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Reactions of chloro-substituted enaminoketones,
viz., derivatives of imidazolidine nitroxides, with sodium cyanide
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The reactions of chloro-substituted enaminoketones, viz., derivatives of imidazolidine
nitroxides. with sodium cyanide afford the corresponding nitriles. The reactions proceed
through formation of epoxides. The structure of one of these epoxides was confirmed by X-ray

diffraction analysis.
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Enaminoketones are vinylogs of amides, and their
carbonyl groups exhibit reduced reactivity with respect
10 nucieophilic addition.} Derivatives of imidazolidine
nitroxides 1 are no exception.

Thus, compounds 1 were prepared by the reactions
of imidazolidine 2 with esters in the presence of lithium
diisopropvlamide (LDA).2~* [n no case was the forma-
tion of compounds 3, which are products of the addition
of two molecules 2 to the ester molecule, observed
whatever the order in which the reagents were mixed and
their ratio. Enaminoketones 1 do not react with amines
and sodium borohvdride. In the reactions of compounds
1 with hvdroxylamine, only the nitroxyl group was re-
duced to the hvdroxylamino group, while the carbonyl
group remained intact.3 Only under rather severe condi-
tions, viz., upon refluxing of enaminoketones 1 with
hydroxylamine hydrochloride in pyridine, did the keto
group also enter into the reaction: however, the hetero-
cycle was initially cleaved and the subsequent reaction of
the hydroxylamino group with the carbonyl group oc-
curred as an intramolecular process to form pyrroline
derivative 4 (Scheme 1).3 Therefore, the addition of a
nucleophile at the carbonyl group is less probable than
the nucleophilic attack on the carbon atom bound to the
nitrogen atom.

Previously, we have demonstrated that in the reac-
tions of enaminoketones 1 with hypohalogenites in an
aqueous-methanolic solution at 0 °C, the enaminoketone
group was readily cleaved to form halomethyl derivatives
of 3-imidazolidine.® Apparently, the scheme of this re-
action involves the initial formation of mono- or
dihalogen derivatives followed by the nucleophilic attack
on the carbon atom of the carbonyl group. The possibil-
ity of this reaction proceeding according to the above-
mentioned scheme was confirmed by the conversion of
bromo-substituted enaminoketone 5 (X = Br) into
bromomethyl derivative 6 (X = Br) in the reaction with
sodium methoxide (Scheme 2). The somewhat surprising
thing is that compound 6 (X = Br) did not further react
with an excess of sodium methoxide. Note that

unsubstituted enaminoketone 1a (R = Ph) did not react
with sodium methoxide under these conditions and even

Scheme 1
R
0
N H
>f §% RCO,E J NH,OH,
N 1) LDA: Py
) 2) [0) N)<
OH N
2 0
1 -y
[ R
o} R 0
=N
rqu NOH
| OH -

4
R OH
2 X N= =N
X‘?‘ \r§)<
OH Ot
3

Translated from [fovesriva Akademii Nauk. Seriya Khimicheskaya,

No. 5. pp.901—907, May, 2000.

1066-5285/00/4905-0899 $25.00 © 2000 Kluwer Academic/Plenum Publishers



900 Russ. Chem. Bull., Vol 49, No. 5, May, 2000

Reznikov e! al.

under more severe conditions. Therefore, the presence
of a substituent. wiz., the halogen atom, at the enamine
carbon atom of the enaminoketone group, leads, appar-
entlv. to an increase in the electrophilicity of the carbon
atom of the carbonyl group.
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Since the halogen atom at the enamine carbon atom
is located at the double bond, its nucleophilic mobility
should be extremely low. At the same time, it was of
considerable interest to perform the synthesis of cvano-
substituted enaminoketones. It is known that enamino-
ketones of type 1 can be used as paramagnetic ligands in
the svnthesis of coordination compounds with transition
metals, certain of which are low-temperature molecular
ferromagnetics.” First, the cyano group can substantialjy
modify the electron and spin density distributions in the
enaminoketonate molecule. Second. judging from the
literature data. cvano-substituted enaminoketonates can
form crystal structures favorable for magnetic phase
transitions.3:2 In this connection, the aim of this work
was to study the reactions of chloro-substituted
enaminoketones 7 with NaCN.

