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Reactions of chloro-substituted enaminoketones, 
viz., derivatives of imidazolidine nitroxides, with sodium cyanide 
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The reactions of chtoro-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 
to nucleophilic addition, j 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 
diisopropylamide (LDA)_ z-4 In 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 borohydride. In tile reactions of compounds 
I with hydroxyiamine, only the nitroxyl group was re- 
duced to the hydroxylamino group, while the carbonyl 
group remained intact. 5 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 imramolecular 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 ~ the enaminoketone 
group was readily cleaved to form halomethyl derivatives 
of 3-imidazolidine. 6 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 l a  (R = Ph) did not react 
with sodium methoxide under these conditions and even 

S c h e m e  1 

< , ~  RCO2Et �9 
1 ) LDA: 

! 2) [0] 
OH 

R 

" NOH 

H 
I 
OH 

R 

X 
t- 
O 

2 

NOH 

HO R R OH 

NOH NOH 

V 
2 /x - 

NH2OH, 

4 

R OH 

I I 
OH OH 

3 

Translaled from tzvestiya Akademii Nauk. Seriya Khimicheskaya. No. 5, pp. 901--907, May, 2000. 

1066-5285/00/4905-0899 $25.00 �9 2000 Kluwer Academic/Plenum Publishers 



900 Russ. Chem.Bulf, Vol. 49. ,~b. 5, May, 2900 Reznikov et al. 

under more severe conditions. Therefore, the presence 
of a substituent, viz., the halogen atom, at the enamine 
carbon atom of the enaminoketone group, leads, appar- 
ently, to an increase in the electrophilicity of  the carbon 
atom of the carbonyl group. 

Scheme 2 
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Since the halogen atom at the enamine carbon atom 
is located at the double bond, its nucleophitic mobility 
should be extremely tow_ At the same time, it was of  
considerable interest to perform the synthesis of cyano- 
substituted enaminoketones.  It is known that enamino- 
ketones of type 1 can be used as paramagnetic ligands in 
the synthesis of coordination compounds with transition 
metals, certain of  which are low-temperature molecular 
ferromagnetics. 7 First, the cyano group can substantially 
madly '  the electron and spin density distributions in the 
enaminoketonate molecule. Second. judging from the 
literature data. cyano-substi tuted enaminoketonates can 
form crystal structures favorable for magnetic phase 
transitions. 8,9 In this connection,  the aim of  this work 
was to study the reac t ions  o f  ch lo ro - subs t i t u t ed  
enaminoketones 7 with NaCN.  

The initial enaminoketones  7 were prepared by chlo- 
rination of compounds  1 with N-chlorosuccinimide 
(NCS) in CHCI  3 or CCI 4 (Scheme 3). The reactions 
proceeded rather selectivefy to give compounds 7 in high 
yie}ds. 

The reaction of enaminoketone 7a with NaCN in 
methanol did not afford cyano-substituted enamino-  
ketone 9a, and enaminonitr i le  8 was obtained as the 
only paramagnetic reaction product. The reaction of  
compound 7a with NaCN in acetonitrile in the presence 
of 15-crown-5 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 yield. Under  these conditions, a series of  
nitriles 9b- -c , f - - I  were synthesized from enaminoketones 
7b- -c , f - - l .  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 I. The bulkiest substituents in the oxirane 
ring, viz., the imidazoline ring and the ten-butyl group, 
are in the mutually trans arrangement. The imidazoline 
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ring is planar to within +0.02 A. The geometric param- 
eters of the imidazoline ring and  of  its environment and 
the corresponding parameters o f  ten 3-imidazoline 3-ox- 
ides available in the Cambridge Structural Database 
coincide within the experimental  error. The exception is 
the C(4)=NI'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-2)-2,2,5,5-  
t e t ramethyl -3- imidazoi ine- l -oxyl  (I.270(3) ~).10 The 
lengths of  the remaining bonds  in radical 10e are close 
to the expected values. I1 Note also the shortening of the 
C - - O  bond lengths in the epoxide ring (on the aver- 
age, to 1.430(3) .~,) compared  to the literature data 
(I.45(1) ~,).lt In tile crystal of  10e, the radicals are 
linked in infinite chains along the a axis through weak 

