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Synthesis and properties of N-[l-hydroxyimino-2-methyl- 
1- (2- pyridyl)prop- 2-yl] hydroxylamine and 

heterocyclic derivatives based on it 
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N-II-Hydroxyimino-2-methyl-l-(2-pyridyl)prop-2-yl]hydroxylamine, a new representa- 
tive of the series of ct-hydroxytamino oximes, was synthesized. Based on this compound, 
3-imidazoline 3-oxide and 2-imidazoline 3-oxide derivatives were obtained, and some of  
their chemical properties were investigated. 
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pyridine. 

~x-Hydroxylamino oximes  (HAO) have found appli-  
cation in the synthesis o f  nitroxyl radicals of the 
3-imidazoline 3-oxide t and 2- imidazol ine  3-oxide z se- 
ries, which are used as spin labels, probes, 3 and para-  
magnetic ligands in the chemis t ry  of coordinat ion com-  
pounds. 4 In addit ion,  H A O  are initial compounds for 
the preparation of  1 ,2-diazet ine  1,2-dioxide deriva- 
tives, which are nitrogen ox ide  donors. 5 Synthesis o f  
HAO containing a lky la romat ic  and alkylheteroaromatic 
substituents at the C atom o f  the oxime group is based 
on the interaction of  the cor responding  et-haloketones 
with free hydroxylamine. 6 T h e  first stage of  this synthe- 
sis involves Fr iede l - -Craf t s  acylat ion of  aromatic com-  
pounds with isobutyryt ch lo r ide .  However, this method 
for the preparation of  he ta ry l  isopropyl ketones is inap- 
plicable to compounds that  are deactivated with respect 
to electrophil ic subst i tu t ion,  in particular,  to pyridine. 
In view of  the interest of  researchers  in the chemistry of  
pyddines,  7-9 heterocycl ic  N-oxides ,  t0-12 and imidazo- 
line nitroxyl radicals, z it s e e m e d  timely to synthesize a 
HAO containing a p y r i d i n e  moiety and some of its 
heterocyclic derivatives. I n  our opinion, HAO with a 
2-pyridyl group would be t he  most promising, since it 
may serve as the starting c o m p o u n d  for the preparation 
of imidazoline derivatives, resembling topologically some 
well-known complexones such as 2,2"-bipyridine and 
1, I 0-phenanth roline. 

The high reactivity o f  nitriles towards Grignard 
reagents and the access ib i l i ty  of 2-cyanopyridine (which 
is produced on an indus t r i a l  scale) made it possible to 
choose the latter as the  starting compound in the 
synthesis of 2-pyridyl isoloropyl ketone (1) (cf. Refs. 13 
and 14). 

The interaction of a small excess of isopropyl- 
magnesium bromide with 2-cyanopyridine followed by 

hydrolysis of the ketimine salt t h u s  formed gave ke tone  
I in an -80% yield. Brominat ion o f  the latter c o m -  
pound  and t reatment  of the resu l t ing  c t -bromoketone Z 
with an excess of  free hydroxylarnine led to the c o r r e -  
sponding a-hydroxytamino o x i m e  3 (Scheme 1). T h e  
tH N M R  spectrum of compound  3 (in DMSO),  in 
addi t ion to the signals for the a r o m a t i c  protons and the  
gem-dimethyl group at 8 1.19, e x h i b i t s  signals for the  
protons of the oxime (8 10.71) a n d  hydroxylamine (8 
7.10 and 5.69) groups. 

Scheme 1 
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Heating HAO 3 with a c e t o n e  in the presence of 
dilute HCI as a catalyst affords 3 -  imidazoline 3-oxide (4) 
in a high yield; oxidation of the :  latter compound with 
PbO2 in chloroform yields nitrox3d radical E (Scheme 2). 
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The reactions of HAP 3 with formalin, benzaldehyde, 
p-(cetyloxy)benzaldehyde, and 3-pyridinecarbaldehyde 
in an ethanolie solut ion lead to the corresponding 
3-imidazoline 3-oxides 6, whose oxidation with PbO 2 in 
chloroform affords 4H-imidazole 1,3-dioxides 7, and 
whose oxidation in methanol leads either to nitroxyl 
radical 8 containing methoxy groups in position 2 or to 
nitronylnitroxyl radicals (NNR) 9 (cf Ref. 15). Oxida- 
tion of 4H-imidazole 1,3-dioxide 7d with PbO 2 in etha- 
nol, saturated with NH 3, occurs smoothly to give NNR 
10d, containing an amino grotto at the ct-C atom of the 
nitroxyl group. 16 It is noteworthy that the condensation 
of HAP 3 with formalin yields initially semiacetat !! ,  
whose recrystallization from methanol gives N-hydroxy 
derivative 6a (see Scheme 2). 

The reduction of radical 5 with a solution of H~S in 
methanol  leads to 3 - imidazo l ine  3-oxide (12) 
(Scheme 3). An at tempt to alkylate secondary amine 
12 with a mixture of formic acid and formaldehyde did 
not lead to the expected N-methyl derivative 13; in- 
stead, it gave another  compound,  whose IR spectrum 
contained no band corresponding to vibrations of the 

C- -H bond in the NMe g roup ,  and whose IH NMR 
spectrum exhibited a b r o a d e n e d  triplet at 8 3.53 and a 
doublet at ~5 4.72. Relying on these data, this  product 
was identified as imidazol ine  14. Thc formation of 
compound 14 can be e xp l a i ne d  by hydrolysis of the 
imidazoline ring in an ac id ic  medium followed by 
condensation of the a m i n o - o x i m e  15 thus formed with 
excess formaldehyde occur r ing  in the reaction mixture. 
This low hydrolytic s tabi l i ty  of imidazoline 12 may be 
due to the presence of t w o  electron-withdrawing cen- 
ters in its.molecule, viz., t h e  nitrone group and  the N 
atom of the pyridine r ing .  This weakens the bond  
between the N atom of t h e  nitrone group a nd  the C 
atom in position 2 of the imidazoline ring and  facili- 
tates tt~e ring opening. Apparen t ly ,  these factors are 
favorable for the formation of nitrone 16 dur ing the 
nitration of I -hydroxy-2,2 ,5 ,5- te t ramethyl-4-phenyl-  
3-imidazoline 3-o• ( s ee  Experimental). Compound  
13 was obtained by t r e a t m e n t  of imidazoline 12 with 
methyl iodide in isopropyi alcohol. 

