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Following the demonstrations by Meyerson and coworkers4 and Rinehart et al 
5 

i.-’ that the M-l ion in 

the mass spectrum of toluene is best represented OS a tmpylium structure, analogous ring expansion pathways 

have been proposed to rationalize data from l3 C-labeled compounds in the quinoline, indole, and pyrrole 

series, 
6 

and from the even-electron C,H,N+ fragment ion of aniline, 7,8 sulfanilamide 
8 

and gnitmaniline. 
8 

The odd-electron C6H7Nf ions from aniline (M+) and acetanilide (M-42) ore largely unrearmnged 7,8 as is 

the molecular ion formed prior to loss of CO in phenol.’ Hence the pattern oppears to be emerging thbt even- 

electron aromatic ions ore frequently rearmnged whereas odd-electron ions are not. That such a generalization 

is not justified is shown by thiophenol which exhibits 9 
considerable loss of ring-carbon identity in the forma- 

tion of the odd-electron CSH6t ’ Ion by loss of CS from the molecular ion. We now report a second example of 

skeletal rearrangement in an odd-electron species. 

The observation by Crowe ond Wentrup lo that the M-28 (N2) ion C6HSNf of mass 91 (formally 

ionized phenyl nitrene) in the spectrum of phenyl ozide loses HCN in a qualitotiSely similar fashion to aniline 

prompted cm investigation of the poccibility of ring expansion in this odd-electron ion using l- ‘3C-labeled 

material. 

Lobeled phenyl azide was synthesized from 42% enriched aniline-l- 
13 8 

C by reaction of the derived 

diaronium salt with sodium azide 
11 

followed by vacuum distillation. It was not possible to measure the mass 

spectrum on an A.E. I. MS-9 instrument using either the direct insertion or heated inlet techniques because of 

the volatility of the material and its susceptibility to decomposition to form aniline and azobenzene. 
10 

However, adsorption onto charcoal and direct insertion into an Atlas CH4 spectrometer equipped with a 

“molecular beam” inlet system (initial ion source temperature ca. 1004 did not present these difficulties and - 
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the spectrum of an unlabeled sample at 70 ev was identical to that previously reported. lo The 17 ev spectrum 

(Fig. 1) of the labeled material was used for calculation since fewer peaks are encountered as compared to 70 

ev (when m/e 64 wos the base peak). -- Four scans were run for each sample in the region dg 63-m/e 66, -- 

the intensity values (measured relative to dc 64 as 100) being highly reproducible (Table 1). Wide slit 

settings were used so that the signol heights were the sum of the isobaric components. The average values 

were corrected for the notural abundance of 
13 

C, and the figures then adjusted toZ63-66 = 100 for calculation. 

It was assumed that there was no contribution (i) ot IT/E 64 of 13CC3HN, C4H2N, or 13CC4H3 (ii) at III// 65 

of 13CC3H2N or C5H5 , and (iii) at 4~ 66 of 13CC4H5 or C3H2N2. 

Unlabeled 

me 

63 
64 
65 
66 

8 
100 

18 
3 

Scans Averooe Corrected C63-66 = 100 

8 8 7.5 7.9 7.9 6.5 
100 100 100 100 99.6 81.4 

18 18 18 18 12.5 10.2 
3 3 3 3 3.3 1 Q 

me 

63 64 
65 
66 

7 100 
32 

7 

42% excess l- ‘3C 
Scans Averoae Corrected C63-66 = 100 

7 7 7 7 100 100 100 100 997 6 7:*80 
32 32 32 32 26:5 19:1 

7 7 7 7 5.7 4.1 

The ion ‘3CC5H5N+ of mass 92 may lose either C2H2 or HCN, giving rise to four possible fragments 

at m/e 64-66. In addition there is a contribution to m/e 64 from m/e 91 - H12CN and to m/e 6.5 from m/e -- _- _- -- -- 

91 - C2H2. However, since the spectrum could not be determined on the MS-9 spectrometer it was not 

possible to obtain high resolution conditions necessary to separate isobaric ions of the same nominal mass, and 

the method of calculation had to be altered accordingly (& ref. 8). 

