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Synthesis and oxidation of 1-hydroxy-3(2)-imidazoline-derived enaminones 

V. A. Reznikov* and L. B. Volodarsky 
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9 prosp. Acad. Lavrent~va, 630090 Novosibirsk, Russian I:~deration. 
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Interaction of I-hydroxy-3-imidazoline and 3-imidazoline 3-oxide derivatives with este~ 
in the presence of LDA gives enaminones, derivatives of imidazolidine. Oxidation of these 
compounds with MnO 2 leads to 4H-imidazole N-oxides, oxidative dimerization products, or 
stable nitroxyl radicals, depending on the structure of the initial compound 

Key words: 3-imidazoline, enaminone, 4H-imidazole oxide, oxidative dimerization, 
nitroxyl radicals. 

Nitroxyl radicals are known to be stable when there 
are no hydrogen a toms at the ~z-carbon atom of  the 
nitroxyl group. Stable nitroxyl radicals containing a 
d iphenylmethyl  group as one of  the substi tuents at the 
nitroxyl group are an exception to this rule. t l rnino- 
nitroxyl radicals 1 (n = 0) with a hydrogen atom at 
posit ion 2 of  the heterocycle  (R = H) are stable and can 
be isolated in the individual state, z,3 Structures like 1, ira 
which subst i tuent  R I or R 2 is H, are unstable because 
the spin densit ies  at the imine and nitroxyl n i t r o g e n  
a toms are comparable .  For  example ,  when imidazol ine 
2 obtained by the reduct ion of  4H- imidazo le  3-oxide 3 
is oxidized with MnO 2, PbO 2, or K3Fe(CN)6,  4 the 
start ing imidazole  is obtained rather  than nitroxyl radi- 
cal 1 (R = R 2 = Ph, R I = H) (Scheme I). 
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The purpose o1" the present work is to cont inue the 
study of  possibly stable nitroxyl radicals,  in part icular,  
iminon i t roxy l  (n = 0) and n i t ronyln i t roxyl  radicals  

(n = I), in which the ~nvironment of  the nitroxyl group 
is unusual 

The f~lct tound by us that enaminones  derived [rom 
2 ,2 ,5 ,5- te t ra rne thyl imidazol id in- I -oxyl  exist exclusively 
as the enolized (possibly enaminone)  form 5 made it 
possible to expect that compotmds  5 would also exist ill 
the same tautomeric  {orm and, therefore,  could be 
converted by oxidat ion into stable iminonitroxyl  radicals 
of type A (Scheme 2). Compou; . a s  5 are formed in the 
reaction of  imidazol ine 4 with esters in the presence of  
l i thium di isopropylamide (LDA) (cf Ref. 6). According 
to IH and 13C N M R  spectra,  compounds  5 actually 
exist ira the enaminone  tautomeric  form; however, their  
oxidation gave no stable nitroxyl radicals. 

In filet, oxidation of enaminone  5b affords com-  
pound 6b, whose IR spectrum exhibits no absorption 
band due t o a c a r b o n y l g r o u p ,  and the 13C N M R s p e c -  
trum contains  signals at 13474 and 167£6 ppm, corre-  
sponding to the C-2 attd C-5 a toms in the 4H- imidazole  
3-oxide~molecule .  The IH N M R  spectrum of  com-  
pound 6b exhibits a signal at 11 2 3  ppm, corresponding 
apparent ly to a proton involved in an mtramolecula r  
hydrogen bond. Based on these data,  the structure of a 
4H-int idazole  derivative in which the oxo group is 
enolized both in solution and in the crystall ine state was 
attr ibuted to compound  6b~ 

