
HETEROCYCLES, Yo1 28, No. 2, 1989 

SYNTHESIS OF CHIGHLY BRANCHED IHIOAZOLE DERlVATIVES VIA CINE-SUBSTITUTION AN0 SRNl 

SUBSTITUTION OF 5-NITROIHIDAZOLES YITH ANIONS OF NITROALKANES* 

Miche l  P. Crozet,* P a t r i c e  Vanel le,  O l i v i e r  Jentzer,  and M ~ c h e l e  P. Bert rand 

CNRS, LASCO UA 109, U n i v e r s i t e  d ' A i x - M a r s e i l l e  3, P. 0. Box 562, 

Av. E s c a d r i l l e  Normandie-Niemen, 13397 M a r s e i l l e  Cedex 13, France 

Abs t rac t  - Cine-subs t i t u t i on  and SRN1 s u b s t i t u t i o n  o f  1.2-dimethyl-5- - 

n i t r o i m i d a z o l e  w i t h  t h e  anions o f  secondary n i t r oa l kanes  prov ide  a  new and r a p i d  

synthesis of 4 -h i gh l y  branched im ida ro l e  d e r i v a t i v e s  i n  good y i e l d s .  The mechanist ic  

aspects of t h e  i nvo l ved  reac t i ons  a re  discussed. 

Metronidazole (1) and o ther  5 -n i t r o im idazo le  d e r i v a t i v e s  are used ex tens i ve l y  t o  t r e a t  i n f e c t i o n s  

caused by anaerobic protozoa and bac ter ia . '  Observations t h a t  impor tan t  b i o l o g i c a l  e f fec ts  of 

2  n i t r o im idazo les  a re  associated w i t h  r educ t i ve  metabolism have l e d  t o  considerable i n t e r e s t  i n  

n i t r o im idazo le  r educ t i on  chemistry.  Several types of evidence s t r o n g l y  suggests t h a t  t h e  mechanism 

o f  b i o l o g i c a l  a c t i o n  i nvo l ves  t h e i r  r educ t i on  t o  r a d i c a l   anion^,^ n i t roso imidazo les4  o r  

hydroxylaminoimidaroles and t h a t  one of these p a r t i a l l y  reduced metabo l i tes  causes b i o l o g i c a l  

a c t i v i t y  by r e a c t i n g  w i t h  t a r g e t s  l i k e  c e l l u l a r  DNA. Th is  hypothesis i s  supported by a  se r i es  o f  

r eac t i ons  o f  metronidazole w i t h  2-aminoethanethio l ,  which may be considered analogous t o  t h e  

b i o l o g i c a l l y  impor tan t  nuc leoph i le  g l u t a t h ~ o n e .  

The reac t i on  o f  metronidazole w i t h  excess t h i o l  under N2 (H20, l0OSC, 1.5 h )  produced 

3 4-[(2-aminaethyllthio]-2-merhylimidarole-1-tho (2) i n  98% y i e l d .  The f o rma t i on  of t h i s  

c i n e - s u b s t i t u t i o n  product  can be exp la ined by e l ec t r on  t r a n s f e r  f rom t h i o l a t e ,  coup l ing  of t h e  

r a d i c a l  anion o f  metronidazole w i t h  t h e  t h i y l  r a d i c a l  t o  g i ve  t h e  Meisenheimer complex, 

p ro tona t i on  and n i t r o u s  ac i d  e l i m i n a t i o n  as descr ibed i n  Scheme 1. 

Recently, i t  has been shown t h a t  a -n i t r o f u rans  bear ing  acy l  o f  a lkoxycarbonyl  groups on t h e  

a ' - p o s i t i o n  r e a c t  w i t h  t h e  anions o f  secondary n i t r oa l kanes  t o  g i v e  t h e  c i n e - s u b s t i t u t i o n  products 

5  
r eg iose lec t i ve l y .  Th is  h i gh  r e g i o s e l e c t i v i t y  i s  on l y  observed when t h e  anions o f  n i t r oa l kanes  are 

used as nucleophi les.  I n  these examples t h e  r e s u l t i n g  t e r t i a r y  n i t r o  compounds have not  been 

repo r t ed  t o  r e a c t  f u r t h e r  by SRN1 s u b s t i t u t i o n  w i t h  an excess of n i t r o n a t e  anions. 

 his paper i s  r e s p e c t f u l l y  dedicated t o  S i r  Derek Barton on t h e  occasion of h i s  70th b i r t hday .  



