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The reduction of ketoximes with lithium aluminum hydride (LAH) usually gives the
corresponding primary amine (1). It has been also reported that the reduction of
certain aryl ketoximes (2) and strained alicyclic oximes (3) yields the rearranged
secondary amine together with the primary amine,

We have now found that the reductions of a series of benzylketoximes and benzo-
bicyclo(2.2.2)octenone oximes by LAH in tetrahydrofuran afford the corresponding
aziridine derivatives as main products.

When dibenzobicyclo(2.2.2)octadienone oxime (I) (4) was treated with an excess
of LAH in refluxing tetrahydrofuran for 5 hours, the aziridine (II), m.p. 143-145°,
CisHiaN (MW caled., 219.3; found (Rast), 231}, was obtained in 27% yield. Elution
chromatography on alumina easily isolated the aziridine (II) from the accompanied by-
products, anthracene (26% yield), the 7-aminodibenzobicyclo(2.2.2)octadiene (4)
(0.6% yield) and a small amount of other several unidentified basic compounds.,

*1  Satisfactory analyses were obtained for all compounds described. NMR spectra

were taken with a Varian A-60 spectrometer in CDCly with tetramethy! silane as
internal standard.
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The structure of the aziridine (1) was based on the spectral data (IR vgyflf’ 3276 cm
(NH), no C=N band around 1660 cm=; NMR, only four groups of peaks, 5.557 (C;~,
C4H; AgX, type), 7.427 (Cr, Cg=H; AgX; type, broad), 9.537 (1 NH, broad singlet),
around 2.87~ (8 aromatic protons, multiplets)), and established by the following chemical
transformations. An N-acetyl derivative, m.p. 193-195°, was obtained on its treatment
with acetic anhydride and pyridine. The hydrogenation of Il over palladium on carbon
in methanol gave the primary amine. Heating a solution of Il in N=-sulfuric acid cleaved
the aziridine ring ta give the rearranged amino-alcohol (I1l), m.p. 182-183°, and the
unsaturated aldehyde (IV), m.p. 113-114°,in 67% and 13% yield, respectively. The
structure and stereochemistry of Il were deduced from the spectral data, and confirmed

by mixture melting point and comparison of infrared and NMR spectra with an authentic

sample of syn-8-amino-exo-2-hydroxy-dibenzo(3.2.1)octadiene, reported by Cristol et
Nujol 95/o EtOH

max 291 mp (e

al. (5). The aldehyde (IV) (IRv 1722 cm~! (CHO), UV Am
14,230)) is considered to be identical with the product formed by rearrangement of the
epoxide (I, O instead of >NH) (6).

The reduction of the oxime (V) (7) in the same manner also afforded the aziridine
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(Vla), oil, in 70% yield (as the crystalline phenylcarbamoy! derivative (VIb), m.p.
152-153°, obtained on the treatment with phenylisocyanate) and 6-amino-1,2:3 4-
dibenzocycloheptadiene (8) in 7% yield. The structure of Via was assigned by the
infrared spectrum (Vizlfl3 3326 cm=1 (>NH)), by its catalytic reduction to the above
primary amine, and also by cleavage of the aziridine ring with various acids.*? The
structure of Vla was supported by identification with a sample independently prepared
by the method of Drefahl and Ponsold (9) from 1,2:3,4~dibenzocycloheptatriene (8)
through the iodo-isocyanate (Vila), m.p. 121-122% and the iodo-urethane (VIIb), m.p.
163-164° (dec.).

Thus, we have investigated the applicability of this reaction for some benzylketone
oximes, such as benzylmethylketone, dibenzylketone, desoxybenzoin, and B-tetralone,
and also for ketoximes in bridged ring system, such as benzobicyclo(2.2,2)octenone (10)
and bicyclo(2.2.2)octanone. Reductions of all of these oximes produced the correspond-
ing aziridines,*3 VHI (11), IX, X (12), XI {13), XIl, XH1I, and XIV (>NH instead of
>NCONH C4Hj), although the yields varied depending on the sort of the oximes used.
The results are summarized in Table I.

In contrast with the result of Rerick et al. (2d) that the reduction of dibenzyl-
ketoxime with LAH afforded the primary amine almost quantitatively, our results showed
that the reduction of the oxime in tetrahydrofuran gave the cis-aziridine (I1X) in good
yield. This contrast might be due to the difference of the experimental conditions. [t
is important to recognize that the cis-aziridines, VI, IX*4 and X, were produced

*2  The cleavage of the aziridine ring of Vla will be reported elsewhere.
*3  The structure proof and the identification of these aziridines will be reported later,
*4 The cis configuration of VIl and IX was assigned chiefly by the NMR data. The
Cy-H of VIl appears at 6.991 as a doublet (J; 3=6.5 c.p.s.) and that of the phenyl-
carbamoy| derivative of IX at 6.061 as a doublet {J2,576.0 c.p.s.). These values
of coupling constants show that VIIl and 1X are cis-aziridines, Cf. A. Hassner
ond C. Heathcock, Tetrahedron Letters, No. 19, 1125 (1964).
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TABLE |
Formation of Aziridines by LAH Reduction of Ketoximes @
Aziridine
Parent ketone Phenylcarbamoyl
of oximes Structure m.p., °C Yield, % derivative
m.p., °C

