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EXPLORATORY POLYMER SYNTHESIS 

NASA Grant NGL-004-001 

I. In t roduc t ion .  

The c u r r e n t  r e sea rch  e f f o r t  under t h i s  g r a n t  i s  be ing  d i r e c t e d  e n t i r e l y  t o  

t h e  s y n t h e s i s  of polymers of  enhanced conduc t iv i ty  and t o  t h e  exp lo ra t ion  of 

t h e  s t r u c t u r a l  parameters  which c o n t r i b u t e  t o  conduc t iv i ty .  As t h e  f i r s t  

approach t o  achiev ing  t h i s  o b j e c t i v e ,  polymeric azomethines which con ta in  h e t e -  

t o c y c l i c  aromatic  t e r t i a r y  n i t r o g e n  atoms as p a r t  o f  t h e  l i n e a r  cha in  have been 

s e l e c t e d  a s  candida tes .  These polymer systems were descr ibed  i n  t h e  r e sea rch  

proposal  f o r  t h i s  g r a n t  submit ted t o  NASA October 1, 1968. Typica l  polymers 

are  t h e  polyazoinethines r e l a t e d  t o  t h e  Sch i f f  bases  i n  which t h e  benzene r i n g s  

a r e  rep laced  by py r id ine  r i n g s ,  f o r  example, 

It i s  be l i eved  t h a t  t h e s e  polymers (1) s a t i s f y  t h e  requirements  as donors 

i n  cha rge - t r ans fe r  complexes, ,(2) can be qua te rna r i zed  pe rmi t t i ng  t h e  a t t a c h -  

ment of  s h o r t  o r  long branches,  inc luding  d i p o l e  dye molecules a s  branches,  

t o  t h e  backbone, and (3) t h e  qua te rna r i zed  i o n i c  s i t e  can  be complexed wi th  

accep to r s  t o  y i e l d  charge t r a n s f e r  complexes. 

Since it i s  important t h a t  t h e  parameters  t h a t  c o n t r i b u t e  t o  conduction 

be understood, and s i n c e  polymer molecules themselves are complex substances 

i n  which t h e  causes  f o r  smal l  o r  s u b t l e  changes i n  p r o p e r t i e s  are  d i f f i c u l t  t o  

e s t a b l i s h ,  i t  was considered e s s e n t i a l  t h a t  p ro to type  monomerj..c molecules,  

which a r e  s i m i l a r  i n  s t r u c t u r e  t o  t h e  r epea t ing  u n i t s  i n  t h e  polymer molecules,  

be s tud ied  f i r s t  and understood. For t h i s  reason  t h e  r e sea rch  has  been d iv ided  

i n t o  two p a r t s .  The f i r s t  p a r t  d e a l s  w i th  monomers, t h e i r  syntheses  and 

pro to type  r e a c t i o n s ,  e s s e n t i a l l y  r e l a t e d  t o  t h e  r e a c t i o n s  contemplated wi th  
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polymers, have been eva lua ted  wi th  t h e  monomers. 

The second p a r t  o f  t h e  problem d e a l s  w i th  t h e  s y n t h e s i s  of pyr id ine- type  

S c h i f f  base polymers and of  c e r t a i n  s p e c i f i c  d e r i v a t i v e s  therefrom; t h e  syn- 

t h e s i s  w i l l  be  based on chemistry e s t a b l i s h e d  as d e f i n i t e  by p ro to type  s t u d i e s .  

Some pre l iminary  s t u d i e s  on polynier s y n t h e s i s  were performed dur ing  t h e  e a r l y  

pe r iod  of  t h i s  s tudy,  p r imar i ly  t o  e s t a b l i s h  t h a t  t h e  pyr id ine- type  Schtff base 

polymers could be synthes ized;  t h e  pre l iminary  d a t a  conEirmed t h a t  polymers 

of t h i s  type  were f e a s i b l e  and t h e  r e s u l t s  were summarized i n  t h e  f i r s t  In- 

formal Quater ly  S t a t u s  Report  f o r  t h e  per iod  1 February 1969 t o  30 A p r i l  1969. 

S ince  A p r i l ,  1969 no e f f o r t  h a s  been expended on t h e  syntheses  o f  polymers; 

a l l  e f f o r t  has  been devoted t o  t h e  s tudy o f  t h e  r e a c t i o n s  of pro to type  mole- 

c u l e s  t o  a s s u r e  t h e  accuracy of  t h e  s p e c i f i c  chemis t ry  when i t  i s  a p p l i e d  t o  

t h e  pyr id ine- type  Schi f f -base  polymers. This d e c i s i o n  was n e c e s s i t a t e d  by t h e  

f a c t ,  t h a t  t h e  s t u d i e s  on the. prototype molecules disclosed p rev ious ly  unknown 

chemistry f o r  t h e s e  s u b s t i t u t e d  pyridPnes,  and t h e  t y p e  of  chemistry encountered 

was i n  marked c o n t r a s t  wi th  t h e  chemistry t h a t  was expected on t h e  basis of 

publ i shed  py r id ine  chemistry.  

S u b s t a n t i a l  p rog res s  has  been made on t h e  chemistry and understanding o f  

t h e  p ro to type  r e a c t i o n s .  Thus, i t  i s  expected t h a t  t h e  s y n t h e s i s  of t h e  poly- 

m e r s  and t h e i r  pos t - r eac t ions  w i l l  be  resumed sometime dur ing  t h e  nex t  r e sea rch  

q u a r t e r l y  per iod .  Accordingly,  it was considered adv i sab le ,  a t  t h i s  t i m e ,  t o  

r e p o r t  t h e  r e s u l t s  of t h e  monomer and pro to type  s t u d i e s  i n  s u b s t a n t i a l  d e t a i l  

r a t h e r  than  t o  p re sen t  a b r i e f ,  i .nfonra1 s t a t u s  r e p o r t  of t h e  efforl: under 

t h i s  g r a n t .  
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11. Experimental: Monomers and Model Compounds. 

A. Source of Reagents. 

A l l  of the materials used in this investigation were either prepared using 

standard laboratory techniques, or were obtained from commercial sources and 

purified, if necessary, before use. 

2-Acetylpyridine, 2,6-diaminopyridine, 3,6-diaminoacrid.ine, acriflavine, 

and phenosafranine were purchased from the Aldrich Chemical Company. 

Methyl iodide, benzaldehyde, zinc chloride, and sodium carbonate were 

purchased from the J. T. Baker Cor~poration. 

Acetonitrile was purchased from the Matheson, Coleman and Bell Company. 

2-Aminopyridine and aniline were purchased from the Matheson, Coleman 

and Bell  Division of the Matheson Company. 

Tetracyanoethylene was purchased from the Eastman Kodak Company. 

2,6-Diacetylpyridine was purchased from the Columbia Organic Chemicals 

Company. 

The nitrogen used in this research w a s  high purity, lamp grade nitrogen 

which contained less than two parts per million of oxygen and was purchased 

from the Cleveland Wire Division of the General Electric Company. 

E. Physical Constants. 

Melting points were determined on a Meltemp melting point apparatus and 

are uncorrected. Boiling points are also uncorrected, 

The infrared spectra in this investigation were recorded on a Perkin- 

Elmer Model 457 grating spectrophotometer. 

The nuclear magnetic resonance spectra were recorded on a Varian Model 

A6OA nuclear magnetic resonance spectrometer. 

A l l  the differential thermal an.alyses were made on a du Pont 900 Differ- 

ential Thermal Analyzer. 

Elemental analyses were performed by the Midwest Microlab, Indianapolis, 
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Indiana .  

All weighings were performed on a Mettler Balance. 

C. P u r i f i c a t i o n  of Reagents.  

1. P u r i f i c a t i o n  of An i l ine .  

Reagent grade a n i l i n e  was d i s t i l l e d  through an  18" g l a s s - h e l i c e s  packed 

column i n  a n i t r o g e n  atmosphere. 

was c o l l e c t e d  and s t o r e d  under n i t rogen .  

The f r a c t i o n  d i s t i l l i n g  at 97-99"C/40 irim Hg 

2. P u r i f i c a t i o n  of Benzaldehyde. 

Reagent grade benzaldehyde was d i s t i l l e d  through an  18" column packed 

wi th  g l a s s  h e l i c e s  and equipped wi th  a p a r t i a l  t akeof f  d i s t i l l a t i o n  head. D i s -  

t i l l a t i o n  was per-formed under n i t rogen  a t  a r e f l u x  r a t i o  of  f i v e  t o  one us ing  

a c a p i l l a r y  b l eede r .  The middle f r a c t i o n  b o i l i n g  a t  80-8loC/40 mm Hg was 

c o l l e c t e d  and s t o r e d  under n i t rogen .  

3.  P u r i f i c a t i o n  of 2,6-Diaininopyridlne. 

2,h-Diaminopyridine vas  puri-f led by  r e c r y s t a l l i z a t i o n  from a benzene solti- 

---y____II.u-I__uI~ 

t i o n  coi i ta ining a c t i v a t e d  charcoa l .  The r e c r y s t a  l l i z c d  2,6-dianiinopyridi-ne 

appeared a s  whi te  p l a t e l e t s  mel t ing  a t  12O-12l0C ( l i t .$  nip 12OOC) and was 

s t o r e d  under n i t rogen .  

V 

4 .  P u r i f i c a t i o n  o f  3,6-Diaminoacridine. 

3,6-Diaminoacridine was p u r i f i e d  by r e c r y s t a l l i z a t i o n  f r o n  a water so lu-  

t i o n  con ta in ing  a c t i v a t e d  charcoa l .  The r e c r y s t a l l i z e d  2,6-diaminoacridine 

melted a t  282-283°C (lit., mp 283OC) and was s t o r e d  under n i t rogen .  

D. -theses. 
I_ __q- 

1. PreEara t ion  of  Azomethine Model Compounds Coata in ing  - Aromatic N r a e n  Heterocycles .  

a.  Prepa ra t ion  -__1 of  2-(Benzylideneamino)pyridine. 

I n t o  a 50-rn1, three-neck,  round-bottom f l a s k  equipped wi th  a Dean-Stark 

t r a p  and water condenser were p laced  2-aminop'yridine (2.63 g ,  28 m o l e ) ,  
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benzaldehyde (3.26 g ,  31 mmole), and 25 n i l  of d ry  benzene. The r e a c t i o n  mix- 

t u r e  was hea ted  t o  r e f l u x  and a f t e r  twenty-four hours ,  0.5 rnl of water was 

c o l l e c t e d  i n  t h e  Dean-Stark t r a p .  Evaporation of s o l v e n t  y i e lded  a dark  brown 

o i l ,  which, upon vacuum d i s t i l l a t i o n ,  y i e lded  2-benzylidene-aminopyridine, a 

l i g h t  yellow o i l ,  4.38 g ( 8 6 % ) ,  bp 102"C/0.2 mm Hg, n:5=1.6498 (lit., n 4 . 6 5 6 4 ) .  

I n f r a r e d  spectrum (nea t )  (Appendix l), 3220 cm"' shoulder ,  weak (N-H); ITER 

(CDC13/TNS) 9 . 1 J  (1,s -C__=N-), 8 .5-6.9g(10,m,  aromatic  pro tons) .  

D 
21 

Analys is :  Calc 'd  f o r  C12HloN2 : 

C ,  79.12; H, 5.49; N ,  15.38. 

Found: C ,  77.26; 11, 5.75; N ,  14.20. 

b. P repa ra t ion  of 2-Pyridylcarboxylideneaniline. 

I n t o  a 50-ml, three-neck,  round-bottom f l a s k  equipped wi th  a Daan-Stark 

t r a p  and water  condenser were placed a n i l i n e  (2.52 g ,  27.3 nunole), 2-pyridine-  

carboxaldehyde (3.02 g,  28.2 nmio le ) ,  and 25 m l  d ry  berrzeno. The r e a c t i o n  mix- 

t u r e  v7as hea ted  t o  r e f l u x  and after twenty-two hour s ,  a qunl-zti tntive yield.  of 

water  was c o l l e c t e d  i n  t h e  Dean-Stark trap. Upon evapore t ion  of  so lven t  a r ed  

oil formed which c rys t a l l i zed rwhen  cooled. 

e t h e r  y i e l d e d  2-pyridylcarboxylideneaniiine 4.35-g (sa%), mp 36-37°C. I n f r a r e d  

spectrum (Klr d i s c )  (Appendix 2)$  void  3400 c m  

(CDCI3/TMS), 8.6 d(l,s - C H d ) ,  - 8.7-7.6 2$(4,m, py r id ine  pro tons) ,  8 . 4 - 8 . 2 s  

(5 ,m,  phenylene pro tons) .  

R e c r y s t a l l i z a t i o n  from d i e t h y l  

-1 
t o  3100 cm'l (N-H);  h ?  

Analys is :  Calc 'd  f o r  C12H10N2 : 

C, 79.12; H, 5.49; N ,  15.38. 

Found: C, 78.93; H ,  5.76; N ,  15.43. 

c. Attempted Synthes is  of  2-Pyridylcarboxylidene-2-aminopyridine.  

i. By t h e  Continuous Azeotropic  Method. 

I n t o  a l O O - m l ,  three-neck,  round-bottom f lask  equipped wi th  a Dean-Stark 

t r a p  and water  condenser were p laced  2-pyridinecarboxaldehyde (3.02 g ,  28 m o l e ) ,  
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2-aminopyrLdine (2.64 g, 28 mole), and 30 ml dry benzene. The reaction mix- 

ture was heated to reflux and after thirty-six hours 0.4 ml of water were 

collected. Evaporation of solvent yielded 2.36 g of a yellow-orange solid. 

Recrystallization from benzene yielded colorless cubical crystal, mp 121-122°C. 

Infrared spectrum (KBr disc) (Appendix 3), 3290 cin 
-1 

amd 3240 cm'l (NII). 

BaSed on the infrared spectrum and the elemental analysis, the compound wad 

identified as a bis derivative: 2-pyridylcarboxal-di-2-aminopyridine 

Analysis: Calc'd for CI6€Il5N5 : 

C, 69.31; H, 5.42; N ,  25.27. 

Found: C, 69.10; H, 5.60; N ,  25.30. 

ii. By Pyrolysis of 2-Pyridylcarboxal-di-2-aminopyridine. 

Into a reaction tube with side arm equipped with a nitrogen inlet capil- 

lary which exterided nearly to the bottoir! of the tube, was placed 2-pyridylcarh- 

oxal-di-2-aminopyridine (0.76 g, 2.6 mniolc?). The  tube was placed in an alu- 

minum block preheated to 120°C by an electric rn&itle controlled by a Froportio- 

Null temperature controller. After three hours of heating, with a slow stream 

of nitrogen passing directly over the molten reactant, the reaction was 

stopped and the product and the condensate were both identified as starting 

c, 

material by thin layer chromatography. 

iii. By the Hydrochloride Salt Method. 

Into a 25-ml, one-neck, round-bottom flask equipped with a reflux conden- 

ser were placed 2-aminopyridine hydrochloride (1.57 g ,  12 =mole), 2-pyridine- 

carboxaldehyde (1.29 g, 12 rmole), and 5 ml absolute ethyl alcohol. The  re- 

action solution was heated at reflux for forty-eigh2 hours, allowed to cool 

to room temperature, and neutralized at 0-5°C with sodium carbonate (0.64 g, 

6 m o l e ) .  

evaporation of the benzene yielded a dark oil which slowly crystallized. 

Extraction of the reaction solution with benzene and subsequent 

One 
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r e c r y s t a l l i z a t i o n  from benzene y i e lded  a dark  r e d  s o l i d ,  mp 115-116°C. I n f r a -  

red  spectrum (KBr' d i s c )  3290 and 3240 cm (NH) ; based on t h e  mel t ing  p o i n t  
-1 

and i n f r a r e d  spectrum t h e  compound was judged t o  be t h e  b i s  d e r i v a t i v e ,  2- 

pyridylcarboxal-di-2-aminopyridine. 

d,  P repa ra t ion  of 2-Acety3yridineIcetani l .  

c i. Attempted _I_ Prepa ra t ion  by Continuous AzeotropicMet&d. 

I n t o  a 50-rn1, three-neck,  round-bottom f l a s k  equipped wi th  a Dean-Stark 

t r a p  and water  condenser were p laced  2-ace ty lpyr id ine  (2 .42  g,  20 mmole3, 

a n i l i n e  (1.86 g,  20 m o l e ) ,  concent ra ted  hydrochlor ic  a c i d  (0.145 g ,  1.3% 

by weight r e a c t a n t s ) ,  and 25 m l  to luene .  The r e a c t i o n  s o l u t i o n  was hea ted  a t  

r e f l u x  f o r  foi-ty-Five hours  dur ing  which t i m e  0 .2  m l  of water  was c o l l e c t e d ,  

however, t h i n  l a y e r  chromatography ind ica t ed  t h a t  l i t t l e  o r  no r e a c t i o n  had 

occurred.  

__c ii. Prepa ra t ion  by t h e  Hydrochloride S a l t  Method. _I__ 

I n t o  a 25-rn1, one-neck, round-bottom f l a s k  equipped wi th  a r e f l u x  ccn- 

denser  were p laced  2-ace ty lpyr id ine  (1.34 8 ,  11 nunole), a n i l i n e  hydrochlor ide  

(1.34 g ,  11 mmole) , and fou r  , m i l X i l ~ i t e r s  of  a b s o l u t e  e t h y l  al.coho1. The reac- 

t i o n  s o l u t i o n  was hea ted  a t  r e f l u x  f o r  e igh teen  hours ,  cooled t o  0-5'C and 

n e u t r a l i z e d  wi th  sodium carbonate  (0.66 g ,  11 m o l e )  t o  y i e l d  a yellow s o l i d .  

