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The aromatic stability of methano-bridged [nlannulenes (with n up to 30) and their mono- and diions was 
studied by means of the topological resonance energy approach. Methano-bridged [ nlannulenes are predicted 
to be aromatic, radical ions of lower bridged annulenes to be nonaromatic, and those of higher ones to be aromatic, 
while in the case of diions the aromatic stability increases with the size of a molecule from antiaromatic through 
nonaromatic to aromatic. Experimental evidence only partially supports the theoretical results. 

In parallel to the preparation of [nlannulenes by Sond- 
heimer’s group,z4 Vogel, Boekelheide, and others have 
prepared various types of bridged [n]annulene~.~-’~ Here 
we are interested in the class of the bridged [nlannulenes, 
with n = (4m + 2) [m = 1, 2, ....I a electrons, which may 
be formally derived from linear [nlpolyacenes by insertion 
of an atom or a group X (X = 0, S, NH, CH2, etc.) into 
the bonds common to two rings. Alternatively, the bridged 
[nlannulenes may also be formally constructed from [n]- 
annulenes by inserting the bridge X between appropriate 
sites on the annulene ring. This may be illustrated as 
shown in Scheme I. 

Because of the proximity of the two bridged sites on the 
annulene perimeter, there is a considerable homoaromatic 
interaction across the molecule a t  the bridged ends.”-14 
One may conjecture that the weaker (stronger) the 
transannular interaction in the bridge structure, the closer 
is its similarity to the corresponding annulene (polyacene). 

Preparative efforts in the chemistry of annulenes and 
bridged annulenes contributed to the understanding of the 
Huckel (4m + 2) rule according to which monocyclic sys- 
tems are aromatic if they contain (4m + 2) a electrons and 
are planar. However, the Huckel rule is qualitative and 
says nothing about the effect of ring size on the stability 
of the annulene system. I t  is known that, at certain size, 
the Huckel rule breaks Le., the (4m + 2) an- 
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of Sciences and Humanities, Jerusalem, 1971, p 58. 
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nulene system becomes a nonaromatic structure contrary 
to the original Huckel predi~ti0n.l~ 

Here we investigate the aromatic stability of methano- 
bridged annulenes (with n up to 30) in the same way as 
we studied the stability of annulenes’* using the topological 
resonance energy (TRE) model.*n The TRE model has 
shown to be very reliable for predicting aromaticity in 
hydrocarbons,21i22 heterocycles,21-24 conjugated ions and 
radicals,25 homoaromatic structures,26 and conjugated 
molecules in the lowest electronic excited states.27 

The numerical work is carried out by using eq 1, where 
n 

j = l  
TRE = gj(xj - xiec) (1) 

x i s  are the Huckel eigenvalues, while are those of the 
acyclic (matching) polynomials. The acyclic polynomial 
is used in the TRE model to represent the Dewar-type 
acyclic reference structure,2O and its computation is de- 
scribed e l s e ~ h e r e . ~ ~ ~ ~ ~ - ~ ~  TRE may be interpreted as the 
degree of aromatic stabilization of a cyclic conjugated 
system in the ground state. I t  is equal to the difference 
between the total a-electron energy of a conjugated mol- 
ecule and the total a-electron energy that the conjugated 
molecule would possess in the ground state if it were ab- 
solutely olefinic in nature. 
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(20) I. Gutman, M. Milun, and N. TrinajstiE, Math. Chem.. 1, 171 

(1975). 

1962 (1977). 

(1980). 

(21) I. Gutman, M. Milun, and N. TrinajstiE, J.  Am. Chem. SOC., 99, 

(22) N. TrinajstiE, Int. J. Quantum Chem., S11, 469 (1977). 
(23) P. IliE, A. JuriE, and N. TrinajstiE, Croat. Chem. Acta, 53, 587 

(24) P. 11% and N. TrinajstiE, Croat. Chem. Acta, 53, 591 (1980). 
(25) P. IliE and N. TrinajstiC, J.  Org. Chem., 45, 1738 (1980). 
(26) P. IliE and N. TrinajstiE, Pure Appl. Chem., 52, 1495 (1980). 
(27) P. I l i E ,  B. SinkoviC, and N. TrinajstiE, Isr. J.  Chem., 20,258 (1980). 
(28) B. D%onova-Jerman-Bl&iE, B. Mohar, and N. TrinajstiC in 

“Applications of Information and Control System”, D. G. Lainiotis and 
N. S. Tzannes, Eds., Reidel, Dordreicht, 1980, p 395. 

