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Reactions of methylenecycloalkanes with an aromatic sulfonyl azide proceed practically quantitatively via 
unstable intermediate A2-triazolines 2b to the ring-expanded arenesulfonimidocycloalkanes 3b which are then 
hydrolyzed to the corresponding ketones 4. The related reaction of 1,2-disubstituted olefink with arenesulfonyl 
azides provides a convenient route to ketones. Some aspects of the 1,3-dipolar addition of azides to  olefins and 
the thermal decomposition of the resulting A2-triaxolines are discussed. 

Organic azides react with olefins in a 1,3 cycloaddi- 
tion to form A2-triazolines 2, a reaction first reported 
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a , R = N C  
b. R = ArSO, 
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by Wolff in 1912.1r2 ;\lcl\Iurry13 and recently Hernies 
and 1larshl4 have used the reaction between methylene- 
cycloalliane and cyanogen azide as a ring expansion 
niethodj according to reaction 1 (R = XC). The 
intermediate A*-triazolines 2a are unstable in this 
case and rearrange spontaneously to the ring-enlarged 
imides 3a which can be hydrolyzed readily to  the cor- 
rpsponding ketones 4. AIc;\lurry obtained cyclohepta- 
none and 2-methylcycloheptanone in this manner from 
methylenecyclohexane and ethylidenecyclohexane, re- 
spectively. 

Independently of NcMurry's work we have investi- 
gated the scope and nature of the analogous reaction 
using arenesulfonyl azides [reaction 1 (R = ArS02)] in 
place of cyanogen azide. The use of arenesulfonyl 
azides offers the advantages of stability and non- 
hazardous nature as compared with cyanogen azide.4 

Results 
The results obtained are summarized in Table I .  

All exocyclic olefins examined from methylenecyclo- 
butane to  methylenecycloheptane reacted smoothly 
with aromatic sulfonyl azides to give the corresponding 
ring-enlarged imides in practically quantitative yield. 
Of several arenesulfonyl azides tested o-nitrobenzene- 

(1) L. Wolfl, Juatus L i e b i g s  Ann. Chem., 394, 23 (1912). 
(2) For reviews of this reaction see R .  Huisgen, Angew.. Chem., 76, 604, 

742 (1963): R .  Huisgen, R. Grashey, and  J. Ssuer in "The Chemistry of 
Alkenes," Vol. 1 ,  S. Pata i ,  Ed.,  Interscience, London, 1963, p 835; G. 
L'AbbB, Chem. Reu. ,  69, 345 (1969); T. Sheradsky in "The Chemistry of the  
Azido Group." 9.  Pata i ,  E d . ,  Interscience, New York, N. Y.,  1971, pp  359 
f f ,  378 f f :  W. Lmoivski, ibid., p 529; see also R.  Huisgen, R .  Sustmann, and 
K. Bunge, Chem. Ber . ,  106, 1324 (1972). 

( 3 )  J. E. X c M u r r y ,  J .  Amer. Chem. S o c . ,  91, 3676 (1969). 
(4) M .  E. Hermes and F. D. J l s r s h ,  J .  O r e .  Chem., 37, 2069 (1972). 
(5) For a review of ring-enlargement reactions see C.  D. Gutsche and D. 

Redmore, "Carbocyclic Ring Expansion Reactions," Academic Press, New 
York, N. Y.,  1068. 

sulfonyl azide was used most extensively because it 
seemed to give the best crystallizing products. 

The identical imidocycloalkane products could also 
be obtained by the reaction between the corresponding 
cycloalkene and arenesulfonyl azide. ,411 imides 5-10 
show a very strong band around 1600 cm-I in the ir 
spectrum corresponding to  the C=S group (see Table 
I). This frequency shows a regular decrease when going 
from the five-membered to the eight-membered ring 
similar to the conditions found for the corresponding 
cyclic lie tone^.^!^ As expected no band around 3400 
em-I is apparent demonstrating the absence of any ?JH 
group. 