The initial enaminoketones 7 were prepared by chlo-
rination of compounds 1 with N-chlorosuccinimide
(NCS) in CHClY; or CCly (Scheme 3). The reactions
proceeded rather selectively to give compounds 7 in high
viclds.

The reaction of enaminoketone 7a with NaCN in
methanol did not afford cyano-substituted enamino-
ketone 9a. and enaminonitrile 8 was obtained as the
only paramagnetic reaction product. The reaction of
compound 7a with NaCN in acetonitrile in the presence
of 13-crown-3 ether proceeded very slowly to give nitrile
9a in low yield. When this reaction was performed in
DMSO, nitrile 9a was rapidly formed under mild condi-
tions in high vield. Under these conditions, a series of
nitriles 9b—c,f—1 were synthesized from enaminoketones
Tb—c,f~—I1. respectively (see Scheme 3). It was found
that nitrile 9e was formed from chloro derivative 7e only
in low yield, and isomeric epoxide 10e was unexpectedly
obtained as the major reaction product. The structure of
the latter was established by X-ray diffraction analysis.
The molecular structure of the nitroxyl radical under
study is shown in Fig. 1. The principal bond lengths are
given in Table 1. The bulkiest substituents in the oxirane
ring, viz.. the imidazoline ring and the rerr-butyl group,
are in the mutually rrans arrangement. The imidazoline

Scheme 3
]
0 0]
H Cl H
/ ) /
N NCS . §<
N)< N
N j*
@) 0
1 7a—1
NaCN NaCN
I DMSO MeOH l
O CN
H
/
%S X
) ; ;
0 0 0]
931 10d,e 8

R = Ph {a), Me (b). E1 (¢}, Pr' (d), Bu' (e}, OEt (f), CF5 (g).
A-pyriayt (h), 2-pyriavi (1), H (K}, CONH; ()

ring is planar 1o within £0.02 A. The geometric param-
eters of the imidazoline ring and of its environment and
the corresponding parameters of ten 3-imidazoline 3-ox-
ides available in the Cambridge Structural Database
coincide within the experimental error. The exception is
the C(4)=N(3) bond length, which is somewhat smaller
than the average value (1.299(19) A) for the above-
mentioned structures, but coincides with the length of
the analogous bond in 4-(2-hydroxypropyl- 7) 2,2.5.5-
tetramethyi-3-imidazoline-t-oxyl (1.270(3) A).'® The
lengths of the remaining bonds in radical 10e are close
to the expected values.!! Note also the shortening of the
C-—0O bond lengths in the epoxide ring (on the aver-
age, to 1.430(3) A) compared to the literature data
(1.45(1) A).Y In the crystal of 10e, the radicals are
linked in infinite chains along the a axis through weak

Table 1. Principal bond lengths (d) in radical 10e

Bond d/A Bond d/A
N(D)—0(h 1.266 C(5)—C(10) 1.519
N(1—=C(2) 1.483 C(5)—C(11) {.515
N(3}—C(4) 1.267 C(6)—0(2) 1.437
C(—=N(3) 1461 C(6)—C(7) 1.478
C(H—C(8) 1509 C(NM—0(2) 1.423
UH—C($H 1.528  C(M—C(12) t.457
C(4)—C(5) 1311 C(MH—CcU3) 1.530
C(4)—Ci(6) 1.488 CUI2D=N(7) 1.128
C5—=N(D 1.471
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Fig. 1. Structure of nitroxvl radical 10e.

O...H hydrogen bonds (N(H—O(1)...H(10B). 2.53 A)
(see Fig. I).

When the reaction of chioro derivative 7d with NaCN
was carried out under the above-mentioned conditions
during 1 h, nitrile 9d and epoxide 10d were obtained in
approximately equal amounts. The amount of epoxide
10d decreased and the content of nitrile 9d increased as
the reaction time was increased. The fact that epoxides
10d,e are intermediates in the reactions vielding cyano-
substituted enaminoketones 9e,d was confirmed bv the
reactions of compounds 10d,e with NaCN in DMSO
-giving nitriles 9e,d in-high vields. The slow spontareous
conversion of epoxide 10e into nitrile 9¢ was also ob-
served upon storage of a solution of 10e in an organic
solvent or even upon storage of crystals of 10e. In the
cases of other chloro-substituted enaminoketones, the
formation of epoxides was not observed (at least, in
noticeable amounts).

