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Abstract-  The reac t i on  o f  2-(2-benzimidazoly1)acetonitrile w i t h  3-(2-hydroxyaryl )prope- 

nones ( 2 )  i n  t h e  presence of th ree  equ iva len ts  of bases a f f o rded  t h e  t i t l e d  r i n g  systems. 

When 2-(2-benzothiazolyl)acetonitrile was used i ns tead  o f  b(2-benzimidazoly1)aceto-  

n i t r i l e  the  r eac t i on  afforded the 2-(benzopyran-3-yl)benzothiazole (9).  

Benzimidazoles having t h e  2-pyr idy l  and/or p i p e r i d i n y l  mo ie t i es  had been repor ted  as ana lges ic  

and an t i - in f lamnatory  agents.1.2 The reac t i on  o f  2-cyanomethylbenrimidarole w i t h  sa l i cy la ldehydes  

and s a l i c y l i c  es te r s  i s  known t o  a f f o rd  coumarin de r i va t i ves ,3 *4  meantime coumarins a re  known 

t o  undergo aminolysis by n i t r ogen  bases t o  g ive  compounds having the  corresponding amine r n ~ i e t y . ~  

Accordingly,  we i nves t i ga ted  the  r eac t i on  o f  2-cyanomethylbenzimidazole (1) w i t h  the  3-(2-hydroxy- 

ary1)propenones (2a.b) i n  the  presence o f  p i pe r i d i ne  o r  morpholine i n  o rder  t o  syn thes ize  new 

benzimidazoles having t h e  n i t r ogen  base moiety w i t h  a n t i c i p a t e d  b i o l o g i c a l  a c t i v i t y .  Thus, i t  

has been found t h a t  l a  r eac t s  w i t h  the  propenone ( a )  i n  the  presence o f  th ree  equ i va l en t s  o f  

p i p e r i d i n e  i n  b o i l i n g  e thano l  t o  af ford a  co l o r l ess  p roduc t  o f  mo lecu la r  formula C ~ ~ H ~ B N ~ O  (m/z 

448). I t s  i r  spectrum showed the  absence o f  the cyano and carbonyl  absorpt ions and i t s  IH nmr 

showed the !-substituted p i p e r i d i n e  protons a t  6 1.1, 3.2 ppm as two se t s  o f  m u l t i p l e t s .  S i m i l a r l y ,  

the  r eac t i on  of l a  w i t h  b  under the same reac t i on  cond i t i ons  gave a  co l o r l ess  product, i t s  i r  

spectrum revealed a l so  the  absence o f  the  cyano and carbonyl  absorp t ions  and i t s  IH nmr showed 

the  c h a r a c t e r i s t i c s  p a t t e r n  o f  the  p i pe r i d i no  moiety. 

Two s t r uc tu res  seemed poss ib l e  f o r  the  obtained produc ts  ( c . f .  s t r uc tu res  @a) and (!a)) and 

a  p l aus i b l e  mechanism t o  account f o r  t h e i r  format ion could be suggested ( c . f .  Scheme 1). Al though 

the  d i f f e r e n t i a t i o n  between these s t r uc tu res  by i r  and IH nmr spec t ra  i s  d i f f i c u l t  (c . f .  Table 2), 

s t r uc tu re  (&a) could be r u l e d  ou t  based on the ms spectrum data  which revealed the  absence o f  

a  fragment i o n  a t  m/z = 111 corresponding t o  protonated !-cyanopiperidinium ion .  Th i s  f ragment 

toge ther  w i t h  a  fragment i o n  a t  m/z = 338 (molecular  i o n  minus $-cyanopiper id ine) should c o n s t i t u t e  

h igh  abundance r a t i o  i n  t h e  f ragmentat ion o f  s t r uc tu re  (&a), which was n o t  the  case. Moreover, 

the  presence of a  fragment i o n  a t  m/z = 330 (44%) corresponding t o  the  molecular  i o n  minus 

benzimidazole molecule i n d i c a t e s  t ha t  s t r uc tu re  @a) i s  t h e  c o r r e c t  one;6 s ince  t h e  s p l i t t i n g  
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o f  benzimidazole molecule i n  the fragmentation o f  s t ruc tu re  (!a) i s  h i g h l y  ~ n l i k e l y . ~  