In  the nnir spectra the a! protons to  the imido func- 
tion syn and anti to the arenesulfonyl group are 
generally separately visible with a chemical shift 
separation between 0.37 and 0.56 ppm. S o  assignment 
of these signals with respect to spn and anti was 
undertaken since no general method for assigning these 
resonances seems to be available at present.* In  
cyclohexanone oximes and cyclohexanone oxime t osyl 
esters, the a! protons syn to  the 5 substituent are de- 
~hie lded .~  I t  seems perilous, however, to extrapolate 
from the oxime tosgl esters t o  the benzenesulfonimido 
group under con~ideration.~ 

The sulfonimides 3b, z.e. ,  5-10, were easily hydrolyzed 
in acidic solution to the corresponding ketones 4 (see 
reaction 1). The hydrolysis of the related alkylidene 
cyanamides 3a has been reported to be catalyzed by 
silver ion.4 

From the crude reaction product between cyclohexene 
and o-nitrobenzenesulfonyl azide, in which the imide 7 
was the major product as judged by the ir and nmr 
spectra, an isomeric compound could be isolated in 13% 
yield to which, on the base of spectral evidence, the 
enamide structure llb was ascribed. The ir spectrum 

i l a ,  Ar = o-NOICsH4; n = 3 12, Ar = m-NO&sHa; n = 3 
13, Ar = p-CH3CeHa; n = 6 b , n  = 4 

c ,n  = 5 
d , n  = 6 

(6) (a )  L. J. Bellamy, "The Infrared Spectra of Complex llolecules," 
2nd ed, Wiley, New York, N. Y. ,  1966, p 147 ff. 

(7)  L. J. Bellamy, "Advances in Infrared Group Frequencies," Methuen 
and  Co., London, 1968, p 132 f f .  

(8) L. k1. Jackman and S. Sternhell, "Applications of Nuclear Magnetic 
Resonance Spectroscopy in Organic Chemistry," 2nd ed, Pergamon Preas, 
New York, N. Y.,  1969, p 226. 

(9) G .  J. Karabatsos, R .  A. Tiller, and F. hI. Vane, J .  Amer. Chem. Sw., 
86, 2326 (1963). 
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Reaction 
timea a t  

n R Product Yield,a 70 60°, days 

3 0-pi02 5 99 (100) 4 (1) 
3 m-SO2 6 (100) (1) 
4 o -NO~ 7 99 (99.5) 3 ( 8 )  
5 0-YO2 8 98f (100); 6 (2) 
6 O-KO2 9 100 (99) 2 (2) 
6 p-CHs 10 (100) (1) 

I r  (CHLX,) 
cm-1 

v(C=ii) 

1630 
1625 
1620 
1605 
1595 
1598 

7-------- Nmr  (CnCla)C --_------_ 
H a d  H b d  HO 

2.99 (t)e 2.62 ( t ) O  1.37-2.3 (m) 
3.02 (t)e 2.58 (t)e 1.57-2.3 (m) 
2.99 (m) 2.44 (ni) 1.07-2.2 (m) 
3.10 (m) 2.67 (m) 1.40-2.05 (m) 

3.03 (m) 2.47 (m) 1.10-2.24 (m) 
3.33-2.34 (m) 1.56 (m), 1.96 (m) 

a Yields and reaction time in parentheses refer to the starting olefins in parentheses. * Crude weight yields (with respect to the azide 
Some products contain small amounts of the isomeric enamide 11-13 (see Discussion). 

d See discussion for assignment of H, and Hb with respect 
f The crude material contains up to 137, of the isomeric 

component if an excess of olefin Fas used). 
c Chemical shifts 6 with respect to tetramethyleilane as internal standard. 
to syn and anti. e Major splitting pattern in actually higher multiplet. 
enamide l lb .  

shows a sharp band at 3390 cm-l corresponding to  the 
X-H stretch. There are medium weak bands at 1674 
and 1591 cm-l corresponding to  the double bond in a 
monosubstituted cyclohexene and the amide I1 band.6 
The nmr spectrum shows a pair of one-proton singlets 
at 6.42 and 5.61 ppni with half-height widths of 6.4 
and 7.6 Hz, respectively. The lower field proton is 
exchangeable with DzO and can therefore be assigned 
to  the X-H proton. The four a- and four 0-methylene 
protons absorb in two separate signals at 2.00 and 1.52 
PPm. 

