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IV.* REDUCTION OF 4-(BENZAZOL-2-YL)PYRIDINIUM SALTS WITH SODIUM 

TETRAHYDROBORATE IN AN ALKALINE MEDIUM 
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The reduct ion of 4-(benzoxazol-2-yl)-  and 4-(benzothiazol -2-yl ) - l -methylpyr id in ium iodides 
with sodium t e t r ahydrobora t e  ia an alkaline medium f o r m s  p roduc t s  of the d imer iza t ion  of 
the cor responding  1 ,2-dihydropyr idine  der iva t ives .  Under s i m i l a r  conditions, 4 - (benz imid-  
azol -2-y l ) - l -methylpyr id in ium iodide gives a 1 ,2 ,5 ,6- te t rahydropyr idine  der iva t ive .  

We have found prev ious ly  [1] that the reduct ion of the 4-(benzazol-2-yl)pyr idinium sa l t s  (In-c) with 
sodium t e t r ahydrobora t e  in a neutral  medium leads to 2- (1-methyl - l ,2 ,5 ,6- te t rahydropyr id in-4-y l )benzazoles  
(IIIa-c). Continuing this work, we have p e r f o r m e d  the reduct ion of the s ame  sa l t s  (In-c) with sodium t e t r a -  
hydrobora te  in an alkal ine medium.  General ly,  the reduct ion of pyr id in ium sa l t s  under these conditions 
gives 1 ,2 :d ihydropyr id ines  [2]. The t r ea tmen t  of the benzoxazole  and benzothiazole  de r iva t ives  (Ia, b) with 
sodium t e t r ahydrobora t e  in aqueous ethanolic suspens ion a t  pH ~14 gives compounds (IVa, b), the e lemen-  
t a ry  ana lys i s  of which cor responded  to the subst i tuted 1 ,2-d ihydropyr id ines  (IIa, b). However ,  the molecu-  
l a r  weights of compounds (IVa, b) p roved  to be double those calcula ted for  (IIa, b). 
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Ia-tla : Z = benzoxazol-2-yl 
Ib-VIb : Z = benzothiazot-2-yl 
Ic-IIIc : Z= benzimldazol-2-yl 

I t  has  recen t ly  been  es tab l i shed  [3] that  the reduct ion  of 4 - cyano - l -me thy lpy r id in ium iodide under 
conditions s i m i l a r  to ours  g ives  a Diels - A l d e r  adduct: 7,11- dicya no-e ado- 4 - endo-9-  dimethyl--4,9-diazatri-  
cyclo[6,2,2,02,7]dodeca-5,11-diene. To de te rmine  the s t r u c t u r e s  of the d i m e r s  that  we had obtained, we 
studied the PMR spec t rum of compound (IVa) (Fig. 1). In the 2.2 ppm region there  a r e  two s inglets  of N- 
methyl  groups,  which conf i rms  the d i m e r i c  nature of the compound. 
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Fig. 1. PMR spect rum of  7,11-di(benzoxazol-2- 
yl)- endo-  4 -  endo-9- dimethyl-  4 ,9 -d i aza t r i cyc lo -  
[6,2,2,02,7]dodeca-5,11-diene in CD3C1. 

At 5.69 and 4.53 ppm the absorption of the H X 
and Hp protons is observed in the form of two dou- 
blets forming an AX sys tem (J = 7.6 Hz)~ The values 
of their  chemical  shifts cor respond  to the usual ones for 
the a and fl protons at an enamine double bond [4]. 
P a r t  of another AX sys tem is observed at 4~ ppm (HM). 
The second par t  of this sys tem is hidden, as was 
shown by a double-resonance exper iment  (Fig. 1), by 
the multiplet of a romat ic  protons and is located at 
7.3 ppm. This weak-field signal (6 7.3 ppm) can be 
assigned to the Hy proton on the double bond adjacent 
to a benzoxazole residue,  In the 2-(1,2 ,5 ,6 - te t rahy-  

dropyr id in-4-yl )benzoxazoles ,  the signal of the vicinal proton has been found at 6.76 ppm [1]. 

The p resence  of an enamine sys tem and of a vinyl proton in the d imer  (IVa) shows the formation,  

