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_Abstract-A new and r e l i a b l e  procedure f o r  the  mul t igram-scale p repara t ion  

o f  2-methyl-1-phenyl-5-phenylaminobenzirnidazole (6) i s  reported.  Bernthsen 

t h i o n a t i o n  of  5 leads t o  2-methyl-3-phenyl-6~-imidazo[4,5-c]phenothiazine 

(x), whose s t r uc tu re  was es tab l i shed through a d e t a i l e d  mono- and bidimen- 

s iona l  'H-nmr and 13c-nmr spectroscopic study o f  model compounds. 

INTRODUCTION 

The chemistry of  phenothiazine c o r n p o ~ n d s ~ - ~  has been considered of i n t e r e s t  f o r  over  a 

cen tury  due t o  t h e i r  wide range of  app l i ca t i ons ,  which i nc l ude  several  useful pharmaco- 

5 6 l o g i c a l  a c t i v i t i e s  ( a n t i h i ~ t a m i n i c , ~  neu ro l ep t i c  and an the lm in t i c  ), and a l so  t h e i r  

7 use as pho tosens i t i r e r s  i n  s o l a r  energy converters.  I n  s p i t e  o f  t h e  wide range o f  s t r uc -  

t u r a l  types covered by these s tud ies ,  t he re  i s ,  t o  our knowledge, on l y  one example o f  a 

mixed phenothiazine- imidazole fused r i n g  system, namely imidazo[4,5,1-k,z]phenothia- 

z ine.8 We wish t o  r e p o r t  here the  f i r s t  s tudy o f  the r e g i o s e l e c t i v i t y  o f  Bernthsen 

thionationl-3 o f  an an i l inobenz imidaro le  de r i va t i ve ,  as exempl i f ied  by the  t ransforma- 

t i o n  o f  2-methyl-I-phenyl-5-phenylaminobenzimidazol (6) i n t o  2-methyl-3-phenyl-68- 

imidazo[4,5-clphenothiazine (9) .  



SYNTHESIS 

Through re i nves t i ga t i on  o f  an e a r l y  r epo r t  by ~ runck , '  i n  which experimental d e t a i l s  

were absent, we have developed a new and r e l i a b l e  procedure f o r  the  prepara t ion  of  the  

phenothiar ine precursor (6) i n  38 % ove ra l l  y i e l d  from commercial ly ava i l ab le  N , N ' -  

diphenyl-1,4-phenylenediamine ( 1 )  (Scheme 1). Treatment o f  i w i t h  a c e t i c  anhydride i n  

the presence of  sodium acetate gave the  d i a c e t y l  de r i va t i ve  (2).  which was chemoselec- 

t i v e l y  n i t r a t e d  t o  3. N i t r a t i o n  o f  2 t o  2 w i t h  concentrated n i t r i c  ac id ,  as descr ibed 

by ~ runck , '  showed the  lack  o f  r e p r o d u c i b i l i t y  of h i s  procedure, due main ly  t o  the 

very shor t  reac t ion  t imes requ i red  i n  o rder  t o  minimize p o l y n i t r a t i o n .  Another d isad- 

vantage o f  t h i s  method i s  t h a t  i t  i s  no t  ameneable t o  work a t  a scale h igher  than ca. 

2 g, due t o  the i n c o n t r o l l a b l e  formation o f  t a r r y  po l yn i t r a ted  compounds. A l l  these 

problems made necessary t o  develop a more convenient procedure f o r  the  prepara t ion  of  

3. A f t e r  some experimentation w i t h  mixtures o f  n i t r i c  ac i d  and several  solvents,  i t  - 

was found t h a t  treatment of  2 w i t h  a 30 % s o l u t i o n  of n i t r i c  ac i d  i n  a c e t i c  ac id  a t  

room temperature f o r  14 h gave 64 % y i e l d  ( ove ra l l  from 1 )  o f  the  des i red  mononitro 

de r i va t i ve  (3. This  i s  an e a s i l y  reproduc ib le  method t h a t  can be r e a d i l y  performed 

i n  a mult igram scale, s i g n i f i c a n t l y  improving the  y i e l d  of 2 and s imp l i f y i ng  the  expe- 

1 r imenta l  work. The s t ruc tu re  o f  compound 3 was confirmed by i t s  H-nmr spectrum (270 

