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Derivatives of 4-haloalkyl-3-imidazoiine 3-oxide are staging materials in the synthesis of many func- 
tional derivatives of nitroxyl radicals [I]. It was shown previously by us that analogous compounds in the 3- 
imidazolin-l-oxyl series are formed in moderate yield on interacting enaminoketone derivatives of imidazol- 

ine with bromine or with hypohalites [2]. A new route to the synthesis of 4-haloalkyl-3-imidazolin-l-oxyls 

has been investigated and some of their properties have been studied in the present work. 

The interaction of imino compounds capable of enolization with halosuceinimides (HSI) leads to an a -halo 
substituted derivative of the imine, however, the reaction does not go selectively and leads in good yield only 
to polyhalogenated imino compounds [3}. Under these conditions the interaction of 2,2,4, 5, 5-pentamethyl-3- 

imidazolin-l-oxyl (la) with N-bromosuccinimide (BSI) in CCI 4 leads to the tribromo derivative, viz. 4-tri- 

bromomethyl-2,2,5, 5-tetramethyl-3-irnidazolin-l-oxyl (II), independent of the conditions of carrying out the 
reaction and of the ratio of reactants, in a yield not exceeding 10%. On interacting compound (Ia) with N- 
chlorosuccinimide (CSI) either a mixture  of 4-d ichloromethyl -  (III) and 4 - t r i eh lo rome thy l -2 ,2 ,5 ,  5-tetramethyl-  
3 - imidazo l in - l -oxy l  (IV) was obtained or ,  under the action of an excess of CSI, only the t r ichloro  derivative 
(IV). 4 - E t h y l - 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  (Ib) reacted more  readi ly than compound (Ia) with 
C SI and as a resul t  both the dihalo der ivat ives ,  4-{1,1-dichloroethyl)-  (VII) and 4 - (1 ,1 -d ib romoe thy l ) -2 ,2 ,5 ,  5- 
t e t r ame thy l -3 - imidazo l in - l -oxy l  (VIII), and the monohalo derivat ives ,  4-(1-chloroethyl) -  (V) and 4 - (1 -b romo-  
e t h y l ) - 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  (VI), were successful ly isolated. 
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l~ = H (a), Me (b); X = Br (I[), (VI), (VIII), X = Cl (IV), (V), (VII). 

Thus,  the interact ion of derivat ives of 3-imidazoline (I) with CSI led to the formation of mono- ,  di-  and 
tr ihalo derivat ives;  however~ as a rule low yields and poor reproducibil i ty made this approach less sa t i s fac tory  
for synthesis .  It should be mentioned that halogenation of derivatives of 3-imidazoline 3-oxide under s imi lar  
conditions occur red  significantly more  readily [4] in compar ison  with derivat ives of 3-imidazoline which is 
evidently linked with the ability of imino compounds to add a molecule of halogen at the C = N  bond [5]. In the 
case of 3-imidazoline derivat ives this must  lead to opening of the hetero r ing.  Another possible explanation 
is linked with the high reducing ability of the nitroxyl group in the composition of the 3-imidazoline he tero-  
cycle [6] which leads to its ready oxidation to a hydroxylammonium group and subsequent openirig of the hetero 
ring. 

A more convenient method of obtaining 4-haloalkyl derivatives of 3-imidazoline comprises halogenation 

of N-formyl derivatives of imidazoline (IX)* Compound (IX) is formed on treating 3-imidazoline derivatives 

* For the preliminary communication see [7]. 
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with phosphorus oxychloride in dimethylformamide (DMF) under conditions of the Vi lsmeier  react ion.  The 
s t ruc ture  of (IXa) was confirmed by the PMR spec t rum of its diamagnetic analog 4 -me thy lene -2 ,2 ,5 ,  5 - t e t r a -  
methyl imidazol id in- l -oxide  (X) formed on interact ion of (IXa) with hydrazine hydrate .  
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R = H (a), Me (b). 

