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INTRODUCTION

I t  i s  w e ll known t h a t  th e  hydrogen atoms o f a  m ethyl group 

d i r e c t ly  a tta ch e d  to  a  p y r id in e  nucleus a re  s u f f i c i e n t ly  a c id ic  to  

he a b s tr a c te d  by  a  s u i ta b le  b ase  to  g en era te  th e  corresponding  

a -a n io n . These monoanions have f re q u e n tly  served  as  in te rm ed ia te s  

in  th e  p re p a ra t io n  o f a  la rg e  number o f s u b s t i tu te d  p y r id in e s . On th e  

o th e r  hand, a l l  a ttem p ts  to  form at, a  ’-d ian io n s  on d im ethy lpy rid ines 

have met w ith  f a i lu r e .

The purpose o f th e  p re s e n t s tu d y  was to  in v e s t ig a te  new and 

e f f i c i e n t  methods fo r  th e  p o s s ib le  g e n e ra tio n  o f  a ,a * -d ia n io n s  o f 

v a rio u s  d im e th y lp y rid in es , namely 2 ,3 - ,  2,^4—, and 2 ,6 ’lu t i d in e ,  

and t o  in v e s t ig a te  th e  r e a c t io n  o f  th e se  a ,a  * -d ian io n s  w ith  a  

v a r ie ty  o f  e le c t r c p h i l i c  re a g e n ts .

A lthough i t  may be u n l ik e ly  t h a t  th e  o rganom eta llic  compounds in  

th e  fo llo w in g  in v e s t ig a t io n  a re  c o u p le te ly  d is s o c ia te d  in to  f r e e  

an ions and c a tio n s , th e  term  anions w i l l  be  tak en  to  mean any organ­

o m e ta llic  compound c o n ta in in g  a  h ig h ly  p o la r iz e d  carbon m eta l 

bond in  which a t  l e a s t  a  p a r t i a l  n eg a tiv e  charge r e s id e s  on th e  

carbon atom.

- 1-
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I I .  HISTORICAL

I t  i s  known th a t  hydrogens on an a lk y l group a tta c h e d  to  an 

arom atic  r in g  can he removed i f  a  s u f f ic ie n t ly  s tro n g  hase  i s  u sed . 

Thus to lu e n e  t r e a te d  w ith  n-amylsodium r e s u l t s  in  th e  fo rm ation  of 

benzy l an io n s. Protons a tta c h e d  to  an a lk y l group on a  p y rid in e  

r in g  a re  much more a c id ic  th a n  th o se  o f to lu en e  and a re  e a s i ly  

removed w ith  weaker bases  such as sodium amide and p h e n y llith iu m .

In  th e  fo llow ing  s e c t io n s , a  l i t e r a t u r e  review  o f  th e  methods 

used f o r  chain  m e ta la tio n  and subsequent fu n c tio n a liz a t io n  o f 

c e r ta in  p ic o lin e s  and lu t id in e s  i s  p re sen ted .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



A. M eta la tio n  o f A lh y lp y rid in es

Z ie g le r  and Z e ise r1 were th g  f i r s t  t o  observe th a t  2 -p ic o lin e  

could  he m e ta la te d . They used  an e th e r  s o lu tio n  o f m eth y llith iu m  

to  t r e a t  2 -p ic o lin e  and o b ta in ed  2 -p ic o ly ll i th iu m  ( l ) .  Subsequent 

r e a c t io n  w ith  b enzy l c h lo rid e  gave 2 -p h en e th y lp y rid in e  (2 ) .

N

C H ,L i
•CH-

CgH5 CH2CI
C H 2 L i n ^ c h 2c h 2c6 h5

2

KLqppenburg and Wibaut u sed  p h en y llith iu m  in  e th e r  s o lu tio n  to  

o b ta in  1 .

I t  was l a t e r  found t h a t  4 -p ic o lin e  re a c te d  w ith  p h en y llith iu m  to  

g ive a  p roduct in  which m e ta la tio n  o f  th e  m ethyl group and a d d itio n  o f 

p h en y llith iu m  acro ss  th e  azom ethine bond had  o ccu rred .

CH-

C6 H5 Li

C H2L

N ^  NH

- L i  H
■>

CH~Li

N ^ C6H5

By th e  slow a d d itio n  o f  an e th e r  so lu tio n  o f  p h en y llith iu m  to  an 

e th e r  so lu tio n  o f  4 -p ic o lin e , Wibaut and Hey^ avoided th e  fo rm ation  

o f 3. and. ob ta ined  good y ie ld s  o f 4 -p ic o ly ll i th iu m  (4_).

-3 -
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4

Although, th e re  have heen many a ttem pts t o  m e ta la te  3 -p ic o lin e  

w ith  o rg a n o a lk a li re a g e n ts , th e re  have heen no re p o r te d  in s ta n c e s  

■where t h i s  has heen accom plished. Only a d d itio n  t o  th e  azom ethine 

hond o ccu rs .

