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Abstract—3-Unsubstituted 4,5-dihydroisoxazoles obtained by nitrosation of arylcyclopropanes are capable of
undergoing efficient isomerization into 3-aryl-3-hydroxypropanenitriles during chromatography on alumina.
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Five-membered heterocyclic 4,5-dihydroisoxazole
systems, which may be regarded as cyclic form of
O-alkyl oximes, are structural units of many biologi-
cally active molecules [1], including natural alkaloids
[2—5]. Therefore, systematic studies are performed
with the goal of obtaining medicinal agents on the
basis of dihydroisoxazole substrates. However, apart
from medical purposes, the possibility of using dihy-
droisoxazole derivatives in synthetic organic chemistry
is equally important. Due to the ability of 4,5-dihydro-
isoxazole structures to be converted into B-hydroxy
nitriles, f-hydroxy ketones, y-amino alcohols, and
o,B-unsaturated ketones and acids, these compounds
were referred to as those possessing latent bifunc-
tionality [6-8].

From the viewpoint of synthetic potential, the trans-
formation of 4,5-dihydroisoxazoles into B-hydroxy
nitriles seems to be the most important, since these
transformation products are quite useful building
blocks for the synthesis of B-hydroxy carboxylic acids
and their derivatives and y-amino alcohols and are
often used to assemble complex biologically active
molecules [7, 9]. Up to now, syntheses of B-hydroxy
nitriles from 3-bromo- [10, 11], 3-carboxy- [12], 3-tri-
methylsilyl- [13], and 3-(benzenesulfonyl)-4,5-dihy-
droisoxazoles [14, 15] have been well documented;
in these reactions, the formation of cyano group is

Scheme 1.
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initiated through elimination of the 3-substituent. On
the other hand, Huisgen and Christl [16] showed that
B-hydroxy nitriles can readily be obtained by treatment
of 3-unsubstituted 4,5-dihydroisoxazoles with triethyl-
amine on heating (Scheme 1).

It is quite obvious that the synthesis of B-hydroxy
nitriles from 3-unsubstituted 4,5-dihydroisoxazoles is
more advantageous than their synthesis from 3-substi-
tuted analogs. However, no due attention has been paid
for a long time to the Huisgen synthesis of B-hydroxy
nitriles, presumably because of the lack of efficient
procedures for preparation of 3-unsubstituted 4,5-dihy-
droisoxazoles. In recent years, extensive studies have
been performed on the synthesis of 3-unsubstituted
4,5-dihydroisoxazoles, and reliable and efficient meth-
ods for their synthesis have been developed [8, 17-30].
The possibility for synthesizing B-hydroxy nitriles in
moderate to high yields according to Huisgen was
subsequently confirmed in [31-33]. While continuing
studies on the base-catalyzed isomerization of 3-un-
substituted 4,5-dihydroisoxazoles into B-hydroxy ni-
triles, it was shown that, apart from triethylamine, this
reaction can be initiated by other bases, such as sodium
methoxide, potassium fert-butoxide, and 1,8-diazabi-
cycloundec-7-ene (DBU) [8, 34].

In this study we have shown that the isomerization
of 3-unsubstituted 4,5-dihydroisoxazoles into B-hy-
droxy nitriles can be efficiently catalyzed by alumina.
The process can be performed in a one-pot mode; it
includes reaction of arylcyclopropanes with nitrous
acid (synthesis of 3-unsubstituted 4,5-dihydroisoxa-
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Scheme 2.
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R = H, Ar = Ph (a), 4-BrC¢Hy (b), 3-BrC¢H,4 (c), 5,6,7,8-tetrahydronaphthalen-2-yl (d), fluoren-2-yl (e), 4-AllC¢H,4 (f), 4-(cyclo-
propylmethyl)phenyl (g), 4-(2,2-dichlorocyclopropylmethyl)phenyl (h), 3-(2,2-dichlorocyclopropylmethyl)phenyl (i), PhCH, (j);
R =Me, Ar = 4-i-PrC¢H, (k).

zoles) and subsequent isomerization of the resulting
heterocyclic compounds into B-hydroxy nitriles by the
action of ALOs.