Trea tment  of the N-formyl  der ivat ives  (IX) with proton acids or  with electrophil ic  reagents  led to 
f ission of the formyl  group with the format ion of der ivat ives  of 3-imidazoline (I). Interact ion of (tXa) with an 
aqueous alcohol solution of NaOBr led to the dibromo derivative (XI) af ter  work-up [7] which was not obtained 
on brominating imidazoline (Ia). It was shown on fur ther  study of this react ion that the t r ib romo derivative (II) 
was formed initially.  If the react ion mixture  was then subjected to heating at 30-40~ compound (K) was quan- 
t i tativety.conver~ed into the dibromo der ivat ive (XI). The isolated t r ib romo derivative did not form dibromo 
derivative (XI) on interact ion with an aqueous or  aqueous dioxan solution of NaOBr, on interact ion with an aque - 
ous alcohol solution of  NaOH the dibromo derivative was formed in t r ace  amounts.  Heating of the same aque- 
ous alcohol solution of (II) with NaOBr led to the format ion of dibromo derivative (XI) as the sole paramagnet ic  
product .  The react ion scheme seemingly includes reduct ion of the t r ib romomethyl  group by the products of 
oxidation of ethyl alcohol by sodium hypobromite .  

Thus, as a resul t  of the interact ion of compound (IXa) with NaOBr it is possible to isolate in high yield 
ei ther  the t r i b r o m o -  (II) or  the dibromomethyi  derivat ive (XI). 

It is in terest ing to note that this react ion is also extended to the t r ib romo der ivat ive,  4 - t r ib romomethy l -  
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 - 3 - o x i d e - l - o x y l  (NII), the corresponding dibromo derivative (XIII) is formed 
in this way. The trichLoro derivat ive (IV) did not enter  into a redact ive dehalogenation react ion under analo- 

gous conditions.  

R = H (a), Me (b). 
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The interact ion of (IXa) with BSI led to t r ibromide  (II) independent of the rat io of reac tan t s ,  compound 
(IXb) was brominated select ively under these conditions and led ei ther  to the mono-  (VI) or  to the dtbromo 
derivative (VIii) depending on the rat io of r eac tan t s .  The interact ion ~f compound (lXb) with NaOBr occur red  
analogously and led to the format ion of the bromo derivat ives  of imidazoline (VI) and (VIII) and it was not pos-  
sible to detect their  mutual in te rconvers ion  under the conditions of  the react ion.  

Thus,  the use of halogenation of der ivat ives  of 3-imidazoline or  N-formylimidazolidine made it possible 
to obtain mono- ,  d i - ,  and tr ihalo derivat ives  of 3 - imidazo l in - l -oxy l .  

Data on the interaction of c~ -halo substituted imino compounds with nucleophilic reagents  are ext remely  
l imited.  Consequently it seemed of in teres t  to study the interact ion ~I the synthesized 4-halo-methyl  de r i -  
vatives with cer ta in  nucleophilic reagents ,  par t icu lar ly  bases .  

On interact ing the t r ichloro  derivative (IV) with NaOH in aqueous alcohol solution a nucleophilic subst i -  
tution react ion occur red  between the t r ichloromethyl  group and hydroxyl with the formation of lac tam (XIV) [81. 
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T A B L E  1. C h a r a c t e r i s t i c s  o f  S y n t h e s i z e d  C o m p o u n d s  
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N o t e .  C o m p o u n d s  ( I I I ) ,  (V) ,  (VII ) ,  ( IX) ,  (X) ,  (XVII) w e r e  p u r i -  

f i e d  by  r e c r y s t a l l i z a t i o n  f r o m  h e x a n e ,  (VI) c h r o m a t o g r a p h i c a l l y ,  

a n d  (VIII) by  d i s t i l l a t i o n .  

