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Abs t rac t  - The syn thes is  and N-monomethylation [(&)->(&a) ] o f  

I- [ p y r i d o x y l  i dene l -2 -  12 ' -py r idy l  l hyd raz ine  (2) are h e r e i n  descr ibed.  
I The product ,  1- [N-methy lpyr idoxy l  iden iuml-z-  [2 - p y r i d y l ] h y d r a z i n e  

i o d i d e  ( k a ) ,  on r e c r y s t a l l i z a t i o n  from methanol y i e l d e d  hydrogen- 

bonded long-cha ins  of I: I-methanol:(&a) o f  c r y s t a l  s t r u c t u r e  (&I 

[F igu re  21.  The r e a c t i o n  o f  (&a) w i t h  aqueous HC10, a f fo rded  dimers o f  

t h e  corresponding d i p e r c h l o r a t e  o f  s t r u c t u r e  (&b) [ F i g u r e  I]. The 

format ion o f  ( g )  i s  r a t i o n a l i z e d  i n  terms o f  coopera t i ve  hydrogen- 

bonding, a r i s i n g  f rom the  a b i l i t y  o f  t he  a l c o h o l i c  OH group t o  

f u n c t i o n  both  as acceptor and donor. The d i m e r i c  c r y s t a l  s t r u c t u r e  o f  

(&b) i s  env is ioned t o  a r i s e  f rom an a l t e r n a t i v e  mode o f  H-bonding, 

namely, t he  " th ree -  center '  geometry, i n f l u e n c e d  by the  C10, oxygen 

a c c e ~ t o r s .  

INTRODUCTlON 

I-[Pyridoxylidenel-2-[isonicotinoyl]hydrarine, [ p y r i d o x a l  i s o n i c o t i n o y l  hydrazone, 
1 .  

PIH, (I)]. i s  a  r e p r e s e n t a t i v e  o f  a new c l a s s  o f  o r a l l y  a c t i v e  i r o n  c h e l a t o r s  

which are  capable of removal o f  t o x i c  accumulation o f  i r o n  f rom the  body. I t s  

d i scovery  a  decade ago has opened new v i s t a  o f  i t s  b iochemistry, '  pharmacological 

and medic ina l  chemistry, '  phys ica l  o rgan ic  chemistry,, c o o r d i n a t i o n  chemis t ry ,  
5 

and c e l l  b i o l o g y .  
6 

Stud ies  have shown t h a t  whereas t h e  c r y s t a l  s t r u c t u r e  o f  ( I )  i s  d imer i c ,  7 

i n v o l v i n g  hydrogen con tac ts  between t h e  hyd raz in i c  NH, a  molecu le  of water ,  and 

t h e  p y r i d o x y l  i d e n i c  OH (pheno l i c )  , as an acceptor group, t h e  c r y s t a l  s t r u c t u r e  o f  

[PIHI2Fe complex5c i s  c h a r a c t e r i z e d  by a  hydrogen-bonded long-cha in  o f  

supramolecular al ignment o f  s t r u c t u r e  (2) (see.  Scheme I). I n  c o n t r a s t  t o  (11, 

t h e  hydrogen con tac ts  i n  ( 2 )  i n v o l v e  the  p y r i d o x y l i d e n i c  a l c o h o l i c  OH as a  donor, 
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and t h e  i s o n i c o t i n o y l  r i n g  n i t r o g e n ,  as an acceptor.  There i s  another hydrogen 

con tac t  i n  (z) ,  which invo lves  t h e  c o u n t e r - i o n  oxygen acceptor ,  SO.,'; and the  

p ro ton  a t tached  t o  t h e  p y r i d o x y l i d e n i c  r i n g  n i t r o g e n .  Th is  suggested t h a t  t h e  

a l c o h o l i c  hydroxy l  group i n  (3 may p l a y  a  p i v o t a l  r o l e  i n  s t a b i l i z i n g  the  

hydrogen-bonded long-cha in  c r y s t a l  s t r u c t u r e .  L a t e l y ,  we have observeds t h a t  the  

b i o l o g i c a l  p r o p e r t i e s  o f  t he  pyr idoxa l -based c h e l a t o r s  cou ld  be improved 

cons ide rab ly  i f  t h e  acy l -carbony l  group i n  (1) i s  e l i m i n a t e d .  Th is  p rov ided  a  new 

