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IN A NEUTRAL MEDIUM 

P .  P .  Z a r i n ' ,  1~. S.  L a v r i n o v i c h ,  
a n d  A.  K.  A r e n  

UDC 547.821.3:547.822.1 

New 4-(benzazol-2-yl )pyr id in ium salts have been synthesized.  Thei r  reduct ion in a neutral  
medium with sodium te t rahydrobora te  has given 2- (1,2,5, 6 - te t rahydropyr id in-  4-yl)benza- 
zoles.  The catalytic hydrogenation of the la t te r  leads to piperidine der iva t ives  which have 
also been synthesized by an independent route .  

Pyr idinium salts  a re  of in te res t  as physiological ly active substances,  and they also provide the poss i -  
bi l i ty  of synthesizing par t i a l ly  and completely hydrogenated piperidine der ivat ives  which a re  inaccess ib le  
by other  routes .  The reduction of pyridinium sal ts  containing he te rocyc l ic  substi tuents has been studied 
only for the case  of indolylpyridinium salts [1, 2]. In view of the physiological  activity of azo l -4-y lpyr id i -  
nium salts  [3] and of hydrogenated pyridyl indoles  [4, 5]. it appeared of in te res t  to obtain a se r i e s  of benza-  
zolylpyridinium sal ts  and to study the i r  reduction.  

The initial pyridinium sal ts  (I-III) were  obtained by methods proposed in the l i t e ra tu re  [6, 7]. In 
the i r  UV spectra ,  the long-wave absorpt ion band of the benzazolylpyridinium sal ts  has undergone a bathe- 
chromic  displacement  of 50-60 nm re la t ive  to the absorption band of the initial pyr idinylbenzazoles .  In 
10 -3 M solutions of the iodides in  chloroform,  a weak CTC band [8] is found at 450 nm. In the PMR spec t ra ,  
the signals of the a and B protons of the pyridine r ing a re  shifted downfield by ~ 1 ppm in compar i son  with 
the initial bases  (in D20. ~ 9.5-8.45 ppm). 

The reduction of the salts  (I-HI) with sodium te t rahydrobora te  in a neutra l  medium (ethanol, water)  
led in all c a ses  to 2 - (1-R-1 ,2 ,5 ,6- te t rahydropyr id in-4-y l )benzazoles  (IV-VI. Table 2). The homogeneity of 
the reac t ion  products  was conf i rmed by th in - l aye r  chromatography.  The p resence  of a conjugated double 
bond in each of compounds ~IV-VI) is manifes ted in a bathochromic shift of the long-wave absorpt ion maxima 
with r e spec t  to the cor responding  benzazoles  (~max 290-298 urn). 

, ~ 

I - I l l  IV-VI  VII-IX 

~,IV, Vll Z=O; II, V, Vtll Z=S; I l l ,Vl ,  IX Z=Ni i ;  X . - I ,  Br, CI; I - Ig  R-ME. CHIG~tt 5. 

CH2CH2C6H 5, CH2CH~CHCoH s 

In the PMR spec t rum of compound {IVa) in CDC13 a doublet of the a '  protons is observed at 3.13 ppm 
(J = 3.3 Hz), a mult iplet  of the a and B protons  at 2.8-2.4 ppm, a broad  t r ip le t  for  the B' pro ton  at 6.76 ppm. 
a mult iplet  of the a romat ic  protons of the benzoxazole sys tem at 7.7-7.0 ppm, and a N-CH 3 singlet  at 2.26 
ppm. Compounds (Va) (in CC14) and (Via) (in CD3OD) give s imi la r  spec t ra .  
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T A B L E  1. 4 - ( B e n z a z o l - 2 - y l ) p y r i d i n i u m  Salts  (I-III) 

=- --'~] I Empirical Found, % ]Calculate< % ~ 
o'~ Z R X 5~4 Mn_ "C Mp, "C "= Oc~ ~=~l -r, - ] formula . . . . .  