Oxidat ion of enaminone  5a with MnO2 for I rain 
gives 4H- imidazole  6a, whose structure is similar to that 
of  6b. Following more prolonged oxidat ion,  compound  
6a is quanti tat ively converted into compound  7 Accord-  
ing to the data of e lemental  analysis and ebull ioscopic 
molecular  weight de te rmina t ion ,  the latter compound  
results from oxidative d imer iza t ion ,  which is also in 
agreement  with its spectroscopic  characterist ics.  It is 
noteworthy that oxidative d imer iza t ion  is a fairly well 
known process for []-oxonitrones,  7 whereas enaminones  
do not undergo this react ion t inder the given condi t ions  
(~f Ref. 8). This difference is probably due to the tilct 
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that []-oxonitrones are capable of existing in the enehy- 
droxylaminoketone tautomedc form, 9 in which the hy- 
droxylamino group is readily oxidized to a nitroxyl 
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group, and then recombination occurs. Conversely, the 
amino group incorporated in an e na mi none  group can- 
not be oxidized to a nitroxyl group under  these condi-  
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tions. The oxidat ion of  compound  6a to give dimer  7 
obviously occurs through tautomeric  form A, which 
incorporates  a hydroxylamino group susceptible to oxi- 
dat ion.  T h e  resulting nitroxyl radical B is unstable,  
probably,  due to effective delocal izat ion of  spin density° 
This is why radicals D undergo recombinat ion ,  which 
ends with the formation of  d imer  7 (Scheme 3). 

We were not able to oxidize compound  6b to the 
corresponding d imer  7b. It should be noted that oxida- 
tion of  []-oxonitrones can yield at lea~t two different 
dimers:  e thane and ethylene type compounds  Com-  
pound 7 is a d imer  of  the e thane type. The oxidation of 
enaminoes ter  5c afforded neither monomer  6c nor ethane 
type d imer  7c. In this case, the reaction gave dimer  8 of  
the e thylene t y p e  Ni t roenamine  9 ,1br ined  in the reac- 
tion of  imidazol ine  4 with methyl nitrate under  the 
condi t ions  described previously, I° is readily oxidized by 
MnO2; however,  we were not able to isolate any reac- 
tion products  

[t could be expected that the presence of  a substitu- 
ent at the enamme  carbon atonl in the enaminone  
molecule  would prevent recombinat ion ,  and the corre- 
sponding nitroxyl radicals (B) would be stable. In order 
to verify this suggestion, we prepared enaminone  I ! by 
the react ion of  imidazol ine  10 with ethyl benzoate  
(Scheme 4); however,  in this case, too, no oxidation 
product  was isolated. 

It is of  interest that unlike enaminones  4, compound  
I !  exists in CDCI  3 solution as a mixture of  an enami-  
none form and two diastereomeric  oxoimine  tautomeric  
forms, which is indicated by the complex mult iplet  at 
4.4 ppm corresponding to the methylene proton and the 
doublet  at 1.51 ppm due to the methyl group. The ratio 
between the enolized and nonenolized torms is - 2 : I. 

It may have been expected that ni tronylni troxyl  radi- 
cals could be obtained by the oxidation of  the products 
of  the condensat ion o[  hydroxy-3- imidazol ine  3-oxide 
12 with esters. However, instead of the expected []-oxoni- 
trone 13, the reaction of 12 with ethyl benzoate  gave a 
small amount  of  the product of its dehydrat ion,  4H- imi -  
dazole 14, in which the oxo group is also enolized,  
according to the NMR spectral data (Scheme 5 )  

"The condensat ion of l - hyd roxy -2 - imid~o l ine  15 with 
ethyl benzoate  results in compound 16, which can be 
regarded as a []-oxonitrone or enaminone  According to 
tH and 13C N M R  spectral data, in a DMSO solution,  
compound  16 exists exclusively as the tautomeric  fort31 
with an exocyclic double bond, as shown in Scheme 5. 
Oxidat ion of  16 leads to mtroxyl radical 17, which was 
obtained and character ized as an individual compound ,  
although it readily decomposes  on a t tempted  isolation 
or during chromatography.  The IR and UV spectra of 
compounds  16 and 17 are similar. B ~ e d  on this fact, 
one could have assumed that they exist in the same 
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t a u t o m e r i c  R~rm; however ,  the  E SR s p e c t r u m  of  radical  
17 ( E t O H )  is a t r ip le t  o f  t r ip le ts  wi th  H F C  c o n s t a n t s  

a(Ni) : :  9 0  G s  and  a~N;!, 1 = 4.4 Gs ,  w h i c h  largely co r r e -  
s p o n d s  to  t he  s t r u c t u r e  of  i m i n o n i t r o x y l  radica l  (B)  ( c f  
Ref. 3). 