The addition of R M g X  to nitrones followed by 
oxidation of the resulting stericat ly hindered hydroxyl- 
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amines is known to lead t o  nitroxyl radicals. 17 In the 
case of  pyridylnitrone 13, t h e  addition of RMgX could 
afford nitroxyl radicals, in which the mutual arrange- 
ment of  the nitroxyl g roup  and the main donor site, 
viz., the N atom of  the pyr id ine  ring, would be favor- 
able for complex format ion.  4 In fact, nitroxyl radicals 
17 were obtained by t rea t ing  imidazoline 13 with a 
small excess of RMgX (R = Ph, Me) (see Scheme 3). 

ct-Hydroxylamino ke tones  are initial compounds for 
the synthesis of  3 - imidazo l ine  derivatives and, in addi- 
tion, they possess neuro t rop ic  activity, t8 These com- 
pounds are usually ob ta ined  by acid hydrolysis of the 
corresponding HAO. I H o w e v e r ,  heating compound 3 
in dilute or in concen t r a t ed  HCI, or in methanol satu- 
rated with HCI, led e i ther  to the recovery of the initial 
HAO or to resinification o f  the reaction mixture. Obvi- 
ously, this is due to the basic  N atom of the pyridine 
moiety being located c l o s e  to the oxime group; this 
hampers protonation of t h e  oxh,, ,  N atom, which is the 
first step of the hydrolysis.  The attempt to hydrolyze 
HAO 3 by a mixture of  HCI  with formalin unexpect- 

edly gave a compound whose I N  spectrum, along with  
the absorption band due to the C = O  group, exhibited a 
band corresponding to the s t re tch ing  vibrations o f  the 
C = N  bond, while the IH NM R spectrum conta ined 
signals for methylene protons man i f e s t ed  at 15 6.55 and 
6.90 as an AB system (5 >> ,/), in  addi t ion to the s ignals  
of the geminal methyl groups a n d  the aromatic ring. 
Based on this data, this p roduc t  was identified as 
methylenenitrone 18 (Scheme 4 ) .  

Scheme 4 
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ct-Hydroxylamino ketone 19 was obtained by acid 
hydrolysis of  imidazoline 6a (see Scheme  4). Recently,  
another  method for the synthesis of  this compound has 
been proposed. 19 

Experimental 

IH and 13C NMR spectra were recorded on Bruker WP- 
200SY and Bruker AC-200 spectronaeters. IR spectra were 
obtained on UR-20 and Specord-I 1~ instruments (for pellets 
with KBr and for solutions in CC14). UV spectra were 
measured on a Specord UV-VIS spcctrophotorneter in etha- 
nol. Elemental analyses of the cotnpounds synthesized were 
carried out at the Laboratory of Microanalysis of the Institute 
of Organic Chemistry of the Siberian Branch of the Russian 
Academy of Sciences. 

2-Methyl-l-(2-pyridyl)propaa-l-one (1). A solution of 
2-cyanopyridine (50 g, 0.48 tool) in 150 mL of ether was 
added dropwise with intense stirring to a solution of PriMgBr 
(1.056 tool) in 300 mL of ether. T h e  reaction mixture was 
stirred for 0.5 h, quenched with 100 mL of a saturated 
solution of NH4CI, and stirred f o r  an additional I h. The 
ethereal layer was separated, the aqueous  layer was extracted 
with chloroform, and the organic extracts  were combined and 
dried with MgSO4. The solvent was evaporated, and the 
residue was distilled in racuo. Yield 60.5 g (80%). b.p. 107-- 
tl0 ~ (19 Torr) (Ref. 13: b.p. 87 - -88  ~ (7 Torr)). Found 
(%): C, 72.7l; H, 7.81: N, 9.17. CgHt INO.  Calculated (%): 
C, 72.48; H, 7.38: N, 9.39. UV, k t~x /nm:  232 (~ 9143): 272 
(r. St43). lR(KBr),v/em-t:  1700(C=O).  IH NMR(CDCI3), 
,5:I.I1 (d. 6 H. 2 CH3); 4.06 (m, I H, CH); 7.22--8.11 (m, 
4 H, pyridyl) (cf. Ref. 20). 

Z-Bromo-2-methyl-l-(7--pyridy|)propau-l-one (2). Ace- 
tic acid (I.5 mL) and Br? (8.2 m L ,  0.32 tool) were added to 
a solution of ketone 1 (41 g, 0.31 tool) in 250 mLof  ether. 
:rod the reaction mixture was a l lowed to stand for 3 days. 
being stirred at some imervals. T h e n  100 mL of water and 
150 mL 3f ether were added, a n d  the ethereal layer was 
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separated and washed with a saturated solution of Na2S203 
(3• mL). The aqueous layers were combined and extracted 
with chloroform (3• mL), and the organic extracts were 
combined and dried with MgSO 4. The solvent was evaporated 
under reduced pressure, and the residue was percolated on 
SiO 2 (using a 3 : 1 hexane--CHCl 3 mixture as the eluent). 
Yield 62.4 g (95%). Found (%): C, 47.54; H, 4.11; N, 5.93; 
Br, 35.13. CgHIoNOBr. Calculated (%): C, 47.37; H, 4.38; 
N, 6.14; Br, 35.08. UV, ~.,utffnm: 238 (~ 6000); 270 (E 4400). 
IR (CCI4), v/era-I:  1696 (C=O). IH NMR (CDCI3), 8:2.22 
(s, 6 H, 2 CH3); 7.22--8.05 (m, 4 H, pyridyl). 