(29) A. Graovac, I. Gutman, and N. TrinajstiE, Lect. Notes Chem., No. 
4, 84 (1977). 

(30) B. Mohar and N. TrinajstiE, submitted for publication in J. 
Comput. Chem. 

0022-3263/81/1946-3457$01.25/0 0 1981 American Chemical Society 



3458 J.  Org. Chem., Vol. 46, No. 17, 1981 SabljiE and Trinajstit 

Table I. TRE and TRE(PE) Values of Bridged [nIAnnulenes and the  Corresponding [nIAnnulenes and [n]Polyacenes 
bridged [nlannulenes [ n ] annulenes 

[ n Ipolyacenes 
ref to  ref to  

[ n  1 TRE a TRE( PE) TRE TRE(PE) prep work T R E b  TRE(PE) prep work 

~ 4 1  0.475 0.034 0.320 0.023 d 0.113 0.008 h 
[I81 0.553 0.031 0.350 0.019 e 0.088 0.005 1 

[261 0.706 0.027 0.425 0.016 0.061 0.00 2 k 

a I. Gutman, M. Milun, and N. Trinajstic, J.  Am. Chem. SOC., 99, 1692 (1977); J-i. Aihara, ibid., 99, 2048 (1977). 

C [ I 0 1  0.389 0.039 0.291 0.0 29 0.159 0.016 g 

t 221 0.626 0.028 0.382 0.017 f‘ 0.07 2 0.003 j 

[Sol 0.783 0.026 0.469 0.016 0.052 0.002 1 

P. 
IliE, B. SinkoviE, and N. Trinajstic‘, Isr. J .  Chem., 20, 258 (1980). 
3, 228 (1964). 
M. Deger, J. Sombroek, and E. Vogel, ibid., 90, 988 (1978). 
Masamune and R. T. Seidner, Chem. Commun., 542 (1969). 
(1967). F. Sondheimer, Pure Appl. Chem., 7, 363 (1963). 
Chem. SOC. D, 338 (1971). ’ B. W. Metcalf and F. Sondheimer, J .  Am. Chem. SOC., 93, 5271 (1971). 
Nakagawa, Tetrahedron Lett.,  4743 (1973). 

E. Vogel and H. D. Roth, Angew. Chem., Int. Ed. Engl., 
E. Vogel, J. Sombroek, and W. Wagemann, Angew. Chem., 87, 591 (1975). e W. Wagemann, MI. Iyoda, H 

fPrivate communication from Professor E. Vogel. g S. 
F. Sondheimer, Proc. R. SOC. London Ser. A ,  297, 173 

R. M. McQuilkin, B. W. Metcalf, and F. Sondheimer, J.  
M. Iyoda and M. 

In order to compare molecules of various size, TRE is 
n o r m a l i ~ e d ~ ~ ~ ~ ~  by eq 2, where TRE(PE) stands for TRE 

1 

TRE TRE(PE) = - 
n 

per K electron, while n is the number of K electrons in the 
conjugated system. The threshold values for classifying 
conjugated systems are as follows: (a) molecules with 
TRE(PE) > 0.01 are considered aromatic, (b) molecules 
with TRE(PE) values between -0.01 and +0.01 are non- 
aromatic, and (c) molecules with TRE(PE) < -0.01 are 
antiaromatic and unstable. 

The bridged [nlannulenes are represented by the 
edge-weighted graphs,32 GEW, 

bridged [ n Iannulene 
GEW 

The magnitude of the homoaromatic interaction across 
the ring is denoted by the edge (bond) with “weight” k.26,33 
Since the homoaromatic parameter k is a crucial quantity 
in our calculations we have varied it from 0.00 ([lo]- 
annulene) to 1.00 (naphthalene). As an example, the TRE 
of 1,6-methano[lO]annulene as a function of k is plotted 
in Figure 1. 