From the aforesaid, it can be suggested that in all
cases epoxides 10 are intermediates in the reactions
vielding nitriles 9. Evidently, it is due to the formation
of epoxides that the substitution reactions proceed readily.

With the aim of confirming the generality of the pro-
posed scheme of replacement of the CI atom in chloro-
substituted enaminoketones 7, we synthesized diamag-
netic analogs of chloro derivative 7a (compound 11),
nitrile 9a (12), and epoxide 10e (13e) and performed the
reaction of chioride 11 with NaCN in DMSO in an
NMR tube (Scheme 4).
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The NMR spectrum of the reaction mixture has
signals of the initial compound 11 and nitrile 12 along
with signals. which can be assigned to epoxide 13a or
anion 14. Thus, the 'H NMR spectrum has singlets at
5 3.65 and 4.53, which, apparently, belong to the methine
protons of diastereomeric epoxides 13a (the chemical
shift of the signal for the corresponding proton in the
spectrum of epoxide 13e in a solution in CDCly is
3.65 ppm). The 3C NMR spectrum has signals at
5 49.21 and 50.63, which can be assigned either to the
proton-bearing carbon atom of the epoxide ring in
diastereomeric epoxides 13a (the chemical shift of the
signal for this atom in the spectrum of epoxide 13e in
CDCl; is 53.70 ppm) or to the corresponding carbon
atom of cvanohvdrin 14. The signals at § 89.00 and
90.64, which are absent in the NMR spectra of the
initial chloro derivative .11 and of the final nitrile 12,
can belong to the carbon atom of the epoxide ring
bound to the nitrile group (at § 92.01 for epoxide 13e).
To exclude the possibility of formation of epoxide or,
which is more probabie, of cyanohydrin from nitrile 12
as a result of addition of the cyanide anion, we also
recorded the NMR spectra of a solution of nitrile 12 in
the presence of NaCN. In this case, the spectra remain
essentially the same. The observed differences in the
chemical shifts may be associated with possible
deprotonation of compound 12 under these conditions.
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Therefore, it is believed that in all cases, the reac-
tions of chioro-substituted enaminoketones 7 proceed
through formation of the corresponding epoxide. Com-
pounds 10d,e were isolated from the reaction mixture
only due to their relativelv higher stability under the
reaction conditions, all the more so since the electronic
and steric effects of the isopropyl group, and, particu-
larly. of the terr-butyl group are least favorable for the
addition of the cyanide anion to the carbony! group in
the series of chloro-substituted enaminoketones under
study.

It should be noted that the formation of epoxides in
the reactions of nucleophiles. viz.. of cyanide or alkoxide
anions, with a-haloketones is well known.1? Although,
taking into account the reduced electrophilicity of the
carbonyl carbon atorn of the enaminocketone, the forma-
tion of epoxides is not obvious, it accounts for the fact
that the substitution proceeds readily.

Therefore, it is believed that the reactions of halo-
gen-substituted enaminoketones with nucleophilic re-
agerts involve the nucleophilic attack on the carbon
atom of the carbonyl group as the initial stage. The
direction of subsequent conversions depends on the ratio
of the reaction rates of the cleavage of the C—C bond
and of intramolecular nucleophilic substitution yielding
epoxide, which further gives a "nucleophilic substitution”
product. The first pathway involves reactions with the
participation of hydroxide and alkoxide anions. The
second pathway involves reactions with the participation
of cvanide anions. In particular, these facts explain the
difference in the direction of the reactions of enamino-
ketone 7a with NaCN in acetonitrile and methanol.

The third pathway of the reactions with nucleophiles,
viz., the attack on the carbon atom bound to the nitro-
gen atom. is also possible. However, in the case of
enaminoketones, viz., imidazolidine derivatives. we ob-
served this conversion resulting in the opening of the
heterocycle of imidazolidine only in an acidic medium
under conditions of electrophilic catalysis {Scheme 3).

An interesting feature of nitriles 9g,h is the fact that
the IR spectra of crystalline samples of these compounds
have two vibration bands of the nitrile group, whereas
the IR spectra of solutions have one band. The region of
the spectrum in which vibration bands of the enamino-
ketone group are observed is somewhat more compli-
cated than those of other nitriles 9. Apparently, this is
associated with the possibility of existence of compounds
9 as two isomers (the £ and Zisomers with respect to the
exocyclic C=C bond), which occur in the equilibrium in
solutions (¢f. Ref. 1).