N- [ 1- Hydroxytmlno-2-methy l -  l - (2-pyridyl )prop-  
2-yl]hydroxylamine (3). A solution of free NH2OH (1.38 real) 
in 650 mL of an H20- -MeOH mixture (I : 1) was added to a 
solution of ketone 2 (58 g, 0.276 molt in 200 mL of MeOH, 
and the mixture was refluxed for 2 h. Then it was concentrated 
to dryness, the residue was dissolved in CHCI 3, the inorganic 
precipitate was filtered off, the filtrate was concentrated, and 
the residue was triturated in ether. Yield 40.38 g (75%), m.p. 
119--121 ~ (from PriOH). Found (%): C, 55.57; H, 6.90; 
N, 20.89. C__-gHI3N30 2. Calculated (%): C, 55.38; H, 6.66; 
N, 21.54. UV, Xmax/nm: 262 (e 5950); 266 (c 5500). IH NMR 
(DMSO-d6), 8:1.19 (s, 6 H, 2 CH3); 5.69 (s, I H, NIl.OH); 
7.1 (s, 1 H, NHOH);  7.30--8.59 (m, 4 H, pyridyl); 10.71 (s, 
I H, =NOH). 13C N M R  (DMSO-d6) , 8:24.08 (2 CH3); 
61.75 (C(CH3)2); 123.6, 125.5, 136.5, 148.9 (4 CH, pyridyl); 
153.0 (C/pa,, pyridyl); 159.68 (C=NOH). 

1- Hydroxy- 2,2,5,5-tetramethyl-4-(2-pyrldyl) -3-imid- 
azoline 3-oxide (4). A 7% solution of HCI (0.3 mL) was 
added to a suspension o f H A O  3 (2 g, 0.01 real) in 40 m L o f  
acetone, and the mixture was refluxed for 20 h. The colorless 
crystals that precipitated were filtered off, the mother liquor 
was evaporated, and the residue was triturated with ether. 
Yield 1_85 g (77.%), m.p. 205--207 ~ (from EtOH). Found 
(%): C, 61.20; H, 7.34; N, 17.25. CI2HaTN302. Calculated 
(.%): C, 61.27; H, 7.23; N, 17.80. UV, L,nax/nm: 303 (~. 
10600). IR (KBr), v /era- I :  1575 (C=N~O) ;  3263 (OH). 
IH NMR (DMSO-d6), ,5: 1.45, 1.56 (both s, 12 H, 4 CH3); 
8.18 (s, I H, OH); 7.31--9.19 (m, 4 H, pyridyt). Oxidation 
of compound 4 with lead dioxide in CHCI 3 gave 2,2,5,5- 
tetramethyl-4-(2-pyridyl)-3-imidazolin-l-oxyl 3-oxide (5), 
m.p. 130--132 *C (from hexane). Found (%): C, 60.95; 
H, 6.98; N, 17.83. C|2Ht6N302.  Calculated (%): C, 61.50; 
H, 6.84; N, 17.90. UV, Lmax/nm: 226 (e 9000); 302 (~ 
14600). IR (KBr), v /e ra - I :  1540 ( ~ = N ~ O ) .  

Condensation of HAO 3 with aldehydes (general proce- 
dure). An aldehyde (15 retool) was added to a suspension of 
HAO 3 (2 g, 10 retool) in 50 mL of EtOH, and the mixture 
was allowed to stand for 3--4 days. The course of the reaction 
was monitored by TLC (Silufol). In the case of 3-pyridine- 
carbaldehyde and benzaldehyde, the product precipitated from 
the reaction mixture as colorless crystals: in the case of 
p-(cetyloxy)benzaldehyde, it floated up as a waxy material. 
The solid products were filtered off and recrystallized from 
EtOH to give imidazolines 6b--d. 

1 - Hydroxy-5,5-dimethyl-2-phenyl-4- (2-pyridyl)-3-imid- 
azoline 3-oxide (6b). Yield 82%, m.p. 183--185 ~ Found 
(%): C, 67.19; H. 5.90; N, 14.65. CI6HITN302. Calculated 
(%): C. 67.81; H, 6.06; N, 14.83. UV, L,,ax/nm: 303 (~ 
14000). IR (KBr). v/era--l: 1562 ( -_C,__~.N_~O); 3250 (OH). 
JH NMR (DMSO-d6).  6:1.63 (s, 6 H, 2 CH3): 5.76 (s. I H, 
CH); 8.41 is. I H. OH)  7.42--9.00 (m, 9 H, Ph. pyridyl). 

2- (p- H exadeeyloxyphenyl)-  i - hydr0xy- 5,5-dimethyl-4- 
(2-pyridyl)-3-imidazoline 3-oxide (6c). Yield 68%, m.p 98-- 

103 ~ Found (%): C, 73.83; H, 9.27; N, 8.12. C32H49N303. 
Calculated (%): C, 73.42; H, 9.37; N, 8.03. UV, Li,affnm: 
224 (~ 15500); 274 (c 13800); 298 (c 14200). IR (KBr), 
v/era-f: 1550 ((~=,N~O). IH N M R  (CDC13), 8 :0 .86 (t, 3 H, 
CH3); t .24(s, 26 H, (CH2)13); 1.70(s, 6 H, C(CH3)2); 1.76 
(m, 2 H, OCH2CI:[2); 3.95 (t, 2 H, OCH2); 5.16 is, I H, 
OH); 5.65 (s, 1 H, CH); 6.92--9.10 (m, 8 H, C6H 4, pyridyl). 