I ~ c . N x c H N x ~ 

q 7 cH3 - 3os-3o7,o,c  
Ia* O ICHa !Br A i334--335 [C,,I-InBrN=O ~ ~ , 7 1  9,3[~7,1 21 
Ibt O IC2Hs ii A t265--268 ,C,4HIalN=O ~ , 4  t 8,9135,7 96 
Ibt O IC=H5 !Br A ,247--248 iC,~H~zBrN=O ~ "  5513'4~7~ K5126~3 20 
Ict 0 tCaH7 iBr a 249--250 IC,sH,sBrN20 ~ ~  {7125,2 45 
Id I O i-c,ttv Br B [256--257 C sH 5BrN=O ~ ~ , 6 : 8 ' , 4 ; 9 1  811124~8 24 
Ie] 0 IC,H9 l [B !240--243 IC,6HivlN20 ~ 4 , 4 1  7,4133,0 70 
Iet O iC4H9 ~Br B 244--246 !C 8H rBrN~O ~ , ~ T A ~ k l  8,2124,0 27 
Ifl  0 It-C~Ho C l t ~  '3oo (de, c.)iC ~H ~C'lX~O ~ : 0 i 1 0 3 _ 1 _ .  ~ 4I 
Ig I O iCsH,t !Br ~ ;235--236 !C~vH~gBrN20 ~ 5 1 , 5 ~  t4~9] 6[7t32,a 46 
]hi O C6HsCH2 ,I [ A 255--256 'CI.HI, IN20 ~ ~ , 3 \ ~ 5 ]  6 . ' 4 ! ~ ' . 6 , , ,  , ~ , ,, , , ~ . ~a~ 
lhlO !C~HsCH2 Br A i256--258 ~C~,H]~BrN20 32.114,11 7,6!21,7162,814,2t 7.8121,5]94 
thj O ~C6H~CH= CI i B i233--235 !C .d-t ~CLN=O 70,7 4.71 8,7111,0',69,714,6 B,5 10,5178 
Ill O ICgHI9 iBr ! B 200--201 C2~H2~BrN~O 52,5~16,7 6,9!19,ff62,T~6,71 7,0120,2i41 
Ij] O [CsH~CH~CH~ Bri A 303--304 C~oH7BrN~O 530 45 7321(3633142 74 20552 
Iki O !C~HsCH=CHCH.. C B 2!8--220 [C.l H 7C N20 72'3 49 8[0 10'2}72'1i4'41 7'91 915149 

IIa S CHa " I A 256--257 u C~aI-II~IN~S 44~1 31 7935',844',23'3 7',535,3i76 
IIbl S C~HS I A 228--229 !C~4H~alN2S ]45,7i316': 71634,545,21313! 7,4134,0146 
IIc! S ]CaHr i, Br A ',225--226 :C,sH,sBrNIS 153,7!4,5: 8,4:23;8'53,4]4,4! 8,2123,5 48 
IIdl S C4H, ~I ~ 1228--229 CI6H 7IN~S 48514,3 7.1!32;0 ~8,3 4,0! 7,0 32;4 46 
IIg I S: CsH I i ~ '235--236 CTH,slN=S 499!44 68 310'499143i 68306'63 
ilh S !C6HsCH= ]CI iB 204--205 C,.H sCIN~S 6731415[ 8',31'J0:567',0',421 8211010154 
Ilia S ]C6H~CH~ iBv]A i229--300 Ci;H,sBrN2S 59,513,9~ 7.3[20,859,4 38 70'20,5166 
IIj! S ICoHsCH=CHe ]Br A 1268--269 C=oH~TBrN~S 60,5!4.3" 7,0 20 1590!4 11 6520,4160 

IIIalNHCHa I IA;269--270 C~HzlNa 46.3:36'1251376!461135i124'37280 
tlbNHC~Hs I IAI237--238 !Ct~H~4INa 47940d20] ' 147'8!3'8'11'61 ' i70 

IIItZ NH]C.~H~ iBr i A i227--228 C~sH~6BrNz i5616!5'II13',2',25 Ii56'3 5'3 12'91 69 
IIte~NH]C4H9 Br B 150--151 C,6H~sBrN.~ 1578;5'5d2624'657'515'3i12'4~24059 
IIIh NH CsHsCH2 'I A '247--248 C]g}'II6INz 15512'319 1011 i30',7'54',g'~3',8 10'.3 31',0' 94 
ItIhiNHIC6HsCH~ 'Br A 240m241 Ca,I-I~6BrNa 162.31414 11,5 21,8~51 ~14.3 11,221,5 66 
IIIhlNHCsH~CH~ CIlB 947--248 CgH~6CIN~ 70950130110705 49127113 