The f a c t  t ha t  the obtained product i s  co lo r l ess  a l so  supports the subs t i t u ted  2-pyr idy l  s t ruc tu re  

ra the r  than fused one, where i t  was prev ious ly  not iced t h a t  the fused benzimidazole s t ruc tures  

were c o ~ o r e d . ~ ~ ~  I n  accordance w i t h  our postulated mechanism (c . f .  Scheme l ) ,  the ru led  ou t  

s t ruc tu re  ( could not be obtained when the synthesized a - im ino  compound ( I )  was t reated w i t h  

excess p iper id ine .  Thus when compound (La) reacted w i th  the propenone (?a) i n  b o i l i n g  ethanol 

i n  presence o f  c a t a l y t i c  amount o f  p iper id ine ,  a  b r i g h t  yel low product of molecular formula 

C24H17N30 (m/z 363) was p rec ip i t a ted  on hot. Structure (L) was given f o r  t h i s  product based on 

i t s  i r  and 1~ nmr spectra. The former spectrum showed a  (C=N) absorpt ion a t  1650 cm-1 along w i t h  

a  broad absorption a t  3400-3200 cm-1 assigned f o r  the benzimidazole NH and the amino o r  imino 

NH. Moreover, IH nmr showed the 4-H py r i d i ne  proton signal  a t  5 6.5 ppm and D20 exchangeable 

proton a t  8 11.6 ppm. As product ( I )  prec ip i t a ted  on hot, one would expect t h a t  i t  would a l so  

p r e c i p i t a t e  on hot i f  i t  was formed as an intermediate (c . f .  Scheme l ) ,  which was no t  observed. 

Furthermore, when compound ( I )  was bo i l ed  under r e f l u x  w i t h  three equivalents of p i pe r i d i ne  i n  

dimethylformamide, no react ion  could be detected by t l c .  It i s  postulated t h a t  compound (1) i s  

predominantly present i n  dimethylformamide i n  i t s  a-aminobenzopyran form than the o-imino one. 

I n  order  t o  invest iga te  t h i s  react ion  f u r the r ,  when the unsubst i tuted propenone ( c )  was allowed 

t o  reac t  w i t h  l a  i n  presence o f  th ree equivalents o f  p iper id ine ,  the obtained product, mp 184"C, 

showed the absence of the p ipe r i d i ne  moiety i n  i t s  spectral  data. On the o ther  hand i t s  i r  spectrum 

showed cyano and carbonyl absorptions a t  2250 and 1680 cm-1 respect ive ly .  Moreover, i t s  1~ nmr 

spectrum showed the a l i p h a t i c  s igna ls  a t  6 3.6, 4.1 and 4.8 ppm assigned f o r  the methylene and 

two methine protons (c. f .  Table 2). These data could be i n te rp re ted  f o r  the  Michael adduct 

s t ruc tu re  (Ac) which was e x i s t i n g  i n  the  threo conf igura t ion  as the coupl ing constant for  the two 

methine protons was found t o  be 7  Hz. The formation o f  LC c l a r i f y i n g  the r o l e  of the  hydroxy group 

i n  the propenones (Za,b) i n  the  formation o f  the  iminocoumarin in termedia te  (4) which was 

subsequently aminolysed by p ipe r i d i ne  af fording intermediate (5) which then condensed t o  a f f o r d  

the  f i n a l  product (5).  I n  absence o f  n i t rogen nucleophile, intermediate (5) could undergo se l f  

condensation af fording the i s o l a b l e  product (L). 
The obtained r e s u l t s  encouraged us t o  proceed w i th  the react ion  o f  l a  w i t h  L a  i n  presence o f  

excess morpholine ra ther  than p iper id ine .  Thus, when l a  reacted w i t h  a  and Zb, respect ive ly ,  

i n  presence o f  three equivalents o f  morpholine i n  b o i l i n g  ethanol, co lo r l ess  products were obtained 

w i t h  mel t ing  po in ts  230 and 24Z°C, respect ive ly .  The i r  spectra o f  these products a lso  showed 

the absence o f  cyano and carbonyl absorptions, and the 1~ nmr showed the morpholine protons pat tern  

a t  53 .4  and 3.5 ppm. These data are i n  accordance w i t h  the prev ious ly  es tab l ished s t ruc tu re  