Sodium amide in  l iq u id  ammonia has a ls o  heen used  to  m e ta la te
5alkylpyridines in high yields. Lochte and Cheavens treated 

2,3-, 2,4-, 2,5-, and 2,6-lutidine with sodium amide in liquid 
ammonia followed hy reaction with methyl iodide. As products they 
received 2-ethyl-3-methylpyridine (5), 2-methyl-4-ethylpyr5dine ( 6), 
2-ethyl-5-methylpyridine (7), and 2-ethyl-6-methylpyridine (8), 
respectively.

CH^CH3

n ^ l c h 2 c h 3

5 6

^ - c h 2 ch3 H3C^  N ^ " CH2CH3

7

-4-
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These r e s u l t s  p o in t  ou t t h a t  th e  p ro to n s  o f  th e  4-m ethyl group 

were th e  most a c id ic  fo llow ed  hy  th o se  o f th e  2-m ethyl g roup . Those 

on th e  3 - and 5-m ethyl groups f a i l e d  t o  r e a c t .

An in te r e s t in g  s tu d y  concern ing  th e  r e l a t i v e  ease o f  m e ta la tio n  

o f  th e  2-m ethyl vs th e  4-m ethyl p o s i t io n  o f c e r ta in  d im eth y lp y rid in es  

and q u in o lin e s  has heen  r e c e n t ly  re p o r te d  hy K aiser and h i s  co-w orkers.

In  o rd e r t o  a s c e r ta in  th e  s i t e  o f  m e ta la tio n  as a  fu n c tio n  o f b a se , th e se  

w orkers a llow ed 2 ,4 - lu t id in e  t o  r e a c t  w ith  th re e  d i f f e r e n t  hase system s 

and th e  r e s u l t in g  carban ions were subsequen tly  id e n t i f ie d  hy tre a tm e n t 

w ith  m ethyl io d id e . I t  was found th a t  when sodium amide in  l iq u id  

ammonia o r l i th iu m  d iisop ropy lam ide  in  te tra h y d ro fu ra n  (THF) was u sed , 

m e ta la tio n  o f  th e  4-m ethyl group r e s u l t s ;  whereas when n -b u ty ll i th iu m  

in  e th e r  was u sed , m e ta la tio n  occurred  on th e  2-m ethyl group.

CH

ether

CH

CH

This s e l e c t i v i t y  o f  th e  m e ta la tio n  as a  fu n c tio n  o f  hase  i s  

s u rp r is in g  e s p e c ia l ly  in  view  o f  th e  h ig h e r  a c id i ty  o f th e  4-m ethyl

-5 -
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group. M eta la tio n  a t  th e  2-m ethyl group by  n -b u ty l l i thium  was 

a t t r ib u te d  t o  p r io r  com plexation o f th e  l i th iu m  spec ies  w ith  th e  

n itro g e n  o f  th e  p y rid in e  r in g .

Thus, because o f th e  c lo se  p ro x im ity  o f  th e  b a s ic  b u ty l group to  th e

2-m ethyl g roup , th e  p ro to n  was a b s tr a c te d  from th e  2-m ethyl group.

On th e  o th e r  hand, when e i th e r  l i th iu m  d iisopropylam ide o r sodium

amide was u sed , p r io r  conrplexation o f  th e  m e ta l took  p la c e  w ith  th e

so lv en t and in  th e  case w ith  l i th iu m  d iisop ropy lam ide , conrplexation

a ls o  to o t  p la c e  w ith  th e  d iis c p ro p y l amine as i t  was formed du rin g

th e  r e a c t io n .  C onsequently , th e  l i th iu m  o r sodium sp ec ie s  could  n o t

complex e f f e c t iv e ly  w ith  th e  n itro g e n  on th e  p y rid in e  r in g  and

a t ta c k  occurred  a t  th e  most a c id ic  p o s i t io n ,  th e  4-m ethyl group.

Not on ly  have th e  p ro to n s  o f  th e  2 - and 4-m ethyl groups been

shown to  be r e a c tiv e  tow ards sodium amide in  l iq u id  ammonia, b u t a lso
5

th e  p ro to n s  o f th e  3-m ethyl group have been shown to  r e a c t .  Upon 

tre a tm e n t w ith  sodium or po tassium  amide in  l i q u id  ammonia, 3-p ic o l in e  

was m e ta la te d  to  g ive  good y ie ld s  o f  th e  3 -p ic o ly la lk a l i  m etal 

compound 1 0 .

CH

■6 -
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r f ^ V CH3 NaNH,

i k n h 2i■>
ff ^ ^ - C H 2Na(K) 

N '

10

-7 -
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B. Attem pted D im eta la tio n  o f 2 ,6 -L u tid in e

There has heen sporad ic  evidence^s® f o r  th e  fo rm ation  o f a 

d ian io n  o f 2 ,6 - lu t id in e .  This evidence has heen in co n c lu siv e  and 

hased  on th e  fo rm ation  o f  minor s id e  p ro d u c ts  o f r e a c t io n s .

