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Abs t rac t  - A number o f  N,Na-methylenebispyridinium h a l i d e s  have been 

synthesized and charac ter ized.  The t o x i c o l o g i c a l  p rope r t i es ,  mass spect ra  

and NMR spect ra  o f  t h i s  unusual group of compounds con ta in ing  a  r e a c t i v e  

methylene group f lanked by  two p o s i t i v e l y  charged n i t r o g e n  atoms have 

been examined. 

Methylenebisazonium compounds have a t t r a c t e d  cons iderab le  a t t e n t i o n  i n  recent  years1-12. 

Al though t h e  f i r s t  example o f  the  r e a c t i o n  o f  dibromomethane w i t h  alkylamines was repo r ted  a t  t h e  

t u r n  o f  t h e  century ,  no methylenebisazonium d e r i v a t i v e s  were charac ter ized u n t i l  l a te r13 .  Stab le  

methylenebisazonium compounds der ived from t e r t i a r y  amines had n o t  been repor ted u n t i l  19707. 

Since then severa l  such compounds, i n c l u d i n g  the c y c l i c  d e r i v a t i v e s  (E), have been described14- 

17. ~ r o h n k e l ~  was the f i r s t  t o  synthesize methy leneb ispyr id in ium bromide (&,R=H) v i a  t h e  

decomposit ion o f  1-phenacylpyr id in ium bromide (5) .  This served as the  p r i n c i p a l  procedure f o r  

the  p repa ra t i on  o f  N,N1-methylenebispyridinium d e r i v a t i v e ~ l ~ - ~ ~ .  Py r i d i ne  i t s e l f  underwent b i s -  

qua te rn i za t i on  smoothly t o  y i e l d  (a,R=H) when heated w i t h  methylene iodidez1. The methylene 

pro tons of 4 a re  h i g h l y  r e a c t i v e  and mobi leZ2. The Krohnke synthes is  has been extended t o  the 

p repa ra t i on  of h i gh  i s o t o p i c a l l y  pure 1-deutero- and l - t r i t i o b e n z a l d e h y d e ~ ~ ~ - ~ ~ .  Thus, the  

"b is imin ium c a t i o n "  (6) exchanged w i t h  D20 v i a  t h e  y l i d e ( 1 ) .  Because o f  the  cons iderab le  " s t e r i c  

i n a c c e s s i b i l i t y "  o f  t h e  n u c l e o p h i l i c  center,  the  y l i d e  f a i l e d  t o  a c t  as an a l k y l a t i n g  agent. 

Our own i n t e r e s t  i n  t h e  chemis t ry  o f  the  methy leneb ispyr id in ium compounds stemmed from o u r  

e f f o r t s  t o  i d e n t i f y  and cha rac te r i ze  the  products  obta ined from the reac t i on  o f  4 ,4 ' - b i py r i dy l ,  

4-dimethylaminopyr id ine and 4-aminopyridine w i t h  BY-- (CH~)~-B~.  It was repor ted t h a t  t h e  r e a c t i o n  

o f  Br(CH2),Br w i t h  4 ,4 ' -b ipyr idy l  i n  N-methy lpyr ro l id inone a t  110 t o  120°C f o r  24 h  gave l i q u i d  

c r y s t a l l i n e  polymers con ta in ing  the 4 ,4 ' - b i py r i dy l  backbonez6. Under these cond i t ions ,  we were 

unable t o  i s o l a t e  any s o l i d  compound. When the r e a c t i o n  t ime was shortened, an inseparab le  

m ix tu re  o f  t h ree  o r  more compounds was obtained.27 The fo rma t i on  and t h e  composi t ion of the 

m ix tu re  depend on the t ime and the temperature o f  the  react ion .  