R e c r y s t a l l i z a t i o n  from benzene y i e lded  2-acetylpyridineketanil, 0.65 g (30%), 

mp 189-190°C. I n f r a r e d  spectrum (KBr d i s c )  (Appendix 4) ,  void 3200 and 3350- 

3500 cm-l (N-H), 3310 c m  

cm , ( C d l ) ,  785 and 750 cm ( 5  ad jacen t  aromatic  hydrogens). 

-1 (present  i n  2-ace ty lpyr id ine  a t  3370 cm-'), 1630 

-1 -1 

- Analys is :  Calc 'd  f o r  Cl2HI2N2 : 

C y  79.59 ;  €1, 6.13; N, 14.28. 

Found : C,  50.20; H, 5.79; N, 14.0'1. 
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e. Preparation of p-Xylylidenedi-2-aminopyridine.  

Into a 500-ml, three-neck, round-bottom flask equipped with a Dean-Stark 

trap and water condenser were placed terephthaldehyde (1.64 g ,  12.2 mole), 

2-aminopyridine (2.28 g ,  24.4 nmole), and 150 ml dry toluene. The reaction 

mixture was heated to reflux and after twenty-four hours a quantitative yield 

of water was collected. Evaporation of solvent yielded yellow crystals. Re- 

crystallization from toluene yielded p-xylylidenedi-2-aminopyriclineY 2.78 g 

(80X) ,  mp 208"C, (lit., 204°C). Infrared spectrum (KBr disc) (Appendix 5), 

void 3500 cm-l to 3100 cm"' (NH), 1610 cm-l (C=;N). 

f. Preparation of N,N'-Di-2-pyridylcarboxylidene-p-phenylenediamine. 

Into a lOO-ml, three-neck, round-bottom flask equipped with a Dean-Stark 

trap and water condenser were placed p-phenylenediamine (1.63 g ,  15 m.ole), 

2-pyridine carboxaldehyde (3.21 g ,  30 rrmole), and 20 ml dry toluene. The rezc- 

tion Fixture was heated to reflux and after nineteen hours  a quaatitative 

y i e l d  of w t e r  was collected. Evaporation of solvent yielded ycllcv brown 

needles, recrystallization fron toluene-cchanol yielded N,N1-di-2-pyridy1- 

carboxylidene-p-phenylenediamine, 3.99 g (93%), mp (differential thermal analy- 

sis, 15"C/min) 146'C. Infrared spectrum (KBr disc) (Appendix 6), void 3500 

cm (NH), 1620 cn; (Cd); NPR (CDC13/TMS), 8.6-8.45 d(4,m), 8.25-7.15 -1 -1 

(10,m) 

Analysis: Calc'd for CI8Hl4N4 : 

C, 75.03; H, 4.90; N, 19.58. 

Found: C, 75.87; H, 5.10; N, 19.03. 

8. Prepsration of 2,6-Diac.etylpyridinediketanil. 

Into a 250-ml, three-neck, round-bottom flask equipped with a Dean-Stark 

trap and water condenser were placed 2,6-diacetylpyridine (2.61 g ,  16 mole), 

aniline (3.16 g ,  34 mole), zinc chloride (0.03 g ) ,  and 50 ml dry toluene. 

The reaction mixture was heated to reflux under nitrogen and after fifty hours 
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t h e  s o l u t i o n  was allowed t o  cool  and f i l t e r e d .  Evaporation of so lven t  gave a 

ye l lov  s o l i d ,  which, upon r e c r y s t a l l i z a t i o n  from to luene  y ie lded  2 ,6-d iace ty l -  

pyr id inedi lce tan i l  , 0.93 g (19%), mp ( d i f f e r e n t i a l  thermal a n a l y s i s  15"C/min) 

-1 
161°C. 

reg ion  (NII), vo id  a t  1700 cm 

(s ,6)  4.2-3.35 $(m, 10) , and 5.1-4.35.J (m, 3).  

I n f r a r e d  spectrum (KBr d i s c )  (Appendix 7), void i n  3500 t o  3100 cm 

-1 -1 
(C=O), and 1630 c m  (&!A); W, (CDC /TMS) 2 . 4 J  

c. 

Analys is :  Calc 'd  f o r  C21H19N3 : 

C,  80.51; H,  6.07; N ,  13.42. 

Found: C,  80.35; H, 6.28; N, 13.37. 

h.  P repa ra t ion  of 3,S-Di-(benzylideneamino)acri.dine. 

I n t o  a 500-&, three-neck,  round-bottom f l a s k  equipped wi th  a Dean-Stark 

t r a p  and water  condenser were placed 3,6-diaminoacridine (3.01 g,  14 m o l e ) ,  

benzaldehyde (4.20 g,  40 m o l e ) ,  p - to luenesu l fon ic  a c i d  (0.01 g ) ,  and 250 m l  

d r y  to luene .  The r e a c t i o n  mixture  i m s  heated  t o  r s f l x x  and a f t e r  n i n e t y  hours 

o f  r e f l u x  n e a r l y  a q u a n t i t a t i v e  yieild of  water  was ccl . lected.  Evaporation of 

t h e  so lven t  y i e lded  a yellow-orange product  , which , upon r e c r y s t a l l i z a t i o n  from 

2 t o luene  y i e lded  3,6--di-(benzylideneamino)acridine, 3.36 g (57%), mp ( d i f f e r -  

e n t i a l  thermal a n a l y s i s )  212°C. I n f r a r e d  spectr-pn (KBr d i s c )  (Appendix s) ,  

void  i n  3500 cm-' t o  3100 cm-' r eg ion  (IW) , 1630 cm 
-1 

( - C S - ) .  

Analys is :  Calc 'd f o r  C27H19N3 : 

C,  84.16; E, 4.94; N ,  10.91. 

Found: C,  83.71; H, 5.91; N ,  11.03. 

i. AttemEted Synthes is  _I___- of  2,6-Di-(benzylideneamino)pyridine.  - *--- 

i. By Azeotrope Condensation. 

I n t o  a 500-ml, three-neck,  round-bottom f l a s k  equipped wi th  a Dean-Stark 

_I_-- -I 

t r a p  and water  condenser were p laced  2,6-diaminopyridine (15.50 g,  140 m o l e ) ,  

benzaldehyde (29.87 8 ,  280 m o l e ) ,  and 250 ml dry  benzene. The r e a c t i o n  mix- 

t u r e  w a s  hea t ed  f o r  twenty-four hours ,  dur ing  which t i m e  4 .2  r n l  water were 
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c o l l e c t e d  i n  t h e  t r a p .  P r e c i p i t a t i o n  by t h e  a d d i t i o n  of 200 m l  hexane y i e lded  

10.26 g of  a yellow powder. R e c r y s t a l l i z a t i o n  from to luene  y i e lded  a yellow 

powder, mp w i t h  decomposition 258-263°C. I n f r a r e d  spectrum (KBr d i s c ) ,  3350 

-1 c m  broad band (N-H); vapor phase osmometry ( t e t r ahydro fu ran )  y i e lded  a mole- 

c u l a r  weight of 1200 g/mole i n d i c a t i n g  a polymeric product .  

Analys is :  Calc 'd  f o r  C19IIi5N3 : 

C y  79.96; H, 5.30; N ,  14.72. 

Found: C ,  76.99; H, 5.87; N, 15.92. 

ii . Condensation wi th  Slow Addit  ion  of 2,6 -Diaminopyr i d i n e  . 
I n t o  a 250-ml, three-neck,  round-bottom f l a s k  equipped wi th  an  i n j e c t i o n  

p o r t ,  a Dean-Stark t r a p  and water  condenser were p laced  benzaldehyde (3.68 g,  

35 mmole) and 60 m l  d ry  benzene. The system was thoroughly f lushed  wi th  

n i t r o g e n  and hea ted  t o  r e f l u x .  2,6-Diaminopyridine (1.0002 g ,  9.1 mmole) was 

d i s so lved  i n  100 m l  ho t  benzene. Seventy m l l l i l i t e r s  of t h i s  w a r m  s o l u t i o n  

were added i n  t e n  1r.l a l i q u o t s  by syringe. over a pe r iod  of s ix  hours .  The 

reniairting s o l u t i o n  was added over a pe r iod  o f  skven hours i n  two m l  a l i q u o t s .  

Af t e r  a t o t a l  r e f l u x  t i m e  of  twenty hours ,  a n e a r l y  q u a n t i t a t i v e  y i e l d  of 

water  was c o l l e c t e d  i n  t h e  Dean-Stark t r a p .  One hundred m i l l i l i t e r s  of benzene 

were d i s t i l l e d  from t h e  s o l u t i o n ,  then  s i x t y  m i l l i l i t e r s  of  n-hexane were 

added t o  p r e c i p i t a t e  1.38 g of  a yellow powder, mp wi th  decomposition, 258- 

263"C, s i m i l a r  t o  t h e  polymeric product ob ta ined  us ing  t h e  azeo t rop ic  tech-  

nique g iven  immediately above. 

The yellow powder was r e c r y s t a l l i z e d  from to luene  and product  was coi- 

l e c t e d  a t  v a r i o u s  s t a g e s  of so lven t  evapora t ion .  The i n f r a r e d  spectrum of 

-1 each s t a g e  contained a broad peak ceritered a t  3380 cni (N-B). 

iii. By Amine Exchange wi th  Dibenzyl ideneazine.  

I n t o  a polymerizat ion r e a c t i o n  tube  w i t h  s i d e  arm equipped wi th  a n i t rogen  

i n l e t  and c o l l e c t i o n  f l a s k  were p laced  2,S-diaminopyridine (0.50 g ,  4.5 mmole) 
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and d ibenzyl ideneaz ine  (0.94 g, 4 . 5  mio le ) .  The system was thoroughly f lushed 

wi th  n i t r o g e n  and p laced  i n t o  a preheated b lock  a t  100°C f o r  t h i r t y  minutes ,  

during which t i m e  a homogeneous melt s o l u t i o n  formed. Then, t h e  r e a c t i o n  

mixture  was hea ted  f o r  f i f t y -minu te  i n t e r v a l s  a t  120, 150 and 175°C.  F i n a l l y ,  

t h e  system was hea ted  fo r  t h r e e  hours  a t  175°C with  a slow stream of  n i t r o g e n  

pass ing  dLrec t ly  over t h e  melt s o l u t i o n .  The s o l i d  was col. lected and chrorna- 

tographed on s i l i c a  g e l .  E lu t ion  wi th  e t h y l  a c e t a t e  f a i l e d  t o  achieve  sepa-  

r a t i o n  of t h e  complex mixture  of r e a c t i o n  products ,  some of  which were poly-  

m e r  i c  . 
i v .  By t h e  Hydrochloride S a l t  Method.. ___I 

a) Prepa ra t ion  o f  2,6-Diaminopyridine Monohydrochloride. 

I n t o  a 500-ml Erlenmeyer f l a s k  were p laced  2,6-diaminopyridine (1.000 e ,  

9.3. mmole) and 150 ml anhydrous d i e t h y l  e t h e r .  Hydrogen c h l o r i d e  was bubbled 

through t h e  s o l u t i o n  u n t i l  p r e c i p i t a t i o n  was complete. 

c o l l e c t e d  by f i l t r a t i o n ,  washed wi th  dict 'hyi  e ther  and d r i ed  t o  y i e l d  2,5- 

diaminopyridine monohydrochlcridc, 1.3i g (93%) 

The whi te  product was 

I__- Analys is :  Calc.'d f o r  C5K$13CI : 

C ,  41.24; K,  5.49; N, 28.93; C1, 24.39. 

Found: C ,  4 0 . 2 8 ;  H, 5.94; N ,  27.92; C1, 23.97. 

b) React ion of  2,6-Diaminopyridine Monohydrochloride - wi th  Benzaldehyde. 

I n t o  a 100-ml Erlenmeyer f l a s k  were p laced  2,6-diaminopyridine mono- 

hydrochlor ide  (1.31 g ,  8.9 m o l e ) ,  benzaldehyde (2.10 g ,  20 m o l e ) ,  and 10 ml 

abso lu te  e thano l .  "he s o l u t i o n  was s t i r r e d  a t  room temperature  f o r  two hours ,  

cooled t o  5"C, and n e u t r a l i z e d  wi th  s0diu.m ca rboca te  (0.75 g ,  7 .1  tnmole) to 

y i e l d  a yellow p rec . ip i t a t e .  The yellow product  was dissol.vec1 i n  to luene ,  

however, i t  ~ ~ o u 1 - d  no t  c r y s t a l l i z e  out  of t h e  s o l u t i o n  and upon cool ing  t h e  

s o l u t i o n  became ve ry  v iscous .  

polymeric s o l i d ,  mp 95-99"C, and t h e  d e s i r e d  compound was no t  ob ta ined .  

Complete evapora t ion  of so lven t  y i e lded  a g las sy ,  
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I n f r a r e d  spectrum (KBr d i s c )  3380 cm broad, medium (N-H). 

v. By Ace ta l  Exchange. 

I n t o  a 25-ml, three-neck,  round-bottom f l a s k  equipped wi th  a thermometer 

and a r e f l u x  condenser were p laced  2,6-diaminopyridine (0.55 g ,  5 mmole) and 

benzaldehyde d i e t h y l  a c e t a l  (1.82 g ,  10 mmole). The r e a c t i o n  s o l u t i o n  was 

hea ted  f o r  two and one-half  hours  during which t i m e  t h e  vapor teiriperature was 

recorded.  

f o r t y - f i v e  minutes;  then  i t  cont inued t o  climb p a s t  100°C a t  which t i m e  t h e  

The vapor temperature  s lowly rose t o  82-84°C where i t  remained f o r  

r e a c t i o n  was h a l t e d .  Thin l a y e r  chromatography ind ica t ed  t h a t  some polymeric 

m a t e r i a l  had formed and only  a t r a c e  of  non-polymeric product  had formed. 

v i .  By D i r e c t  Condensation Using Benzaldehyde a s  Solvent .  

I n t o  a 50-ml, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 

denser  were placed 2,6-diaminopyridine (1.06 g ,  9.7 mmole) and 25 ml of  f r e s h l y  

d i s t i l l e d  benzaldehyde. Thc s o l u t i o n  w;?s s t i r r e d  f o r  UIIE. hcur  cnder a ni"trocen 

atmocpliere sild then  1 7  m l  o f  benzaldehyde were ' J P C U W I ~  d i s t i L l e d  froiit t he  s o l u -  

t i o n  t o  y i e l d  a s l i g h t l y  v i scous  orange so lu t io i i  which hardened upoii coo l ing  

t o  5°C. P r e c i p i t a t i o n  wi th  hexane y i e lded  a rubbery,  polymeric yellow s o l i d ;  
. ,  

-1. 
and t h e  i n f r a r e d  spectrum exh ib i t ed  a broad medium peak centered  a t  3380 c m  . 

j . Attempted Synthes is  of 2,5-Di- (x-methy1benzyl ideneamino)pyridine.  

I n t o  a 250-rn1, three-neck,  round-bottom f l a s k  equipped with a Dean-Stark 

t r a p  Eind water  condenser were placed 2,6-diaminopyridine (1.09 g, 10 m o l e ) ,  

acetophenone (2.47 g ,  20 m o l e ) ,  conc. hydrochlor ic  a c i d  (0.07 g )  and 50 m l  

d ry  to luene .  

The r e a c t i o n  so lu t io i l  was hea ted  a t  r e f l u x  under n i t r o g e n  f o r  two hundred 

t h i r t y - s i x  hours  dur ing  whi.ch time approximately 0.2 ml water was c o l l e c t e d  

i n  t h e  t r a p .  The s o l u t i o n  was allowed t o  cool  and f i l t e r e d .  Evaporation of 

so lvent  y i e l d e d  a da rk  v iscous  o i l  which cons i s t ed  of  four  compoands. 

o i l  was paper chromatographed. 

The 

E lu t ion  wi th  e t h y l  a c e t a t e  and a number o f  
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o t h e r  s o l v e n t s  f a i l e d  t o  achieve  sepa ra t ion .  

k .  Attempted. Synthes is  of  2,8-Di(benzylideneamino) -10-phenylphenazine. 

i. By Condensation __f i n  Benzaldehyde. 

I n t o  a 500-ml, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 

denser  were plac.ed phenosafranine (4.34 g,  13.4  mmole), p - to luenesul fonic  ac id  

(0.01 g )  and 1.00 ml benzaldehyde:. The r e a c t i o n  mixture  was thoi-oug1tl.y flu.sl-~ed 

wi th  n i t r o g e n ,  and hea ted  t o  reflwr: under a n i t r o g e n  atmosphere f o r  s i x  hours.  

The water  of r e a c r i o n  and t h e  excess  benzaldehyde were vacuum d i s t i l l e d  from 

t h e  s o l i d  y i e l d i n g  a purp le  r e s idue .  R e c r y s t a l l i z a t i o n  from 95% e t h y l  a l cohc l -  

water ,  followed by washing wi th  b o i l i n g  water gave a pu rp le  powder which d id  

not  melt  upon hea t ing  t o  350°C. I n f r a r e d  spectrum ( K E r  d i s c )  3200 t o  3420 

cm'l  broad shoulder  (El-H), 700 and 760 c m - l  s t rong  ( f i v e  ad jacent  aromatic  

hydrogens). 