According to the 'H NMR data, the reaction
mixtures obtained by reactions of arylcyclopropanes
la—1k with an equimolar amount of sodium nitrite in
acid medium contained the corresponding 3-unsubsti-
tuted 4,5-dihydroisoxazoles 2a—2k and cinnamalde-
hydes 3a—3h together with unreacted initial com-
pounds (Table 1, Scheme 2). The data in Table 1 show
that each arylcyclopropane 1a—1k gives rise mainly to
3-unsubstituted dihydroisoxazole and that cinnamalde-
hydes either are not formed (run nos. 7, 8, 11, 12) or
are formed as minor products. An exception was the
reaction with m-bromophenylcyclopropane (run no. 3).
Under the nitrosation conditions, arylcyclopropanes
having no electron-withdrawing substituents are con-
verted into 3-unsubstituted dihydroisoxazoles in higher
yields (run nos. 1, 4, 5, 11, 12) than are those contain-
ing even weakly acceptor groups, namely a bromine

atom (run nos. 2, 3) or 2,2-dichlorocyclopropyl sub-
stituent (run nos. 8, 10). Despite the use of 2 equiv of
NaNO,, complete conversion of 1h was not attained,
and a considerable amount of the initial arylcyclo-
propane remained unchanged (run no. 9). Analogous
relation between the nature of substituents in aryl-
cyclopropanes and the yield of 4,5-dihydroisoxazoles
was noted in [30] where the behavior of arylcyclo-
propanes with electron-donating and electron-with-
drawing substituents in the benzene ring was studied in
the reaction with nitrosyl chloride in the presence of
sulfur(VI) oxide.

It should be emphasized that substrates 1f and 1g
containing allyl or cyclopropylmethyl group capable of
competing with the conjugated cyclopropyl substituent
in the electrophilic addition reaction reacted with
nitrous acid only through the cyclopropane fragment
conjugated with the benzene ring.

By chromatographic separation of the reaction
mixtures from run nos. 1-8 and 10—12 on alumina

Table 1. Composition of the reaction mixtures in the reactions of arylcyclopropanes 1a—1k with an equimolar amount of

nitrous acid

Composition of the reaction mixture,” %
Run no. Initial arylcyclopropane
dihydroisoxazole cinnamaldehyde unreacted arylcyclopropane
1 la 2a (79.5) 3a (8.3) 1a (12.5)
2 1b 2b (70.5) 3b (8.1) 1b (21.3)
3 1c 2¢ (42.2) 3¢ (20.3) 1c (36.6)
4 1d 2d (91.5) 3d (~2.0) 1d (6.5)
5 le 2e (94.0) 3e (~3.0) le (4.0)
6 1f 2f (68.1) 3f(4.6) 1f (26.5)
7 1g 2g (55.5) — 1g (44.3)
8 1h 2h (50.2) - 1h (49.3)
9 1h° 2h (75.1) 3g(2.1) 1h (22.7)
10 1i 2i (56.3) 3h (~2.0) 1i (41.5)
11 1j 2j (72.2) - 1j (26.3)
12 1k 2k (93.0) - 1k (~3.0)

* According to the 'H NMR data.
L) equiv of HNO,.
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Table 2. Yields of compounds 14 (%) after chromatographic separation on Al,O; of the reaction mixtures obtained in run

nos. 1-8 and 10-12

Run no. Dihydroisoxazole® Cinnamaldehyde Unreacted arylcyclopropane B-Hydroxy nitrile®
1 2a, 10.5 (7.5) 3a,6.5 1a,104 4a, 69.0 (82.5)
2 2b, 9.5 (12.7) 3b, 8.3 1b, 18.2 4b, 67.1 (87.5)
3 2¢, 6.8 (15.8) 3¢, 10.2 1c, 36.7 4c, 46.1 (84.2)
4 2d, 21.8 (20.7) 3d, 1.6 1d, 3.9 4d, 66.8 (71.5)
5 2e,9.4 (11.5) 3e,4.3 le,5.5 4e, 71.0 (88.5)
6 2f, 14.5 (20.4) 3f, 5.1 1f, 17.5 4f, 56.7 (79.3)
7 2g,19.5 (30.8) - 1g, 35.5 4g, 45.4 (69.2)
8 2h, 5.3 (11.2) - 1h, 52.2 4h, 42.5 (88.8)

10 2i, 8.7 (16.3) - 1i, 46.7 4i, 44.5 (83.7)
11 2j,17.5 (24.1) - 1j,27.5 4j, 55.0 (75.9)
12 2k, 53.0 - 1k, — 4Kk, 47

* In parentheses are given the concentrations (%) of 2a—2k and 4a—4K after a single chromatographic separation, which indicate the degree

of isomerization of 2 over Al,Os.

(Table 2) we isolated both components of the initial
mixture and (major products) B-hydroxy nitriles 4a—4k
resulting from isomerization of 3-unsubstituted 4,5-di-
hydroisoxazoles 2a—2k (Scheme 3).

