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Syntheses and Reactions of 1-Amino-2,2-dialkylcyclopropane-1-carbonitriles
and -carboxamides — Potential Precursors of ACC Derivatives
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The direct cyclization of 2-amino-4-chloro-3,3-dimethyl-
butanenitrile with potassium tert-butoxide in THF afforded
1-amino-2,2-dimethylcyclopropane-1-carbonitrile and a dime-
rization product. Various new cis- and trans-1-(tert-butylamino)-
2-benzyl-2-methylcyclopropane-carbonitriles and the corre-
sponding cyclopropanecarboxamides have been synthe-
sized, with focus on the isolation of the pure stereoisomeric
cyclopropanecarboxamides. The relative configuration of the
stereoisomers was established by X-ray crystallographic

analysis of one of the model compounds. A new route to the
latter functionalized cyclopropanes was developed by
reaction of 1-methoxycyclopropylamines with potassium
cyanide. Some remarkable rearrangements of 1-amino-
cyclopropane-1-carbonitriles into azetidine and oxazine
derivatives via Favorskii-derived intermediates are reported.
Various aspects of the chemistry of geminally functionalized
cyclopropanes are discussed.

Introduction

1-Aminocyclopropane-1-carboxylic acid (ACC) (1) is
omnipresent in the plant kingdom as the precursor of the
plant growth regulator ethylene, which is responsible for the
leaf and fruit drop, the flowering, the ripening of fruits, and
the senescence of plants.[ Various ACC derivatives 2 and
3, substituted at the ring carbons with alkyl groups, have
been synthesized as potential plant growth regulators
(Scheme 1).2=51 Major focus was given to 2-substituted and
2,2-disubstituted 1-aminocyclopropane-1-carboxylic acids
in recent years. 1-Aminocyclopropanecarboxylic acid de-
rivatives have also been studied in the light of the construc-
tion of peptides containing these sterically constrained a-
amino acids in order to gain defined conformational
changes, the ultimate goal being the design of enzyme in-
hibitors.[6—8l

2,2-Dialkyl-1-aminocyclopropanecarboxylic acids 3 were
previously synthesized from o-chloroketimines 4! or p-
chloroaldimines 6% via the corresponding 1-aminocyclo-
propane-1-carbonitriles 5 (Scheme 1). Each of these routes
had several drawbacks in the generation of these cyclopro-
pane carbonitriles in such a way that it was desirable to
evaluate new ways of their generation. In the present report,
several potential methods for the synthesis of 1-amino-2,2-
dialkylcyclopropane-1-carbonitriles 5 are disclosed, each
originating from a strategy which avoids previously encoun-
tered problems. In addition, novel aspects of the chemistry
of these functionalized cyclopropanes, e.g. dimerization re-
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actions and ring transformations into heterocycles, are un-
raveled.
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Results and Discussion

2-Amino-4-chloro-3,3-dimethylbutanenitrile (8), easily
accessible from the y-chloroalcohol 7 via oxidation with py-
ridinium chlorochromate and subsequent reaction with am-
monium hydroxide in the presence of sodium cyanide and
sodium bisulfite, 12 was found to react with benzaldehyde
to give the functionalized aldimine 9, which was con-
veniently 1,3-dehydrochlorinated by potassium tert-butox-
ide and subsequently hydrolyzed in acid medium to afford
1-amino-2,2-dimethylcyclopropane-1-carbonitrile (12)
(Scheme 2).[20

It was never investigated before if the a-amino-y-chloro-
nitrile 8 could directly give rise to 1-amino-2,2-dimethylcy-
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clopropane-1-carbonitrile (11) by treatment with potassium
tert-butoxide, avoiding the amino protection—deprotection
protocol. To this end, 2-amino-4-chloro-3,3-dimethylbu-
tanenitrile (8) was treated with three equivalents of potas-
sium tert-butoxide in tetrahydrofuran at room temperature
for 18 h to give rise to 1-amino-2,2-dimethylcyclopropane-
1-carbonitrile (11) and 1-[(3-chloro-2,2-dimethyl-1-propyl-
idene)amino]-2,2-dimethylcyclopropane-1-carbonitrile (10)
in 41% and 42% vyield, respectively (Scheme 2). Both com-
pounds were easily separated by flash chromatography. The
surprising formation of this “dimerization product” 10 is
postulated to proceed via an initial dehydrocyanation step
to give the labile N-unsubstituted aldimine 12. Conden-
sation of the latter imine with the starting a-aminonitrile 8
may then give rise to the transimination product 13 which
can suffer 1,3-dehydrochlorination to form the N-cyclopro-
pylimine 10 (route a, Scheme 3). Alternatively, the starting
material may undergo 1,3-dehydrochlorination to afford 1-
amino-2,2-dimethylcyclopropane-1-carbonitrile (11), the
more bulky amino group of which is also able to give a
transimination with the reactive N-unsubstituted -chloro-
imine 12 (Scheme 3).

Since the reaction was performed under anhydrous con-
ditions, hydrolysis of the unsubstituted aldimine 12 to the
corresponding aldehyde, prior to condensation with either
amine 8 or amine 1, was not considered. Although depro-
tonation at the ay-position of the B-chloroaldimine 13 gen-
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hydrochlorination at the nitrile side occurs. No trace of the
imidoylcyanide 14, resulting from a 1,5-dehydrochlori-
nation process, was detected (route b, Scheme 3). The struc-
ture of the “dimeric” compound 10 was unequivocally pro-
ven by the synthesis of this compound from B-chloroal-
dehyde 15 and 1-amino-2,2-dimethylcyclopropane-1-car-
bonitrile (11) in dichloromethane in the presence of
magnesium sulfate (reflux 30 min) (Scheme 4).
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1-(Alkylideneamino)cyclopropylideneamine 10 was ob-
tained in 95% yield after flash chromatography. Remark-
ably, pure 2-amino-4-chloro-2,2-dimethylbutanenitrile (8) is
converted by preparative gas chromatography (injector tem-

erates an ambident 2-azaallylic anion, only 1,3-de- perature 230°C) into 4-chloro-3,3-dimethyl-2-[(3-chloro-
I
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2,2-dimethyl-1-propylidene)amino]butanenitrile (13) via de-
hydrocyanation of 8, followed by transimination with the
latter. Compound 10, a stable distillable compound, was
also prepared by condensation of B-chloroaldehyde 15 with
2-amino-4-chloro-2,2-dimethylbutanenitrile (8). Treatment
of the resulting B-chloroaldimine 13 with two equivalents
of potassium tert-butoxide in THF at room temperature for
18 h afforded B-chloroaldimine 10 in 66% yield (route b,
Scheme 4).

Another remarkable reaction took place with the cyano-
borohydride reduction product of B-chloroaldimine 10, i.e.
v-chloroamine 16, upon treatment with potassium tert-bu-
toxide in THF under reflux for 60 h. This reaction gave rise
to 1-pivaloylazetidine 17 (50%) and the cyclic imidate 18
(40%). The formation of both heterocycles 17 and 18 from
cyclopropane 10 can be explained by the generation of the
Favorskii intermediate 19 by dehydrocyanation,™®! opening
of the cyclopropylideneamine 19 by tert-butoxide with sub-
sequent loss of isobutene™! and following intramolecular
N-alkylation or O-alkylation of the amide anion 22
(Scheme 5).

From a practical viewpoint, the direct ring closure of a-
amino-y-chloronitrile 8 offers no real advantage and there-
fore this process was not optimized. It is clear however that
on aqueous acid hydrolysis of the reaction mixture, 1-am-
ino-1-cyclopropanecarbonitrile 11 can be obtained as a
pure compound by subsequent acid and base extraction.
The protection of the amino function is thus not really a
requisite for the cyclopropane forming process (Scheme 2;
8 —9—11).

Attention was then turned to the generation of 1-amino-
cyclopropanecarbonitriles 5 from a-chloroketimines 4. It
was found previously that the outcome of the reaction of
a-haloketimines with cyanide was greatly dependent upon
various reaction parameters, such as the nitrogen substitu-
ent, the solvent, the type of cyanide (the counter ion), the
nature of the carbon skeleton and the a-halogen. Besides to

a-cyanoaziridine formation several other reactions oc-
curred, including Favorskii-type rearrangement, solvolysis,
nucleophilic substitution, 1,2-dehydrochlorination, and the
formation of heterocyclic compounds (Scheme 6).1'%] Pre-
viously, an extensive investigation on the reactivity of cyan-
ide towards a-haloimines enabled to differentiate between
the parameters influencing the reaction path.*3 Depending
on the conditions used the reaction could be directed
towards a-cyanoaziridines 23 or cyclopropanecarbonitriles
5.7 putting together all requirements and tracing them
back to the starting a-haloimines, N-tert-butyl tertiary o-
chlorinated methylketimines were used to synthesize 1-am-
ino-2,2-dialkyl-1-cyclopropanecarboxylic acids 3 via reac-
tion with cyanide in methanol.
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In the present paper, attention is paid to the cyclopropa-
nation of a-haloimines carrying a tertiary N-benzylic sub-
stituent. The goal of this selected substituent is twofold. Pri-
marily, a further decrease of the aziridine formation is put
forward as a result of the increased steric hindrance at the
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an-position. This effect would be especially important re-
garding the dimethyl compound. Second, the presence of
an aryl group is expected to facilitate the nitrogen—carbon
bond scission by stabilization of the transient carbenium
ion formed in the deprotection step (executed in acid me-
dium). The tertiary amines 30a, b, necessary for this pur-
pose, were prepared following a three step reaction se-
quence involving (a) addition of phenylmagnesium bromide
to ketones 273, b, (b) replacement of the hydroxyl group by
azide through reaction with sodium azide in the presence
of trifluoroacetic acid, and (c) subsequent reduction of the
azides 29a, b by lithiumaluminium hydride in ether.['®! As
could be expected, the direct condensation of amines 30
with 3-chloro-3-methyl-2-butanone (37) in the presence of
titanium(I1V) chloride did not give rise to the tertiary a-
chloroketimine 38. Therefore, an alternative synthetic route
was applied in which the tertiary amine 30 was condensed
with 3-chloro-2-butanone (39) followed by regiospecific
methylation with iodomethane of the resulting secondary o-
chloroketimine 31. In the case of a,a-dimethylbenzylamine
(30a), both reactions occurred smoothly and in good yields.
For 1,1-diphenylethylamine (30b) the condensation with the

242

secondary a-chloroketone 39 could not be established in a
selective way since the corresponding a-chloroketimine 31b
was always accompanied by an elimination type of product.
Even though the imine 31b could be isolated in pure form
by means of flash chromatography and recrystallization, it
did not seem an attractive preparative way because of the
low yield after purification (15%).