(5)  having the morpholina moiety instead of the p iper id ino  one. 
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e ,  XI H ; B-NH2 

Scheme 1 
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When amnonia was u t i l i z e d  instead o f  p i pe r i d i ne  o r  morpholine (8  equivalents o f  ammonium acetate 

were used) i n  the  react ion  of l a  w i t h  z a  co lo r l ess  product, mp 274°C was obtained. Based on i t s  

spectral  data (c . f .  Table 2). s t ruc ture  (ke) was establ ished. The ir spectra o f  t h i s  product showed 

an OH absorpt ion a t  3500 and an NH2 and NH absorpt ions a t  3350-3200 cm-l. The IH nmr showed a  4-H 

py r i d i ne  s ignal  a t  6 5.8 ppm and three 020 exchangeable s igna ls  a t  6 11.2, 12.1 and 12.8 ppm. 

The predominance o f  the imino s t ruc ture  (A) r a t h e r  than i t s  amino isomer i s  due t o  the i n t e r -  and 

in t ramolecu lar  ~ - b o n d i n g . ~  I n  accordance w i t h  t h i s  view when 2-cyanomethylbenzothiazole ( i b )  

reacts w i t h  the propenone @a) instead o f  2-cyanomethylbenzimidazole, the  react ion  a f fo rded the 

benzopyran d e r i v a t i v e  (2) regardless o f  the  excess base used. Thus the IH nmr spectrum of 9 showed 

the 4H-pyran pro ton as a  m u l t i p l e t  s igna l  a t  6 4.4-4.6 ppm and the amino group was detected as 

a  020 exchangeable broad signal  a t  6 8.3-8.5 ppm. The o ther  protons were detected i n  t h e i r  expected 

l oca t i on  (c.f. Table 2). The i r  spectrum o f  compound (9) showed an amino group absorpt ion a t  

3400-3200 cm-l and a  carbonyl absorpt ion a t  1700 cm-l. 

The d i f f e ren t  behavior of 2-cyanomethylbenrothiazole ( i b )  and 2-cyanomethylbenzimidazole ( l a )  

towards the propenones (2a.b) was a lso  observed i n  t h e i r  react ions w i t h  cinnamaldehyde (10). 

Thus whi le  2-cyanomethylbenzothiarole ( l b )  condensed r e a d i l y  w i t h  cinnamaldehyde (10) i n  ethanol 

i n  presence of c a t a l y t i c  amount o f  p iper id ine ,  af fording the y l idene de r i va t i ve  (11) which has 

the t rans (J-15 Hz) conf igura t ion  about the s t y r y l  group (c . f .  Table 2). 2-Cyanomethylbenzimidazole 

( l a )  reac ts  w i t h  10 under s i m i l a r  reac t ion  cond i t ions  t o  afford a  new product having the same 

microana ly t ica l  data as the expected y l idene d e r i v a t i v e  (g) but d i f f e r e n t  ir and nmr spectra. 

Thus, the  l ~ n m r  of t h i s  product revealed a  cha rac te r i s t i c  downfield proton s igna l  located a t  

5 8.5 ppm and the i r  spectrum showed the absence of NH absorbance. Accordingly, the  imminium 

y l i d e  (13) was suggested f o r  t h i s  new de r i va t i ve  and analogous r e s u l t  have been prev ious ly  

rep0r ted. l  I n  add i t i on  the chemical behavior o f  the imminium y l i d e  (13) towards thermal induced 

c y c l i s a t i o n  and nuc leoph i l i c  decomposition added f u r t h e r  proof t o  i t s  s t ruc ture .  

Thus, when compound (13) was bo i led  under r e f l u x  i n  ace t i c  ac id  i n  presence o f  t r i f l u o r o a c e t i c  

acid,  as a  ca ta l ys t ,  the pyrido[l,2-~lbenzimidazole der i va t i ve  (3) was obtained i n  good y i e l d .  