as the resu l t  of a Diels--Alder react ion,  of the adduct of two molecules  of the 1,2-dihydropyridine (Ha). The 
existence of (IVa) in the more  p r e f e r r e d  endo conformation is shown by the observed long-range sp in - sp in  
coupling (SSC) of the P and D protons  (J = 0.5 Hz) and the absence of such coupling between the D and the E 
pro tons .  The ass ignment  of the other signals was made on the basis  of the resul ts  of experiments  with 
double resonance  (Fig. 1). The doublet at 2.97 ppm with a relat ive in tens i ty  of 2H can be ascr ibed to the A 
and B protons  react ing identically (J = 3.2 Hz) with the D proton,  which approximately cor responds  to the 
sp in - sp in  coupling constant usually observed [5] for a hindered conformation with dihedral  angles of 60 ~ be- 
tween the A, B, and D pro tons .  The doublet of doublets (1H) at 1.90 ppm (J = 8.72 and 1.77 Hz) mus t  be as-  
signed to the E proton.  The multiplet  at  3.6-3.2 ppm (3H) is formed by the absorpt ion signals f rom the N, 
C, and D protons .  Tile observed geminal  sp in - sp in  coupling constant (JEN = 8.7 Hz) is in good agreement  
with the established SSCC constant  between the pro tons  of a methylene group adjacent to nitrogen in six- 
membered  rings with the eclipsed conformation of the proton and the unshared e lec t ron pa i r  of the nitrogen 
[6]. This is possible  when there is no invers ion of the N 9 nitrogen atom. A confirmation of the fixed posi-  
tion of the unshared e lec t ron pai r  of the N9 atom is also the large difference in the chemical  shifts of the 
geminal N and E protons  (~1.5 ppm) [6, 7]. As is well known [3, 6], the cis-diaxial  posit ion of the H N p r o -  
ton and the unshared e lec t ron  pa i r  of the nitrogen causes a downfield shift of the absorpt ion signal, and the 
t ransequator ia l  posi t ion of the E proton and of the unshared pai r  of e lectrons causes an opposite shift. It 
must  be mentioned that inversion of the N9 atom must  also be prevented by the voluminous benzoxazole 
residue at N 7, as is shown by a molecular  model.  The proposed s t ruc ture  pe rmi t s  an explanation of the 
shift of the 4-CH 3 signal in the upfield direct ion (6 2.28 ppm) by the influence of the r ing cur ren ts  in the 
benzoxazole sys tem located at Cll. 

A fur ther  proof  of the co r rec tnes s  of the ass ignment  of the signals was obtained by the pe r fo rmance  
of a react ion of the salt  (Ia) with NaBD 4. According to cur ren t  ideas on the mechanism of the reduction of 
pyr idinium salts with sodium te t rahydrobora te  [8], the p r i m a r y  reac t ion  product  mus t  be 2-(1-methyl-2- 
deu te ro- l ,2 -d ihydropyr id in -4-y l )benzoxazo le .  Its d imer  of s t ruc ture  (VIIa) mus t  contain two deuter ium 
atoms in posit ions 3 and 10. In the PMR spect rum observed for (VIIa), the intensity of the signal at 1.90 
ppm had decreased  to 0.5 relat ive units. The signal at 2.97 ppm corresponded to 1 H, and the intensity of 
the multiplet  at 3.6-3.2 ppm to 2.5 H. The change in the intensities and the corresponding simplif ication of 
the spec t rum show an equiprobable substitution of the A and B protons  and also of the N and E protons .  
Thus, the s t ruc ture  of compound (IVa) that we obtained is analogous to the dimer  of 4 -cyano- l -me thy l - l , 2 -  
dihydropyridiae  descr ibed  previous ly  [3]. But the conformational  angles in (IVa) apparently differ some-  
what f rom the angles of the lat ter ,  judging from the isochronici ty  of the A and B protons ,  and also their  
s imi la r  constants of SSC with the D proton.  The action of DC1 on the d imers  (IVa and b) led to rapid re -  
p lacement  of the P and U pro tons  by deuter ium (Via and b), as in the case of the d imer  descr ibed by Libera-  
tore  et al. [3]. It appeared that a s imi la r  exchange also takes place under the action of D20 and even in an 
alkaline solution (NaOD in D20). Consequently, the crude compound (VIIa) gives a PMR spect rum in which 
a ~25% rep lacement  of the P and Y protons  by deuter ium is observed.  The washing of the crude (VIIa) with 
water  and with ethanol leads to deuterat ion at  C 6 and C12. 

The catalyt ic  hydrogenat ion of the d imers  (IVa and b) takes place ext remely  slowly. Their  reduct ion 
with p y r i d i n e - b o r a n e  gives sa turated compounds (Va and b) which a re  distinguished by thermal  stabili ty and 
gives the expected molecu la r  ions with m/e 432 (Va) and 460 (Vb) in their  m a s s  spect ra .  It mus t  be men- 
tioned that on m a s s  spect roscopy,  (IVa) and (IVb) gives molecular  ions with m/e  216 and 230 corresponding 
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to t e t r ahydropyr id ine  de r iva t ives  (IIIa and b). The l a t t e r  a r e  obviously fo rmed  by the t he rma l  r e t rod iene  
reac t ion  and the d i spropor t iona t ion  of the 1 ,2-d ihydropyr id iae  fo rmed  under the exper imen ta l  condit ions.  
Decomposi t ion  of the d i m e r s  (IVa and b) is observed  when they a r e  heated b r ie f ly  in solution to 40-50~ 
and also on s to rage .  At tempts  to t r a p  1 ,2-dihydropyr idine  (IIa) on heat ing (IVa) with ma l e i c  anhydride or  
m a l e i c  acid were  unsuccessful .  

