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Nttroxyl rad ica l s  (NR) of the p iper td ine ,  py r ro l ine ,  and pyrrol idine s e r i e s ,  together  with d i - t e r t - b u t y l -  
n i t roxyt ,  d i a ry ln i t roxy l s ,  and c~-nitronylnitroxyls a r e  known to be oxidized by oxidizing agents such as halogens ,  
to oxoammontum saI ts  [1, 2]. The behavior  of 3 - imidazol ine  and 3 - imidazo l ine  3-oxide NR towards halogens 
has not been studied,  but it has been shown that some  3- imidazol ine  and 3- imidazol ine  3-oxide NR a r e  Stable 
towards oxidizing agents such as n i t rosobenzene ,  sodium hypobromi te ,  amyl  n i t r i t e ,  and ha losucc in imides  [3]. 
This communica t ion  desc r ibe s  the reac t ion  of some  3- imtdazol ine  and 3- imidazol ine  3-oxide NR with the s t rong 
oxidizing agents ,  halogens and HNO 2. 

The compounds selected as models  were  2 , 2 , 5 , 5 - t e t r a m e t h y l - 4 - p h e n y l - 3 - i m i d a z o l i n - l - o x y l  ([) and its N- 
oxide ([I). The rad ica l  (II) was s table  towards  solutions of iodine, b romine ,  and chlor ine in c M o r o t b r m  over  
per iods  of s e v e r a l  days ,  whereas  the rad ica l  (I), which d i d n o t  contain the N-oxide grouping,  was s table  towards 
iodine, but on t r ea tmen t  with b romine  and chlor ine  decomposed  ove r  a period of 1 h to f o r m  2 - h a l o - 2 - m e t h y l - l -  
pheny l - l - p ropanones  ([IIa and b). Ammonium halides (IVa and b) were  also formed.  

Ph Ph 

" , ~ S \  --~ + ~H~X 

o" 
(I) (IIIa, b) (IVa, b) X = Br(a), Cl(b). 

"Ibis d i f fe rence  in the behav ior  of  rad ica l s  (D and (II) towards halogens m a y  be due to one -e l ec t ron  oxida-  
tion of the ni t roxyl  group to oxoammoninm in (I) in the f i r s t  s tep ,  followed by f iss ion of the he t e rocyc l i e  ring. 
According to Usvyatsov et al.  [41, 3 - tmidazol ine  NR a r e  oxidized in this way,  r e s i s t a n c e  to oxidation being 
s t rongly  dependent on the p r e s ence  of an N-oxide oxygen a tom,  and weakly dependent on the subst t tuent  in the 
4 position of the he te rocyc le .  The ni t roxyl  r ad ica l s  of 3 - imidazol ine  3-oxide a r e  ve ry  weak reducing agent~ [4], 
and hence they a re  s table  towards  halogens.  3 - Imidazol ine  NR a r e  s t r onge r  reducing agents [4], enabling them 
to be oxidized by chlor ine and bromine .  The weak dependence of the oxidizing potential  on the subst i tuent  in the 
4 position of the he t e rocyc l e  [4] sugges ts  that 3 - imidazol ine  N19 such as (D wi!l r e ac t  with chlor ine  and bromine .  