Scheme 3.
R N\ AlLO3 20°C R
O/N A /k\/CN
r
Ar OH
2a-2k 4a-4k

The efficiency of the Al,O3-catalyzed isomerization
may be estimated by comparing the amounts of dihy-
droisoxazoles 2a—2k isolated by chromatography and
the corresponding B-hydroxy nitriles 4a—4k (Table 2,
in parentheses), calculated on 2a—2k taken for chro-
matography.

In order to demonstrate that the presence of unre-
acted initial arylcyclopropanes 1a—1k and cinnamalde-
hydes (by-products) in the reaction mixtures does not
affect the isomerization process, 5-aryldihydroisoxa-
zole 21 was specially isolated by crystallization from
the reaction mixture obtained in the nitrosation of 11
and subjected to isomerization upon chromatography

on Al,O;; as a result, B-hydroxy nitrile 41 was obtained
in high yield (Scheme 4). These findings allow us to
believe that 3-unsubstituted 4,5-dihydroisoxazoles syn-
thesized by any other method (not only by reaction of
1 with HNO,) should undergo efficient Al,0;-cata-
lyzed isomerization into the corresponding 3-hydroxy-
alkanenitriles. The transformation sequence including
nitrosation of arylcyclopropanes followed by chroma-
tography of the resulting 3-unsubstituted 4,5-dihydro-
isoxazoles on Al,O3; may be regarded as a one-pot syn-
thesis of B-hydroxy nitriles from arylcyclopropanes.

EXPERIMENTAL

The "H NMR spectra were recorded from solutions
in CDCI; on a Varian VXR-400 spectrometer
(400 MHz) using the residual proton signal of the
solvent as reference. The IR spectra were measured on
a UR-20 spectrometer from samples prepared as thin
films or Nujol mulls (solids). The mass spectrum of 4i
(electron impact, 70 eV) was obtained on a Finnigan
SSQ 7000 GC/MS instrument (DB-1 capillary column,
30 mx0.2 mm; carrier gas helium; oven temperature
programming from 50 to 300°C at a rate of 10 deg x

Scheme 4.
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min"). The elemental compositions were determined
using a Vario-11 CHN analyzer. The melting points
were measured on an Electrothermal 1A9100 digital
melting point apparatus.

The products were isolated from the reactions mix-
tures by column chromatography on Al,O; (Brock-
mann activity grade II) using diethyl ether, diethyl
ether—chloroform (1:3, 1:2), and chloroform—metha-
nol (1:1) as eluents.

Arylcyclopropanes 1a, 1b [35], 1c¢ [36], 1e [37], 1f
[38], 1j [39], and 11 [28] were synthesized according to
known procedures.

2-Cyclopropyl-5,6,7,8-tetrahydronaphthalene
(1d) was synthesized by catalytic decomposition of
3-(5,6,7,8-tetrahydronaphthalen-2-yl)-4,5-dihydro-1H-
pyrazole according to Kischner. Yield 69%, bp 173—
174°C (45 mm), nd = 1.5544. '"H NMR spectrum, &,
ppm: 0.73 m (2H), 0.99 m (2H), and 1.92 m (1H,
C;Hs), 1.82 m (4H, 6-H, 7-H), 2.82 m (4H, 5-H, 8-H),
6.88-6.91 m (2H) and 7.05 d (1H, J = 8.1 Hz) (1-H,
3-H, 4-H). Found, %: C 90.28, 90.37; H 9.12, 9.19.
Ci3Hy6. Calculated, %: C 90.64; H 9.36.

1-Cyclopropyl-4-(cyclopropylmethyl)benzene
(1g) was synthesized by reduction of 1-cyclopropyl-4-
(2,2-dichlorocyclopropylmethyl)benzene as described
in [40]. Yield 72%, bp 151-153°C (20 mm), np’ =
1.5395. '"H NMR spectrum, &, ppm: 0.27 m (2H),
0.58 m (2H), and 1.06 m (1H) (CsHsCHy); 0.75 m
(2H), 1.01 m (2H), and 1.95 m (1H) (1-C;Hs); 2.58 d
(2H, 4-CH,, J = 6.2 Hz), 7.08 d and 7.23 d (2H each,
Harom, J = 8.0 Hz). Found, %: C 90.31, 90.46; H 9.14,
9.22. Ci3Hy¢. Calculated, %: C 90.64; H 9.36.