As expected, the reaction of nitrile 9g with an aque-
ous-alcoholic solution of NaOH afforded enaminonitrile
8 (Scheme 6). Nitrile 9a i§ more stable to alkaline
hydrolysis and remained virtually unchanged after re-
fluxing in an aqueous-alcoholic sotution of NaOH for
many hours. In attempting to perform hydrolysis of the
nitrile group of compound 9a under the action of an
alkaline solution of hvdrogen peroxide, reduction prod-
uct 12 and carboxylic acid 15 were unexpectedly ob-
tained in small amounts (see Scheme 6). Probably,
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acid 15 was also formed as a result of the nucleophilic
attack of the hydroperoxide anion on the carbon atom of
the carbony! group of nitrile 9a foliowed by intramo-
lecular nucleophilic replaceme nt of the cyano group by
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the hydroxide ion. It is believed that reduction of the
nitroxyl group under these conditions is associated with
oxidation of an alcoholic group, which appears as a
result of the opening of the intermediate epoxide, by the
above-mentioned nitroxyl group (¢f. Ref. 13).

In conclusion. it should be noted that when the
nature of the R group in halogen-substituted enamines

R 16 does not give grounds to expect the

X H  formation of epoxide, the replacement of
N/ the halogen atom does not, apparently,

\ occur. In particular, chioro-substituted

16 nitroenamines 17 and 18 (¢f. Ref. 14) do

not react with NaCN under the above-mentioned
conditions.

NO,
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To summarize, we demonstrated that the reactions of
chloro-substituted enaminoketones, viz., derivatives of
imidazolidine nitroxides. with sodium cyanide proceed
through formation of epoxides. The latter are converted
into nitriles, which are formal products of nucleophilic
replacement of the chlorine atom by the cyano group.

O
17

Experimental

The IR spectra were recorded on a Specord M-80 instru-
ment in KBr pellets (the concentration was 0.23%) and in
solutions in CCl, (the concentration was 5%). The UV spectra
were measured on a Specord UV-VIS spectrometer in ethanol.
The 'H and 13C NMR spectra were obtained on a Bruker
AC-200 instrument at 300 K (the concentration of the solutions
was 5%).

The syntheses of chioro-substituted enaminoketones
7a,b,e,g—i have been reported previously.513 Compounds 7c¢,d,f
were prepared analogously®!3 by the reactions of equimolar
amounts of enaminoketones 1 and N-chlorosuccinimide in
CCl,;. The reaction of enaminoaldehyde 1k with N-chloro-
succinimide was carried out in CHCIl;. The characteristics of
the newly synthesized compounds are given in Table 2.

. —.-—4~(2~Carbamoyl- 1-chlore-2-oxoethylidene)-2,2,5,5-tetra-
methylimidazolidine-1-oxy} (71). N-Chlorosuccinimide (0.59 g,
4.4 mmol) was added portionwise with stirring to a suspension
of amide 1 (1 g, 4.4 mmol) in CHC}z (50 mL) for I h. Then the
reaction mixture was stirred at 20 °C for 12 h, refluxed for 2 h,
and concentrated. Compound 71 was isolated by chromatogra-
phy on a column with silica gel using a 30 : | CHCl;—methanol
mixture as the eluent.
4-(Cyanemethylene)-2,2,5,5-tetramethylimidazolidine-
1-oxyl (8). A mixture of chloro derivative 7a (0.3 g. | mmol)
and NaCN (0.1 g, 2 mmol) in methanol (10 mL) was refluxed
for 20 min and then concentrated. A saturated agqueous solution
of NaCl (3 mL) and hexane (2 mL) were added to the residue.

The precipitate of enaminonitrile 8 that formed was filtered off,
washed with hexane, and dried.

4-(1-Cyano-2-oxo-2-phenylethylidene)-2,2,5,5-tetramethyl-
imidazolidine- t-oxyl (9a). A. A suspension of chloro derivative
7a (0.5 g. 1.7 mmol). NaCN (0.17 g, 3.4 mmol). and 15-crown-5
ether (0.05 g) in anhvdrous acetonitrile (10 mL) was stirred at
20 °C for 10 davs and then concentrated. Nitrile 93 was isolated
by chromatography on a column with silica gel; CHCI; was
used as the eluent. The yield was 0.1 g (20%).