Under similar conditions the tribromo derivative formed a carboxylic acid (XV) [9] and a small amount of 
dibrolno derivative (XI). On increasing the reaction time (XI) was also converted into acid (XV). On interact- 
ing the dibromo (XI) or dichloro derivatives (IIl) /9] with NaOH acid (XV) was also formed. Based on this, it 
may be proposed that dibromo derivative (XI) is an intermediate reaction product. The formation of a carb- 
oxyl group on hydrolysis of the dibromomethyl group may be explained by the participation of the radical cen- 
ter which is reduced by this to a hydroxylamino group /10]. However, on Carrying out the hydrolysis of tri- 

bromo derivative (II) in an atmosphere of argon the diamagnetic acid (XVa) was formed together with the para- 

magnetic compound (XV) in trace amounts. Consequently the main scheme according to which the reaction 

evidently proceeds is hydrolysis of the tribromomethyl grouping without participation of the radical center. It 

is interesting to note that under analogous conditions carboxylic acid (XV) is also formed from 4-bromodichlo- 

romethyl-2,2,5,5-tetramethyl-3-imidazolin-l-oxyl (XVII) obtained by the action of bromine on (III). 

CHX2 COOH CX~ 0 
\ ~ N  N a O H  N a O H  N a O H  

/ \  / - . / \  x=B~ / \  x=ci 
N N 

J. b I. 
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(Ill), (XI) (XV) (n), 0v), (xvn) (xiv) 

The interaction of halomethyl derivatives of 3-imidazoline with sodamide has been studied. The reac- 

tion was conducted in liquid ammonia which was used without previous drying. Under these conditions the di- 

ehloro derivative (IIl) was formed from the triehloro derivative (IV) as also occurred on interacting (II) with 

an aqueous alcohol solution of NaOBr. Treatment of dichloro derivative (III) with an excess of NaNH 2 led to 

the known amide (XVIII) []i]. On treating the same tribromo (If) or dibromo derivative (XI) with an excess 

of sodamide a significant amount of the dimagnetic compound (XIX) was formed in addition to amide (XVIII) [121, 

CXs CHX2 CONH2 CO NH2 
~ N  NaNH2 ~ N  NaNH~ ~ N  ~ N  

gl), (iv) (m), (xi) ( x v m )  (xxx} 

The fact that the products of reaction with an excess of sodamide were the same in the case of the di- 

bromo (XI) and tribromo (II) derivatives indicates that reaction of (II) with NaNH 2 evidently also proceeds 

through the stage of dihalo derivative (XI). The second stage, the conversion of the dihalomethyl group into 
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amide,  occurs  with the part icipation of the nitroxyl group (cf. [12]) which is reduced to an amino group in 
the case  of the dibromo derivative (XI). 

E X P E R I M E  NTA L 

JR spec t ra  were  descr ibed on a UR-20 spec t romete r  in KBr (concentration 0.25%) and in CC1 a (concen- 
t rat ion 5%). UV spect ra  were taken on a Specord UV-VIS instrument  in EtOH. The identity of compounds 
was determined by compar i son  of  IR and UV spect ra  and by thin l ayer  chromatography on Silufol UV-254 
plates .  The NMR spec t ra  were descr ibed on a Varian A-56-60A ins t rument .  Data of elemental  analys is ,  
melt ing points,  and yields of the synthesized compounds are  given in Table 1. 

4 - T r i b r o m o m e t h y l - 2 , 2 , 5 ,  5 - t e t r amethy l -3 - imidazo l in - l -oxy l  (II). a) BSI (2.4 g) and one drop cone. 
H2SO 4 were added to a solution of imidazoline (Ia) (0.6 g) in CC14 (20 ml) f reshly distilled over P20~. The r e -  
action mixture  was s t i r r ed  for  2 h at N 20oc, the precipi ta te  of succinimide f i l tered off, and the solution eva-  
porated.  Compound (II) was isolated by chromatography on a column of si l ica gel,  eluent was e t h e r - h e x a n e  
(1:2). Yield was 0.15 g (10%), mp 82-83~ (EtOH) (cf. [2]). 

b) A solution of (IXa) (0.3 g) in EtOH (30 ml) was added dropwise with s t i r r ing  and cooling to 0~ to a 
solution of NaOBr prepared  f rom NaOH (2.6 g) and Br 2 (0.96 ml) in water  (25 ml). The precipi tated solid 
was f i l tered off,  washed with water ,  and dried.  Yield of (II) was 0.49 g (77%). 