4a, R = H - - 41, R = COC6H5 

!L R - N(CH312 q, R = C6H5 
C, R = NH2 - h, R = CH = CH - C6H4 - N02(p) 
d, R = CH3 1, R = C6H4 - N02(p) 
e, R = CN - 1, R = CH = NOH 

k, R = 7-pyridyl 
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I n  t h i s  contex t ,  i t  was considered des i rab le  t o  examine the behavior o f  4-dimethylamino- 

~ y r i d i n e  under s i m i l a r  cond i t ions .  Thus r e f l u x i n g  a  s o l u t i o n  o f  equimolar amounts o f  

4-dimethylaminopyr id ine and dibromomethane i n  d r y  a c e t o n i t r i l e  gave a  s o l i d  i n  q u a n t i t a t i v e  

y i e l d  w i t h i n  a  couple o f  hours. The mass spect ra  and elemental  ana l ys i s  i nd i ca ted  the 

molecu lar  formula o f  the  compound t o  be C15H220r2N4. Although the NMR spectrum of t h i s  

compound showed the product  t o  be homogeneous, the  chemical s h i f t  of the  methylene pro tons 

was n o t  cons i s ten t  w i t h  t h a t  expected from t h e  b i s q u a t e r n i z a t i o n  of the r i n g  n i t r o g e n  

[&,R=N(CH3)2], i n  t h a t  the  chemical s h i f t  o f  the  methylene pro tons was d r a m a t i c a l l y  sh i f t ed  

u p f i e l d  by more than 1.2 ppm as compared w i t h  t h a t  o f  t h e  unsubst i tu ted parent  compound 

(&,R=H). S i m i l a r  anomaly was observed w i t h  t h e  compound (%,R=NHz). Even assuming t h e  

p o s s i b i l i t y  of so l ven t - so lu te  i n t e r a c t i o n ,  t h e  observed displacement of the  NMR s igna l  o f  

the  inethylene pro tons o f  these compounds (4b,c) seemed h i g h l y  unusual. Also, conspicuously 

absent from t h e  NMR spect ra  o f  3 and was the low f i e l d  s h i f t  of the  o-protons u s u a l l y  

observed on qua te rn i za t i on  o f  the  p y r i d i n e  n i t r ogen .  The chemical s h i f t  and s p l i t t i n g  pa t te rns  

o f  the  a-pyr idy lhydrogens o f  a  mono-subst i tuted p y r i d i n e  are c h a r a c t e r i s t i c s  f o r  t h e  p o s i t i o n  

o f  the  substituent28,29. Well de f ined changes occur on quatern iza t ion .  The o-protons a re  

e a s i l y  recogn izab le  by t h e i r  dovmf ie ld  p o s i t i o n  i n  the  s a l t  i n  comparison w i t h  t h e  f r e e  

This i s  because the pro ton chemical s h i f t s  a re  r e l a t e d  t o  t h e  " -e lec t ron  dens i t y  

i n  aromat ic molecules.  The presence of a  n i t r o g e n  atom causes a  pronounced downf ie ld  s h i f t  

o f  the  r i n g  pro tons,  e s p e c i a l l y  the  o-protons33. qua te rn i za t i on  produces a  p o s i t i v e l y  charged 

n i t r ogen ,  which g e n e r a l l y  leads t o  lower screening f o r  the  ne ighbor ing  pro tons.  Th is  r e s u l t s  

i n  the  observed downf ie ld  displacement of the  NMR s igna l  due t o  the o-protons. Th i s  charac- 

t e r i s t i c  f e a t u r e  has o f t e n  been used as a  p o s i t i v e  i n d i c a t i o n  of qua te rn i za t i on  of the n i t r ogen  

o f  the  p y r i d i n e  r i n g .  I n  add i t i on ,  compounds (4b and c )  are e lec t rochemica l l y  i n e r t  as 

compared w i t h  compounds (4d,q and !5)34. Compounds & and 5 d i d  no t  show any cathod ic  peak 

p o t e n t i a l s ,  (Ep)c, vs Ag/AgCl re ference e lec t rodes  o f  c y c l i c  voltammograms of the compounds i n  

0.1 N HC1 a t  a  hanging mercury drop e lec t rode ;  whereas compounds (d, q, and k) d i d  show them. 

To understand the bas is  of t h i s  l a r g e  displacement o f  t h e  methylene pro ton s igna l ,  a  se r i es  of 

methy leneb ispyr id in ium d e r i v a t i v e s  (d,e,f,q,h,i,J, and &) were synthesized. Our a t tempts  t o  

prepare the t i t l e  compounds from 4 - n i t r o p y r i d i n e ,  4 - fo rmy lpyr id ine  and 4-hydroxpyr id ine  fa i l ed .  

