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Anodic Oxidation of Aziridines 

Sir: 
Our extensive studies of the generation and reactions of 

nitrenium ions' have utilized various routes to this highly 
reactive, divalent, electron-deficient nitrogen species. In 
principle, removal of a hydride, or of a proton and two elec- 
trons from a secondary amine, should produce a nitrenium 
ion. The latter of these possibilities would appear to be the- 
oretically feasible through electrochemical processes. How- 
ever, electrochemical studies reported thus far on simple al- 
iphatic amines indicated that various modes of reaction 
were found to occur, which did not necessarily require the 
intermediacy of nitrenium ions.2 With these facts in mind, 
we undertook a study of the electrolysis of aziridines, in 
order to determine whether chemical behavior consistent 
with the intermediacy of a singlet nitrenium ion could be 
observed. We now wish to present a preliminary report of 
the results of this study.3 

2-Phenyl-2-ethylaziridine ( 1)6 was electrolyzed in anhy- 
drous methanol a t  0' under a nitrogen atmosphere in a di- 
vided cell utilizing platinum electrodes, sodium perchlorate 
as electrolyte, and sodium carbonate as buffer. Passage of 4 
F of current per mole of starting material a t  an applied volt- 
age of 10-15 V and a constant current of 0.5 amps gave 2 
(50%), 3 (6%), 4 (12%), 5 (l%), and 6 (<1%). Workup of 
the electrolysis mixture with aqueous acid resulted in con- 
siderable hydrolysis of 2 and 4. All of the products were iso- 
lated by preparative VPC and identified either via compari- 
son with independently prepared samples (for 2, 3, and 6) 
or through their spectral properties. The structure of 4 was 
assigned on the basis of its spectral and chemical properties. 
The ir spectrum of 4 showed strong absorptions a t  5.98 
(C=N) and 9.53 (C-0) 1; the NMR spectrum of 4 
showed absorptions at 7 9.32 (3 H, t, Ha), 8.18 (2 H, q, 
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Figure 1. Plot of percentage composition (determined by VPC analysis) 
of the reaction mixture as a function of the number of faradays passed 
per mole of 2-phenyl-2-ethylaziridine. 
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HI,), 7.10 (3 H, S, Hc), 6.20 (3 H, d, J d e  = 0.7 Hz, Hd), 
2.40-3.00 (5 H,  m, Hf), and 2.32 (1 H ,  q, J d e  = 0.7 Hz, 
He7). Irradiation of the methoxyl group collapsed the quar- 
tet, observed for He, to a singlet. The mass spectrum of 4 
failed to show a parent peak. Instead it showed a base peak 
(and apparent parent peak) a t  m/e 178 which represents 
the loss of the ethyl group from 4.8 In contrast to the failure 
of normal mass spectrometric methods to give the true par- 
ent ion, chemiionization mass spectrometry9 established the 
molecular weight of 4 to be 207. Chemical evidence for the 
structure of 4 was obtained from its pyrolysis a t  150' to 
give 5 (loss of CH30H) and 7 (loss of HN=CHOCH3) in 
the ratio of 2: 1. In the presence of sodium borohydride, 4 
was reduced slowly to give a product, which was spectro- 
scopically identified as 8. 

,OCHqd 

4 5 
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the reduction product of propiophenone, 1 -phenylpropan- 
1-01, could be detected. This indicated the absence of pro- 
piophenone in the electrolysis product mixture a t  this time. 

The formation of 10 in the reduction13 indicated that the 
electrochemically generated intermediate have either struc- 
ture 11 or 12. Numerous attempts to purify the intermedi- 
ate resulted in only partial success. Under the best condi- 
tions, material of 60-70% purity could be obtained. This 
material gave a parent peak of m/e 177.1154 (calcd m/e 
177.1157) consistent with either 11 or 12. The ir spectrum 
showed a strong absorption at  6.14 p indicative of a conju- 
gated imine linkage. The NMR spectrum showed peaks at 7 
8.90 (t, J = 7 Hz, CH3 of ethyl group), 7.43 (9, J = 7 Hz, 
CH2 of ethyl group), 6.60 (s, OCH3), 5.18 (s, CH2), and 
3.2-2.1 (m, aromatic protons). In view of the low field posi- 
tion expected for the olefinic protons of 12, it was felt that 
the spectral data were more consistent with the intermedi- 
ate having structure 11.l' 