AS a pa r t  o f  our studies on the s u b s t i t u t i o n  react ions  o f  n i t r o im idazo le  compounds,6 t h e  react ion  

R o f  1.2-dimethyl-5-nitroimidazole (11) (Emtryl ) w i t h  the s a l t s  o f  secondary ni t roalkanes, such as 

2-nitropropane and ni t rocyclohexane was examined. I n  t h i s  paper, we repo r t  a new and r a p i d  

synthesis o f  4 -h igh ly  branched imidazole der iva t ives ,  which are important new synthons i n  t h e  

preparat ion o f  h istamine de r i va t i ves  and i n  the  developement o f  p o t e n t i a l l y  safer 

nitroimidazoles.' I n  an attempt t o  prepare an imidazole analog of a-nitrocumene by 

c i ne -subs t i t u t i on  i n  order t o  study i t s  r e a c t i v i t y  i n  SRN1 react ions,  we warmed under argon 

atmosphere a so lu t i on  o f  d imetr idazole ( 1 1 1  i n  to luene and excess tetrabutylanmonium s a l t  of 

2-nitropropane (12) i n  water (19 h, r e f l u x l .  A reac t ion  occurred g i v i n g  two products t h a t  cou ld  be 

separated bY s o l u b i l i t y  d i f ferences and column chromatography 

1;2-dimethyl-4'(1,1,2-trimethyl-2-nitropropyl) imidazole (11) (64%) and 

1 ,2-dimethyl-4-(I-methylvinyl) imidazole (14) (16%). A much less  expansive react ion ,  us ing sodium 

s a l t  of 2-nitropropane and phase-transfer c a t a l y s i s  by te t rabuty lamonium bromide gave s i m i l a r  

r e s u l t s  (13) (61%) and (14) (14%). The format ion of the  products (121 and (1Q) can i nvo l ve  the 

react ions  summarized i n  Scheme 2. Previous works have shown t h a t  n i t r o n a t e  anions reac t  by SRNl 

mechanism w i t h  5-ni t ro imidazoles bear ing a leav ing group on the methylene groupe a t  pos i t i on  2. 6.8 
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The f i r s t  step o f  t h i s  r eac t i on  i s  an e l ec t ron  t rans fer  from t h e  n i t r o n a t e  anion t o  t h e  

5-n i t ro imidazo le  g i v i n g  t he  2 -n i t r op ropy l  r a d i c a l  and t he  r a d i c a l  anion o f  t he  5-n i t ro imidazo le .  

When the  s t a r t i n g  ma te r i a l  i s  o f  t he  type of 1-methyl-2-chloromethyl-5-nitroimidazole t he  

corresponding r a d i c a l  anion gives a  fragmentation lead ing  t o  t he  I-methyl-5-ni t roimidazolylmethyl  

r ad i ca l  and loss  of c h l o r i d e  ion .  If the  5-n i t ro imidazo le  has no l eav ing  group, t he  corresponding 

rad i ca l  anion has now the  p o s s i b i l i t y  t o  r eac t  w i t h  t he  2-n i t ropropy l  r a d i c a l  t o  g ive  a  

Meisenheimer complex. S ing le  e l ec t ron  t r a n s f e r  i n  aromatic nuc leoph i l i c  add i t i on  and s u b s t i t u t i o n  

has been discussed i n  d e t a i l s 9  and i t  has been demonstrated t h a t  i n  r e l a t i v e l y  aqueous so lvents  

charge-transfer complexes between r a d i c a l  anions and r a d i c a l s  o f  t he  nucleophi les are probable 

intermediates i n  nuc leoph i l i c  aromatic a d d i t i o n  and subs t i t u t i on .  