We see that the TRE variation is smooth from annulene 
to polyacene. This is observed in all cases studied. Thus, 
depending on the value of k, the bridged structures are 
either similar to annulenes (12-0.00) or similar to pol- 
yacenes (k--1.00). The value of parameter k is, of course, 
unknown, but we selected k = 0.4, following the suggestion 
by H~hlneicher .~~ This value is deduced from an analysis 
of spectral data (optical spectra, photoelectron spectra, 
polarized fluorescence, magnetic circular dichroism) 11135-39 

which point out that the transannular interaction is rather 

(31) P. IliE, B. Dionova-Jerman-BlaiiE, B. Mohar, and N. TrinajstiE, 

(32) N. TrinajstiE, Croat. Chem. Acta, 49, 593 (1977). 
(33) J.-i. Aihara, J.  Am. Chem. Soc., 98, 2750 (1976). 
(34) G. Hohlneicher, private communication, Aug 1979. 
(35) H.-R. Blattman, W. A. Boll, E. Heilbronner, G. Hohlneicher, E. 

Vogel, and J.-P. Weber, Helu. Chim. Acta, 49, 2017 (1966). 
(36) W. Grimme, E. Heilbronner, G. Hohlneicher, E. Vogel, and J.-P. 

Weber, Helu. Chim. Acta, 51, 225 (1968). 
(37) J. Kolc, J. Michl, and E. Vogel, J .  Am. Chem. Soc., 98, 3935 

(1976). 
(38) R. Boschi, W. Schmidt, and J.C. Gfeller, Tetrahedron Lett., 4107 

(1972). 
(39) C. Batich, E. Heilbronner, and E. Vogel, Helu. Chim. Acta ,  57, 

2288 (1974). 
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(40) M. Simonetta, Pure Appl. Chem., 52, 1597 (1980). 
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active polyolefinic structure, is connected with the puck- 
ered rigid perimeter of this molecule. 

Another interesting effect in operation in the bridged 
[nlannulenes is related to the symmetry of placing the 
bridge. If the bridge is symmetrically placed, Le., if it 
connects two atoms of different parity on the annulene 
perimeter, the bridged structure obtained should be more 
stable than the structure generated when the bridge is 
placed unsymmetrically, i.e., if it connects two atoms of 
the same parity. 

Structure 9 is predicted to be more stable than 10. This 
prediction is based on the simple argument that the in- 
teraction between the positions of different parity is sta- 
bilizing, while in the opposite case it is d e ~ t a b i l i z i n g . ~ ~ ~ ~  
This prediction is also supported by the TRE values, since 
TRE of 10 (0.155) is smaller for 43% than TRE of 9 
(0.291). Structure 10 is, thus, predicted to be aromatic, 
but less stable than the related structure 9. Structure 10 
indeed differs in its properties from structure 9.50 

3 L 

5 6 

\ \ \ \ \ \  

7 

\ \ \ \ \ \ \  

8 
Figure 2. Schematic representation of the bridged [nlannulenes 
studied. 

The schematic representation of the series of metha- 
no-bridged [nlannulenes with n = 10 up to n = 30, studied 
in the present work, is given in Figure 2. 

The TRE and TRE(PE) values of systems 3-8 are given 
in Table I. 

Table I also contains a comparison between the meth- 
ano-bridged annulenes and the corresponding [nlannulenes 
and [nlpolyacenes. All six planar bridged annulenes 
studied are predicted to be aromatic structures, since their 
values of TRE(PE) are larger than 0.01. The bridged [lo]-, 
[14]-, and [18]annulenes have been ~ r e p a r e d ; ~ ~ - ~ ~  bridged 
[22]annulene has also been prepared but is still under 
in~es t iga t ion ,~~  while bridged [26]annulene and [ 301 - 
annulene are not known as yet. The predicted aromatic 
character in this series drops from 63% of that of benzene 
in bridged [lolannulene to 35% in the bridged [30]- 
annulene. Since there are increasing difficulties in pre- 
paring the higher bridged a n n ~ l e n e s , ~ ~  which are also a 
matter of synthetic methodology and need not be tied 
exclusively to the properties of these compounds, their 
aromatic stability must be a result of a complicated in- 
terplay of conformational, inductive, conjugative, and 
homoaromatic effects. Besides, the additional stability of 
bridged annulenes when compared to simple annulenes 
does not come from homoaromatic interactions alone. 
Presumably, rigidity of the ring skeleton is also a factor 
since Boekelheide’s bridged [ 14]ann~lenes,’~ which should 
not exhibit pronounced homoaromatic interactions, fully 
match methano-bridged annulenes in ~tability.~’ This is 
experimentally verified, for example, by comparing the 
stability of the syn and anti configurations of bridged 
[14]annulene. The syn structure is much more stable than 
the anti.’ The reason for the instability of the anti con- 
figuration of bridged [14]annulene, which is a highly re- 

(41) R. Destro, T. Pilati, and M. Simonetta, Acta Crystallogr., Sect. 
B.  33. 940 (1977). ~ I . . , ~ ~ _  ~ 

(42) G. Casalone, A. Gavezzoti, A. Mugnoli, and M. Simonetta, Angew. 