*- A n e s i s :  .'.,e Calc'd f c r  C32H23NLbC1 : 

C ,  77.03; II, 4 . 5 4 ;  K, 1 l . 2 3 ;  C 1 ,  7.08. 

F o ~ n d :  C ,  79.70; 11, 3.3.5; E, 6.9-5; el., 2-36.  

The d e s i r e d  compound was no t  ob ta ined .  

5%. By Amine Exchange. 

I n t o  a polymerizat ion tube  wi.th side-arm equipped wi th  a d i s t i l l a t i o n  

I__ 

adaptor  and c o l l e c t i o n  f lask were p laced  phenosafranine (0.32 g ,  1 mmole) and 

benzyl ideneani l ine  ( l .81 g ,  10 m o l e ) .  The r e a c t i o n  mixture  was hea ted  under 

a n i t r o g e n  atmosphere f o r  t h r e e  and one-half  hours  a t  15G"C, followed by one 

and one-half  hours  a t  200°C. The system was then  hea ted  a t  150°C a t  0.55 mm Hg 

f o r  seven and one-half  hours  dur ing  which time a few d r o p s  of anili-nc weye. 

c o l l e c t e d  i n  the c o l l e c t i o n  f l a sk .  The r e a c t i o n  ~7as cooled tc room tempera- 

ture, e x t r a c t e d  twice  wFth 50 ml. b o i l i n g  hexane and once wi th  100 ml h o t  ben- 

zene, d r i e d  t o  y i e l d  0.29 8 of a purp le  porder .  I n f r a r e d  s p e c t r m  (KBr d i s c )  

3420 cm-l and 3280 c m - l  (N-H)., 750 and 700 cm"' (5 adjacent: aromatic  hydrogens). 
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The d e s i r e d  compound was n o t  obtained.  

iii. React ion of Phenosafranine wi th  Aqueous Sodium Hydroxide. 

I n t o  a 250-m1, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 

denser  were placed phenosafranine (1.00 g ,  3 .1  m o l e ) ,  sodium hydroxide (0.12 g ,  

3.1 mmole), and 50 m l  water .  The r e a c t i o n  mixture  was hea ted  a t  r e f l u x  under 

n i t rogen  f o r  one and one-half  hours ,  al lowed t o  coo l  and f i l t e r e d .  The  r e s idue  

~ a . 5  washed i n  200 m l  of h o t  water, f i l t e r e d  and d r i e d  t o  y i e l d  0.23 g of  a 

green s o l i d ,  nip ( d i f f e r e n t i a l  thermal a n a l y s i s ,  15"C/min) 301°C. I n f r a r e d  

spectrum (KBr d i s c )  (Appendix 9 ) ,  3320 and 3260 cm (N-H), 1590 cm (C=N). -1 -1 

Analys is :  Calc 'd  f o r  2-amino-l.0-phenylphenazin-8-one, C18H13N30 : 

C ,  75.00; H, 4.84; N, 14.58; 0, 5.56. 

Found: C ,  72.27; H ,  4.54; N ,  14.64; 0, 8.54; C1, 0.00 

1. Attempted Synthes is  of 3,G-Di(benzylideneamino)-lO- 
methylacr idinium Chloride.  

I n t o  a 25--ml three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 

(0.001 g )  and 20 ni l  benzaldehyde. The r e a c t i o n  mixture  was thoroughly f lushed  

wi th  n i t rogen ,  hea ted  t o  r e f l u x  under a n i t r o g e n  atmosphere f o r  t h i r t y - s i x  

hours .  The system was allowed t o  cool  and f i l t r e r ed  y i e l d i n g  i! brown r e s i d u e  

which was d i s so lved  i n  benzene and then  p r e c i p i t a t e d  wi th  hexane twice t o  
I 

y i e l d  0.06 g of  a brown powder: mp ( d i f f e r e n t i a l  thermal  a n a l y s i s )  293°C. 

I n f r a r e d  spectrum (KBr d i s c )  3380 cm"' broad (N-H), 1720 cm" (Ca), 1660 an-', 

1595 cm'l ( C S )  and 700 and 750 cm" (5  ad jacen t  aromatic  hydrogens). 

-I-- Analysis :  Calc 'd  f o r  C2sEz2"!3CL : 

C y  77.20; H, 5.00; N, 9.60; C1, 8.10. 

Pound: C y  81.48; H ,  4.59; N, 4.79;  G I ,  3.69. 

The d e s i r e d  compound was n o t  ob ta ined .  
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m . Attempt ed Pr  epar  a t ion  o f LK, &' - D i m e  thy  1 - p -x y 1. y 1 idene  - d i - 2 - 
aminopyr i d i n e  

- 

I n t o  a lOO-ml' ,  three-neck,  round-bottom f l a s k  equipped wi th  a Dean-Stark 

t r a p  and water  condenser were p laced  iY4-d iace ty lbenzene  (1.62 g ,  10 mmole), 

2-aminopyridine (1.88 g,  20 mmole)vzinc c h l o r i d e  (0.162 g ) ,  and 20 m l  d ry  

to luene .  A f t e r  n inc ty - th ree  hours  of r e f l u x  no water was c o l l e c t e d  i n  t h e  t r a p ,  

so t h e  system vas  cooled t o  room temperature .  Thin l a y e r  chromaLography i n d i -  

c a t e d  t h a t  a smal l  amount of  two r e a c t i o n  products  had formed. The f i l t r a t e  

was paper chromatographed. El-ution wi th  e t h y l  a c e t a t e  f a i l e d  t o  achieve  sepa- 

r a t i o n .  The d e s i r e d  compound was not  i s o l a t e d .  

I n. Attempted Synthes is  of 2,6-Di-(~-methylcarboxylidene-2- 
aminopyr i d i n e )  py r id ine .  

i. By t h e  Continuous Azeotropic  Method. 

I n t o  a 50Q-ml , three-neck,  round-bottom f l a s k  equipped wi th  a Dean-Stark 

t r a p  and water  condenser were placed 2,6-diacetyl.pyridine. (2.49 g,  15 nunole) 

2-arnirtopyridine (2.96 g ,  30 inmole), p - to luenesul fonic  a c i d  (0  e 028 g) , and 60 

m l  dry tolueile.  The system was hea ted  under a n i t r o g e n  atxiosphera t o  r e f l u x  

f o r  n lne ty- four  hours  dur ing  which t i m e  on ly  0 .1  m l  o f  water  had been c o l l e c t e d .  

The s o l u t i o n  97as n e u t r a l i z e d  wi th  sodium carbonate  (0.037 g ) .  Thin l a y e r  

chromatography ind ica t ed  t h e  presence of two r e a c t i o n  products  i n  a d d i t i o a  t o  

t h e  r e a c t a n t s .  The s o l u t i o n  was chromatographed on s i l i c a  g e i .  E lu t ion  wi th  

e t h y l  a c e t a t e  f a i l e d  t o  achieve  sepa ra t ion .  

ii. By t h e  Hydrochloride S a l t  Method. 

I n t o  a 25-ml Erlenmeyer f l a s k  were p laced  2-aminopyridine hydrochlor ide  

-1 

(1.59 g,  3.2 nxnole), 2 ,6-diacctylpyridi .ne (0.97 g, 6 txinole), m d  7 ml a'osoli-ite 

e t h y l  a l coko l .  The s o l u t i o n  was s t i r r e d  th i r ty - two  hours  a t  room temperature ,  

n e u t r a l i z e d  wi th  sodium carbonate  (0.64 g S  1 2  m o l e ) ,  t o  y i e l d  whi te  c r y s t a l s  

which were f i l t e r e d  and i d e n t i f i e d  as  2 ,6-d iace ty lpyr id ine .  Thin l a y e r  chro-  

matography ind ica t ed  t h a t  t h e  mother l i q u o r  conta ined  only  s t a r t i n g  m a t e r i a l .  
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2. The Quaternary Der iva t ives  of  Pyr id ine- type  Monomers. 

a .  Q u a t e r n a r i z a t i o n  of  p-Xylylidene-di-2-amino~yridine with  Elethyl Iodide .  

The fol lowing i s  a t y p i c a l  example of  t h e  procedure used t o  qua te rna r i ze  

p-xylylidene-di-2-aminopyridine. 

I n t o  a 25-ml , three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 

denser  and thermometer were placed p - x y l y l i d e n e - d i - 2 - a m i ~ o p y j ~ i d ~ ~ n e  (0.25 8 ,  

0.87 mole ) ,  methyl i od ide  (0.25 g ,  1.74 nunole) and 5 m l  d ry  ni t romethane.  T k  

r e a c t i o n  mixture  ~ 7 a s  hea ted  under a n i t r o g e n  atmosphere a t  50°C f o r  seven hours ,  

al lowed t o  coo l ,  then  s t i r r e d  a t  room temperature  f o r  fou r t een  hours  and f i l -  

t e r e d .  Evaporation o f  the  so lven t  y i e lded  0.22 g of  an orange s o l i d ,  mp 95- 

96°C. I n f r a r e d  spectrum (KIsr d i s c )  (Appendix 10) ; s p e c i f i c  assignments were 

no t  a b l e  t o  be made due t o  t h e  number of moie t i e s  absorbing i n  similar reg ions .  

The fol lowing bands are  e i t h e r  no t  p re sen t  i n  t h e  s t a r t i n g  m a t e r i a l  or a re  
-1 

shifted: 1650, 1625, 15%0, 1315, l175, 1.025, 760 and TOO cn: . 
____I- Analysj_s: Calc 'd  f o r  C20H20NqZ:t : 

C ,  42.13.; n,  3.51; N, g e m ;  I, 44.55. 
Calc 'd  f o r  C20H20N412*CH3N02 : 

C,39.94; H, 3.65; N ,  11.09; I, 40.25; 0, 5.07. 

Calc 'd  f o r  C ~ O H ~ O N ~ I ~ ' ~ C H ~ N O ~  : 

C, 35.30; H, 3.75; N, 12.12; I, 36.58; 0, 9.25. 

Found: C ,  44.34; 8 ,  4.78; N, 12.96; 1, 28.34; 0, 9.58 (by d i f f . )  

The iod ide  conten t  of t h i s  product was lower than  t h e  theo re t i ca l -  f o r  t h e  

d e s i r e d  compound; most of  t h e  product was the  mono-quaternary d e r i v z t i v e .  

The da ta  of t h i s  experiment and t h e  da t a  of ot5er experiments using methyl 

i od ide  as  a q u a t e r n a r i z a t i o n  reagent  a r e  summarized i n  Table  1. 

The r e a c t i o n  of t h e  Sch i f f  base  w i t h  4 moles of CH31 was performed i n  

The product  was i s o l a t e d  by p r e c i p i t a t i o n  wi th  C€13NOZ a t  5 0 ° C  f o r  n ine  hours .  

benzene or e t h e r  arid found t o  be a mixture  of  25% mono-quaternary and 75% d i -  
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quaternary  d e r i v a t i v e s  complexes wi th  1.75 moles of CH3N02.  

t h e  Sch i f f  base  wi th  4 moles of C H 3 I  was performed i n  CH3R02 a t  5 0 ° C  f o r  twenty- 

four  hours.  The p r e c i p i t a t e d  product was t h e  d i -qua ternar ized  Sch i f f  base.  

The r e a c t i o n  of 

Thus, t h e  q u a t e r n a r i z a t i o n  o f  t h e  d i -Sch i f f  base a t  5 0 ° C  was completely suc-  

c e s s f u l ,  bu t  t h e  product  was complexed wi th  1.5 moles of CH3NO2. 

I n  an  atcempt t o  remove t h e  complexed CH3NO2, t h e  di-cluaternar ized pro-  

duct  was e x t r a c t e d  wi th  dry  e t h e r  i n  a Soxhlet  appara tus  f o r  fo r ty -e igh t  hours .  

The e x t r a c t e d  product melted a t  approximately 1 0 9 - 1 1 0 ° C  and i t s  i n f r a r e d  spec- 

t r u m  was i d e n t i c a l  t o  t h a t  o f  t h e  un.extracted product .  

Since t h e  a t tempts  t o  e x t r a c t  t h e  complexed C B  NO from t h e  product  were 

unsuccessfu l ,  t h e  q u a t e r n a r i z a t i o n  of t h i s  Sch i f f  base  was at tempted wi th  2 

moles and 4 moles of CH31 r e s p e c t i v e l y  i n  DI"IAC. The crude sample which was pre-  

c i p i t a t e d  by benzene was eva lua ted  by NMR i n  deu te ra t ed  DMSO and t h e  i n t e g r a t i o n  

appeared t o  corresporid e x a c t l y  t o  t h a t  of  t h e  d e s i r e d  cornpomd, The remainder 

of  t h e  sample. was puy i f i ed  twice by d i s s o l v i n g  i.t i n  D$%C and p rec ip i . t e t ing  i.t 

wi th  benzene and d r i e d  a t  room temperature  a t  8.5 inin Hg p res su re ,  and submitted 

f o r  a n a l y s i s ,  The e lementa l  a n a l y s i s  corresponded e x a c t l y  t o  a compound o f  

t h e  s t r u c t u r e  

r a t h e r  than  fo r  t h e  expected compound. I t s  i n f r a r e d  spectrum showed s t rong  

bands f o r  t h e  presence of -NH2 and t h e  qua te rna ry  s t r u c t u r e .  Thus, t h e  pro- 

duct  was not  t h e  same a s  t h a t  ob ta ined  when ni t romethane was used a s  t h e  re- 

a c t i o n  medium. Evident ly ,  t h e  d e s i r e d  product  s~7as not  ob ta ined  bu t  r educ t ive -  

c leavage  and hydro lys i s  of t h e  .-C=N- S c h i f f  base l inkage  occurred tihen DX4C 

was used as t h e  so lven t  and t h i s  observa t ion  was shown t o  be s p e c i f i c a l l y  t r u e  

of  those  Schif i '  bases  i n  which t h e  amine n i t r o g e n  atoms a r e  i n  t h e  o r t h o  pos i -  

t i o n  t o  t h e  py r id ine  n i t r o g e n ,  t h a t  i s ,  t h e  2- o r  2- and 6- p o s i t i o n s .  The 

probable  explana t ion  i s  t h a t  t h e  p o s i t i v e  qua te rna r i zed  n i t rogen  withdraws 
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e l e c t r o n s  from t h e  - C d -  Sch i f f  base l i nkage ,  leav ing  a p a r t i a l l y  p o s i t i v e  

charge which i s  then  a t t a c k e d  by t h e  nega t ive  iod ine  atom: 

8-E 

It appears  a l s o  t h a t  DWiC p a r t i c i p a t e s  i n  t h e  r e a c t i o n  i n  some f a s h i m  

which, a t  p r e s e n t ,  i s  not  understood. 

b. Qua te rna r i za t ion  o f  p-Xylylidene-di-  2-aminopyridine 
vi t h  D i m e  t hy  l s IJ 1 f a t  e. 

I n t o  a 2 5 - m l ,  three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 

denser  and a thermometer were placed p-xylyl idene-di-2-aminopyridine (0.50 g,  

1.75 m o l e ) ,  d ime thy l su l f a t e  (0.44 g ,  3.5 m o l e ) ,  and 10 m l  nitrornethane. The 

r e a c t i o n  mixture  was hea ted  under a n i t r o g e n  atmosphere a t  50°C f o r  one and 

‘one-half hours .  Evaporation of  t he  so lven t  y i e lded  1.07 g of an orange s o l i d .  

The product  was p r e c i p i t a t e d  fr;m CH3NC2 soltlti.oii by che a d d i t i o n  of 

bensene and washed wi th  e t h e r ,  y i e l d i n g  a l i g h t  orange p o v d i . ~ ,  rap 65-67 *C. 

The product was very  hygroscopic and became gtinmy &en exposed t o  atmospheric 

mois ture .  

and 760 cm”. (Appendix 11). 

I n f r a r e d  spectrum (KGr d i s c )  1540, 1440, 1555, 1230, 1060, 1000, 

Analysis :  Calc’d for C22H25N488S2 : 

C ,  49.09; 13, 4.83; N, 10.41; 0 ,  23.79; S ,  11.90. 

Calc’d f o r  C ~ ~ H ~ ~ N L , O ~ S ~ - C H $ I O ~  : 

C, 46.10; H, 4.90; N ,  11.60; 0 ,  26.70; S ,  10.70. 

Found: C ,  46.69; 1.1, 5 . 2 5 ;  N, 11.45; 0 ,  25 .74 ;  s, 1,0,06, 

This  d a t a  has  been incorpora ted  i n  Table  1. 

The e lementa l  a n a l y s i s  of t h e  product  i nd ica t ed  t h a t  t h e  d e s i r e d  d i -  

quatexnarized S c h i f f  base  was obta ined  b u t  t h a t  it was complexed wi th  one mole 

of CH3NC2- The q u a t e r n a r i z a t i o n  wi th  (CH3)2S04 ~7as  complete. and was more 
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f a c i l e  than  wi th  CH31 i n  CH3N02. The q u a t e r n a r i z a t i o n  of t h i s  S c h i f f  base  

was at tempted wi th  (CH3)2SOr+ us ing  m-cresol - a s  t h e  so lven t  and t h e  product  

apparent ly  was ob ta ined ,bu t  t h e  E-creso l  appa ren t ly  complexes even more s t r o n g l y  

wi th  t h e  qua te rna r i zed  product  than does ni t romethane.  