A n o t h e r  s tab le  i m i n o n i t r o x y l  rad ica l ,  18, c o u l d  be 
o b t a i n e d  by the  i n t e r a c t i o n  o f  e n a m i n o n e  5a  wi th  h y -  
d r o x y l a m i n e  fo l lowed  by ox ida t ion .  H o w e v e r ,  t he  in te r -  
a c t i o n  o f  c o m p o u n d  5a  wi th  h y d r o x y l a m i n e  yields  pyr-  
ro l ine  20  r a t h e r  t h a n  ox ime  19 ( c f  Ref. 11). l m i n o -  
n i t roxy l  rad ica l  18 was o b t a i n e d  by the  r e a c t i o n  of  
4 H - i m i d a z o l e  6a wi th  h y d r o x y l a m i n e  fo l lowed  by ox ida -  
t ion  ( S c h e m e  6). 

Experimental 

I R spectra were recorded on a Specord M-80 spectrometer  
in KBr pellets (at a concentrat ion of 0.25 %) or in CCI 4 and 
CHCI 3 solutions (at a concentrat ion of 5 %). UV spectra were 
measured on a Specord UV-VIS spectrometer  in ethanol,  I | t  
and 13C N M R  spectra were obtained on a Broker AC-200 
instrument  at 300 K (in 5 ~:~ solutions) Chemical  shifts were 
obtained relative to the signal of the solvent. Characteristics of 
the compounds synthesized are presented in Table l , a n d  NMR 
spectral data are listed in Tables 2--4~ 3-1midazoline 10 was 
obtained by a known procedure, tz and 3-imidazoline-3-oxide 
12 was prepared by a previously reported procedure 13 

l-Hydroxy-4,5,5-trimethyl-Z-phenyl-3-imidazoline (4), A 
25% aqueous solution of ammonia  (4 mL) was added to l 
solution of 2-hydroxyamino-2-methylbutan-3-one  hydrochlo- 
ride (3.1 g, 20 retool) and benzaldehyde ( 2 4  m L  24 mmol) 
in methanol  (15 mL). Alter 2 h, tire reaction mixture was 
diluted with water (20 mg)~ The precipitate of irnidazoline 5 
was filtered off and washed with water and hexane. IH NMR 
(CD3OD),  6 : 1 2 7  (s, 6 H, 5-CH3), 1.34 (s, 6 H, 5-CH3), 
206  (d, 3 H, 4-CH3~ J = 2 Hz), 538  (q, I H, 2-H, J = 
2 Hz), 74 (5 H, 2 Ph) 

I - Hydroxy- 5,5-dimethyl-4-phenacylidene-2- phenylimida- 
zolidine (5a). Thoroughly pulverized imidazoline 5 (I g, 
5 mmol) was added with stirring under argon to a solution of 
l i th ium di isopropylamide prepared from l i th ium (028 g, 

40 nlnlOi),bromobenzenel2 1 mL. 20 nmlol), md diisopropy- 
lamine (2.5 mL) in 30 mL of ether The mixture was stirred 
for 2 h at 20 °C and cooled to 0 '~C, and a solution of ethyl 
benzoan "~ ! m L  15 mmoi) in 5 mL of ether was added Tire 
mixture was stirred ['or an additional 15 min at 20 °C, and 
15 mL of water was added. The ethereal layer was separated, 
and the aqueous layer was extracted with CHCI 3 (2×20 mLL 
The combined extracts were dried with MgSO4, the solvent 
was evaporated, and enaminone 5a was isolated by chromatog- 
raphy on a column with silica gel using CHCI 3 as the eluent. 

The reaction of imidazoline 10 with ethyl benzoate under 
shnilar conditions gave enaminone !1, which was isolated by 
chromatography on a column with silica gel using a 4 1 
hexane--ethyl  acetate mixture as the e l u e n t  

1- Hydroxy- 5,5-dimethyl-4- (3,3,3-trifluoroacetonilidene)- 
2-phenylimidazolidine (Sb) was prepared by the reaction of 
irnidazoline 4 with ethyl trifluoroacetate under  the condi t ions  
described above  The combined extracts were concentra ted 
without drying, the residue was washed with hexane,  and the 
precipitate of enaminone  5b was filtered off and washed with a 
2 : [ hexane--CHClg mixture 