The dibromo derivat ive (VIII) was obtained in 60% yield f rom (IXb) under analogous conditions, and with 
insufficient NaOBr a mixture of the mono (VI) and dibromo derivative (VIII) was obtained which was separated 
by chromatography on si l ica gel,  eluent was CHC13. 

c) A solution of (IXa) (0.5 g) in dry CC14 (20 ml) was s t i r red  with BSI (1.51 g) for 10 rain, the prec ip i -  
tate of sueeinimide was f i l tered off, the solution evaporated,  (II) was isolated by chromatography on si l ica gel 
with ch loroform as eluent,  and the yield was 0.7 g (60%). 

Similarly (VI) was obtained in 6570 yield on t reat ing (IXb) with an equivalent amount of BSI and on t r e a t -  
ment with an excess  of reagent  the dibromo derivative (VHI) was obtained in 600/o yield.  

4 -Dich lo romethy l -2 ,2 ,5 ,  5 - t e t r amethy i -3 - imidazo l in - l -oxy l  (III). A solution of imidazoline (Ia) (2 g) in 
dry CC14 (50 ml) was s t i r r ed  for 48 h with CSI (1.9 g). The precipitate of succinimide was f i l tered off and the 
solution evaporated.  The mixture of (III) and (IV) was separated by chromatography on a column of si l ica gel 

with CHC13 as eluent. Yield of (m) was 1.15 g. 

Compound (V) 4 - (1 -ch lo roe thy l ) -2 ,2 ,5 ,  5 - t e t r amethy l -3 - imidazo l in - l -oxy l  was obtained in a s imi lar  
manner  f rom imidazoline (Ib) by the action of an equimolar  quantity of CSI. IR spec t rum (KBr, v, cm-1): 
1630 (C ----N) and by the action of an excess of CSI 4 - (1 ,1 -d i ch lo roe thy l ) -2 ,2 ,5 ,5 - t e t r ame thy ] -3 - imidazo l in -1 -  
oxyl (VII) was obtained. IR spec t rum (KBr, v, cm-1): 1615 (C =N). Under analogous conditions 4 - (1 -b romo-  
e thy l ) -2 ,2 ,5 ,5 - t e t r am e thy l -3 - im idazo l i n - l - oxy l  (VI) was obtained by the action of BSI on (Ib) at an equimolar 
ratio of reac tants .  IR spec t rum (CCl4, v, cm-1): 1630 (C =N) ,  and with an excess  of BSI 4 - (1 ,1 -d ibromoethy l ) -  
2 ,2 ,5 ,  5 - t e t r amethy l -3 - imidazo l in - l -oxy i  (VIII) was o brained, IR spec t rum (KBr, v, cm-l)  : 1610 (C ---- N). 

4 -T r i ch lo rome thy l -2 ,2 ,  5, 5 - t e t r amethy t -3 - imidazo l in - l -oxy l  (IV). CSI (2 0 g) and one drop of conc.  
H2SO 4 were added to a solution of imidazoline (In) in dry  CCI 4 (150 ml),  the mixture was heated to boiling, 
and removed f rom the heat.  When the exothermic stage of the react ion was complete the mixture was cooled, 
the precipi tate  of succinimide f i l tered off, the solution evaporated,  and the residue rec rys ta l l i zed  f rom hexane. 
Yield of (IV) was 10.3 g (95%), mp 123-125~ (hexane) (cf. [2]). 