Ana l y t i ca l  and spectral  data were i n  agreement w i t h  s t ruc tu re  (14) (c . f .  Tables 1, 2).  Furthermore, 

the IH nmr revealed the absence o f  non-aromatic protons confirming t h a t  product (14) was ox id ized 

under experimental condi t ions;  s i m i l a r  ox idat ion  has been previously reported f o r  pyr idobenzi-  

midazole  derivative^.^ We postulated t h a t  compound (14) was obtained v i a  e lec t rocyc loadd i t ion  

which can take place i n  such dry  condi t ion.  On the o ther  hand, when y l idene (2) was bo i l ed  under 

the same react ion  cond i t ion  u t i l i z e d  w i t h  13, no react ion  could be detected by t l c  and 11 was 

recovered unchanged. Also, when compound (13) was t reated w i t h  hydrochlor ic ac id  i n  dioxane, 

a  product of molecular formula C27H20N6 (m/z 428) was obtained. Structure (15) was suggested 
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based on i t s  spectral  data. The 1~ nmr spectrum revealed a m u l t i p l e t  a t  3.7-4.1 ppm in teg ra ted  

t o  th ree protons assigned t o  the  methine (CH-CN) protons and t o  the  a l l y l i c  methine one. Moreover, 

the  i r  spectrum showed a broad band a t  3200-2900 cm-1 f o r  the  benzimidazoles NH and a CN absorp t ion  

a t  2215 cm-I. I t  i s  assumed t h a t  compound (13) had decomposed t o  i t s  cons t i tuents  a and 

cinnamaldehyde which recondensed i n  t he  presence of hydroch lor ic  a c i d  t o  g ive  the  ary l idene b i s -  

d e r i v a t i v e  (15). S im i l a r  a r y l i dene  b is -der iva t ives  had been p rev ious l y  obtained from t h e  

condensation react ions of  a c t i v e  methylene compounds w i t h  a ~ d e h y d e s . ~ , ~ ~  Compound (15) cou ld  

a lso  be obtained from the  reac t i on  of l a  w i t h  cinnamaldehyde i n  the  presence o f  a c a t a l y t i c  amount 

of hydroch lor ic  ac id  i n  methanol 

Scheme 2 
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EXPERIMENTAL 

A l l  me l t ing  p o i n t s  were determined on a Gallenkamp me l t i ng  p o i n t  apparatus and are uncorrected. 

Ir spectra (KBr) were determined on a Pye-Unicam SP-1000 spectrophotorneter. IH Nmr spec t ra  were 

run on var ian  EM 390 (90 MHz) and GEMINI-200 spectrometers us ing  t e t r ame thy l s i l ane  as an i n t e r n a l  

reference. The mass spectra were recorded a t  70 eV w i t h  a Var ian MAT 311 A mass spectrometer. 

Elemental analyses were performed by the  Centra l  Serv ice Laboratory i n  the  Nat iona l  Research Center. 

Preparat ion o f  3-(a-cyanomethylbenzimidazol-2-yl)-1,3-diphenylpropan-1-0ne (&); 5-(2-benzimida- 

zolyl)-4-(3,5-disubstituted-2-hydroxypheny1)-6-heteroaryl-2-phenyl-4~-pyridine (&a-d); Z-arnino-3- 

(2-benzothiaroly1)-4-phenacyl-4&-benzopyran (9). General method - A m ix tu re  of each of  the  

propenones (La-c) ( 1  mmol) and t h e  n i t r i l e  (i a o r  b )  i n  abso lu te  ethanol  (50 ml )  con ta i n i ng  

p i pe r i d i ne  o r  morpholine ( 3  m o l )  was heated under r e f l u x  f o r  8 h. The reac t i on  mix tu re  was 

concentrated and l e f t  t o  cool .  The separated s o l i d  was f i l t e r e d  o f f  and c r y s t a l l i s e d  f rom the  

proper so lven t  (see Table 1 ) .  