(43) E. Vogel and H. D. Roth, Angew. Chem., Int. Ed. Engl. 3, 228 
Chem., 82, 516 (1970). 

(196A). \____,. 
(44) E. Vogel, J. Sombrcek, and W. Wagemann, Angew. Chem., 87,591 

(45) W. Wagemann, M. Iyoda, H. M. Deger, J. Sombroek, and E. 

(46) E. Vogel, private communication, June 1980. 
(47) E. Vogel, private communication, Nov 1980. 

(1975). 

Vogel, Angew. Chem., 90,988 (1978). 

IU 

The above prediction is also well supported by extensive 
studies on 10 by Scott and ~ o - w o r k e r s . ~ ~ - ~ ~  They found 
that 10 resembles azulene in its physical and chemical 
properties and proposed the colloquial name “homo- 
azulene” for it. The 3-methoxy derivative of 10 was found 
to be aromatic on the basis of NMR evidence and to be 
similar in its aromatic character to 9. 

The corresponding polyacenes are also all predicted to 
be aromatic, though they differ in their degrees of aro- 
maticity. This result is in accordance with other theoretical 
 prediction^^^-^^ and with the experimental findings.” 
However, the preparation of large polyacenes is rather 
difficult. The larger polyacenes become more and more 
instable toward Diels-Alder attack with increasing size.” 
This is in accord with the predictions based on the 
HOMO-LUMO separation which with the increasing size 
of polyacenes drops from 2.00 in benzene to only 0.27 in 
hepta~ene.~’ (These values are given in p units.) 
Therefore, polyacenes represent a class of aromatic mol- 
ecules for which the thermodynamic stability gradually 
diminishes with increasing size while the reactivity (ad- 
dition reactions, photooxidation) increases dramatically. 

(48) I. Gutman, N. TrinajstiE, and T. iivkoviE, Chem. Phys. Lett., 14, 
342 (1972). 

(49) M. J. S. Dewar and R. C. Dougherty, “The PMO Theory of Or- 
ganic Chemistry”, Plenum, New York, 1975, Chapter 3. 
(50) S. Masamune, D. W. Brooks, K. Morio, and R. L. Sobczak, J. Am. 

Chem. Soc., 98,8277 (1976). 
(51) L. T. Scott and W. R. Brunsvold, J. Am. Chem. SOC., 100,4320 

(1978). 
(52) L. T. Scott, W. R. Brunsvold, M. A. Kirms, and I. Erden, sub- 

mitted for publication in Angew. Chem. We are thankful to Professor 
L. T. Scott (Reno) for communicating these results to us prior to pub- 
lication. 

(53) B. A. Hess, Jr., and L. J. Schaad, J. Am. Chem. SOC., 93, 2413 
(1971). 
(54) J.-i. Aihara, Bull. Chem. SOC. Jpn., 48, 3637 (1975). 
(55) J.4. Aihara, J. Am. Chem. Soc., 99, 2048 (1977). 
(56) E. Clar, “Polycyclic Hydrocarbons”, Academic Press, London, 

(57) The HOMO-LUMO values are obtained by standard HMO cal- 
1964. 

culations. 
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Table 11. TRE and TRE(PE)  Values of Radical Ions of Bridged Systems 3-8 
bridged [nlannulene radical ions [ n Iannulene radical ions 

predicted predicted 
T R E  TRE(PE) status TRE TRE(PE) status 

-0.007 
-0.007 

0.120 
0.120 
0.208 
0.208 
0.276 
0.276 
0.346 
0.346 
0.409 
0.409 

-0.001 
-0,001 

0.001 
0.001 
0.012 
0.011 
0.013 
0.01 2 
0.014 
0.013 
0.014 
0.013 

NA 
N A  
N A  
NA 
A 
A 
A 
A 
A 
A 
A 
A 

-0.145 
-0.145 
-0.109 
-0.109 
-0.083 
-0.083 
-0.076 
-0.076 
-0.060 
-0.060 
-0.052 
-0.052 