1 - Hydroxy-5,5-dimethyl-2-(3-pyridyl)-4-(2-pyridyl)-3- 
imidazoline 3-oxide (6d). Yield 79%, m.p. 185--187 ~ 
Found (%): C, 63.10; H, 5.63; N, 19.58. CtsHi6N402. Cal- 
culated (%): C, 63.38; H, 5.63; N, t9.7. UV, ~-max/nm: 303 
(e 15000). IR (KBr), v /e ra - I :  1537 ( ~ = N ~ O ) -  tH NMR 
(DMSO-d6), 6:1.63 (s, 6 H,  C(CH3)2); 5.91 (s, I H, CH); 
7.40--8.96 (m, 8 H, pyridyl); 8.47 (s, I H. OH). 

Condensation of HAO 3 with formalin. A 30% solution of 
formalin (0.52 mL, 5.4 mrnol) was added to a suspension of 
HAO 3 (0.5 g, 2.5 retool) in 20 mL of EtOH. The course of 
the reaction was monitored by T L C  (Silufol, using a CHCI 3 -  
I% MeOH mixture as the eluent). After [ h, the reaction 
mixture was concentrated, and the residue was triturated in a 
I : I ether--hexane mixture. Recrystatlization from a 3 : 1 
hexane--EtOAc mixture gave I-hydroxymethyloxy-5,5-di- 
rnethyl-4-(2-pyridyl)-3-imidatzoline 3-oxide (I 1); yield 76%. 
m.p. 121--123 ~ Found ( ~ ) :  C,  55.25; H, 6.48; N, 17.61. 
CltHt.sN303. Calculated (%):  C,  54.85; H, 6.33; N, 17.72. 
UV, Z.maffnm: 300 (e 13600). [R (KBr), v/era-I: 1565, 1582 
(C--C, C=N).  JH NMR (CDCI3) ,  8 :1 .65  (br.s, 6 H, 
C(CH3)2); 4.95 (br.s, 2 H, OCI:I.2OH); * 5.04 (br.s, 2 H, CH2); 
5.17 (br.s, I H, OCH2OH); 7.16--9.10 (m, 4 H, pyridyl). 
x3C NMR (CDC13), 8:22.86 (br, C(CH3)2); 75.76 (C(CH3)2); 
85.55 (CH2); 92.39 (OCH2OH);  142.30 (C=N-~O);  124.03, 
124.52, 136.20, 147.11, 148.82 (pyridyl). Recrystallization 
from MeOH gave l-hydroxy-5,5-dimethyl-4-(2-pyridyl)-3- 
imidazoUne 3-oxide (6a); yield 88%, m.p. 134--135 ~ Found 
(%): C, 57.77; H, 5.93; N, 20.31. CIoHI3N302. Calculated 
(%): C, 57.95; H, 6.34; N ,  20.28. UV, Lrnax/nm: 300 (e 
13600). IR (KBr), v/c.m-I: 1553, 1582 (C=C, C = N ) ;  3582 
(OH). IH NMR (CDCI3), 8 : 1 . 6 4  (s, 6 H, C(CH3)2); 3.40, 
3.48 (2 H, CH 2, AB-systern, Jgen, = 22 Hz); 7.04 (s, 1 H, 
OH); 7.16--9.05 (m, 4 H, pyridyl).  

4H-lmidazole 1,3-dioxides 7 (general procedure). Lead 
dioxide (10 retool) was added to a solution (or suspension) of 
imidazoline 6b--d (3.5 retool) in 80 mL of CHCI3, and the 
mixture was stirred with a magnet ic  stirrer for 2 - -3  h. The 
course of the reaction was moni to red  by TLC (Silufol). When 
the initial imidazoline had disappeared,  the oxidizing reagent 
was filtered off, and the ch loroform solution was concen- 
trated. Recrystallization of t h e  solid residue gave the corre- 
sponding 4H-imidazole 1,3-dioxides 7b--d. In the case of 
imidazotine 6a, MnO 2 (0.8 g ,  0.0092 real) was added in one 
portion to a solution of the imidazoline (0.4 g, 0.0019 real) 
in 80 mL of CHCI 3, and the mixture was stirred with a 
magnetic stirrer for 15 rain. Then the oxidizing reagent was 
filtered off, the filtrate was concentra ted,  and the residue was 
triturated in a 5 : l hexane~e the r  mixture. 

4,4- Dimethyl- 5-(2-pyridyl)-4H-imidazole 1,3-dioxide 
(7a). Yield 0.33 g (83%). nl .p.  173--175 ~ (from a I : 8 
hexane--EtOAc mixture). F o u n d  (%7: C, 59.18; H, 5,30; 
N. 20.19. CIoHIIN30~ _. Calculated (%): C, 5854; H, 5.36: 

* The choice between ~ignals for the ring methylene protons 
and those for the OCH20H group was made by using the 
Overhauser effect. 
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N, 20.49. UV, ~.max/nm: 248 (c 11400); 252 (c 11200); 270 (c 
7800); 358 (~ 18800). IR (KBr). v/era-I:  t563. 1581 (C=C, 
C=N).* IH NMRiCDCI3) ,S :  1.88(s, 6 H, 2 C H 3 ) ; 7 8 2 ( s ,  
I H, H C = N ~ O ) ;  7.2--9.2 (m, 4 H, pyridyl). 13C NMR 
(CDCI3), 5 :24 .07  (C(CH~)2); 81.69 (C(CH3)2); 123.42, 
124.54, 136.77, 145.47, 149.29 (pyridyl); 134.89 (HC=N---~O); 
143.71 (C=N--*O). 