generat ion o f  i r o n  m o b i l i z e r s  which are: t h e r a p e u t i c a l l y  safe ,  o r a l l y  a c t i v e ,  

d i s p l a y i n g  h i g h  a f f i n i t y  t o  i r o n ,  o f  which I-[pyrido~ylidene]-2-[2~-~~rid~l]- 

hydrazine (I) i s  a  rep resen ta t i ve .  We sought, t he re fo re ,  t o  examine t h e  e f f e c t s  o f  

aromat ic r i n g - n i t r o g e n  q u a t e r n i z a t i o n s  ( i . e .  me th iod ina t ion )  o f  (I) on i t s  

b i o l o g i c a l  p r o p e r t y  and chemical s t r u c t u r e .  Towards t h i s  end we at tempted t h e  

syntheses o f  I-[N-methylpyridoxylidenium]-2-[2'-pyridyl]hydrazine i o d i d e  ( & a ) ,  and 

o f  I- [N-methylpyridoxylidenium]-2- [2'-N-methylpyridylium]hydrazine d i i o d i d e  ( 1 ) .  

Th is  paper descr ibes the  format ion,  p r o p e r t i e s ,  and s i n g l e  c r y s t a l  X-ray 

d i f f r a c t i o n  a n a y l s i s  of (fib) and ( B  which are  t h e  major product  o f  t h e  syn thes is .  

Product (1) i s  minor ,  and an account o f  which w i l l  be a  sub jec t  o f  a  consecut ive  

paper. 

Scheme 1 
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EXPERIMENTAL 

M a t e r i a l s .  2 - H y d r a z i n o p y r i d i n e  (g was p repa red  a c c o r d i n g  t o  l i t e r a t u r e .  
9  

I n f r a r e d  s p e c t r a  were measured on a  Perk in -E lmer  Model 457 G r a t i n g  i n f r a r e d  

spec t ropho tome te r .  U l t r a v i o l e t  s p e c t r a  were r u n  on a  V a r i a n  Tech t ron  Model 635 

UV-Vis spec t rpho tome te r .  ' ~ - ~ m r  s p e c t r a  were o b t a i n e d  on a  WH-300 B r u k e r  

spec t rome te r  w i t h  TMS as an i n t e r n a l  s t anda rd ,  and Me2SO-d6 as s o l v e n t .  Mass 

s p e c t r a  were r e c o r d e d  w i t h  a  LKB 90 21 spec t rome te r .  

1  
I- I P v r i d o x v l  i d e n e l - 2 -  1 2 - - ~ v r i d v l  l h v d r a z i n e  ( 5 ) .  ( a )  H v d r o c h l o r i d e .  To a  s o l u t i o n  

o f  p y r i d o x a l  h y d r o c h l o r i d e  (1) (2.5 g, 0.0125 mol) i n  l o  m l  o f  H20 was added 

d ropw ise  w i t h  s t i r r i n g  a  s o l u t i o n  o f  2 - h y d r a z i n o p y r i d i n e  (4) ( 1  I g 0.01 mol) i n  

l o  m l  o f  methanol  a t  room tempera tu re .  W i t h i n  a  few m inu tes  a  ye l l ow -o range  

p r e c i p i t a t e  was formed (2 .5  g, 95%) wh i ch  r e c r y s t a l l i z e d  f r o m  e t h a n o l .  The 

r e s u l t i n g  y e l l o w  c r y s t a l s  o f  t h e  h y d r o c h l o r i d e  o f  ( 9  m e l t e d  a t  298°C. Ir 
( K B r ,  4 , cm-I) :  3360, 3040, 2960, 2650, 2370, 2030, 1960, 1730, 1615, 1490, 1475, 

1448, 1422, 1340. UV ( 2 , nm, MeOH, c .  I - IO-~M):  376.9 ( l o g  E 4.31), 239.8 

(4 .191 ,  212.9 (4.21); ( c .  2 . 1 0 - ~ ~ ) :  398 (4 .14 ) ,  370.6 (4 .27 ) ,  239.1 ( 4 . 1 8 ) ,  215.2 

( 4 . 1 4 ) .  I ~ - ~ m r ( 6 , p p m , M e ~ S O - d ~ ) :  8 . 5 2 ( I H , ~ ) , 8 . 2 8 ( l H ,  t , J = l . z H z ) , s . l s  

( I H ,  s ) ,  7.77 ( I H ,  t. 5.1.4 HZ) ,  6.98 (2H, m ) ,  4.76 (ZH, s ) ,  2.60 (3H, 5 ) .  MS 

m l z  = 260 (M++2, 30%), 259 (M++I, 100) .  Anal. Ca lcd  f o r  C18H15N402Cl: C ,  52.92: 

H, 5.09; N, 19.00: C l ,  12.03. Found: C ,  53.12; H, 4.97; N, 18.96; C1,  12.43. 