An independent synthesis of 11 was accomplished in 
20-30% yields through the reaction of propiophenone imine 
(13) with chloromethyl methyl ether (14) in the presence of 
triethylamine below 0" in n-hexane. This material (70% 
pure) showed ir and NMR spectral properties identical with 
the intermediate isolated from the electrolysis of 1. Hydride 
reduction of this independently prepared material gave 10 
(97% yield based on the amount of 11 present). 

c"H"\ / C=NCH,OCH, c6HvocH3 
CH,CH, cH,CH,/ 'N=CH, 

11 12 
Although a variety of mechanistic paths to 11 can be pro- 

posed, an attractive possibility involves the loss of two elec- 
trons and of a proton from 1 in a stepwise process to give 
the azaallyl cation 15. Collapse of 15 with solvent would be 
expected to yield 11. The mechanistic steps involved in the 
subsequent electrochemical conversion of 11 into 2 and 4 
are less clear and are currently under study. 

Y 

As a control experiment, we felt that it was important to 
demonstrate that 1 was not being opened in an acid-cata- 
lyzed processlo to give 9, followed by electrolysis of 9 to 
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1 

give 2. Superficially, this looked like a serious complication 
when we found that treatment of a methanolic solution of 1 
with a small amount of perchloric acid followed by neutral- 
ization gave 84% of 9. More seriously, electrolysis of 9 gave 
96% of 2. Fortunately, polarographic studies vs. a silver-sil- 
ver perchlorate standard electrode showed that 1 had an 
E112 at 0.64 V, whereas 9 had an Ell2 at  1.82 V. Controlled 
potential electrolysis of a mixture of 1 and 9 showed that 
while 1 was converted to the previously observed products, 9 
was recovered unchanged. These studies rule out 9 as an in- 
termediate in the electrolysis of 1. 

In order to gain a greater insight into the electrochemical 
process whereby the major products, 2, 3, and 4, were 
formed, we have carried out a detailed study of this electrol- 
ysis. Figure 1 shows a plot of product composition as a func- 
tion of the number of faradays of electricity used in the 
electrolysis of 1. An obvious anomaly in this plot was the 
buildup of propiophenone (3), which maximized at  3 F per 
mole of 1, followed by its apparent rapid conversion to its 
dimethyl ketal, 2, in an electrochemical reaction. Control 
reactions showed that under the reaction conditions propio- 
phenone could be recovered unchanged. This indicated to us 
that the electrolysis of 1 was producing an unstable inter- 
mediate which was convertible under relatively mild condi- 
tions into propiophenone. Furthermore, it appeared that 
this intermediate was electrochemically converted to 2 and 
4. Additional evidence in support of this hypothesis was ob- 
tained by spectroscopic examination of the crude electroly- 
sis mixture after 3 F per mole of 1 had been passed. Al- 
though VPC analysis indicated the presence of 35% of pro- 
piophenone, no trace of propiophenone could be detected by 
either ir or NMR spectroscopy. Instead, an absorption was 
noted in the ir  spectrum at 5.99 I.L characteristic of an N=C 
linkage.'' 

I n  order to learn more about the nature of this intermedi- 
ate, the electrolysis was carried out until 3 F per mole of 1 
had been passed, the solvent was removed at low tempera- 
ture and pressure, and the residue was reduced with lithium 
aluminum hydride in ether at 0". We obtained 31% of 10,l2 
13% of 2, and 10% of the starting aziridine 1. No trace of 

B 
I 

&,H5 2 LiAlH,, 0" 
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CH2CH3 

15 
1 

'C =NCH,OCH, / 
CH,CH, 

11 

The isolation of the highly unstable intermediate 11 rep- 
resents the first capture of an azaallyl cation. Presumably, 
this is the same type of cation as is involved in the metha- 
nolysis of N-chlor~aziridines.~ I n  agreement with this 
suggestion is the observation that the N-chloro derivative of 
1 solvolyzes in  methanol-water to give propiophenone in 
78% yield. This conversion is readily explained by addition 
of solvent to the solvolytically generated azaallyl cation 15, 
followed by hydrolysis of the intermediate to give 3. We are 
continuing to explore the oxidation of small nitrogen con- 
taining heterocyclic compounds. 
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Medium Effects on Photochemical Reactions. 
Photochemistry of Surfactant Alkyl-6stilbazole 
Salts in Solution, in the Solid State, and in 
Monolayer Assemblies 