_I c .  Quate rna r i za t ion  of 2-Benzylideneaminopyridine wi th  Methyl Iod ide ,  __m 

This  Sch i f f  base  i s  ve ry  sensi i - ive t o  hydro lys i s  and rearrangement,  There- 

f o r e  t h i s  Sch i f f  base was prepared and used f o r  t h e  q u a t e r n a r i z a t i o n  s t u d i e s  

immediately a f t e r  i t s  prepara t ion .  

I n t o  a 25-ml, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 

denser  and thermometer were placed 2-benzylideneaminopyridine (0.5 g ,  2.75 

m o l e ) ,  methyl i od ide  (0.5 g , 3.52 rmnole) and 6 m l  d ry  ni t romethane.  The re- 

a c t i o n  mixture  was hea ted  wi th  s t i r r i n g  under a n i t r o g e n  atmosphere a t  50°C 

f o r  f o r t y - e i g h t  hours .  

orange s o l i d .  

and washed wi th  ethes:. 

129-131°C. I n f r a r e d  spectrum (i(i3r d i sc )  3380 (idH-), 1650, 1590, 2.520, 763 and 

695 cm (mono-substi tuted phenyl group).  

Evaporat ion of t h e  solvent y i e lded  0.981 g of a deep 

The evaporated product was r e p r e c i p i t a t e d  from CH3N02 w i th  e t h e r  

The  r e p r e c i p i t a t e d  product  was an orange s o l i d ,  mp 

-1 

Analys is :  Calc'd f o r  CI3Hl3N2I : 

Cy 48.15; R ,  4 . O L ;  N ,  8 . 6 4 ;  I, 39.20. 

Found: C y  34.71; H, 3.79; N ,  11.38; I, 50.12. 

Calc 'd  f o r  (A) CbHgNzI : 

C ,  30.50; H, 3.82; N ,  11.85; I, 53.83. 

Calc 'd  f o r  (B) C19HzzN412 : 

C ,  40.71; H, 3.93; N, 19.00; I, 45 ,36 .  

Mixture of  A and B (A:B = 55.3:43.7) 

C,  34.97; H ,  3.87; N ,  11.05; I ,  50.11. 

The i n f r a r e d  spectrum of  t h e  product i nd ica t ed  a ve ry  s t rong  abso rp t ion  

band f o r  qua t rnary  groups a t  1650 cm-', bu t  t h e  remainder of t h e  spectrum was 
1 
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s imi l a r  t o  a r e fe rence  sample of a b i s  methylene compound obta ined  by m i l d  

hydro lys i s  of  t h e  monomer, except  f o r  t h e  abso rp t ion  band of  mono-subst i tuted 

phenyl group a t  695 c m  . Elemental  a n a l y s i s  i nd ica t ed  t h a t  t h e  product  was a 
-1, 

mixture  of two hydrolyzed qua ternar ized  products  wi th  t h e  fol lowing s t r u c t u r e  

(A : B = 56.3 : 43.7),  

r a t h e r  than  t h e  d e s i r e d  compound. 

d.  Qua te rna r i za t ion  of 2-Pyridylcarboxylideneaniline. - 
I n t o  a 2 5 - m l ,  three-neck,  round-bottom f laslc equipped wi th  a thermometer 

and r e f l u x  condenser were placed 2-pyridylcarboxylideneaniline (0.50 g, 2.75 

mmole), methyl i od ide  (0.50 g J  3.52 mmole), and 7 m l  dimethylacetamide. The 

r e a c t i o n  sol .ut ion was hea ted  under a niirrogen atmosphere a t  50°C f o r  e i g h t  

hours ,  al lowed t o  coo l ,  and then  s t i ~ r e c l  a t  r031il temperature  f o r  s i x t e e n  hours .  

Evaporation of t h e  sof-vent y i e lded  1.087 g ( Z 0 9 X )  C J ~  a b l ack  gurmy s o l i d .  The 

r e s idue  was d i s so lved  Ln DMAC and r e p r e c i p i t a t e d  wi th  d i e t h y l  e t h e r  t o  y i e l d  

a black  s o l i d ,  mp 65-67°C. I n f r a r e d  spectrum (Kgr d i s c )  (Appendix 1 2 ) ,  1660- 

1640 cm'l  shoulder ,  1510-1490 cm-l, 1325 c m - l ,  vo id  480-600 cm"' ( C - J  s t r e t c h ) .  

Analys is :  Calc 'd  f o r  C 1 3 H 1 3 N z I  : 

C, 48.15; H, 4.01; N ,  8.64; I, 39.20. 

Found: C ,  47.45; H, 4.79; N ,  8.59; I, 39.17. 

I t s  i n f r a r e d  spectrum and e lementa l  a n a l y s i s  confirmed t h a t  t h e  d e s i r e d  com- 

povlrrd was obta ined .  The g u a t e r n a r i z a t i o n  o f  t h i s  Sch i f f  base  wi th  CH31 was 

success fu l  i n  DMAC. 

e. Qua te rna r i za t ion  of 2 ,6-Diace ty lpyr id inedike tan i l .  

I n t o  a 25-ml, three-neck , round-bottom f l a s k  equipped wi th  a thermometer 

and a r e f l u x  condenser were p laced  2,6-diacetylpyridinediketanil (0.40 g ,  
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1.28 nimole), methyl i od ide  (0.27 g,  1.92 mnlole), and 6 m l  n i t romethane.  The 

s o l u t i o n  was hea ted  a t  50°C f o r  twenty-four hours  under a n i t r o g e n  atmosphere. 

That t h e  q u a t e r n a r i z a t i o n  r e a c t i o n  was complete was confirmed by TLC. Evapo- 

r a t i o n  of  t h e  so lven t  y i e lded  a brown s o l i d ,  0.62 g (107X). The mel t ing  po in t  

of  t h e  product  r e p r e c i p i t a t e d  from CH3M02 I n f r a r e d  

spectrum (KEr d i s c )  1600, 1475, 1450, 1260 and 850 crn 

( C - I  s t r e t c h ) ;  t h e  fo l lowing  bands d isappear  a s  a r e s u l t  or' t he  react;on, 

1360, 1220, and 1175-1195 cm . (Appendix 13). 

wi th  e t h e r  was 176-178°C. 

-1 , void 480-600 cm" 

-1 

Analys is :  Calc 'd  fo r  C22H22N3I : 

C,  58.02; H, 4 . 8 3 ;  N ,  9.23; I, 27.92. 

Calc 'd  f o r  C22H22N318CH3N02 : 

C ,  53.50; H ,  4 . 8 6 ;  N ,  10.05; I, 24.52; 0, 6.20, 

Found: C, 54.64; B, 4.14; N, 8.51; I ,  29.74; 0,  2.97. 

This  da t a  and t h e  da t a  obta ined  from t h e  q u a t e r n a r i z a t i o n  of  2 ,G-diacetyl-  

p y r i d i n e d i k c t a n i l  wi th  dimechy? s u l f a t e  a r e  srimmarized i n  TabJ.e 2.  

The elemental ana1jrsj.s af the  product  sh9Wed i t  was high i n  i o d i d e  slid 

low i n  n i t r o g e n  and complexed wi th  0.4 moles of CH3N02. 

c a r r i e d  out  over a per iod  of many hours  and s i d e  r e a c t i o n s  undoubtedly occurred.  

The long r e a c t i o n  time b7as used on the  b a s i s  of  TLC as  t h e  experiment pro- 

The r e a c t i o n  was. 

gressed and t h e  slow r a t e  appears  t o  be due t o  marked s t e r i c  hindrance.  

The q u a t e r n a r i z a t i o n  of t h i s  d i k e t a n i l  Sch i f f  base was at tempted wi th  

CH31 i n  DPIAC, bu t  t h e  product ,  mp 177-17goC, which was i s o l a t e d  from t h i s  re- 

a c t i o n  was no t  t h e  d e s i r e d  compound. The a n a l y t i c a l  d a t a  ind ica t ed  a r educ t ive -  

c leavage  i n  which t h e  D U X  probably p a r t i c i p a t e d ,  had occurred i n  t h i s  a t tempt  * 

Next, t h e  q u a t e r n a r i z a t i o n  of t h i s  d i k e t a n i l  S c h i f f  base  wi th  (CH3) .$04 

i n  CH3N02 MBS s tud ied .  

hours .  The y i e l d  of crude evaporated product was s u b s t a n t i a l l y  q u a n t i t a t i v e  

The r e a c t i o n  a t  50°C was r a p i d  and coinplete i n  two 

(99.3%). The mel t ing  po in t  of t h e  i s o l a t e d  product ,  a f t e r  r e p r e c i p t t a t i o n  
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from CH3N02 s o l u t i o n  wi th  e t h e r ,  was 171-173°C. 

1600 ( sha rp ) ,  1450, 1250 (broad SO3), 1060, 1000 and 750 ctn 

spectrum and e lementa l  a n a l y s i s  confirmed t h a t  t h e  d e s i r e d  compound was obtained.  

I n f r a r e d  spectrum ( Y d r  d i s c )  
-1 . I t s  i n f r a r e d  

f .  Q u a t e r n a r i z a t i o n  of  N,N'-Di-(2-pyridylcarboxylidcne)~ ___I 

phenylenediamine. 

I n t o  a 25-ml, three-neck,  round-bottom f laslc equipped wi th  a thermometer 

and a r e f  l u x  condenser were placed R , N '  -dim (2 - -py r ldy lca r ' ; ox )71~ .~~~1~~)  -p-p1:enyl- 

enediamine (0.40 g ,  1.4 mmole), methyl i od ide  (0.80 g ,  5.6 mmole), and 5 m l  

ni t romethane.  The r e a c t i o n  mixture  was hea ted  a t  50°C f o r  twenty-four hours  

under a n i t r o g e n  atmosphere. 

A TLC examination showed t h a t  t h e  r e a c t i o n  was not  completed. Then, h a l f  

of t h e  r e a c t i o n  s o l u t i o n  was sub jec t ed  t o  paper chromatography f o r  s epa ra t ion .  
.- 

Elu t ion  wi th  ace tone  and evapora t ion  y i e lded  0.034 g of a brown s o l i d ,  mp 68- 

70°C. The product  was very  hygroscopic .  I n f r a r e d  spectrum (KBr d i s c )  (Appen- 

d i x  1640, 1520, 1260,  and void 6'30480 cm (C-l ,  s t r e t c h ) .  
-1 

A.na?ysk: C n l c '  d i o r  C2GIIZOKC+.12 : 

C ,  42.11.; H, 3.51; b?, 51.82; I, 44 .56 .  

Calc 'd  f o r  C20H20N412*CII3NO;! : 

C,  39-94;  H ,  3.65; N, 11.09; I, 40.25; 0, 5.07. 

Calc 'd  f o r  C2~H20N~k12*2CH3NG2 : 

C ,  38.30;  H, 3.75; N ,  12.12; I, 36.58; 0, 9.25. 

Found: C ,  40.62; H,  4.60; N, 7.71; I, 39.23; 0, 7.84. 

Th i s  da t a  and t h e  d a t a  obta ined  froin t h e  o t h e r  q u a t e r n a r i z a t i o n  of N,N'-di- 

2 ( -pyr idylcarboxyl  idene) -p .. phenylened imnbe  wi th  GI131 and dime t h  y l s u  1. fa  t e a r e  

summarized i n  Table  3. I t s  i n f r a r e d  spectrum and elements', a n a l y s i s  c o n f i m e d  

t h a t  t h e  d e s i r e d  compound v7as obta ined ,  bu t  t h a t  i t  was complexed wi th  1.5 

moles of  CH3N02. 

I n  a s e p a r a t e  experiment,  t h e  product  qua te rna r i zed  wi th  4 moles of CH T 3- 
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a t  50°C f o r  one and one-half  hours was found t o  be a mixture  o f  47% mono- 

qua ternary  and 53% d iqua te rna ry  d e r i v a t i v e s .  

The q u a t e r n a r i z a t i o n  o f  t h e  d i -Sch i f f  base  wi th  (CH3)2S04 was performed i n  

CH3N02. The 

product was an  orange powder, mp 58-60°C, ve ry  hygroscopic and became gunmiy 

whexi exposed t o  atmospheric mois ture  InErarcd spectrum ( K D r  disc:) 1630 c m  

(broad) 1510, 1450, 1.250-1200 cm 

red  s p e c t r u m  and e lementa l  a n a l y s i s  confirmed t h a t  t h e  d e s i r e d  compound was 

The product was p r e c i p i t a t e d  from CH3NO2 s o l u t i o n  wi th  e t h e r .  

-1 

-1 
(broad) , 1050, 1000 and 765 ern-'. I t s  i n f r a -  

ob ta ined ,  bu t  t h e  d i -qua te rna r i zed  produce was complexed wi th  one mole of CH3N02" 

g. Qua te rna r i za t ion  of 2,G-Diacetylpyridine,  

I n t o  a 25-ml, th ree-neck ,  round-bottom f l a s k  equipped wi th  a thermometer 

and r e f l u x  condenser were p laced  2 ,G-diace ty lpyr id ine  (1.00 g,  6.1 mmole), 

d i m e t h y l s u l f a t e  (1.01 g ,  7.98 mmole) and 10 ml nitromethane. The r e a c t i o n  

s o l u t i o n  was hea ted  a t  50°C f o r  twenty-four hours and a t  S O O C  f o r  one hundred 

f o r t y - f o u r  hours  under a n i t r o g e n  fitmosphere e Evaporation o f  t he  solvei i t  

y i e lded  a b l ack  s o l i d ,  1,80 g (LO%'/,) ; the product was v e r y  hygroccopic  2nd te-9 

came a l i q u i d  when exposed t o  atmospheric mois ture .  

d i s c )  1690 cm-' (C=O),  1600, 1480 and 1045 cm"'. 

I n f r a r e d  spectrum (KBr 

Analys is :  Calc 'd f o r  CllH15N06S : 

C, 45.67; W, 5.19; N ,  4.84; S,  11.07; 0, 33.23. 

Found: C ,  32.57; H, 4 .77;  M, 7.68; S,  14.40; 0, 40.38. 

The des i r ed  compound was no t  ob ta ined .  Th i s  d a t a  and t h e  da t a  from t h e  a t tempted  

q u a t e r n a r i z a t i o n  of 2 ,G-diace ty lpyr id ine  w i t h  methyl i o d i d e  a r e  suimiarized i n  

Table 4 .  

py r id ine  ~ 7 i t h  (CH3)2SO4 o r  CH31 were n o t  s u c c e s s f u l ,  due t o  l a r g e  s ter lc  h i n -  

drance of 2 ,6 -d izce ty l  groups and lower bas i c j - ty  of p y r i d i n e  n i t r o g e n  induced 

by t h e  e l e c t r o n  withdrawal 05 2 ,6 -d iace ty l  groups. 

A s  given  Fn Table 4- , t h e  attempted q u a t e r n a r i z a t i o n s  of 2,5-diacetyL- 
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3 .  Charge Trans fe r  Complexes Derived from Pyridine-Type Monomers. -- 
Explora tory  experiments have been performed t o  e s t a b l i s h  whether o r  no t  

t h e  pro to type  py r id ine  monomers w i l l  form charge t r a n s f e r  complexes wi th  se- 

l e c t e d  accep to r s  such a s  TCNE arid TNCQ: 

TGNE TCNQ 

a .  Formation of  t h e  C h a r p e a n s  f e r  Coniplexes 
di-2-aminopyridine (I) and T e t r a c y a n o e t h y l e  

The r e a c t i o n s  of  Sch i f f  base (I) wi th  TCNE were performed i n  DW4C i n  which 

both r e a c t a n t s  ~7ere so lub le .  The Sch i f f  base  (I) has  two pyr id ine  r i n g s ,  each 

of which would be expected t o  act  as  donor t o  a t  l e a s t  one molecule of  TCNE. 