The f ree-base,  p a l e  y e l l o w  c r y s t a l s  o f  mp 288"C, was o b t a i n e d  from t h e  c rude  

h y d r o c h l o r i d e  a f t e r  i t s  exposure  t o  t h e  a c t i o n  o f  d i l u t e  aqueous ammonium 
-I 

h y d r o x i d e .  Ir ( K B r .  J , cm ):  3320, 3040, 2980, 2870, 1610. 1580, 1555, 1448, 

1385, 1350. UV ( /l , nm, MeOH, c .  1 . 1 0 ~ ~ ) :  352.7 (4 .39) .  331.3 (4 .33 ) ,  236.3 

(4 .24) ,  211 (4 .31) .  ' ~ - ~ m r ( 6 ,  ppm, Me2SO-d6): 11.82 ( I H . s ) ,  11.44 ( I H ,  s ) ,  8.54 

( I H ,  S ) ,  8.23 ( I H ,  t ,  Jz1.2 HZ) ,  7.93 ( I H ,  5 ) .  7.72 ( I H ,  t, 5.1.5 HZ) 6.90 ( I H , s ) ,  

6.87 ( I H ,  t, J=0.6 Hz), 5.31 I s ) ,  4.60 (2H, d, J=o.9 H z ) ,  2.41 (3H, s ) .  

&ELI. Calcd  f o r  C18H.14N402: C ,  60.42; H, 5.42; N, 21.69; Found. C ,  60.15; H, 

5.33; N, 21.79. 

The r e a c t i o n  o f  f r e e -  base (5 )  w i t h  me thv l  i o d i d e .  Fo rma t i on  o f  ( 6 a  and (71  . To a 

s o l u t i o n  o f  (2) (mp 288°C) ( 0 .93  g. 3.5 mmol) i n  dry e t h a n o l  ( l o 0  m l ) .  was added 

me thy l  i o d i d e  (2.0 g. 14 mmol), and t h e  r e s u l t i n g  m i x t u r e  was r e f l u x e d  w i t h  

s t i r r i n g  f o r  48 h. A f t e r  p a r t i a l  removal  o f  t h e  s o l v e n t ,  i t  was coo led ,  t h e  s o l i d  

r e d  p r e c i p i t a t e  ( 1 . 1  g) was c o l l e c t e d ,  and s u b j e c t e d  t o  f r a c t i o n a l  c r y s t a l l i z a t i o n  

f r om methanol  t o  y i e l d  t h r e e  c o l o r e d  produc ts :  ( a )  m u s t a r d - y e l l o w  ( a b o u t  70% o f  

t o t a l  y ie ld) ;  ( b )  r e d  p r o d u c t ,  c o n t a i n i n g  some o f  ( a ) ;  ( c )  m ixed  c r y s t a l s  o f  r ed  



and orange p r o d u c t s .  Repeated r e c r y s t a l l i z a t i o n s  o f  each o f  t h e  t h r e e  f r a c t i o n s  

from methanol  p r o v i d e d  e s s e n t i a l l y  two main  p roduc ts :  a m a j o r  one: c o m p r i s i n g  

y e l l o w  c o l o r e d  o f  r e l a t e d  p r o d u c t s  (&a) and ( E ) ,  and a m i n o r  one, c o m p r i s i n g  r e d  
1 4  

c o l o r e d  g e o m e t r i c  i somers  o f  t h e  co r respond ing  N ,N - d i m e t h y l  mono iod ide  (1) wh ich  

w i l l  be e l a b o r a t e d  i n  a c o n s e c u t i v e  communicat ion.  