Having in hands N-(3’-chloro-3'-methyl-2-butylidene)-
1,1-dimethylbenzylamine (33), this imine was treated with
potassium cyanide in methanol under reflux. In contrast to
other N-tert-alkyl tertiary o-chloroketimines, this reaction
did not lead to the corresponding cyclopropanecarbonitrile
36 as the major or sole reaction product. Instead, a reaction
mixture was obtained, out of which the derived compound
36 was isolated in a disappointing 6% yield by distillation
and subsequent flash chromatography. Next to the a-ami-
nonitrile 36, the a-cyanoaziridine 34 (35%) and the a-meth-
oxyketimine 35 (22%) were identified by GC-MS analysis.
A fourth compound comprising about 10% of the reaction
mixture remained unidentified. Since the reaction of a-chlo-
roimines with cyanide was investigated already quite exten-
sively, [*1 no further attempts were made to further evaluate

Eur. J. Org. Chem. 1999, 239—250
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this type of reaction towards the synthesis of geminally dial-
kylated ACC analogues.

Because 1-aminocyclopropane-1-carbonitriles 5 have
been used for the synthesis of ACC analogues®*% and be-
cause they are valuable cyclopropanone adducts, 1 efforts
were undertaken to make them accessible via 1-methoxy-
cyclopropylamines 41. The cyclopropanone adducts 41 are
easily available from a-chloroketimines 39 and 40, by reac-
tion of the latter with 1 N sodium methoxide in methanol
under reflux (Scheme 8). 118

2
NR IN NaOMe
C

R?HN. _OM 5 equiv. NH _CN
rl M _MeOH X © KON 1
R Ah R \’A MeOH R
al 5 1

40aR! = Me, R = Bu (90%) 412 95%) a20.60%)
40b R = Et, R? = /Bu (89%) 41b (38%) 42b (70%)
40c R = nPr, R = tBu (87%) e (2% 42¢ (10%)

" 2 % 41d (78%)
40d R' = nBu, R? = Bu (96%) 12 (7%

40¢ R! = Me, R* = iPr (87%)
1.1 equiv. Me;SiCN
1 equiv. BF3.EyO
CH,Cl,

R'=Me | R?=Bu

14h 0°C-->1t

1) LDA, THF, 0°C
2) R'X (X = Br, except
forR' = Me: X=]

™ t W<

Rl% NH_CN >‘/k
cl ~ 4 i * o
39 ©
42a70% (0°C->1t) 432 20% (0°C-->1t)
428 55% (A) 432 35% (A)
Scheme 8

The reaction of 1-methoxycyclopropylamines 41a—c with
potassium cyanide (5 equiv.) in methanol for 5 days gave
rise to 2,2-dialkyl-1-(tert-butyl)aminocyclopropane-1-car-
bonitriles 42a—c in 60—70% vyield. The cyclopropanecar-
bonitriles 42 are formed by expulsion of methoxide from
cyclopropanone adduct 41, the intermediate cyclopropani-
minium ion or cyclopropylidenamine being trapped by cy-
anide. This synthetic route offers a new useful entry to 1-
aminocyclopropanecarbonitriles 42 via a two-step-reaction
from a-chloroketimines 40 (Scheme 8). It offers the advan-
tage that the undesired o-cyanoaziridine formation in some
reactions (e.g. with gem. dimethyl derivatives) does not oc-
cur. The use of cyanide in the presence of Lewis acids was
less successful. Accordingly, N-tert-butyl-2,2-dimethyl-1-
methoxycyclopropylamine (41a) reacted with trimethylsilyl
cyanide in the presence of borontrifluoride etherate in di-
chloromethane, either at 0°C to room temperature or at
reflux, to give a mixture of the derived 1-aminocyclopro-
panecarbonitrile 42a (55%—70%) and the less expected -
methoxyketimine 43a (20—35%) (Scheme 8). Under these
conditions, the transient cyclopropylideniminium ion 45 is
apparently in equilibrium with the ring-opened delocalized
2-aminoallylic carbenium ion 46, which is trapped by meth-
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anol at the more substituted carbon to give compound 43a
(Scheme 9).
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Next, major attention was given to the stereoselectivity of
the cyclopropane-forming process from a-chloroketimines.
The purpose was to get access to cis and/or trans isomers
of ACC derivatives, e.g. 1-aminocyclopropanecarbonitriles
and 1-aminocyclopropanecarboxamides, in pure form. To
this end, a whole range of N-(3-chloro-4-aryl-2-butylidene)-
tert-butylamines 48 were synthesized by regiospecific a-
benzylation of N-(3-chloro-2-butylidene)-tert-butylamine
(47).1°1 1t proved to be advantageous to use slightly less
than one equivalent of the electrophile (0.90—0.95 equiv.),
affording the new a-chloro ketimines 48a—e in 55 to 91%
yield (Scheme 10; Table 1).

Reaction of N-(3-chloro-4-aryl-2-butylidene)-tert-bu-
tylamines 48 with 2 equivalents of potassium cyanide in
methanol under reflux for 6 h gave rise to a mixture of cis-
1-aminocyclopropanecarbonitriles 50 and trans-1-aminocy-
clopropanecarbonitriles 49 in a 2:3 or 1:2 ratio. No side
products were observed in this clean reaction leading to the
cyclopropanes 49 and 50 in combined yields of 83—88%.
Treatment of these mixtures of stereoisomeric 1-aminocy-
clopropane-1-carbonitriles 49a, d, e and 50a, d, e with an
excess of potassium hydroxide in ethanol for 2—5 days un-
der reflux afforded a mixture of cis-1-aminocyclopropane-
1-carboxamides 52a, d, e and trans-1-aminocyclopropane-
1-carboxamides 51a, d, e in a 1:2 or 1:3 ratio. While the
stereoisomeric cyclopropanecarbonitriles 49 and 50 were
not separable by vacuum distillation, flash chromatography
or preparative gas chromatography, the corresponding ster-
eoisomeric cyclopropanecarboxamides 51 and 52 were eas-
ily separable by crystallization or flash chromatography.

The reaction of the cis- and trans-1-(tert-butylamino)-2-
(4-chlorobenzyl)-2-methylcyclopropanecarbonitriles  (49d)
and (50d) with an excess (8 equiv.) of lithium hydroxide in
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dioxane in the presence of hydrogen peroxide (8 equiv.)2
gave only a low yield of the corresponding carboxamides.
The structure of the cyclopropanecarbonitriles 49 and 50
and the corresponding cyclopropanecarboxamides 51 and
52 was established by *H NMR, °C NMR, IR, and mass
spectrometry. The relative configuration was determined by
X-ray crystallographic analysis of trans-1-tert-butylamino-

Table 1. Synthesis of a-Chloroketimines 48 from 47

2-benzyl-2-methylcyclopropane-1-carboxamide (51a). (see
Figure 1). This result enabled to determine the stereochem-
ical assignments of all the other compounds 49, 50, 51,
and 52.

Figure 1. X-ray crystallographic picture of trans-1-tert-butylamino-
2-benzyl-2-methylcyclopropane-1-carboxamide 57a

The clean conversion of a-benzyl-a-chloroketimines 48
seems to be limited to N-tert-butyl derivatives. The N-iso-
propyl o-benzyl-a-chloroketimine 54, accessible from a-
chloroketimine 53 in 94% vyield, reacted with two equiva-
lents of potassium cyanide in methanol (reflux 6 h) to give
a 1:1 mixture of cyclopropanecarbonitrile 55 and aziridine-
2-carbonitrile 56 in a combined yield of 81%. The cyclopro-
panecarbonitrile 55 consisted of a 2:1 mixture of the trans-
and the cis-isomer, respectively, while the aziridine-2-car-
bonitrile 56 proved to be a 9:1 stereoisomeric mixture (c/t
or vice versa) (Scheme 11).

Attempts to hydrolyze the 1-aminocyclopropane-1-car-
boxamides 51 and 52 with aqueous acid did not lead to the
corresponding 1-aminocyclopropanecarboxylic acids. As
examplified for trans-1-(N-tert-butylamino)-2-(4-chloro-
phenyl)-2-methylcyclopropane-1-carboxamide (51d), the re-
action with excess 6 N hydrogen chloride at reflux for 3
hours, or with excess 2 N HCI at reflux for 20 hours, gave
rise to the corresponding hydrochloride 57d in 86% yield
(Scheme 12). Longer reaction times led to unidentified reac-
tion products.

In conclusion, several new entries towards cyclopro-
panecarbonitriles and cyclopropanecar-boxamides have
been unraveled.