A11 other crude imide products 5, 6, and 8-10 also 
contained small amounts of the isomeric enamides 
11-13, as judged by their ir and nnir spectra, although 
the percentage was in all cases much smaller than in the 
cyclohexane case 7. 50 effort was made to isolate 
these enamides. The imide-enamide equilibrium is 
quite slow in the cases studied, since the pure com- 
pounds in CDC13 solution at room temperature are 
stable for weeks. 

Discussion 

While st'rong electron-withdrawing substituents (R = 
SC-, ArCO-, ROCO-, picryl, hrX02-) on the azide 
facilit'ate the 1,3-dipolar addit'ion to  electron-rich ole- 
fins, the result'ing t'riazolines t'urn out to be relatively 
unstable and lose nitrogen spontaneously or with 
slight heating.2-4s10-14 For this reason the inter- 
mediate l-arenesulfonyl-A2-triazolines zb were, anal- 
ogously to the corresponding 1-cyano conipounds Za, 
riot isolable. 

The probable react'ion mechanism proceeds via the 
betaine intermediates 14 and 15 as depicted in reaction 
2.2-4,11-14 The ring-enlargement step is closely related 
t'o the classic Demjanov-Tiff eneau reaction5 I n  the 
case of the reaction with cycloalkenes a hydrogen shift 
takes the place of the Wagner--1IeerTTein shift'. 

(10) R.  Huisgen, L. Mobius, and G. Szeimies, Chem. B e T . ,  98, 1138 

(11) R .  Fusco, G .  Bianchetti,  and D. Pocar, Gnzz.  Chim.ItuZ.,91, 849, 933 
R.  Fusco, G .  Bianchetti,  D. Pocar, and R.  Ugo, i b i d . ,  92, 1040 

(1965); R.  Hu i sgenandG.  Szeimies,ibid.,98, 1153 (1965). 

(1961). 
(1962); Chem. Ber., 96, 802 (1963). 

(12) R .  hl. Schribner, TetrahedronLett.,  No. 47, 4737 (1967). 
(13) 4. S. Bailey, J. J. Merer, J. E. White, Chem. Commun., 4 (1965); 

(14)  A .  C. Oehlschlager and L. €3. Z a l k o y  J .  0 7 8 .  Chem., 3 0 ,  4206 (1965); 
A. 9 .  Bailey and J. E.  X h i t e ,  J .  Chem. SOC. B ,  819 (1966). 

R. S. McDanieIand A. C. Oehlschlager, Tetrahedron, 26, 1381 (1969). 

14 

15 

With respect to reaction rates methylenecyclohexene 
proved to be by far the slowest reacting among the 
exocyclic olefins. A possible explanation is that the 
transition state probably loolis like 16a or 16b with 

.4rSO 7 

16a 16b 

severe 1,a-diaxial interactions. Such 1,3-diaxial inter- 
actions are typical of the rigid cyclohexane chair and 
comparatively absent in other cycloallianes. 