4,4-Dimethyl- 2-phenyl- 5- (2-pyridyi)-4H-imldazole 1,3- 
dioxide (711). Yield 88%, m.p. 143--144 *C (from a l0 : I 
hexane--EtOAc mixture). Found (%): C, 68.31; H, 5.54; 
N, 14.62. Ct6HIsN302. Calculated (%): C, 68.30; H, 5.38; 
N, 14.94. UV, kmaffnm: 290 (e t9000); 365 (c 10400). IR 
(KBr) ,v /cm-I :  1562, 1 5 7 5 ( C = C , C = N ) . I H  NMRiCDCI3),  
6:1.98 (s, 6 H, 2 CH3); 7.31--9.38 (m, 9 H, Ph, pyridyl). 

2-(p- Hexadecyloxyphenyl)-4,4-dimethyl- 5-(2-pyrldyi)- 
4H-imidnzole 1,3-dioxide (7c). Yield 83%, m.p. 98--101 ~ 
(from EtOAc). Found (%): C, 74.10; H, 9.79; N, 8.10. 
C3zH4rN303. Calculated (%): C, 73.70; H, 9.02; N, 8.06. 
UV, ~.,,~x/nm: 310 (~ 30000); 370 (e 10800). IR (KBr), 
v/era-t:  1560, 1581 (C=C, C = N ) ;  2850 (O--Atk). IH NMR 
(CDCI3), 6:0.85 (t, 3 H, CH3); 1.24 is, 26 H, (CH,)I3); 
1.79 (m, 2 H, OCH2CH2); 1.96 (s, 6 H, C(CH3)2); 4.0l (t, 
2 H, OCH~); 7.00--9.36 (m, 8 H, Ph, pyridyl). 

4,4- Dimethyl- 2-(3-pyridyl)-  5- (2- pyrtdyl)-4H-imidazole 
1,3-dioxide (7d). Yield 90%, m.p. 170--172 *C (from a 1 : 2 
hexane--EtOAc mixture). Found (%): C, 63.81; H, 4.94; 
N, 19.72. CIsHt4N402. Calculated (%): C, 63.82; H, 4.96; 
N, 19.86. UV, kmax/nm: 298 (e 20800); 366 (e 10800). 1R 
(KBr), v/era-I: 1523, 1562, 1580 (C=C, C=N). IH NMR 
(CDCI3), & 1.98 is, 6 H, 2 CH3); 7.33--9.84 (m, 8 H, pyridyl). 

2,2- Dimethoxy- 5,5-dimethyi-4- (2-pyridyi)-3-1midazolin- 
I-oxyi 3-oxide (8). Lead dioxide (I 1.47 g, 48 mmol) was 
added to a solution of imidazoline 6a i l  g, 4.8 retool) in 
80 mL of MeOH, and the mixture was stirred with a mag- 
netic stirrer for 8 h. Then the oxidizing reagent was filtered 
off, the filtrate was concentrated,  and the residue was 
chromatographeg on SiO~ using CHCI 3 as the eluent. Yield 
0.96 g (75%), m.p. 101--102 ~ (from a 4 : I hexanc-- 
EtOAc mixture). Found (%): C, 53.86; H, 6.18; N, 15.70. 
CI2HI6N304. Calculated (%): C, 54.13; H, 6.01; N, 15.70. 
UV, ~.m~ffnm: 226 (e 9200); 298 (r 14800). IR (KBr), 
v/cm-I:  1550 ((~=~N--,O); 2850 iOMe). 

5-Amino-4,4-dimethyl-  5 -  (2-pyrldyl)-2-(3-pyrtdyl)-  2- 
lmidazol in- l -oxyl  3-oxide (9d) .  Lead dioxide (2.29 g, 
9.6 retool) was added to a solution of 4H-imidazole 7d 
(0.68 g, 2.4 retool) in 100 m L  of a saturated ethanolic soht- 
tion of NH3, and the mixtt, re was stirred with a magnetic 
stirrer for 3--4 h. After the initial compound disappeared 
(according to TLC), the oxidizing reagent was filtered off and 
washed with 20 mL of EtOH. The combined ethanolic solu- 
tions were concentrated, and the  residue was chromatographed 
on SiO_~ using CHC[ 3 as the eluent.  The oily product result- 
ing from chromatography was triturated with dry pentane. 
Yield 0.4 g(56%), m.p. 153-- 155 ~  1 : 5 hexane-  
EtOAc mixture). Found (%): C, 59.95; H, 5.65; N. 23.5t. 
CI5t116N50 2. Calculated (%): C, 60.38; H, 5.42; N. 23.48 
UV, ;,.t~,ax/nm: 211 (~ 12800); 259 (~ 13200); 367 it  13200~: 
588 (e 560). IR (KBr), v / e r a - t :  3210, 3337 (N--H, NH~). 

�9 In tire spectra of  these 4H-imidazole  1.3-dioxide deriva- 
tives, bands clue to vibrations of the phenyl and pyridyl 
.groups fall into the region of  C=N stretching vibrations 
(1510--1630 cm-t) ;  therefore ,  unambiguous assignment of 
the bands is difficult. 

Nitronylnitroxyl radicals 10b--d (general procedure). Lead 
dioxide (14 retool) was added to a so lu t i on  or suspension o f  
imidazol ine 6b--d (3.5 retool) in 80 mL  o f  MeOH,  and the  
mixture was stirred wi th a magnetic s t i r rer  for 3--4 h ( in the 
case o f  imidazol ine 6c, the mixture was stirred for 2 days) ,  
the course of  the reaction being moni tored by TLC (Silufol). 
After the initial reactant disappeared, the oxidizing reagent 
was filtered off and washed with 20 mL of MeOH. T h e  
combined solutions were concentrated and chromatographed 
on silica gel using CHCI~ as the eluent.  