RCgH,CH,X Deprotonation of 47 Benzylation Equiv. of Yield of
R! X (1.2 equiv. LDA) RICH,CH,X 48
a H Br 0°C,1h 0°C —rt,20h 0.9 84%
b m-OCH3 Cl 0°C, 45 min 0°C,1h 0.95 91%
c p-Br Br 0°C, 45 min 0°C,1h 0.9 83%
d p-Cl Cl 0°C,1h 0°C—rt,20h 0.9 86%
e m-F Br 0°C,1h 0°C—rt,20h 0.9 55%
244 Eur. J. Org. Chem. 1999, 239—250
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Experimental Section

IR spectra were recorded with a Perkin Elmer 1310 spectrophoto-
meter. — *H NMR and **C NMR spectra were measured with Jeol
PMX60SI (*H NMR 60 MHz), Jeol JINM EX 270 (*H NMR 270
MHz and *C NMR 67 MHz), Varian T-60 (*H NMR 60 MHz)
and Varian FT-80 (*3C NMR 20 MHz) NMR spectrometers. —
Mass spectra were obtained with a Varian MAT 112 mass spec-
trometer (70 eV) using GC-MS coupling with a Varian 2700 gas
chromatograph (RSL 200, 20 m glass capillary column, i.d. 0.53
mm, He carrier gas). — Melting points were measured with a
Reichert Jung (Kofler type) hotbench and a Bichi 535 melting
point apparatus.

Reaction of 2-Amino-4-chloro-3,3-dimethylbutanenitrile (8) with Po-
tassium tert-Butoxide in THF: To a solution of 2-amino-4-chloro-
3,3-dimethylbutyronitrile hydrochloride (8 xHCI) (0.91 g, 5 mmol)
in THF (20 mL) was added potassium tert-butoxide (1.68 g, 15
mmol). The reaction mixture was stirred for 18 h, poured into
water (50 mL) and extracted with diethyl ether (3X 20 mL). The
combined organic extracts were dried (MgSO,), filtered, and

Eur. J. Org. Chem. 1999, 239—250

evaporated to yield 0.47 g (72%) of a mixture consisting of 1-am-
ino-2,2-dimethylcyclopropanecarbonitrile (11) (81%)1% and 1-[(3-
chloro-2,2-dimethyl-1-butylidene)amino]-2,2-dimethylcyclopro-
panecarbonitrile (10) (19%). Flash chromatography (silica gel, elu-
ent: Et,0/CsH,, 1:1) yielded both products 10 (R = 0.94, 42%)
and 11 (Rf = 0.49, 41%), indicating hydrolysis of the imino func-
tionality during chromatography.

[(3-Chloro-2,2-dimethyl-1-propylidene)amine]-2,2-dimethylcyclo-
propyl-1-carbonitrile (10): *H NMR (270 MHz, CDCls): § 1.17 and
1.18 (6 H, 2 s, Me,CCH,CI); 1.29 and 1.39 (6 H, 2 s, Me,); 1.38
and 1.47 (2 H, AB, J = 5.13 Hz, CH, ring); 3.53 and 3.55 (2 H,
AB, J = 10.98 Hz, CH,CI); 7.89 (1 H, s, HC=N). — C NMR
(67 MHz, CDCly): 6 19.57 and 23.81 (Mey,); 23.27 (Me,CCH,CI);
29.51 (CMe,); 31.81 (CH, ring); 41.47 and 44.69 (CCN and
CCH,CI); 52.51 (CH,CI); 117.39 (CN); 166.75 (HC=N). — IR
(NaCl): ¥ 2225 cm~! (C=N) and 1660 cm~* (C=N). — MS, m/z
(%): 212/214 [M*] (0.4), 197/199 (4), 177 (4), 171 (3), 169 (2), 163
(26), 131 (3), 121 (100), 109 (5), 107 (25), 94 (12), 82 (4), 80 (5), 79
(4), 69 (8), 68 (5), 67 (11), 66 (4), 65 (3), 56 (14), 55 (20), 53(9), 52
(4), 43 (5), 41 (19), 40 (7). — C11H;7CIN; (212.7):: Calcd. C 62.11,
H 8.06, N 13.17; found C 61.94, H 8.17, N 13.26.

Synthesis of N-(3-Chloro-2,2-dimethyl-1-propylidene)-1-cyano-2,2-
dimethylcyclopropylamine (10): To a solution of 1.10 g (0.01 mol)
of 1-amino-2,2-dimethylcyclopropanecarbonitrile (11) in 10 mL of
dry dichloromethane was added 3.54 g (0.02 mol) of MgSO, fol-
lowed by 1.21 g (0.01 mol) of 3-chloro-2,2-dimethylpropanal (15).
The mixture was refluxed for 1.5 h, the drying agent was filtered
off and washed with 5 mL of dry ether. After evaporation of the
solvent in vacuo 2.02 g (95%) of crude 10 was obtained which was
purified by flash chromatography (ether/pentane, 5:95; Ry = 0.71)
to yield pure 10 (1.34 g; 69%).

Synthesis of N-(3-chloro-2,2-dimethyl-1-propylidene)-3-chloro-1-cy-
ano-2,2-dimethylbutylamine (13): Propylideneamine 13 was pre-
pared in an analogous way (30 min at reflux) as described for com-
pound 10. — *H NMR (270 MHz, CDCls): § 1.09; 1.20; 1.21; 1.22
(12 H, 45,2 Mey); 3.45 and 3.64 (2 H, AB, J = 11.21 Hz, CH,CI);
3.59 (2 H, s, CH,CI); 454 (1 H, d, J = 1.65 Hz, CHCN); 7.83 (1
H, d, J = 1.65 Hz, HC=N). — 3C NMR (67 MHz, CDCly): §
21.28; 22.77; 23.16 (2 Mey); 39.87 and 41.98 (2 CMe,); 51.86 and
52.11 (2 CH,CI); 63.99 (CHCN); 116.37 (CN); 172.04 (HC=N). —
IR: ¥ 2240 cm~* (C=N) and 1665 cm~* (C=N). — MS m/z (%):
no M*; 213/215 (26), 201 (3), 199 (10), 160 (20), 159 (32), 158 (61),
157 (79), 133 (17), 132 (9), 131 (52), 130 (14), 123 (30), 109 (24),
107 (8), 105 (8), 104 (5), 103 (23), 95 (5), 94 (25), 93 (14), 91 (28),
83 (15), 82 (98), 81 (43), 80 (12), 77 (6), 75 (9), 70 (5), 69 (11), 68
(20), 67 (47), 66 (17), 65 (13), 63 (16), 57 (9), 56 (100), 55 (82), 54
(14), 53 (26), 52 (5), 51 (10), 49 (15), 43 (7), 42 (10), 41 (57), 40 (7).
— C11H18CIN, (249.2): Caled. C 53.02, H 7.28%, N 11.24; found
C 53.19, H 7.39, N 11.05.

Cyclization of N-(3-Chloro-2,2-dimethyl-1-propylidene)(3-chloro-1-
cyano-2,2-dimethylbutyl)amine (13) to Cyclopropanecarbonitrile 10:
A solution of 1.25 g (0.005 mol) of B-chloro aldimine 13 in 10 mL
of dry THF was treated with 1.12 g (0.01 mol) of potassium tert-
butoxide. The reaction mixture was stirred for 24 h at room tem-
perature, poured into 20 mL of water and extracted with dichloro-
methane (3X 10 ml). The combined extracts were dried (MgSO,)
and concentrated to provide crude 10 which was distilled in vacuo
to afford 0.52 g (49%) of pure cyclopropanecarbonitrile 10, b.p.
51-54°C/0.07 Torr.

Synthesis of 1-(3-Chloro-2,2-dimethylpropyl)amino-2,2-dimethylcy-
clopropanecarbonitrile (16): To a solution of 0.57 g (0.0027 mol) of
aldimine 10 in 5 mL of dry methanol was added 0.36 g (0.0054
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mol) of sodium cyanoborohydride followed by 0.16 g (0.0027 mol)
of acetic acid. The mixture was refluxed for 2 hours and sub-
sequently poured into 20 mL of water and extracted with CH,CI,
(3% 10 ml). After drying (MgSO,), filtration, and evaporation of
the solvent in vacuo 0.48 g (83%) of the cyclopropanecarbonitrile
16 (purity > 95%) was obtained. This compound was used as such
in the next experiment. — *H NMR (270 MHz, CDCls): § 0.97 and
0.98 (6 H, 2 s, Mey); 0.83 and 1.04 (2 H, AB, J = 4.88 Hz, CH,
ring); 1.25 and 1.30 (6 H, 2 s, Me,); 1.59 (1 H, broad s, NH); 2.66
(2 H, broad s, CH,NH); 3.35 and 3.41 (2 H, AB, J = 10.62 Hz,
CH,CI). — 3C NMR (67 MHz, CDCls): § 18.87; 23.54; 23.63 and
23.72 (2 Mey); 26.83 (CMe,); 28.50 (CH, ring); 36.14 and 38.04
(CCN and CCH,CI); 53.06 (CH,CI); 55.06 (CH,NH); 120.90 (CN).
— IR (NaCl): ¥ 3330 cm~! (NH); 2220 cm~! (C=N). — MS m/z
(%): 214/216 [M™*] (3), 199/201 (8), 179 (0.2); 171/173 (4), 165 (3),
158/160 (10), 143/145 (4), 132 (2), 124 (11), 123 (100), 109 (6), 108
(3), 107 (9), 106 (2), 96 (5), 95 (11), 94 (5), 93 (3), 82 (6), 81 (8), 69
(10), 68 (7), 67 (16), 56 (13), 55 (10), 53 (6), 43 (6), 42 (6), 41 (24),
40 (6).

Ring transformation of Cyclopropanecarbonitrile 16 into Azetidine
17 and Oxazine Derivative 18: A solution of 0.64 g (0.003 mol) of
cyclopropanecarbonitrile 10 in 10 mL dry THF was treated with
1.01 g (0.009 mol) of potassium tert-butoxide. After reflux of the
stirred mixture for 60 h, the reaction mixture was poured in water
and extracted three times with ether. The combined extracts were
dried (MgSO,4) and evaporated to give a reaction mixture which
consisted (*H NMR, GC) mainly of two compounds, as judged by
preparative GC, which allowed the isolation of azetidine 17 (50%)
and oxazine derivative 18 (40%) in pure form.