�9 , "  ' - ' : " :  , , , , �9 , , , 59 [lit NH C9H19 jBr [C i 82-43 Cz H~sBrNa ,627i70 104 199825,7,0i10 I[195 74 
[IIjNHIC~HsCH=CH2 iBr A 1149---150 'C=oHsBrNa 1630 5011021052951~I10200194 
II1k NH C~HsCH=CHCH. "C ! B :240--242 C= ttlsCiNa 72'5 5'2~12'0 10'279"0!5'0112'2 ! 9'8 a~ 

j - I ! ! ' ! '  i ' i  ' l " i ' i  ' I  'I ~ 

The c h a r a c t e r i s t i c  t r ip l e t  of the /3 ' -p ro tons  at 6 .8-6 .5  ppm is o b s e r v e d  in al l  the PMR s p e c t r a  of  the 
2-  ( l - R -  1,2,5, 6- t  e r r  a h y d r o p y r i d i n -  4 -y l )benzaz  oles  (IV- VI). 

The ca ta ly t ic  hyd rogena t i on  of compounds  (IVa-VIa) ove r  Adams  ca ta lys t  gave the 2- (1 -me thy lp ipe r i -  
d i n - 4 - y l ) b e n z a z o l e s  (VII-IX). which  w e r e  a l so  obtained by the methy la t ion  of the 2 - ( p i p e r i d i n - 4 - y l ) b e n z a -  
zo les  {X-XII). The d i r e c t  hyd rogena t ion  of the py r id in ium sa l t s  {I-III) t akes  p lace  with e x t r e m e  difficulty.  
which  is expla ined  by the po i son ing  of the ca t a lys t .  The r e p l a c e m e n t  of  the  anion 1- by  C1- does not a c c e l e -  
r a t e  hydrogena t ion .  In the PMR s p e c t r a  (X) (in CC14) , mul t ip le t s  of the fi and /3' p ro tons  at 2 .4 -1 .5  ppm. of 
the  e ,  a ' .  and T p r o t o n s  at  3 .3 -2 .4  ppm, and of the a r o m a t i c  p ro tons  at 7 .7 -7 .0  ppm a r e  obse rved .  The 
in t roduc t ion  of  a N - m e t h y l  g roup  (VII) is shown by  the  a p p e a r a n c e  of a s ignal  at  2.2 ppm (CC14) without ap-  
p r e c i a b l e  changes  of the  c h e m i c a l  shif ts  of the s igna ls  of the o ther  p ro tons .  The PMR s p e c t r a  of compounds  
(VIII-XlI) a r e  analogous .  

The  t r e a t m e n t  of compound  (Ia) with p y r i d i n e - b o r a n e  [9] and with l i th ium t e t r a h y d r o a l u m i n a t e  led to  
uns tab le  r e s i n s ,  while  with sod ium t e t r a h y d r o b o r a t e  in pyr id ine  solut ion s tab le  c o m p l e x e s  of (IVa) and BH 3 
w e r e  fo rmed .  In the PMR s p e c t r u m  (CDCla +CDaOD) a s ingle  s ignal  of the  N - C H  a p ro tons  (singlet  at 2.15 
ppm) is obse rved ,  which  shows the f o r m a t i o n  of  a s ingle  i s o m e r ,  obv ious ly  the  p r e f e r e n t i a l  N-ax ia l  complex  
of  BH 3 [11]. Reduc t ion  with sod ium t e t r a h y d r o b o r a t e  in an alkal ine m e d i u m  led  to the f o r m a t i o n  of complex  
p r o d u c t s  which  will  be d e s c r i b e d  in a s e p a r a t e  communica t i on .  

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

The PMR s p e c t r a  w e r e  t aken  on a P e r k i n - E l m e r R - 1 2 A  (60 MHz) i n s t r u m e n t .  C h r o m a t o g r a p h y  was  
p e r f o r m e d  -with a lumina  of  ac t iv i ty  g r a d e  II a c c o r d i n g  to  B r o e k m a n n .  