5- Methoxy-4 ,  4-dimethyl. 2 -pbenyl -  5-(  2-pyridyl ) - 2- 
imidazotln-l-oxyl 3-oxide (10b). Yietd 67%, re.F, 133--  
135 *C (from a 5 : 1 hexane--EtOAc mixture). Found (%):  
C, 65.07; H, 5.64; N, 13.47. CI7 H 18N303. Calculated (%):  
C, 65.36; H, 5.82; N, 13.45. UV, X.max/nm: 265 (c 15200); 
363 (c 12200); 610 (~ 940) IR(KBr) ,  v /era-I :  2837 ( C - - H ,  
OMe). 

2- (p- Hexadecyloxyphenyl)-5-methoxy-4,4-dimethyl-5- (2-  
pyridyl)-2-imidazolin- l-oxyt 3-oxide ( lOc) .  Yield 60%, rn.p. 
77--79 ~ (from a 10 : I hexan: - -EtOAc mixture). Found  
(,%): C, 71.33; H. 8.95; N, 7.24. C33H~0N304. Calculated 
(%): C, 71.69; H, 9.13; N. 7.60. UV, ;~,,affnm: 286 (E 17200); 
367 (c 6000); 635 (E 1000). IR (KBr) ,  v /cm-J :  2850 ( C H ,  
0CI6H33). 

5- Methoxy-4,4-dimethyl-2-(3-pyridyl)-5-(2-pyrtdyl)-  2- 
imidazolin-l-oxyl 3-oxide (10d), Yie ld  75%, m.p. 119--  
120 *C (from a 7 : 1 hexane--EtOAc mixture). Found (%): 
C, 61.24; H, 5.24; N, 17.60. CI6HITN40~. Calculated (%7: 
C, 61.34; H, 5.43; N, 17.89. UV, ~.max/nm: 260 (r 6400); 
368 (e 6000); 625 (e 1700). IR iKi3r),  v /era-I :  2837 ( C H ,  
OMe). 

2,2,5,5-Tetramethyl-d-(2-pyrtdyl) -3-imidazoline 3-oxide 
(12). A saturated solution of H2S (50 mL) in MeOH was 
added to a solution of imidaz01ine 5 (I g, 4.3 mmot) in 
10 mL of MeOH. After 6 h, the reaction mixture was concen-  
trated, and the residue was percolated on a column with SiO~ 
using CHCI 3 as the ctuent. Yield 0 .76 g (82%1, m.p. 82 - -  
84 ~ (from a l : I hexane-EtOAc mixture). Found (%): 
C, 65.88; H, 7.92; N, 19.13. Ct2H 17N302. Calculated (%7: 
C, 65.75; H, 7.76; N, 19.18. UV, ~.,~,affnm: 224 (e 6800); 304 
ie t3800). IR (KBr), v/era-l: 1540 (C=N-.-~O); 3325 ( N - - H ) .  
~H N M R  (CDCI3), 6: 1.62, 1.68 (bo th  s, 12 H, 4 CH3); 2.02 
(br.s, I H, NH); 7.19--9.30 (m, 4 I-i, pyridyl). 

1,2,2,5,5- Pentamethyl-4-(Z-pyridyl)-3-imidazoline 3-oxide 
(13). Methyl iodide i0.43 mL, 6.9 retool) was added to a 
solution of imidazoline 12 (0.5 g, 2.3 retool) in 15 m L  of 
isopropyl alcohol, and the mixture w a s  allowed to stand until 
the initial compound disappeared (accord ing  to TLC). Then  
the reaction mixture was concentrated to dryness, the residue 
was dissolved in 7 mL of a saturated solution of K2CO 3, and 
the solution was extracted with chloroform.  The exlract was 
dried with MgSOr the solvent was ev,aporated, and the residue 
was percolated on SiO 2 t~sing C H C I  3 as the elucnt. Yield 
0.36 g (68%), m.p. 80--82 ~ ( f r o m  hexane). Found (%): 
C, 6701; H, 8.53; N. t7.86. CI3H~qN30.  Calculated (%): 
C, 66.95; H, 8.15: N. 18,02. UV, L,~a• 223 (~: 6200): 302 
(e 11200). IR (KBr), v/era-I: 154.5 ( C = N ~ O ) ;  2820 (CH.  
NMe). ~H NMR (CDCI~), 8: 1.55,  1.61 (both s, 12 H, 
4 CH3); 2.43 (s, 3 H, NCH3); 7 . 1 8 ~ 9  33 (m, 4 H, pyridyl). 

5,5-Dimethyl-4-(2-pyridyl)-3-imidazoline 3-oxide (14). 
Formic acid i0.2 mL, 5.3 retool) was slowly added to a 
solution of imidazoline 12 (0.2 g. 0.9 retool) in 0.5 m L  of 
30% formalin, and the reaction mix tu r e  was allowed to stand 
for 7 h. Then it was diluted with a twofold amount of water,  
neutralized with NaHCO 3, and e x t r a c t e d  with chloroform. 
The extract was dried with MgSO4, the solvent was evapo-  
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rated, and the residue was subjected to preparative TLC on 
SiO 2, using CHCI 3 as the eluent. Yield 59%, m.p. 135-- 
137 *C (from a 3 : 2 hexane--EtOAc mixture). Found (%): 
C, 62.86: H, 7.20; N, 22.20. CIoHI3N30. Calculated (,%): 
C, 62.83; H, 6.81; N, 21.98. UV, kmax/nm: 222 (~ 9600); 
302 (e 23400). IR (KBr), v/era-I: 1555 (C=N--.O); 3265 
( N - - H ) . I H  N M R ( C D C I 3 ) , 6 :  1.56(s, 6 H, 2CH_O;3.53(t, 
1 H, NH. d = II Ha); 4.72 (d, 2 H, CH2, J = II Hz); 
7.35--9.05 (m, 4 H, pyridyl). 