1-Cyclopropyl-4-(2,2-dichlorocyclopropyl-
methyl)benzene (1h) was synthesized by dichloro-
cyclopropanation of 1-allyl-4-cyclopropylbenzene as
described in [40]. Yield 81%, bp 199-201°C (12 mm),
¥ =1.5522. '"H NMR spectrum, §, ppm: 0.73 m (2H)
and 1.01 m (2H, CH,) (C;Hs), 1.26 m (1H) and 1.71 m
(1H, CH,, C1,C;H3), 1.93 m (2H, CH), 2.79 d.d (1H,
J=6.6, 14.7 Hz) and 3.01 d.d (1H, J = 7.8, 14.7 Hz)
(4-CH,), 7.09 d and 7.21 d (2H each, Huom, J =
8.1 Hz). Found, %: C 64.31, 64.52; H 5.63, 5.73.
C3H4Cl,. Calculated, %: C 64.75; H 5.85.

1-Cyclopropyl-3-(2,2-dichlorocyclopropyl-
methyl)benzene (1i) was synthesized in a similar way.
Yield 64%, bp 214-215°C (23 mm), ng’ = 1.5541.
'"H NMR spectrum, &, ppm: 0.75 m (2H) and 1.01 m
(2H, CH;) (C;3Hs), 1.25 m (1H) and 1.72 m (1H, CH,)
(C12C3H3), 1.94 m (2H, CH in C3H5, C12C3H3), 2.78 d.d

MOCHALOV et al.

(1H, J = 6.8, 15.4 Hz) and 3.02 d.d (1H, J = 7.6,
15.4 Hz) (3-CH,), 6.99 d (1H, H..om, J = 7.6 Hz),
7.05 s (1H, Hyom), 7.11 d (1H, Hyom, J = 7.6 Hz),
7.26 t (1H, Hyom). Found, %: C 64.22, 64.41; H 5.68,
5.77. C13H;4Cl,. Calculated, %: C 64.75; H 5.85.

1-(1-Methylcyclopropyl)-4-(propan-2-yl)benzene
(1k) was synthesized by reduction of 1-(2,2-dichloro-
I-methylcyclopropyl)-4-(propan-2-yl)benzene accord-
ing to [40]. Yield 69%, bp 126—-127°C (30 mm), np’ =
1.5082. '"H NMR spectrum, 8, ppm: 0.78 m (2H) and
0.93 m (2H, CH,) (C;H4), 1.32 d [6H, CH(CHa),, J =
7.4 Hz], 1.48 s (3H, CHj3), 2.96 sept [1H, CH(CHs;),],
7.22 d and 7.26 d (2H each, Hyom, J = 7.8 Hz). Found,
%: C 89.21, 89.32; H 10.14, 10.21. C;3H;;. Calculated,
%: C 89.59; H 10.41.

Reaction of arylcyclopropanes 1a-11 with
nitrous acid generated in situ (general procedure).
Sodium nitrite, 0.69 g (0.01 mol), was added in
portions over a period of 10—15 min to a mixture of
0.01 mol of arylcyclopropane 1a—11, 5.2 g of trifluoro-
acetic acid, and 15 mL of chloroform, cooled to 0—5°C.
The mixture was allowed to warm up to 20°C, kept for
1 h at that temperature, and poured into 100 mL of
cold water. The organic phase was separated, the aque-
ous phase was extracted with chloroform (2x10 mL),
the extracts were combined with the organic phase,
washed with water (230 mL), and dried over MgSQOy,,
the solvent was removed, and the residue was analyzed
by '"H NMR. Compound 21 was isolated by crystalliza-
tion. The compositions of the reaction mixtures are
given in Table 1. The physical constants and spectral
characteristics of 2a [16], 2b [30], and 21l [28] coin-
cided with published data.

5-(3-Bromophenyl)-4,5-dihydro-1,2-0xazole (2c).
Viscous oily material. '"H NMR spectrum, 3, ppm:
2.98 d.d.d (1H, 4-H, J = 2.0, 7.4, 17.8 Hz) and
3.46 d.d.d (1H, 4-H, J = 2.0, 10.5, 17.8 Hz), 5.51 d.d
(1H, 5-H, J = 7.4, 10.5 Hz), 7.23 s (1H, 3-H), 7.23-
7.28 m (3H, Harom), 7.49 m (1H, Haom). Found, %:
C47.33,47.51; H 3.36, 3.42; N 5.91, 6.02. CoHgBrNO.
Calculated, %: C 47.82; H 3.57; N 6.20.