In fac t ,  4 - c a r b o x y - 2 , 2 , 5 , 5 - t e t r a m e t h y l , 3 - i m i d a z o l i n e - ! - o x y l  3-oxide fails  to r eac t  with halogens ,  whereas  
4 - e a r b o x y - 2 , 2 , 5 , 5 - t e t r a m e t h y l - 3 - i m i d a z o l i n -  l - o x y l  (Va) r e ac t s  w i thb romine  ove r  a p e r i o d  of ~ 10 m i n t o  fo rm a single 
product  (Via). By analogy with (I), the reac t ion  product  would be expected to be 3 - b r o m o - 3 - m e t h y l - 2 - o x o b u t y r i e  
acid o r  its degradat ion products .  However ,  f rom m a s s  s p e c t r o m e t r y  and e lementa l  ana lys i s ,  (Via) had the m o l e -  
cu la r  fo rmula  CsH12BrNO2, indicating that an atom of b romine  had been added to the acid (Va), accompanied  by loss  
of a hydrogen a tom and the ni t roxyl  group (as shown by the re tent ion of the !SN label when the reac t ion  was c a r -  
r ied out with the 3- imidazol ine  ring labelled in the 3 position). Absorpt ion above 3000 cm - / w a s  absent  f rom the 
IR spec t rum of (via),  butbands at 1780 (C = O) and 1635 cm - i  (C = N), typical  of 3 -oxazo l in -5 -ones  [5], w e r e p r e -  
sent.  The PMR spec t rum  of (Via) consis ted of a s inglet  at 2.10 ppm due to the protons of the b romoisopropy l  
group (cf. [6]), and a s inglet  at  1.56 ppm due to the g e m - m e t h y l  groups in the 2 posit ion of the 3-oxazolin-5--one 
ring [5]. These observa t ions  enable (via) to be identified as 2 , 2 - d i m e t h y l - 4 - ( 1 - b r o m o - l - m e t h y l e t h y l ) - 3 - o x a z o -  
l in -5-one .  This s t r u c t u r e  is conf i rmed by the Sac NMR s p e c t r u m .  Compound (Via) is reduced by NaBHt at the 
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lae tone group to fo rm 2,2-d tme thy l -4 -  0 - b r o m o - l - m e t h y l e t h y l ) - 5 - h y d r o x y - 3 - o x a z o l i n e  (VII). Similar ly ,  Br  2 t r e a t -  
ment  of 5 , 5 ' - d i m e t h y l - 4 - e a r b o x y - 2 - s p i r o p e n t a n e - 3 - i m i d a z o l i n - 1  -oxyl (Vb) gave 2 - s p i r o p e n t a n e - 4 - ( l - b r o m o - Z -  
methylethyl)  - 3 -oxazo l in -5 -one  (VIb). 

Thus,  b romine  oxidation of the acids (Va and b) r e su l t s  in f iss ion of the imidazol ine  r ing with the f o r m a -  
tion of the oxazolone ring. Reeyel izat ion of acids (Va and b) may  be r ep resen ted  as a sequence in which the r e -  
action is initiated by oxidation of the ni t roxyl  group to the oxoammonium group,  followed by f iss ion of the N~-C 1 
bond of the tmidazol ine r ing,  the resul t ing earbocat ion  reac t ing  with the COOH group.  The n i t roso  group in the 
n i t ro so i sop ropy l  moie ty  is  r ep laced  by b romine .  

coon r-coo~ coon  +/R'] 

(va, b) 

"JBr \Ilr 

(VZa,b). (VII) 

II = CH3 (a); R q- R = (Cg2h (b) 

The feas ib i l i ty  of the r e p l a c e m e n t  of the N = O group by Br is indicated by the fo rmat ion  of ([I[a) on t r e a t -  
ment  of a suspension of 2 - m e t h y l - 2 - n i t r o s o - l - p h e n y l - l - p r o p a n o n e  (V]II) in CHC13 with b romine  (of. [7]). I t  follows 
that the fo rmat ion  of the haloketones  (IIIa and b) f r o m  (D probably  p roceeds  s imi la r ly~  with oxidation of the NO" 
group to oxoammonium,  with subsequent  r e p l a c e m e n t  of the N = O group by Br,  and hydro lys i s  of tJhe imino group 

(I) X21, [ U ~ . (Ilia,b) 

S imi la r ly ,  b romine  reac t s  with the oximes  of 4 - f o r m y l -  (IXa) and 4 - a e e t y l - 2 , 2 , 5 , 5 - t e t r a m e t h y l - 3 - i m i d a -  
zolin-1--oxyl (!Xb) and 4 - f o r m y l - 5 , 5 - d i m e t h y l - 2 - s p i r o p e n t a n e - 3 - i m i d a z o l i n - l - o x y l  (IXe). It would be expected 
that the reac t ion  products  would be e i ther  de r iva t ives  of 2H- imidazole  l -ox ide  (X) if a t tack  by the earboeat ion  
occur red  at  the unshared e lec t ron pa i r  of the N a tom of the ox ime  group,  o r  de r iva t ives  of 6H-1 ,2 ,5-oxadiaz ine  
(XI), if a t tack  occurs  at  the O atom. The UV spec t ra  of the products  show absorpt ions  for  (Xa) at 284 nm (log 