ct-(4-Nltrobenzoyl)-  N- (2-propylideue)lsopropylnmlne 
N-oxide (I6) .* Nitration of l-hydroxy-2,2,5,5-tetramethyl- 
4-phenyl-3-imidazoline 3-oxide was carried out according to 
a procedure described previously (procedure bat). Yield 
5.596, m.p. 85--87 ~ (from EtOH). Found (,%): C, 59.12; 
H, 6.41; N, 10.61. CI3HI6N20, t. CMculated (%): C, 59.09; 
H, 6.06; N, 10.61. UV, ~.max/nm: 205 (~ 13180); 265 (e 
10470). IR (KBr), v /e ra - t :  1695 (Cad) ;  1360, 1530 t'NO2). 
IH NMR (CCI4), 6 : 1 . 5 4  (s, 6 H, C(CH3)2L 1.68, 1.85 
(both s, 6 H, =C(CH3)2); 8.19 (s, 4 H, C6H4). 13C NMR 
(CCI4), 6: 15.33, 20.99 (N=C(CH3)2); 24. t8 (C(~_H~)2); 
85.67 (C(CH3)2); 148.21 (N=~(CH3)2); 155.96 (C-NO2,  
C6H4); 122.78, 130.33 (CH, C6H4); 140.09 (Clm o, C6H4); 
201.37 (Cad) .  

Reaction of imidazoline 12 with RMgX (general proce- 
dure). A solution of  imidazoline 12 (3.5 retool) in 10 mL of 
anhydrous ether was added to a solution of a Gfignard 
reagent (18 retool) in 20 mL of ether, and the reaction 
mixture was refluxed for 4 h. A saturated solution of NH4CI 
(5 mL) was added to the mixture, the ethereal layer was 
separated, and the aqueous layer was extracted with ether 
(5• mL). The combined ethereal solutions were dried with 
MgSO 4 and filtered. MnO 2 (5 g) was added, and the mixture 
was stirred for 1 h. After that, the oxidizing reagent was 
filtered off, and the ethereal solution was concentrated. The 
residue was chromatographed on silica gel using CHCI~ as the 
eluent. 

1,2,2,4,5,5-Hexamethyl-4-(2-pyridyl)imidazolidin- l-oxyl 
(17a). Yield 70%, m.p. 103--105 ~ (from hexane). Found 
(%): C, 68.12; H, 8.96; N, 16.9. Ct,tH22NaO. Calculated 
(%): C, 67.75; H, 8.87; N, 17.1. UV, kmax/nm: 256 (~ 5000L 
IR (KBr), v/cm-J:  1600 (CAN, pyridyl); 2820 (C--H,  NMe). 

1,2,2,5,5- Pentamethyl-4- phenyl-4-(2-pyridyt)lmidazolidin- 
l-oxyl (17h). Yield 68%, m.p. 72--74 *C (from hexanc). 
Found (%): C, 73.12; H, 7.36; N, 13.49. C~gH~_,tN30. Cal- 
culated (%): C, 73.55; H, 7.74; N, 13.55. IR (KBr), 
v /cm-I :  2820 (C--H,  NMe).  

N- Methylene-eL- (2- pyridylcarbonyl)isopropylamine N-oxi- 
de (18). HAO 3 (I g) was added to a mixture of formalin 
(10 mL) and concentrated HC1 (10 mL), and the mixture 
was allowed to stand for 24 h, the course of the reaction 
being monitored by T L C  (Silufol). Then the reaction mixture 
was concentrated to dryness, and the residue was dissolved in 
5 mL of water, neutralized with K2CO 3, and extracted with 
chloroform- The extract was dried with MgSO 4 and concen- 
trated, and the residue was triturated with pentane. Yield 
0.63 g {65%), m.p 116--118 ~ (from a 2:1 hexane-- 
benzene mixture). Found (%): C, 62.49; H. 6.55; N, !4.42. 
CIoHI2N202. Calculated (%): C, 62.47; H, 6.30; N. 14.58. 
UV, ;~,,,,ax/nm: 236 (~ 10400). IR (KBrL v/cm-L: 1695 (Cad):  
3143 (H--C,  HC=N---*O): 1560 (CAN). IH NMR (DMSO- 
d6), 6 : 1 . 8 2  (s. 6 H, C(CH3)2); 655. 6 90 (both d, 2 

" Synthesized by I. A. Kirilyuk (Novosibirsk Institute of  
Organic Chemistry, Siberian 8ranch of the Russian Academy 
of Sciences). 

H, Clz[2=N--*O. J--- 6 Ha); 7_50--8.60 (m, 4 H, pyridyl). 
13C NMR (DMSO-ds), ~,: 25.06 (C(~H3)~); 78.64 (_C(CH3)2); 
120.7 (H2C=N--*O); 122.7, 127.03, 137.44. 148.09, 152.63 
(pyridyl); 194.32 (Cad). 