SCHEME 2  

A se lec t i ve  coup l ing  of t h e  r a d i c a l  anion and t he  2-n i t ropropy l  r a d i c a l  t o  g ive  t he  format ion of a  

C-C bond i n t o  p o s i t i o n  4  a lso  i s  i n  agreement w i t h  ESR s tud ies  o f  t he  d imet r idazo le  r a d i c a l  anion 

from which it i s  poss ib le  t o  ca l cu la te  t h a t  20% of t he  sp in  dens i t y  i s  l oca l i zed  a t  c4.10 The 

intermediate c i n e - s u b s t i t u t i o n  product  11) i s  no t  i s o l a t e d  i n  these reac t ions  even w i t h  low 

conversion o f  d imet r idazo le  o r  if the  reac t i on  i s  c a r r i e d  out  a t  lower temperature 1CH2Cl2, r e f l u x  

o r  DMSO, room temperature). The format ion of t he  compound 114) f rom t h i s  hypothet ica l  in te rmedia te  



can be expla ined by n i t r o u s  ac i d  e l im ina t i on .  We have shown i n  a  b lank experiment t h a t  ( E )  i s  n o t  

the  precursor o f  (2) i n  t h e  r eac t i on  cond i t i ons  ( t e t r abu t y l amon ium s a l t  o f  2-ni t ropropane i n  

excess, H20-toluene, r e f l ux ,  24 h )  and i t  i s  poss i b l e  t o  conclude t h a t  t h e  c i ne - subs t i t u t i on  

product ( 1 )  i s  t h e  r e a c t i v e  in te rmed ia te .  I n  connect ion w i t h  t h i s ,  we have considered t h e  

p o s s i b i l i t y  o f  a  base-promoted add i t i on  of 2-ni t ropropane on (Q) lead ing  t o  (13) .  Th is  r eac t i on  

i s  not  observed. The c i ne - subs t i t u t i on  product  ( 1 )  being t h e  key in te rmed ia te  o f  t h i s  reac t ion ,  

i t s  r e a c t i v i t y  w i t h  n i t r o n a t e  anions may appear q u i t e  su rp r i s i ng  owing t o  t h e  f ac t  t h i s  t e r t i a r y  

n i t r o  compound has no o ther  e lec t ron-w i thdrawing  group o ther  than  im ida ro l e  r i ng .  Two r e l a t e d  

examples of SRN1 s u b s t i t u t i o n  w i t h  n i t r ogen  he te rocyc l i c  compounds w i t hou t  o ther  

e lec t ron-w i thdrawing  group have been shown t o  g i ve  good y i e l d s  o f  s u b s t i t u t i o n  products w i t h  

2-ni t ropropane anion. The f i r s t  example i s  t h e  r eac t i on  of 2-nitro-2-(4-pyridiny1)propane which 

gave the  corresponding SRN1 product  i n  86% yie ld.11 The second example i s  t h e  r eac t i on  of 

2-(I-imidazoly1)-2-nitropropane which gave 65% y i e l d  o f  t h e  SRNl p r o d ~ c t . ' ~  However, n e i t h e r  of 

these works has r epo r t ed  t h e  fo rmat ion  of an e thy l en i c  compound r e s u l t i n g  of n i t r o u s  ac i d  

e l i m i n a t i o n  f rom t h e  s t a r t i n g  t e r t i a r y  n i t r o  compound. 

We propose t h a t  t h e  c i n e - s u b s t i t u t i o n  product  (L) i s  t h e  r e a c t i v e  in te rmed ia te  which can l ose  

n i t r o u s  ac i d  t o  g i v e  t h e  e thy l en i c  compound ( 2 )  and t h a t  a l l  t h e  da ta  p rov ide  good evidence f o r  

assigning SRN1 mechanism t o  t h e  format ion o f  t h e  4 -h igh ly  branched im idazo le  d e r i v a t i v e  (N) as 

f u l l y  i l l u s t r a t e d  by Scheme 3. 
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Concerning the s t ruc tu re  of (12). i t  i s  noteworthy than i n  s p i t e  o f  extensive studies by X-ray 

analysis, the  s t ruc tu re  o f  t h i s  compound has been impossible t o  f i n d  from ca lcu la t ions .  The 