1-(2,2-Dimethylpropanoyl)-3,3-dimethylazetidine (17): *H NMR
(270 MHz, CDCl3): 6 1.19 (9 H, s, Mey); 1.26 (6 H, s, Mey); 3.67
and 4.01 (4 H, broad s, CH,-N-CH,). — ¥C NMR (67 MHz,
CDCly): 8 26.97 (Mey); 27.19 (Mej3); 30.98 (CMe,); 38.53 (CMes);
61.13 and 65.44 (CH,-N-CHy); 178.00 (C=0). — IR (NaCl): ¥
1630 cm ! (C=0). — MS m/z (%): 169 [M*] (24), 168 (3), 154 (12),
127 (32), 126 (2), 114 (48), 112 (23), 86 (3), 85 (18), 84 (9), 83 (7),
82 (2), 72 (3), 71 (2), 70 (33), 69 (32), 68 (2), 67 (2), 58 (8), 57 (100),
56 (32), 55 (12), 54 (1), 53 (2), 44 (4), 43 (11), 42 (9), 41 (48), 40
(14). — C4oH1gNO (169.3): Calcd. C 70.96, H 11.31, N 8.27; found
C 70.81, H 11.39, N 8.16.

Oxazine Derivative 18: *H NMR (270 MHz, CDCl,): § 0.92 (6 H,
s, Mey); 1.15 (9 H, s, Mejy); 3.07 (2 H, s, CH;N); 3.68 (2 H, s,
CH,0). — 3C NMR (67 MHz, CDCls): § 23.36 (Me,); 27.15
(CMey); 27.78 (Meg); 37.18 (CMeg); 55.27 (CH,N); 74.00 (OCH,);
164.47 (OC=N). — IR (NaCl): ¥ 1673 cm~ (C=N). — MS m/z
(%): 169 [M™*] (26), 168 (13), 155 (7), 154 (56), 128 (2), 127 (27),
114 (23), 112 (3), 98 (20), 86 (13), 85 (14), 84 (13), 83 (12), 82 (2),
72 (2), 71 (3), 70 (9), 69 (56), 68 (3), 67 (2), 58 (8), 57 (100), 56
(44), 55 (23), 53 (3), 44 (3), 43 (6), 42 (11), 41 (73), 40 (9). —
C1oH19NO (169.3): Calcd. C 70.96, H 11.31, N 8.27; found C 70.91,
H 11.50, N 8.36.

Synthesis of a-Chloroketimines 3la, b: a,0-Dimethylbenzylamine
(30a) and 1,1-diphenylethylamine (30b) were synthesized from the
corresponding ketones 27a, b via Grignard reaction with phenyl-
magnesium bromide, azidation of the tertiary alcohols 28 with so-
dium azide in the presence of trifluoroacetic acid and reduction of
the tertiary azides with lithiumaluminium hydride. ¢! The synthesis
of a-chloroketimine 31la (R = Me) is representative. To an ice
cooled solution of 1,1-dimethylbenzylamine (30a) (8.1 g, 0.06 mol),
3-chloro-2-butanone (39) (19.17 g, 0.18 mol) and triethylamine
(12.12 g, 0.12 mol) in diethyl ether (150 mL) was added dropwise
TiCl, (6.84 g, 0.36 mol), dissolved in pentane (10 mL). The re-
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sulting suspension was stirred for 2 h at reflux and poured into 0.5
N NaOH. The organic phase was separated and the aqueous layer
was extracted two times additionally with Et,O (2X 75 mL). The
combined organic extracts were dried (K,COy), filtered, and evapo-
rated in vacuo. The residual oil was distilled to yield 7.3 g (55%)
of pure a-chloro imine 31a, b.p. 62—64°C/0.4 Torr. This imine was
used as such in the next alkylation step.

N-(3-Chloro-2-butylidene)-1-methyl-1-phenylethylamine (31a): *H
NMR (CDClj, 60 MHz): § 1.46 (3 H, s, N=CMe); 1.58 (6 H, s,
Me,); 1.60 (3 H, d, J = 6.8 Hz, CH;CHCI); 458 (1 H, q, J = 6.8
Hz, CH3;CHCI); 7.32 (5 H, s, C¢Hs). — 3C NMR (CDClg, 90
MHz): § 16.07 (g, N=CMe); 22.13 (g, CH3CHCI); 30.90 and 31.12
(each g, CMe,); 60.17 (s, CMe,); 64.01 (d, CHCI); 125.24 and
128.41 (each d, Co and Cm); 126.03 (d, Cp); 149.20 (s, Cq); 167.76
(s, C=N). — IR (NaCl, cm~1) ¥ 1659 (C=N). — MS (70 eV) m/z
(rel. int.) 223/225 [M*] (0.5), 208/210 (1), 188 (7), 172 (2), 160 (3),
131 (1), 119 (100), 118 (7), 117 (6), 116 (1), 115 (3), 107 (1), 105
(2), 104 (3), 103 (6), 102 (1), 91 (36), 89 (1), 80 (1), 79 (6), 78 (4),
77 (7), 70 (2), 65 (1), 63 (1), 58 (1), 55 (1), 53 (1), 51 (2), 44 (2), 43
(1), 42 (4), 41 (10).

N-(3-Chloro-2-butylidene)-1,1-diphenylethylamine ~ (31b):  Purifi-
cation was performed by means of flash chromatography (R (Et,O/
CsHio/Et3N, 88:5:7) = 0.72] and subsequent recrystallization in
pentane at —20°C, mp 79°C. Yield 0.43 g (15%). — *H NMR §
(CDCl3, 60 MHz) 1.55 (3 H, s, N=CMe); 1.69 (3 H, d, J = 7 Hz,
CHZCHCI); 1.81 (3 H, s, NCMe); 467 (1 H, g, J = 7 Hz,
CH3CHCI); 7.1-7.7 [10 H, m, C(C¢Hs),]. — *C NMR § (CDCls,
90 MHz) 17.15 (q, N=CMe); 22.04 and 27.07 (each q, CH3;CHCI
and NCMe); 64.00 (d, CHCI); 65.83 (s, N-C); 126.04 (d, 2 Cp);
126.98 and 128.08 (each d, 2 Co and Cm); 149.54 and 149.72 (each
s, 2 Cq); 166.90 (s, C=N). — IR (NaCl, cm~1) ¥ 1660 (C=N). —
MS (70 eV) m/z (rel. int.) no M*, 182 (8), 181 (53), 180 (100), 179
(58), 178 (47), 177 (9), 176 (11), 166 (19), 165 (74), 153 (5), 152
(10), 151 (6), 150 (4), 115 (6), 104 (7), 103 (33), 102 (9), 89 (48), 88
(10), 79 (8), 78 (39), 77 (33), 76 (5), 63 (12), 51 (23), 79 (8).

Synthesis of N-(3-Chloro-3-methyl-2-butylidene)-1-methyl-1-phenyl-
ethylamine (33): This experiment was run under a N-atmosphere.
All reagents were added dropwise via a glass syringe. To an ice
cooled solution of diisopropylamine (2.42 g, 0.024 mol) in THF
was added nBuLi (8.8 mL 2.5 m solution in hexane, 0.022 mol)
followed after 10 min by N-(3’-chloro-2'-butylidene)-1,1-dimeth-
ylbenzylamine (31a) (4.46 g, 0.02 mol). The reaction mixture was
stirred for 30 min at 0°C. Mel (1.1 equiv.) was then added, the
mixture was stirred additionally for 30 min at 0°C and gradually
warmed to ambient temperature during 1.5 h. The reaction mixture
was poured into 0.5 N NaOH, extracted with Et,O (3X 50 mL)
and the combined organic extracts were dried (K,CO3). Evapora-
tion yielded 4.07 g (86%) of N-(3'-chloro-3’-methyl-2’-butylidene)-
1,1-dimethylbenzylamine (33). Distillation led to partial decompo-
sition (1 g of this imine only yielded 0.35 g), b.p. 69—71°C/0.1 Torr.
— 1H NMR § (CDCly, 60 MHz) 1.56 (6 H, s, Me,); 1.58 (3 H, s,
N=CMe); 1.73 (6 H, s, Me,CCl); 7.32 (5 H, s, CgHs). — 1°C NMR
6 (CDCl3, 90 MHz) 16.72 (g, N=CMe); 30.70 and 31.12 (each q,
each Me,); 59.90 (s, Me,C); 73.85 (s, CCl); 125.31 and 128.34 (each
d, Co and Cm); 125.91 (d, Cp); 149.58 (s, Cp); 168.28 (s, N=C).
— IR (NaCl, cm™1) ¥ 1659 (C=N). — MS (70 eV) m/z (rel. int.)
237/239 [M*] (1), 222/224 (1), 202 (2), 186 (1), 160 (1), 119 (100),
118 (7), 117 (5), 115 (3), 104 (2), 103 (4), 91 (29), 84 (4), 79 (4), 78
(3), 77 (4), 42 (3), 41 (11), 40 (11). — C14H,CIN (237.8): Calcd. C
70.72, H 8.48, N 5.89; found C 70.90, H 8.59, N 5.71.

Reaction of a-Chloroketimine 33 with Potassium Cyanide in Meth-
anol: To a solution of potassium cyanide (1.48 g, 22.8 mmol) in

Eur. J. Org. Chem. 1999, 239—250



1-Amino-2,2-dialkylcyclopropane-1-carbonitriles and -carboxamides

FULL PAPER

methanol (30 mL) was added N-(3’-chloro-3’'-methyl-2’-butylid-
ene)-1,1-dimethylbenzylamine (33) (2.7 g, 11.4 mmol). The mixture
was stirred for 5 h under reflux, poured into water, and extracted
with CH,Cl, (3X 20 mL). The combined organic extracts were
dried (MgSQ,), filtered, and evaporated to yield a mixture con-
sisting of four components out of which 2,2-dimethyl-1-(1',1'-di-
methylbenzylamino)cyclopropane-carbonitrile (36) was isolated by
means of distillation and flash chromatography, b.p. 110—115°C/
0.1 Torr; R¢ (Et,0/CsH;5, 8:2) = 0.64. All other compounds were
isolated by preparative gas chromatography.