C5H4? (m/e 64) 
-H13CN J 3CCH 

t----_-7 +, C,H,N+ (m/$65) 

13CC,H,Nf 
.n 3 3 

13CC4H4! (r+ 65) iHILCN I(+ 92)1 -C2H2 z, 13CC3H3Nf (F/E 66) 

Consider first the loss of acetylene from m/e 92. The total loss con be expressed as the ratio of m/e -- -- 

65/cm/c 63-66 in the unlabeled spectrum. -- This ratio will also hold for total acetylene loss in the enriched 

spectrum (also measured relotive to 263-66 as lOO), in which m/e 66 (m/e 92 - C2H2) is a single fragment -- -- 

(o small unknown peak at m/e 66 in the unlabeled spectrum wos subtracted). The total contribution from m/e -- -- 

92 - lJCCH2 and m/e 91 - C2H2 to IJ/~ 65 can therefore be determined by subtraction of m/e 66 from the -- -- 
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total acetylene loss; multiplication of the total acetylene loss by m/e 92/ m/e (91 + 92) then affords the -- -- 

value of labeled acetylene lost from m/e 92 at m/e 65. -- -- The percentage of labeled acetylene lost is then given 

by 13CCH2/13CCH2 + C2H2 = 52%. 

The contribution of total acetylene loss to m/e 65 can now be subtmcted from the labeled spectrum, -- 

leaving the value for m/e 92 - H”CN. -- The contribution of (92 - H13CN) to m/e 64 is given by m/e 64 x 

m/e 92 / m/e (91 + 92) and the percentage of H13CN expelled from m/e 92 is H 
- 73 

CN/ H13CN + H 
- -12 

CN = -- -- -- 

66%. Therefore the percentage of H12CN lost (necessarily from a rearranged ion) is 34%. 

Hence, in contrast to the odd-electron C6H,Nf molecular ion of aniline, the odd-electron C,H5N+ 

species from phenyl ozide is rearranged to a considerable extent prior to loss of HCN. This result is not un- 

reasonable since C6H5Nf is formally ionized phenyl nitrene and might be expected to undergo on insertion 

reaction typical of carbenoid species prior to frogmentotion. 
12 

The 34% represents one-holf to five-sixths 

of the total rearrangement depending on the mechanism of ring expansion, i.e. insertion of nitrogen between 

the o-carbons to give the azepinium structure (I) , or randomization throughout the ring OS in toluene. 
5 

lnsofor OS acetylene ejection is concerned (m/e 66 and m/e 65) the 

corresponding statistical figures ore 20% loss of the label from azepinium-2- 
13 

C 
‘.\ N+ fl’* 

’ , 

(I, assuming expulsion of any two carbon atoms) and 33% loss from ozepinium -x- 13C 

I I 
. 

0 

I \ ,’ ‘, 

The value obtained (52%) suggests nearly specific insertion of nitrogen to give I and ’ 
* - .\ 

then lass of acetylene by cleavage of the N-c-carbon bonds (shown by dotted lines in I). (1) 

The difference in the values calculated for loss of H13CN (66%) and 13CCH2 (52%) are not incompot- 

ible since the respective precursor C6H5Nt ’ Ions need not have the same structure, and differential expulsion 

may occur. 

REFERENCES 

1. For paper CXCI see C. Djerassi, Pure AKJDI. Chem., in press. 

2. Financial support by the National Institutes of Health (grants No. GM-l 1309 and AM-04257) is gratefully 
acknowledged. 

3. Postdoctoral Fellow, 1969-1970. 

4. H. M. Grubb and S. Meyerson, Mass Spectrometry of Organic Ions, F. W. &Lafferty, Ed., Academic 
Press, New York, N.Y., 1963, chapter 10. 

5. K. L. Rinehart, Jr., A. C. Buchholz, G. E. Von Lear, and H. C. Cantrill, J. Amer. Chem. SOC., E, 

2983 (1968). 

6. M. Marx and C. Djerossi, J. Amer. Chem. Sot., 2, 678 (1968). 



1878 No.22 

7. K. L. Rinehart,Jr., A. C. Buchholz, and G. E. Van Lear, J. Amer. Chem. Sot., E, 1073 (1968). 

8. A. V. Robertson and C. Djerassi, J. Amer. Chem. Sot., z, 6992 (1968). 

9. K. L. Rinehart, Jr ., and A. Siegel, Abstract No. 66, ACS Meeting, New York, September 1969. 

10. W. D. Crowe and C. Wentrup, Tetrahedron Letters, 4379 (1967). 

11. I. Ugi, H. Perlinger, and L. Behringer, Chem. Ber., 2, 2330 (1958). 

12. C. Wentrup, Chem. Commun., 1386 (1969); W. D. Crawe and C. Wentrup, R&, 1387 (1969). 

Per Cent Total Ionization &o 

:E 

1 - 

oouopunqv o~tcoto~ 