MHz, CDC13), i n  which the th ree protons of  the  n i t r a t e d  cent ra l  r i n g  can be e a s i l y  

d is t ingu ished from the  r e s t  o f  aromatic protons (H-3 (d):6 7.82 ppm, J3,5 = 1.7 Hz; 

H-5 (dd):S 7.25 ppm, J = 9.2 Hz; H-6 ( d ) :  6 7.07 pprn). 
5,6 

With adequate amounts of 2 i n  hand, a t t e n t i o n  was turned towards achieving i t s  reduct ive  

c y c l i z a t i o n  t o  a benzimidazole d e r i v a t i v e .  Among the many methods ava i l ab le  f o r  the  

reduct ion  o f  aromatic n i t r o  compounds t o  amines,lO'll r eac t i on  w i t h  stannous ch lo r i de  

i n  concentrated hydroch lor ic  ac id  was i n i t i a l l y  chosen. However, a p p l i c a t i o n  of t h i s  

procedure t o  3 inva r i ab l y  l e d  t o  complex mixtures,  from which i t  was d i f f i c u l t  t o  i s o l a t e  

the  benrimidazole d e r i v a t i v e  (5). It was subsequently found t h a t  a new, h i gh -y i e l d i ng  

reduct ive  c y c l i z a t i o n  cou ld  be ef fected by use of  triethylammonium formate and pal ladium 

on charcoal 12'13 as reducing agent. The intermediate amine (4) was no t  i so l a ted .  Depro- 

t e c t i o n  o f  5 t o  the  deacetyl d e r i v a t i v e  (6) was achieved by hydro lys is  w i t h  s u l f u r i c  

ac i d  i n  aqueous ethanol .  
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a .  Ac20, NaOAc b. HN03, AcOH c .  HC02NHEt3, C-Pd 

d. H2S0,,. EtOH-H20 e .  S8, I p  

Scheme 1 



Bernthsen thionationl-3 o f  6 t o  t h e  co r respond ing  pheno th iaz ine  d e r i v a t i v e  was i n i t i a l l y  

a t tempted  by t rea tment  w i t h  su lphur  and i o d i n e  i n  r e f l u x i n g  o-d ich lorobenzene,  f o l l o w i n g  

t h e  method descr ibed  by Shavyr ina.14 B e t t e r  r e s u l t s  were ob ta ined  by m e l t i n g  t h e  m ix -  

t u r e  o f  s t a r t i n g  m a t e r i a l s  i n  the  absence o f  s o l v e n t s  under an i n e r t  atmosphere. I n  s p i t e  

o f  t h e  h i g h  temperatures used (210-220 "C), r i n g  c l o s u r e  was incomplete,  b u t  more d ras -  

t i c  c o n d i t i o n s  c o u l d  n o t  be employed w i t h o u t  e x t e n s i v e  decomposi t ion o f  t h e  s t a r t i n g  

m a t e r i a l .  The use o f  a slow st ream of d r y  n i t r o g e n  gave b e t t e r  r e s u l t s  than  s t a t i c  n i -  

t r o g e n  atmospheres o r  a p r e s s u r i z e d  r e a c t i o n  vessel ,  which can be e x p l a i n e d  if removal 

o f  hydrogen s u l f i d e  formed d u r i n g  t h e  r e a c t i o n  he lps  t o  d i s p l a c e  t h e  e q u i l i b r i u m  t o -  

wards t h e  d e s i r e d  p roduc t .  

An at tempted t h i o n a t i o n  o f  t h e  a c e t y l  d e r i v a t i v e  ( 5 )  under t h e  same c o n d i t i o n s  was un- 

successfu l .  The use o f  h i g h e r  temperatures l e d  o n l y  t o  decomposi t ion o f  5, b u t  no t r a c e  

o f  a pheno th iaz ine  compound was formed. 

