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A series of aldiminium and ketiminium salts were prepared by alkylation of imines with methyl fluorosulfonate. 
Deprotonation of these salts was envisioned as an alternative route to azomethine ylides and thus as a new aziri- 
dine synthesis. Proton abstraction from these salts was attempted with a wide variety of bases. Of these, sodium 
bis(trimethylsily1)amide proved to give the most favorable ratio of deprotonation to dealkylation in the conver- 
sion of N -  (benzhydry1idene)methyl-tert- butylaminium fluorosulfonate to 1-tert- butyl-2,2-diphenylaziridine. Re- 
lated aldiminium salts yielded products (1,2-diaminostilbenes and aminomethylaziridines) which were apparently 
derived from initial loss of the aldiminium vinyl proton. The mechanisms and implications of these reactions are 
discussed as well as the chemistry of some of the products. 

The thermal and photochemical ring openings of aziri- 
dines (1) have been studied extensively and the product 
azomethine ylides (2) have been employed in heterocyclic 
syntheses by taking advantage of the 1,3-dipolarophilic 
character of 2.2p3 Although reversion of 2 to 1 has been 
noted previously, this reversion has never been taken ad- 
vantage of as a synthetic route to aziridines. Our interest in 
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the synthesis of functionally substituted and/or sterically 
crowded aziridines has prompted us to investigate the po- 
tential utility of azomethine ylide ring closures. 

Our proposed approach to these ylides involved the de- 
protonation of iminium salts (3). These salts should in turn 
be available from the alkylation of the corresponding im- 
ines (4). The major anticipated problem with this approach 
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was the possible ease with which dealkylation of 3 could 
compete with the desired deprotonation. In this paper we 
would like to report the initial exploratory experiments by 
which we probed the potential utility of this synthetic ap- 
proach. 

Synthesis of Aldiminium and Ketiminium Salts. A se- 
ries of ketimines ( 5 )  and aldimines (6) were prepared by 
standard procedures and alkylated with methyl fluorosul- 
fonate and (in one case) methyl triflate. These alkylating 
agents were selected because of their reactivity and because 
the product anions would be relatively nonnucleophilic and 
thereby not contribute to competing dealkylation. The re- 

5a, R = t.Bu 
b, R = CH, 
c,R = Ph 
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6a. R = t-Bu 
b,R = CH, 
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sultant salts were relatively stable and in one case (7a) 
could be purified sufficiently for analysis. The other salts, 
particularly the aldiminium salts (8), were less stable and 
hygroscopic. 

Although insoluble in most organic solvents, the salts 
were soluble in acetone, dimethyl sulfoxide, and liquid sul- 
fur dioxide. The latter solvent was particularly useful for 
obtaining the NMR spectra which confirmed the assigned 
structures. The triflate analog of 7a decomposed at its 
melting point (128’) with the liberation of a gas, presum- 
ably isobutene. A crystalline residue was assigned structure 
9 on the basis of its NMR spectrum, which showed a de- 
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shielded methyl singlet (6 3.47) and the conspicuous ab- 
sence of a tert- butyl peak. 

Deprotonation of the Ketiminium Salts. Our initial 
studies were directed toward deprotonation of iminium salt 
7a. A wide variety of previously and currently fashionable 
bases were tried and the results of these attempts are sum- 
marized in Table I. All deprotonations were carried out in 
an atmosphere of dry nitrogen at the indicated tempera- 
ture. The reactions, following appropriate work-up, were 
analyzed by NMR spectroscopy. Most of the bases pro- 
duced the desired aziridine. In most cases, however, the de- 
alkylation product 5a was present in relatively large 
amounts. Only in the case of sodium bis(trimethylsily1)am- 
ide (10) was the high (nearly quantitative) conversion to 
the desired aziridine (1 1) achieved. 

ph>n Ph N 

Sa+ t.Bu 
10 11 

Aziridine 11 was identified by its NMR spectrum and el- 
emental analysis. The former showed the characteristic az- 
iridine methylene two-proton singlet at 6 2.16 in addition 
to the ten aryl protons and nine tert-butyl hydrogens. This 
aziridine is relatively unstable toward a variety of reagents 
and conditions. For example, passage of 11 through a col- 
umn of Florisil afforded a mixture of l-tert-butylamino- 
2,2-diphenylethylene and diphenylacetaldehyde (Scheme 
I). The latter presumably is a hydrolysis product of the 
enamine and can be reconverted to the enamine with tert- 
butylamine. This apparent acid-catalyzed ring opening of 