Benzylmethylketone Vil 41-43 34 92-94
Dibenzylketone IX 42-43 73 123-125
Desoxybenzon X 83-84 (12) 25 163-164
B~Tetralone Xl 52-53.5 (13) 40 157-158
123 4-Dibanzocyclo- ), oil 70 152-153
heptadien-6-one
Dibenzobicyclo-
(2.2.2)octadienone i 143-145 z -
Benzobicyclo(2.2.2)- Xl 88.5-89.5 46 -
octenone X 108-110 4.3
Bicyclo(2.2.2)- _ _ 2.8 XIv
octanone ' 152-153

a. Reductions were carried out at a mole ratio of LAH to oximes of 2-6:1 in refluxing
tetrahydrofuran for 2-5 hours,

b. The theoretical yield of the isolated aziridines to the oximes.

stereoselectively by the present reaction.

.

*5

The reduction of benzobicyclo(2.2.2)octencone oxime yielded mainly the exo-

*5  The tosylate, acetate and methylether of dibenzylketoxime were also reduced to
1X, although in somewhat smaller yields.
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aziridine (XI1) and a small amount of the endo-aziridine (XH1). Bicyclo(2.2.2)-
octanone oxime, not having a fused benzene ring gave a poor yield of the aziridine,
which was characterized as its phenylcarbamoyl derivative (XIV).*$

The yields of the aziridines were much dependent on theé kind of solvent used for
the reduction. For example, when ether was used as a solvent instead of tetrahydro-
furan, the aziridine formation was reduced or not recognized at all.

Treatment of dibenzylketoxime with lithium aluminum deuteride afforded cis-2-
phenyl-3-benzyl~3-deutero-ethylenimine (XV), m.p. 43-44° (phenylcarbamoyl
derivative, m.p. 128-129°), in 75% yield. The location of deuterium introduced in
XV is determined by the comparison of the NMR spectra of 1X and XV. The spectrum
of X showed pecks at about 6.681 (C;~H, poor doublet as the X part of an A,BX system)
and about 7.527 (C3~H and two C4~H, multiplet as the AB part of the same A,BX
system). On the other hand, the spectrum of XV showed the signals of Co~H and two
C4-H at 6.72 (singlet) and 7.547 (singlet) in relative peak areas of C;~H: Cg-H:
NH=1:2:1, These data clearly indicate the absence of a proton at C3 in XV and
hence the introduction of deuterium at that position. The existence of a C=D streching
band at 2228 cm~! in the infrared of XV gave additional evidence of the structure.

Since it has been known (14) that the double bond of azirine is usually reduced
with lithium aluminum hydride without ring cleavage, the above label experiment and
the stereoselective formation of aziridines strongly suggest the presence of an azirine
intermediate in the reaction.

Although at the present time we have not carried out a detailed mechanistic

study on this reaction, it seems to us that the general mode of the present reaction may

*&  Other methods for the synthesis of aziridines fused to the bicyclo(2.2.2)octane

system, hitherto unreported, may be tedious.
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be classified as similar to the Grignard reaction of ketoximes (15) or the Neber and the
related rearrangements (16). Therefore, either one of the two mechanism pictured below

seems to be most reasonable for our results so far obtained.
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i) Concerted elimination of a proton at the benzylic position and the ~O~AIZ  group

from (a) might be facilitated by the uncharged aluminum species (17), giving the

azirine intermediate (c) (15b, 16, 18) through the unsaturated nitrene (b). This azirine

(c) is reduced to the cis-aziridine (d) by the attack of hydride mainly from the opposite

side of the bulky phenyl group. ii) Concerted y-elimination accompanied with the

direct formation of (c) without nitrene formation would be another possible course. The
formation of the aziridines of the benzobicyclo(2.2.2)octene systems in fair yields may
be attributed to a probable benzylic character* 7 of the methyiene group adjacent to

the carbonyl .

The reduction of the ketoximes déscribed here may provide an useful method for
the synthesis of some kinds of aziridine derivatives. Further studies on this reaction and
its mechanism are in progress.

*7  Recently, homobenzylic conjugation on the 7-position of benzonorbornene was
demonstrated by H. Tanida et al. in the acetolysis reaction of the anti-7-brosylate.
Even though the mechanisms of both reactions are quite different, the assumption of
the similar character would not be unreasonable because of the related geometrical

situation. Refer to H. Tanida, T. Tsuji and H. Ishitobi, J.Am.Chem.Soc., 86, 4704
(1964).
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