4 -Bromod ich lo rome thy l -2 ,2 ,5 ,  5 - t e t r amethy l -3 - imidazo l in - l -oxy l  (XVII). A solution of Br 2 (0.14 ml) 
in MeOH (5 ml) was added dropwise with s t i r r ing  and cooling to 0~ to a solution of (III) ( 0  3 g) and sodium 
methylate (0.3 g) in MeOH (20 ml). Stirring was continued for 15 rain, the solution evaporated,  the res idue 
washed with dry e ther ,  the precipitate of inorganic salt  was f i l tered off, the solution evaporated,  and !XVII) 
was isolated by chromatography on a column of si l ica gel with CHC13 as eluent. IR spec t rum (KBr, v,  cm -1) : 

1615 (C =N) .  

4 - D i b r o m c m e t h y l - 2 , 2 , 5 , 5 - t e t r a m e t h y l - 3 - i m i d a z o i i n - l - o x y i  (XI) was obtained in a s imi lar  manner  to the 
t r ib romo derivative (II). After adding a solution of (IXa) to the solution of NaOBr the mixture was evaporated 
by 2/3 at 30-40~ in vacuum with a water - je t  pump. The residue was diluted with water ,  the precipitate of 
(XI) f i l tered off, washed with water ,  and dried.  Yield was 9070, mp 123-125~ (hexane) (cf. [2]). 
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4-Dib romomethy l -2 ,2 ,5 ,5 - t e t r ame thy l -3 - imid~  zolin-3-oxide-1--oxyl (XIII). A solution of NaOBr p r e -  
pared f rom NaCH (0.6 g) and Br 2 (0.3 ml) in water  (10 ml) was added in portions with s~irring to a solution 
of (XII) (0.5 g) in EtOH (10 ml) at such a ra te  that the tempera ture  of the react ion was not ra ised  above 40~ 
After the end of the addition the solution was evaporated by 2/3,  the precipitated solid dibromo dr 
was f i l tered off, washed with water ,  dr ied,  and rec rys ta l l i zad  f rom EtOH. Yield was 0.2 g {50%), mp 133- 
135~ (cf. [4]). 

4 -Me thy l ene -3 - fo rmy l -2 ,2 ,5 ,5 - t e t r ame thy l imidazo l id in - l -oxy l  (IXa). POC13 (3 ml) was added drop-  
wise with s t i r r ing  and cooling to dry DMF (10 .ml). Stirr ing was continued for 10 rain at ~ 20~ and after  
cooling to 0~ a solution of imidazoline (In) in dry  DMF (3 ml) was gradually added. St i r r ing was continued 
for 1 h at ~ 20~ then the mixture was poured onto ice.  The solution was neutral ized with NaHCC 3 and ex-  
t rac ted  with CHCI~. The extract  was dr ied over  MgSO~ and the solution evaporated to d ryness .  The residue 
was dissolved in a small  quantity of CHC13 and fi l tered through a layer  of AI203 (6 cm) elutiug with ch loroform.  
The solution was evaporated and (IXa) (3 g) was obtained. IR spec t rum (KBr, , ,  c m J ) :  1680 (C =O) ,  UV 
spec t rum,  ethanol kma x ,  nm (log e): 233 (4.00). 

Under analogous conditions 4 - e thy l i dene -3 - fo rmy l -2 ,2 ,5 ,5 - t e t r ame thy l imidazoAn- l -oxy l  (1Xb) was 
obtained f rom imidazoline (Ib), IR spec t rum (KBr, ~, era-l) :  16~0 (C =O) ,  UV spec t rum,  EtOH kmax, nm 
(log e): 242 (390). 