N-[(2-Pyrtdylearbonyi)isopropyilhydroxylamine (19). A 
solution of imidazotine 6a ( I g, 4.8 retool) in 20 mL of 1096 
HCI was allowed to stand for a week, and then neutralized 
with K2CO 3 and extracted with chloroform. The extract was 
dried with MgSO4, concentrated, and ehromatographed on 
SiO 2 free of Fe ~+ ions, using C H C I  3 as the eluent. The oily 
product resulting from chromatography was triturated in hex- 
ane with a small amount of dry ether. Yield 0.52 g (60%), m.p. 
70--72 *C (from a 20 : 1 pentane--e ther  mixture). Found 
(%): C, 60.03; H, 6.89; N, 15.44. C9Ht2N202. Calculated 
(%): C, 59.97: H, 6.72; N, 15.55. UV, ;~.~,,~/nm: 231 (e 
5600); 269 (e 3800). IR (KBr),  v/era-I:  1695 ( C a d ) ;  3265 
(N--H). JH NMR (DMSO-d6),  6 :1 .47 (s. 6 H, 2 CH3); 
6.96 (br.s, 2 H. NHOH); 7.4--8.6 (m, 4 H, pyridyt). 
J3C NMR (DMSO-do), 8:22.50 (C(_QH3)2); 68.08 (C(CH3)2); 
123.39, 126.73, 137.32, 147.68, 153.08 (pyridyl); 202.54 
(Cad) .  

References  

I . L . B .  Volodarsky and A. Ya. Tikhonov, Synthesis, 1986, 
704. 

2. L. B. Volodarsky, I. A. G r i g o r ' e v ,  S. A. Dikanov, V. A. 
Reznikov, and G. I. Shchukin ,  in lmidazolinowe nitr- 
oksilhye radikaly [ lmidazoline Nitrvxyl Radicals], Nauka, 
Novosibirsk, 1988, 24 (in Russian). 

3. V. V. Lyakhovich and L. M. Weiner, in [midazoline 
Nitroxides, Ed. L. B. Volodarsky,  CRC Press, Florida, 
1988, 2, Ch. 1; V, V. Khramtsov  and L. M. Weiner, in 
Imidazoline Nitroxides, Ed.  L. B. Volodarsky, C R C  Press, 
Florida, 1988, 2, Ch. 2. 

4. L. B. Volodarsky, V. A. Rezn ikov ,  and V. I. Ovcharenko, 
in Synthetic Chemistry o f  Stable Nitroxides. C R C  Press, 
Florida, 1994, Ch. 4, I59. 

5. D. I. Utepbergenov, V. V.  Khramtsov, L. P, Vlassenko, 
A. L. Markel, D. G. Mazhuk in ,  A. Yd. Tikhonov,  and 
L. 8. Volodarsky, Biochem. Biophys. Res. Commun., 1995, 
214, 1023. 

6. L. B. Volodarsky, V. A.  Koptyug, and A. N. Lysak, 
Zh. Org. Khim., 1966, 2, 1 14 [J. Ors. Chem. USSR, 1966, 
2 (Engl. Transl.)l. 

7. E. F. V. Scriven, in Comprehensive Heterocyclic Chemis- 
try, Eds. A. R. Katritzky and C. W. Rees, Pergamon 
Press, Oxford. 1984, 2. 

8. F. S. Yates, in Comprehensive Heterocyclic Chemistry, Eds. 
A. R. Katritzky and C.W. Rees, Pergamot~ Press, Oxford. 
1984, 2. 

9. D. U Comins and S, O ' C o n n o r ,  Adv. HeterocycL Chem., 
1988, 44, 199. 

10. T.I ,  Godovikova, E.L Jgraat 'eva. and L,I. Khmct'nitskii,  
Khim. Geterotsikl. Soedin., 1989, t45 [Chem. Heterocycl. 
Compd., 1989 (Engl. Transl .)] .  

I I .H.  Yamanaka. T. Sakarnoto, and S. Niitsuma, Hetero- 
cycles, 1990, 31. 923. 

12. G. V. Nikitina and M. S. Pevzner, Khim. Geterotsikl. 
Soedin., 1993. 147 [Chem. lteterocyel. Compd., 1993 {Engl. 
Transl.) I . 

t3.13. H. Walker, J. Ors. Chem., 1960, 25, 1047. 
14. Ch. K. F. Hermann. Y. 19 . Sachdeva. and J. F. Wolfe, 

I. Heterocycl. Chem., 1987, 24, 1061. 



132 Russ. Chem.Bull., Vol. 46, No. I, January, 1997 V o i n o v  anti Volodarsky  

15.1. A. Grigor 'ev, I. A. Kirilyuk, V. F. Starichenko, and 
L. B. Volodarsky, Izv. Akad. Nauk SSSR, Set. Khim., 
1989, 1624 [Bull. Acad. Sci. USSR, Div. Chem. Sei., 1989, 
38, 1488 (Engl. Transl.)]. 

16. I. A. Grigor 'ev, V. F. Starichenko, I. A. Kirilyuk, and 
L. B. Voloclarsky, Izv. Akad. Nauk SSSR, Set'. Khim., 
1989, 661 [Bull. Acad. Sci. USSR, Div. Chem. Sci., 1989, 
38, 587 (Engl. Transl.)]. 

17. J, F. W. Keana, in Spin Labeling in Pharmacology, Aca- 
demic Press, New York, 1984, 27. 

18. USSR P~t. 657016; Byul. lzobret., 1979, 14 (in Russian). 

19. V. K. Khlestkin, V. A. Reznikov, D. G. Mazhukin, A. Ya. 
Tikhonov, and L. B. Volodarsky, Mendeleev Commun., 
1997, in press. 

20. R. Deuchert, U. Herlenstein, S. Hilnig, and E. F. Wehner,  
Chem. Bet., 1979, 112, 2045. 

21. L. B. Volodzrsky, I. A. Grigor 'ev,  L. N. Grigor'eva, l. A. 
Kirilyuk, and S. A. Amitina, Zh. Org. Khim., 1985, 21, 
443 [J. Org. Chem. USSR, 1985, 21 (Engl. Transl.)]. 

Received July 16, 1996; 
in revised form September 25, 1996 