4-  ( B e n z a z o l - 2 - y l ) p y r i d i n i u m  Salts  (I-III, Table  1). A. An e q u i m o l a r  m i x t u r e  of a 2- (py r id in -4 -y l ) -  
b e n z a z o l e  and the a p p r o p r i a t e  a lkyl  hal ide  in ace tone  was  hea ted  in the w a t e r  ba th  fo r  30 min.  A f t e r  cooling,  
the  p r e c i p i t a t e  was  s e p a r a t e d  off  and r e c r y s t a l l i z e d  f r o m  wate r .  

B__ a An e q u i m o l a r  m i x t u r e  of a 2 - ( p y r i d i n - 4 - y l ) b e n z a z o l e  and the a p p r o p r i a t e  alkyl  hal ide  in d ime thy l -  
f o r m a m i d e  solut ion was  hea ted  ill a s ea l ed  g l a s s  tube at 95-100~ fo r  30 h. The so lvent  was  evapo ra t ed  off,  : 
and the r e s i d u e  was  washed  with ace tone  and was  r e c r y s t a l l i z e d  f r o m  wate r .  
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T A B L E  2. 2- (1,2, 5, 6 - T e t r a h y d r o p y r i d i n - 4 - y l ) b e n z a z o l e s  (IV-VI) 

} 
lVa O 
IVb 
IVc 
lYd 0 
IVe 0 
IVg 
IVi 0 
IVh O 

Vb 
Vc S 
Ve S 
Vg S 
VIa 
vj s 

Via 
VIb NH 
VIe NH 
VIe NH 
Vii NH 
vIh NH 
VIj NH 

Mp,2G* 

CHs 83--84 
C~Hs 53--54 
CsH7 83--85 
i-CzHv 63--65 
C~H9 50--5l 
C~Hti 48--49 
CgH~ 75--76 
C6H~CH~ 135--136 
C6H~CH2CH~]I21--122 
CHs 96--97 
C~Hs 

0,57 

0,63 

0,82 

0,71 
0,79 
0,62 

Empirical 
formula 

72.9[ 
73,71 
74,41 
74,41 
75,0/ 
75,5/ 
77,2| 
78,6] 
78,91 
67,81 
68,8] 
69,71 
70,51 
7t~51 
74,51 
75,0j 
73,6 
74,0 
74,6 
75,2 
77,5 
78,8 

t79,2 

C~H7 
C~H9 
C~H,, 
C~H~CH~ 
C~HsCH~CH~ 
CH~ 
C~H~ 
C~H7 
C4H9 
C~HI~ I t51--152 
C~H~CH~ 201--202 
C~H~CH~CI-I~ 207--208 

67--68 i 0,71 
80--8! 0,75 
52--53 0,78 
56--58 0,81 

114--115 0,84 
ll0--111 
222--223 0,46 
221"222 
200--201 0,60 
192--193 0,66 

0 
0,73 
0,71 

C,~H,4N2O" i 
C.HIsN20 
CIsHI~N20 
C15HlsN~O 
C,~H~oN20 
CITH2~N20 
C~,H~oN20 
C19HIaN~O 
C2oH~N~O 

!C sH 4N25 
[ C,4H~sN2S 
[ C,~H,sN2S 
Ct~H2oN~S 
CtTH:~N2S 
C19H2cN2S 
C2oH~oN2S 
CIsH,6N~ 
CI4H,7N3 
CIsHIgN3 
C16H21Ns 
C21HzINz 
CIgHIgN3 
C2oH~INs 

Found, % 

C I H N C H 

13,11 72,4 6,5 
12,3173,6 / 7,0 
11,6174,11 7,1 
II.,61 74,11 7,1 
10,9' 74,71 8,0 
10,4:75,51 8,2 
8,6 77,1] 9,2 
9,6 78,81 6,2 
9,2 78,9 / 6,9 

12,2 67,9] 6,1 
11,5 6921 63 
10,8 70,11 7,2 
10,3 7051 7,5 
9,8 7114 7,8 
9,1 74,5! 5,8 
8,7 74,7i 6,1 