4- Ethoxycarbonylmethylidene- I -hydroxy-  5 ,5 -d ime thy l -  
2-phenylimidazolidine (Se) was prepared by the reaction of 
compound 4 with diethyl carbonate under  the condi t ions 
described for enaminone  5a and isolated by chronmtography 
on a column with silica gel using a 4 I hexane-~ethyl  acetate 
mixture as the e l u e n t  

5 - (2 -  Hydroxy -2 -pheny le theny l ) -4 ,4 -d ime thy l -2 -pheny l -  
4H-imidazole 3-oxide (6a). A solution of enaminone  4a (0  3 g) 
in 10 mL of CHCI~ was stirred with MnO 2 (I g) for I rain, 
the excess oxidant was filtered oil, and the solvent was evapo- 
rated Compound  6a was isolated by chromatography on a 
column with silica gel using a CI tCI3- -nmthano l  mixture 
(30 : I) as the e luen t  Thirty minutes of oxidation afflarded 
b i s [4 ,4 -d ime thy l -5 -  ( p h e n a c y l - 2 - y l ) - 2 - p h e n y l - 4  H- imidazole  
3-oxide] (7), which crystallized after the CHCI 3 was evapo- 
rated and the residue was triturated with h e x a n e  

When enaminone  4b was oxidized with MnO? for 15 rain, 
4H-imidazole 6h was obtained and isolated as described above 
for compound 6a. To obtain dimer g, oxidation of" enami-  
noester 4c was carried out for 20 h at 20 °C, and the target 
product was isolated by chromatography on a column with 
silica gel using CHCI 3 as the e luen t  
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I-Hydroxy-5,5-dimethyl-4-nitromethylidene-2-phenylimida- 
zolidine (9). Thoroughly pulverized imidazoline 4 (1 g, 5 mmol) 
was added with stirring to a solution of phenyllithium prepared 
from lithium (0.28 g, 40 mmol) and bromobenzene (21 mL, 
20 retool) in ~5 mL of ether. The reaction was carried out 
under argon. The reaction mixture was stirred for 2 h and 
cooled to - 1 0  °C, and a solution of methyl nitrate (095 mL, 
15 mmol) in 3 mL of ether was added to iL The mixture was 
stirred for an additional 30 min at 20 °C, and water (5 mL) 
was added  The mixture was kept for I h at 0 °C, and the 
precipitate of the Na salt of the act-form of compound 9 was 
filtered off and washed with a small amount of ice water and 
with ether. The precipitate was dissolved in 5 mL of water at 

50--60 °C, the sohition was cooled to I0 °C and acidified 
with 5% HCI to pH 3, and the precipitate of nitroenamine 9 
was filtered off and dried. 

5- (2- Hydroxy- 2-phenylethenyl)-4,4-dimethyl- 2-phenyl- 
4H-ImidLzole I-oxide (14). Thoroughly pulverized imidazoline 
12 (I ~5 g, 684 retool) was added portionwise with stirring to a 
solution of lithium diisopropylamide prepared from lithium 
(038 g, 548 mmol), bromobenzene (29  mL, 274 retool), 
and diisopropylamine (35 mL, 25 mmol) in 40 mL of ether. 
The reaction was carried out under argon The mixture was 
stirred for 2 h at 20 ° C  ethyl benzoate (24 mL, 171 retool) 
was added, and stirring was continued for an additional I h. 
The reaction mixture was quenched by adding water (15 mL), 

Table I. Characteristics of the compounds synthesized 

Coin- Yield M p.a Fot k ~  _ Molecular 
pound (%) /°C Calculated (%) formula 

C H N 

IR, UV, 
(K Br), v /cm-i  Z,n:~×/nm (log e) 