Bergmann and R osenthal^ were th e  f i r s t  to  a ttem p t to  form a 

d ian io n  w ith  2 ,6 - lu t id in e .  They t r e a te d  2 ,6 - lu t id in e  w ith  two 

eq u iv a len ts  o f  p h en y llith iu m  fo llow ed  hy  two eq u iv a len ts  o f henzyl 

c h lo r id e . A p roduct was ob ta in ed  in  which two henzy l groups had 

heen in co rp o ra ted  onto th e  2 ,6 - lu t id in e .  To e x p la in  th e se  r e s u l t s ,  

th e y  proposed a  d ian io n  in te rm e d ia te  11 which re a c te d  w ith  two 

e q u iv a len ts  o f h en zy l c h lo rid e  t o  g ive  2 ,6 -d ip h en e th y lp y rid in e  (12 ).

h 3 c- N'

C6 H5 L i

•ch 3 -CHoLi

C6 h 5ch2 ch2“ \  N '^ _c h 2 c h2c6 h 5 

12

They re p o rte d  th e  p ic r a te  o f 12 as  having  a  m eltin g  p o in t o f 138c

- 8-
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L a te r DeJong and W ibaut1® re in v e s t ig a te d  t h i s  r e a c t io n  by- 

p re p a rin g  a.n p o s s ib le  p ro d u c ts  by o th e r ro u te s .  They were ab le  to  

determ ine th a t  12 was n o t th e  p ro d u c t b u t r a th e r  16 . The fo rm ation  

o f  16 to o k  p la c e  th rough a  two s te p  sequence as  shown in  Scheme I .

Scheme I.

C6 H5CH2C|

H-jC
Li
■CHCH2CqH5

C6 H5 Li
H3C^  N' •C H2 CH2CgHg

Cg HgCH2CI
V

CHI CH 2CgHg)2

L£

First 2,6-lutidine was metalated to give 13 which reacted with 
one equivalent of benzyl chloride to give lb. Compound lb was next

-9 -
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m e ta la te d  by an o th er eq u iv a len t o f p h en y llith iu m  t o  produce 15 

■which su b sequen tly  re a c te d  w ith  an o th er e q u iv a len t o f  benzy l c h lo r id e  

t o  g iv e  th e  f i n a l  p ro d u c t 16 . Thus, a  compound i s  formed in  which 

two b en zy l groups have been  in c o rp o ra te d  onto  th e  2 ,6 - lu t id in e .

DeJong and Wibaut a ls o  determ ined th a t  th e  p ic r a te  o f Bergmann 

and R o se n th a l’s p ro d u c t was a c tu a l ly  a  m ix tu re  o f  16 a long  w ith  some 

o th e r  s id e  p ro d u c t. This m ix tu re  had an e u te c t ic  p o in t o f  137°. The 

con tam inating  s id e  p ro d u c t was though t to  be a  compound in  which th e  

b en zy l groups had been s u b s t i tu te d  on th e  a lk y l  group and th e  r in g  of

2 ,6 - lu t id in e .

DeJong and Wibaut prepared 2,6-diphenethylpyridine (12) by the 
hydrogenation of 2 ,6-distrylpyridine. The melting point of the 
picrate of Bergmann and Rosenthal’s product and that of 12 prepared 
in this manner was lower than the melting point of 12.

R ecen tly , 2 ,6 - lu t id in e  was t r e a te d  w ith  two eq u iv a len ts  o f

13n -b u ty l l i th iu m  and a  nmr ta k en  o f th e  an io n . I t  was shown con­

c lu s iv e ly  t h a t  on ly  th e  monoanion was formed and t h a t  no d ian io n s  

were p re s e n t  in  th e  r e a c t io n  m ix tu re .

O ther th a n  2 ,6 - lu t id in e ,  no o th e r  isom eric  lu t id in e  has been  used 

f o r  th e  a ttem pted  fo rm atio n  o f  d ia n io n s .

- 10-
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I I I .  STATEMENT OF FROBEEM

As o u tl in e d  in  th e  p rev io u s  s e c tio n , se v e ra l e x c e lle n t methods 

have heen re p o r te d  in  th e  l i t e r a t u r e  fo r  th e  fo rm ation  o f  a-m onoanions 

o f  m e th y lp y rid in es . These an ions have heen shown t o  he o f s u b s ta n t ia l  

p r a c t i c a l  u t i l i t y  in  th e  sy n th e s is  o f fu n c tio n a liz e d  p y rid in e s  and 

r e la te d  system s. On th e  o th e r hand, a l l  a ttem pted  p re p a ra tio n s  o f 

a ,  a  ’-d ia n io n s  have heen u n su c c e ss fu l. In  view o f th e  e x p ec ta tio n  

th a t  th e se  d ian io n s  should  he a t  l e a s t  as u s e fu l as th e  p y rid in e  

monoanions, th e  p re s e n t s tu d y  was i n i t i a t e d  in  o rd e r t o  develop 

e f f i c i e n t  methods fo r  t h e i r  fo rm ation  and to  exp lore  t h e i r  re a c tio n s  

w ith  a  v a r ie ty  o f  e l e c t r c p h i l i c  re a g e n ts .