STRUCTURAL STUDIES 

T h i o n a t i o n  of & can lead ,  i n  p r i n c i p l e ,  t o  t h r e e  d i f f e r e n t  pheno th iaz ine  d e r i v a t i v e s  

(Scheme 2 ) .  I n  o r d e r  t o  d i s c r i m i n a t e  among t h e  s t r u c t u r e s ( l ,  5 and 9 a d e t a i l e d  spec- 

t r o s c o p i c  s tudy  was necessary. Because o f  t h e  comp lex i t y  o f  t h e  spec t ra ,  due t o  t h e  

l a r g e  number o f  a romat i c  s i g n a l s  and t h e  i n s t a b i l i t y  o f  pheno th iaz ine  

systems, much o f  t h e  spec t roscop ic  i n f o r m a t i o n  had t o  be ob ta ined  by comparing s p e c t r a l  

da ta  o f  t h e  pheno th iaz ine  d e r i v a t i v e  w i t h  those o f  i t s  p recursor  (6). I n  o r d e r  t o  a s s i s t  

t h e  assignment of t h e  s p e c t r a  of 6, a model compound, 2-methyl-1-phenylbenrimidazole 

(10, F igure  1). was prepared by c y c l i z a t i o n  o f  commercia l ly  a v a i l a b l e  N-phenyl-1,2- 

Phenylenediamine w i t h  a c e t i c  a c i d ,  f o l l o w i n g  the  procedure descr ibed  by ~ f r o s ' ~  f o r  

benzimidazole syn thes is .  

Most s i g n a l s  of t h e  I3c-nmr spectrum (75 MHz) o f  6 c o u l d  be u n e q u i v o c a l l y  ass igned 

w i t h  t h e  h e l p  o f  i t s  13c-nmr proton-coupled spectrum and s tudy  o f  l i t e r a t u r e  da ta  and 

t h e  13~-nmr spectrum o f  10 ( F i g u r e  1 ) .  Thus, qua te rnary  carbon atoms of & (C-2, C-3a, 

C-5, C-7a, C-1' and C-1") showed 6 va lues  i n  good agreement w i t h  p r e v i o u s l y  p u b l i s h e d  

d a t a  f o r  benzimidazole systems,17 1-phenyl imidazole,17 and d i a r y l a m i n e ~ , ~ ~ ' ~ ~  and were 

2 3 ass igned by examinat ion o f  long-range ( J and J )  c o u p l i n g  cons tan ts  (Tab le  1 ) .  The 



HETEROCYCLES, Vol 3 1 .  No 1 I ,  1990 

Scheme 2 

s ignal  corresponding t o  C-7 could be d i f f e r e n t i a t e d  from a l l  o ther  non-quaternary carbon 

atoms because i t  was the  on l y  one t h a t  showed a c lean doublet  i n  the  coupled I3c-nmr 

spectrum, i n  agreement w i t h  the absence o f  protons i n  the  atoms C-3a and C-5. 



Signa l  2~ 3~ 

C-2 --- 7.1 (CH3) --- 
C-3a .-. --- 5.0 (H-7) 

C-5 ... --- 7 . 1  ( t i -7)  

C-7a --- ... 7 . 1  (H-4, H-6) 

C-1 '  ... --- 9.1 (H-3 ' ,  H - 5 ' )  

C-1'' --- --- 9.1 (H-3 " ,  H-5")  

C-7 163.2 --- ... 

C-4 160.1 ... 4.0  (H-6) 

C-6 160.1 ... 5.0 (H-4) 

C-2 '  161.2 ... 6.0 (H-4 ' ,  H - 6 ' )  

C-3 '  163.2 ... 8.1  ( H - 5 ' )  

C-4 '  162.2 ..- 7.1 ( H - 2 ' ,  H - 6 ' )  

C-2" 158.1 ... 6 . 1  (H-4", H-6") 

C-3" 158.1 ... 7.1 (H-5")  

C-4" 160.2 ... 7.1 (H-2", H-6") 

Tab le  1: JC-H va lues  for compound 6 (Hz)  
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The i n t e n s i t y  p a t t e r n  i n  t h e  decoupled spectrum of 6 was t h e  c r i t e r i o n  used t o  d i s -  

t i n g u i s h  between t h e  s i g n a l s  co r respond ing  t o  C-2' ( 6 ' 1 ,  C-3' (S'), C-2" ( 6 " )  and c-3"  