2,2-Dimethyl-1-(1-methyl-1-phenylethyl)aminocyclopropane-
carbonitrile (36): *H NMR (CDCls, 60 MHz): § 0.64 and 0.92 (2
H, AB, J = 5.2 Hz, CH, ring); 1.23 and 1.27 (6 H, each s, CMe,);
1.59 and 1.72 (6 H, each s, CMe, ring); 1.93 (1 H, s br, NH);
7.2-7.7 (5 H, m, CgHs). — 13C NMR & (CDCl;, 90 MHz) 19.59
and 23.32 (each g, CMe, ring); 26.26 and 33.30 (each s, Me,C ring
and CCN); 28.25 and 30.55 (each g, CMe,); 29.35 (t, CH,); 56.76
(s, CMe,); 122.93 (s, C=N); 125.86 and 128.02 (each d, Co en Cm);
126.63 (d, Cp); 148.56 (s, Cq). — IR (NaCl, cm~1) vy = 3330,
Veon = 2220 cm~L — MS (70 eV) m/z (rel. int.) no M™, 119 (100),
118 (19), 117 (13), 115 (6), 110 (12), 103 (9), 95 (8), 91 (46), 79 (8),
78 (7), 77 (9), 44 (17). — C15H4oN, (228.3): Caled. C 78.90, H 8.83,
N 12.27; found C 78.75, H 8.69, N 12.34.

Synthesis of 1-Aminocyclopropanecarbonitriles 42 by Reaction of 1-
Methoxycyclopropylamines 41 with Potassium Cyanide: 1-Methoxy-
cyclopropylamines 41 were synthesized by cyclization of a-chloro-
ketimines 40?3 with 1 N sodium methoxide (1.1 equivalents) in
methanol under reflux.8 1-Methoxycyclopropylamines 4la—c
(0.05 mol) were dissolved in 10 mL of dry methanol to which 0.25
mol of potassium cyanide was added. The reaction mixture was
refluxed for 5 h after which it was poured in water and extracted
with dichloromethane. After drying (MgSO,), the combined ex-
tracts were evaporated in vacuo to afford crude 1-N-tert-butylam-
ino-2,2-dialkylcyclopropanecarbonitriles 42a—c (purity > 90%;
GC) in 60—70% yield. Pure samples of compounds 42 were ob-
tained by preparative gas chromatography. The spectroscopic
data of 1-tert-butylamino-2,2-dimethylcyclopropane-1-carbonitrile
(42a), 1-tert-butylamino-2,2-diethylcyclopropane-1-carbonitrile
(42b), and 1-tert-butylamino-2,2-dipropylcyclopropane-1-carbo-
nitrile (42c) have been described previously.®!

Reaction of N-tert-Butyl-2,2-dimethyl-1-methoxycyclopropylamine
(41a) with Trimethylsilyl Cyanide in the Presence of Boron Trifluori-
de—Diethyl Ether: A solution of 0.003 mol of cyclopropylamine
41a in 3 mL of dichloromethane was treated successively with
0.0033 mol of trimethylsilyl cyanide and 0.003 mol of boron trifluo-
ride—diethyl ether. This solution was either refluxed for 1 h or
stirred for 14 h during which the temperature rose from 0°C to
room temperature. The reaction mixture was then poured in 0.5 N
sodium hydroxide, stirred for 10 minutes, extracted with dichloro-
methane, dried (K,CO3), and evaporated in vacuo. *H NMR and
GC analysis revealed that the composition of cyclopropanecar-
bonitrile 42a and a-methoxyketimine 43a was 70% and 20%,
respectively, for the room temperature experiment, while it changed
to 55% and 35%, respectively, under reflux conditions. Both com-
pounds were isolated by preparative gas chromatography.

N-(3-Methoxy-3-methyl-2-butylidene)-tert-butylamine  (43a): *H
NMR (60 MHz, CDCly): 4 1.26 (15 H, s, Mez and Me,); 1.93 (3
H, s, MeC=N); 3.10 (3 H, s, OMe). — IR (NaCl): ¥ 1169 cm~!
(C=N) and 2822 cm~! (OMe). — MS m/z (%): 171 [M*] (1), 141
(5), 98 (54), 84 (9), 73 (54), 57 (100), 43 (3), 42 (8).

Eur. J. Org. Chem. 1999, 239—250

Synthesis  of  N-(4-aryl-3-chloro-3-methyl-2-butylidene)-tert-bu-
tylamines 48: The synthesis of a-chloroketimine 48a is representa-
tive.

To an ice-cooled solution of diisopropylamine (5.25 g, 52 mmol) in
50 mL of dry THF was subsequently added dropwise n-butyllith-
ium (19.2 mL, 48 mmol; 2.5 M in hexane) and N-(3-chloro-2-bu-
tylidene)-tert-butylamine (47) (6.46 g, 40 mmol), dissolved in dry
THF (40 mL). After 1 h at 0°C, benzyl bromide (6.16 g, 36 mmol,
Caution: lacrimatory substance!) in 20 mL THF was added and
the reaction mixture was stirred for 20 h at room temperature and
subsequently poured into 300 mL of aqueous sodium hydroxide (1
N). The a-chloroketimine 48a was extracted with diethyl ether (3
75 mL) and the combined extracts were dried (K,CO3). The solvent
was evaporated under reduced pressure and the crude imine 48a
was distilled in vacuo (8.45 g, 84%, b.p. 74—76°C/0.03 Torr).

N-(3-Chloro-3-methyl-4-phenyl-2-butylidene)-tert-butylamine (48a):
IH NMR (60 MHz, CDClg): 6 1.20 (9 H, s, Me3); 1.53 (3 H, s,
MeCCl); 2.04 (3 H, s, MeC=N); 3.18 (2 H, s, CH,); 7.08 (5 H, s,
C¢Hs). — °C NMR (20 MHz, CDCl3) 8 17.06 (MeC=N); 28.25
(MeCCl); 30.03 (Mejg); 47.82 (CH,); 54.88 (CMey); 77.35 (CClI);
126.56; 127.65 and 130.85 (=CH'’s); 137.9 (=Cquar); 163.94 (C=
N). — IR (NaCl): v 1669 cm~! (C=N). — MS m/z (%): 251/253
[M*] (0.2), 236/238 (2), 216 (19), 215 (5), 200 (3), 180 (4), 179 (4),
178 (2), 160 (14), 158 (15), 144 (6), 117 (8), 115 (7), 98 (21), 91
(27), 77 (3), 65 (5), 63 (2), 58 (7), 57 (100), 51 (4), 43 (4), 42 (14),
41 (20). — Cy5H,,CIN (251.8): Calcd. C 71.55, H 8.81, N 5.56;
found C 71.70, H 8.94, N 5.41.

N-[3-Chloro-4-(3-methoxyphenyl)-3-methyl-2-butylidene]-tert-
butylamine (48b): H NMR (60 MHz, CDCl,): § 1.24 (9 H, s, Me3);
1.58 (3 H, s, MeCCl); 2.09 (3 H, s, MeC=N); 3.25 (2 H, s, CH,);
3.73 (3 H, s, OMe); 6.6—7.4 (4 H, m, CgH,). — 3C NMR (20
MHz, CDCly): § 17.03 (MeC=N); 28.41 (MeCCl); 30.10 (Mey);
47.95 (CH,); 54.95 (CMes); 54.95 (OMe); 77.39 (CCI); 112.01;
116.90; 123.39 and 128.54 (=CH's); 138.71 (=Cquap); 159.28 (=
Cquat OMe); 164.01 (C=N). — IR (NaCl): ¥ 2835 cm~* (OMe) and
1660 cm~! (C=N). — C15H24CINO (281.8): Calcd. C 68.19, H 8.58,
N 4.97; found C 68.05, H 8.49, N 5.10.

N-[4-(4-Bromophenyl)-3-chloro-3-methyl-2-butylidene]tert-butyl-
amine (48c): 'H NMR (60 MHz, CDCls): § 1.22 (9 H, s, Mes); 1.53
(3 H, s, MeCCl); 2.06 (3 H, s, MeC=N); 3.20 (2 H, s, CH,); 7.07
(2H,d,J=8Hz,2=CH); 729 2 H, d, J = 8 Hz, 2 =CH). —
13C NMR (20 MHz, CDCl3): § 17.01 (MeC=N); 28.37 (MeCCl);
30.07 (Mes); 46.98 (CHy,); 54.95 (CMes); 76.87 (CCI); 120.60 (=
Cquat Br); 130.69 and 132.66 (=CH'’s); 136.33 (=Cguay); 163.85 (C=
N). — MS m/z (%): no M™, 294/6 (M*—Cl, 3), 278/280 (1), 236/
238 (4), 224/226 (1), 169/171 (2), 158 (8), 143 (2), 116 (2), 115 (2),
98 (9), 84 (2), 57 (100). — IR (NaCl): v 1665 cm* (C=N). —
Cy5H,:BrCIN (330.7): Calcd. C 54.48, H 6.40, N 4.24; found C
54.59, H 6.55, N 4.20.