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

Bond d/ A Bond d/ A 

N(1)--O(I) 1.266 C(5)--C(10) 1.519 
N(I)--C(2) 1.483 C(5)--C(I I) 1.515 
N(3)--Ct4) 1.267 C(61--O(2) 1.437 
C(2)--N(3) 1.461 C(6)--C(7) 1.478 
C(2)--C(8) 1.509 C(7)--O(2) 1.423 
C(2)--C(9~ 1528 C(7)--C(12) 1.457 
C(4)--C(5) 1.511 C(7)--C(13) 1.530 
C(4)--C(6) 1.488 C(12~,~N(17) 1.128 
C(5)--N(I) 1.471 
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Fig. 1. Structure of nitroxyl radical lOe. 

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

When the reaction of chloro derivative 7d with NaCN 
was carried out under the above-mentioned conditions 
during I 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 t ime was increased. The fact that epoxides 
10d,e are intermediates in the reactions yielding cyano- 
substituted enaminoketones 9e,d was confirmed by the 
reactions of  compounds 10d,e with NaCN in DMSO 

-giving nitrites 9e,d in high yieMs: The stow spontaneous 
conversion of  epoxide 10e into nitrile 9e 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 
yielding 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 chloride 11 with NaCN in DMSO in an 
NMR tube (Scheme 4)_ 

Scheme 4 

Ph CN 
0 P h - ~  

C l - ~ d H  NaCN = N 

I 1 OH OH 
11 1 3 a  

CN- 

Ph 
O- CN . ~ O  

t I OH OH 
14 12  

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 tH 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 CDC13 is 
3.65 ppm). The 13C NMR spectrum has signals at 
3 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 
CDCI 3 is 53.70 ppm) or to the corresponding carbon 
atom of  cyanohydrin 14. The signals at 6 89.00 and 
90.64, which are absent in the N MR spectra of  the 
initial chl.oro derivative .11 and .of the.  f inal  nitrile 12, 
can belong to the carbon atom of  the epoxide ring 
bound to the nitrile group (at 6 92.01 for epoxide 13e). 
To exclude the possibility of formation of  epoxide or, 
which is more probable, of  cyanohydrin from nitrile 12 
as a result of  addition of the cyanide anion, we also 
recorded the NMR spectra of  a solution o f  nitrile 12 in 
the presence of NaCN. In this ease, the spectra remain 
essentially the same. The observed differences in the 
chemica l  shifts may be associa ted  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 chloro-substituted enaminoketones 7 proceed 
through formation of the corresponding epoxide. Com- 
pounds I0d,e were isolated from the reaction mixture 
only due to their relatively higher stability under the 
reaction conditions,  all the more so since the electronic 
and steric effects of  tile isopropyl group, and, particu- 
larly, of the tert-butyl group are least favorable for the 
addition of the cyanide anion to the carbonyl 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 ct-haloketones is well known. Iz Although, 
taking into account the reduced electrophilicity of the 
carbonyl carbon atom of the enaminoketone,  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- 
agerits involve the nucteophilic 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  cyanide 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,  vi'z., imidazolidine derivatives, we ob- 
served this conversion resulting in the opening of the 
heterocycle of  imidazolidine only in an acidic medium 
under condit ions of  electrophilic catalysis (Scheme 5). 

An interesting feature of nitriles 9g,h is the fact that 
the I R 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 E and Zisomers  with respect to the 
exocyclic C = C  bond), which occur in the equilibrium in 
solutions (cf  Ref. 1). 

As expected, the reaction of nitrile 9g with an aque- 
ous-alcoholic solution of  NaOH afforded enaminonitri le 
8 (Scheme 6). Nitrite 9a is more stable to alkaline 
hydrolysis and remained virtually unchanged after re- 
fluxing in an aqueous-alcoholic solution of  NaOH for 
many hours. In attempting to perform hydrolysis of  the 
nitrite group of  compound 9a under the action of an 
alkaline solution of  hydrogen peroxide, reduction prod- 
uct 12 and carboxylic acid 15 were unexpectedly ob- 
tained in small amounts (see Scheme 6). Probably, 

Scheme 5 

R Nu 

7 - . ,  

Nu- t 

R 

7 - \  

n 

/=\  

R NU 

R 

Nu 

R 

a § 

-RCQNu" 