I- I~-~ethvlovridoxvlideniuml-2-~2~~vridvllhvdrazine i o d i d e  c 6 a ) .  When t h e  m a j o r  

p r o d u c t  was r e c r y s t a l l i z e d  f r o m  e t h a n o l ,  o range -ye l l ow  need les  o f  mp 235-236°C 

were o b t a i n e d .  Ir (FT ,  KBr, 3 , cm-I) :  3300, 3186, 2895, 2659, 2605, 1605, 1577, 

1557, 1507, 1482, 1299, 1147. UV ( 1 , nm, MeOH, c .  5 . 1 0 ~ ~ ~ ) :  399.2 ( 4 . 4 1 ) ,  339.6 

(3 .901,  219.8 ( 4 . 4 3 ) .  I H - N ~ ~  ( 6 ,  ppm, Me2SO-d6): 12.11 ( I H ,  s ) ,  8.47 (IH, s , ) ,  

8.31 ( I H ,  d, J=0.84 Hz).  7.79 ( I H ,  t, J = 1.5 H Z ) ,  7.04 (2H, d, J = 2.94 HZ) ,  5.87 

(IH, m) ,  4.78 (2H,  s ) ,  4.22 (3H.51,  3.33 ( l H , s ) ,  2.65 (3H,  5 ) .  MS m/z = 273 (M+-I, 
+ 

70%),  95 (C5H7N2 , l o o ) .  Anal. Ca lcd  f o r  CI4Hl,N4O2I: C ,  42.00; H, 4.25; N, 

14.00; I, 31.75. Found: C ,  42.05; H, 4.27; N, 13.77: I, 31.68. 

I- I N - M e t h v l o v r i d o x v l  i d e n i u m l - 2 -  1 2 ' - ~ v r i d v l  l h v d r a z i n e  i o d i d e :  MeOH-comoound ( 8) . 
When t h e  m a j o r  r e a c t i o n  p r o d u c t  was r e c r y s t a l l i z e d  f r o m  methano l ,  y e l l o w - m u s t a r d  

c u b i c  c r y s t a l s  o f  mp 246'C were i s o l a t e d .  Ir (FT,  KBr, 9 , cm- I ) :  3292. 3246,  

3156, 3143, 3133, 3122, 3097, 3040, 3000, 2984, 2951, 2944, 2917, 2888, 1598, 

1571, 1546, 1474. 1455, 1438, 1420. Uv ( 3 , nm, MeOH, c .  ~.Io-~M): 390.5 ( 4 . 4 8 ) ,  

339.6 (4 .081 ,  299.6 ( 3 . 8 9 ,  218.6 ( 4 . 5 2 ) .  ' H - N ~  ( 6 ,  ppm, Me2SO-d6): 12.50 (IH, 
m ) ,  8.46 (2H, S) ,8.44 ( I H ,  S ) ,  8.29 ( I H ,  d, k 0 . 5  HZ), 7.80 ( I H ,  m ) ,  6.99 (2H ,  m), 

4.76 (2H, s ) ,  4.27 (3H, s ) ,  3.21 (3H, s ) ,  2.70 (3H,  s ) .  MS m l z = 2 7 3  (M+-I, 

100%). Anal. Ca lcd  f o r  C15H2,N4031: C ,  41.67; H, 4.86; N, 12.96; I, 29.40.  Found: 

C ,  41.27; H, 4.64; N, 12.49; I, 29.45. 

I- I N - M e t h v l o v r i d o x v l  i d e n i u m l - 2 -  I z L - ~ v r i d v l  l h v d r a z i n e  d i ~ e r c h l o r a t e  ( 6b) . T h i s  

d i q u a t e r n a r y  s a l t  was produced f o l l o w i n g  exposure o f  e i t h e r  ( 6 a ) ,  o r  ( E ) ,  t o  t h e  

a c t i o n  o f  5% HC104. Repeated r e c r y s t a l l i z a t i o n s  f r o m  e t h a n o l  a f f o r d e d  y e l l o w  

p r i s m a t i c  need les ,  mp 2 l5 'C .  Ir (FT,  KBr. . cm-I):  3411. 3403, 3394, 3323, 

3307. 3271. 3257, 3238, 3081. 2976, 2937, 2917, 2897, 2878, 2850, 2801, 2718, 
1 

2672, 2665, 1642, 1623, 1579, 1472, 1461. H-Nmr ( 6 ,  ppm, Me2SO-d,): 12.30 (IH, 

m), 8 .49 (2H ,  s ) ,  8 . 2 2 ( l H ,  d, J=4 .2HZ) ,  7 . 9 4 ( l H ,  t ,  J=1.7 HZ) ,  7 . 0 8 ( 2 H ,  t ,  