5-(5,6,7,8-Tetrahydronaphthalen-2-yl)-4,5-dihy-
dro-1,2-oxazole (2d). Viscous oily material. '"H NMR
spectrum, &, ppm: 1.82 m (4H, 6'-H, 7'-H), 2.78 m
(4H, 5'-H, 8'-H), 3.02 d.d (1H, 4-H, J = 8.0, 17.2),
3.41 dd (1H, 4-H, J = 11.2, 17.2 Hz), 5.56 d.d (1H,
5-H, J=17.8, 11.2 Hz), 7.05-7.10 m (3H, Hyom), 7.24 s
(1H, 3-H). Found, %: C 77.43, 77.61; H 7.41, 7.56;
N 7.04, 7.12. C3H5NO. Calculated, %: C 77.58;
H7.51; N 6.96.
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5-(9H-Fluoren-2-yl)-4,5-dihydro-1,2-oxazole
(2e). mp 111-112°C (from Et,0). "H NMR spectrum,
o, ppm: 3.07 d.d.d (1H, 4-H, J = 1.7, 8.2, 17.6 Hz),
3.50 d.dd (1H, 4-H, J = 1.7, 11.2, 17.6 Hz), 391 s
(2H, 9'-H), 5.62 d.d (1H, 5-H, J= 8.2, 11.2 Hz), 7.28 s
(1H, 3-H), 7.31-7.42 m (3H, Haom), 7.55 m (2H,
Harom), 7.79 t (2H, Hyrom, °J = 7.8 Hz). Found, %:
C 81.16, 81.37; H 5.35, 5.60; N 5.88, 6.01. C;csH3NO.
Calculated, %: C 81.68; H 5.57; N 5.95.

5-[4-(2-Prop-2-en-1-yl)phenyl]-4,5-dihydro-1,2-
oxazole (2f). Viscous oily material. "H NMR spectrum,
o, ppm: 2.98 d.d.d (1H, 4-H, J = 1.8, 8.4, 17.7 Hz),
3.43 d.dd (1H, 4-H, J = 1.8, 10.6, 17.7 Hz), 3.40 d
(2H, 4'-CH,, J= 7.1 Hz), 5.08-5.12 m (2H, CH=CH,),
5.52d.d (1H, 5-H, J= 8.4, 10.6 Hz), 5.92-6.02 m (1H,
CH=CH,), 7.20 s (1H, 3-H), 7.21 d (2H, Hyom, *J =
8.0 Hz), 7.28 d (2H, Harom, 3J=18.0 Hz). Found, %:
C 76.62, 76.73; H 6.76, 6.82; N 7.16, 7.31. C;,H;3NO.
Calculated, %: C 76.98; H 7.00; N 7.48.

5-[4-(Cyclopropylmethyl)phenyl]-4,5-dihydro-
1,2-oxazole (2g). Viscous oily material. '"H NMR spec-
trum, 6, ppm: 0.21 m (2H), 0.53 m (2H), and 0.99 m
(1H) (C3Hs); 2.56 d (2H, 4'-CH,, J = 6.4 Hz), 2.99 d.d
(1H, 4-H, J = 8.2, 17.6 Hz), 3.42 d.d (1H, 4-H, J =
11.6, 17.6 Hz), 5.51 d.d (1H, 5-H, J = 8.2, 11.6 Hz),
7.21 s (1H, 3-H), 7.30 d (2H, Huom, J = 7.8 Hz),
7.33 d (2H, Hyom, *J = 7.8 Hz). Found, %: C 77.21,
77.38; H7.27,7.39; N 6.93, 7.06. C3H,5NO. Calculat-
ed, %: C 77.58; H7.51; N 6.96.

5-{4-[(2,2-Dichlorocyclopropyl)methyl|phenyl}-
4,5-dihydro-1,2-oxazole (2h). Viscous oily material.
"H NMR spectrum, &, ppm: 1.26 m (1H), 1.71 m (1H),
and 1.88 m (1H) (CL,C;H;); 2.82 d.d (1H, J = 6.7,
15.6 Hz) and 2.98 d.d (1H, J = 7.8, 15.6 Hz) (4’-CH,),
3.03 d.dd (1H, 4-H, J= 1.4, 8.0, 17.6 Hz), 3.45 d.d.d
(1H, 4-H, J = 1.4, 10.7, 17.6 Hz), 5.55 d.d (1H, 5-H,
J=28.0,10.7 Hz), 7.24 d (1H, 3-H, J= 1.4 Hz), 7.31 s
(4H, Hyom). Found, %: C 57.23, 57.36; H 4.56, 4.62;
N 5.26, 5.31. C;3H;3CLNO. Calculated, %: C 57.80;
H 4.85; N 5.19.