N-[3-Chloro-4-(4-chlorophenyl)-3-methyl-2-butylidene]tert-butyl-
amine (48d): *H NMR (270 MHz, CDCly): 8 1.25 (9 H, s, Mey);
1.54 (3 H, s, MeCCl); 2.08 (3 H, s, MeC=N); 3.21 and 3.26 (2X 1
H, AB, J = 16.0 Hz, CH,); 7.17 and 7.22 (2X 1 H, AB, J = 8.0
Hz, =CH’s). — 3C NMR (68 MHz, CDCly): § 17.11 (MeC=N);
28.23 (MeCCl); 30.03 (Mejy); 46.78 (CHy,); 54.98 (CMejy); 77.11
(CCl); 127.76 and 132.34 (=CH’s); 128.25 (=CCl); 135.79 (=Cquat
CH,); 163.92 (C=N). — MS m/z (%): no M™, 250/252 (3), 234/236
(2), 192/194/196 (6), 159 (5), 141 (4), 125/127 (6), 117 (2), 115 (4),
98 (11), 57 (100), 53 (2), 44 (4). — IR (NaCl): ¥ 1666 cm~* (C=
N). — B.p. 96—98°C/0.03 Torr. — C;5H»,CI,N (286.2): Calcd. C
62.94, H 7.39, N 4.89; found C 63.09, H 7.49, N 4.77.
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N-[3-Chloro-4-(3-fluorophenyl)-3-methyl-2-butylidene]tert-butyl-
amine (48e): 'H NMR (270 MHz, CDCls): § 1.25 (9 H, s, CMe3);
1.57 (3 H, s, MeCCl); 2.10 (3 H, s, MeC=N); 3.28 (2 H, s,
CH,CeH,); 6.88—7.02 (3 H, m, Ar, 2X Hortno, Hpara); 7-17—7.25
(1 H, m, Ar, Hper)- — C NMR (68 MHz, CDClg): § 17.07
(MeC=N); 28.32 (MeCCl); 30.03 (CMes); 47.26 (CH,CgHy,); 55.02
(CMey); 76.98 (C-CI); 113.43 (d, Jc.r = 20.7 Hz, C-2 aryl); 117.81
(d, Jc.r = 20.7 Hz, C-4 aryl); 126.74 (d, Jc.r = 2.4 Hz, C-6 aryl);
128.96 (d, Jc.r = 8.5 Hz, C-5 aryl); 139.84 (d, Jc.¢ = 6.4 Hz, C-1
aryl); 162.31 (d, Jc.¢ = 245.4 Hz, CF); 163.86 (C=N). — IR (NaCl)
(C=N) ¥ 1660 cm~%. — MS (70 eV) m/z (%): no M™*, 234 (7), 178
(7), 176 (5), 162 (2), 161 (2), 147 (1), 146 (2), 145 (2), 135 (2), 133
(2), 115 (1), 110 (1), 109 (7), 99 (1), 98 (17), 96 (1), 83 (2), 57 (100),
56 (3), 55 (2), 53 (2), 43 (1), 42 (11), 41 (16). — C15H,,CIFN (269.8):
Calcd. C 66.78, H 7.85, N 5.19; found C 66.71, H 7.72, N 5.30.

Cyclization of a-Chloroketimines 48 with Potassium Cyanide in
Methanol: The synthesis of cyclopropanecarbonitriles 49a and 50a
is representative. To a solution of a-chloroketimine 48a (7.54 g, 30
mmol) in methanol (80 ml) was added 60 mmol (3.90 g) of potas-
sium cyanide. The stirred mixture was refluxed for 6 h, poured
into H,O (300 mL) and extracted with CH,CI, (3X 50 mL). The
combined extracts were dried (MgSQ,), concentrated in vacuo, and
purified by distillation (yield 49a + 50a: 6.24 g, 86%, b.p.
105—108°C/0.15 Torr).

1-tert-Butylamino-2-benzyl-2-methylcyclopropane-1-carbonitriles
(49a/50a) (ratio 3:2): *H NMR (60 MHz, CDCl;): § 0.88 (1 H, d,
J = 4.7 Hz, HCHyjg); 1.20 and 1.27 (total 9 H, 2X's, Meg); 1-1.3
(4 H, m, Me and HCHing); 2.8 (2 H, broad s, CH,); 7.15—7.4 (5
H, broad s, CgHs). — ¥C NMR (20 MHz, CDCl3): § 17.17 and
21.07 (Me); 29.75 and 29.90 (CH, ring); 30.39 and 30.48 (Mejy);
31.06 (NCC=N); 33.39 and 33.75 (CH,CMe); 38.23 and 42.29
(CH,CgHs); 52.48 and 52.73 (CMejy); 120.57 and 123.65 (C=N);
131.19; 131.34 and 131.69 (CH='s); 138.00 and 138.87 (=Cguar)-
— MS m/z (%): 242 [M™*] (1), 227 (3), 185 (3), 151 (30), 118 (22),
117 (10), 115 (4), 95 (100), 91 (12), 57 (70), 41 (26), 40 (22). — IR
(NaCl): v 3325 cm™! (NH) and 2218 cm™* (C=N). — CygH»N,
(242.4): Calcd. C 79.29, H 9.15, N 11.56; found C 79.12, H 9.28,
N 11.69.

1-tert-Butylamino-2-(3-methoxybenzyl)-2-methylcyclopropane-1-
carbonitriles (49b/50b) (ratio 3:2): B.p. 125—130°C/0.1 Torr. *H
NMR (60 MHz, CDCls): 5 0.88 (1 H, d, J = 5 Hz, HCHin); 1.17
and 1.27 (total 9 H, 2X s, Mej3); 1-1.3 (4 H, m, Me and HCHi,);
2.77 (2 H, broad s, CH,); 3.73 (3 H, s, OMe); 6.6—7.4 (4 H, m,
CeHs). — B3C NMR (20 MHz, CDCly): § 17.03 and 20.94 (Me);
29.69 (CH, ring); 30.15 and 30.23 (Mes); 31.09 (NCC=N); 33.26
and 33.56 (CH,CMe); 38.60 and 42.72 (CH,CgH,); 52.30 and 52.55
(CMes); 55.04 (OMe); 111.35; 111.84; 115.25; 115.31; 121.52 and
121.73 (CH='s); 122.89 and 123.56 (C=N); 129.95 and 129.31
(CH='s); 140.25 and 141.07 (=Cqua); 159.76 (=COMe). — MS
m/z (%): 272 [M™*] (2), 257 (1), 216 (2), 162 (2), 152 (26), 148 (20),
147 (4), 122 (3), 121 (6), 117 (3), 95 (100), 91 (5), 78 (2), 77 (2), 68
(3), 57 (55), 55 (3), 44 (2), 42 (3), 41 (21). — IR (NaCl): v 3325
cm~1 (NH) and 2220 cm~ (C=N). — Cy;H,4N,0 (272.4): Calcd.
C 74.96, H 8.88, N 10.28; found C 74.81, H 9.01, N 10.36.

2-(4-Bromobenzyl)-1-tert-butylamino-2-methylcyclopropane-1-
carbonitriles (49c/50c) (ratio 3:2): Bp 134—140°C/0.35 Torr. — 'H
NMR (60 MHz, CDCl5): § 0.90 (1 H, d, J = 5 Hz, HCHing); 1.22
and 1.28 (total 9 H, 2X s, Mej3); 1-1.4 (4 H, m, Me and HCHi,);
2.80 (2 H, broad s, CH,); 7.0-7.6 (4 H, m, C¢H,). — MS m/z
(%): 320/2 [M*] (0.5), 305/7(1), 196/8(4), 169/71(2), 151(23), 117(3),
116(4), 115 (4), 95(100), 68(4), 57(89), 56(3), 55(3), 41(23). — IR:
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¥ 3225 cm~! (NH) and 2215 cm~* (C=N). — C;sH»,BrN, (321.3):
Calcd. C 59.82, H 6.59, N 8.72; found C 59.98, H 6.42, N 8.65.

1-tert-Butylamino-2-(4-chlorobenzyl)-2-methylcyclopropane-1-
carbonitriles (49d) and (50d) (ratio 2:1): B.p. 109—110°C/0.04 Torr.
trans-49d: *H NMR (270 MHz, CDCls3): § 0.95 (1 H, d, J = 5.1
Hz, HCHing); 1.07 (3 H, s, Me); 1.22 (9 H, s, Me3); 1.36 (1 H, d,
J = 5.1 Hz, HCHyjpg); 1.44—1.48 (1 H, broad s, NH); 2.77 and
2.87 (2 H, AB, J = 14.5 Hz, CH,CgH,); 7.21 and 7.27 (4 H, AB,
J = 8.6 Hz, CgH,). — 3C NMR (68 MHz, CDCly): § 16.87 (Me);
29.49 (CHj; (ing); 30.12 (Me3); 31.09 (NCC=N); 33.06 (CH,CMe),
41.96 (CH,CgsHy,); 52.38 (CMe3); 123.65 (C=N); 128.46 and 130.64
(=CH's); 132.27 (=CCl); 137.10 (=CCH,). — MS m/z (%): 276/8
[M*] (2), 261/263 (3), 220/222 (1), 219/121 (2), 205/207 (1), 168 (1),
167 (1), 166 (1), 154 (6), 153 (4), 152 (17), 151 (31), 125/7 (8), 117
(8), 115 (6), 95 (100), 89 (2), 68 (7), 58 (8), 57 (88), 41 (31). — IR
(NaCl): ¥ 3325 cm~! (NH) and 2218 cm~ (C=N).

cis-50d: *H NMR (270 MHz, CDCls): § 1.16 and 1.26 (2 H, AB,
J = 5.6 Hz, CH; (ing); 1.22 (3 H, s, Me); 1.22 (9 H, s, Mey);
1.52—1.56 (1 H, broad s, NH); 2.73 and 2.93 (2 H, AB, J = 145
Hz, CH,C¢H,); 7.11 and 7.20 (4 H, AB, J = 8.6 Hz, CgH,). — *°C
NMR (68 MHz, CDClg): & 20.75 (Me); 29.34 (CHy; ing); 30.21
(Mes); 31.09 (NCC=N); 33.42 (CH,CMe); 37.88 (CH,C¢Hy,); 52.65
(CMes); 122.93 (C=N); 128.52 and 130.44 (=CH'’s); 132.04 (=
CCl); 137.91 (=CCH,). — MS m/z (%): identical to trans-49d. —
IR (NaCl): v 3325 cm™! (NH) and 2218 cm™! (C=N). —
C16H2:CIN, (276.8) (49d, 50d): Calcd. C 69.42, H 7.65, N 10.12;
found C 69.60, H 7.61, N 10.28.