- 11-
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rv. RESULTS AND DISCUSSION

A. M eta la tion  o f  L u tid in es  with. n-Amylsodium in  th e  
Presence o f N,N,N* ,N ' -T etram ethylethylenediam ine

Although m ethyl s u b s ti tu e n ts  on a p y rid in e  nucleus a re  known to  

he more a c id ic  th an  a lk an e s , t h e i r  a c id i ty  i s  s t i l l  q u ite  low and i t  

was a n tic ip a te d  th a t  on ly  v ery  s tro n g  bases  would be ab le  to  convert 

d im eth y lp y rid in es  to  t h e i r  d ia n io n s . Very re c e n tly , T r im its is  and

N, N, N' ,  N' -te tram eth y le th y len ed iam in e  (TMEDA) could convert m-xylene 

t o  i t s  a , a  '-d ia n io n  in  q u a n t i ta t iv e  y ie ld s  a t  room tem peratu re  in  

two h o u rs .

Since th e  p y r id y l m ethyl groups a re  known to  be more a c id ic  

th a n  th o se  a tta c h e d  to  a  phenyl r in g ,  i t  was f e l t  t h a t  th e  above 

b a s e -c a ta ly s t  system would be id e a l ly  s u ite d  fo r  th e  a , a  '- d i io n iz a ­

t i o n  o f d im e th y lp y rid in es .

R eaction  o f 2 ,3 - lu t id in e  w ith  3 .5  eq u iv a len ts  o f n-amylsodium- 

TMEDA fo r  two hours a t  room tem peratu re  follow ed by d e u te ra tio n  o f th e  

re a c t io n  m ixture  w ith  deuterium  oxide a ffo rd ed  2 ,3 - lu t id in e  (17) 

co n ta in in g  an average o f 2 .5  deuterium  atoms p er m olecule as shown by 

n u c lea r m agnetic resonance (nmr) and mass spec tro sco p ic  a n a ly s is  o f

co -w o rk e rs^  have shown t h a t  n-amylsodium in  th e  p resence  o f

- 12-
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Table I
Results of Deuteration of Lutidine Anions as Determined by Mass Spectroscopy

L u tid in e
Used

Equiv o f  
Base

R eaction
Time

T o ta l D 
In c o rp o ra te d 0, 0 1

D euterium  Atoms 
2 3

(P e rc e n t) 
if 5

2 ,3 - 3 .5 1 h r 2 .5 2 .5 17 .1 29 .7 27 .7 1 1 .6 l . i f

2 ,3 - 3 .5 2 h r s 2 .5 1 .8 11 .5 28.6 36.3 18 .7 2 .6

2 ,3 - 3 .5 3 h r s 2 .5 if .2 12 .1 29 .5 35 .9 16.0 2 .2

2 ,lf- 3 .5 1 h r 2 .2 2 .5 27.1 37.13 19 .6 1 2 .if 2 .7

2 , if- 3 .5 2 h rs 2 .7 2 .1 19 .5 2 7 .2 2 2 .if 1 7 .8 9 .1

ro \Sl 1 3 .5 1 h r 2 .3 3 .0 15-2 3 7 .if 37 .2 6 .5 -----

2 ,5 - 3 .5 2 h rs 2 .6 1 .7 9 .7 32 .0 if if .3 12 .0 1 .7

2 ,5 - 3 .5 3 h r s 3 .0 1 .1 3 .8 22 .0 if6.3 2 2 .if if.if

2 ,6 - 3 .5 2 h rs 3 .1 2 .0 1 0 .7 23.5 2if.8 20 .1 1 2 .8

^ased on the calculation procedure as presented by Biemann^
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Table II

iH•P"I

Results of Deuteration of Lutidine Anions as Determined by Nuclear Magnetic Resonance

Total Position
Lutidine Equiv of Reaction Deuterium

Used Base Time In c o rp o ra te d 3 k 5 6 2-me 3-me U-me

2 ,3 - 3 .5 1 h r 2 .5 — 0 .1 b 0 .0 0 .1 2 .0 0 .3 -------

2 ,3 - 3 .5 2 h rs 2 .5 — 0 .1 0 .0 0 .1 2 .0 0 .3 ------

2,U - 3 .5 2 h rs 2 .7 0 .0 — 0 .0 0 .1 1 .6 MMH 1 .0

2 ,5 - 3 .5 2 h rs 2 .k 0 .0 0 .0 HMH 0 .1 2 .3 MMM ------

2 J 6— 3 .5 2 h rs 3 .0 0 .0 0 .0 0 .0 _ _ _ 3 .0 ° MWM

0.0

aBased on one integration on a typical product mixture
**0.1 is approaching the limits of sensitivity of the instrument
cIncludes both the 2-methyl and 6-methyl since both are magnetically equivalent



th e  re a c tio n  p roduct (Tables I  and I I ) .  Umr a n a ly s is  was perform ed 

on th e  m ethiodide s a l t  o f th e  p ro d u c t, th e  N-methyl group se rv in g  as 

a  convenient i n te r n a l  s tan d a rd .