5-{3-[(2,2-Dichlorocyclopropyl)methyl]phenyl}-
4,5-dihydro-1,2-oxazole (2i). Viscous oily material.
'H NMR spectrum, 8, ppm: 1.26 m (1H), 1.70 m (1H),
and 1.91 m (1H) (Cl,C;H;); 2.84 d.d (1H, J = 6.6,
15.4 Hz) and 2.98 d.d (1H, J = 7.4, 15.4 Hz) (3'-CH,),
3.05d.d.d (1H, 4-H, J= 14, 8.2, 17.6 Hz), 3.46 d.d.d
(1H, 4-H, J= 1.4, 10.7, 17.6 Hz), 5.54 d.d (1H, 5-H,
J=28.2,10.7 Hz), 7.22 s (1H, 3-H), 7.23-7.29 m (4H,
Harom). Found, %: C 57.31, 57.53; H 4.61, 4.73;
N 4.88, 5.01. C;3H3CILNO. Calculated, %: C 57.80;
H 4.85; N 5.19.

5-Benzyl-4,5-dihydro-1,2-o0xazole (2j). Oily mate-
rial. '"H NMR spectrum, 8, ppm: 2.73 d.d.d (1H, 4-H,
J=1.9, 74, 17.5 Hz), 2.99 d.dd (1H, 4-H, J = 1.9,
10.4, 17.5 Hz), 2.82 d.d (1H, J = 7.2, 13.6 Hz) and
3.06 d.d (1H, J = 6.4, 13.6 Hz) (5-CH,), 4.82 m (1H,
5-H), 7.12 s (1H, 3-H), 7.22-7.35 m (5H, Huom).
Found, %: C 74.42, 74.56; H 6.56, 6.71; N 8.71, 8.78.
CioH{NO. Calculated, %: C 74.51; H 6.88; N 8.69.

5-Methyl-5-[4-(propan-2-yl)phenyl]-4,5-dihydro-
1,2-oxazole (2Kk). Oily material. '"H NMR spectrum, 8,
ppm: 1.26 d [6H, CH(CHj3),, J = 6.4 Hz], 1.73 s (3H,
CHs), 2.93 sept [1H, CH(CHj;),], 3.14 d and 3.17 d
(1H each, 4-H, J = 15.2 Hz), 7.19 s (1H, 3-H), 7.23 d
(2H, Harom, J = 8.2 Hz), 7.35 d (ZH, Harom, J = 8.2 Hz).
Found, %: C 76.27, 76.45; H 8.11, 8.20; N 6.92, 7.02.
C3H7NO. Calculated, %: C 76.81; H 8.43; N 6.89.

Chromatographic separation of the reaction
mixtures on Al,Os. A column, 2.5 cm in diameter and
18 cm in height, was charged with 25-30 g of Al,O;
(Brockmann activity grade II) and wetted with petro-
leum ether (40-70°C), 0.5-0.6 g of the reaction mix-
ture obtained by nitrosation of 1a—11 was applied on
the top, and the column was eluted in succession with
diethyl ether, diethyl ether—chloroform (1:3, 1:2), and
chloroform—methanol (1:1). The product yields are
given in Table 2.

3-Hydroxy-3-phenylpropanenitrile (4a). Viscous
oily material. IR spectrum, v, cm ' (film): 3465 (OH),
2278 (CN). 'H NMR spectrum, &, ppm: 2.78 d (2H,
CH,CN, J = 5.9 Hz), 2.95 br.s (1H, OH), 5.05 t (1H,
CHOH, J = 5.9 Hz), 7.35-7.39 m (5H, H,;,m). Found,
%: C 73.24, 73.31; H 5.98, 6.07; N 9.31, 9.42.
CoHoNO. Calculated, %: C 73.45; H 6.16; N 9.52.

3-(4-Bromophenyl)-3-hydroxypropanenitrile
(4b). Viscous oily material. IR spectrum, v, cm ': 3450
(OH), 2276 (CN). 'H NMR spectrum, &, ppm: 2.51 br.s
(1H, OH), 2.75 d (2H, CH,CN, J= 6.2 Hz), 5.02 t (1H,
CHOH, J = 6.2 Hz), 7.29 d (2H, Hyom, *J = 8.2 Hz),
7.54 d (2H, Hyrom, J = 8.2 Hz). Found, %: C 47.53,
47.69; H 3.28, 3.41; N 5.93, 6.03. CoHgBrNO. Calcu-
lated, %: C 47.82; H 3.57; N 6.20.