B. Chloro derivative 7a (0.6 g, 2 mmol) was added to a
solution of NaCN (0.2 g, 4 mmol) in anhydrous DMSO (10 mL)
and the reaction mixture was stirred at 20 *C for 3 h. Then the
solution was cooled to 0 °C and an aqueous saturated solution
of NaCl (20 mL) was added. The precipitate of nitrile 9a that
formed was filtered off, washed with an aqueous saturated
solution of NaCl and water, and dried.

4-[Carbethoxy(cyano)methylenej-2,2,5,5- tetramethvhmid-
azolidine-1-oxyl (9) was prepared and isolated analogously.
4-(1-Cyano-2-oxopropylidene)-2,2,5,5-tetramethylimidazol-
idine-1-oxyl (9b) and 4-(1-cyano-2-oxobutylidene)-2,2,5,5-
tetramethylimidazolidine-1-axyl (9¢) were isolated by neurtraliz-
ing their aqueous solutions with 5% HCL In the cases of
4-[ 1-cyano-2-o0xo-2-(pyridyl-4)ethylidene]-2,2,5,5- tetramethyl-
imidazolidine-1-oxyl (9h) and 4-[1-cyano-2-oxe-2-(pyrid-
yi-2)ethylidene]-2,2,5,5-tetramethylimidazolidine-1-oxyl (9i),
the solutions were acidified 1o pH 6. The remaining nitriles were
isolated by acidifying their solutions to pH 4 followed by
treatment according to the above-described procedure.

4-(1-Cyano-3-methyl-2-oxobutylidene-1)-2.2,5,5-tetra-
methylimidazolidine-1-oxyl (9d) and 4-(3-cyano-3-isopropyl-
oxiranyl-2)-2,2,5,5-tetramethyl-3-imidazoline-1-oxyl (10d).
Chioro derivative 7d (1 g. 3.85 mmol) was added with stirring to
a solution of NaCN (0.5 g, 7.7 mmo!) in anhydrous DMSQO
(15 mL) and then the reaction mixture was stirred at 20 °C for
! h. The sotution was poured onto jce (25 g). The precipitate of
nitrile 9d that formed was filtered off, washed with water, dried,
and purified by chromatography on a column with silica gel;
CHCl; was used as the eluent. The yield was 0.3 g (30%). The
filirate was saturated with NaCl and the precipitate of epoxide
10d that formed was filtered off, dried, and purified by recrys-
tallization from hexane. The yield was 0.3 g (30%). When the
reaction time was increased to 4 h, only nitrile 9d was isolated.

Under analogous conditions. a mixture of 4-(1-cyano-3,3-
dimeghyl-2-oxobutylidene- 1)-2,2,5,5-tetramethylimidazolidine-
1-oxyl (%e) and 4-(3-rerr-butyl-3-cyanooxiranyl-2)-2,2,5,5-
tetramethyl- 3-imidazoline- 1-oxyl (18e) was obtained from chloro
derivative 7e. The mixture was separated by chromatography on
a column with silica gel (CHCl; was used as the eluent).
Epoxide 10e disappeared from the reaction mixture when the
reaction time was increased to 3 h.

2.2,5,5-Tetramethyl-4-(chloronitromethylene)imidazolidine-
1-oxyl (17). A solution of 2,2,5,5-tetramethyl-4-nitro-
methyleneimidazolidine-1-oxyl (1 g, 5 mmol) and AN-chloro-
succinimide (0.87 g, 6.3 mmol) in CHCl; (20 mL) was stirred at

20 °C for-24- h-and-then -concentrated. Compound -17 -was-

isolated by chromatography on a column with silica gel (CHCl;
as the eluent).

The reaction of chloro derivative 17 with NaCN was carried
out under conditions described for compound 7g. The initial
compound was isolated in 90% yield.