( 5 " )  and t h e  r e s t  of carbon atoms. T h e i r  m u l t i p l i c i t y  i n  t h e  p ro ton -coup led  13c-nmr spec- 

t r u m  was used t o  d i f f e r e n t i a t e  between t h e  carbons ortho ( d t )  and metha (dd )  of b o t h  

phenyl  s u b s t i t u e n t s .  F i n a l l y ,  the two rema in ing  d o u b l e t - t r i p l e t s  a t  119.40 ppm and 128.54 

ppm were ass igned t o  C-4" and C-4'.  r e s p e c t i v e l y ,  on t h e  b a s i s  of t h e  s t u d y  o f  an h e t e r o -  

13 1 n u c l e a r  ( C- H) c o r r e l a t i o n  exper iment  (see be low) .  T h i s  assignment i s  a l s o  suppor ted 

by t h e  absence of a s i g n a l  a t  about  119 ppm i n  t h e  13c-nmr spectrum o f  c o m p o u n d m  

On t h e  b a s i s  o f  t h e  13c-nmr ass ignments d i scussed  above, t h e  i n f o r m a t i o n  d e r i v e d  from a 

20 1 3 c - ' ~  he te ronuc lea r  c o r r e l a t i o n  exper imen t  ( F i g u r e  2 )  a l l owed  t h e  a t t r i b u t i o n  of t h e  

'H-nmr spectrum (300 MHz) o f  compound (6). Examinat ion o f  F i g u r e  2 shows a c o r r e l a t i o n  

between t h e  s i g n a l s  due t o  C-3' ( 5 ' ) ,  C-4' and C-4 a n d t h e m u l t i p l e t  c e n t e r e d  a t  7.54 ppm 

i n  t h e  ' ~ - n m r  spectrum, which t h e r e f o r e  corresponds t o  t h e  p ro tons  H-3 ' ,  H-5 ' .  H-4' and 

H-4. A c o r r e l a t i o n  i s  a l s o  observed between t h e  s i g n a l  a t  126.8 ppm (C-2'.  C - 6 ' )  and t h e  

one c e n t e r e d  a t  7.38 ppm, wh ich  i s  t h u s  a t t r i b u t e d  t o  H-2' and H - 6 ' .  The connec t ion  



between the  s igna l  a t  129.2 ppm (C-3", C-5") and t h a t  centered a t  7.21 ppm al lows t o  a t t r i -  

bute the  l a t t e r  s igna l  t o  H-3" and H-5". F ina l l y ,  t he  observed c o r r e l a t i o n  between the  

1 
m u l t i p l e t  centered a t  6 = 7.02 ppm i n  the H-nmr spectrum and the s igna ls  due t o  C-6, C-7 

and C-2" (6") a l lows t o  assign the  p a r t i a l l y  overlapped doublet  of  doublets ( J b X 7  = 8.5  

and J4,7 = 0.7 H z )  a t  7.05 ppm t o  H-7 and the  r e s t  of the  m u l t i p l e t  t o  H-6, H-2" and 

H-6". The t r i p l e t  o f  t r i p l e t s  a t  6 . 8 3  ppm ( J3 , , ,4 , ,  = 7 . 3  and J 2 , , ,  1 .8  H z )  was a t t r i -  

1 buted t o  H-4". The absence o f  t h i s  s igna l  i n  the  H-nmr spectrum o f  10 confirms t h i s  

assignment. 

'~-~rnr data of  compounds 5 and 10 are  summarized i n  Figure 3 

7.51(m) 

Figure 3 



HETEROCYCLES, Vol 31, No 11, 1990 

Nmr data of the compound obtained by th ionat ion  of c a r e  i n  agreement w i t h  the s ing l y -  

fused angular s t ruc tu re  (9 ) .  S t ruc ture  ( I )  could be ru led  out  due t o  the absence o f  s i g -  

1 nals a t t r i b u t a b l e  t o  the a n i l i n o  group both i n  the H-nmr and "c-nmr spectra of the  t h i o -  

nat ion  product. The l i n e a r  arrangement (5) could also be excluded, tak ing i n t o  account the 

1 absence o f  two s ing le t s  assignable t o  H-4 and H-11 i n  the H-nmr spectrum, and the pre- 

sence of two clean doublets a t  6 = 6.58 ( J  = 8.2 Hz) and 6 = 6.74 (J = 7.9 Hz), a t t r i -  