3.92), for  (Xb) a t  290 nm (log g 3.87), and for  (Xc) at  288 nm dog a 3.86), indicating the 2H- imidazole  l -ox ide  
s t ruc tu re  (ef. [8]), s ince  6H-1 ,2 ,5-oxadiaz ines  should abso rb ,  l ike the conjugated ox ime  e the r s ,  at -~ 240 nm [9]. 
The IR and PMR spec t ra  of (Xa-e) a r e  in accordance  with the 2H- imidazole  l -ox ide  s t r u c t u r e  

. 'Br "Br 

(IXa- c) (]Ca-C) (XI) 

R=CH,, R'=H (a); R = R ' = C H .  @); R + R  =(CHub, R ' = H  (c). 

Nitroxyl rad ica l s  [n 3- imidazol ine  a r e  a lso  oxidized by HNO 2 with opening of the heterocycleo Radical G) 
fo rms  the n i t rosoke tone  (VIII), and the acid (Va) r eeye l i ze s  to 2 , 2 - d i m e t h y l - 4 - ( 1 - n i t r o s o - l - m e t h y I e t h y l ) - 3 - o x a -  
zo l in -5 -one  (XII) IF ~-~ZI o q 

(V-la) 

(vm) " ~1~==o J l _ : ,  
' ( ~ d i )  

!277 



The IR spec t rum of (XII) in KBr shows bands for  the 3-oxazol in-5-one ring at 1780 (C = O) and 1640 cm -1 
(C = N), and a s trong band at 1280 cm -1 typical of t r ans -n i t roso  d imers  [10]. In CHC13 solution, a band appears 
at 1570 cm -~ due to s tretching vibrations of the N = O bond in monomer ic  ni t roso compounds [10]. When a solu-  
tion of (XII) in alcohol is heated,  it becomes blue in color .  The UV spectra  of (VIII) and (XIl) in alcohol show 
no absorption above 270 nm, indicating that the d imers  dissocia te  readi ly ,  since in Kt~r the compounds (VIII) 
and (XII) absorb at 310 cm -t  (in a region cha rac te r i s t i c  of d imer ic  ni t roso compotmds). Confirmation of the 
s t ruc ture  of (Nil) is provided by rep lacement  of the n i t roso  group by bromine on t reatment  with bromine,  to 
form the oxazolone (Via). 

Thus, the bromine or  HNO 2 oxidation of 3- imidazol ine NR containing a functional group in the 4 position 
of the he terocycl ic  r ing ,which readi ly  loses a proton,  resul ts  in opening of the imidazoline ring with the f o r m a -  
tion of a new heterocycl ic  sys tem.  

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

IR spect ra  were obtained on UR-20 and P e r k i n - E l m e r - 1 8 0  instruments  in KBr (concentration 0.25%), and 
in solution in CC1 t and CHC13 (concentrations 1-5~)1 UV spectra  were obtained on Specord UV-VIS and SF-16 
instruments  in ethanol; and PMR spec t ra  were obtained on a Varian A 56-60A for 10% solutions in CC14, with 
TMS as the internal standard,  t3C NMR spectra were  obtained on a Bruker X-90 spec t romete r  for the 50% solu-  
tion in CC14. The yie lds ,  melt ing points, and elemental  analyses  of the compounds obtained a re  shown in Table 
1. 

Reaction of 2 ,2 ,5 ,5 -Te t r ame thy l -4 -pheny l -3 - imidazo l in - l -oxy l  (I) with Bromine and Chlorine. To a solu-  
tion of 0.22 g of (I) [3] in 10 ml of ch loroform was added dropwise with s t i r r ing  0.13 ml of bromine.  The mix-  
ture was kept for  1 h,  the precipi ta te  of ammonium bromide filtered off, the fi l trate evaporated,  and the residue 
chromatographed on a sil ica gel column using ch loroform as eluent. There was obtained 0.22 g (96~) of the b r o -  
moketone (IIIa), the spectra l  proper t ies  of which were  identical with those of a bromoketone obtained by an in- 
dependent method. Similarly,  t rea tment  of (I) with a solution of  chlorine in chloroform gave the chloroketone 
([lib) in 98% yield. 