Reduction of chloro derivative 7a and nitrile 9a with hy-
droxylamine in methanol yielding hydroxylamino derivatives 11
and 12, respectively, was carried out as described previously S
1-Hydroxy-4-(1-chloro-2-o0xo-2-phenylethylidene)-2,2.5,5-
tetramethylimidazolidine (11). 'H NMR (DMSO-dy), 5: 1.40
and 1.51 {(both s, 6 H each, C(2)Me,, C(5)Mea); 7.50 (m, 5 H,
Ph); 8.07 (br.s, 1 H, OH); 10.88 (brs, I H. NH). 13C NMR
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Table 2. Characteristics of the synthesized compounds

Com- Yield M.p.* Found (%) Molecular IR (KBr). v/cm™ UV, kma/nm
pound (%) /°C Calculated formula (log )
C H N

Tc 90 107—109 335 721 113 C L HCIN,O, 1540, 1620 (C=C~C=0); 3205 (NH) 316 (4.20)
538 73 11.4

7d 90 144143 54 19 106 C;3H5CIN,O, 1330, 1610 (C=C—C=0); 3180 (NH) 318 (4.18)
555 7.7 10.8

"t 80 127129 304 6.7 105 CHiCINSO; 1373, 1630 (C=C—C=0): 3160 (NH) 289 (4.22)
50.3 69 10.7

Tk 70 183—183 49.3 6.2 129 CyH4CIN5O, 1545, 1600. 1605 (C=C—C=0): 3150 (NH) 301 (4.42)
49.7 6.4 12.9

71 95 195194 46.0 3.8 159 Cj;HsCIN;O; 1390, 1660—1710 (C=C—C=0, CONH-) 325 (3.94)
460 S8 6.1

8 60 [54—135 60.1 78 234 CgH|4N;0 1620, 1630 (C=C); 2195 (CN). 3240 (NH) 262 (4.43)
60.1 7.8 234

9a N0 226228 67.4 63 146 Ci HuN:O, 1340, 1570. 1610 (C=C—C—0Q); 2195 (CN); 236 (4.19),
67.6 6.3 14.8 3260 (NH) 310 (43D

Sb 70 137139 59.2 20 189  CpH N0, 1355, 1645 (C=C—C=0y); 2195 {CN); 294 (4.28)
595 7.2 18.9 3180 (NH)

9¢ 85 134—156 60.9 7.5 177 CHgN5O, 1530,1553, 1640 (C=C—-C=0); 2190 (CN}; 292 (4.27)
61.1 7.6 17.8 3190 (NH)

94 63 139190 624 83 168 C;53HN;0, 1360, 1640 (C=C—~C=0); 2200 (CN): 292 (4.26)
624 8.0 16.8 3195 (NH)

9e 53 219221 640 82 159 C4H3nN50, 1343, 15350, 1620 (C=C—C=0j; 2200 (CN); 291 {4.03)
636 83 16.0 3173 (NH)

9f 85 208—209 570 69 165 CpH(gN;5O; 1575, 1660 (C=C—C=0); 2195 (CN}): 277 (4.34)
37.1 7.1 16.7 3260 (NH)

9g 90 190—192 47.9 48 133 C;H:F;Nz0, 1560, 1600 {C=C—C=0); 2205, 2210 (CN); 304 (4.17)
47.8 47 5.2 3190 (NH)

9h 70 202205 39.8 62 184 CsH{sN4O.-H,0 1350, 1620 (C=C—C=0); 2193, 2205 (CN): 243 (3.99),
395 6.3 18.3 3175, 3550 (NH. OH) 313 (4.20)

9i 30 232233 632 60 194 CiH;NO- 1525, 1550, 1375, 1605 (C=C—-C=0), 238 (4.12).
632 6.0 19.6 2200 (CN): 3240 (NH) 315 (4.22)

9k 73 202204 574 68 200  CigH1sN:O, 1535, 1650 (C=C~C=0); 2200 (CN); 299 (4.08)
57.7 6.7 20.2 3190 (NH)

91 63 215217 526 39 221 CyH sNJO, 1530, 1600. 1620 (C=C—C=0); 1673, 314 (4.08)
526 6.0 223 1705 (CONH,): 2200 (CN); 3200, 3400 (NH)

10d 30 83—84 626 3.2 168 Cy3HyN3O, 1645 (C=N): 2220 (CN) —
62.4 8.0 16.8

10e 50 9092 640 8.3 160 CpHaN;0» 1640 (C=N) —
636 83 6.0

17 70 {57—158 408 57  i16  CgH;3CIN;O, 1585 (C=C~NO>); 3280 (NH) 357 (4.19)
40.9 5.6 17.9

* Compounds 7c.d,f and 10d,e were purified by recrystallization from hexane, compounds 8, 9a—g,k. and 17 were purified by
recrystallization from a hexane—ethy] acetate mixture: compounds 7k,! and 9h,i were purified by recrystaliization from ethyl acetate:
and compound ¥ was purified by recrystatlization from an ethyl acetate—methanol mixture.