3-(3-Bromophenyl)-3-hydroxypropanenitrile
(4¢). Viscous oily material. IR spectrum, v, cm ': 3450
(OH), 2270 (CN). 'H NMR spectrum, &, ppm: 2.73 d
(2H, CH,CN, J = 5.6 Hz), 3.78 br.s (1H, OH), 4.98 t
(1H, CHOH, J = 5.6 Hz), 7.25 t (1H, Hyrom, J =
7.8 Hz), 7.31 d (1H, Hyom, °J = 7.8 Hz), 7.45 d.d
(1H, Hyrom, *J = 1.1, °J = 7.8 Hz), 7.54 s (1H, Harom).
Found, %: C 47.38, 47.51; H 3.33, 3.44; N 6.17, 6.34.
CoHgBrNO. Calculated, %: C 47.82; H 3.57; N 6.20.
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3-Hydroxy-3-(5,6,7,8-tetrahydronaphthalen-2-
yDpropanenitrile (4d). Viscous oily material. IR spec-
trum, v, cm ': 3465 (OH), 2273 (CN). '"H NMR spec-
trum, o, ppm: 1.81 m (4H, 6'-H, 7'-H), 2.65 br.s (1H,
OH), 2.76 d (2H, CH,CN, J = 6.2 Hz), 2.78 m (4H,
5'-H, 8'-H), 4.98 t (1H, CHOH, J = 6.2 Hz), 7.08—
7.13 m (3H, Hyom). Found, %: C 77.21, 77.36; H 7.19,
7.31; N 6.68, 6.87. C;3H;5sNO. Calculated, %: C 77.58;
H 7.51; N 6.96.

3-(9H-Fluoren-2-yl)-3-hydroxypropanenitrile
(4e). mp 118-119°C. IR spectrum, v, em': 3440 (OH),
2280 (CN). 'H NMR spectrum, 8, ppm: 2.54 br.s (1H,
OH), 2.82 d.d (1H, J=5.8, 11.2 Hz) and 2.84 d.d (1H,
J=5.8, 11.2 Hz) (CH,CN), 3.92 s (2H, 9'-H), 5.13 t
(1H, CHOH, J = 5.8 Hz), 7.34 d.t (1H, Hyom, J = 1.2,
°J = 7.8 Hz), 7.41 t 2H, Hyom, >J = 8.0 Hz), 7.57 d
(1H, Harom, °J = 7.8 Hz), 7.60 s (1H, Hyrom), 7.80 d (2H,
Harom, >J = 8.0 Hz). Found, %: C 81.11, 81.32; H 5.24,
5.34; N 5.52, 5.69. C;sH3NO. Calculated, %: C 81.68;
H 5.57; N 5.95.

3-Hydroxy-3-[4-(prop-2-en-1-yl)phenyl]propane-
nitrile (4f). Viscous oily material. IR spectrum, v,
cm ' 3460 (OH), 2276 (CN). '"H NMR spectrum, 9,
ppm: 2.58 br.s (1H, OH), 2.77 d (2H, CH,CN, J =
5.8 Hz), 3.41 d (2H, CH,CH=CH,, J = 6.8 Hz), 5.03 t
(1H, CHOH, J = 5.8 Hz), 5.12 m (2H, CH=CH,),
5.91-6.01 m (1H, CH=CH,), 7.23 d (2H, Hurom, J =
8.0 Hz), 7.34 d (2H, Hauom, 37 = 8.0 Hz). Found, %:
C 76.63, 76.77; H 6.78, 6.83; N 7.19, 7.31. C;;H5NO.
Calculated, %: C 76.98; H 7.00; N 7.48.

3-[4-(Cyclopropylmethyl)phenyl]-3-hydroxypro-
panenitrile (4g). Viscous oily material. IR spectrum,
v, cm ' 3470 (OH), 2275 (CN). '"H NMR spectrum, 8,
ppm: 0.22 m (2H), 0.54 m (2H), and 0.99 m (1H)
(CsHs); 2.56 d (2H, 4'-CH,, J = 6.8 Hz), 2.67 br.s (1H,
OH), 2.75 d (1H, J = 6.2 Hz) and 2.77 d (1H, J =
6.6 Hz) (CH,CN), 5.02 d.d (1H, CHOH, J = 6.2,
6.6 Hz), 7.30 d (2H, Hyom, J = 8.0 Hz), 7.32 d (2H,
Harom, °J = 8.0 Hz). Found, %: C 77.24, 77.33; H 7.22,
7.44; N 6.58, 6.76. C;3HsNO. Calculated, %: C 77.58;
H7.51; N 6.96.