4 -Ca rboxy-2 ,2 ,5 ,5 - t e t r ame thy l -3 - imidazo l in - l -oxy l  (va). A solution of 1 g of the appropria te  sodium salt 
[3] in 10 ml of water  was acidified w'ith 7% HC1 to pH 1, extracted with chloroform,  the extract  dried over  m a g -  
nesium sulfate,  f i l tered,  and the ch lo roform evaporated.  IR spec t rum (KBr, era- l ) :  1730 (C = O), 1640 (C = N). 
UV spec t rum (Xmax,nm):  241 (log e 3.26). 

4-  Fo rmy l -5 ,5 -d ime thy l -2 - sp i ropen t ane -3 - imidazo l in - l -oxy l  Oxime (IXc). Oxidation of 4 ,5 ,5- t r imethyl -  
2 -sp i ropentane-3- imidazol ine  3-oxide [11] followed by bromination of the nitroxyl radical  obtained with NBS [3] 
afforded 4 -b romomethy l -5 ,5 -d ime thy l -2 - sp i ropen tane -3 - imidazo l ine - l -oxy l  3-oxide (XliI). Treatment of (XIII) 
with ter t -butylamine [3] gave 4 - t e r t -bu ty l iminomethy l -5 ,5 -d ime thy l -2 - sp i ropen tane -3 - imidazo l in - l -oxy l  (XIV), 
t reatment  of which wi thhydroxylamine hydrochlor ide  [3] gave (IXc). 

5 ,5 -Dime thy l -4 -ca rboxy-2 - sp i ropen tane -3 - imidazo l in - l -oxy l  (Vb). Treatment  of (XIV) with hydroxyl -  
amine-O-su l fon ic  acid followed by oxidation with hydrogen peroxide [3] and hydrolysis  gave 5,5-din~ thyl -4-  
c a rboxamido -2 - sp i ropen t ane -3 - imidazo l in - l -oxy l  (XV). A suspension of 0.4 g of the amide (XV) in a solution 
of 0.2 g of NaOH in 5 ml of water  was boiled for 6 h, cooled, acidified with 7~ HC1 to pH 1-2,  extracted with 
ch loroform,  dried over  magnes ium sulfate, and the solvent evaporated. The acid (Vb) was reprecipi tated f rom 
its alkali solution with hydrochlor ic  acid. 

l~eaetion of Radicals (va and b) and ([Xa-c) with Bromine. To a solution or  suspension of 0.003 mole of 
the radical  in 30 ml of ch loroform was added with s t i r r ing  0.003 mole of bromine.  After 30 min, the solvent 
was distilled off, and the res idue chromatographed on a silica gel column (eluent, chloroform).  

2 ,2 -Dimethy l -4 - (1 -b romo- l -me thy le thy l ) -3 -oxazo l in~5-one  (Via). I3C NMR spect rum (5, ppm): 162.17 
and 161.44 (C = Oand C = N), 102.65 (CBr), 53.47 (C), 30.15 and 25.04 (CH3). Mass spec t rum:  233 (M+), 154 
( M + - B r ) ,  110 0VI+-Br-CO2) .  U V s p e c t r u m  ( ; k m a x , n m ) :  289 (log e 2.19). 

2 -Sp i ropen tane -4 - (1 -b romo- l -me thy le thy l ) -3 -oxazo l in -5 -one  (Vtb). [R spect rum (KBr, cm-1):  1780 (C = 
O), 1640 (C = N). PMR spect rum (6, ppm): 2.10 s (6H, CH3) , 2.00 br  (SH, (CH2)4). 

2 ,2 -Dimethyl -4-  (1 -b romo- l -methy le thy l ) -2H- imidazo le  1-Oxide (Xa). IR spect rum (KBr, cm -t) : 1590 
(C = N), 1515 (C = NO). PMR spec t rum (6, ppm): 7.38 s (1H, CH = ) ,  2.04 s (6H, CH3CBr), 1.45 s (6H, 2-CH~). 