J=0.77 Hz ) ,  4.81 (ZH, S) , 4.23 (3H, s) , 2.66 (3H,  s) . The e lementa l  compos i t i on  

i s  imp1 i c i t  f r o m  t h e  s i n g l e  c r y s t a l  s t r u c t u r e  ( F i g u r e  I) . 
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CRYSTAL DATA 

Comoound (6bL.  [ C ~ ~ H ~ ~ N ~ O ~ ] + . H C ~ O ~ ' C ~ O ~ ,  M=473 .2, a=23.102(5), b=14.844(4) , 

C=II .583(4)!4, ~=3972(  l ) W 3 ,  z=8, Dcalcd. I .58 g  cm-I, p(MoK,)=3.33 cm-I ,  no. o f  

unique r e f l e c t i o n s  = 2959, r e f l e c t i o n s  w i t h  Ir30(1)=1481, R=o.096, space group 

Pbca. 

Com~ound ( 8 )  . Cl4HI7N4O2I: CH30H, M=432.26, a=9.225(3), b=13.518(5) , ~=14.994(5)1,  

8=106.98(8) ', v=1788.3(7)A3, 2=4, Dcalcd. = I .61 g  cm-I ,  p(MoK,)=16.70 cm-I ,  no. 

o f  unique r e f l e c t i o n s  = 2441. no. o f  r e f l e c t i o n s  w i t h  I r20(  I )  =199l ,  R=0.040, 
2 2 - 1  R =0.052, W=(U +0.000375 . F  ) , space group Pz,/C. w F 

X-RAY CRYSTAL STRUCTURE ANALYSIS 

Data were measured on a  PWl loo/zo P h i l  i p s  F o u r - C i r c l e  Computer-Control led 

D i f f rac tomete r .  MoK, ( 2  =0.71069A) r a d i a t i o n  w i t h  a  g r a p h i t e  c r y s t a l  monochromator 

i n  t h e  i n c i d e n t  beam was used. The u n i t  c e l l  dimensions were obta ined by a  l e a s t -  

square f i t  o f  20 centered r e f l e c t i o n s  i n  the  range o f  10°58S13'. I n t e n s i t y  data 

were c o l l e c t e d  us ing  t h e  w-2e technique t o  a  maximum ze o f  46" .  The scan w id th ,  

4 w , f o r  each r e f l e c t i o n  was 1.00+0.358 t a n  e  w i t h  a  scan speed o f  3.0 

deglmin. Background measurements were made f o r  a  t o t a l  o f  20 seconds a t  both 

l i m i t s  o f  each scan. Three standard r e f l e c t i o n s  were moni tored every  60 minutes. 

No systemat ic  v a r i a t i o n s  i n  i n t e n s i t i e s  were found. I n t e n s i t i e s  were co r rec ted  

f o r  Lorenz and p o l a r i z a t i o n  e f f e c t s .  A l l  non-hydrogen atoms were found by us ing 

the  r e s u l t s  o f  t h e  SHELXS-86 d i r e c t  method a n a l y s i s . I 0  A f t e r  severa l  cyc les  o f  

re f inements ' '  t h e  p o s i t i o n s  o f  the  hydrogen atoms were 

found and added w i t h  a  constant  i s o t r o p i c  temperature f a c t o r  o f  0 . 5 8 ~  l1 t o  the  

re f inement  process. Refinement proceeded t o  cdnvergence by m in im iz ing  t h e  f u n c t i o n  

ZW( 1 F ~ J -   IF,))^. A  f i n a l  d i f fe rence F o u r i e r  sJ i i i hes i s  map showed several  peaks less  

than 0.5 e / ~ ~  s c a t t e r e d  about t h e  u n i t  c e l l  w i t h o u t  a  s i g n f i c a n t  fea tu re .  
2 

The d iscrepancy i n d i c e s ,  R=x[ IFOI- I  Fc I  ] / x I F o l  and RW=[xw( I Fol -  JFcJ)  / Z / F ~ \ ] " ~  are 

presented w i t h  o t h e r  p e r t i n e n t  c r y s t a l l o g r a p h i c  date  i n  Tables I and 2 .  