4 ~100 186--188 ~ 7._8 ~ CI2HI~,N20 
70.6 7.9 137 

5a 75 193--195 7L9 6§  ~:.1. CI~H?oN20? 
74.0 65 91 

5b 90 244--246 558 5~ ~ C/4H 15F3N202 
56. I 5.0 93 

5c 60 175--178 654 L2 ]_0_.4 CI5tt2oN203 
652 72 101 

6a 90 166--167 74.3 ~ 9~  CIgH|gN202/' 
74,5 5.9 9"2 

6b 60 128--131 5 6 [  41  ~ CI4HI3F3N202 
56.4 4A 94  

7 90 e " 214--216 7.3.~ 
733 

8 45 229--230 66,1 
662 

5.6 ~ C38H34N404" H20b 
5.6 90  

10A C3oH32N206 
59  10B 

9 45 198--201 57 7 60  I§~ CI2HIsN30~ 
57S 60  169 

II 25 175--177 74.8 7~) 8.2 C2oH22N20 2 
745 6.8 89 

14 25 142--145 748 5~  9~ CIgH i~;N20? 
745 59 92 

15 65 255--257 77~_[ Z,3 ~ CIsH2oN20 
77.2 7.1 10.0 

16 40 224--226 ~ 65  608 C25|124N202 • H20 
747 6 5 7 0 

17 90 124--127 -- -- 7_0 C25H23N202 
73 

18 50 140--142 70~ ~ ~ CIgHIgN30 ? 
704 56 13.0 

1645 (C=N) 

1525, 1580, 1620 
(O=C-oC=C--N)  

1540, 1600 
( O = C - - C = C - - N )  

1605, 1665 
( O = C - - C = C - - N )  

1545, 1580, 1620 
(O=C, C=N) 

1550, 1575, 1640 
(O=C, C=N) 

1670, 1595 
(C=N),  1680 
(C=O) 

1740 
(C=O) 

1620, 1590 
( N - o C = C - - N O )  

1575, 1600 
( O = C - C = C - N )  

1635 (C=C~ 
C=N) 

1620 (C=N) 

243 (393), 
348 (4.28) 

316 (432) 

280 (4.42) 

243 (4.22), 
298 (4.26), 
402 (4.26) 

235 (4.04), 
242 (4.03), 
299 (4.23), 
402 (4~05) 

261 (4.58), 
348 (4~06) 

233 (4.26), 
252 (423), 
304 (4.34), 
470 (402) 

336 (433) 

344 (4.40) 

229 (4~15), 
264 (4.19), 
398 (4.16) 

250 (3.10) 

1520, 1575, 1605 238 (406), 
( O = C - - C = C -  N) 334 (4039) 

1520, 1585, 1600, 247 (403), 
1615 343 (404) 
( O = C - - C = C - - N )  

1535 tC=N),  259 (4,33), 
1600 (C=C) 442 (3ol I) 

a Compounds Sa, 7, and 9 were purified by recrystallization from ethanol, compounds 5b,c, 6a, 11, and 16 were recrystallized 
from a hexane--ethyl acetate mixture, 6b was recrystallized from hexane, 14, 18 from heptane, and 4 from ethyl acetate. 
b Molecular weight in CHCI 3, found/calculated: 308/306 (6a), 611/610 (7) 
c The yield is based on enaminone 51 
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Table 2. The 13C NMR spectra of I-hydroxyimidazolidines 

R 

6 ~ 4  3 /H  

I 
OH 

C o m -  8, J /Hz  Solvent 
pound C-2 C-4 C-5 C-6 (CH3) 2 2-Ph R 

5a 7955 170.30 6785 8353 18.82, 1400, 13885 (Ph,p~o), 
2437 126 86--130 12 (m. 2 Ph) 

5b 8373 16647 7156 9042 1756, 14244 (Ph,,.~o), 12884, 
25 II 12893, 12950 

5e 7626 16699 6760 7893 1901  13754 (Ph,p~o), 128 19, 
2373 12843, 12935 

9 81(14 16357 67 96 105 34 1887. 13782 (Phmso), 128 14, 
2420 12836. 12890 

I I  7944 179 54 6917 9365 1606, 1 2 6 8 8 - 1 4 2 4 0  (rm 2 Ph), 
9178" 167 15" 7275" 4525" 2473, 
91 ()7" 44 15" 16 92," 

2361 ° 

18860(C=O)  

178 34 (C=O) 
12165 (CF3, q, J ~: 285) 

170 52 ( ( ' = 0 )  
58~8. 14 38 (OC2t15) 