+Nu- 
-N~- 

X 

Nu 

R x :H 
Scheme 6 

R 

NC N ~  - 

I- 
O 

9 a , g  
R = Ph (a), CF 3 (g) 

/ 

HO~"/(R = Ph) 

NaOH 
!(n = OF3)" 

CN 

I" 
O 

Ph 

HO2C NC 
NaOH, " ~ N  / H  

1" I 
O OH 

15 12  

'[ o_..r 
Ph Ph  O2H 

I" I" 
O O. 

acid 15 was also formed as a result of  the nucleophilic 
attack of the hydroperoxide an ion  on the carbon atom of  
the carbonyl group of nitrile 9a followed by intramo- 
lecular nucleophilic replacement  of the cyano group by 
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the hydroxide  ion. It is bel ieved that  reduc t ion  o f  the 
nitroxyl g roup  u n d e r  these c o n d i t i o n s  is associa ted with 
oxidat ion o f  an a lcoho l ic  group,  which appears  as a 
result of  the  o p e n i n g  o f  the  in t e rmed ia t e  epoxide ,  by the  
a b o v e - m e n t i o n e d  nitroxyl g roup  (of  Re(. 13). 

In conc lus ion ,  it should  be no ted  tha t  when  the 
na ture  of  the R g roup  in ha logen-subs t i tu t ed  e n a m i n e s  

R 16 does not  give g rounds  to expect  the 
X - - ~  \ \  /H fo rma t ion  o f  epoxide,  the r e p l a c e m e n t  o f  

the  ha logen  a tom does  not,  apparent ly ,  
/ \  occur .  In par t icular ,  ch lo ro - subs t i t u t ed  

16 n i t r o e n a m i n e s  17 and  18 (cf. Re(. 14) do  
not  react  wi th  N a C N  u n d e r  the  a b o v e - m e n t i o n e d  
condi t ions .  

0 NO 2 
17 N C - ~  I~(OH) 18 

To summar i ze ,  we d e m o n s t r a t e d  that  the  reac t ions  of  
ch lo ro - subs t i t u t ed  e n a m i n o k e t o n e s ,  viz., der ivat ives  o f  
imidazo l id ine  ni t roxides ,  with sodium cyanide  proceed 
t h r o u g h  f o r m a t i o n  o f  epoxides .  The  latter are c o n v e r t e d  
into nitriles,  w h i c h  are formal  products  o f  nuc teoph i l i c  
r ep l acemen t  o f  the  ch lo r ine  a tom by tile cyano  group.  

Experimental 

The IR spectra were recorded on a Specord M-80 instru- 
ment in KBr pellets (the concentration was 0.25%) and in 
solutions it] CC14 (the concentration was 5%). The UV spectra 
were measured on a Specord UV-VIS spectrometer in ethanol. 
The tH 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 chloro-subst i tu ted  enaminoketones  
7a,b,e,g--i have been reported previously. 6.t3 Compounds 7e,d,f 
were prepared analogousl~ "!3 by the reactions of equimolar 
amounts of enaminoketones 1 and N-chlorosuccinimide in 
CCI 4. The reaction of enaminoaldehyde lk with N-chloro- 
succinimide was carried out in CHCI 3. The characteristics of 
the newly synthesized compounds are given in Table 2. 

. . . . . . . .  4-(2~Carbamoyl- l-ddoro-2-oxoetbylidenel-Z;-2-,5,5-tetra- 
methylimidazolidine-l-oxyl (71). N-Chlorosuccinimide (0.59 g, 
4.4 retool) was added pomionwise with stirring to a suspension 
ofamide 11 (I g. 4.4 retool) in CHCI~ (50 mL) for 1 h. Then the 
reaction mixture was stirred at 20 ~(~ for 12 h. refiuxed for 2 h, 
and concentrated. Compound 71 was isolated by chromatogra- 
phy on a column with silica gel using a 30 : I CHCl3--methanol 
mixture as the eluent. 

4 - (Cyanomethy lene) -2 ,2 ,5 ,5 - t e t ramethy l imidazo l id ine -  
l-oxyl (8). A mixture of chloro derivative 7a (0.3 g, 1 retool) 
and NaCN (0.1 g, 2 retool) in methanol (10 mL) was refluxed 
for 20 rain and then concentrated. A saturated aqueous solution 
of NaCI (5 mL) and hexane (2 ink) were added to the residue. 