{DMSO-d,). 8: 23.0 and 26.3 (C(2)Me,. C(5)Me;): 69.1 (C(5));
T9TFACEN: 931 (=CCl=), 127:3. 127:6;129:3; and-140:7
(Ph): 165.1 (C(4)):; 190.3 (C=0). I1-Hydroxy-4-(1-cyano-2-
oxo-2-phenylethylidene)-2,2,5,5-tetramethylimidazolidine (12).
'"H NMR (DMSO-d), & 1.43 and 1.51 (both s, 6 H each,
C(2)Mea, C(5)Me,): 7.50 (m. 5 H. Ph); 8.20 (brs, 1 H, OH);
11.40 (brs, | H. NH). C NMR (DMSO-d,), &: 23.0 and 25.7
(Ci2)Me,. CiS)Mes); 66.8 (C(5)); 81.1 (C(2)): 73.7 (—CCN=);
120.0 (CN): 127.3, 127.9, 130.8, and 139.3 (Ph): 173.7 (C(H):
191.3 (C=0). 3C NMR of a mixture of compound 12 and
NaCN (DMSO-d). &: 23.3 and 26.4 (C(2)Me,. C(5)Me,): 69.4
(C(51: 83.7 (C(2)): 72.7 (—CCN=); 123.7 (CN): 1274, 127.6,
129.5. and 141.7 (Ph): 139.2 (CN7); 173.4 (C(4)): 189.2 (C=0).

1-Hydroxy-4-(3-rerz-butyl-3-cyanooxiranyl-2)-2,2,5,5-
tetramethyl-3-imidazoline (13e). A solution of radical 10e

(0.12 g) and hydrazine hydrate (0.1 ml) in methanol (5 mL)
was- kept at -20-C-for -3-h -and- then concentrated. The residue
was diluted with water (2 mL) and hexane (1 mL). Compound
13e crystallized out upon triturating. The precipitate was filtered
off, washed with water and hexane, and dried. 'H NMR
(CDCly). & 1.07 (s, 9 H. CMe;): 1.31 and 1.35 (both s,
3 H each) and 1.41 (s, 6 H. C(2)Me,, C(5)Mej): 3.65 (s, 1 H),
6.50 (brs, 1 H. OH). 13C NMR (CDCly), 3: 23.1, 25.3, and
26.2 (C(2)Me,. C(5)Mey); 24.6 (CMe,): 33.0 (CMey): 33.7
(CH); 62.3 (C(5)): 7135 (C(2)): 92.0 (C—CN); 1144 (CN):
167.6 (C(4)).

X-ray diffraction study of compound 10e was carried out on
a Syntex P2, diffractometer {Cu-Ka radiation, graphite mono-
chromator, 28/6 scanning technique in the range 26 < 140°).
A single crystal of 10e of dimensions 1.20%0.70x0.5 mm was
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chosen for X-ray diffraction study. Crystals of C;3H1;N30; are
monoclinic: a = 6.064(1) A. 5= 11.799(2) A, ¢ = 10.878(2) A,
B =93.67(2): V= 776.7(2) A3, space group P2,, Z =2,
1130 gem™ w = 0.618 mm™~!. intensities of 1354 independent
reflections were measured. The structure was solved by the
direct method with the use of the SHELXS-86 program pack-
age. The positions of the hydrogen atoms were calculated
geometrically. The final refinement of the structura) parameters
was performed by the full-matrix least-squares method (the H
atom were not included in the refinement) in the anisotropic
approximation based on all £ using the SHELXL-97 program
package to wRy = 0.1097, § = [.060: 173 parameters were
refined (R = 0.0380 for 1505 F > 4¢). The complete tables of
the bond lengths and bond angles. the atomic coordinates, and
the thermal parameters of radical 10e have been deposited with
the Cambridge Structural Database.
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