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Previous ly  it was shown [1] that the condensation of the an t i - i somers  of the oximes of a -hyd roxy lami -  
noketones, containing a hydroxylamino group attached to a te r t ia ry  carbon atom, with acetone or with its 
diethyl ketal, leads to the formation of 1-hydroxy-2,  2, 5, 5 - t e r t ramethy l -3 - im[dazo l ine  3-oxides, the oxi- 
dation of which gives stable iminoxyl radicals  [2]. In the present  paper  we attempted to obtain s imi lar  com-  
pounds without the N-oxide oxygen. 

A white crys ta l l ine  product  (II) was formed when N- (1-ke to -2 -methy l - l -pheny l -2 -p ropy l )hydroxy la -  
mine (I) is heated with acetone and CH3COONH 4 (cf. [3]), which in its composition corresponds  to the con-  
densation product  of compound (1) with acetone and ammonia,  which condensation proceeds with the cleav-  
age of two molecules of water .  In the IR spec t rum of (II) are  observed absorption bands at 1620 (C = N) 
and 3600 cm -1 (OH). In the NMR spec t rum of compound (II) are  observed a singlet at 8.59 ppm* (four meth-  
yl groups attached to a saturated C atom) and a complex band of five benzene protons, with a center  at 2.46 
ppm. These data make it possible to assign the s t ruc ture  of 1-hydroxy-2,  2, 5, 5 - t e t ramethy l -4 -pheny l -3 -  
[midazoline to product  (II). The condensation of ~-hydroxylaminoketone (1) with methyl ethyl ketone and 
cyclopentanone in the presence  of CH3COONH 4 respect ively  led to the formation of 1-hydroxy-2,  5, 5 - t r i -  
methy l -2-e thy l -4-phenyl -3- imidazo l ine  (III) and 1-hydroxy-5,  5-dimethyl-2,  2 - te t ramethy lene-4-phenyl -3-  
imidazoline (IV). The spectra l  charac te r i s t i c s  of compounds (II)-(IV) are  close among themselves (Table 
1) 
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OH 0' 
(II)--(IV), (VI) (VII)--(X) : 

R = C6Hs (I); CHa (V) R = C6H5, R' = R" = CH3 (II); (VII) 
R = C6H5, R' = CH3, R" = C~H5 (III); (VIII) 
R = C6H5, R' + B" = (CH~)4 (IV); (IX) 
R = R' = R" = CH3 (VI); (X) 

It should be mentioned that the condensation of the hydrochloride of N-(3-ke to-2-methyl -2-buty l )hy-  
droxylamine (V) with acetone and aqueous NH 3 could be effected without heating. On the basis of the spec-  
tral  charac te r i s t i c s  (see Table 1) the condensation product  (V1) was assigned the s t ruc ture  of 1-hydroxy-  
2, 2, 4, 5, 5-pentamethyl-3- imidazol ine .  

The oxidation of compounds (II)-(IV) and (VI) in benzene with either PbO 2 or  a tmospher ic  oxygen led 
to the quantitative formation of the iminoxyl radica ls :  2, 2, 5, 5- te t ramethyl-4-phenyl-(VII) ,  2, 5, 5 - t r ime th -  
y l -2-e thyl-4-pheny[-(VIII ) ,  5, 5-dimethyl-2 ,  2- te t ramethylene-4-phenyl-( IX) ,  and 2, 2,4,  5, 5-pentamethyl-  
(X)-3- imidazol ine- l -oxyls .  Radicals (VII)-(X) a re  low-melt ing orange c rys ta l s ,  while compound (X) is a 
liquid at 20~ in the crysta l l ine  state they can be s tored at 0 ~ for a long time without decomposition. 

*The chemical  shifts are  given on the ~-scale. 
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TABLE 1. 1-Hydroxy-3-Im[dazol tnes  (II)-(IV), (Vt) and 3- Imidazo-  
l tne- l -Oxyls  (VII)-(X) 

II  
III  
IV 

VII  
"VIII 
IX 
X 

Found, % 

c ~ N formula 
iV, 
I 

152 5~154" [ 93 71,7 8,3 t3,3 CI~HI~N~O 
t21 :5- - t24~ 98 ]72,9] 8,71t2,5] Ci4H2alg20 
130--t32~ 80 ]74,4] 8,3[1i,6] C,BH~N20 
127--t28~ 60 6i,9 10,3 t8,0 CsH16N20 

[79,5--8.I$ ] 94 72,3 7 ,9 t3 , t  C,3tt,,N~O 
154--55 3~ I 94 173,01 3.01t2 31C,,H,.N,O 

95 74 81 7 9 II'71 C~sII,.N20 ~-~6~ ~ so/61:91o',m7',5 c.~,,mo 

UV spec- 
C alc. , % 

g u m  

71,6 
72,5 
73,8 
6t,5 
7t,9 
72,7 
74,1 
62,0 

8,3 
8,7 
8,3 

i0,3 
7,8 
8,3 
7,9 
9,8 

12,8 241 
t2 , t  239 
t l ,5  240 
t8,0 
i2,9 2-46 
12,1 246 
t t ,5  250 
18,1 

lg 

4,0 
4,00 
4,00 

4~o 
4,08 
4,10 

IR spec- 

trum 
i , ,  _ _  

I C=N I O] .... 