RESULTS AND DlSCUSSlON 

I n  d i s t i n c t i o n  t o  N-methy la t ion i n  (1), o c c u r r i n g  n o n - s e l e c t i v e l y  a t  bo th  aromatic 

r i n g  n i t r o g e n s , I 2  t h e  s i m i l a r  r e a c t i o n  o f  (5) w i t h  b o i l i n g  Me1 fo r  4 8  h  provided 

preponderant ly  t h e  r e s p e c t i v e  monomethiodide of s t r u c t u r e  ( 6 a ) .  The 



corresponding dimethiodide (1) could not be isolated probably because of its ready 

tendency to undergo facile dehydroiodination to yield an isolable isomeric mixture 
1 4  of N ,N -dimethyl monoiodides. I3 

Crystals of (&a), suitable for X-ray analysis, could not be produced from ethanol. 

However, recrystallization from methanol afforded I: I-methanol:(aa) complex of 
structure (81 (see, Figure 2 ) .  To understand factors underlying (a) + (&) 

interconversion, we have undertaken an analysis of the single crystal X-ray 
diffractions of these products. Towards this end we have synthesized the 

respective diperchlorate salt (a), the crystals of which proved amenable to X-ray 
analysis. 
Chemically the N-methylpyridoxylidenium system is capable of carrying multiples of 

positive charge, being embedded in a surrounding of two ligands. Thus, (8) 
contains one neutral species (MeOH) and one negatively charged ionic species (I-), 

whereas (ab) contains two negatively charged species as counter-ions (C104). In 

the former, the mono-cation is almost flat, but in the latter (6b) the dication 
framework is bend, forming a 38°C dihydral angle between 

Scheme 2 
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the  two heteroaromat ic  r i n g  planes. The melecules i n  (a are a l i g n e d  i n  p a i r s  o f  
m i r ro r - image  s t r u c t u r e s  w i t h  t h e  a l c o h o l i c  hyd roxy ls  i n -p lane ,  o r i e n t i n g  away o f  

the  azomethinic moie ty .  The case i s  j u s t  t he  oppos i te  f o r  the  corresponding 

hyd roxy ls  i n  (ab) , which are  both  o u t  o f  t h e  N-methylpyridoxylidenium r i n g  plane 

and p o i n t i n g  towards t h e  azomethinic group. S t e r i c a l l y ,  f l a t t e n e d  molecules 

r e q u i r e  a  l e s s e r  space i n  the  l a t t i c e  o f  (a than t h e  r e s p e c t i v e  bended molecules 

i n  t h e  l a t t i c e  o f  ( a b ) .  

The da ta  presented here c l e a r l y  i n d i c a t e  the  importance o f  modes o f  hydrogen 

bonding o f  OH groups 14-17 . 
i n  s t a b i l i z i n g :  a  d i m e r i c  c r y s t a l  s t r u c t u r e  f o r  (fib) 

( see ,  F i g u r e  I), and a  long-cha in ,  supramolecular s t r u c t u r e ,  f o r  t h e  complex 

methanol: 1- [N-methylpyridoxylideni~m]-2-[2~-pyridyl]hydrazine i o d i d e  (&) (compare, 

F igu re  2 ) .  I n  t h e  sequence, i t  w i l l  be shown t h a t  t h e  commonest modes o f  hydrogen 

bonding o f  t h e  OH group p l a y  p i v o t a l  r o l e  i n  these s t a b i l i z a t i o n s .  

I n  t h e  i o n i c  c r y s t a l  s t r u c t u r e  o f  (ab) t h e r e  a r e  t h r e e  d i s t i n c t l y  d i f f e r e n t  donor 

groups (OH, NH, H-N) , and t h r e e  d i f f e r e n t  acceptor  groups ( N ,  aromat ic  and non- 

aromat ic ,  OLIO3), w i t h  respect  to: (a)  t h e  e l e c t r o n e g a t i v i t y  ( o r  e l e c t r o n  
dens i t y )  of t he  r e s p e c t i v e  he te ro  atoms: ( b )  t h e  geometr ica l  p a t t e r n s  o f  contacts 

between t h e  hydrogen and t h e  acceptor atoms: and ( c )  the  d i s t r i b u t i o n  o f  the 

corresponding hydrogen bond leng ths .  