Thus, t he  equiva len t  complex should be ( 1 . 2  TCNE). I n  e f f o r t s  t o  e s t a b l i s h  t h e  

va lue  of n €or  (I), a series of r e a c t i o n s  were performed i n  DMAC usiiig a mole 

r a t i o  o f  I mole oi (1) with  one, two ai1d f o u r  mclcs c:f  Y C K  respectively, '!'he 

r e a c t i o n  temperat.ure was 50°C for Efve t i ~ u r s ,  In a l l  ca ses ,  a marked change 

i n  t h e  almost c o l o r l e s s  so lc , t ion  con ta in ing  t h e  monomer ard C h e  T C i S  occurred 

wi th in  t h e  f i r s t  few minutes of  t h e  r e a c t i o n ;  and as t h e  r e a c t i o n  cont inued,  

t h e  c o l o r  darkened t o  a maximum and. d id  n o t  change f u r t h e r .  The c o l o r  of t h e  

s o l u t i o n s  a t  t e n  minutes 0 2  r e a c t i o n  t i m e  and t h e  f i n a l  c o l o r  f o r  t h e  composi- 

t i o n s  con ta in ing  t h e  va r ious  moles of  TCNE p e r  each mole of  (I) were 

The r e a c t i o n  products  were d iv ided  i n t o  two p o r t i o n s ,  evaporated product: 

(A) and p r e c i p i t a t e d  product  (E), and examined r e s p e c t i v e l y .  

i. P o r t i o n  A:  React ion Product Obtained -.. by t h e  Evaporation of  t h e  Solvent .  - 

I n t o  a 25-rn1, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  

-- II__ 
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condenser and a therniorneter were placed p-xylyl idene-di-2-aminopyridine (0.28 

Complex 
-^___ 

- I I TCNE 

I 2 TCNE 

I 4 TCNE 

g ,  0.98 inmole), t e t racyanoethylene  (0.25 g,  1.95 mole) ,  and 10 ml of  dimethyl- 

i.loS_es of i)XAC Retained 

0.0 

1.0 

2.0 

acetamide ., The r e a c t i o n  mixture  was maintained under a n i t rogen  atmosphere, 

hea ted  a t  50°C f o r  f i v e  hours ,  allowed t o  coo l ,  and s t i r r e d  a t  rooin temperature  

for e igh teen  hours ,  The so lven t  was removed by evapora t ion  a t  0,s m Hg 

p res su re ,  to y i e l d  a s o l i d  k7hich was d r i e d  i n  vzcuo a t  S0"C f o r  three days  

u n t i l  a cons t an t  weight was obtained.  There was obta ined  a dark-brown s o l i d  

0,58 g ( l o g % ) ,  mp 130-140°C. I n f r a r e d  spectrum (ICBr d i s c )  (Appendix 15), 2200 

c m  (C=N) broad abso rp t ion  1630-1400 an-'. 
-1 

Anal-: Calc 'd  f o r  C30H14N12 : 

' C ,  66 .42 ;  H, 2 - 5 8 ;  N ,  31.00. 

Calc 'd  f o r  C30H14N1203CH3CON(G133) : 

C, 62.69; H, 3,98; N ,  27.36; 0 ,  5 , 9 7 ,  
a 

Found: G ,  6 3 , 6 4 ;  K, 4..18; N, 27.83;  0 ,  4.35 (by d i f f e r e n c e )  

These da t a  and t h e  d a t a  of r e l a t e d  experiments a r e  saitmarlzed L a  Table 5. 

The y i e l d  of evaporated product  f o r  t h e  t h r e e  complexes were found t o  be 

Analysis  of  t h e  products  s h o ~ e d ,  t h a t  i n  t h e  2 TCNE and t h e  4 TCNE com- 

plexes, DXAC had been r e t a i n e d  i n  t h e  complex as follows: 

The i s o l a t e d  complexes were red i s so lved  i n  DHAC, r e p r e c i p i t a t e d  by (C2U5) 20, 

i s o l a t e d  and d r i ed  a t  5 0 ° C  i n  a vacuum oven. Addi t iona l  q u a n t i t i e s  of  products  
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were obta ined  by concen t r a t ion  of  t h e  mother l i q u o r s  and p u r i f i e d  by r e d i s s o -  

l u t i o n  i n  DMAC and followed by p r e c i p i t a t i o n .  

Elemental  a n a l y s i s  of  t h e  p r e c i p i t a t e d  I. 1 TCNX r e a c t i o n  product con- 

firmed t h e  1:1 complex and t h a t  t h e  product d i d  not  con ta in  re ta i r ,ed  DBlAC. 

Elemental  ana lyses  of  t h e  p r e c i p i t a t e d  1- 2 TCN% r e a c t i o n  product  showed 

t h e  presence of oxygen and t h a t  i t  appeared to complex wi th  approximately one 

mole of  DM4C. 

Elemental  ana lyses  of  t h e  p r e c i p i t a t e d  I. 4 TCNE r e a c t i o n  product showed 

t h e  presence of l a r g e  amounts of oxygen and appeared t o  be complexed wi th  

approximately two moles of IEW. 

It may be  o t h e r  than  f o r t u i t o u s  t h a t  t h e  e lementa l  ana lyses  of t h e s e  com- 

p lexes  a r e  c l o s e  t o  t h e  va lues  expected f o r  t h e  complexes wi th  DMAC. Perhaps,  

the r e t e n t i o n  of DPAC i n  t h e  l : 2  and 1:4 products  may b e  due t o  t h e  r e a c t i o n  

of DWLC wi th  TCNE. Also,  f.t i s  known t h a t  CN ;;roups ii? charge transfer coxpl.ex 

a r e  verjr s e n s i t i v e  t o  oi-ygcn awl oxiclizcd i n  a i r .  Then t h e  abnormally h i g h  

con ten t  of oxygen i n  1. 4 TCNF prcrduct coa ld  be due t o  tlie f a c t  t h a t  an unco- 

o rd ina ted  f r e e  CN group i n  t h e  complex i s  o x i d k e d  i n  a i r ,  wi th  the e l i m h a t i o n  

of CN groups,  t o  g ive  a s t a b l e  r a d i c a l ,  p robably-of  t h e  s t r u c t u r e  

NG 
NC x,. Nt NC CN 

NC 

The i n f r a r e d  s p e c t r a  of t h e  va r ious  complexes shoved s t rong  bands f o r  CN 

a t  2200 cm'l and t h e  s p e c t r a  of t h e  t h r e e  complexes were s u b s t a n t i a l l y  i d e n t i -  

c a l  except  t h a t  i n  t h e  c a s e  of  t h e  1:l coniplc:r, t h e  i n t e n s i t y  a t  2200 c m - l  

was no t i ceab ly  less than  f o r  t h e  1:2  of 1:4 cumplex. In  a d d i t i o n ,  t h e  t h r e e  
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complexes d i d  no t  m e l t  when hea ted  t o  360°C. 

ii. P o r t i o n  R: React ion Product Obtained by P r e c i p i t a t i o n  wi th  Benzene. 

I n t o  a 25-191, three-neck,  round-bottox f l a s k  equipped wi th  a r e f l u x  con- 

denser  and a thermometer were placed p-xylylidene-di-2-aminopyridine (0.56 g ,  

1.95 mmole), t e t racyanoethylene  (0.50 g ,  3.91 m o l e ) ,  and 20 nl dimethylacet-  

emide. 

50°C f o r  f i v e  hoilrs, al lowed t o  coo l ,  and stirred. a t  room temperature  f o r  

t h i r t e e n  and one-half  hours.  

benzene, c o l l e c t e d  by f i l t r a t i o n ,  and d r i e d  a t  50°C i n  vacuo, t o  y i e l d  a brovni 

.-- 

The r e a c t i o n  mixture  was maintained under a n i t r o g e n  atnlosphcre a t  

The product tras p r e c i p i t a t e d  by t h e  a d d i t i o n  of  

s o l i d , ,  0.32 g (30%), mp > 360°C. 

d i x  15>, 2200 cm"' (C=N), broad abso rp t ion  1530-1400 mu'. 

I n f r a r e d  spectrum (KBr d i s c )  (Same a s  Appen- 

_11- Analysis :  Calc 'd €or C30H14Ni2 : 

C,  65.42; H, 2.58; N ,  31.00. 

C,  63,69; H, 4.45; N, 27.37; 0, 4.46. 
a 

Found: C ,  64.10; H, 3,73; N ,  27.48; 0, 4.69 (by d i f f e r e n c e ) .  

aThis sample vas b lock  d r i e d  a t  120°C s u f f e r i n g  a 
weight: loss of  approximately 2.7% before  a n a l y s i s .  

These da t a  and t h e  d a t a  o r  r e l a t e d  experiments a r e  summarized i n  Table  5 .  

- 4 .  Charge Trans fe r  Complexes Derived from Q v C i ~ s  
of Pyridine-Type Sch i f f  Bases. 

-w_l_l_r- a .  Pre l iminary  Experiments on t h e  ------ Prepa ra t ion  of  C h a r E T r a n s f e r  Complexes 

A number of  pre l iminary  q u a l i t a t i v e  experiments were p e r f o r m ~ d  t o  e s t a b l i s h  

some cond i t ions  f o r  t h e  p repa ra t ion  of  t h c  charge t r a n s f e r  complexes from va- 

r i o u s  qua te rna r i zed  Sch i f f  bases  and TCNE. Dimethylformamide, dimethylaceto-  

amide and ni t romethane were found t o  be u n s u i t a b l e  a s  r e a c t i o n  media f o r  pre-  

p a r a t i o n  of charge t r a n s f e r  complexes, s i n c e  they  r eac t ed  s t r o n g l y  wi th  TCNE. 
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A c e t o n i t r i l e  and a b s o l u t e  e thano l  were e s t a b l i s h e d  a s  more s u i t a b l e  so lven t s .  

The r e s u l t s  of  t h e s e  experiments are summarized i n  Table  6.  I n  gene ra l ,  t h e  

N-methyl pyridinium s u l f a t e s  of  t h e  qua ternar ized  Sch i f f  bases  were poor ly  

s o l u b l e  i n  a c e t o n i t r i l e  and d id  no t  r e a c t  wi th  TCNE apprec iab ly ;  f o r  t h e s e  

r e a c t i o n s ,  a b s o l u t e  e thano l  was s u i t a b l e  a s  a r e a c t i o n  medium. 

i. Charge Trans fe r  Complex (I. 2 TCEE). 

The d i -qua te rna r i zed  Sch i f f  base  used i n  t h i s  experiment w~ils one p r e c i -  

p i t a t e d  from CH3N02 s o l u t i o n  wi th  e t h e r ,  washed with dry  e t h e r  and d r i e d  i n  

vacuum a t  45OC t o  cons tan t  weight,  and shown t o  be complexed wi th  1.5 moles 

C I - I ~ P ? O ~ ,  KIP approximately 108-l10°C. 

I n t o  a 25 m l ,  three-neck,  round-bottom f l a s k  equipped ~ 7 i t h  a r e f l u x  con- 

denser  and a thermometer were placed d i -qua te rna r i zed  Sch i f f  base (0.331 s, 

0.5 m.ole) , t e t racyanoethylene  (0.128 g ,  1.0 mole) and 10 ml a c e t o n i t r i l e ,  

The r e a c t i o n  mj-xture was hea ted  uncler a n i t rogeu  atmosphere at. 50°C f o r  

f i v e  hours ,  al lowed t o  coo1, and s t i r r e d  a t  room temperature  f o r  e igh teen  

hours .  The c o l o r  of t h e  react , ion s o l u t i o n  was dark-brown. The so lven t  was 
. I  

removed by evapora t ion  at 0.5 m! € 1 ~  p res su re  t o  y i e l d  a b lack  powder which was 

d r i e d  i n  vacuum a t  45°C f o r  twenty-four hours ,  u n t i l  a cons tan t  weight was ob- 

t a ined .  There was obta ined  a b lack  s o l i d ,  0.40 g (87.2%), mp 80-82OC. I n f r a -  

r ed  s p e c t r u m  (ZSr d i s c ) ,  2200 cm'l ( C S )  1550, 1590, 1500 cm", and 770 cn -1 

(brozd).  The evaporated product was d r i e d  a t  40°C under vacuum f o r  seventy-  

two hours  be fo re  e lementa l  a n a l y s i s .  

Analys is :  Calc'd f o r  C32H2$l12I2 : 

C y  [+6.[$9; H, 2,42; N ,  20,34; I, 30.75. 

Found: C ,  43.22; I-I, 3.08; N ,  19.13; I, 29.27; 0, 5.14, 

The chemical composition o f  t h i s  product v a s  C31.4H26.8N11.9I*02,79 and t h e  

28 



product was coinplexed wi th  1.4 moles of CN3HO2. Bhen co r rec t ed  f o r  i t s  n i t r o -  

methane con ten t ,  t h e  chemical coniposition of t h e  product  i s  C 3 o H 2 2 ,  ~ N 1 0 , 5 J - 2  

which shovs t h a t  i t  i s  somewhat low i n  carbon and n i t rogen ,  compared t o  t h e  

composition of t h e  expected ComPound, C 3 2 H z o N 1 2 I 2 .  Th i s  product was r e p r e c i -  

p l t a t e d  from CH3CN s o l u t i o n  by e t h e r ,  washed wi th  l a r g e  amount of e t h e r ,  and 

d r i e d  a t  40°C under vacuuin t o  a f f o r d  a brown powder ( y i e l d  about 30%) ,  mp 

110-112°C. 

775 cm" ( s t rong)  

I n f r a r e d  spectrum ( I a r  d i s c )  2210 ai"' (C*> 1650, 1590, 1520 and 

The i n f r a r e d  spectrum o f  the r e p r e c i p i t a t e d  product  i n d i -  

ca t ed  a v e r y  s t r o n g  abso rp t ion  band f o r  CN groups a t  2210 cm" and was almost 

t h e  same wi th  one of d iqua te rna r i zed  Sch i f f  base  i n  o t h e r  reg ions  o f  t h e  

spec t r urn. 

-I__ Analysis :  Calc 'd  f o r  C 3 2 H 2 0 N 1 2 I 2  : 

C, 46.49; €1, 2.42; N ,  20.34; I, 30.75. 

Fotuld: C, 50.34; H, 3.40; N, 22.05; I, 16.40; 0, 7.65. 

Corrected*: C, 55.10; 11, 3.14; N ,  22.50; I, 19.30. 
Jx 
For CW3N02 colltene * 

The e lementa l  a n a l y s i s  i nd ica t ed  thzt p r e c i p i t a t e d  product was complexed 

wi th  1.6 m o l e s  o f  CH3N02 and t h e  chemical composition of r e p r e c i p i t a t e d  pro-  

duct ,  c o r r e c t e d  f o r  i t s  ni t romethane conten t  was C g 2 H 6 2 N 3 2 1 3 ,  which c o r r e s -  

ponds t o  a mixture  composed of t h e  fol lowing t h r e e  components, C20K20N412, 

C ~ O H ~ O N ~ I  and C2oII2oM4 complexed w i t h  5 moles of TCHE, thus :  

[ ( C 2 0 E 2 ~ N ~ I . 1 2  f ( C ~ O H ~ O N ~ I ~ . T C N E ' ) T C N E  Jr ( C ~ O H ~ O N ~ , ~ ' - *  2TCNE')TCI'$E] whose ele- 

mental  a n a l y s i s  i s  : 

-E -H 

Calc'd:  C, 54.9; H, 3.1; N, 22.7; I, 19.3. 

Th i s  would i n d i c a t e  t h a t  t h e  iod ide  ion  of  d i -qua te rna r i zed  Sch i f f  base  served 

as  the e l e c t r o n  source f o r  t h e  formation o f  TCNE' wi th  t h e  iod ide  ion  being oxid ized  

t o  e l e n e n t a l  i od ine ;  evidence of  which was obta ined  i n  t h e  f i l t r a t e s  from the  

r e a c t  ion.  

- 
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ii. Charge Trans fe r  Complex (1.4 TCNE). 

I n t o  a 25-ml, three-neck,  round-bottom f l a s k  equipped with a r e f l u x  con- 

denser  and a thermometer were p laced  d i -qua te rna r i zed  Sch i f f  base (0.331 g ,  

0.5 m o l e ) ,  t e t racyanoethylene  (0.256 g ,  2 nunole) and LO m l  o f  a c e t o n i t r i l e .  

The r e a c t i o n  mixture  was hea ted  under a n i t rogen  atmosphere a t  50°C €or five 

hours ,  and then  all-owed t o  cool  w i th  s t i r r i n g  a t  room temperature  f o r  e igh teen  

hours t o  y i e l d  a b l ack  s o l u t i o n .  The so lven t  was removed by evapora t ion  a t  

0.5 mi Hg p res su re  t o  y i e l d  a b lack  powder which was d r i e d  t o  cons tan t  weight 

i n  a vacuuin oven a t  45°C f o r  twenty-four hours ,  a f fo rd ing  a black  so1i.d 0.436 g 

(74.5%). 

and 770 cn . 
washed w i t h  a l a r g e  amount of e t h e r  and d r i e d  a t  40°C i n  vacuum oven t o  cons tan t  

weight,  y i e l d i n g  a b lack  powder, 0.12SS g (20%), mp 163-165°C. I n f r a r e d  spec- 

trum ( K E r  d i s c )  2210 cm-' (CS), 1650, 1590, 1.550, 1500 and 765 c m  

The i n f r a r e d  s p e c t r a  of  t h e  evapora'ied and r e p r e c i p i t a t e d  products  shoecd a 

I n f r a r e d  spectrum (KGr d i s c ) :  221.0 cm-' ( C S ) ,  1660, 1590 (broad) ,  

-1 The product: was r e p r e c i p i t a t e d  from CH3CN s o l u t i o n  wi th  e t h e r ,  

-1 
(broad).  

-1. very  sharp  absorpti.cn b a d  for  CN groups  a t  221.0 cm . 
Analysls :  Calc 'd  f o r  CLk4K20N2012 : 

c ,  48.80; I-f, 1.85; N, 25.88; I ,  23.47.  