Preparat ion of 5-(benzimidazol-2- y1 ) -  4 -(2- hydroxypheny1)- 4,5- d ihydro  -2- phenyl- 6- aminopyr id ine 

(ke).  A m i x tu re  o f  the  propenone ( a )  (2.24 g, 1 nmol) and ( l a )  (1.57 g, 1 rnmol) i n  abso lu te  

ethanol (50 ml )  con ta in ing  amnonium acetate (6.1 g, 8 mnol) was heated under r e f l u x  f o r  8 h then 

l e f t  t o  cool and poured i n t o  crushed ice .  The separated s o l i d  was f i l t e r e d  o f f  fo l lowed by 

c r y s t a l l i s a t i o n  f rom the s u i t a b l e  so lven t  (see Table 1). 

Preparat ion of 1-amino-8-phenylbenzimidazo[l',2' : 1,2]pyrido[3,4-~1-4kbenzopyran ( I ) .  Compound 

( a )  11.579, 1 mmol) was added t o  a so l u t i on  of the  propenone (La)  (2.24 g, 1 mmol) i n  abso lu te  

ethanol  (50 m l )  con ta i n i ng  2 drops o f  p i pe r i d i ne .  The reac t i on  m i x tu re  was bo i l ed  under r e f l u x  

f o r  4 h, t he rea f t e r  a s o l i d  product  was p r e c i p i t a t e d  on ho t  which was f i l t e r e d  of f  and c r y s t a l l i s e d  

f rom the proper so lven t  t o  g i v e  1. 

Preparat ion of l-(benzothiazol-2-yl)-l-cyano-4-phenylbuta-1,3-diene (11) and l-cinnamylidene-2- 

cyanomethinebenzimidazol-1-ium (13). General Procedure - A s o l u t i o n  o f  ( 1  a o r  b)  ( 1  m o l )  i n  

ethanol (30 m l )  was t r ea ted  each w i t h  cinnamaldehyde (1.32 g, 1 rnmol) i n  presence of  p i p e r i d i n e  

( 2  drops). The reac t i on  m i x tu re  was l e f t  a t  room temperature f o r  6 h till p r e c i p i t a t i o n  occurred. 

The r e s u l t i n g  s o l i d  product  was f i l t e r e d  o f f  and c r y s t a l l i s e d  from the  proper so lven t  (see 

Table I ) .  

Preparat ion of 1-cyano-2-phenylpyrido[l,Z-~Ibenzimidazole (14) - Compound (13) (2.7 g, 1 m o l )  was 

re f l uxed  i n  a c e t i c  a c i d  (20 m l )  i n  presence o f  t r i f l u o r o a c e t i c  a c i d  ( 1  ml ,  1.3 mmol) f o r  6 h. 

The reac t i on  m i x tu re  was concentrated,  cooled and water was added t o  the  s o l u t i o n  t i l l  p r e c i p i -  

t a t i o n  occurred. The s o l i d  product  formed was f i l t e r e d  o f f  and c r y s t a l l i s e d  (see Table 1 ) .  

Preparat ion o f  1-phenyl-3.3-bis(2-benzimidazolyl- U-cyanomethy1)prop-1-ene (15)-  Method I: Compound 

(13) (2.7 g, 1 nmol) was b o i l e d  under r e f l u x  i n  dioxane (40 m l )  con ta i n i ng  conc. hydroch lo r ic  
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a c i d  (0.5 ml ,  1.6 mnol) f o r  6 h. The reac t i on  m i x tu re  was then concentrated, cooled and water 

was added t i l l  p r e c i p i t a t i o n  comnenced. The s o l i d  ob ta ined was f i l t e r e d  o f f  and c r y s t a l l i s e d .  

Method 11: A s o l u t i o n  o f  l a  (1.57 g, 1 mmol) i n  methanol (30 ml )  was t rea ted  w i t h  cinnamaldehyde 

(1.32 g, 1 mmol) i n  presence o f  conc. hyd roch lo r i c  a c i d  ( 3  drops) f o r  4 h a t  room temperature. 

The s o l i d  product  formed was f i l t e r e d  o f f  and c r y s t a l l i s e d  (see Table 1). 

Table 1: L i s t  of compounds Ac, !a-e, L, 9, 2, 13, 14 and 15 

Solvent  o f  mp Y ie l d  Mol. 