The d i m e r i c  s t ruc tu re  of the benzothiazole  der iva t ive  (IVb), just  like that of compound (IVa), is  con- 
f i r m e d  by the p r e s e n c e  in the PMR s pec t rum of the c h a r a c t e r i s t i c  s ignals  f rom t w o N - C H  3 g roupsa t  2.32 
ppm,  and a lso  by an enamine AX quar te t  at  5.80 and 4.53 ppm and the signal of a vinyl p ro ton  (6.99 ppm) 
adjacent  to the mul t ip le t  of the benzothiazole  r e s idues  (8.0-7.1 ppm).  The deuter ium der iva t ive  (VIIb) was 
a lso  obtained, i ts  p r o p e r t i e s  being analogous to those of compound (VIIa). 

The reduct ion of the benz imidazoly lpyr id in ium sa l t  (Ic) with sodium t e t r ahydrobora t e  even in a 
s t rongly  alkal ine med ium led to the fo rmat ion  of the m o n o m e r i c  compound (IIIc) exc lus ive ly .  To explain 
the obse rved  phenomenon r equ i r e s  additional invest igat ions .  

EXPERIMENTAL 

The PMR spectra of 10% solutions in CDCI 3 were obtained on aPerkin-ElmerR-12A(60 MHz) instru- 
ment at 36~ The chemical shifts 5 were measured relative to TMS as internal standard with an accuracy 
of 0.5% of the depth of scanning. 

7,1 l-Di (be nz oxaz ol-2-yl)-endo- 4- e ado-9- dimethyl- 4,9- diazatri cycio[6,2,2,02,7] dodeca-5,1 I- die ne (IVa). 
To a mixture of 3.37 g (0.01 mole} of (In) and 0.4 g (0.01 mole} of NaOH in 20 ml of water and 30 ml of 
ethanol was added 0.76 g (0.01 mole) of sodium tetrahydroborate in portions. A vigorous reaction began. 
The precipitate was filtered off, washed with hot water (~30~ and dissolved in chloroform, and the solu- 
tion w a s p a s s e d  through a l aye r  of ahmlina  of act ivi ty grade  II  according  to Brockmanno Dist i l lat ion of the 
solvent  left  l ight -ye l low c r y s t a l s .  Yield 51%. Mp 169-170~ Found: C 73.1; H 5.4; N 13.2%. M 423 (cryo- 
scopy in benzene).  C26H24N40 2. Calculated:  C 73.6; H 5.7; N 13.2%. Mol~ ~t .  424. 

7,11-Di (be nzothiazol-2-yl)-  endo-  4 - endo-9-  dimethyl-- 4,9- diazatricyclo[6,2,2,02,7] dodeca-5,11- diene 
(IVb). This was obtained in a s i m i l a r  m a n n e r  to (IVa). L i g h t - y e l l o w c r y s t a l s .  Yield 30%. Mp 138-140~ 
Found: C 68.0; H 5.3; N 12.0%. lVi 455 (eryoscopy in benzene).  C26H24N4S 2. Calculated:  C 68.6; H 5.3; N 
12.3%. Mol. wt. 454. 

7,11-Di (be nz oxaz ol-2-yl)- e ndo - 4 - e  ndo -9- dime thyl- 4 ,9-dtazatr  i cycl o[ 6,2,2,02,7] dode ca-5,11- die ne-3,10- 
D 2 (VIIa). In por t ions ,  0.42 g (0.1 mole)  of NaBD 4 was added to a mix tu re  of 1.68 g (0.005 mole) of (In), and 
0.61 g (0.01 mole)  of NaOD �9 D20 in 10 ml  of D20 and 15 ml  of CD3OD. The mix tu r e  was left  overnight .  Then 
the p rec ip i t a t e  was f i l te red  off and was washed with D20, H20, and C2H~OH. This gave  1.33 g (34%) of white 
c r y s t a l s  with mp 172-173~C. Found: C 73.0; H 6.0; N 13.3%. C26H22D2N40 2. Calculated:  C 73.2; H 6.1; N 
13.1%. 

7 ,ll-Di (benzoxaz ol-2-yl)- endo- 4 - endo -9- dimethyl- 4,9- diazatricyclo[6,2,2,02,7] dodecane (Va). To a 
suspension of 0.57 g (0.0025 mole} of (IVa) in 20 ml of ethanol was added 0.93 g (0.01 mole) of pyridine- 
borane, and the mixture was heated on the water bath for 20 min. During the reaction, the (IVa) dissolved 
completely. The solvent was evaporated,and the residue was washed with water, giving 0.97 g (90%) of a 
product with mp 227-228~ (from propan-2-ol). Found: C 72.7; H 6.5; N 13.1%. Mol. wt. 428 (mass spec- 
trometry). C26H28N402. Calculated: C 72.9, H 6.6; N 12.1%. Mol. wt. 428. 

7,11 -Di (benzothiazol-2 -yl)-endo-4-endo-9-dimethyl-4,9-diazatricyclo [6,2,2,02,7 ]dodecane (Vb). Ob- 
tained in the same way as (Va). Colorless crystals. Yield 85%. Mp219-220~ Found: C 67.7; H 6ol; 
N 12.2%. Moi. wt. 460 (mass spectrometry). C2sH28N4S 2. Calculated: C 67.8; H 6.1; N 12.2%. Molo wt. 460. 
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