Found: C ,  54.94; I-I, 3.20; N ,  22.02; I, 8.60;  0,  11.24 

The iod ine  con ten t  of t h e  product was low and i t s  elementla1 a n a l y s i s  cor -  

responded t o  a chemical composition of t h e  formula C45,sH32N15.710.57pQ7.02 

a g a i n s t  t h e  expected C ~ ~ H ~ O N Z O I Z .  The product  appears  t o  be a mixture  com- 

complexed wi th  l .55 moles of  CH3N02. In  t h e  case  of t h i s  1 :4  r e a c t i o n ,  t he  

e l imina t ion  from t h e  qua te rna r i zed  Sch i f f  base of i od ide  by TCNE was more ex- 

t e n s i v e  than  i n  t h e  1:2 r e a c t i o n  bu t  i t  was n o t  complete. Longer r e a c t i o n  t i m e s  

o r  h igher  temperature  probably would complete t h e  e l imina t ion .  The da ta  do 

appear t o  confirm, however, t h a t  t h e  iod ide  ion  of t h e s e  qua ternary  iod ides  

can  be exchanged f o r  a TCNE" anion r a d i c a l .  
- 
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111. Discussion.  

A .  Synthes is  of Pyridine-Type Sch i f f  Base Monomers. 

Seven aromat ic ,  Sch i f f -base  type  monomers have been prepared and some of  

1__-__1 

t h e i r  p ro to type  r e a c t i o n s  have been s tud ied .  

Of t h e  seven h e t e r o c y c l i c  Sch i f f  bases ,  s i x  were prepared by t h e  r e a c t i o n  

of  t h e  appropr i a t e  carbonyl  compounds wi th  s e l e c t e d  amino conipGuzids by a con-  

t inuous  azeo t rop ic  method us ing  to luene  a s  t h e  azeo t rop ic  agent .  I n  gene ra l ,  

t h e  y i e l d s  of crude product  were less than ,  and t h e  r a t e s  of condensat ion were 

slower than,  s i m i l a r  r e a c t i o n s  r epor t ed  f o r  t h e  s y n t h e s i s  of aromatic  carbo-  

c y c l i c  Sch i f f  bases  us ing  t h e  continuous azeo t rop ic  technique.  I n  t h e  synthe- 

s i s  of  aldazomethines,  a c a t a l y s t  was no t  r equ i r ed  f o r  t h e  condensat ion;  hov- 

eve r ,  t h e  ketazomethines r equ i r ed  t h e  use  of  a L e w i s  a c i d  c a t a l y s t  due t o  t h e  

lower r e a c t i v i t y  of t h e  ketone moiety compared t o  t h e  aldehyde func t ion .  

Attempts t o  prepare  the seventh h e t e r o c y c l i c  Sch i f f  base by t h e  azeo t rop ic  

method were unsuccessZu1; it- was prepared by condensing t h e  amke hydrochlor ide  

wi th  t h e  appropr i a t e  carbonyl  compound i n  a l coho l  a s  t h e  so lvent .  The desired 

product was obta ined  a s  a p r e c i p i t a t e  upon t h e  n e u t r a l i z a t i o n  of t h e  soluti .on 

wi th  aqueous sodium carbonate  e 

The syntheses  of a number of  o the r  Sch i f f  bases  o f  i n t e r e s t  i n  t h i s  pro- 

ject  were no t  achieved,  and t h e  reasons  €or  t h e s e  f a i l u r e s  were sought.  

1. Prepa ra t ion  of  Benzylidene-2-amino?yridine. 

Benzylidene-2-aminopyridine was prepared by t h e  condensat ion of benzalde- 

hyde wi th  2-aminopyridine through t h e  cont inuous azeo t rop ic  method. A f t e r  a 

n e a r l y  q u a n t i t a t i v e  y i e l d  of water  was c o l l e c t e d ,  t h e  so lven t  was evaporated 

t o  y i e l d  a dark  o i l  which was d i s t i l l e d  under reduced p res su re  t o  g ive  a l i g h t  

yellow o i l ,  bp 1 0 2 " C / 0 . 2  mi Hg, c o r r ,  1 9 6 O C / 1 8  s r i i  Hg (lit., bp 2OO0C/L8 mm Hg); 

nD ~ 1 . 5 4 9 5  ( l i t . ,  nD d . 6 5 6 4 j .  During t h e  p u r i f i c a t i o n  by d i s t i l l a t i o n  of t h e  
25 21 

product ,  a f i l m  c o n s i s t i n g  of a wh i t e  s o l i d ,  nip 108"C, formed on t h e  w a l l s  o f  
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t h e  d i s t i l l a t i o n  appara tus .  The i n f r a r e d  spectrum of  t h e  d i s t i l l e d  product  

-1 had a weak abso rp t ion  c o n s i s t i n g  of a shoulder  a t  3230 cm a t t r i b u t e d  t o  N-H, 

a n  abso rp t ion  band a t  1700 cm a t t r i b u t e d  t o  carbonyl  and a band f o r  C=N a t  

1630 cm . 
and a m u l t i p l e t  a t  8.5 t o  6.9 5 which according t o  t h e  i n t e g r a t i o n  contacned 

-1 

-1 
The NNF, had a one proton s i n g l e t  a t  9.18 L!! a t t r i b u t e d  t o  -CHd?- - 

t e n  pro tons  i n s t e a d  o f  t h e  expected n ine .  These i r r e g u l a r i t i e s  i n  the s p e c t r a  

can be a t t r i b u t e d  t o  impur i t i e s  caused by t h e  p rev ious ly  r epor t ed  r a p i d  

r e a c t  ion  of t h e  benzylidene- 2-aminopyr i d i n e  wi th  water  : 

Benzylidenc-~2,2'-dipyridylamine, one of t h e  products  of t h i s  r e a c t i o n ,  i s  a 

whi te  s o l i d ,  mp 109°C. The elemental  a n a l y s i s  a l s o  confirmed t h a t  t h e  product 

contained about  10% i m p u r i t i e s ;  and repea ted  a t t empt s  a t  p u r i f i c a t i o n  were un- 

success fu l  i n  t h a t  t h e  r egene ra t ion  of  t h e  bis-compound cont-inued wi th  each 

a t tempt .  Also i t  was found t h a t  a f t e r  on ly  two days of s to rage  under n i t r o g e n  

i n  a r e f r i g e r a t o r ,  t h e  same type  o f  white  s o l i d ,  mp 109"C, had begun t o  p r e c i -  

p i t a t e  from t h e  l i g h t  yellow o i l .  

2. Prepa ra t ion  of  2-Pyridylcarboxylideneanil. 

The s y n t h e s i s  of  2-pyridylcarboxylideneanil. was acconpl ished us ing  t h e  

continuous azeo t rop ic  method by condensing 2-pyridinecarboxaldehyde with  a n i -  

l i n e ;  i t  was a r ed  s o l i d ,  nip 36-37°C. 

3400-3100 c m  

-CH=N- - azomethine iinlcage, and two mul t ip l e t s ;  one w a s  ass igned  t o  t h e  four  

py r id ine  r i n g  pro tons  a t  5.7-7.6 8 and t h e  other was ass igned  t o  t h e  f i v e  

phenylene pro tons  a t  8.4.-8.2 6. 
was p rev ious ly  r epor t ed  by H a r r i s  and Lenar t ,  who hea ted  2-pyridinecarboxal-  

The i n f r a r e d  spectrum was vo id  i n  t h e  

-1 
reg ion  (NH); t h e  NMR had a one pro ton  s i n g l e t  a t  8.G 6, f o r  t h e  

The p repa ra t jon  of 2-pyridylcarboxyl ideneani l  

dehyde wi th  a n i l i n e  a t  

no mel t ing  p o i n t .  The 

150°C t o  y i e l d  a greenish  o i l ,  bp 165"C, but  r epor t ed  

i n f r a r e d  spectrum, € 4 4 ,  and t h e  elemental  a n a l y s i s  
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support  t h e  i d e n t i f i c a t i o n  of t h i s  r ed  s o l i d ,  mp 3 6 - 3 7 " C Y  as 2-pyridylcarboxyl-  

i denean i l .  

3 .  The Attempted P repa ra t ion  of Pyridylcarboxylidene-2-aminopyri-dine. 

The condensat ion of 2-pyridine carboxaldehyde and 2-aminopyridine us ing  

t h e  cont inuous azeo t rop ic  method y ie lded  n e a r l y  c o l o r l e s s  c r y s t a l s ,  mp 121- 

122°C. The i n f r a r e d  spectrum was very  s i m i l a r  t o  t h a t  of benzyl idene -2,2 ' -  

dipyridylamine;  based on t h i s  f a c t  and on t h e  e lementa l  a n a l y s i s ,  t h e  product  

was i d e n t i f i e d  a s  2-pyridylcarboxylidene-2,2'-dipyridylamine and n o t  t h e  de- 

s i r e d  product . 
I n  a second a t tempt  t o  prepare  t h e  d e s i r e d  compound, 2-pyridylcarboxyl-  

idene-2,2'-dipyridylamine, prepared above by t h e  azeo t rop ic  method, was hea ted  

a t  120°C i n  an  e f f o r t  t o  pyrolyze i t  t o  2-pyridylcarboxylidene-2-aminopyridine. 

During t h e  p y r o l y s i s  experiment,  some whi t e  s o l i d  condensed on t h e  upper walls 

of  t h e  tube ;  however, a t h i n  l aye r  c.hromatography of t h i s  CoildeaSate and of 

t h e  r e s i d u e  i n  t h e  r e a c t i o n  f l a s k ,  uher, compared wi th  tihat of s t a r t i n g  mate- 

r i a l s ,  i nd ica t ed  t h a t  t h e  p y r o l y t i c  r e a c t i o n  had riot occurred.  

A t h i r d  method was t r i e d  i n  t h e  a t tempt  t o  syn thes i ze  2-pyridylcarboxyl-  

idene-2-aminopyridine; it involved t h e  r e a c t i o n  of  2-aminopyridiniuni hydro- 

c h l o r i d e  wi th  2-pyridine carboxaldehyde i n  r e f l u x i n g  ethanol..  The product  of  

t h e  r e a c t i o n  was a dark  r e d  s o l i d ,  mp 115-116°C;  r e c r y s t a l l i z e d  f r o m  benzene, 

n e a r l y  c o l o r l e s s  c r y s t a l s ,  mp 121-122°C. The i n f r a r e d  spectrum was ident.icalL 

t o  t h e  i n f r a r e d  spectrum of  2-pyridylcarboxyl-idene-2,2' -d ipyr idylan ine  a Thus, 

t h e  at tempted syntheses  of 2-pyridyScarboxylidene-2-a.n1iiiopyridine vere no t  

success fu l  due to t h e  s ide r e a c t i o n  which l eads  t o  t h e  b i s - p y r i d y l  d e r i v a t i v e .  

4 .  Prepa ra t ion  of 2-Acetylpyridineketanil. 

The s y n t h e s i s  of  2 -ace ty lpy r id ineke tan i l  was no t  s u c c e s s f u l  us ing  t h e  

continuous azeo t rop ic  method. Thin l a y e r  chroinatography ind ica t ed  t h a t  on ly  a 

t r a c e  of product  was p re sen t  a f t e r  f o r t y - f i v e  hours  of r e a c t i o n  i n  r e f l u x i n g  
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to luene .  However, a low y i e l d  (30%) of  2 -ace ty lpy r id ineke tan i l  was r e a l i z e d  

froin t h e  r e a c t i o n  of 2-ace ty lpyr id ine  w i t h  an i l i n ium hydrochlor ide  i n  r e f l u x i n g  

e thanol .  The i n f r a r e d  spectrum was void of t h e  amino hydrogen peaks p re sen t  

i n  a n i l i n e  a t  3200 c m  and 3350-3500 cn-l; i t  conta ined  a peak a t  3310 cm'l 

which appears  i n  t h e  i n f r a r e d  spectrum of  2-ace ty lpyr id ine  a t  3370 c m  , 

-1 

-1 

Elemental  a n a l y s i s  lends support  t o  t h e  i d e n t i f i c a t i o n  of t h i s  yellow s o l i d  a s  

2-acetylpyridineketanil. 

5. P repa ra t ion  of  2 ,6 -Diace ty lpy r id ined ike tan i l .  

Only a very  low y i e l d  (19%) of 2 , 6 - d i a c e t y l p y r i d i n e d i k e t a n i l  was r e a l i z e d  

upon t h e  condensat ion of  2 ,6-d iace ty lpyr id ine  and a n i l i n e  us ing  t h e  continuous 

azeo t rop ic  method. 

a c a t a l y t i c  amount of z inc  c h l o r i d e  M ~ S  added t o  t h e  r e a c t i o n  mixture .  Ei7en 

i n  t h e  presence  of z i n c  c h l o r i d e ,  t h e  r e a c t i o n  progressed very  s lowly and a f t e r  

f i f t y  hours  t h e  reac t ion /s topped .  The product  of frhr r e a c t i o n  was i d e n t i f i e d  

by i t s  i n f r a r e d  spectrum, XtG3 and e lementa l  a n a l y s i s  t o  3e 2,6-d iace ty lpyr id ine-  

d i k e t a n i l .  

I n  t h e  course  of  t h e  r e a c t i o n ,  no water  was c o l l e c t e d  u n t i l  

was 

Another method was a l s o  t ' r ied i n  an  a t tempt  t o  o b t a i n  a h ighe r  y i e l d  of  

t h e  d e s i r e d  product .  A mixture  f o  2 ,6 -d iace ty lpy r id ine  and an i l i n ium hydro- 

c h l o r i d e  i n  e thano l  was s t i r r e d  a t  room temperature  f o r  taen ty- four  hours ,  

a f t e r  which time t h e  s o l u t i o n  was n e u t r a l i z e d  w i t h  sodium carbonate ;  on ly  

s t a r t i n g  m a t e r i a l s  were i s o l a t e d .  

6. The Attempted P repa ra t ion  of 2,G-Di-(&i1ethylcarboxylidene-2- - 
a m i n 0 p y r i d i n e ) e i n e .  _I_ 

During t h e  at tempted azeo t rop ic  condensat ion of  2 ,6 -d iace ty ipy r id ine  wi th  

2-aminopyridine, on ly  i? smal l  amount of water  was c o l l e c t e d .  Thin l a y e r  chro-  

matography i n d i c a t e d  t h a t  , i n  a d d i t i o n  t o  s t a r t i n g  ina t e r i a l s  , two r e a c t i o n  pro- 

duc t s  were p resen t  i n  only  ve ry  smal l  amounts. Attempts t o  i s o l a t e  t h e s e  re- 

a c t i o n  products  by 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 a i l e d  t o  g ive  sepa ra t ion ;  a f t e r  
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which a chromatographic s e p a r a t i o n  was t r i e d .  A concent ra ted  p o r t i o n  of  t h e  

r e a c t i o n  s o l u t i o n  was sub jec t ed  t o  column chromatography us ing  s i l i c a  g e l  as 

t h e  support .  The column was e l u t e d  wi th  e t h y l  a c e t a t e  and t e n  m i l l i l i t e r  f r a c -  

t i o n s  were c o l l e c t e d .  The f i r s t  s i x  f r a c t i o n s  contained only  2 ,6-d iace ty l -  

py r id ine ,  t h e  next  two f r a c t i o n s  appeared t o  con ta in  only  so lven t ,  and t h e  re- 

maining f r a c t i o n s  c o l l e c t e d  cons i s t ed  of a mixture  of  t h r e e  coxpounds, Eo:?- 

eve r ,  t h e  q u a n t i t y  of s o l i d  c o l l e c t e d  was i n s u f f i c i e n t  t o  a l low a second chro-  

ma t og r a p h i c s e p a t a t ion .  

7. The Attempted P repa ra t ion  of 2,6-Di-(benzylideneamino)pyridine.  

Many attempts were made t o  syn thes i ze  2,6-di-(benzylidenearnino)pyridine 

from benzaldehyde and 2,6-diarninopyridine by t h e  cont inuous azeo t rop ic  method, 

I n  none of  t h e  experiments was a q u a n t i t a t i v e  y i e l d  of  water  c o l l e c t e d  i n  t h e  

Dean-Stark t r a p .  C r y s t a l s  d i d  no t  forin dur ing  t h e  slow evapora t ion  of t h e  s o l -  

vent  from t h e  r e a c t i o n  mixture ,  bu t  i t  was found t h a t  complete evapora t ion  of  

t h e  so lven t  y i e lded  a g l a s s y  r e s inous  r e s idue .  However , a yellov? powder c o u l d  

be obcairred by t h e  a d d i t i o n  of hexane t o  t h e  r e a c t i o n  mi-xture, In every case, 

t h e  i n f r a r e d  spectrum of  t h e  product i s o l a t e d  contained a broad peak cen te red  

a t  3380 cm’l which was a t t r i b u t e d  t o  N-H. A comparison of t h e  i n f r a r e d  spec- 

. ,  

trum of t h e  product  ob ta ined  from t h e  cont inuous azeo t rop ic  method wifh t h e  

i n f r a r e d  s p e c t r a  of benzylidene-2,2’-dipyridylamine and 2-pyridylcarboxyl idene-  

2,2’-dipyridylamine suggested t h a t  t h e  s t r u c t u r e  of  t h e  product was a n  analo-  

gous form, 

Vapor phase osmometry of the  product d i s so lved  i n  t e t r ahydro fu ran  y i e lded  a 

molecular weight of 1200 f o r  t h e  product 

Many a t t empt s  were made t o  prevent  t h e  formation of t h e  polymeric m a t e r i a l  

dur ing  s y n t h e s i s .  It  was be l i eved  t h a t  a l a r g e  excess  of  benzaldehyde i n  t h e  
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r e a c t i o n  mixture  would enhance t h e  formation of  Sch i f f  base by reducing t h e  

p r o b a b i l i t y  o f  one molecule o f  benzaldehyde r e a c t i n g  wi th  t h e  amino groups of 

two d i f f e r e n t  molecules.  Therefore ,  t e n  mi l l imoles  o f  2 ,6-dianinopyridine were 

reac t ed  i n  25 m l  o f  benzaldehyde. Seventeen m l  o f  benzaldehyde were removed by 

d i s t i l l a t i o n  a t  50°C and 0.5 mm Hg t o  y i e l d  a s l i g h t l y  v iscous  s o l u t i o n  which 

hardened upon cool ing ,  

y i e lded  a rubbery polymeric s o l i d .  The i n f r a r e d  spectrum of  t h e  s o l i d  was iden-  

t i c a l  t o  t h e  product  ob ta ined  from t h e  cont inuous azeo t rop ic  method. 