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

4*( i -Cyano-Z-oxo-2-phenylethylidene)-2,2,5,5-tetramethyl- 
imidazolidine- l-oxyl (9a)..4. A suspension of chloro derivative 
7a (0.5 g, 1.7 mmolL NaCN (0.17 g, 3.4 retool), and 15-crown-5 
ether 10.05 g) in anhydrous acetonitrile (I0 mL) was stirred at 
20 ~ for l0 days and then concentrated. Nitrile 9a was isolated 
by chromatography on a column with silica gel; CHCI 3 was 
used as the eluent. The yield was 0. I g (20%). 

B. Chloro derivative 7a (0.6 g, 2 mmol) was added to a 
solution of NaCN (0.2 g, 4 retool) in anhydrous DMSO (10 mL) 
and the reaction mixture was stirred at 20 ~ for 3 h. Then the 
solution was cooled to 0 ~ and an aqueous saturated solution 
of NaCI (20 mL) was added. The precipitate of nitrile 9a that 
formed was filtered off. washed with an aqueous saturated 
solution of NaC1 and water, and dried. 

4- [Carbetho.~:'(eyano)methylene ]-2,2,5,5-tetramethylimid- 
azolidine-l-oxyl (91) was prepared and isolated analogously. 
4-( l-Cyano-2-oxopropylidene)-2,2,5,5-tetramethylimidazol- 
idine-l-oxyl (9b) and 4-(l-cyano-2-oxobutylidene)-2,2,5,5- 
tetramethylimidazolidine-l-ox~jl (9c) were isolated by neutraliz- 
ing their aqueous solutions with 5% HCI. In the cases of 
4-[ ! -cyano-2-oxo- 2-(pyridyl-4)ethylidene]-2,2,5,5- tetramethyl- 
imidazolidine-l-oxyl (9h) and 4-[1-cyano-2-oxo-2-(pyrid- 
yl-2)ethylidene]-2,2,5,5-tetramethylimidazolidine- 1-oxyl (9i), 
the solutions were acidified to pH 6. The remaining nitriIes were 
isolated by acidifying their solutions to pH 4 followed by 
treatment according to the above-described procedure. 

4-(1 - Cyano- 3-methyl- 2-oxohutylidene- 1 )-2.2,5,5-tetra- 
methylimidazolidine-l-oxyl (9d) and 4-(3-cyano-3-isopropyl- 
oxiranyl-2)-2,2,5,5-tetramethyl-3-imidazoline- l-oxyl (]0d). 
Chloro derivative 7d (.1 g. 3.85 mmol) was added with stirring to 
a solution of NaCN (0.5 g, 7.7 mmol) in anhydrous DMSO 
(15 mL) and then the reaction mixture was stirred at 20 ~ for 
I h. The solution was poured onto ice (25 g). The precipitate of 
nitrite 9d that formed was filtered off, washed with water, dried, 
and purified by chromatography on a column with silica gel; 
CHCI 3 was used as the etuent. The yield was 0.3 g (30%). The 
filtrate was saturated with NaCI 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 nitrite 9d was isolated. 

Under analogous conditions, a mixture of 4- ( l -cyano-3 ,3-  
dimethyl-2-oxobutylidene- l)-2,2,5,5-tetramethylimidazolidine- 
1-oxyl (9e) and 4-(3-tert-butyl-3-cyanooxiranyl-2)-2,2,5,5- 
tetramethyl-3-imidazoline-l-oxyl (lOe) was obtained from ehloro 
derivative 7e. The mixture was separated by chromatography on 
a column with silica gel (CHCI 3 was used as the eluent). 
Epoxide 10e disappeared from the reaction mixture when the 
reaction time was increased to 5 h. 

2.2,5,5-Tetramethyl-4-( chloronitromethylene)imidazolidine- 
l-oxyl (17). A solution of 2 ,2 ,5 ,5 - te t ramethy l -4 -n i t ro -  
methyleneimidazolidine-l-oxyl (1 g, 5 retool) and N-chloro- 
succinimide (0.87 g, 6.5 retool) in CHCI3 (20 mL) was stirred at 
-21) ~ fo~..24-h--and-then eoncenl~rated, Compound t7-was-  
isolated by chromatography on a column with silica gel (CHCI 3 
as the eluent). 