Ana lys i s  shows t h a t  hydrogen-bond d is tances o f  ( o ~ ) - H  and ( N ~ ) - H ,  i n  (ab) , a r e  

s t r o n g l y  i n f l u e n c e d  by t h e  two p e r c h l o r a t e  coun te r - i ons  0C103. Thus, t h e  ( N ~ ) - H  

group i s  unsymmetr ica l ly  H-bonded t o  t h e  f i r s t  0C103 oxygen acceptors w i t h  
2  d i s tances ,  1.922 t o  2.230A. whereas t h e  ( 0  ) - H  group i s  symmetr ica l ly  d i s tanced  

from bo th  t h e  ( N ~ )  atom (1.8391),  and t h e  oxygen acceptor o f  t h e  second 0C103 

group (1.85481). These leng then ing  o f  t h e  p r imary  H"'O con tac ts  induced by 

c r y s t a l - f i e l d  environment ca tegor i zes  t h i s  t y p e  o f  H-bonding as " t h r e e - c e n t e r  

bonds". I4-l6 The i n t r a m o l e c u l a r  H-bonding, ( O ' ) - H " . ( N ~ ) ,  i s  o f  s h o r t e r  d is tance 

( I . B o ~ ~ ) ,  and has the re fo re  t h e  two-center  (" l inear.)  0-H"'N bond." 

U n l i k e  i n  ( a b ) ,  t h e  i o d i d e  coun te r - i on  i n  (a a l lows  t h e  r e s p e c t i v e  (02) - H  group, 

and t h e  methanol ic  0-H, t o  mani fes t  the  most common mode o f  H-bonding, i . e . ,  t o  

f u n c t i o n  b o t h  as acceptor  and donor. As w i t h  H20 molecules,  t h i s  i s  e n e r g e t i c a l l y  

favoured due t o  c o o ~ e r a t i v e  e f f e c t .  ''-I9 Thus, t h e  symmetrical donor-acceptor 

r e l a t i o n s h i p  which i s  necessary f o r  t h e  fo rmat ion  o f  long-cha ins  o f  H-bonds, 

i m p l i c i t  i n  coopera t i ve  hydrogen bonding, can e f f e c t i v e l y  app ly  t o  c r y s t a l  

s t r u c t u r e  o f  (a. 



.Ikble 1 .  Bond Distances (A),  Angles ( ) with e.s.d.'s in Parentheses of: 
I - IN-MethylpyridoxylidcniumI - 2 - 12'-pyridyl] hydrazine Diperchlorate (fib) 
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Table 2. Bond Distances (I\) ,  Angles ( " ) wi th e.s.d.'s in Parentheses of 1:l - Methanol: 
1- IN-Methylpyridoxylidenium]-2-12'-pyridyl hydrazine Iodide 

-- C 1 3 1  

-- C 1 7 1  

-- C 1 4 1  

-- c 1 9 1  

-- C 1 5 1  

-- C l b l  

-- C 1 1 4 1  

-- C 1 1 2 1  

-- i t 1 3 1  

-- C 1 1 4 1  

-- C 1 1 5 1  



Figurel. Ortep Drawing of (Lb) With The Atom-Numbering Scheme And Thermal 
Ellipsoids At The 50% Probability ~ e v e l ' ~ '  

Figure 2. Ortep Drawing of (5 )  With the Atom-Numbering Scheme And Thermal 

Ellipsoids At The 50% Probability L,eve12(' 
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An i n t e r e s t i n g  consequence o f  decreas ing e l e c t r o n  d e n s i t y  on t h e  py r idoxy l i dene  

r i n g  system i s  r e f l e c t e d  i n  t h e  appearance o f  a  new l o w - f i e l d  resonance, a t  6 

12.5, i n  t h e  nmr spect ra  i n  a l l  quaternary  sa l t s :  ( 6 a ) ,  (6b) and (& ) ,  a t t r i b u t a b l e  

t o  one o f  t h e  OH pro tons i n  t h e  molecule.  

A  demonst ra t ion o f  an oppos i te  e f f e c t ,  namely, o f  d e s t a b i l i z a t i o n  e f fec t  i n  the 

expected d i -  i o d i d e  product  (3 , w i l l  be g i ven  i n  a  f o l l o w i n g  communication. 
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