P r e c i p i t a t i o n  of  a p o r t i o n  of t h i s  s o l u t i o n  wi th  hexane 

It was specu la t ed  t h a t  t h e  formation of t h e  polymeric m a t e r i a l  might be 

prevented by t h e  use  of d ibenzyl ideneaz ine  o r  by benzaldehyde d i e t h y l  a c e t a l  i n  

p l a c e  o f  benzaldehyde e Accordingly,  d ibenzyl ideneaz ine  was heated wi th  2,6- 

diaminopyridine under a s low s t ream of n i t r o g e n  pass ing  over t h e  m e l t  s o l u t i o n .  

Thin.  l a y e r  chromatography ind ica t ed  t h a t  t h e  r e a c t i o n  y i e lded  a complex mixture  

of  r eac t ion  products  most of  which appeared t o  be polymeric.  The mixtuxe was 

c o l u x i  chromatographed; however, e l u t i o n  wi th  e t h y l  a c e t a t e  f a i l e d  t o  achieve  

sepa ra t ion .  

A l t e r n a t e l y ,  bcnzaldehyde,diethyl  a c e t a l  was r eac t ed  wi th  2,G-diamino- 

py r td ine .  However, t h i n  l a y e r  ‘chromatography i n d i c a t e d  t h a t  polymeric m a t e r i a l  

had formed and t h a t  on ly  a t r a c e  of non-polymeric product may have forrred. 

I s o l a t i o n  of  t h e  non-polymeric product was no t  a t tempted.  

8. The Attempted P repa ra t ion  - o f  2,6-Di-(~--methylbenzylideneamino)- 
Byr id ine  

The condensat i on  of 2,6-diaminopyridine wi th  acetophenone i n  t h e  presence 

of K C l  a s  t h e  c a t a l y s t  ~ 7 a s  at tempted us ing  t h e  cont inuous szeo t rop ic  method. 

A t r a c e  amount of water  was c o l l e c t e d  dur ing  t h e  extended r e f l u x  time of  two 

hundred t h i r t y - s i x  hours .  Thin l a y e r  Chromatography i n d i c a t e d  t h a t  two r e a c t i o n  

products  had fornied i n  smal l  q u a n t i t i e s .  C r y s t a l l i z a t i o n  d id  not  occur  dur ing  

t h e  slow evapora t ion  of t h e  s o l v e n t ,  r a t h e r ,  a dark  brown o i l  was obtained.  



The o i l  was sub jec t ed  t o  paper chromatography and e l u t e d  wi th  e t h y l  a c e t a t e .  

An at tempt  was made t o  c u t  a narrow s t r i p  thought t o  con ta in  only  one compound. 

Ex t rac t ion  of t h e  s t r i p  wi th  hot  methyl a l coho l  y i e lded  a f e w  mil l igrams of a 

yel lowish s o l i d  which t h i n  l a y e r  chromatography ind ica t ed  contained t h r e e  com- 

pounds. N o  f u r t h e r  a t tempts  a t  i s o l a t i o n  were undertaken,  

9 .  The Attemnjpted P repa ra t ion  of!9(,cC ' -Dimethyi-p-xylylideaedi- 
2-aminopyridine. 

During t h e  at tempted azeo t rop ic  condensat ion of 1 ,4-diacetylbenzene and 

2-aminopyridine no water  was c o l l e c t e d  i n  t h e  Dean-Stark t r a p .  However, t h i n  

l a y e r  chromatography ind ica t ed  t h a t  two r e a c t i o n  products  had formed i n  smal l  

q u a n t i t i e s .  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  by t h e  slow removal of  so lven t  y i e lded  

t h r e e  c r y s t a l l i n e  f r a c t i o n s  conta in ing  only  1 ,4-d iace ty lbenzene  and 2-amino- 

pyr id ine .  The remaj.ning s o l u t i o n  was sub jec t ed  t o  paper  chromatography and 

e l u t e d  wi th  e t h y l  a c e t a t e .  

t o  con ta in  only  one coinpound. Ex t rac t ion  o f  t h e  s t r i p  wi th  methyl a l coho l  

y i e lded  t: few mi l l ig rams of a s o l i d  wfiich t h i n  l a y e r  chromatngsaphy i td i ca t ec ;  

was a mixture .  No f u r t h e r  a t tempt  was made t o  i s o l a t e  t h e  products  of t h e  

r e a c t  ion.  

An a t tempt  was made t o  c u t  a narrow s t r i p  thought 

10. The Attempted Synthes is  of 3,6-Di- -- (benzdlideneamino) -10- 
m e t  hy 1 a c r i d  Fnium Ch 1 o r  i d  e . 

It was no t  p o s s i b l e  t o  syn thes i ze  3,6-di-(benzylideneamino)-lO-methylac- 

r id in ium c h l o r i d e .  

f l a v i n e  and benzaldehyde us ing  t h e  cont inuous azeo t rop ic  method, however, ac r i -  

f l a v i n e  was n o t  s o l u b l e  i n  to luene  and only  ve ry  s l i g h t l y  s o l u b l e  i n  to luene  

con ta in ing  benzaldehyde. Accordingly,  ac r i . f l av ine  was condensed w-ith a l a r g e  

excess of benzaldehyde which a l s o  ac t ed  as t h e  so lven t  f o r  t h e  r e a c t i o n  mix- 

An a t tempt  was made t o  prepare  t h i s  compound from a c r i -  

-1 
t u r e .  

( N H ) ,  a weak band a t  1700 cm" (Cd), and bands a t  700 and 750 cm'l which were 

a t t r i b u t e d  t o  f i v e  ad jacen t  aromattc  hydrogens. The e lementa l  a n a l y s i s  o f  t h e  

The i n f r a r e d  spectrum of t h e  product  contained a broad peak a t  3380 c m  
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product showed t h a t  much less n i t r o g e n  and c h l o r i n e  were p resen t  than  expected 

f o r  e i t h e r  t h e  mono- o r  t h e  d e s i r e d  b i s -Sch i f f  base.  It appears  t h a t  €IC1 was 

e l imina ted  dur ing  t h e  r e a c t i o n ,  however, i t  was not  p o s s i b l e  t o  determine c l e a r l y  

t h e  s t r u c t u r e  of  t h e  f i n a l  product .  A s i m i l a r  behavior  was experienced i n  t h e  

a t tempts  t o  r e a c t  phenosafranine wi th  benzaldehyde. 

11, The &tempted P repa ra t ion  I_ -.-..IIy---.- of  2,8-Di-(benzylideneaniino) -10- 
phenylphenazine Chloride.  

The at tempted p repa ra t ion  of 2,8-di-(benzylideneamino)-lO-phenylphenazine 

c h l o r i d e  was no t  s u c c e s s f u l  and p a r a l l e l e d  t h a t  experienced i n  t h e  p repa ra t ion  

o f  t h e  a c r i f l a v i n e  d e r i v a t i v e  e The r e a c t i o n  of phenosafranine wi th  benzaldehyde 

us ing  benzaldehyde as t h e  so lven t  produced a pu rp le  r e s i d u e ,  The i n f r a r e d  spec- 

trum o f  t h i s  product  conta ined  bands a t t r i b u t e d  t o  t h e  presence of  N-H, and 

-1 
peaks a t  700 and 760 c m  which were a t t r i b u t e d  t o  f i v e  ad jacent  aromatic  hy- 

drogens. 

and c h l o r i n e  were p resen t  than  t h e  t h e o r e t i c a l  amount c a l c u l a t e d  f o r  e i t h e r  t h e  

mono- or t h e  d e s i r e d  b i s -Sch i f f   bas^^ It appears  t h a t  H C l  was e l imina ted  from 

t h e  molecule dur ing  t h e  r e a c t i o n ,  however, i t  was not  p o s s i b l e  t o  determine 

c l e a r l y  t h e  s t r u c t u r e  of t h e  f i n a l  product .  

The e lementa l  a n a l y s i s  of  t h e  product showed t h a t  much less n i t r o g e n  

It has been s t a t e d  i n  t h e  l i t e r a t u r e  t h a t  i f  one amino group of pheno- 

s a f r a n i n e  i s  a t t acked ,  t h e  o t h e r  ceases  t o  e x e r c i s e  t h e  func t ion  of an  amino 

group. Th i s  conclus ion  was based on t h e  fo l lowing  observa t ions :  (1) i t  was 

found t o  be impossible  t o  d i a z o t i z e  both amino groups i n  s o l u t i o n  of  a c i d  of 

medium concen t r a t ion ,  (2)  phenosafranine r e a c t s  wi th  only  one mole of  benzal-  

dehyde i n  water s o l u t i o n ;  t h e  procedure r epor t ed  i n  t h e  l i t e r a t u r e  f o r  t h e  re- 

a c t i o n  was repea ted  and i t  y ie lded  only  s t a r t i n g  m a t e r i a l ,  and (3) te t ramethyl -  

phenosafranine combines wi th  only one mole of methyl Lodide, 

Phenosafranine i s  s o l d  a s  t h e  diamine, I11 (see equat ions  below). It is  

synthes ized  by t h e  a d d i t i o n  of potassium dichfomate t o  a co ld  s o l u t i o n  of  p-- 
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phenylenediamine and a n i l i n e ,  as i l l u s t r a t e d  i n  t h e  fol lowing equat ions :  

k 

H2wH 

It appears  t h a t  phenosafranine can ex is t  i n  t h e  tautomeric  forms I1 and 

111. However, i f  I11 were t h e  predominant form, r e a c t i o n  wi th  two moles of  

bermaldehyde should y i e l d  t h e  b i s -Sch i f f  base;  i f  I1 were t h e  predominant form, 

only  t h e  mono-Schiff base should be obta ined ,  s i n c e  tIic imine,  C=EK, cannot’ 

r e a c t  t o  form t h e  Sch i f f  base.  I n  an atcempt t o  show t h a t  IT. i s  t h e  favored 

foKn1, phenosafranine was r e f luxed  with aqneoils sodium hydroxide,  f o r  i t  was be- 

l i e v e d  t h a t  e l imina t ion  of  H C l  would occur  t o  y i e l d  I. The elerilental a n a l y s i s  

of  t h e  f i n a l  product ,  when compared t o  I, indicat-ed t h a t  t h e r e  was no c h l o r i n e  

p re sen t  i n  t h e  molecule;  however, i t  showed t h a t  much less n i t rogen  was pre -  

sent, and t h a t  t h e r e  was a cons iderable  amount of oxygen i n  t h e  product .  This  

was taken t o  i n d i c a t e  t h a t  I had formed and then was hydrolyzed, thus :  

H 2 9  HoH @ F f z h F  

The i n f r a r e d  spectrum of  t h e  product conta ined  bands a t  3320 and 3260 

cm’l a t t r i b u t e d  t o  N-H, and a medium i n t e n s i t y  shoulder  a t  1630 cm’l which i s  

probably due t o  t h e  C d  moiety,  phenosafranol ,  , which would be 
H 
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the next stage of the previously mentioned hydrolysis of phenosafranine with 

aqueous NaOH, is reported as being prepared by boiling phenosafranine with al- 

coholic KOH for some days. 

It would appear to be logical to conclude that during the condensation of 

phenosafranine with benzaldehyde, not only had the mono-Schiff base 

forrned, but that the product was contaminated with other 

O C H T  

decomposition products which had also l o s t  some additional amino nitrogen. By 

analogy then, it is believed that acriflavine which has the formula 

underwent a similar decomposition during the reaction 

H2 H'HCl 

.with benzaldehyde to yield 0 CH& 
B. Conclusions on Applicability of  P r o E y p e  Reactioiis to T o l p e r  

--.i.._.1.----- ,- 

Syntheses. 

Based on the results of the synthesis of the prototypes, it was concluded 

that the condensation of 2,6-dZaminopyridine with aryl carbocyclic dialdehydes, 

such as terephthaldehyde, and with heterocyclic dialdehydes such as 2,6-pyri- 

dine dicarboxaldehyde, will not yield polyazomethines having Cd? linkages. It 

would appear that these reactions probably would yi.eld instead, cross-linked, 

three-dimensional polymers containing -HN-CH-NH- linkages in structures resem- 

bling that of the lFnear polymeric product obtained from 2,6--diaminopyridine 

and benza ldehyde . 
In contrast, it appears that carbocyclic aryl diketones will yield poly- 

ketanils with 2,6-diaminopyridinee For example, the formation of 
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from p-diacetylbenzene and 2,6-diaminopyridine appears  t o  be f e a s i b l e ,  bu t  t h e  

condensat ion would be a very  slow process  even i n  t h e  presence of a c a t a l y s t .  

It would appear  t h a t  t h e  p repa ra t ion  o f  would be even 

slower.  

The success fu l  r e a c t i o n s  of a n i l i n e  wi th  2-pyridine carboxaldehyde and 2- 

a c e t y l p y r i d i n e  l e d  t o  t h e  specu la t ion  t h a t  t h e  polymers based on p-phenylene- 

diamine wi th  2,6-pyridine dicarboxaldehyde o r  2 ,6-d iace ty lpyr id ine ,  f o r  example 

===kHc Q - C W - N o ? X +  and =#1-(-&3G-j+ r e s p e c t i v e l y ,  a r e  f e a s i b l e  

H 3  H3 

candida tes  f o r  f u t u r e  polymer s t u d i e s ,  

I n  s p i t e  of  t h e  f a c t  t h a t  some of  t h e  continuous azeo t rop ic  experiments 

f a i l e d  t o  y i e l d  i s o l a b l e  q u a n t i t i e s  of product ,  it s t i l l  may be p o s s i b l e  t o  

syn thes i ze  t h e  polymers which a r e  s t r u c t u r a l l y  r e l a t e d  t o  t h e s e  systems by o t h e r  

methods, such a s  by (a) melt condensat ions a t  h ighe r  temperatures ,  o r  (b) by a 

modified Sch i f f  base  exchange method. 

C. Qua te rna r i za t ion  o f  t h e  Plodel Compounds. I_.... 
I-- 

Four model Sch i f f  base  compounds con ta in ing  aromatic ,  n i t rogen  he terocy-  

c l i c  r i n g s  were sub jec t ed  t o  q u a t e r n a r i z a t i o n  t o  determine t h e  f e a s i b i l i t y  o f  

performing, t h e  same r e a c t i o n  on polyazomethines which would have r epea t ing  u n i t s  

of corresponding s t r u c t u r e s .  

It has  been r epor t ed  i n  t h e  l i t e r a t u r e  t h a t  t h e  r e a c t i o n s  of 2-, 3-, and 

4-aminopyridine r e s p e c t i v e l y  wi th  methyl i od ide  and benzylha l ides  y i e l d  pre-  

dominantly t h e  qua ternary  pyridinium s a l t s  r a t h e r  t han  t h e  allcylaminopyridines,  

These r e s u l t s  were expla ined  by t h e  p re fe rence  of  t h e s e  aminopyridines t o  e x i s t  

mainly i n  t h e  amine r a t h e r  t han  t h e  imine form and by t h e  g r e a t e r  b a s i c i t y  of 

t h e  nuc lea r  n i t r o g e n  atom. Based on t h e s e  r e s u l t s ,  i t  was bel ieved  t h a t  t h e  

aromatic  h e t e r o c y c l i c  r i n g  n i t r o g e n  would be much more b a s i c  than t h e  azomethine 

l inkage  and, t h e r e f o r e ,  would be t h e  s i t e  a t  which q u a t e r n a r i z a t i o n  would occur.  
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The q u a t e r n a r i z a t i o n  r e a c t i o n s  of t h e  pyr id ine- type  Sch i f f  bases  were 

c a r r i e d  ou t  i n  a v a r i e t y  of s o l v e n t s  us ing  methyl i o d i d e  and dimethyl s u l f a t e  

as  t h e  model q u a t e r n a r i z a t i o n  agents .  It was found t h a t  q u a t e r n a r i z a t i o n  o f  

t h e s e  compounds f a i l e d  t o  occur  i n  non-polar s o l v e n t s  such a s  benzene o r  d i -  

e t h y l  e t h e r ,  b u t  d i d  occur  i n  p o l a r  s o l v e n t s  such as  N,N-dimethylacetamide o r  

nitromethane. These r e s u l t s  confirm t h e  f ind ings  r epor t ed  i n  t h e  l i t e r a t u r e  

t h a t  p o l a r  s o l v e n t s  speed up the  q u a t e r n a r i z a t i o n  r e a c t i o n  of py r id ines .  The 

q u a t e r n a r i z a t i o n  o f  t h e  model compounds by dimethyl s u l f a t e  was more f a c i l e  

and produced b e t t e r  y i e l d s  than  q u a t e r n a r i z a t i o n s  wi th  methyl i od ide ,  

The qua ternary  s a l t s ,  u s u a l l y  brown o r  b l ack  i n  c o l o r ,  were very  hygro- 

s cop ic ,  and r e t a i n e d  so lven t  tenac ious ly .  

