. France, 1973,2739. 

14 L. Bruche, M. L. Gelmi, and G. Zecchi, J. Org. Chem., in the press. 
15 C. J. M. Stirling, J. Chem. Sac., 1964, 5856. 
16 M. Christl, R. Huisgen, and R. Sustmann, Chem. Ber., 1973, 106, 

3275; M, Christl and R. Huisgen, Chem. Ber., 1973, 106, 3345; W. 
Fliege, R. Grashey, and R. Huisgen, Chem. Ber., 1984,117, 1194. 

17 G. Bianchi, R. Gandolfi, and C. De Micheli, J. Chem. Res., 1981, ( S )  
6; (M) 01 35-01  58. 

18 R. Huisgen, H. Gotthardt, and R. Grashey, Chem. Ber., 1968, 101, 
536; R. Huisgen and H. Gotthardt, Chem. Ber., 1968,101,1059. 

19 H. Gotthardt and F. Reiter, Chem. Ber., 1979,112,1193. 
20 A. Padwa, E. M. Burgess, H. L. Gingrich, and D. M. Roush, J. Org. 

Chem., 1982,47,786. 
21 P. Beltrame, P. L. Beltrame, M. G. Cattania, and G. Zecchi, J. Chem. 

Soc., Perkin Trans. 2,  1974, 1301. 
22 K. N. Houk, J. Sims, R. E. Duke, R. W. Strozier, and J. K. George, J. 

Am. Chem. SOC., 1973,957287; K. N. Houk, J. Sims, C. R. Watts, and 
L. J. Luskus, J. Am. Chem. Soc., 1973,95,7301. 

23 J. Bastide, N. El Ghandour, and 0. Henri-Rousseau, Bull. Soc. Chim. 
France, 1973,2290. 

24 M. D. Gordon, P. V. Alston, and A. R. Rossi, J. Am. Chem. Soc., 1978, 
100,5701. 

25 R. S. Mulliken, C. A. Rieke, D. Orloff, and H. Orloff, J. Chem. Phys., 
1949, 17, 1248; R. S. Mulliken, J. Phys. Chem., 1952,56,295. 

26 P. Beltrame, C. Veglio, and M. Simonetta, J. Chem. SOC. B, 1967,887. 
27 R. Huisgen, M. Seidel, E. Wallbillich, and H. Knupfer, Tetrahedron, 

28 R. Huisgen, J. Sauer, and M. Seidel, Chem. Ber., 1961,94,2503. 
29 C.  J. Thoman and D. J. Voaden, Org. Synth., Coll. vol. 5 ,  1973,962. 
30 L. Maioli and G. Modena, Ricerca Sci., 1959,29, 1931. 
31 E. M. Beccalli, A. Manfredi, and A. Marchesini, J. Org. Chem., 1985, 

32 J. Troger and W. Beck, J. Prakt. Chem., 1913,87,295. 
33 R. Otto and W. Otto, J. Prakt. Chem., 1887,36,403. 
34 V. M. Neplyuev and T. A. Sinenko, Zh. Org. Khim., 1978, 1953 

1962, 17, 3. 

in the press. 

(Chem. Abstr., 1979,89,215020). 

Received 27th March 1985; Paper 51507 