-0.016 
-0.013 
-0.008 
-0.007 
-0.005 
-0.004 
-0.004 
-0.003 
-0.002 
-0.002 
-0.0018 
-0.0017 

Table 111. TRE and TRE(PE)  Values of Dications and Dianions of Bridged Systems 3-8 

AA 
AA 
NA 
NA 
NA 
NA 
N A  
N A  
NA 
NA 
NA 
NA 

bridged [nlannulene diions [ n ]  annulene diions 

predicted ref to predicted 
[ n  1 TRE TRE( PE)  status prep work TRE TRE( PE)  status 

[ l o ] ' +  -0.305 -0.038 AA -0.450 -0.056 AA 
[ l o l l -  -0.305 -0.025 AA -0.450 -0.038 AA 
[ 141 '+ -0.080 -0.007 NA -0.330 -0.028 AA 
[ 1 4 ] ' -  -0.080 -0.005 NA a -0.330 -0.021 AA 
[ 181 '+ 0.066 0.004 NA b -0.256 -0.016 AA 
[ 181 '- 0.066 0.003 NA -0.256 -0.013 AA 
[ 221 l +  0.170 0.009 NA -0.218 -0.011 AA 
[ 2212- 0.170 0.007 NA -0.218 -0.009 NA 
[ 261 " 0.267 0.011 A -0.180 -0.0075 NA 
[ 261 '- 0.267 0.01 0 A -0.180 -0.0064 NA 
[30]" 0.349 0.012 A - 0 . i 5 6  -0.0066 NA 
[ 3 0 ]  '- 0.349 0.01 1 A -0.156 -0.0049 NA 

a F. Gerson, K. Mullen, and E. Vogel. Angew. Chem.,  83. 1014 (1971) .  H. M. Deger, K. Mullen, and E. Vogel, ibid., 90, 
990 (1978) .  

Thus, the TRE value of heptacene is equal to 67% of the 
TRE value of benzene, while the HOMO-LUMO separa- 
tion is equal to only 14% of that in benzene. Therefore, 
it is not a surprise that heptacene undergoes an addition 
reaction with maleic anhydride rather easily.58 

Another problem which makes the preparation of large 
polyacenes so difficult is the very low solubility of these 
compounds which is also found for the last precursor in 
the synthetic route. All [nlannulenes studied, except 
[lolannulene, on the other hand, are predicted to be 
nonaromatic. [lOIAnnulene is classified as aromatic. This 
prediction is based on the planar skeleton of [ 101annulene. 
However, in [lO]annulene the repulsion between the inner 
hydrogen atoms is considerable and affects the planarity 
of the ring.59 

In order to test further our model we have also calcu- 
lated positive and negative radical ions and diions of 
structures 3-8. These results are reported in Tables I1 and 
111. 

All bridged annulene radical ions studied, except bridged 
[ l01annulene and [ 14lannulene radical anions and radical 
cations, are predicted to be aromatic. Bridged [lo]- 
annulene and [ 14lannulene radical ions are predicted to 
be nonaromatic. Unfortunately, the experimental data 
needed to test these predictions are not available. The 
corresponding [nlannulene radical ions are predicted to 
be antiaromatic (n = 10) and nonaromatic (n = 14, 18,22, 
26, 30). Here again no experimental data are available. 

Bridged [nlannulene diions are predicted to be anti- 
aromatic with n = 10, nonaromatic with n = 14, 18, and 

(58) W. C. Herndon. J. Chem. Soc.. Chem. Commun.. 817 (1977). 
(59) S. Maaamune, K. Hojo, G. Bigam, and D. L. Rabenstein, 9. Am. 

Chem. SOC. 93, 4966 (1971). 

22, and aromatic with n = 26 and 30. Here again hardly 
any experimental data are available. The only known 
compounds of this series are the bridged [14]annulene 
dianion and [18]annulene dication.60p61 They are both of 
low stability and exist only at  low temperatures. The 
parallel [nlannulene diions are predicted to be anti- 
aromatic (n = 10, 14, 18) and nonaromatic (n = 26, 30). 
The corresponding experimental data also are scarce. The 
only known dianion is that of [18]annulene which is found 
to be antiaromatic.62 This observation is in fine agreement 
with the predicted antiaromatic status of [ 18lannulene 
dianion. 

