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Summary Cycloaddition of p-chlorobenzonitrile oxide THE reactivity of 1,3-dipoles towards the C=P double bond 
takes place only at the C=P bond of the diazaphosphole in two-co-ordinate phosphorus compounds has been studied 
(1) yielding one regioisomer (3), and a t  the C=As bond in a few cases,1$2 and the formation of a cycloadduct from 
of the diaza-arsole (4) yielding the analogous regioisomer the reaction of l-diazo-2,2-dimethylpropane and bis- 
(5) as the kinetic product, the other regioisomer (6)  being (trimethylsilyl) aminotrimethylsilylmethylenephosphorane 
the thermodynamic product. has been reported very recently.* 



1132 J.C.S. CHEM. COMM., 1981 

The diazaphosphole (1)s in benzene reacts easily with 
pchlorobenzonitrile oxide (2) to give the 1 : 1 cycloadduct 
(3), which is stable a t  room temperature (yield 48%, m.p. 
146 "C; Me+, found, m / e  295.025; calc. 295.028). The 
structure of the cycloadduct (3) is supported by comparison 
of its 13C and 3lP n.m.r. data with data for the phosphole 
(1):t 8 0 :  157.1, 2Jpc 2-9 for (3) and 159.0, 2Jpc 12.7 for 
(1); Cb: 93-2, lJPc 22.5 for (3) and 144.5, lJPc 37.1 for (1); 
8 ("P) 31.9 for (3) and 237.5 for (1). In addition, the large 
coupling constant between P and CC in the adduct (3), 8 (CC) 
158.0, Jpc 55.4, clearly indicates not only the site, but also 
the orientation of the addition as well. 

M.O. parameters of the two reagents were evaluated by 
the CND0/2 m e t h ~ d . ~  The second-order perturbation 
energies6 related to four possible interaction approaches (two 
orientations of the dipole for the two possible sites of 
addition, C=P and C=N) were consistent with the experi- 
mental results. 

Treatment of the same nitrile oxide (2) with the diaza- 
arsole (4)6 in toluene at room temperature afforded quan- 
titatively the stable cycloadduct (6) (m.p. 180 "C; Me+, 
found, m/e 372.996; calc. 372.996). However, its regioisomer 
(5) was produced by carrying out the same reaction below 
- 15 "C; m.p. 107-110 "C (decomp.); yield 43%. Structures 
(5) and (6) were ascribed to the isomeric cycloadducts on 
the basis of the 1H and lSC n.m.r. data for the CH group, 
compared with data for the diaza-arsole (4): 8 (l3C) 154.6 
for (4), 101.8 for (5), and 73.5 for (6); 8 (lH) 8-62 for (4), 
6-13 for (5), and 5-16 for (6).t 
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In toluene solution at room temperature, the adduct (5) 
was quantitatively converted into the regioisomer (6).  This 
isomerisation was shown to occur v ia  retrocycloaddition by 
adding a slight excess of the diazaphosphole (1) to a cold 
solution of the adduct (5) ; at  room temperature, a mixture 
of the cycloadduct (3) and the diaza-arsole (4) was obtained, 
no cycloadduct (6) being detected (lH n.m.r.). A similar 
experiment, carried out with dimethyl acetylenedicarboxy- 
late instead of the diazaphosphole (I) ,  gave mainly the 
stable cycloadduct (6) together with a barely detectable 
amount of the adduct between the acetylenic ester and the 
p-chlorobenzonitrile oxide (2). 

Reversibility in 1,3-dipolar cycloaddition reactions has 
been reported in some cases.* 90 Its occurrence suggests 
that care must be taken in the interpretation of experi- 
mental results by the perturbation theory, in order to make 
sure that one is dealing with the kinetic rather than with 
the thermodynamic product. 

(Received, 6th July 1981; Corn. 782.) 

t Solvent CDCl,; int. ref. Me4Si (13C) and ext. ref. 86 % H,PO, (31P, downfield shifts +ve) ; J values in Hz, and 6 values in p.p.m. 
$ Cf. values reported for CH between the two ring heteroatoms in some A4-1,3-oxazolines: 6 (1%) 99.6-101.3; 6 ('H) 5.83-6-78.' 

1 B. A. Arbuzov and I?. N. Dianova, Izv. Akad. Nauk. SSSR, Ser. Khim., 1977, 1463. 

3 N. I. Shvetsov-Shilovskii, N. P. Ignatova, and N. N. Mel'nikov, Zh. Obsck. Kkim., 1970, 40, 1601. 
4 J. A. Pople and G. A. Segal, J .  Chem. Phys., 1966, 44, 3289; quoted in: J. A. Popleand D. L. Beveridge, 'Approximate Molecular 

E. Niecke, W. W. Schoeller, and D. A. Wildbredt, Angew. Chem., Int. Ed.  Engl., 1981, 20, 131. 

Orbital Theory,' McGraw-Hill, New York, 1970, p. 75. 
G. Klopman, 'Chemical Reactivity and Reaction Paths,' Wiley, New York, 1974. 
G. Mark1 and C. Martin, Tetrahedron Lett., 1973, 4603. 

G. Bianchi, C. De Micheli, and R. Gandolfi, Angew. Chem., Int. Ed. Engl., 1979, 81, 721. 
G. R. Delpierre and M. Lamchen, J .  Chem. SOL, 1963, 4693. 

' M. Vaultier, G. Mullick, and R. Carri6, Can. J .  Chem., 1979, 57, 2876. 