(CH,)3SiNSi(CH,)J 



Deprotonation of Ternary Iminium Salts J. Org. Chem., Vol. 40, No. 14, 1975 2049 

Table I 
Aziridine:Imine ( 1  1:5a) Distribution Obtained from the 

Reaction of [Ph2C=N(Me)t-Bu](OS02F) (7a) with 
Various Base-Solvent Combinations 

Base Ref Solvent (s) T~~ 11:5ab 

n -BuLi Ether-hexane 25 OC 
Me,N NMe, 

4 Ether -78 f bb 
t.Bu&t.Bti Ether-hexane -78 I* 

Me2QM. 5 Ether-hexane 25 -0.7 
L1 

NaCH2S(0)Me 6 DMSOe 25 2 
KO -t -Bu 7 HMPAe 0 0.4 

Ether -78 13 
KOCEt3 8 Xylene 25 13 

(10) DMSOe 25 11 
Ether 25 16 
Benzene 25 18 
Hexane 25 22 

NaN (SiMe3)2 9 so2 -7 8 0 

UInitial reaction temperature, " C .  
spectral assay. 
iminium salt. e Homogeneous mixture. No reaction. 

11 has ample precedent and is apparently facilitated by the 
ability of the two phenyl groups to stabilize positive 
charge.1° 

Mole percent by NMR 
Recovered 70% of the Little, if any, 11 detected. 

Scheme I 
Ph-H + Ph,CHCHO 
Ph-NH-t -Bu I 

11 -* 

I-BuNH. 

Although all1 successful reactions were accompanied by a 
transient deep red color, attempts to trap intermediate 12 
were unsuccessful. Norbornene, for example, failed to di- 
vert 12 from its ring closure to ll. Other dipolarophiles 

t-Bu 
12 

were either unreactive or consumed by the strongly basic 
Conditions. Failure to trap the intermediate 1,3-dipole does 
not, of course, rule out its intermediacy.ll The possible low 
steady-state concentration of 12 and the steric interference 
to cycloaddition posed by the two terminal phenyl groups 
could be expected to make trapping of the intermediates 
noncompetitive with ring closure. 

Attempted deprotonation of the other iminium salts (7b 
and 7c) were less successful. Reaction between these salts 
and 10 did occur (as evidenced by the formation of FS03Na 
and formation of organic solvent soluble material). The 
NMR spectral analyses of the reaction mixtures in some 
cases showed peaks in the area expected for the products. 
In addition, however, sizable amounts of dealkylated im- 
ines and other products were also noted, even when the op- 

timal conditions developed for 7a were employed. Because 
of the poor yields, the apparent lability of these aziridines, 
and the similar physical properties of imine and aziridine, 
the aziridines were not separated from the reaction mix- 
ture. The reasons for the depressed aziridine yields from 
the iminium salts 7b and 7c are not clear. Presumably, the 
bulk of the tert-butyl group (either by direct effect on the 
reactive site or indirect effect via imposing conformations 
on the phenyl groups) is especially favorable toward depro- 
tonation as opposed to dealkylations. 

Deprotonation Studies of the Aldiminium Salts. 
Products from the attempted deprotonation of the aldimi- 
nium salts 8a and 8b were dependent on the nature of the 
base. Potassium tert- butoxide in ether resulted in addition 
to the iminium bond of 8a to yield tert-butyl ether 13 in 

I 

phx:t-Bu H I 
t-Bu 

13 

addition to dealkylation product and benzaldehyde. Com- 
parison of the NMR spectrum of the crude reaction mix- 
ture with the spectrum of authentic13 aziridine 14 revealed 
that 14 was not a component of the reaction mixture. 

p;* N 

I 
t-Bu 

14 

Treatment of the aldiminium salts 8a and 8b with 10 in 
benzene produced the unexpected results indicated in 

Table I1 
Deprotonation of Aldiminium Salts 

15 16 17 

a, R = t-Bu 88a9b 11" OQ 
b, R = CH3 50" 25" 25" 

Product percentage. Two diastereoisomers in ca. 5 : l  ratio. 