The l a t t e r  gave the 0 -a l ky la ted  product .  The m e l t i n g  po in t s ,  the  chemical s h i f t  d i f f e rence  of 

the  methylene protons, t h e  mass spec t ra l  da ta  and t h e  elemental  ana l ys i s  of compounds (-)are 

q iven i n  Table 1. 



Care fu l  examinat ion  o f  t h e  NMR spec t ra  of  (4a-k r evea led  t h e  s u b t l e  e f f e c t  of  t h e  p - subs t i -  

t u e n t s  on t h e  chemical s h i f t  of  t h e  methylene p ro tons  i n  ques t ion .  Th i s  e f f e c t  has been 

a t t r i b u t e d  t o  s y n e r g i s t i c  exhaus t i ve  i n t e r a c t i o n 3 5 .  

Mass Spec t romet ry  o f  B i s p y r i d i n i u m  Sa l t s .  

Due t o  t h e  l o w  v o l a t i l i t y  o f  o rgan i c  qua te rna ry  s a l t s ,  t h e i r  s t r u c t u r e  e l u c i d a t i o n  by mass 

spec t romer ty  has proved t o  be a  d i f f i c u l t  process.  Vapo r i za t i on  o f  t h e  qua te rna ry  s a l t s  

g e n e r a l l y  r e s u l t s  i n  t h e i r  degradat ion36.  The s t r u c t u r e  o f  t h e  mo lecu la r  i o n  must then  be 

deduced f r om  t h e  produc ts  o f  degradat ion .  The e l e c t r o n  impact  o r  chemical  i o n i ~ a t i o n ~ ~ ,  f i e l d  

d e s o r ~ t i o n ~ ~  and l a s e r  d e ~ o r p t i o n 3 ~  techn iques  have been a p p l i e d  t o  improve t h e  a n a l y s i s  o f  

t h e  mass spec t ra  o f  quaternary  s a l t s .  However, these techn iques  produce polymers o f  s a l t s  and 

t he reby  cause f u r t h e r  comp l i ca t i ons .  A  r e c e n t l y  i n t r oduced  i n n o v a t i o n  i n v o l v e s  h e a t i n g  s a l t  

coa ted  w i r es  i n s i d e  t h e  i o n  source t o  produce t h e  mo lecu la r  i o n  and t h e  f r agmen ta t i ono f  i o n s  by 

d i r e c t  thermal  d e c o m p o ~ i t i o n ~ ~ - ~ ~ .  D iqua te rna ry  s a l t s  produce d i c a t i o n .  I n t a c t  d i c a t i o n s  of  

d i q u a t e r n a r y  ammonium s a l t s  a r e  r a r e l y  observed when secondary ion ,  f a s t  atom bombardment and 

l a s e r  deso rp t i on  techn iques  a r e  used43-45. As i n  t h e  case o f  monocat ion ic  s a l t s ,  decomposi t ion 

p roduc t s  of  d i c a t i o n s  dominate t h e i r  mass spec t ra .  Recent ly ,  thermospray mass spec t romet ry  

has been a p p l i e d  t o  d i qua te rna ry  s a l t s  and M ~ +  d i c a t i o n  was observed t o  f o rm  t h e  base peak o f  

t h e  mass spectrum42. 

We have a p p l i e d  convent iona l  mass spec t rome t r i c ,  secondary i o n  and f a s t  atom bombardment (FAB) 

techn iques  t o  s t udy  t h e  s t r u c t u r e s  o f  t h e  me thy l eneb i spy r i d i n i um  compounds f o r  t h e  f i r s t  t ime .  