Transition state 16b resu:t'ng from equatorial attack 
by the bulky azide reagent appears to be the less un- 
favorable alternative. Among the cycloalkenes cyclo- 
hexene was the slovest reacting olefin as has been ob- 
served before in cycloadditions with other azides.13 15-18 

S o  evidence for any aziridine formation4 I45l8 was ob- 
served in any of the reported rea~t i0ns. l~ 

Experimental Section 
General Procedures.-Melting points were taken on a Fisher- 

Johns melting point apparatus and are corrected. Ir spectra 
were taken on a Perltin-Elmer 137 sodium chloride spectro- 
photometer. RIethylene chloride was used as solvent. Gas 

(15) P. Scheiner, Tetrahedron,  '24, 349 (1967). 
(16) -A. S. Bailey and J. E. White, J .  Chem. Soc. B ,  819 (1966). 
(17) R. Huisgen, G. Szeimies, and L. Rlobius, Chem. Ber., 100, 2494 

(18) K .  R .  Henery-Logan and R.  A .  Clark, Tetrahedron Lett., NO. 7 ,  

(19) The spirocyclic aziridines under consideration mould be derived from 
The  methylene group of the aziridine 

(1967). 

801 (1968). 

the betaine intermediates 14 or 16. 
ring is expected t o  absorb a t  ca. 6 2.5-3 ppm,h'4 
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chromatography was done on a Varian Model 9OP gas chro- 
matograph. Most of the work was done with a 8-ft column of 
10% QF-1 on Gas-Chrom Q. Kmr spectra were taken on a 
Varian T-60 nmr spectrometer. Tetramethylsilane was used as 
internal standard. The elemental analyses were performed by 
the Hoffmann-La Roche Corp., Nutley, N. J., to whom we would 
like to extend our thanks. 

The methylenecycloalkanes not commercially available were 
prepared from the corresponding ketones by the Wittig reaction 
modification of Corey and coworkers.20 The aromatic sulfonyl 
azides were prepared according to the procedure of Leffler and 
Tsuno. 21 

General Procedure for Reaction with Aromatic Sulfonyl 
Azide.-The azide and olefin (1-2 equiv) were c.ombined in a 
sealed glass pressure tube (Fischer and Porter Co.) and immersed 
in an oil bath of 60" and protected from light. After all the 
contents had become liquid, whereby frequently two phases 
were formed, the contents were stirred magnetically for the time 
period indicated in Table I ,  + . e . ,  until an ir spectroscopic analysis 
indicated that all azide had reacted. The excess olefin was 
removed in vacuo until the sample reached constant weight. 
Alternatively the reaction may be conducted in acetonitrile as a 
solvent. 

o-Nitrobenzenesulfonimidocyclopentane ( 5 )  formed as slightly 
yellowish crystals from absolute ethanol, mp 91-94'. 

Anal. Calcd for C11HlpNZOaS: C,  49.25; H,  4.51; h', 10.44; 
S, 11.95. Found: C,49.13; H ,  4.60; N, 10.28; S, 11.37. 
m-Nitrobenzenesulfonimidocyclopentane ( 6 )  .-Imide 6 was 

obtained as slightIy yellowish oil, which according to  ir and 
nmr spectra (see Table I)  was practically pure. 

Anal. Calcd for CllH12N204S: C, 49.25; H,  4.51; N,  10.44. 
Found: C,  49.51; H, 4.66; N ,  10.65. 
0-Nitrobenzenesulfonamidocyclohexane (7).-The crude reac- 

tion mixture obtained was recrystallized from ether whereupon 
69% of crystalline 7, mp 72-74', was obtained. This was 
taken up in warm benzene and fillrated from impurities and the 
benzene taken off zn vacuo. The residual oil was treated with 
ether and a seed crystal whereupon pure imide 7 crystallized as 
slightly yellowish crystals, mp 73-74". 

Anal. Calcd for ClzHlrNs04S: C, 51.03: H, 5.00; N,  9.92; 
S, 11.36. 

0-Nitrobenzenesulfonimidocycloheptane (8) formed as slightly 
yellowish crystals from benzene-petroleum ether, mp 90-90.8". 