Annulene diions were also studied by Hess and Schaad.a 
In these studies they have used their original aromaticity 
index, REPA (resonance energy per atom). Hess and 
Schaad predicted both dianions and dications of [n]- 
annulenes to be aromatic species. However, this theoretical 
result does not follow the Huckel rule according to which 
a change in a electrons in the annulene ring changes its 
aromaticityw Since the [ nlannulenes considered in the 
present work are of the (4m + 2) type (the number of sites 
and a electrons being identical), their dianions and dica- 
tions will be species with 4m a electrons on the (4m + 2) 
periphery. They are expected to be antiaromatic for m = 
small or nonaromatic for m = large.65 Our results and 

(60) F. Gerson, K. Mtillen, and E. Vogel, Angew. Chem., 83, 1044 

(61) H. M. Deger, K. Miillen, and E. Vogel, Angew. Chem., 90, 990 

(62) J. F. M. Oth, E. P. Woo, and F. Sondheimer, J. Am. Chem. Soc., 

(63) B. A. Hess, Jr., and L. J. Schaad, Pure Appl .  Chem., 52, 1471 

(64) G. M. Badger, "Aromatic Character and Aromaticity", University 

(1971). 

(1978). 

95, 7337 (1973). 

(1 980). 

Press, Cambridge, 1969, Chapter 3. 
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those of others33 follow this trend. 
The lack of experimental data for bridged [nlannulene 

and [nlannulene ions is indicative of the difficulties in 
attempting to prepare these species. This correlates well 
with our predictions of low aromatic stability which an- 
ticipate problems in .making the annulene ions of both 
variety. 
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The transnitrosation reactions of four classes of nitrosamides in dilute aqueous acid were studied. Trialkyl 
nitrosoureas and nitrosoguanidines were found to react very rapidly in transnitrosations to piperidine, giving 
high yields (7&90%) of nitrosopiperidine a t  pH 1.7 (perchloric acid) or pH 3.3 (formate buffer). Methylnitrosourea 
reacted more slowly than either the trialkylnitrosoureas or the nitrosoguanidines and gave moderate yields (48%) 
of nitrosopiperidine a t  pH 1.7 and low yields (6%) a t  pH 3.3. Nitrosourethanes gave high yields a t  pH 1.7 and 
moderate yields a t  pH 3.3. Denitrosation rates (transnitrosation to a nitrite trap) are given for a series of monoalkyl- 
and trialkylnitrosoureas. An increase in the size of the alkyl group a t  N1 decreased the rate of denitrosation. 
The kinetics of nucleophile-catalyzed transnitrosation from trialkylnitrosoureas to piperidine a t  pH 1.7 for a 
series of four trialkylnitrosoureas have been studied. Both the denitrosation of the donor and the nitrosation 
of the recipient were studied with respect to thiocyanate ion concentration. The denitrosation step was affected 
only at high [SCN-I, while the nitrosation step showed a first-order dependence on thiocyanate at most con- 
centrations, with a “leveling off’ effect observed at high [SCN-]. The denitrosation step does not exhibit a true 
dependence on thiocyanate concentration but merely reflects the rapid rate of the nitrosation of the recipient 
piperidine a t  high [SCN-] as a consequence of mass action. The behavior of nitrosoureas in transnitrosation 
reactions is compared with that of alicyclic nitrosamines. The latter differ from nitrosoureas in that they react 
more slowly, require a nucleophilic catalysis a t  the denitrosation step, and do not always nitrosate strongly basic 
amines. 

The ability of a nitrosamine to act as a nitrosating agent 
(i.e., to effect transnitrosation) has been demonstrated for 
aromatic nitrosamines,’V2 which can react via direct and 
indirect mechanisms, in organic and aqueous media.3 
Many aliphatic nitrosamines will transnitrosate under mild 
conditions in dilute aaueous acid with nucleophilic cata- 
lysts.415 
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Nitrosamides are less stable than nitrosamines in acids6 
While much is known about the potential alkylating ability 
of nitrosamides in base via alkyl diazonium ion formation, 
the acid hydrolysis reactions and, in particular, the ni- 
trosating ability of nitrosoureas have received little at- 
tention. Challis and co-workers studied the denitrosation 
and deamination reactions of N-nitrosopyrrolidone’ and 
N-butyl-N-nitrosoacetamide? and Williams has studied 
the denitrosation reactions of 1-methyl-1-nitroso-p- 
toluenes~lfonamide.~ In both cases, proton transfer from 
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