1 - H y d r o x y - 4 - m e t h y l e n e - 3 - f o r m y l - 2 , 2 ,  5, 5-tetramethylimidazolidine (X). A solution o f (IXa) (0.2 g) and 
hydrazlne hydrate (0.5 ml) in EtOH was maintained at ~ 20~ for 48 h, evaporated,  the residue was dise:olved 
in wate r ,  and extracted with CHC13. The extract  was dried over MgSO a and evaporated.  Compound (X) c r y s -  
tal l ized on adding hexane. Yield was 0.15 g. IR spec t rum (KBr, v, c m J ) :  1680 (C =O) .  UV spec t rum (EtOH), 
X~nax , nm (log e): 232 {3.86). PIVIR spec t rum (CC14): 1.23 s (6 H) and 1.48 s (6 H, gem Me2) , 4.05 d (1 H, J = 
5 Hz), and 4.44 d (1 H, CH 2, J = 5 Hz), 5.84 s (1 H, CHO). 

4 - O x o - 2 , 2 , 5 ,  5 - te t ramethyl imidazol id in- l -oxyl  (XIV). A solution of (IV) (7 g) in a mixture of EtOH 
(100 ml) and 10% aqueous NaOH solution (50 ml) was boiled for 5 h, evaporated by 2 /3 ,  acidified to pH 4 with 
5% HC1, and extracted with CHC13. The ext rac t  was dried over MgSOd, evaporated,  and (XIV) (4 g:95%) of 
mp 223-225~ (cf. [8]) was obtained. 

4 - C a r b o x y - 2 , 2 , 5 ,  5 - t e t r ame thy l -3 - imidazo l in - l -oxy l  (XV). A solution of (II) (0.45 g) in a mixture of 
MeOH (10 ml) and 10% NaOH solution (5 ml) was maintained at N20~ for 6 h, evaporated by 2/3,  the p r ec i -  
pitated solid dibromo derivat ive (XI) was f i l tered off, the solution extracted with CHCI~, and the ext rac t  d i s -  
carded .  The aqueous solution was acidified with 5% HC1 to pH 3 and extracted with CHC13. The ext rac t  was 
dried over  MgSOa, the solution evaporated,  and (XV) of mp 115-117~ (cf. [9]) was obtained. On increas ing  
the react ion t ime to 12 h the dibromo derivat ive (XI) was not isolated but (XV) was formed in 80% yield. 

It was possible to obtain (XV) f rom dibromo derivative (XI) in a s imi lar  manner .  

4 - D i c h l o r o m e t h y l - 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  (HI). Compound (IV) (3 g) was added with 
s t i r r ing  and cooling to -40~ to a solution of sodamide p repared  from Na (1.2 g) and liquid NH 3 (150 ml). S t i r -  
r ing was continued for  3 h at - 4 0  to -50~  the excess  of NaNH2 was decomposed with NHdC1. After evapora -  
tion of NH 3 the residue was extracted with CHC13, the solid inorganic salt  was f i l tered off, and the solution 
evaporated.  Compound (III) was isolated by chromatography on a column of s i l ica gel with CHC13 as eluent. 
Yield was 0.9 g (35%). 

Under s imi la r  conditions amide (XVIII) was obtained f rom dicbloro derivative (HI) in 45% yield,  mp 201- 
203~ (cf. [11]) and a mixture  of (XVIH) and (XIX) was obtained f rom the t r ibromo (II) and dibromo derivative 
(XI). The mixture  was separated by chromatography on a column of s i l ica gel with CHC13-MeOH {30:1) as 
eluent.  Yield of (XVIII) was 30%, mp 165-167~ (cf. [11]). 

CONCLUSIONS 

I. On halogenation of derivatives of 3-imidazoline or N-formylimidazoline mono-, di-, and trihaloalkyl 
derivatives of nitroxyl radicals of 3-imidazoline were obtained. 

2. Participation of the radical center in reactions of the halomethyl derivatives of 3-in~idazoline with 

nucleophilic reagents was detected and a difference was found in the direction of the reaction of chloro and 
bromo derivatives with bases. 
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3. A reductive dehalogenation react ion was discovered which led to the formation of dihalomethyl de r i -  
vatives of 3-imidazoline f rom tr ihalomethyl  derivat ives and took place under the action of an aqueous alcohol 
solution of sodium hypobromite or  amide in liquid ammonia .  
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