1620 3600 1620 3600 
i620 , 3660 
i660 3 6 0 0 ,  

1620 - -  
1620 - -  1610 -- 
i650 - -  

*Heptane + alcohol 
t"Heptane. 
SHexane. 
**Liquid, bp 160-165 ~ (decompn.) (according to Sivolobov). 

The ESR spectra of compounds (VII)-(X) represent a triplet with a hyperfine splitting constant of 
~14.50e, which is characteristic for [m[noxy[ radicals [2]. In the transition to the radicals the IR spec- 
tra exhibit little change, and specifically the bands of the OH group at 1000-1040 and 3600 crn -1 disappear. 
In the UV spectra of radicals (VII)-(IX) is observed a bathochromic shift of the band at 240 nm and an in- 
crease in its intensity (see Table i); judging by the NMII spectra, the radicals do not contain diamagnetic 
impurities. 

Mention was made previously of the absence of direct methods for the preparation of ster[cally hin- 
dered hydroxylam[ne derivatives - the starting compounds for the generation of [minoxyl radicals under 
mild conditions [2]. The reaction of ~-hydroxylaminoketones, containing a tertiary hydroxylam~no group, 
with ketones and ammonia is a simple method for the preparation of such hydroxylam[nes. 

E X P E R I M E N T A L  

The It/ spect ra  were taken on a UR-10 instrument  as KBr pellets (concentration 0.25%, thickness 1 
ram) and in CCI 4 solution, while the UV spectra  were taken on a Untcam-SP-700 C instrument in alcohol. 
The NMR spect ra  were taken [n CD3OD solution (3-570) on a Vartan A-56-60A instrument,  using HMDS as 
the internal standard.  The yields, melting points, analysis  data and spec t ra l  cha rac te r i s t i c s  of condensa-  
tion products (II)-(IV) and (VI), and of radicals  (VII)-(X), are  given [n Table 1. The hydrochloride of c~- 
hydroxylaminoketone (V) was obtained by the hydrolysis  of N-(3-oxim[no-2-methyl -2-buty l )hydroxylam[ne  
[n conc. HCI solution [4], mp 145-146 ~ (a lcohol -e ther ) .  

Condensation of o,-Hydroxylam[noketones with Ketones and Ammonia.  To 1.0 g of c.~-hydroxylamino- 
ketone (I) in 15 ml of acetone was added 0.65 g CH3COONH 4 and the mixture was refluxed for i h. The so-  
lution was evaporated, and the crys ta l l ine  residue was treated with water ,  fi l tered, and dried to give 1.12 
g of compound (II). Under analogous conditions, the condensation of (I) with CH3COONH 4 and methyl ethyl 
ketone led to the formation of compound (III). NMR spec t rum:  stnglets at 8.66, 8.64, and 8.53 ppm (2, 5, 5- 
(3 CH3)), a quartet  at 8.26 ppm (J 7.0 Hz) and a tr iplet  at 9.10 ppm (CH2CH3) , and a complex band at 2.46 
ppm (C6H~). The analogous react ion with cyclopentanone tn alcohol for  20 m[n led to the formation of (IV). 
N1VIR spec t rum:  stnglet at 8.64ppm (gem-(CH3)2)),complex bands at 8.24 and 7.71 ppm [(CHz)4] , and a com-  
plex band at 2.50 ppm (CGHs). 

To a suspension of 1.8 g of the hydrochloride of oE-hydroxylaminoketone (V) [n 10 ml of acetone was 
added 10 ml of conc. NH4OH and the mixture was allowed to stand at 20 ~ A crystal l ine precipi ta te  of com-  
pound (VI), weighing 1.12 g, deposited af ter  part ial  evaporation of the solution. N1VItl spec t rum:  singlets 
at 8.78 and 8.72 ppm [2 gem-(CH3)2] , and a single[ at 8.08 ppm (CH3). 

Oxidation of 1-Hydroxy-3- imidazol ines  (II)-(IV) and (VI). A suspension of 0.65 g of compound (I[) and 
7.0 g of PbO z in 50 m[ of benzene was s t i r red  at 20 ~ for  3 h and then fi l tered.  Evaporation of the benzene so-  
lution gave orange c rys ta l s  of compound (VII). The oxidation of 3- imidazol ines (II), (IV), and (VI) under 
the same conditions led to the formation of 3 - [midazo l [ne - l -oxy t s  (VIII)-(X). Radical (X) was purified by 
chromatographing on A1203, followed by elutton with a 1 : 1 pet roleum ether (40-60 ~  mixture.  The 
passage  of a i r  through a suspension of compound (II) in benzene for a day gave an orange solution, the evap- 
orat ion of which gave radical  (VII). 
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C O N C L U S I O N S  

1. The condensat ion of ~ -hydroxylaminoke tones ,  containing a hydroxylamino group at tached to a t e r -  
t i a ry  carbon a tom,  with ketones and ammonia  led to the fo rmat ion  of 1-hydroxy-2 ,  2, 5, 5 - te t rasubs t i tu ted  
3- imidazol ine  de r iva t ives .  

2. The oxidation of the 1-hydroxy-2 ,  2, 5, 5 - t e t r a subs t i tu t ed  3- imidazol ines  gave s table  iminoxyl 
rad ica l s .  

1. 

2. 
3. 
4. 
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