s t ruc tu re  o f  (0) has been confirmed by Bu3SnH reduct ion,  the  nmr spectrum showing the thexy l  

group a t  pos i t i on  4, by hydro lys is  and X-ray determinat ion o f  the  s t ruc tu re  o f  the  corresponding 

t e r t i a r y  alcohol ,  by SRNl react ion  w ~ t h  nitromethane anion and by LiA1H4 reduct ion  g i v i ng  the 

corresponding t e r t i a r y  amine w i t h  the  histamine skeleton. The rad i ca l  deamination o f  t h i s  amine by 

Barton react ion13 i s  c u r r e n t l y  being explored. A l l  these r e s u l t s  which are i n  progress w i l l  be 

published elsewhere. F i n a l l y ,  we have found t h a t  ( N )  can be q u a n t i t a t i v e l y  transformed i n t o  

compound (14) by 2-nitropropane loss  simply when subjected t o  column chromatography on alumina 

(Merck aluminium oxide 90 ac t ive ,  neu t ra l  f o r  column chromatography). E l u t i o n  w i th  methylene 

ch lo r i de  then w i t h  methanol af forded pure (14). The mechanism o f  t h i s  e l im ina t i on  i s  unknown bu t  

we have observed t h a t  t h e  react ion  i s  very sens i t i ve  t o  the  q u a l i t y  of alumina and the s t ruc tu re  

o f  the  substrate i . .  the b a s i c i t y  o f  the  imidazole) because when the analogous 5 - n i t r o  

de r i va t i ve  i s  t r ea ted  i n  the  same condi t ions,  t h i s  compound i s  recovered unchanged wi thout  

2-nitropropane e l iminat ion .  

I n  conclusion, we have found tha t  5-n i t ro imidazo les  react  w i t h  n i t roa lkane anions t o  g i ve  v i a  

c i ne -subs t i t u t i on  a  t e r t i a r y  n i t r o  in termedia te  which can lose n i t r o u s  ac id  o r  undergo SRN1 

subs t i t u t i on  w i t h  n i t r o n a t e  anions. This new and rap id  synthesis o f  4 -h igh ly  branched imidazole 

de r i va t i ves  opens the way t o  the  preparat ion of new compounds w i t h  the  histamine skeleton. These 

compounds a lso  a f t e r  n i t r a t i o n  could be used f o r  developing nonrnutagenic 5-ni t ro imidazoles of 

great i n t e r e s t .  Several i n t e r e s t i n g  mechanistic aspects o f  r e a c t i v i t y  r e l a t e d  t o  an in t ramolecu lar  

ca ta l ys i s  by imidazole a lso  are discernable, thecompound (11)  e x h i b i t i n g  a  double gem-dimethyl 

effect and a  perfect  molecular s t ruc tu re  f o r  an in t ramolecu lar  assistance. F ina l l y ,  the  synthesis 

of (141 an a-methy ls ty rene- l i ke  compound permits t o  imagine many f ree rad i ca l  react ions14 usefu l  

t o  synthesis o f  complex t a rge t  molecules o f  b i o log i ca l  i n t e r e s t .  
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EXPERIMENTAL 

General Procedure fo r  Reactions o f  1.2-Oisubstituted 5-Nitroimidazoles (11)  w i t h  

Tetrabutylamonium Sal ts  o f  Ni t roalkanes (12) [Preparation o f  1.2-Dimethyl-4-(1.1.2-trimethyl- 

2 -n i t r op ropy l )  imidazole (13) as an ~xamp le l - - - - -  Under argon atmosphere, an aqueous so lu t i on  of 



tetrabutylamonium hydroxide 40% in water (25.97 g, 40 mnol) was reacted with 2-nitropropane (12) 
R 

(3.56 g, 40 m 1 )  for 1 h. A solution of 1.2-dimethyl-5-nitroimidazole (Oimetridazole or Emtryl 

(11) (1.41 g, 10 mol) in 40 ml of toluene was added and the mixture was stirred and refluxedfor 

19 h. After cooling, the organic layer was separated and the aqueous layer was extracted with 

three portions of toluene 150 ml). The combined organic layers were dried over MgS04 and the 

solvent was removed under reduced pressure. The crude product was fractionated by silica gel 

column chromatography. Elution with CHC13/CH30H (9/1) afforded 1.43 g (64%) of (12) and 0.22 g 
116%) of 1,2-dimethyl-4-(I-methy1vinyl)imidazole (14). (11) was purified by recrystallization from 
pentane. Colorless needles mp 115'C. Anal. Calcd for ClIH19N302 : C, 58.64 ; H, 8.50 ; N, 18.65. 