We were unable t o  observe t h e  peak cor respond ing  t o  t h e  pa ren t  ion .  However, t h e  FA0 gave 

(M+H)+ peak i n  t h e  case o f  &. Ions  cor respond ing  t o  t h e  " b e n z y l i c  t y p e "  c leavage o f  t h e  

me thy l eneb i spy r i d i n i um  m o i e t y  was no ted  i n  a l l  cases (c f .8 ) .  These i o n s  were t hen  f u r t h e r  

degraded acco rd i ng  t o  t h e  f ragmenta t ion  p a t t e r n  common t o  t h e  p y r i d i n e  r i n g  system. Nonethe- 

l ess ,  va l uab le  i n f o r m a t i o n  was ob ta i ned  from t h e  peaks formed due t o  the  c leavage. Th i s  

enabled t h e  deduc t ion  o f  t h e  s t r u c t u r e  of  t h e  mo lecu la r  ions .  

T o x i c o l o q i c a l  Tes t l nq .  

A l though d i qua te rna ry  azonium s a l t s  showed no observab le  an t i t umor  a c t i v i t y 4 6 ,  dipyroxideli7, 

and $4848,49 and s 5 0  d i d  e x h i b i t  enhanced cho l i nes te rase  a c t i v i t y  and c h e m i s t e r i l a n t  p r o p e r t i e s  

r e s p e c t i v e l y .  The p r e l i m i n a r y  sc reen ing  o f  compounds (w, s) showed them t o  be s l i g h t l y  

t o x i c  t o  Daphnia, Salmonel la and yeas t ;  t h e  l owes t  EC50 be ing  62.5 m g / l i t e r .  Even though no 

r i g o r o u s  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p  was observed, t h e  presence o f  t h e  n i t r o  group appears 

t o  enhance t h e  t o x i c i t y .  
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EXPERIMENTAL 

General Remarks. A l l  m e l t i n g  p o i n t s  were taken on a  Thomas-Hoover C a p i l l a r y  m e l t i n g  p o i n t  

appara tus  and a r e  uncor rec ted .  The i n f r a r e d  spec t ra  were ob ta i ned  as po tass ium bromide d i sks  on 

a  Perk in-Elmer Model 1420 spectrophotometer.  The NMR spec t ra  were ob ta i ned  on a  Var ian EM-390 

NMR spec t rometer  i n  D20 a t  the  probe tempera ture  (34'C). Each read ing  i s  quoted t o  the  neares t  

0.05 ppm. The chemical s h i f t s  were r e l a t i v e  t o  t h e  i n t e r n a l  s tandard,  TSP (sodium 3 - t r i m e t h y l -  

s i l y l p r o p i o n a t e ) .  A l l  s i g n a l s  were downf ie ld  f r om  t h e  r e fe rence  and t h e  va lues  were ob ta ined 

by d i r e c t  measurement on 10 ppm sweep w id th .  The chemical s h i f t  o f  t h e  methylene p ro tons  of t h e  

u n s u b s t i t u t e d  pa ren t  compound (4a) occu r red  a t  7.60 ppm down f i e l d  f r om  t h e  re fe rence peak. 

Accord ing  t o  t h e  convent ion,  t h e  u p f i e l d  d isplacements i n  comparison w i t h  t h e  pa ren t  compound 

a re  i n d i c a t e d  by a  -ve s ign,  w h i l e  t h e  low f i e l d  s h i f t s  by a  t v e  s i gn .  On ly  those i ons  t h a t  

correspond t o  t h e  c leavage between t h e  two p o s i t i v e l y  charged n i t r o g e n s  a r e  g i ven  i n  Table 1. 

The so l ven t s  used t o  c r y s t a l l i z e  t h e  compounds a r e  i n d i c a t e d  a t  the  bo t tom of Table 1. The 

e lementa l  ana lyses  were ob ta i ned  th rough t h e  A n a l y t i c a l  D i v i s i o n ,  Research D i r e c t o r a t e ,  U.S. 