1 buted t o  H-4 and H-5 of the angular s t ruc ture .  The H-nmr assignments are i n  agreement 

w i t h  nmr data for  other ~ h e n o t h i a z i n e s , ~ ~ ' ~ ~  and can be found i n  Figure 4, together w i t h  

a  t e n t a t i v e  assignment of the 13C-nmr spectrum of 9. Although the i n s t a b i l i t y  o f  9 i n  

so lu t i on  made impossible t o  ob ta in  a  r e l i a b l e  proton-coupled 13C-nmr spectrum, the dou- 

b l e t s  assigned t o  C-4 and C-5 could be c l e a r l y  d is t ingu ished from the r e s t  o f  the s ignals.  

3  This l ack  of J couplings i s  i n  agreement w i t h  s t ruc tu re  (2).  although t h i s  piece o f  i n -  

formation alone would not be su f f i c i en t  t o  d iscard  the l i n e a r  s t ruc tu re  (@. 

Figure 4 



F u r t h e r  ev idence i n  favour  o f  s t r u c t u r e  (9) c o u l d  be found i n  i t s  i r  spectrum, i n  which 

the  a b s o r p t i o n  band due t o  t h e  a romat i c  C-H o u t  o f  p lane  bending v i b r a t i o n  a t  780 cm" i s  

compat ib le w i t h  a 1,2,3,4-tetrasubstituted benzene system, b u t  n o t  w i t h  a 1,2,4,5-tetra- 

s u b s t i t u t e d  d e r i v a t i v e ,  such as 5. 20,21 

EXPERIMENTAL 

Ir spec t ra  were recorded on a Perk in-Elmer 577 spectrophotometer .  A l l  compounds were com- 

1 pressed i n t o  KBr p e l l e t s .  H-Nmr spectra were ob ta ined  on t h e  f o l l o w i n g  ins t ruments :  H i -  

t a c h i  Perkin-Elmer R-248 (60 MHz), JEOL JNM-GSX-270 (270 MHz) and Var ian  VXR-300 (300 MHz). 

1 3 c - ~ m r  and h e t e r o n u c l e a r  c o r r e l a t i o n  exper iments were c a r r i e d  o u t  on t h e  l a t t e r  i ns t rument  

(300 MHz f o r  'H and 75.4 MHz f o r  13c) .  CDC13 o r  d6-OMSO were used as so lven ts ,  and TMS was 

added i n  a l l  cases as an i n t e r n a l  s tandard.  Only those J va lues  t h a t  c o u l d  be a c c u r a t e l y  

measured a r e  g iven .  Low r e s o l u t i o n  mass spec t ra  were ob ta ined  on a H i t a c h i  Perk in-Elmer 

RMV-6M spectrometer  a t  75 eV, u s i n g  the  DIP mode f o r  t h e  i n t r o d u c t i o n  o f  the  samples. High 

r e s o l u t i o n  mass measurements were performed on a VCiMicromass-ZABI2F ins t rument .  Elemental 

analyses were determined on a P e r k i n  Elmer 2400 CHN mic roana lyzer .  M e l t i n g  p o i n t s  were 

measured i n  open c a p i l l a r y  tubes,  us ing  a Bi ichi inmers ion apparatus,  and a r e  uncorrected.  

React ions were mon i to red  by t h i n  l a y e r  chromatography, on a luminium p l a t e s  coated w i t h  

s i l i c a  ge l  w i t h  f l u o r e s c e n t  i n d i c a t o r  (Schar lau C f  530). Separat ions by f l a s h  chromatogra- 

phy were performed on s i l i c a  g e l  columns (SDS 60 ACC). 

a, rut-Diacetyl-IV, N'-diphenyl-1,4-phenylenediamine (2) .  A m a g n e t i c a l l y  s t i r r e d  m i x t u r e  of 

iu, N'-diphenyl-1,4-phenylenediamine (i) (20 g, 76.8 mmol), a c e t i c  anhydr ide  (30 ml ,  0.318 

mo l )  and anhydrous sodium a c e t a t e  (0.5 g, 3.67 mnol)  was heated i n  an o i l  ba th  a t  120-130 