19,8 73,41 6,5 
18,5 73,5{ 7,4 
17,4 74.01 8,1 
16,4 75,01 8,4 
12,9 77,11 9,2 
14,5 78,7 6,6 
13,9 79,1 7,3 

Calculated, 

12,7 
11,9 
11,2 
11,2 
t0,8 
1fl,4 
8,3 
9,7 
9,0 

12,3 
1 t,6 
I1,0 
10,5 
10,3 
9,2 
8,5 

19,5 
18,2 
17,4 
16,2 
12,5 
14,5 
13,9 

O 
V, 

72 
71 
88 
75 
72 
75 
80 
69 
92 
8t 
91 
86 
76 
93 
86 
88 
95 
91 
96 
98 
99 
80 
99 

*Compounds  (IV, V, and VI) w e r e  c r y s t a l l i z e d  f r o m  50% aqueous  
m e t h a n o l .  

On a l u m i n a  in  c h l o r o f o r m  f o r  c o m p o u n d s  (IV) and (V) and in  the  
e t h a n o l - c h l o r o f o r m  (3 : 97) s y s t e m  f o r  compounds  {VI). 

C__~. An  e q u i m o l a r  m i x t u r e  of a 2 - ( p y r i d i n - 4 - y l ) b e n z a z o l e  and nonyl  b r o m i d e  was  h e a t e d  in  a s e a l e d  
g l a s s  tube  at  95-100~ fo r  30 h. The  r e a c t i o n  p r o d u c t  was  w a s h e d  wi th  a c e t o n e  and r e c r y s t a l l i z e d  f r o m  
b e n z e n e .  Xma x in  c h l o r o f o r m  f o r  c o m p o u n d  (I) was  355 nm,  f o r  compound  (11) 357 ran,  and  f o r  compound  
(III) 375 nm.  

2 - ( 1 , 2 , 5 , 6 - T e t r a h y d r o p y r i d i n - 4 - y l ) b e n z a z o l e s  (IV-VI, T a b l e  2). In p o r t i o n s ,  0.76 g (0.02 mole )  of 
s o d i u m  t e t r a h y d r o b o r a t e  was  a d d e d  to a s o l u t i o n  of  0.01 m o l e  of a p y r i d i n i u m  s a l t  {i-III) in ~ 100 m l  of 
e thano l .  The  o r i g i n a l l y  y e l l o w - o r a n g e  s o l u t i o n  g r a d u a l l y  b e c a m e  d e c o l o r i z e d .  The  r e a c t i o n  m i x t u r e  was  
l e f t  o v e r n i g h t  and was  t hen  f i l t e r e d  and e v a p o r a t e d .  Compounds  (IV) and (V) w e r e  d i s s o l v e d  in  b e n z e n e  
and  the  s o l u t i o n  w a s - f i l t e r e d  t h r o u g h  a I - c m - t h i c k l a y e r  of  a l u m i n a  and was  e v a p o r a t e d .  The  r e a c t i o n  p r o -  
d u c t s  c r y s t a l l i z e d  on s t a n d i n g  in  t he  r e f r i g e r a t o r .  

C o m p l e x  of  2 - ( 1 , 2 , 5 , 6 - T e t r a h y d r o p y r i d i n - 4 - y l ) b e n z o x a z o l e  wi th  BH 3, A s o l u t i o n  of 3.37 g (0.01 m o l e )  
of  t he  s a l t  (Ia) in  100 m l  of p y r i d i n e  was  t r e a t e d  wi th  0.76 g (0.02 mole )  of s o d i u m  t e t r a h y d r o b o r a t e .  The  
r e a c t i o n  m i x t u r e  was  l e f t  ove rn igh t ,  f i l t e r e d ,  and  e v a p o r a t e d .  The  whi te  c r y s t a l l i n e  r e s i d u e  of the  c o m p l e x  
w a s  r e c r y s t a l l i z e d  f r o m  m e t h a n o l .  Y ie ld  1.37 g (60%), mp  209-210~ Found  %: C 68.3: H 7.5: N 12.4.  
C13H14N20. BH 3. C a l c u l a t e d  %-. C 68.5: H 7.5: N 12.3.  