S im ila r experim ents were a ls o  perform ed w ith  2 , b - ,  2 ,5 - s and

2 ,6 - lu t id in e ,  th e  m eth iodide s a l t  ag a in  formed and an nmr taken  o f 

th e  d e r iv a t iv e .  A mass spectrum  was a ls o  tak en  o f th e  d e u te ra te d  

sam ple. These r e s u l t s  a re  g iven  in  Tables I  and I I .  The deuterium  

d i s t r ib u t io n  w ith in  each lu t id in e  as determ ined by nmr i s  o u tlin e d  

below .

ch3 i.od

'  N

17

■CH3 0 .3 D 
-CH3 2-OD

0-0 D H3 0

CH3 2 -3 D

i a

h 3c_1̂  N ^ § H3 
^ 3 .0 D 

20

F ra c t io n a l  deuterium  in c o rp o ra tio n  o f th e  v a rio u s  p o s i t io n s  in  

th e  lu t id in e s  can be ex p la in ed  by  ta k in g  in to  account th e  mass s p e c tr a l  

d a ta  which show t h a t  th e  number o b ta ined  by nmr a n a ly s is  i s  a c tu a l ly  

an average o f a  v a r ie ty  o f d e u te ra te d  spec ies  ran g in g  from th o se  w ith  

on ly  one deuterium  atom to  th o se  w ith  as many a s  s ix  deuterium  atoms 

p e r  m olecu le.

V a r ia tio n  o f tim e in f lu e n c e d  th e  r e s u l t s  a s  seen in  Table I .

In c re a s in g  th e  tim e o f r e a c t io n  w ith  n-anylsodium-TMEDA from one to
-15-
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th re e  hours had no e f f e c t  on 2 ,3 - lu t id in e ;  however, w ith  2 ,4 -  and 

2 ,5 - lu t id in e ,  th e  average deuterium  co n ten t o f  th e  sample in c re a se d .

I t  can he seen from th e  r e s u l t s  as shown in  Table I  and I I ,  th a t  

n-amyls odium-TMEQA i s  much to o  s tro n g  a  hase  to  a f f e c t  c lean  

d im e ta la tio n  o f d ia lk y lp y r id in e s . N e v e rth e le ss , th e se  r e s u l t s  

co n ta in  a  number o f  in te r e s t in g  o b serv a tio n s  th a t  m e rit d isc u ss io n .

I t  i s  c le a r ly  seen t h a t  th e re  i s  very  l i t t l e  r in g  m e ta la tio n . 

This i s  s u rp r is in g  s in ce  West and h i s  co-w orkers J  have found th a t  

tre a tm en t o f to lu e n e  w ith  excess n-butyllithium-TMEDA le ad s  t o  a  

h igh  p e rcen tag e  o f r in g  m e ta la tio n .

CH3 CH2L

n C^HqLi -TMEDA ^ ||

23%

OH2Li

Li
%

+

CHL12

The low amount o f  r in g  m e ta la tio n  in  th e  case o f  th e  lu t id in e s

can he a sc r ib e d  to  th e  much h ig h e r a c id i ty  o f  th e  m ethyl hydrogens

r e la t i v e  t o  th e  r in g  hydrogens. Thus, a -  m e ta la tio n  w i l l  he  h ig h ly

favo red  and subsequent r in g  m e ta la tio n  o f an a-m onoanion w i l l  n o t

occur s in ce  th e  p a r t i a l  n eg a tiv e  charge d e lo c a liz e d  in  th e  r in g  w i l l
11undoubtedly  d e a c tiv a te  th e  r in g  hydrogens. C a lcu la tio n s  based  on 

th e  nmr o f th e  2 -p ic o ly l  an ion  tak en  in  THF show th e  r e l a t iv e  charge 

d is t r ib u t io n  in  th e  carban ion  o f - 0 . 15 , - 0 .15 , -0 .2 2 , and - 0.15  f o r  th e  

p o s it io n s  3-C, 4 -C, 5-C, 6-C, r e s p e c tiv e ly . This la rg e  amount o f  

d e lo c a l iz a t io n  would g r e a t ly  h in d e r th e  a b s tr a c t io n  o f  one o f th e

- 16-
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r in g  p ro to n s  to  form  a r in g  m eta la ted  sp e c ie s .

I t  i s  ev id en t from th e  d e u te ra tio n  s tu d ie s  th a t  in  a l l  th e  ahove 

lu t id in e s ,  th e  2-m ethyl group i s  very  r e a c t iv e ,  g e n e ra lly  lo s in g  more 

th an  one p ro to n . A lso i t  i s  seen th a t  in  th e  case o f 2 ,5 - lu t id in e ,  th e  

5-m ethyl group i s  t o t a l l y  u n re a c tiv e . The 3-m ethyl and U-methyl groups 

a re  in te rm ed ia te  between th e se  extrem es.

These r e s u l t s  can he exp lained  hy  means o f a  two s te p  sequence as 

shown in  Scheme I I .

Scheme I I

A ccording to  t h i s  sequence, th e  lu t id in e  f i r s t  r e a c ts  w ith  one 

eq u iv a len t o f hase t o  produce th e  lu t i d y l  monoanion 21 which in  tu r n  

r e a c ts  w ith  an o ther eq u iv a len t o f  h ase  to  form th e  d ian io n  22. The 

n eg a tiv e  charge o f th e  monoanion 21 would undoubtedly make th e  

io n iz a tio n  o f th e  second m ethyl group much more d i f f i c u l t .  Moreover, 

th e  ease  o f  p ro to n  a b s tr a c t io n  from th e  second m ethyl group would no t 

he expected to  he  th e  same fo r  a l l  isom ers o f lu t id in e ,  h u t should 

depend on th e  charge accum ulation on th e  carbon h earin g  th e  m ethyl 

group. Carbon-13 nmr11 in  which chem ical s h i f t s  r e l a t iv e  to  2 -p ic o lin e  

o f 5 .2 , 7 .8 , i+.U, 23*7, and 1 .0  ppm fo r  C2 , C^, C^, Ĉ _, and Cg, 

r e s p e c tiv e ly  fo r  2 -p ic o ly ll i th iu m  23, along w ith  th e o r e t ic a l

c h 3
n-CgH||Nd • CH:

N ' -CH2IM
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c a lc u la tio n s 1^ show th a t  th e  charge accum ulation in c re a se s  in  th e

o rd er C ^ <  C. <  C <  C <  C .
6 2 3 5

CH2Li 

23

On th e  h a s is  o f  th e se  r e s u l t s ,  i t  can be expected th a t  th e  ease  o f 

a b s tra c t io n  o f  a  p ro to n  from th e  second m ethyl group would decrease  in  th e  

o rder 6-m ethyl U-methyl 3-m ethyl 5-m ethyl. These p re d ic tio n s  a re  

v e r i f ie d  by th e  experim en tal r e s u l t s  o f th e  p re se n t s tu d y .

The f a c t  th a t  a b s tra c t io n  o f a p ro to n  from 2 ,U - lu tid in e  occurs 

a t  th e  2-m ethyl group and no t th e  more a c id ic  U-methyl group b ears  

out K a ise r 's  th e o ry  th a t  p r io r  conrplexation ta k e s  p la c e ; t h a t  i s ,  

th e  sodium may co o rd in a te  w ith  th e  n itro g e n  o f th e  p y r id in e  r in g  

b rin g in g  th e  amyl group c lo se r  to  th e  2-m ethyl group which th en  

p r e f e r e n t ia l ly  g ives up a  p ro ton  to  form th e  an ion .

There appears to  be la rg e  amounts o f  t r i -  and h ig h e r  polyanions 

formed when th e  lu t id in e s  a re  t r e a te d  w ith  a  3*5 m olar excess o f 

n-amylsodium-TMEDA as i s  ev iden t from th e  mass s p e c tra  d a ta  in  Table I .

I f  one p lo ts  th e  number o f  deuterium  atoms in co rp o ra ted  vs i t s  p e rcen t 

com position o f  th e  re a c t io n  p ro d u c t, i t  i s  seen th a t  th e re  i s  a  maximum 

a t  th re e  deuterium  atoms p e r m olecule as shown in  F igure  I .

I t  i s  seen t h a t  th e  maxima fo r  2 ,5 -  and 2 ,3 - lu t id in e  a re  sh arp er 

th an  th o se  fo r  2 , k -  and 2 ,6 - lu t id in e .  This i s  expected i f  one looks

- 18-
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Number o f  D euterium  Atoms In c o rp o ra te d  Per M olecule

F ig u re  I .  D is tr ib u t io n  o f  d e u te ra te d  sp ec ie s  o b ta in ed  when th e  v a rio u s  lu t id in e s  a re  t r e a te d  
w ith  3 .5  e q u iv a le n ts  o f  n-amylsodium-TMEDA f o r  two hours a t  room te m p e ra tu re .



a t  th e  r e a c t i v i t i e s  o f  th e  m ethyl groups t h a t  each lu t id in e  c o n ta in s .

2 , 5-h u tid in e  h as  on ly  one r e a c t iv e  m ethyl group and has a  sharp  maximum 

a t  th re e  deu terium  atoms p e r  m olecule. 2 , 3-L u tid in e  has one v e ry  re a c t iv e  

m ethyl group and one w eakly re a c t iv e  m ethyl group r e s u l t in g  in  a  maximum 

t h a t  i s  n o t q u ite  as  sharp  as t h a t  fo r  2 ,5 - l u t i d i n e . On th e  o th e r  hand, 

2 , k -  and 2 , 6- l u t id in e  c o n ta in  two re a c t iv e  m ethyl groups and th u s  th e  

maxima a t  th r e e  deu terium  atoms p e r  m olecule a re  "broad. The sharpness 

o f th e  maxima a re  th e re fo re  dependent on th e  number o f r e a c t iv e  m ethyl 

groups p re s e n t in  th e  lu t id in e  m olecule.

To e x p la in  how p o ly an io n ic  sp ec ies  may he formed in  th e  re a c t io n  

m ix tu re , a  g e n e ra l r e a c t io n  sequence can be  w r i t t e n .  This sequence 

ta k e s  p la c e  w ith  a  s tepw ise  a b s tr a c t io n  o f  a  p ro to n  by b a se . For 2 ,5 -  

l u t i d i n e ,  a  r e a c t io n  sequence such as t h a t  in  Scheme I I I  can be w r i t te n  

based  on nmr and mass s p e c t r a l  d a ta .

Scheme I I I

n-C^H 11 N<3

- 20-
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A s im ila r  sequence can "be w r i t te n  f o r  2 , 6- lu t id in e  as p re sen ted  

in  Scheme IV.