"C f o r  3 h. The coo led  r e a c t i o n  m i x t u r e  was then poured on i ce -wate r  (300 g )  t o  g i v e  a 

v i scous  p r e c i p i t a t e ,  which was s o l i d i f i e d  by a d d i t i o n  o f  50 mi o f  a 15 % aqueous NaOH so- 

l u t i o n .  The compound was f i l t e r e d ,  washed w i t h  water  and d r i e d  t o  y i e l d  28.9 g (97 % )  o f  

2, which was used f o r  t h e  n e x t  s tep  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  A smal l  sample was r e -  - 

C r y s t a l l i z e d  f rom e thano l  t o  g i v e  a s o l i d  o f  mp 188-189 "C ( e t h a n o l )  ( l i t . "  mp 191.7 " C ) .  

Ir (KBr ) :  1660 (C=O) cm- l .  l ~ - ~ r n r  (60 MHz, CDCl3) 6 : 7.80-6.60 (m,  14H, Ar-H); 2.05 ( s ,  

6H, 2 COCH3). 
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2-Nitro*, Nr -d iace ty l * ,  Nc-diphenyl-1,4-phenylenediamine ( 3 ) .  Method A .  A m ix tu re  o f  

powdered d i a c e t y l  compound (2) ( 2  g, 5.81 mmol) and 5  ml of  concentrated n i t r i c  ac i d  (den- 

1 s i t y  1.40 g  ml-  ) was warmed a t  45 'C f o r  90 sec, which caused almost complete d i s s o l u t i o n  

o f  2 and format ion o f  n i t r o u s  vapors. The reac t i on  m i x tu re  was s t i r r e d  a t  room tempera- 

t u r e  f o r  60 sec, then poured on water (100 ml )  and the  brown p r e c i p i t a t e  was co l l ec ted  

by f i l t r a t i o n ,  washed w i t h  water (5 x  50 ml )  and d r i e d  in uacuo over phosphorous pento- 

x ide.  Th is  ma te r i a l  was d isso lved  i n  benzene (15 m l )  and the  s o l u t i o n  was s l ow l y  t r ea ted  

w i t h  l i g h t  p e t r o l  (bp 40-60 "C) u n t i l  the  p r e c i p i t a t i o n  of  a  black, t a r r y  res idue was 

completed. The s o l i d  p r e c i p i t a t e d  by coo l i ng  the  supernatant  golden l i q u i d  was f i l t e r e d  

t o  y i e l d  the  des i red  n i t r o  d e r i v a t i v e  ( 3 )  (0.8 g, 35 %) .  

Method 0 .  Concentrated n i t r i c  ac i d  (15 ml )  was added dropwise over 10 min t o  a so l u t i on  

of 2 (10 g, 25 m o l )  i n  g l a c i a l  a c e t i c  a c i d  (50 m l ) .  The m ix tu re  was magnet ica l l y  s t i r r e d  

a t  room temperature f o r  14 h, and then poured on cool  water (250 m l ) .  The p r e c i p i t e d  

orange s o l i d  was f i l t e r e d  and p u r i f i e d ,  e i t h e r  by c r y s t a l l i z a t i o n  f rom benzene- l ight  

p e t r o l  (bp 40-60 "C), as descr ibed above ( t h i s  technique requ i r es  t o  d i v i d e  the crude 

product  i n t o  two-gram f r a c t i o n s )  o r  by f l a s h  chromatography on s i l i c a  ge l ,  e l u t i n g  w i t h  

e ther .  Yie ld,  6.85 g  (64 %). mp 160-161 " C  (e thano l )  ( l i t .  ,' mp 160 "C). Ir (KBr) :  1680 

(C=O), 1670 (C=O), 1530 (NO2), and 1370 (NO2) cm-l. ' ~ - ~ m r  (270 MHz, CDC13) 6 : 7.82 (d ,  

lH, -?3,5 = 1.7 Hz, H-3); 7.25 (dd, lH, d = 9.2 Hz, J5,3 = 1.7 Hz, H-5); 7.70-7.30 ( m ,  
5,6 

10H, 2  C6H5); 7.07 (d ,  lH, = 9 .2  Hz, H-6), 2.04 and 2.02 (2  s, 6H, 2 COCH3) ppm. 