Found ; C, 58.60 ; H, 8.51 ; N, 18.63. Ir (solid) : 1534 cm-' (NO2). l ~ - ~ m r  (CDC13) 6 ppm : 1.38 

(s,6H),1.601~,6H), 2.30 (s, 3H), 3.47 Is, 3H) , 6.47 (s, 1H). 13c-~mr (C0Cl3) 6 ppm: 12.83 

Ms (70 ev) m/z 1%) : 225 (1.3), 179 (4.4), 163 (7.71, 137 (100). 122 (3.31, 109 (2.61, 94 12.41, 

81 (5.51, 68 (4.6). 56 (14.1), 42 (14.41, 30 (5.3). 
1 (14) was purified by Kugelrohr distillation 150°C. Ir (liquid) : 1635 cm-' lH2C=C). H-Nmr 

(CDClj) 6ppm : 2.0 (s, 3H), 2.37 (s, 3H), 3.47 (s, 3H), 4.80 (broad s, lH), 5.57 (broad s, lH), 

6.67 Is, 1H). 13c-~mr (C0Cl3) 6 ppm : 12.81 lCg). 20.29 lC8), 32.76 (C1), 108.69 (C,), 116.94 

(C5). 135.94 (C4), 140.75 (C2), 145.93 1C6) Ms (70 eV) m/z 1%) : 137 1 0 . 1  136 1100). 135 

(33.5), 121 (25.8), 110 (2.0), 94 (27.5), 80 (14.6), 67 (7.6), 56 148.5), 42 (50.71, 27 (12.2). 

Preparation by the Same Procedure of l-Nitro-l'-(l,2-dimethyl-4-imidazolyl)-l:l'-bicyclohexane 

(15) and 1,2-Dimethyl-4-(1-cyclohexenyl) imidazole (16) ----- By the same procedure, using an 

aqueous solution of tetrabutylammonium hydroxide 40% in water (46 g, 71 mmol), nitrocyclohexane 

19.15 g, 71 mmol) and (11) (2.50 g, 17.7 mol) in toluene (100 ml). Elution with CHC13/acetone 

(7/3) afforded 3.24 g (60%) of (E) and 0.56 g 118%) of (16). 
(5) was purified by recrystallization from cyclohexane. Colorless needles, mp 193°C. Anal. Calcd 

1 for Cl7H2,N3O2 : C, 66.85 ; H, 8.91 ; N, 13.76. Found : C, 66.94 ; H, 8.76 ; N, 13.69. H-Nmr 

(CDC13) 6 ppm : 1.0-2.8 (m, ZOH), 2.36 (s, 3H), 3.53 (s, 3H), 6.48 (s, 1H). 
1 (16) - light yellow viscous oil. H-Nmr (CDC13) 6 ppm : 1.2-2.4 (m, 8H), 2.36 (s, 3H), 3.38 (s, 3H), 

6.37 (broad s. lH), 6.61 (s, 1H). 
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General Procedure f o r  Reactions of 1,2-Disubst i tuted 5-Nitroimidazoles (11) w i t h  Sodium S i l t s  of 

Ni t roalkanes (12)  under Phase-Transfer Cata lys is  Conditions-----Under argon atmosphere, sodium 

hydroxide (1.6 g, 40 mmol ) i n  water (10 ml)  was s t i r r e d  w i t h  2-nitropropane (3.56 g, 40 m o l  I f o r  

Ih .  A so lu t i on  of 1,2-dimethyl-5-nitroimidazole (111 (1.41 g, 10 m o l l  i n  to luene (20 m l l  and 

tetrabutylammonium bromide (0.32 g, 1 m o l l  were added and the mix ture  was re f l uxed  fo r  24 h. The 

treatment already described gave (121 (61%) and (14) (14%). 