2-  ( P i p e r i d i n - 4 - y l ) b e n z o x a z o l e  (X). A m i x t u r e  of 68.0 g (0.5 mole )  of i s o n i p e c o t i n i c  ac id ,  54.5 g (0.5 
m o l e )  of  o - a m i n o p h e n o l ,  and  200 m l  of  p o l y p h o s p h o r i c  a c i d  w a s  h e a t e d  at  240-250~ f o r  30 rain.  coo l ed  to 
120~ and p o u r e d  in to  1 l i t e r  of  co ld  w a t e r ,  and  the  m i x t u r e  was  m a d e  a l k a l i n e  to  pH 8. An o i l  s e p a r a t e d  
out  wh ich  r a p i d l y  c r y s t a l l i z e d .  The  c r y s t a l s  w e r e  s e p a r a t e d  off and d i s s o l v e d  in  c h l o r o f o r m ,  and the  s o l u -  
t i o n  was  f i l t e r e d  t h r o u g h  a 1 - c m  l a y e r  of  a l u m i n a .  The  c h l o r o f o r m  was  e v a p o r a t e d  and the  r e s i d u e  c r y s -  
t a l l i z e d  in the  f o r m  of s i l v e r - w h i t e  c r y s t a l s .  The  y i e l d  of (X) was  40.4  g (40%), m p  118-119~ Found  %: 
C 71.0: H 6.8: N 13.5. CI2HI4N20. Calculated %: C 71.2: H 7.0: N 13.8. 

2- (Piperidin-4-yl)benzo~hiazole (XI) was obtained similarly to (X) with a yield of 63%. Mp 100-102~ 
(from hexane). Found %: C 65.8: H 6.2: N 12.8. CI2HI4N2S. Calculated %: C 66.0. H 6.2: N 12.8. 

2- (Piperidin-4-yl)benzimidazole (XII) was obtained similarly to (X) with a yield of 63%. Mp 262-264~ 
(from water). Found %: C 71.3: H 7.5: N 20.6. CI2HIsN 3. Calculated %: C 71.6: H 7.5: N 20.9. 

2- (1-Alkylpiperidin-4-yl)benzazoles (VII-IX). A. Compounds (IV-VI) were hydrogenated in ethanol 
at room temperature and at atmospheric pressure with Adams catalyst. 2- (1-Methylpiperidin-4-yl)benzox- 
azole (VIIa). mp 48-49~ (from hexane). Found %: C 71.7: H 7.7: N 12.7. CI3HI6N20. Calculated %: C 72.2: 
H 7.5: N 13.0.  2 - ( 1 - B e n z y l p i p e r i d i n - 4 - y l ) b e n z o x a z o l e  (VIIh), mp  97-99~ ( f rom hexane ) .  F o u n d  %: C 78.1: 
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H 6.71 N 9.4. CIgH20N20. Calculated %: C 78.01 H 6.9~ N 9.6. 2- (1-Methylpiperidin-4-yl)benzimidazole 
(IXa), mp 210~ (from hexane). Found %: 72.4: H 7.2: N 19.3. C13H17N 3. Calculated %: C 72.8: H 7.5: N 
19.6. 2- (1-Benzylpiperidin-4-yl)benzimidazole (IXh), mp 202-203~ (from benzene). Found %: C 78.2: 
H 7.1: N 14.1. CIgHzlN 3. Calculated %: C 78.3: H 7.3: N 14.4. 2-(1-Methylpiperidin-4-yl)benzothiazole 
{V]/Ia). mp 73-74~ (from hexane). Found %: C 67.3: H 6.6: N 13.6. C~3HlsN2S. Calculated %: C 67.2: 
H 6.9: N 13.8. 

B.._~. Compounds (X-XII) were heated in dimethylformamide with equimolar amounts of methyl iodide 
in the presence of a twofold excess of K2CO 3 at 95-100~ for 30 h. The solutions were fil tered and evapo- 
rated. This gave compounds (VII-IX), identical with those obtained by method A. The yields of (VII-IX) 
were 95%. 
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