2-Methyl-l-phenyl-5-(N-phenylacetamido)benzimidazole (5).  A mix ture  o f  2 (2.95 g, 7.58 

mmol) and f r e s h l y  d i s t i l l e d  dimethylformamide ( 8  ml )  was heated i n  an o i l  ba th  a t  80 'C 

f o r  10 min. The c l e a r  s o l u t i o n  thus obtained was cooled i n  an i c e  bath and t r e a t e d  w i t h  

10 % pa l lad ium on charcoal (34 mg, 31.8 u mol of  pa l lad ium)  and d r y  t r i e t hy l am ine  (4.55 

m l ,  32.9 nmol), fo l lowed by dropwise a d d i t i o n  o f  97 % fo rmic  a c i d  (0.94 ml, 24.9 mnol). 

The suspension was magnet ica l l y  s t i r r e d  and heated i n  an o i l  ba th  a t  120 'C f o r  12 h. The 

reac t i on  m i x tu re  was d i l u t e d  w i t h  dichloromethane (25 m l )  and f i l t e r e d  through c e l i t e ,  

which was washed w i t h  dichloromethane ( 3  x  10 ml ) .  The combined f i l t r a t e s  were concen- 

t r a t e d  in vocuo t o  y i e l d  a  brown, viscous res idue which, on t reatment w i t h  e t h y l  acetate 

(15 ml) ,  gave 1.1 g  of 5 as o f f -wh i te  c r y s t a l s ,  which were f i l t e r e d  and washed w i t h  a  

small amount o f  acetone. The res idue from the mother l i q u o r s ,  a f t e r  p u r i f i c a t i o n  by f l a sh  



chromatography ( e t h y l  a c e t a t e  on s i l i c a  g e l ) ,  gave a d d i t i o n a l  0.97 9 o f  5. O v e r a l l  y i e l d ,  

2.07 g (80 %) .  mp 170-172 "C ( e t h a n o l )  ( l i t . , '  mp 170 "C). Ir (KBr) :  1675 (C-0), 1590 cm- l .  

'H-Nrnr (60  MHz, CDC13) 6 : 7.67-7.52 (m,  5H, Ar-H); 7.36-7.27 (m, 6H, Ar-H); 7.19-7.10 (m, 

ZH, Ar-H); 2.49 (8,  3H, COCH3); 2.08 (8, 3H, C-2-CH3) ppm. 13c-nmr (75 MHz, CDC13) 6 : 
** 

170.95 (g -CH3) ,  153.33 (C-2). 143.38 (c-3a*) ,  143.19 (c-I"*), 138.04 (C-5 ) ,  135.76 
t 

(c-I,**), 130.11 (C-3") ,  129.17 ( C - 3 ' ) ,  128.94 ( c - l u t ) ,  127.03 (C-1' ), 126.51 (C-4 ' ) ,  

123.08 (C-4), 119.24 (C-4"). 117.45 (C-6), 110.84 (C-7), 24.00 (CO-cH3), 14.53 ( C - 2 - g 3 ) .  
** + 

See numbering system i n  F igure  2. Assignments marked w i t h  , and can be in terchanged.  

Ms, mlz (%) :  341 (M+, 631, 300 (30.51, 299 ( l o o ) ,  118 (19) .  77 (17) .  

2-Methyl-1-phenyl-5-phenylaminobenzimidazole (6). A s o l u t i o n  o f  t h e  a c e t y l  d e r i v a t i v e  (5)  

(1.6 g, 4.69 mnol) i n  e thano l  (10 m l ) ,  water  ( 9  m l )  and 96 % aqueous s u l f u r i c  a c i d  ( 1  m l )  

was r e f l u x e d  f o r  16 h i n  an o i l  ba th  a t  90-95 "C, coo led  and concen t ra ted .  A d d i t i o n  o f  

e thano l  t o  t h e  r e s i d u e  caused t h e  p r e c i p i t a t i o n  o f  1.7 g (92 %) o f  c-hydrogen s u l f a t e  as 

b l u i s h  c r y s t a l s  (mp 210-212 "C), which were f i l t e r e d  and washed w i t h  water .  The hydrogen 

s u l f a t e  was d i s s o l v e d  i n  b o i l i n g  water  (10 m l )  and t h e  s o l u t i o n  was f i l t e r e d  and t rea ted ,  