Sir: 
A recent interest in these laboratories has been the photo- 

chemistry of surfactant molecules in different media. Since 
many of these compounds may be readily incorporated into 
monolayers, our attention has been directed toward employ- 
ing the oriented, semirigid environment of monolayer 
assemblies to direct or modify their photochemistry.’ In the 
present communication we report an investigation on the 
photochemistry of the p-chlorobenzensulfonate (l), bro- 
mide (2), and tetrafluoroborate (3) salts of N-octadecyl- 
trans-4-stilbazole. *These results indicate that environment 

2, X =Br  
3, X = BF, 

can play a major role in determining phot~reactivity~ and 
suggest that the amphipathic nature of these molecules may 
modify their solution or solid-state behavior relative to non- 
surfactant analogs. 

Although essentially insoluble in aliphatic hydrocarbons 
(hexane and hexadecane) and water, 1-3 were moderately 
soluble in polar organic solvents. Acetonitrile solutions of 
these salts exhibit a long-wavelength absorption maximum 
at  345 nm ( 6  23,600) and a weak fluorescence with a maxi- 
mum at 430 nm. The photochemistry of 1-3 in acetonitrile 
solution is unexceptional and is well-represented by that of 
1. Irradiation of acetonitrile solutions of 1 at 366 nm results 
in trans - cis isomerization and, eventually, establishment 
of a photostationary state. Upon prolonged irradiation of 
very dilute nondegassed solutions, slow disappearance of 1, 
primarily due to cyclization, can be observed. By compari- 
son, the properties of 1 are quite different from those of 2 
and 3 in the solid state. Although excitation spectra are not 
significantly different, solid samples of 1 exhibit broad, in- 
tense yellow-green fluorescence with A,,, a t  470 nm while 
solid samples of 2 and 3 fluoresce blue with A,,, a t  430 nm. 
Irradiation (G.E. reflector flood lamp through 2 cm of 
H20  and a Corning 0-52 filter) of 0.2 g of 1 spread on a 
watch glass for 8 hr led to essentially quantitative conver- 
sion of the starting material to a white solid product. In 
contrast, 2 and 3 were recovered unchanged after irradia- 
tion under identical conditions. 

The solid state photoproduct of 1 can be isolated in up to 
70% yield by recrystallization from 2-propanol. The uv 
spectrum (CH30H) exhibits maxima at 257 and 223 nm, 
and the formerly vinylic protons of 1 appear at 6 5.01 (br 
“d”) and 4.75 (br “d”) in the NMR (CDC13) of the prod- 
uct. Irradiation of the solid photoproduct at 254 nm revers- 
ibly regenerates the yellow-green fluorescence of 1, consis- 
tent with a photodimer structure.6 Thus, the most reason- 
able assignments of the resonances at  5.01 and 4.75 are to 
cyclobutane ring protons adjacent to pyridinium and phe- 
nyl, respectively, in a trans-1 + trans-1 photodimer. Of the 
four possible dimers 4-7, 5 and 6 could be obtained as vis- 
cous oils by bisalkylation of the corresponding 4-stilbazole 
dimers’ with octadecyl p-chlorobenzenesulfonate. The cy- 
clobutane ring protons of the trans-cis-trans dimer 5 ap- 
peared as a broad unresolved 4 H resonance centered as 6 
4.97. In contrast, the corresponding protons of the trans- 
trans-trans dimer 6 appear at d 4.18 (br “d”, 2 H) and 3.96 
(br “d”, 2 H), an upfield shift compatible with the pseudo- 
equatorial disposition of the four aromatic rings9 These re- 
sults clearly point to 4 as the structure of the solid state 
photoproduct of 1. 

7 
6 I 4 

5 

Both stilbazole salts 1 and 2 form monolayers and, in  
mixtures with tripalmitin (TP), may be incorporated into 
monolayer assemblies by the usual techniques. 10.Assemblies 
incorporating 1 or 2 have a long-wavelength absorption 
maximum (345 nm) comparable to that in solution, but the 
band is quite broad on the long-wavelength side, tailing well 
out past 430 nm. Analogous to the solid state of 1, these 
assemblies exhibit a green fluorescence with a maximum at 
about 490 nm. I n  contrast to the solid state, the photoreac- 
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