Compd c r y s t .  ("C) (%) formula 

Analysis X Mt 
Calc/Found 

C H N S C1 m/z 

3 c i  - n-hexane 

6ai - EtOH 

6bi - MeOH 

6ci - dioxane 

6di - MeOH 

6ei - MeoH 

7 i i  - dioxane 

g i i  - EtOH 

iiii pet. e ther  - 

i 3 i i i  Acet./pet. - 
e t h e r  

1 4 i i  - dioxane 

1 5 i i  - EtOH 

i = co lo r less ,  ii = yel low, iii = reddish 

* =method I, ** = method 11. 

Table 2: Spectroscopic data f o r  compounds l i s t e d  i n  Table 1. 

Compd Ir (cm-') (selected bands) IH Nmr (ppm) 

3c 3000-2800 (NH); - 3.6 (m, 2H, CH2); 4.1 (m, lH, CH-CH2); 4.8 (d, J=7 Hz, 
2250 (CN); 1680 (CO) lH ,  CH-CN); 7.0-7.7 (m,  14H, aromat ics)  
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Compd Ir (cm-') (selected bands) IH Nmr (ppm) 

3300-3280 (OH and NH) 

3300-3280 (OH and NH) 

3400-3260 (OH and NH) 

3430-3390 (OH and NH) 

3500-2800 (OH,NH 

and NH2) 

3400-3200 (NH2.NH); 

1650 (C=N) 

3400, 3200 (NH2); 

1700 (CO) 

2250 (CN) 

2225 (CN); 

1610 (C=N) 

2225 (CN) 

1.1 (m, 6H, p ipe r i d i ne ) ;  3.0-3.2 (m, 4H, p ipe r i d i ne ) ;  

5.8 (d, 5-14 Hz, lH, H-4 py r i d i ne ) ;  6.9-7.8 (m, 14H, aromatics); 

11.2 (s,  lH, NH); 12.1 ( b r  s, lH,  NH); 12.7 ( b r  s, lH, OH) 

1.1 (m, 6H, p iper id ine) ;  3.0-3.1 (m, 4H, p ipe r i d i ne ) ;  

5.9 (d, J=13 Hz, IH, H-4 py r i d i ne ) ;  7.0-7.7 ( m ,  12H, aromatics); 

11.2 (s, lH, NH); 11.8 (s, lH, NH benzimidazole); 12.5 (s, IH, OH) 

3.4 (m, 4H, morpholine); 3.5 (m, 4H, morpholine); 

5.8 (d, J=13Hz, lH, H-4 py r i d i ne ) ;  6.8-7.7 (m, 14H, aromatics); 

11.7 (s, lH, NH); 12.1 (s, lH, NH); 12.3 (s, lH, OH) 

5.8 (d, 5.14 Hz, lH, H-4 py r i d i ne ) ;  7.0-7.7 (m, 14H, aromatics); 

11.2 ( m ,  3H, NH and NH2); 12.1 (b r  s, NH); 12.8 (s, IH, OH) 

6.5 (d, J = l l  Hz, lH, H-4 pyr id ine) ;  7.4-7.8 (m, 14H. aromatics); 

8.0 (d, J-11 Hz, lH, H-3 pyr id ine) ;  11.6 (b r  s, 2H, NH?) 

3.2-3.6 (m, 2H, Ph-CO-CH2); 4.5 (m, lH, H-4 pyran); 

7.0-7.9 (m, 13H, aromatics); 8.4 (s,  2H, NH2) 

6.9 (d, J.15 Hz, lH, o l e f i n i c ) ;  7.2-7.8 (m, IOH, Ph, benzimidazole 

and 1H o l e f i n i c ) ;  8.2 (m, lH, o l e f i n i c )  

7.1-7.7 (m, 11H, Ph, benzimidazole and o l e f i n i c ) ;  

7.9 (s, lH, y l i dene  H), 8.5 (m, lH, azornethine H) 

7.5-7.9 (m, 9H, Ph and benzimidazole); 8.5 (d, J=9 Hz, lH, H-3 

pyr id ine) ;  8.7 (d, J.9 Hz, lH, H-2 py r i d i ne )  

3.7-4.1 (m, 3H, ZCH-CN and H - a l l y l i c ) ;  7.0-7.9 (m, 15H, Ph, 

benzimidazoles and o l e f i n i c ) ;  10.0 ( b r  s, 2H, 2NH) 
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