196 61, 19760" 
(C=O}, 14 38 
15 46"  23 92 
"(Ctt .~} 

DMSO-d~ 

[)MSO-d~, 

DMSO-d~, 

C DCI :~ 

* Signals of tile keIo tbrm 

Table 3. H NMR spectra of Iqlydroxyimidazolidines 

a 

I 
DH 

Corn- 8, J/ftz Solvent 

pound (CH?,)2 --CH = 2-tt Ph R Other 
signals 

~a 

5b 

5c 

9 

II 

34 (3 H), 597 533 74 m, 
40 (3 H) 79  m 

2 3 ( 3  H). 535 513 7 3 - - 7 6  m 
34 (3 H) 

.01 (3 H), 511 449 7.35 m 
21 (3 H) 

31 (3 H), 6 79 537 746 m 
133 (3 H) 

I 38 (6 II), 44  537 74 m. 
093" ,  095,* (m I It)" 79 m" 
I 09", I 07 

1.21 (t, 3 H, Y = 75),  
403 (q, 2 H, Y = 7.5) 

809 (OH)  
1005 (NH 

561 (brs.  H, OH), 
7.75 (brs,  kt. OH) 

821 (OIt }, 
9 84 (NIt) 

188 ( . 3 1t. CH3), 
I 51 (d, 3 tl ,  J = 5) 
113 (Nil)  

DMSO-d~, 

D M S O - d ~ 

CDCI 3 

DMSO-d~ 

CDCI 

* Signals of the ke to- fbrm 

and the ethereal layer was separated and extracted with a I% 
aqueous sohltion of K O H  Tile combined aqueous solutions 
were washed with ether (2 ×10 ink), acidified with 5% HCI to 
pit 3, and extracted with CHCI-~ (4×20 m L ) T i l e  extract was 
dried with MgSO 4, the solvent was evaporated, the residue was 
diluted with a I : I nlixture ol  ether with hexane, and tile 
precipitate of tile starting imidazoline 3-oxide 12 (weight 
08  g) was filtered off and washed with e the r  Compound 14 
was isolated from the filtrate by chromatography on a column 
with silica gel using CHCI 3 as the eluent 

I - H y d r o x y -  2 , 4 , 4 -  t r imethy l -  5 , 5 -  d ipheny l -  2 - i m i d a z o l i n e  
(15). Thoroughly pulverized 2A,4-trimethyl-5-phenyl-4H-imi~ 
dazole  I-oxide I'l (0.6 g, 3 mmol) was added under argon to a 

solution of phenylli thmm prepared from lithimn (013 g, 
18 retool) and bromobenzene (095 mL, 9 retool) in 25 mL 
of e ther  The reaction m~xture was stirred for 3 h and quenched 
with l0 mk of water  [-he precipitate of imidazoline 15 wls 
filtered off and washed with water and hexane 

1- l l ydroxy-4 ,4 -d imethy l -2 -pbenacy l idene-  5 ,5-  dipbenylimi- 
dazolidine (16).Thoroughly pulverized imidazoline 15 ( I  12 g, 
4 retool) was added with stirring under argon to a solution 
prepared from lithimn (022 g. 32 retool), bromobenzene  
(I 7 mL, 16 mmolL and diisopropylamine (2 mL, 14 mmol) 
in 20 r n L o t  e the r  The mixture was stirred for 2 h at 20 °C, 
and ethyl benzoate (086 mL, 6 mmol) was a d d e d  The mix- 
ture was stirred for an addit ional  2 h, water (10 mL) was 
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Table 4. 13C and IH N MR  spectra of 4H-imidazole oxide derivatives 

0 

N -  

O 

Con> i3C t t 

pound C-2 C-4 C-5 Ph (CH3) 2 R (CH3) 2 R 

Solvent 

6a 137 53 7631 16549 

6b 13474 7704  16765 

7 14360 8270  17548 

8 14581 62 44 16497 

14 172,30 7073 157 17 

23 29-- 
3703 m 

2524,  
25 93, 
29 05,  
3178 

2669- -  
3614 m 

(4 Ph) 

24 91 8958 (CH=) ,  
18696 (CIt : C - O H )  

2478 86 26 (CH=) ,  
17881 (q, 
C H : C - - O H ,  d = 35), 
11808 (q, CF3, d = 145) 

21 58 19519 ( C = O )  
22.44 49 19 (CH) 