O f  t h e  r e a c t i o n s  at tempted,  on ly  t h e  r e a c t i o n  of  2-pyridylcarboxyl idene-  

a n i l i n e  wi th  methyl i od ide  was success fu l  v7hen dimethylacetamide was used a s  

t h e  so lven t .  I n  a l l  o t h e r  experiments i n  which DMAC: w a s  employed as t h e  S O X -  

v e n t ,  on ly  decompositlon products  were i s o l a t e d .  These observa t ions  l e d  t o  t h e  

b e l i e f  that. t h e  dimethylacetamide p a r t i c i p a t e d  i n  t h e  decomposition r e a c t i o n s  

because,  when t h e  q u a t e r n a r i z a t i o n  r e a c t i o n s  were performed under s i m i l a r  con- 

d i t i o n s  i n  ni t romethane,  they  were success fu l .  

1. Quat e r n a r  i z a t  i on  o f  p-Xylyl idene-di-  2-aminopyr i.dine wi th  
Elethvl Iodide.  

The r e a c t i o n  of p-xylylidene-di-2-aminopyridine with  methyl i od ide  i n  DMAC 

d i d  not  produce t h e  d e s i r e d  product .  The e lementa l  a n a l y s i s  of t h e  product 

i s o l a t e d  from t h e  r e a c t i o n  corresponded t o  a compound of  molecular  formula 

C6HgW21. 

a t  3300 c m  

The i n f r a r e d  spectrum of t h e  i s o l a t e d  product  contained peaks cen te red  

-1 and 3140 cm-' which were a t t r i b u t e d  t o  f r e e  NH2. It was void  i n  
4- 

t h e  reg ion  of 2700 t o  2300 c m - I  which i s  t h e  r eg ion  of NH2 s t r e t c h .  Based on 

i t a  e lementa l  a n a l y s i s  and i n f r a r e d  spectrum, t h e  product was i d e n t i f i e d  as 

2-amino-1-methylpyridiniuin iod ide .  Since p-xylylidcne-di-2-aminopyridine i s  
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s t a b l e  i n  DMAC a t  t h e  temperatures  used i n  t h e  q u a t e r n a r i z a t i o n  r e a c t i o n ,  t h e  

product ob ta ined  would i n d i c a t e  t h a t  q u a t e r n a r i z a t i o n  had occurred f irst  and 

t h a t  t h e  decomposition of t h e  qua r t e rna ry  s a l t  was inf luenced  by t h e  DMAC. A 

poss ib l e  explana t ion  of  t h e s e  r e s u l t s  would be t h a t  methyl i od ide  added t o  t h e  

r i n g  n i t rogen ,  and then  t h i s  p o s i t i v e  qua te rna r i zed  n i t r o g e n  could withdraw 

e l e c t r o n s  from t h e  azomethine l inkage  render ing  i t  more s u s c e p t i b l e  t o  sub- 

s e quen t de c omp o s it ion .  

I n  c o n t r a s t ,  t h e  r e a c t i o n  i n  ni t romethane of p-xylylidene-di-2-amino- 

pyr id ine  wi th  tt7o moles of  methyl i od ide  produced t h e  d iqua ternary  s a l t .  

e lementa l  a n a l y s i s  o f  t h e  product i n d i c a t e d  t h a t  ni t romethane had been com- 

plexed wi th  t h e  d iqua te rna ry  sal t .  

The 

The r e a c t i o n  i n  ni t romethane of p-xylylidene-di-2-aminopyridine with  four  

moles of  methyl i o d i d e  (two moles excess)  a l s o  produced t h e  d iqua te rna ry  s a l t .  

The i n f r a r e d  spectrum of  t h e  product i s o l a t e d  from t h i s  experiixent was idenr,"ica!. 

t o  t h e  i n f r a r e d  spectrum of t h e  product  i s o l a t e d  from t h e  r e a c t i o n  of  t h e  b i s -  

Sch i f f  base  wi th  two moles of methyl i od ide  i n  ni t romethane;  i t s  e lementa l  

a n a l y s i s  i nd ica t ed  a l s o  t h a t  t h e  d iqua te rna ry  s a l t  had r e t a i n e d  ni t romethane.  

2. Qua te rna r i za t ion  of p-Xylylidene-di-2-aminopyridine with  
Dimethyl S u l f a t e .  

The experimental  da t a  i n d i c a t e  t h a t  one mole of dimethyl s u l f a t e  was 

e f f e c t i v e  i n  quat  e r n a r  i z  ing  p -xyl y 1 idene - d i  - 2-aminopyr i d  i n e  ~ h e i i  t h e  react ion  

was performed i n  m-cresol,  and t h a t  both CH3 groups i n  t h e  dimethyl s u l f a t e  had 

been u t i l i z e d  i n  t h e  r e a c t i o n .  I n  t h i s  case, t h e  counter  i on  f o r  t h e  two pyr i -  

diniurn groups was t h e  d i v a l e n t  s u l f a t e  i on ,  SO:. The e lementa l  a n a l y s i s  of t h e  

product  i s o l a t e d  from t h i s  r e a c t i o n  ind ica t ed  t h a t  t h e  qua ternary  s a l t  r e t a i n e d  

approximately four  moles of m-cresol.  

- 

The q u a t e r n a r i z a t i o n  of p-xylyl idene-di-2-aminopyridine ~ i t h  two moles of 

dimethyl s u l f a t e  was very  f a c i l e  i n  ni t romethane.  I n  t h i s  case t h e  counter  ion  
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- 
f o r  each pyridiniuin group was t h e  methyl a c i d  s u l f a t e  i on ,  CH3S04. The ele- 

mental a n a l y s i s  of. t h e  product  i nd ica t ed  t h a t  t h e  d iqua te rna ry  s a l t  r e t a i n e d  

approximately one mole of  ni t romethane,  

3 .  Quate rna r i za t ion  of  2,G-Diacetylpyridinediketanil. 

The r e a c t  i on  of 2,5-diacetylpyridinediketanil with  methyl i od ide  i n  DPJAC 

d i d  no t  produce t h e  d e s i r e d  d iqua ternary  s a l t .  The el.emental a n a l y s i s  of t h e  

product i s o l a t e d  from t h i s  r e a c t i o n  ind ica t ed  t h e  presence of n e a r l y  twice a s  

much iod ine  and cons iderably  less carbon than  r equ i r ed  f o r  t h e  qua ternary  s a l t .  

It was obvious t h a t  t h e  d e s i r e d  compound had n o t  been obta ined   hen t h e  r eac -  

t i o n  was at tempted i n  DFfflC. However, t h e  qua ternary  s a l t s  o f  2 ,G-diacetyl-  

p y r i d i n e d i k e t a n i l  were prepared i n  ni t romethane by r e a c t i o n  wi th  methyl i od ide  

and dimethyl s u l f a t e  r e s p e c t i v e l y .  The r e a c t i o n  was much more f a c i l e  when d i -  

methyl s u l f a t e  v7as used a s  t h e  q u a t e r n a r i z a t i o n  agent . .  The e lementa l  a n a l y s i s  

of  both qua ternary  s a l t s  ind ica t ed  t h a t  t hey  had r e t a i n e d  c o q l c x e d  n i t r o -  J 

methane 

The r e a c t i o n  of  N,N ' - d i -  (2-pyridylcarboxyl idene)  -p-phenylened~-amiiie wi th  

Afcer t i g o  and one-half  hours  a t  methyl i od ide  was performed i n  nitromethane. 

5 O o C ,  t h e  r e a c t  ion  was te rmina ted  and t h e  product i s o l a t e d .  The e lementa l  

a n a l y s i s  i nd ica t ed  t h a t  t h e  q u a t e r n a r i z a t i o n  r e a c t  ior! T J ~ S  incomplete.  The ex- 

perisneat was r epor t ed  and t h e  r e a c t i o n  t i m e  was increased  t o  twenty-four hours  

be fo re  i s o l a t i n g  t h e  product .  The d a t a  obta ined  on t h e  product i n d i c a t e d  t h a t  

t h e  q u a t e r n a r i z a t i o n  was success fu l ;  i t s  eleinental  a i l a lys i s  a l s o  shoiqecl t h a t  

t h i s  s a l t  r e t a i n e d  so lven t .  

The r e a c t i o n  of  N,N' -d i e  (2-pyridylcarboxyl idene)  -.p-phenylenediarnine wi th  

dimethyl s u l f a t e  i n  ni t romethane t7as a l s o  performed and t h e  d a t a  i n d i c a t e d  t h a t  

t h i s  d iqua te rna ry  s a l t  formed Imzh more r e a d i l y  than  t h e  corresponding icjdide. 



5. The Attempted Qua te rna r i za t ion  o€ 2,6-Diacetylpyridine.  

A s  a p o s s i b l e  r o u t e  t o  poly-Schiff  bases  con ta in ing  a quaternary  i o n i c  

s i t e ,  t h e  carbonyl  component con ta in ing  an aromatic ,  n i t r o g e n  h e t e r o c y c l i c  r i n g  

could be qua te rna r i zed  be fo re  t h e  polycondensation w i t h  t h e  diamiiio component. 

For t h i s  reason  an  a t tempt  was made t o  qua te rna r i ze  2 ,6-d iace ty lpyr id ine .  

The r e s u l t s  ob ta ined  ind ica t ed  t h a t  methyl i od ide  d id  no t  r e a c t  w i th  2,6- 

diace ty l -pyr id ine  i n  ni t romethane,  A f t e r  f o r t y - f i v e  hours  a t  50°C, t h e  c o l o r  

o f  t h e  r e a c t i o n  s o l u t i o n  had not  changed, and t h i n  l a y e r  chromatography i n d i -  

c a t e d  t h a t  no r e a c t i o n  had occurred.  However, when t h e  r e a c t i o n  was performed 

i n  DMAC, i t  appeared t h a t  methyl i od ide  d i d  add t o  t h e  2,G-diacetylpyridine,  

The e lementa l  z n a l y s i s  of  t h e  product  i s o l a t e d  from t h e  r e a c t i o n  i n  DMAC i n d i -  

ca t ed  t h a t  it conta ined  more iod ine  and less oxygen than  r equ i r ed  f o r  l-methyl- 

' 2 ,G-diacetylpyridinium iod ide .  Some pre l iminary  e f f o r t s  t o  determine t h e  s t r u c -  

t u r e  of t h i s  product were not  success5-d 

I n  an e f f o r t  t o  o b t a i n  t h e  que te rna r i zed  d e r i v a t i v e ,  dimethyl sul . fa te  WRS 

r eac t ed  wi th  2 , 6-d iace ty lpy r id ine  i n  ni t romethane,  and a product was obta ined ,  

However, t h e  elemental  a n a l y s i s  of  t h i s  product showed t h a t  it contained more 

n i t rogen ,  oxygen and s u l f u r ,  bu t  less carbon t h a n  r equ i r ed  f o r  l-methyl-2,6- 

d i a c e t y l p y r i d i n i u n  methyl s u l f a t e .  Pre l iminary  e f f o r t s  t o  dete.rmine t h e  s t r u c -  

t u r e  of t h i s  product were no t  success fu l .  

D. Reac t ion  of  p -Xylylidene-di-  2-aminopyridine wi th  Tetracyanoethylene 

The experimental  da t a  showed t h a t  p-xyly l idene-d i - -2-aminopyr id in~  can 

form charge t r a n s f e r  coinpl-exes wi th  one, t v o  and fou r  moles of tetracynno- 

e thylene .  

were i s o l a t e d  e i t h e r  by evapora t ion  of t h e  so lven t  o r  by t h e  a d d i t i o n  of benzene 

t o  p r e c i p i t a t e  t h e  product .  I n  t h e  l a t t e r  method, t h e  y i e l d s  r epor t ed  r e f e r  on ly  

t o  t h e  product ob ta ined  d i r e c t l y  from the p r e c i p i t a t i o n ;  t h e  remaining unpreci-  

p i t a t e d  product was recovered ,  however, by evapora t ing  t h e  r e s u l t i n g  s o l u t i o n .  

The complexation r e a c t i o n s  were performed i n  DMAC, and t h e  products  
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The  e lementa l  ana lyses  of t h e  products  i s o l a t e d  i n  every experiment showed t h e  

presence of oxygen which was a t t r i b u t e d  t o  DNAC r e t a i n e d  by t h e  complex. The 

i n f r a r e d  s p e c t r a  o f  t h e  complexes con ta in ing  one, two and four  moles of  t e t r a -  

cyanoethylene were a l l  i d e n t i c a l ;  each conta ined  a sha rp  band a t  2200 cm'l 

-1 
(C=N), and t h e  p r o f i l e  of t h e  s p e c t r a  i n  t h e  r eg ion  between 1640 t o  SO0 c m  

appeared a s  one broad absorp t ion .  

py r id ine  and TCNX appears  t o  con ta in  oxygen o f  r e a c t i o n  wi th  a i r .  

The 1:4 comples of p-~ylyl idene-di-Z-amino-  

E. Reac t ion  of  Quaternar ized Schi f f  Bases wi th  TCNE. 

The experimental  da t a  show t h a t  t h e  qua te rna r i zed  Sch i f f  bases  a l s o  form 

compleses wi th  TCNE but  t h a t  i n  t h e  presence of excess  TCNE, t h e  iod ide  ion  i s  

d i sp laced  and oxid ized  t o  iod ine .  

F. Conclusions on A p p l i c a b i l i t y  of  t h e  React ions of  t h e  Model 
Compounds t o  t h e  Polymers 

Based on t h e  r e s u l t s  o f  t h e  q u a t e r n a r i z a t i o n  r e a c t i o n s  of t h e  model Sch i f f  

base  compounds, i t  may be concluded t h a t  t h e  q u a t e r n a r i z a t i o n  of t h e  nFtrogen 

of  t h e  ar0mati.c h e t e r o c y c l i c  r i n g s  i n  t h c  corresponding poly-Schiff  bases i s  a 

f e a s i b l e  r e a c t i o n  by proper  choice  o f  solvent and a l k y l a t i n g  agent .  

It may a l s o  be concluded ' ihat  t h e  poly-Schiff  bases  which have r epea t ing  

u n i t s  s i m i l a r  t o  t h e  s t r u c t u r e  of t h e  model compqunds, w i l l  form cha rge - t r ans fe r  

complexes r e a d i l y  under a p p r o p r i a t e  r e a c t i o n  cond i t ions .  

IV. Stud ies  i n  Progress .  

a )  Pyr id ine- type  Sch i f f  bases  wi th  va.rious mole r a t i o s  of  TCNE a r e  

i n  progress .  

b) Quaternar ized  pyr id ine- type  Sch i f f  bases  wi th  vawious mole ra t i .os  

of TCNQ a r e  i n  progress ,  

c) Quaternar ized pyr id ine- type  Sch i f f  base  wi th  Li(TCMQ) and Li(TCNQ):! 

are i n  progress .  
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V. Miscellaneous.  

Thomas Daly, research  a s s o c i a t e ,  w i l l  t e rmina te  h i s  appointment on t h i s  

p r o j e c t  on November 15, 1969. 

The research  s t a f f  c o n s i s t s  c u r r e n t l y  of D r .  14. Nishimura, P o s t d o c t o r a l  

Research Assoc ia te  (Osaka Univers i ty)  f u l l  t i m e ,  and D r .  0.  C. J o i c e  (Freiburg 

Univers i ty)  p a r t  t i m e ,  under Professor  G .  F. D'Alelio,  P r i n c i p a l  I n v e s t i g a t o r .  
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Table 6 e Charge Trans fe r  Complexes Derived from Quaternary 
Der iva t ives  of  Pyridine- type Sch i f f  Bases and TCNE 

Quaternari  zad 
Sch i f f  Base 

H3C CH3SOL; CH3SOi; CH3 

So lven t 

CH3CN 

__j 

C€13 CN 

s l i g h t l y  s o l u b l e  

Absolute 
C 2H5OH 

CH3CN 

CH3 C'3 

3 5. igh t: 1.y s o lub  I e 

Ab s o l u t e  

C 2H5OI-I 

C H $ H  

Absolute 

C2EcjOH 

CH3CN 

Color of  
React ion 

inmediate change 

(dark- b r  own) 

no change 

immediate change 

(red)  

immediate change 

(deep-red) 

no change 

immediate change 

(red)  

inmediate change 

(brown) 

L 

immediate change 

(red)  
-.-- -I 

immediate change 

(dark-brown) 

Method of  Iso- 
l a t i o n  of 
Complex 

p r e c i p i t a t e d  
with e t h e r  

(brown) 

d id  not form 

p r e c i p i t a t e d  
with e t h e r  

( r ed )  

p r e c i p i t a t e d  
with ether; low 
y i e l d  (red)  

d id  n o t  form 

- 
p r e c i p i t a t e d  
with e t h e r  

(red) 

p r e c i p i t a t e d  
with e t h e r  

(brown) 

p r  e c i p  i. t a t ed 
with e t h e r  

(red) 

p r e c i p i t  a t  esl 
wi th  e t h e r  

(brown) 
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