Scheme XV

H3C- N

n-CgH 11 Na

-CH-
>

H3C k  f\j ^  C H 2N<3

n-CgH 11 Ndi

V

NaH2 C- ■CHNa2

n-CgH 11Na

Na2 C k  C H 2Na

n-C^H |f Na

NaoHC
n-CgH || Na

Na2 HC C Na-

n -C ^H  11 Na

Na3c- N' ~C N a ■
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As can be seen from th e se  proposed sequences, th e re  i s  a  

stepw ise removal o f a  p ro to n  by n-amylsodium. A pparent an ion ic  

sp ec ie s  may be seen in  th e  re a c tio n  product due to  an exchange 

re a c tio n  during  th e  quenching o f  th e  re a c tio n  in te rm e d ia te s . However, 

t h i s  i s  p robab ly  no t o f g re a t im portance s in ce  th e  fo rm ation  of 

an io n ic  sp ec ie s  i s  tim e dependent. Although some o f th e  h ig h e r 

p o ly d eu te ra ted  sp ec ie s  may be produced in  t h i s  manner, much o f th e  

low er p o ly d eu te ra ted  sp ec ies  a re  n o t.

In  th e  case o f  2 ,5 - lu t id in e ,  only  th e  r e a c t iv e  2-m ethyl p ro tons 

a re  removed le av in g  th e  5-®eth y l  hydrogens untouched. With 2 ,6 -  

l u t id in e ,  both  m ethyl groups re a c t  to  g ive  la rg e  amounts o f  p o ly ­

d e u te ra te d  s p e c ie s . There i s  a  stepw ise a b s tr a c t io n  o f a  p ro to n  

from each m ethyl group as seen in  Scheme XV; t h i s  d i s t in c t io n  i s  

supported  by nmr d a ta .

S im ila r sequences can be w r it te n  fo r  2,U- and 2 ,3 - lu t id in e ;  

however, in s u f f ic ie n t  d a ta  negate th e  proposing  o f  them. N ev erth e le ss , 

s tepw ise a b s tra c tio n s  s im ila r  to  th o se  above can be expected .

- 22-
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B. M eta la tio n  o f th e  L u tid in es  w ith  n -B u ty llith iu m  in  th e  
P resence o f ’ ,1T ’ -T etram ethylethylenediam ine

As shown in  th e  p rev ious s e c tio n , n-amylsodium-TMEDA d id  no t 

e f f e c t  c lea n  d ian io n  fo rm ation  under th e  co n d itio n s  employed. I t  

was dem onstrated  th a t  n-amylsodium-TMEDA t r i - ,  t e t r a -  and p e n ta -  

m e ta la ted  th e  v a rio u s  lu t id in e s .  A d i f f e r e n t  hase  was th e re fo re  

needed to  c le a n ly  d im e ta la te  th e  v a rio u s  lu t id in e s .

n -B u ty llith iu m , th e  most commonly used organolith ium  re a g e n t, 

had heen p re v io u s ly  shown to  convert 2 , 6- lu t id in e  only to  i t s  

monoanion, so th e  use  o f  a  c a ta ly s t  in  co n ju n ctio n  w ith  t h i s  

o rgano lith ium  base  seemed n ecessa ry . As w ith  n-amylsodium, E,N,N' ,M'T-  

te tram eth y le th y len ed iam in e  (TMEDA) was chosen f o r  th e  p re se n t s tu d y .

Treatm ent o f 2 ,U -lu tid in e  w ith  two eq u iv a len ts  o f n -b u ty ll i th iu m - 

TMEDA f o r  two hours a t  room tem peratu re  and subsequent d e u te ra tio n  

w ith  deuterium  o x ide , r e s u l te d  in  th e  in c o rp o ra tio n  o f 1 A  deuterium  

atoms p e r  m olecule as shown by q u a n t i ta t iv e  nmr a n a ly s is  o f th e  

m ethiodide o f  th e  re a c t io n  p ro d u c t. As can be seen in  Table I I I ,  

nmr a n a ly s is  showed th a t  no deuterium  was in co rp o ra ted  in to  th e  r in g .

CH3 0.3 D
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Table I I I

R e su lts  o f D e u te ra tio n  o f  L u tid in e  Anions Formed w ith  n-B uty11ithium-TMEDA w ith  a  R eac tion  Time 
o f  2 hou rs a t  Room Tem perature as  D eterm ined by N uclear M agnetic Resonance

L u tid in e
Used

T o ta l D 
In c o rp o ra te d 8, 3 k 5 6

P o s it io n  
2-me 3-me 4-me 5-me

2 ,3 - 1 .9 b ----- 0 .0 0 .0 0 .0 1 .9 0 .0 ----- -----

2 ,4 - 1 .4 C 0 .0 — 0 .0 0 .0 1 .1 ----- 0 .3 -----

2 ,5 - 1 .5* 0 .0 0 .0 — 0 .0 1 .5 ----- — 0 .0

2 ,6 - 2 .0 ° 0 .0 0 .0 0 .0 — 2 .0 d _ _ _

^ a s e d  on one in te r g r a t io n  on a ty p ic a l  p ro d u c t 

^3 -5  eq u iv  o f  n-C^H^Li-TMEDA was used 

C2 .0  equ ip  o f  n-C^H^Li-TMEDA was used
a In c lu d es  b o th  th e  2-m ethy l and 6-m ethy l s in c e  b o th  a re  m a g n e tica lly  e q u iv a le n t



In sp e c tio n  o f  th e  manner in  -which deu terium  has been in co rp o ra ted  

in  th e  2 ,^ - lu t id in e  -when t h i s  m olecule was t r e a te d  w ith  two eq u iv a len ts  

o f n-butyllithium-TMEDA a t  room tem peratu re  f o r  two h o u rs , c le a r ly  in d i ­

c a te s  t h a t  in c re a s in g  th e  amount o f base o r th e  tem peratu re  would no t le a d  

to  c le a n  a , a ’-d ia n io n  fo rm atio n . Even under th e se  c o n d itio n s , p o ly m eta la - 

t io n  o f  th e  2-m ethyl group was e v id en t.