1-tert-Butylamino-2-(3-fluorobenzyl)-2-methylcyclopropane-1-
carbonitriles (49e) and (50e) (ratio 2:1): B.p. 89—102°C/0.05 Torr.
trans-49e: *H NMR (270 MHz, CDCl;) 6 0.98 (1 H, d, J = 5.27
Hz, CH ring); 1.10 (3 H, s, Me); 1.23 (9 H, 5, CMe5); 1.39 (1 H, d,
J = 5.3 Hz, CH ring); 1.43—1.47 (1 H, broad s, NH); 2.76 and
2.98 (each 1 H, AB, Jag = 14.52 Hz, CH,C¢H,); 6.87—7.06 (3 H,
m, Ar, 2X Hortho, Hpara); 7.23—7.31 (1 H, m, Ar, Hyera). — *°C
NMR § (67.5 MHz, CDCly); 16.93 (Me); 29.61 (CHj ring); 30.24
(CMes); 31.00 (HNCC=N); 33.08 (CMe); 42.37 (CH,CgH,); 52.72
(CMeg); 113.52 (d, Jc.r = 20.7 Hz, Ar, Cpyra); 116.07 (d, Jcg =
20.7 Hz, Ar, CquaCHCF); 123.61 (C=N); 124.78 (d, Jcr = 2.5
Hz, Ar, Cquat cHCH); 129.83 (d, Jc.r = 8.6 Hz, Ar, CH); 141.18
(d, Je.r = 7.3 Hz, Ar, Cyua); 162.81 (d, Jc ¢ = 245.3 Hz, Ar, CF).
— IR (NaCl): ¥ 3300 cm~* (NH) and 2219 cm~! (C=N). — MS
m/z (%): 260 [M™*] (1), 245 (2), 204 (1), 203 (2), 189 (1), 186 (1),
176 (2), 175 (1), 163 (2), 162 (1), 161 (1), 152 (3), 151 (22), 150 (2),
149 (2), 137 (2), 136 (11), 124 (2), 121 (1), 115 (1), 110 (2), 109
(12), 107 (2), 96 (8), 95 (100), 84 (1), 78 (1), 75 (1), 69 (2), 68 (5),
67 (1), 63 (1), 58 (6), 57 (82), 56 (4), 53 (3), 51 (1), 49 (1), 43 (1),
42 (5), 41 (27).

cis-50e: 'H NMR (270 MHz, CDCl): § 1.19 and 1.29 (2 H, AB,
Jag = 5.27 Hz, CH, ring); 1.19 (3 H, s, Me); 1.23 (9 H, s, CMe3);
1.52—1.56 (1 H, broad s, NH); 2.80 and 2.91 (each 1 H, AB, Jag =
14.52 Hz, CH,CgH,); 6.87—7.06 (3 H, m, Ar, 2X Hgriho, Hpara);
7.23—7.31 (1 H, m, Ar, Hpeta). — **C NMR & (67.5 MHz, CDCly):
20.83 (Me); 29.47 (CH; ring); 30.15 (CMejy); 31.00 (HNCC=N);
33.44 (CMe), 38.31 (CH,Cg¢Hy,); 52.45 (CMeg); 113.41 (d, Jc.gr =
20.7 Hz, Ar, Cpara); 116.59 (d, Jcr = 20.7 Hz, Ar, Cquat cHCF);
122.96 (C=N); 125.35 (d, Jc.¢ = 2.4 Hz, Ar, Cqua cHCH); 129.80
(d, Jc.g = 8.5 Hz, Ar, Cyera H); 142.05 (d, Jc.r = 7.3 Hz, Ar,
Cquar); 162.86 (d, Jc.g = 245.0 Hz, Ar, CF). — IR (NaCl) and MS:
identical to trans-49e. — Cy¢H,;FN, (260.3): Calcd. C 73.81, H
8.13, N 10.76; found C 73.70, H 8.26, N 10.71.

Synthesis of 1-Aminocyclopropane-1-carboxamides 51 and 52: The
synthesis of 1-aminocyclopropanecarboxamides 51d and 52d is rep-
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resentative. To a solution of 1-aminocyclopropanecarbonitriles 49d/
50d (ratio 2:1; 0.91 g, 3.3 mol) in ethanol (10 mL) was added potas-
sium hydroxide (0.93 g, 16.5 mmol). The solution was refluxed for
50 h, cooled, poured into water (20 mL) and extracted with di-
chloromethane (3 20 mL). After drying of the combined extracts
with MgSO, and evaporation of the solvent in vacuo, a mixture of
trans- and cis-carboxamides 51d/52d was obtained (ratio 2:1, 0.79
g, 83%). Recrystallization from CCl, (—20°C) yielded 0.35 g of
trans-51d (37%). Purification of the mother liquor by flash chroma-
tography (ethyl acetate/hexane: 60/40) yielded 0.16 g of cis-52d
(17%).

1-tert-Butylamino-2-benzyl-2-methylcyclopropane-1-carboxamides
(51a) and (52a): trans-5la: m.p. 142°C. — *H NMR (60 MHz,
CDCly): § 1.02 (1 H, d, J = 9.4 Hz, HCH,i,o); 1.10 (3 H, s, Me);
1.14 (9 H, s, Mes); 1.2—1.4 (1 H, broad s, NHCMe,); 1.97 (1 H,
d, J = 4.9 Hz, HCH,ing); 2.79 (2 H, s, CH,CeHs); 5.23 (1 H, s,
CONH); 7.1-7.3 (5 H, m, C¢Hs); 7.64 (1 H, s, CONH). — 3C
NMR (20 MHz, CDCly): § 19.21 (Me); 23.49 (CH, ring); 29.85
(s, MeCCHy,); 30.65 (Mes); 38.42 (CH,CgHs); 47.03 (NCCONH,);
52.56 (CMe,); 125.81, 128.04, and 129.36 (=CH’s); 140.46 (=
Cquat); 178.62 (C=0). — MS m/z (%): 260 [M*] (4), 245 (7), 203
(71), 186 (50), 169 (11), 160 (18), 159 (11), 158 (32), 143 (100), 118
(21), 117 (21), 115 (14), 113 (36), 96 (36), 91 (29), 73 (14), 72 (11),
68 (18), 57 (89), 56 (11), 55 (14), 44 (14), 41 (57). — CigH»4N,O
(260.4): Calcd. C 73.81, H 9.29, N 10.76; found C 73.68, H 9.11,
N 10.89.

cis-52a: **C NMR (20 MHz, CDCl3): & 17.20 (Me); 30.62 (Mey);
40.82 (CH,C¢Hs); 47.45 (NCCONH,); 52.70 (CMes); 126.07,
128.14 and 128.87 (=CH’s); 139.30 (=Cqa); 178.17 (C=0).

1-tert-Butylamino-2-(4-chlorobenzyl)-2-methylcyclopropane-1-
carboxamides (51d) and (52d): trans-51d: m.p. 151°C. — *H NMR
(270 MHz, CDCl3): § 1.02 (1 H, d, J = 5.2 Hz, HCH); 1.08 (3 H,
s, Me); 1.14 (9 H, s, CMe3); 1.25 (1 H, broad s, MesCNH); 1.94 (1
H, d, J = 5.42 Hz, HCHying); 2.71 (2 H, s, CH,CgH,); 5.99 (1 H,
broad s, CONH); 7.11 and 7.21 (4 H, AB, J = 7.4 Hz, CgH,); 7.65
(1 H, broad s, CONH). — 3C NMR (67.9 MHz, CDCls): § 19.28
(Me); 23.77 (CH, ring); 29.94 (CMe); 30.60 (Me;); 37.61
(CH,CgH,); 46.85 (NCCO); 52.63 (CMes); 128.17 and 130.67 (=
CH’s); 131.61 (=C-Cl); 138.81 (=C-CH,); 178.33 (C=0). — IR
(NacCl): ¥ 3410, 3375, and 3050—3280 (NH and NH,); 1655 cm !
(C=0). — MS m/z (%): 294/296 [M*] (44), 238/240 (14), 237/239
(83), 220/222 (51), 203/205 (10), 192/194 (20), 177/179 (52), 157
(23), 152 (10), 149 (18), 142 (12), 125 (16), 115 (13), 133 (31), 96
(36), 68 (16), 57 (100), 44 (49).

cis-52d: m.p. 126.5—128°C. Hexane/ethyl acetate, 60:40. Ry = 0.26.
— H NMR (270 MHz, CDCl3): § 0.99 (3 H, s, Me); 1.15 (9 H, s,
CMeg); 1.15 (1 H, d, J = 5.3 Hz, HCHjng); 1.43 (1 H, broad s,
MesCNH); 1.66 (1 H, d, J = 5.3 Hz, HCHi,); 2.71 and 2.89 (2
H, AB, J = 15.2 Hz, CH,C¢H,); 6.05 (1 H, broad s, CONH); 7.15
and 7.28 (4 H, AB, J = 8.4 Hz, CsH,); 7.26 (1 H, broad s, CONH).
— 13C NMR (67.9 MHz, CDCl5): § 16.87 (Me); 23.88 (CHS, ring);
27.83 (CMe); 30.69 (Mes); 40.34 (CH,CgH,); 47.35 (NCCO); 52.83
(NCMes); 128.57, 128.57 and 130.19 (=CH'’s); 132.00 (=CCl);
137.46 (=CCHy,); 177.84 (C=0). — IR (NaCl): ¥ 3425, 3382, and
3100—3280 cm~* (NH and NH,); 1670 cm~* (C=0). — MS iden-
tical to trans isomer 51d. — C;gH»3CIN,O (294.8): Calcd. C 65.18,
H 7.86, N 9.50; found C 65.30, H 7.82, N 9.41.