Anal. Calcd for C13H16N204S: C, 52.69; H ,  j.44; N, 9.45; 
S, 10.82. 
o-Nitrobenzenesulfonimidocyclooctane (9) formed as slightly 

yellowish crystals from isopropyl alcohol, mp 95.5-97". 
Anal. Calcd for C14H18N204S: C, 64.18; H ,  %5,85, N ,  9.03; S, 

10.33. Found: C, 53.96; H, 5.79; N,  8.93; S, 10.13. 
p-Toluenesulfonimidocyclooctane (10). A.--.4 mixture of 

Found: C, 51.02; H,4.90; N, 9.86; S, 11.36. 

Found: C, 52.70; H ,  5.42; N, 9.33; S, 10.86. 

(20) R.  Greenivald, M.  Chaykovsky, and E. J. Corey, J. O w .  Chen., 28, 

(21) J. E. Leffler and  Y. Tsuno, J. Ore. Cham., 28,902 (1963). 
1128 (1963). 

tosyl aside (0.59 g, 3.0 mmol) and cyclooctene (1.65, g, 15 mmol) 
was kept for 5 weeks at room temperature in a tightly stoppered 
reaction flask with occasional release of pressure. Removal of 
the olefin in vacuo until constancy of weight afforded 892 mg 
(10070) of a colorless oil. According to the ir and nmr spectra 
(see Table I )  this consisted of practically pure title compound 10. 

B.-The same compound was obtained in the same yield by 
heating the two reagents in a sealed pressure tube at 65" for 24 hr. 

Anal. Calcd for ClrHzlNOnS: C, 64.48; H,  7.58; N ,  5.01. 
Found: C, 64.18; H ,  7.66; N, 4.82. 
o-Nitrobenzenesulfonamido-1-cyclohexene (1 lb).-A mixture 

of o-nitrobenzenesulfonyl azide (3.42 g, 15 mmol) and cyclohexene 
(2.46 g, 30 mmol) was treated as described in the general pro- 
cedure, for 8 days at  60'. Evaporation in vacuo yielded 4.20 g of 
a yellowish oil, which was triturated with five 20-ml portions of 
petroleum ether. After addition of ca. 30 ml of cold ether crystals 
formed. Filtration and washing with ether afforded 553 mg 
(137,) of yellowish crystals, mp 99-107". Repeated recrystalli- 
zation from benzene-petroleum ether raised the melting point 
to 105-107": ir (CHzClS) 3390 (N-H), 2905 (C-H), 1674 (C=C), 
1591 (amide II), 1538 (NO$, asym), 1361 (NO$, sym), 1328 (SO,, 
asym), 1171 cm-1 (SO2, sym); nmr 6 (CDCls) 8.08 (m, 1, arom), 
7.80 (m, 3, arom), 6.42 ( E ,  1, X-H), 5.61 (m, 1, >C=C-H), 
2.00 (m, 4, CY-CHZ), 1.52 (m, 4, P-CH9). 

Anal. Calcd for C12Hl4N204S: C, 51.05; H ,  5.00; N,  9.92; 
S, 11.36. Found: C, 50.95; H,  4.95; N, 9.78; S, 11.24. 

General Procedure for Hydrolysis.-The arenesulfonimido- 
cycloalkane was treated with an excess of cold 2 Ar hydrochloric 
acid. The mixture was kept at room temperature for 24 hr with 
occasional shaking, and the ketone then was isolated according 
to methods A or B. 

A.-The mixture was steam distilled. The distillate was 
extracted with ether, and the ethereal extracts were dried with 
magnesium sulfate. After filtration, evaporation of the ether 
yielded the ketone. For low-boiling ketones the ether was 
removed through a fractionating column. 

B.-The mixture was made alkaline with 2 1%- sodium hydroxide 
and then exlracted three times with ether. The subsequent 
work-up was as described under method A. 

Yields for the hydrolysis under methods A or B were better 
than 80%. The resulting ketones were identified by their ir 
and nmr spectra and gas chromatographic retention times. 
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