Army Chemical Research, Development and Eng ineer ing  Center .  The pa ren t  compound, namely 

N,N'-methylenebispyridinium h a l i d e  has been descr ibed  i n  t h e  l i t e r a t ~ r e l ~ - ~ ~ .  The 4 - ( p - n i t r o -  

pheny1 )py r i d i ne  and p - n i t r o s t y r y l p y r i d i n e  r e q u i r e d  f o r  t h e  syn thes i s  o f  h and 3 were themselves 

prepared by t h e  n i t r a t i o n 5 1  o f  4 -pheny lpy r i d i ne  and b y  t h e  base ca ta l yzed  r e a c t i 0 n 5 ~  o f  4-pico-  

l i n e  and p-n i t robenza ldehyde r e s p e c t i v e l y .  B i s q u a t e r n i z a t i o n  o f  t h e  s u b s t i t u t e d  p y r i d i n e s  

occur red  smoothly w i t h i n  a  s h o r t  t ime, l e s s  than 30 min, when e l e c t r o n - d o n a t i n g  s u b s t i t u e n t s  were 

p resen t  i n  t h e  p - p o s i t i o n .  The y i e l d s  o f  t h e  expected p roduc t s  were g e n e r a l l y  q u a n t i t a t i v e .  On 

the  c o n t r a r y ,  when e l ec t r on -w i t hd raw ing  groups were p resen t  on t h e  p y r i d i n e  r i n g ,  prolonged 

r e f l u x i n g  was necessary. The y i e l d s  i n  t h i s  case were u s u a l l y  poor.  The exper imenta l  procedure 

s imp l y  cons i s t ed  of  r e f l u x i n g  a  s o l u t i o n  of equ imo lar  amounts o f  t h e  s u b s t i t u t e d  p y r i d i n e s  and 

dihalomethanes i n  d r y  a c e t o n i t r i l e  o r  e t hano l .  The so l ven t  was removed on t h e  r o t a r y  evapora tor ,  

t h e  r es i due  t r i t u r a t e d  w i t h  e t h e r  o r  acetone,  t h e  r e s u l t i n g  s o l i d  was f i l t e r e d  o f f  and washed 

w i t h  excess e t h e r  o r  actone t o  remove t h e  unreac ted  s t a r t i n g  m a t e r i a l s .  The a n a l y t i c a l  samples 

were c r y s t a l l i z e d  f rom t h e  so l ven t s  i n d i c a t e d .  

T o x i c o l o q i c a l  T e s t i m .  

F i r s t  i n s t a r  Daphnia maqna rea red  from a t  l e a s t  t h i r d  gene ra t i on  p o s t  a c c l i m a t i o n  a d u l t s  were 

used as t h e  exper imenta l  animals. C u l t u r e  techn iques  were those desc r i bed  b y  Goulden e t  a153. 

Ten neonates were p laced i n  each 250 ml  g l a s s  beaker c o n t a i n i n g  100 ml a f  t h e  sanple. Two 

r e p l i c a t e s  of each concen t ra t i on  were used f o r  each t e s t .  A l l  b ioassays conformed t o  c u r r e n t  

O rgan i za t i on  of Economic Cooperat ion and Development and Y.S. Environmental  P r o t e c t i o n  Agency 



gu ide l i nes .  P u b l i c  d r i n k i n g  water which had been passed th rough p a r t i c l e  f i l t e r s ,  a c t i v a t e d  

charcoal  f i l t e r s ,  and aged a minimum of 58 h i n  a 200 g a l l o n  po l ye thy lene  h o l d i n g  t ank  was used 

as a d i l u e n t .  A 20 t l 0 C  temperature and 16:8 l i g h t - d a r k  c y c l e  were employed th roughout  t h e  

bioassay regime. Water hardness between 50-65 ppm CaC03 and a pH range o f  6.1-7.0 were observed 

d u r i n g  t e s t i n g .  Seven of  t he  t i t l e  compounds (=, =) were t es ted  accord ing  t o  t he  above 

p ro toco l .  The r e s u l t s  a re  summarized i n  Table 2. 
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T a b l e  2 

(EC50 D a t a )  

Compound 

4a - 

4b - 

4c - 

4 6  

4 i  - 

4 j  - 

4k 

Tes t  P e r i o d  
[ i n  hours)  ECs0 [ m g / l i t e r )  Lower L i m i t *  Upper L i m i t *  

122.2 

77.4 

205.3 

98.1 

77.9 

162.5 

156.9 

82.6 

340.9 

108.6 

51.2 

* 95% c o n f i d e n c e  l i m i t s  from P r o b i t  a n a l y s i s .  
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