The reaction ofchloro 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. 5 
l -Hydroxy-4- (  l -eh ioro-2-oxo-2-phenyle thy l idene) -2 ,2 , f ,5 -  
tetramethylimidazolidine (11). IH NMR (DMSO-do), 6 :1 .40  
and 1.51 (both s, 6 H each, C(2)Me 2, C(5)Me2); 7.50 (m, 5 H, 
Ph); 8.07 (br.s, I H, OH); 10.88 (br.s, I H, NH). 13C NMR 
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Table 2. Characteristics of the synthesized compounds 

Corn- Yield M.p. ~ Found (%) Molecular IR (KBr), w/cm -I UV, km:~ffnm 
pound (%) /~ Calculated formula (log ~) 

C H N 

7e 90 107--109 53.._.55 7.__.[1 11.~3 CIII-tlsC]N202 1540. 1620 (C=C--C=O):  3205 (NH) 316 (4.20) 
53.8 7.3 11.4 

7d 90 144--145 55.4 7._99 10.____66 C~2H20CIN202 1530, 1610 (C=C--C=O);  3180 (NH) 318 (4.18) 
55.5 7.7 10.8 

7f 80 127--129 50.4 6._._27 0.5 C~H~sCIN20 ~ 1575. 1650 (C=C--C=O}: 3160 (NH) 289 (4.22~ 
50.5 6.9 10.7 

7k 70 183--185 49.5 6._~2 125) CgHt4CIN202 1545, 1600. 1605 (C=C--C=O):  3150 (NH) 301 (4.42) 
49.7 6.4 12.9 

71 95 193--194 46.0 5.88 15.9 C~0H~.~C1N303 1590, 1660--1710 (C=C--C=O,  CONH 2) 325 (3.94) 
46.0 5.8 ~6.1 

8 60 154--155 60.iI 7.~ 23.___44 CqHI4N30 1620, 1630 (C=C); 2195 (CN): 3240 (NHt 262 (4.43) 
60.1 7.8 23.4 

9a 90 226--228 67.4 6._33 14.____fi6 C~6H~sN30 ? 1540, 1570. 1610 (C=C--C--O);  2195 (CN) 236 (4.19), 
67.6 6.3 14.8 3260 (NH) 310 (4.3t7 

9b 70 157--I59 59.2 7._0 ,8.9 CI IH~N30,  1555, 1645 (C=C--C=O);  2195 (CN); 294 (-1.28) 
59.5 7.2 18.9 3180 INH) 

9c 85 154--156 60.9 7.~5 17.____7_7 C12HI~N302 1550,1555, 1640 (C=C--C=O):  2190 (CN); 292 (4.27) 
61.1 7.6 17.8 3190 (NH) 

9d 65 189--190 6__2.__.44 8.__~3 ~ C~3H20N302 1560. 1640 (C=C--C=O);  2200 (CN): 292 (4.26) 
62.4 8.0 16.8 3195 (NH) 

9e 55 2t9--221 64.0 8.___2 15._~9 Cj4H2?N30 ? 1545. 1550, 1620 (C=C--C=O);  2200 (CN); 291 (4.03) 
63.6 8.3 16.0 3175 (NH) 

9f 85 208--209 57.0 6.__99 16.5 C]2HI,sN303 1575, 1660 (C=C--C=O);  2195 (CN): 277 (4.34) 
57.1 7.1 16_7 3260 (NH) 

9g 90 190--192 47.,9 4.88 15,~ C~H~3F3N30? 1560, 1600 (C=C--C=O):  2205, 2210 (CN); 3(34 (4.17) 
47.8 4.7 15.2 3190 (NH) 

- )  - )  -3 q - -  . - -  9h 70 ,0,--_0_ 59.8 ~ 18.4 C~sHITN40 : ' H ~ O  1550, 1620(C=C--C=O);  2195, ")305 (CN): 243 (3.99), 
59.5 6.3 18.5 3175, 3550 (NH. OH) 313 (4.20) 

9i 80 232--233 63_2 6___0 1_9_~. Ct5HITN402 1525, 1550. 1575, 1605 (C=C--C=O);  238 (4.I2). 
63.2 6.0 19.6 2200(CN) 3240(NH] 315 (4.22) 