w h i l e  s t i l l  warm, w i t h  s o l i d  sodium hydrox ide  (0.4 g)  i n  smal l  p o r t i o n s .  The s o l i d  t h a t  

p r e c i p i t a t e d  a f t e r  c o o l i n g  was f i l t e r e d  t o  g i v e  1.05 g (75 %) o f  & as t h e  f ree  base. An 

a n a l y t i c a l  sample was ob ta ined  by f l a s h  chromatography on s i l i c a  g e l  e l u t i n g  w i t h  c h l o r o -  

form. mp 164-166 "C (e thano l  ) .  Ir (KBr ) :  3270 (N-H), 1600 ern-l. l ~ - N m r  (300 MHz, CDC13), 

see F igure  3. 13c-nmr (75 MHz, CDCI3), see F igure  2. Anal. Calcd f o r  CZ0Hl7N3 : C, 80.27; 

H, 5.68; N, 14.05. Found : C, 79.98; H, 5.69; N, 13.82. 

2-Methyl-3-phenyl -68- imidazo[4,5-c lphenoth iaz ine (I). A m i x t u r e  o f  t h e  d i a r y l a m i n e  (6) 

(0.45 g, 1.51 mmol), ground s u l f u r  (0.17 g, 5.41 mnol)  and i o d i n e  (20  mg, 0.08 mmol) was 

me l ted  i n  an o i l  b a t h  a t  215-220 "C under a slow st ream o f  d r y  n i t r o g e n  f o r  6 h ( a  s t r o n g  

e v o l u t i o n  of hydrogen s u l f i d e  was de tec ted  a f t e r  the  f i r s t  30-45 m i n ) .  The crude r e a c t i o n  

p roduc t  was f l a s h  ~ h r o m a t o ~ r a p h e d ~ ~  on s i l i c a  ge l  (20  g )  e l u t i n g  w i t h  l i g h t  p e t r o l  (bp 

40-60 "C) -e thy l  a c e t a t e  ( 8 : 2 )  o r  w i t h  n e t  d ich loromethane t o  y i e l d  0.2 g of 9 (70  % y i e l d ,  

based on unrecovered s t a r t i n g  m a t e r i a l )  and 0.2 9 o f  recovered 6. mp 208-210 "C. Ir (KBr ) :  

3250 (N-H), 780 (C-H) cm-l. l ~ - N m r  (300 MHz, d6-DMSO) and 13c-nrnr (75 MHz, d6-DMSO), see 

F igure  4.22 Ms. m/z ( % )  : 331 ( 6 ) .  330 (24) .  329 (M', 100).  297 ( 1 9 ) ,  255 ( 9 ) ,  164 ( 2 0 ) ,  

77 (10) .  H i g h - r e s o l u t i o n  mass measurement : Calcd f o r  C20H15N3S : m l z  = 329.09866. Found: 
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m/z = 329.1005. 

2-Methyl-I-phenylbenzimidazole (10). A so lu t i on  of N-phenyl-l,2-phenyienediamine ( 1  9, 5.43 

m o l )  i n  g l a c i a l  ace t i c  ac id  (6 ml)  was re f l uxed  i n  an o i l  bath a t  120-125 " C  f o r  10 h. The 

solvent was evaporated and the residue was dissolved i n  hot water (15 m l )  and bas i f i ed  w i t h  

ammonia. This aqueous so lu t i on  was ex t rac ted w i t h  chloroform (3  x 35 ml ) ,  which was d r i ed  

(sodium sulphate) and concentrated t o  y i e l d  a  red, viscous residue. Flash chromatography 

on s i l i c a  gel (30 g) e l u t i n g  w i t h  chloroform af fo rded 1.09 g  (97 %) o f  10 as a  s l i g h t l y  

pink, c r y s t a l l i n e  so l i d .  mp 73-74 " C  ( l i g h t  p e t r o l ,  bp = 40-60 "C). Ir (KBr) : 1625, 1600 

cm-l. ' ~ - ~ m r  (300 MHz, CDC13), see Figure 3. 13c -~mr  (75 MHz, CDC13), see Figure 2. Anal. 
Calcd f o r  CI4Hl2N2 : C,  80.76; H, 5.77; N, 13.46. Found: C, 80.87; H, 5.80; N, 13.18. 
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