2667,  2231 13 67 {C[13L 
2823,  83 00 (CH2OL 
2847,  131 39  (C=),  
30,68 16914 (C=O) 

2 6 6 4 - -  2618 85,28 ( C t t = L  
3163 m 182,98 ( e l i = C - O H )  

169  

I 6 8  

I 00  
(s, 6 H). 
I 56 
(s, 6 It) 

159 

150 

615  (s, I H, C H : ) ,  CDCI 1 
7 5 m, 7 9 m, 8 4 m 

5 79 (s, I tl ,  CH=) ,  CDCI 3 
75 ,  8 3  (both m PhL 
I I 23 (brs ,  I H, Ol t )  

646  (s, 2 H), 7 5  n< DMSO-d{, 
8 1 m (4 Ph) 

t 14 (t, 3 tt ,  CDCI 3 
CI |3CH 2, d := 7), 
422  (q, 2 I-|, g'113Ct12 
J ..... 7), 745 ,  

55 (both m, Ph) 

580  (s, I H, CH=) ,  CDCI~ 
738--8 .25  (10 H, Ph 2) 
1610 (brs ,  I H, OH) 

added, the ethereal layer was separated, and the aqueous layer 
was extracted with Ct iCI  3 (3×20 m L )  The combined extracts 
were dried with MgSO 4, the solvent was evaporated, the 
residue was washed "with hexane, and the precipitate wls 
filtered off. Compound  16 was isolated by chromatography on 
a column with silica gel using CHCI 3 as the eluenL IH NMR 
(DMSO-d6) ,  6: I 17 (s, 6 H, (C1t3)1), 5~70 (s, 1 H, CH=) ,  
7.4 (m, 13 H), 785  (m, 2 H, (C6H5)3), 9.35 (brs ,  I H), 968  
(br.s, I H, O1t, NH).  13C N MR  (DMSO-d6),  8 : 2 5 8 2  (CHJ2 ,  
63.27, 80.31 (C-4, C-5).  7521 (CH=) ,  12630- -14055  ( m  
(C6tt5)3), 164.71 (C-2),  18404 ( C = O )  

4,4- Dimelbyl- 2- pbenacylidene- 5,5-diphenylimidazolidine- 
I-oxyl (17). A solution o f imidazo l ine  16 (0 I g) in 5 mL ol  
CHCI 3 was stirred with MnO 2 ( 0 2  g) for 15 man, the excess 
oxidant was filtered off, and the solvent wls evapormed to give 
nitroxyl radical 17 

4- Hydroxyimino-5,5-dimethyl-2- phenylpyrroline I-oxide 
( 2 0 ) . A s o l u t i o n o f e n a m i n o n e 4 a ( 0 . 5  g, 16 retool), hydroxy~ 
lamine hydrocMoride  (051 g~ 7 3 retool), and CH~ONI  
(0.28 g, 5 2  retool) in 20 mL of methanol  was kept for 48 h 
at 20 °C and then evapora ted  A saturated aqueous solution of 
NaCI (10 mL) and then hexane (10 mL) were added to the 
residue, and tile precipitate of oxime 20 was filtered off and 
washed with a mixture of ether and hexane (1 2), yield 
027  g (75  %)+ rap+ 168 - 170  '~C(ethylaceta te) ,  see Re[  15 
168--170 '+C 

5,5- Dimethyl- 2-phenyl- I-oxyl-l-imidazoline-4-spiro- 5"-(T- 
phenyl-2"-isoxazoline) (18). A solution of imidazole 6a (033 g, 
1,08 retool), hydroxylamme hydrochloride (0 38 g, 5~4 retool), 
and CH3ONa (018  g, 3 2  retool) in methanol  (10 mL) was 
kept tbr 21 days at 20 °C and then evapora ted  The residue 
was diluted with 10 mL of water, and the precipitate of 

compound 19 was filtered of L dried, and dissolved in CHCI 3 
(10 m E )  The solution was stirred for 15 man with MnO~ 
(1 g). The excess oxidant was filtered off, the solvent was 
evaporated, and radical 18 was isolated by chromatograplly on 
a column with silica gel using a mixture of hexane with ethyl 
acetate (3 : I ) a s  the eh len t  
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