REFERENCES 

1 . M. D. Na i r  and K. Nagarajan, 'Progress i n  Drug Research : Ni t ro imidazo les  as Chemotherapeutic 

Agents', Vol 37, ed. by E. Jiicker, Birkhauser Verlag, Basel, 1983, pp. 163-252. 

2 . 6. I .  Edwards, M. Dye, and H. Carne, J. Gen. Microbiol . ,  1973, 76, 135 ; Y. W. Chien and 5. S. 
'VII 

Mizuba, J. Med. Chem., 1978, a, 374 ; 0. I. Edwards, ' A n t i b i o t i c s  : Modes and Mechanism o f  

Microb ia l  Growth I n h i b i t o r s ' ,  Vol V I ,  ed. by F. E. Hahn, Springer Verlag, Be r l i n ,  1983, pp. 

121-135. 

3 . P. Goldman and J. D. Wuest, J. Am. Chem. Soc., 1981, J$& 6224 and references there in .  

4 . W .  J. Ehlhardt ,  B. B. Beaulieu, Jr., and P. Goldman, J. Med. Chem., 1988, ;U, 323. 

5 . B. J. Barnes, P. J. Newcombe, R. K. Norr is,  and K. Wilson, J. Chem. Soc., Chem. Conmun., 1985, 

1408 ; N. Ono, T. X. Jun, and A. Ka j i ,  Synthesis, 1987, 821. 

6 . M. P. Crozet, J:M. Surzur, P. Vanelle, C. Ghiglione, and J. Maldonado, Tetrahedron Let t . ,  

1985, 2&, 1023 ; M. P. Crozet, P. Vanelle, 0. Jentzer, and J. Maldonado, C.R. Acad. Sci., 5 

11, 1988, 306, 967 ; M. P. Crozet, 0. Jentzer, and P. Vanelle, 'Free Radicals i n  Synthesis and - 
Bio logy ' ,  ed. by F. Min isc i ,  Kluwer Academic Publishers, Dordrecht, 1988, i n  press ; M. P. 

Croret, P. Vanelle, 0. Jentzer, and J. Maldonado, Org. Prep. Proc. In ternat . ,  1988, i n  press.  

7 . J. S. Walsh, R. Wang, E. Bagan, C. C. Wang, P. Wislocki ,  and G. T. Miwa, J. Med. Chem., 1987, 

32, 150. 

8 . A. T. 0. M. Adebayo, W. R. Bowman, and W.  G. Sa l t ,  J. Chem. Soc., Perkin Trans. 1, 1987, 2819. 

9 . R. Bacaloglu, C. A. Bunton, G. C e n c h e l l i ,  and F. Ortega, J. Am. Chem. Soc., 1988, m, 3495 ; 

R. Bacaloglu, C.  A. Bunton, and F. Ortega, J. Am. Chem. Soc., 1988, m, 3503. 

10. M. C. R. Symons and W. R. Bowman, J. Chem. Soc., Perkin Trans. 2, 1988, 1077. 

11. H. Feuer, J. K. Doty, and N. Kornblum, J. Heretocycl ic Chem., 1978, ljl, 1419. 

12. R. Beugelmans, T. F r i nau l t ,  A. Lecheva l l ie r ,  0. K i f f e r ,  and P. Ma i l l os ,  Tetrahedron Lett . ,  

1988, 22, 2567. 

13. D. H. R. Barton, G. Bringmann, and W.  B. Motherwell, J. Chem. Soc., Perkin Trans. 1, 1980, 

2665. 

14. D. H. R. Barton and S. Z. Zard, 'Subst i tuent  E f fec t s  i n  Radical Chemistry', Vol. 189, ed. by 

H. G. Viehe, Z. Janousek, and R. Merenyi, D. Reidel Publ ishing Co., Dordrecht, 1986, pp. 

443-461. 
Received, 27th August, 1988 