9k 75 202--204 57,4 6._..8_8 ?0_Q~.0 C~0HIaN,O~ " 1555, 1650 (C=C--C=O);  2200 (CN); 299 14.08) 
57.7 6.7 20.2 3190 (NH) 

91 65 _'~ 15--217 52.6 __5-9 +_,..~ I Cll H 15N40~. 1550, 1600. 1620 (C=C--C=O);  1675, 314 (4.08) 
52.6 t~.0 22.3 1705 {CONH2): 2200 {CN); 3200, 3400 (NH) 

10d 30 83--84 62..6. 8.__22 16....~8 CI3H2oN302 1645 (C=N): 2220 (CN) 
62.4 8.0 16.8 

10e 50 90--92 64.0 8._33 ~ CI4H22N302 1640 (C=N) 
63.6 8.3 16.0 

17 70 157--158 40.8 5.7 17.__.fi CsH13C)N;O 3 1585 (C=C--NO2): 3280 (NH) 357 (4.19) 
40.9 5.6 17.9 

* Compounds 7c,d,f and 10d,e were purified by recry, stal!ization from hexane; compounds 8, 9a--g,k, and 17 were purified by 
recrystallization from a hexane--ethyl acetate mixture: compounds 7k,I and 9h,i were purified by recrystallization from ethyl acetate: 
and compound 91 was purified by recry.staltization from an ethyl acetate--methanol mixture. 

(DMSO-d6). 8:23.0 and 26.3 (C(2)Me 2, C(5)Me2): 69.1 (C(5)); 
79:7-I'C(2)): 93:1-(-:CCI=),  12?:3, 127:6:129:3; and--140:7 
(Ph): 165_1 (C(4)); 190.3 (C=O). l-Hydroxy-4-(1-cyano-2- 
oxo-2-phenylethylidene)-2,2,5,5-tetramethylimidazolidine (12). 
IH NMR (DMSO-d6), 6:1.43 and 1.51 (both s, 6 H each, 
C(2)Me 2, C(5)Me2): 7.50 Im. 5 H. Ph); 8.20 (br.s, 1 H, OH); 
11.40 (br.s, I H. NHt. )3C NMR (DMSO-d6), 8:23.0 and 25.7 
(C(2)Me 2. C~5)Me2); 66.8 (Cf5)); 81.I (C(2)): 73.7 (--CCN=);  
120.0 (CN): 127.3, 127.9. 130.8, and 139.3 (Ph): 173.7 (C(4)): 
191.3 (C=O). I3C NMR of a mixture of compound 12 and 
NaCN (DMSO-d6). 6:23.3 and 26.4 (C(2)Me 2, C(5)Me2): 69.4 
(C(5)): 83.7 (C(2)): 72.7 ( - -CCN=):  123.7 (CN): 127.4. 127.6, 
129.5. and 141.7 (Ph); 159.2 (CN-);  173.4 (C(4)): 189.2 (C=O). 

1 -Hydroxy-4-(3-tert-butyl-3-cyanooxiranyl-2)-2,2,5,5- 
tetramethyl-3-imidazo!ine (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 4 -h  .and-tben..concemrated.. The residue 
was diluted with water (2 mL) and he• (1 mL). Compound 
13e crystallized om upon triturating. The precipitate was filtered 
off, washed with water and hexane, and dried. IH NMR 
(CDCI3), 6 :1 .07 (s, 9 H, CMe3): 1.31 and 1.35 (both s, 
3 H each) and 1.41 (s, 6 H, C(2)Me2, C(5)Me2): 3.65 (s, I H); 
6.50 (br.s, I H, OH). ]3C NMR (CDC13), 3: 23.1, 25.3, and 
26.2 (C(2)Me 2. C(5)Me2); 24.6 (CMe3); 33.0 (CMe3); 53.7 
(CH); 62.3 (C(5)): 71.5 (C(2)): 92.0 (C--CN); 114.4 (CN): 
167.6 (C(4)). 