3-{4-[(2,2-Dichlorocyclopropyl)methyl]phenyl}-
3-hydroxypropanenitrile (4h). Viscous oily material.
IR spectrum (film), v, cm™': 3437 (OH), 2253 (CN).
'H NMR spectrum, 8, ppm: 1.27 m (1H), 1.71 m (1H),
and 1.88 m (1H) (Cl,C;H3); 2.59 br.s (1H, OH), 2.77 d
(2H, CH,CN, J = 6.2 Hz), 2.84 d.d (I1H, J = 6.2,
15.6 Hz) and 2.98 d.d (1H, J = 7.6, 15.6 Hz) (4’-CH,),
5.04 t (1H, CHOH, J = 6.2 Hz), 7.34 d (2H, Hyom, J =
8.2 Hz), 7.38 d (2H, Hyom, J = 8.2 Hz). °C NMR
spectrum, o¢c, ppm: 26.7, 27.9, 31.2, 35.6, 61.5, 69.9,

117.1, 125.9, 128.8, 139.3, 141.2. Found, %: C 57.48,
57.57; H 4.61, 4.75; N 4.92, 5.03. C;3H;CLLNO. Cal-
culated, %: C 57.80; H 4.85; N 5.19.
3-{3-[(2,2-Dichlorocyclopropyl)methyl]phenyl}-
3-hydroxypropanenitrile (4i). Viscous oily material.
IR spectrum, v, cm ': 3455 (OH), 2278 (CN). 'H NMR
spectrum, d, ppm: 1.28 m (1H), 1.71 m (1H), and
1.91 m (1H) (CI,C3H3); 2.75 br.s (1H, OH), 2.77 d
(2H, CH,CN, J = 6.2 Hz), 2.84 d.d (1H, J = 6.6,
15.4 Hz) and 3.01 d.d (1H, J = 7.7, 15.4 Hz) (3'-CH,),
5.04 t (1H, CHOH, J = 6.2 Hz), 7.28 d (1H, Hyom, J =
7.6 Hz), 7.30 d (1H, Hyom, *J = 7.6 Hz), 7.33 s (1H,
Harom), 7.38 t (1H, Harom, 3J=728 Hz). Mass spectrum,
m/z (I, %): 229 (4) [270 — CH3CN], 160 (84), 133
(100), 129 (32), 105 (67), 77 (34), 51 (26).
C13H5CILNO. Calculated: M 270.15.
3-Hydroxy-4-phenylbutanenitrile (4j). Viscous
oily material. IR spectrum, v, cm ': 3450 (OH), 2275
(CN). '"H NMR spectrum, &, ppm: 2.48 d.d (1H, J =
6.3, 16.6 Hz) and 2.54 d.d (1H, J = 4.9, 16.6 Hz)
(CH,CN), 2.70 br.s (1H, OH), 2.89 d (2H, CH,Ph, J =
6.7 Hz), 4.14 m (1H, CHOH), 7.23 d (2H, Hyom, J =
8.2 Hz), 7.26 m (1H, Huom), 7.34 m (2H, Harom).
Found, %: C 74.23, 74.34; H 6.69, 6.75; N 8.28, 8.44.
C1oH1NO. Calculated, %: C 74.51; H 6.88; N 8.69.
3-Hydroxy-3-[4-(propan-2-yl)phenyl]butaneni-
trile (4k). Viscous oily material. IR spectrum, v, cm :
3470 (OH), 2276 (CN). '"H NMR spectrum, &, ppm:
1.25 d [6H, CH(CHj;),, J = 7.2 Hz], 1.75 s (3H, CHj3),
2.28 br.s (1H, OH), 2.78 d and 2.83 d (1H each,
CH,CN, J = 12.6 Hz), 2.91 sept [1H, CH(CH3;),],
7.24 d (2H, Hyrom, *J = 7.8 Hz), 7.39 d (2H, Harom, *J =
7.8 Hz). Found, %: C 76.48, 76.57; H 8.18, 8.31;
N 6.57, 6.81. C;3H7NO. Calculated, %: C 76.81;
H 8.43; N 6.89.
2-Chloro-N-[4-(2-cyano-1-hydroxyethyl)phenyl]-
benzamide (41). mp 116-118°C (from EtOH). IR spec-
trum, v, cm ': 3470 (OH), 2281 (CN). '"H NMR spec-
trum, §, ppm: 2.60 br.s (1H, OH), 2.79 d (2H, CH,CN,
J=4.7 Hz), 5.06 t (1H, CHOH, J = 4.7 Hz), 7.41-
7.48 m (5H, Hyom), 7.68 d (2H, Hyom, J = 8.1 Hz),
7.76 d (1H, Haom, J = 7.8 Hz), 8.01 br.s (1H, NH).
Found, %: C 64.21, 64.30; H 4.51, 4.54; N 9.25, 9.40.
C16H13CIN,O,. Calculated, %: C 63.90; H4.36; N 9.31.
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