Table 11. Neither salt yielded any isolable or spectrally de- 
tectable amounts of the desired aziridine 14. Careful chro- 
matography of the reaction mixture from 8a yielded three 
isomers (as indicated by mass spectral and elementary 
analyses). Two of these were obviously closely related in 
structure and are assigned to the two diastereoisomers of 
15a. Each of the two diastereoisomers showed two tert- 
butyl groups, one methyl group, and ten aromatic protons 
in their NMR spectra. Both isomers showed a pair of dou- 
blets with chemical shifts and coupling constants in agree- 
ment with the assigned aziridine methylene group. In addi- 
tion, both isomers showed a single unsplit methine proton. 
Neither isomer showed NH or imine peaks in their infrared 
spectra.14 
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The corresponding aziridines (15b) from 8b could be de- 
tected spectrally but were too unstable to withstand chro- 
motographic separation. Two other components were iso- 
lated and shown to be identical with the mixture of E- and 
2 diaminostilbenes 16b and 17b which had previously been 
prepared in a condensation reaction by Scheeren and van 
He1v0ort.l~ 

We assigned structure 17b to the isomer with the more 
shielded methyl groups based on the assumption that two 
cis phenyl groups could not be coplanar with the double 
bond and in the resultant nonplanar conformation would 
effectively shield the methyl groups. The more deshielded 
methyl groups would thus correspond to the structure 16b 
where the methyl groups could lie in the plane of the ?r sys- 
tem. In agreement with these assignments, Sa produces 
only one (presumably less sterically crowded) isomer, 16a. 
The chemical shift of the methyl group in this isomer cor- 
responds closely to those assigned to 16b. 

Further support for these assigned structures was found 
in the thermal chemistry of the two isomers of 15a. Upon 
heating at  250') both pure isomers produced mixtures 
which consisted of 16a along with lesser amounts of the two 
diastereoisomers of 15a. This process can be envisioned as 
an electrocyclic ring opening of aziridine 15a to give 1,3- 
dipolar intermediate 18. This intermediate can easily re- 
turn to a mixture of the two isomers of E a  or undergo 1,4- 
suprafacial hydrogen shift to 16a (Scheme 11). 

Scheme I1 
t-Bu 
I 

@ t-Bu 
15a (minor isomer) 18 

Several routes may be envisioned to explain the forma- 
tion of 15-17. It is, of course, possible that the desired aziri- 
dine 14 was produced in the reaction, deprotonated, and 
the resultant anion 19 attacked 8a thereby yielding 15 
(Scheme 111). In order to test this hypothesis the reaction 

of 8a with 10 was carried out in the presence of added au- 
thentic 14. Upon completion of the reaction products 15-17 
were again detected along with unchanged 14. We conclude 
from this result (and the previously described product dis- 
tributions) that aziridine 14 was neither produced nor con- 
sumed during this reaction. A second alternative is that de- 
picted in Scheme 1V. According to this alternative, the 
strong base removes a vinyl proton from 8 to produce inter- 
mediate 20. The acidity of this vinyl hydrogen adjacent to a 
positively charged nitrogen is not surprising.16 Attack of 20 

on another molecule of 8a would yield intermediate 21. 
This intermediate has two acidic protons, H, and Hp. Loss 
of Hp would yield 1,3-dipole 18, which could, as previously 
mentioned, undergo ring closure to yield 15. Loss of H, 
would yield 16 and 17 directly. Although H, is presumably 
the more acidic proton, it is also a sterically hindered pro- 
ton. In agreement with the role of steric factors in the dep- 
rotonation of 21, it is interesting to note that 21b loses ap- 
proximately equal amounts of H, and Hp whereas 21a pre- 
fers Hp to H, by a factor of approximately 8:l. Alternative- 
ly, 16 and 17 could arise via 1,4-suprafacial shift indirectly 
via 18.17 

Scheme IV 
R 

1 

20 

16 and 17 J3f, R 
21 

R 
18 

Conclusions 
The techniques for alkylation of imines and subsequent 

deprotonation described herein do not yet appear to consti- 
tute a general route to aziridines. Further work is needed 
(and in progress) to delineate the source of the limitations 
and hopefully to expand the reaction's scope. Application 
of this approach to related heterounsaturated systems 
(general formula 22) also appears possible and a promising 

H 

route to a variety of heterocycles. Finally, the synthetic ap- 
plications and chemistry of 20 and related ylides warrant 
additional investigation. 
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11, 55103-19-0; 13, 55103-20-3; 14, 18366-49-9; 15a isomer 1, 
55103-22-5; 15a isomer 2, 55203-23-6; 15b, 55103-21-4; 16a, 55103- 
24-7; 16b, 55103-25-8; 17b, 55103-26-9; methyl fluorosulfonate, 
421-20-5; N-(benzhydry1idene)methyl-tert-butylaminium triflate, 
55103-27-0; l-tert-butylamino-2,2-diphenylethylene, 55103-28-1; 
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