1-tert-Butylamino-2-(3-fluorobenzyl)-2-methylcyclopropane-1-
carboxamides (51e) and (52e): trans-51e: m.p. 103.5—104°C. Hex-
ane/ethyl acetate, 75:25, R; = 0.26. — *H NMR (270 MHz, CDCly):
8 1.04 (d, J = 5.28 Hz, CH ring); 1.09 (3 H, s, Me); 1.14 (9 H, s,
CMey); 1.26 (1 H, broad s, MesCNH); 1.94 (1 H, d, J = 5.28 Hz,
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CH ring); 2.80 (2 H, s, CH,CgH,); 6.18 (1 H, broad s, CONH);
6.82—6.97 (3 H, m, Ar, 2X Hortho, Hpara); 7.15-7.27 (1 H, m, Ar,
Hmew); 7-67 (1 H, broad s, CONH). — 3C NMR (67.5 MHz,
CDCl,): § 19.26 (Me); 23.82 (CHj ring); 29.83 (CMe); 30.62 (Mej);
38.06 (CH,CgH,); 46.83 (NCCO); 52.63 (NCMey); 112.68 (d,
Jer = 208 Hz, Ar, Cpa); 116.02 (d, Jcr = 20.7 Hz, Ar,
CaquatCHCF); 125.03 (d, Je.r = 2.5 Hz, Ar, CquaCHCH); 129.39
(d, Jc.r = 8.5 Hz, Ar, CrneraH); 142.03 (d, Jc ¢ = 7.4 Hz, Ar, Cquar);
162.76 (d, Jc.r = 244.1 Hz, Ar, CF); 178.38 (C=0). — IR (KBr)
¥ 3416, 3374, 3241, 2976 (NH and NH,), 1663 (C=0). — MS m/z
(%): 278 [M*] (32), 222 (12), 221 (79), 204 (50), 178 (10), 176 (36),
162 (18), 161 (100), 135 (16), 113 (34), 109 (26), 96 (41), 86 (10),
72 (11), 68 (16), 58 (10), 57 (92), 55 (10), 44 (16), 43 (8), 42 (20),
41 (50). — Cy6HsFN,O (278.4): Caled. C 69.04, H 8.33, N 10.06;
found C 68.90, H 8.51, N 9.95.

cis-52e: m.p. 121.5—122°C. Hexanel/ethyl acetate, 75:25, Ry = 0.16.
— 'H NMR § (270 MHz, CDCly): 1.01 (3 H, s, Me); 1.16 (1 H, d,
J = 5.28 Hz, CH ring); 1.16 (9 H, s, CMe,); 1.62 (1 H, broad s,
Me;CNH); 1.69 (1 H, d, J = 5.28 Hz, CH ring); 2.74 and 2.93 (2
H, AB, Jag = 15.18 Hz, CH,CsH,); 5.91-7.01 (3 H, m, Ar, 2X
Horthor Hpara); 7.22—7.31 (1 H, m, Ar, Hpera). — *C NMR 3 (68
MHz, CDCly): 16.89 (Me); 23.95 (CH, ring); 27.85 (CMe); 30.71
(Meg); 40.77 (CH,Cg¢H,); 47.33 (NCC=0); 52.87 (CMej); 113.19
(d, Jc.r = 22.0 Hz, Ar, Cpara); 115.69 (d, Jcr = 20.8 Hz, Ar,
CquatCHCF); 124,54 (d, Jc.g = 3.6 Hz, Ar, CquoCHCH); 129.89
(d, Jc-r = 8.5 Hz, Ar, CpperaH); 141.63 (d, Jc.g = 7.3 Hz, Ar, Cqua);
162.95 (d, Jc.r = 245.3 Hz, Ar, CF); 177.75 (C=0). — IR (KBr)
cm~1 ¥ 3412 (NH, NH,), 1668 (C=0). — MS (70 eV) m/z (%): 278
[M*] (26), 222 (11), 221 (75), 204 (46), 178 (11), 176 (41), 162 (18),
161 (94), 135 (19), 113 (37), 109 (38), 96 (43), 86 (10), 72 (11), 68
(19), 58 (11), 57 (100), 55 (13), 44 (20), 43 (11), 42 (26), 41 (62). —
C16H23FN,O (278.4): Caled. C 69.04, H 8.33, N 10.06; found C
68.98, H 8.44, N 10.15.

X-Ray Crystallographic Data of trans-1-tert-butylamino-2-benzyl-2-
methylcyclopropane-1-carboxamide (51a): Crystallographic data
(excluding structure factors) for the structure reported in this paper
have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication no. CCDC-101364. Copies of
the data can be obtained free of charge on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK [Fax: int. code +44
(1223) 336-033; E-mail: deposit@ccdc.cam.ac.uk]. — C;gH4N,O:
Mr = 260.4, monoclinic, C2/c, a = 23.468(3), B = 6.236(1), ¢ =
24.008(3) A, p = 117.6(1)°, V. = 3113.1(6) A%, Z = 8, D, = 1.11
g-cm 3, Cu-Ka, A = 1.54178 A, p = 5.5 cm~1, F(000) = 1136, T =
291 K, R = 0.051 for 2319 observed reflections. A parallelepiped
crystal with dimensions 0.2 X 0.3 X 0.4 mm was used. Lattice
parameters were refined using 30 reflections in the range 2° = 20
= 39° (Huber diffractometer, graphite monochromatized Cu-Kao
radiation). 2878 Independent reflections with sind/A = 0.6 A~
-28=h=28,0=k=7,0=1= 28, 2319 with | = 2.55(I) were
measured. The standard reflection (—5,1,5) was checked every 50
reflections: no significant deviation. The structure was solved by
direct methods using SHELXS-86.

Reaction of a-Chloroketimine 54 with Potassium Cyanide in Meth-
anol: A solution of 2.37 g (10 mol) of a-chloroketimine 54, pre-
pared in analogous way as the corresponding N-tert-butyl deriva-
tive 48a, in 25 mL of dry methanol was treated with 1.30 g (20
mol) of potassium cyanide. The mixture was refluxed for 6 h, then
cooled, evaporated to half of its volume, poured in water, and ex-
tracted with dichloromethane (3 25 mL). The combined extracts
were dried (MgSO,) and concentrated in vacuo to yield 1.85 g
(81%) of a 50:50 mixture of the cyclopropanecarbonitriles 55 and
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aziridine-2-carbonitriles 56 which could be separated by prepara-
tive gas chromatography.

1-1sopropylamine-2-benzyl-2-methylcyclopropane-1-carbonitriles cis-
and trans (55) (TLC: 2/1): trans-55: *H NMR (270 MHz, CDCl,):
6 0.88 (1 H, d, J = 5.3 Hz, HCHng); 1.01 and 1.13 (6 H, 2X d,
J = 6.6 Hz, CHMe,); 1.10 (3 H, s, MeC); 1.55—1.70 (1 H, broad
s, NH); 2.79 and 2.91 (2 H, AB, J = 14.7 Hz, CH,CgHs); 3.23 (1
H, sept, J = 6.3 Hz, CHMe,); 7.17—7.34 (5 H, broad s, C¢Hs). —
13C NMR (68 MHz, CDCls): § 16.86 (MeC); 22.95 (Me,); 28.36
(CH; ring); 31.07 (NCC=N); 36.62 (CMe); 42.93 (CH,CgHs);
4751 (CHMey); 121.29 (C=N); 126.51, 128.37 and 129.31 (=
CH'’s); 138.51 (=C-CH,). — IR (NaCl): ¥ 3320 cm~* (NH) and
2220 cm~t (C=N). — MS m/z (%): 228 [M*] (2), 213 (2), 175 (2),
168 (4), 137 (100), 118 (22), 117 (26), 116 (6), 115 (13), 109 (9), 96
(8), 95 (88), 91 (24), 84(6), 77(6), 70 (28), 69 (5), 68 (6), 65 (8), 55
(6), 53 (6), 44 (8), 43(44).

cis-55: 'H NMR (270 MHz, CDClg): § 1.09 and 1.12 (6, 2X d, J =
6.7 Hz, CHMe,); HCHjg4 invisible; 1.25 (3 H, s, MeC); 1.55—-1.70
(1 H, broad s, NH); 2.74 and 2.96 (2 H, AB, J = 14.8 Hz,
CH,Cg¢Hs); 3.26 (1 H, sept, J = 6.3 Hz, CHMe,); 7.17—7.35 (5 H,
broad s, CgHs). — *C NMR (68 MHz, CDCl,): & 21.06 (MeC);
22.70 (Me,CH); 28.30 (CH, ring); 30.42 (NCC=N); 36.91 (CMe);
38.44 (CH,CgHs); 47.71 (CHMe,); 120.73 (C=N); 126.30, 128.42
and 129.14 (=CH’s); 139.33 (=CCH,). — MS and IR: identical to
trans-55. — CysH2oN, (228.3): Calcd. C 78.90, H 8.83, N 12.27;
found C 79.06, H 8.80, N 12.15.

3-Benzyl-1-isopropyl-2,3-dimethylaziridine-2-carbonitrile 56 (major
isomer): TH NMR (270 MHz, CDCls): § 0.91 and 1.19 (2X 3 H,
2X d,J = 6.0 Hz, CHMe,); 1.28 and 1.62 (2X 3 H, 2X s, 2X Me);
2.55 (1 H, sept, J = 6.0 Hz, CHMe,); 2.69 and 2.70 (2 H, AB, J =
14.2 Hz, CH,CgHs); 7.18—7.34 (5 H, m, C¢Hs). — 3C NMR (67.9
MHz, CDClj): 8 19.21 (MeCCHy,); 22.12 and 22.60 (Me,CH);
30.94 (MeCCN); 36.85 (CCN); 41.99 (CH,C¢Hs); 49.83 (CHMey,);
49.97 (MeCCHy,); 119.57 (C=N); 126.72, 128.33 and 129.63 (=
CH’s); 137.19 (=C-CH,). — IR (NaCl): ¥ 2230 cm~! (C=N). —
MS m/z (%): 228 [M*] (12), 227 (10), 185 (41), 174 (18), 158 (27),
144 (37), 130 (9), 117 (100), 115 (27), 112 (20), 105 (30), 95 (24),
91 (55), 85 (9), 84 (11), 77 (10), 68 (22), 54 (9), 49 (17), 44 (34), 42
(68). — CysH20N, (228.3): Calcd. C 78.90, H 8.93, N 12.27; found
C 79.08, H 8.99, N 12.38.
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