2 ,2 ,5 -Tr ime thy l -4 - (1 -b romo- l -me thy le thy l ) -2H- imidazo le  1-Oxide (Xb). IIR spect rum (KBr, cm - t ) :  1580 
~C = N}, 1490 (C = NO). PMR spec t rum (5, ppm): 2.30 s (3H, 5-CH3) , 2.06 s (6H, ~ CH3CBr), 1.40 s (6H, 2-CH3). 
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2 - S p i r o p e n t a n e - 4 - ( 1 - b r o m o - l - m e t h y l e t h y l ) - 2 H - i m i d a z o l i n e  1-Oxide (Xc). IR spec t rum (KBr~ c m - i ) :  
1580 (C = 1'0,1508 (C = NO). PMR s p e c t r u m  (5, ppm):  7.33 s (1H, CH =) ,  2.00 b r  (12H, CH~CBr and 2-CH3). 

2 , 2 - D i m e t h y l - 4 - ( 1 - b r o m o - l - m e t h y l e t h y l ) - 5 - h y d r o x y - 3 - o x a z o l i n e  {VII). To a solution of 0.2 g of (Via) in 
5 ml  of  alcohol was added with s t i r r i n g  a solution of 0.07 g of NaBH 4 in 5 ml  of water .  After  1 h, the alcohol 
was dist i l led off, the aqueous solution ex t rac ted  with ch lo ro fo rm,  and the ex t rac t  dr ied ove r  magnes ium sulfate,  
f i l t e red ,  and the c h l o r o f o r m  removed  to give 0.07 g of (VII). IR s p e c t r u m  (CC14, c m - i ) :  3620 (free OH), 3420 
br  (bound OH), 1650 (C = N). PMR s p e c t r u m  (5, ppm):  6.37 s (1H, CH), 2.10 (6H, CH3CBr), 1.54 and 1.46 s (3H 
and 3H.. 2 -CH 3 and 2-CH~). 

Reaction of Radicals  (I) and (Va) with Nitrous Acid. To a solution of 0.17 g of  (D in 4 ml  of alcohol was 
added with s t i r r i ng  a solut ion of 0.2 g of sodium n i t r i t e  in 2 ml  of wa te r ,  acidified to pH 2 with 7% hydrochlor ic  
acid ,  and kept for  1 day. ffhe prec ip i ta ted  (VIII) was f i l tered off,  and washed with water .  ' Ihe spec t ra l  c h a r a c -  
t e r i s t i c s  of (VIII) were  identical  with those of the n i t rosoke tone  p repa red  as in [12]. To a solution of 0.19 g of 
the acid (Va) in 0.5 ml  of alcohol was added a solution of 0.07 g of sodium ni t r i te  in 2 ml  of water ,  and the so lu-  
tion was acidified to pH 2 with 7~ hydroch lor ic  acid.  Tae prec ip i ta te  of  (XII) was f i l tered off and washed with 
water .  PMR s p e c t r u m  (5, ppm):  1.73 s (6H, CH3CNO), 1.60 s (6H, 2-CH3). 

Reaction of (VIII) and (XII) with Bromine .  To a suspension or  solution of 0.001 mole  of the niLroso c o m -  
pound ' in  5 ml  of c h l o r o f o r m  was added 0.001 mole  of b romine .  The react ion  was followed chromatographica l ly .  
When the n i t roso  compound had d i sappea red ,  the solvent  was dis t i l led off, and the res idue  chromatographed  on 
a s i l ica  gel column (eluent, ch lo ro fo rm) .  Yield of the bromoketone  (tIIa) 90%, and of (Via), 85%. 

C O N C L U S I O N S  

1. Nitroxyl r ad ica l s  in 3 - imidazo l ine  3-oxide a r e  not oxidized by halogens ,  whereas  ni t roxyl  rad ica l s  in 
3- imidazol ine  r e a c t  with ch lor ine ,  b rom i ne ,  and n i t rous  acid with f i ss ion of the imidazol ine ring. 

2o 4 -Ca rboxy -3 - i m i dazo l i ne - i - - oxy l s  on t r ea tmen t  with b romine  and ni t rous acid undergo recyc l iza t ion  to 
3 -oxazo l in -5 -ones .  

3. Bromine  t r e a t m e n t  of  4 - f o r m y l -  and 4 - a c e t y l - 3 - i m i d a z o l i n - l - o x y l  oximes r e su l t s  tn recyclizat~on to 
2H- imidazo le  1-oxides .  
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