X-ray diffraction study of compound 10e was carried out on 
a Syntex P2I diffractome~er (Cu-Ks radiation, graphite mono- 
chromator, 20/0 scanning technique in the range 20 < 140~ 
A single crystal of 10e of dimensions 1.20•215 mm was 
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chosen for X-ray diffraction study. CD'stals of C34Hz~N302 are 
monoclinic: a = 6.064~) .s b = II,799(2) A, c = t0.~78(2) A, 
~l = 93.67(2)L V= 776,7(2) .,~, space group P2!, Z = 2, dcat c = 
1.130 gcm -3, ~ = 0.618 mm -I. Intensities of 1554 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 structural 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 F 2 using the SHELXL-97 program 
package to wR, = 0.1097, S = 1.060:173 parameters were 
refined (R = 0.0380 for 1505 F > 4o). 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. 

We t h a n k  the  Russian F o u n d a t i o n  for Basic Research 
(Project  No.  96 -07 -89187 )  for paying for the l icense for 
the Cambr idge  St ruc tura l  Database .  We also t h a n k  V. K. 
Khlestkin for helpful  discussion.  

References  

I. Ya. F, Freimanis, Khimiya enaminoketonov, enaminoiminov. 
enaminotionov [ Chem~str 3' of Enaminokerones, Enaminoimines. 
and Enaminothiones]. Zinatne, Riga, 1974, 276 pp, (in 
Russian ), 

2. V, A. Reznikov, T. t. Reznikova. and L. B. Volodarsky. Zh. 
Ore_ Khim., 1982, 18. 2t35 [J. Org. Chem. USSR, I982, 18 
(Engl. Transl.)}. 

3. V. A. Reznikov and L. B. Volodarsky, Khim. Geterotsikl. 
Soedin., 1990, 921 [Chem. Heterocycl. Compd., 1990 (Engl. 
Transl.)]. 

4_ V. A. Reznikov. L. A. Vishnivetskaya, and L. B. Volodarsky, 
lay. Akad. Nauk, Set'. Khim,. I993, 16[2 [Russ. Chem. Btdl., 
1993, 42, 1547 (Engl. Transl,)] 

5. V. A. Reznikov and k. B. Volodarsky, USSR Inventor's 
Certificate No. 1356400: B.vul. h.obr. [Bull Invent.l, 1988, 
No. 24, 271 fin Russian), 

6. V. A. Reznikov, T. I. Reznikova, and L. B. Volodarsky, /zv. 
Sib. Ord. Akad. Nauk SSSR, Ser. Khim. [Bull. Sib. Branch 
Acad. Sci. USSR. Div. Chem. Sci.], 1982, 5, 128 (in Rus- 
sian). 

7. L. B. Volodarsky, V, A, Reznikov, and V. 1. Ovcharenko, 
Synthetic Chemist~" of Stable Nitroxides, CRC Press, Boca 
Raton, 1994. 225 pp. 

8. R. W. Saalfrank, O. Struck. K. R. Nunn. C.-J, Lurz, 
R. Harbing, K. Peters, H. G. Von Schnaring, F. Bill, and 
A. X. Trautwein, Chem. Ber., 1992, 125, 2331. 
R, W. Saalfrank, O. Struck, K. R. Nunn. K. Peters, and 
H. G. Von Schnaring, Chem. Bet., 1993, 126, 837, 
E. A. W. Rijk, G. I. Tesser, J. M. M. Stairs, and P. T. 
Buerskens, J, Crystallogr. Spectrose. Res.. 1990, 20. 625. 
F. H. Alien. O. Kenard, D. G. '~atson. L, Bramer, A. G. 
Orpen, and R. Taylor, J, Chem. Soe., Perkin Trans. 2, 
1987, 1. 
N. De Kimpe and R. Verhe, The Chemistry ofct-Haloketones, 
ct-Haloaldehydes, and ce-Haloimines, Eds_ S. Patai and 
Z. Rappoport, Wiley, Chihester, 1998, 496 pp. 
I. A. Grigor'ev and i .  B. Volodarsky, L:v. Akad. Nauk 
SSSR. Set. IGlm)., 1978, 208 [Bull. Acad. ScL USSR. Div. 
Chem. Sci., 1978.27, 182 (Engl. Transl,)]. 
V. A. Reznikov, I .  B. Volodarsky, T. V_ Rybalova, and 
Yu. V. Gatilov, [z,v. Akad. Nauk, Set'. Khim., 2000, 103 
[Russ. Chem. Butt., 2000, 106 (Engl. Transl.)l, 

9. 

10. 

11. 

12. 

13. 

14. 

Received July 28. 1999; 
bt revised form January 11. 2000 