T reatm ent u f 2 ,3 -  and 2 ,5 - lu t id in e  w ith  3 ̂ - e q u iv a le n ts  o f 

n-butyllithium-TMEDA r e s u l te d  in  th e  in c o rp o ra tio n  o f  1 .9  and 1 .5  

deu terium  atoms p e r  m olecu le , r e s p e c tiv e ly . In  b o th  cases a l l  th e  

deuterium  was found on th e  2-m ethyl p o s i t io n ,  in d ic a t in g  th a t  in  

bo th  o f  th e  above s u b s tr a te s  a , a -  r a th e r  th an  a ,a '- d im e ta la t io n  had 

tak en  p la c e .

U nlike th e  th re e  iso m eric  lu t id in e s  m entioned above, re a c t io n  o f

2 .6 - lu t id in e  w ith  two e q u iv a le n ts  o f  n-butyllithium-TMEDA fo r  two 

hours a t  room tem p eratu re  r e s u l te d  in  a com plete conversion  o f

2 . 6- l u t i d in e  to  i t s  c ( ,a ’-d ia n io n  as shown by d e u te ra t io n  w ith DgO 

fo llow ed  by q u a n t i ta t iv e  nmr a n a ly s is  of th e  m eth iodide o f th e  

r e a c t io n  p ro d u c t.
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n -C ^ H gL i

UH2 C N

d2o

DH2C-*\ ̂  <^-GH2D

24

In  o rd er to  in v e s t ig a te  th e  s y n th e tic  u t i l i t y  o f  d ian io n  11, 

i t s  re a c tio n s  w ith  a  number o f a lk y l  h a lid e s  under a  v a r ie ty  o f 

experim en tal co n d itio n s  were n ex t s tu d ie d .

When 2 , 6- lu t id in e  was t r e a te d  w ith  two eq u iv a len ts  o f 

n-butyllithium-TMEDA f o r  two hours in  hexane a t  room tem p eratu re  

fo llow ed by tre a tm e n t w ith  m ethyl io d id e , a  m ixture o f  two p roducts  

r e s u l te d .  Using vapor phase chrom atography (vpc) and com parison w ith 

a u th e n tic  sam ples, th e se  p ro d u c ts  were shown to  be 2- e th y l - 6-m ethy l- 

p y rid in e  (8 ) and 2 , 6-d ie th y lp y r id in e  (25).

CH3CH2" \  |\j ^ -C H 2CH3

8 25
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The m ix ture  c o n sis te d  o f 33$ o f 8 and 67$  o f 25.

Varying th e  tim e o f re a c t io n  showed b e s t  r e s u l t s  a re  ob ta ined  

a f t e r  a t  l e a s t  two h o u rs . With a re a c t io n  tim e o f 0 .5  h o u rs , only  55$ 

of 25 was formed. In c re a s in g  th e  tim e to  ^ hours in c reased  th e  amount 

o f 25 formed to  71$  w hile  a  re a c t io n  tim e o f 20 hours y ie ld e d  25 in  73$- 

I t  i s  ev id en t th a t  a f t e r  about two hours re a c t io n  tim e , th e  re a c t io n  i s  

e s s e n t ia l ly  com plete.

In  o rd er to  optim ize th e  y ie ld  o f  25, th e  m eth y la tio n  o f  d ian ion  11 

was perform ed in  a  number o f so lv en ts  o th e r th an  hexane. I t  was a n tic ip a te d  

th a t  a  change to  a p o la r  so lv en t would a id  th e  r e a c t io n .  Indeed , when 

e th e r  was used as a  s o lv e n t , d im e th y la tio n  o f d ian ion  11 produced 2 , 6-  

d ie th y lp y r id in e  (25) in  82$  y ie ld .  The use o f te tra h y d ro fu ra n  (THF) and

1 , 2-dim ethoxyethane (DME) as  so lv en ts  fo r  th e  above re a c tio n  a ffo rd ed  25 

in  only  39$ and 10$ y ie ld s ,  re s p e c tiv e ly . E th y l e th e r ,  th e re fo re ,  

appears as  th e  so lv en t o f choice f o r  th e  d im eth y la tio n  o f 2 , 6- lu t id in e .

The low 3d  e ld s  o f d ia lk y l  p roduct formed when e i th e r  THF o r DME were 

used as so lv en ts  can b e s t  be ex p la ined  by taJsing in to  account th e  f a c t  

th a t  n -b u ty llith iu m  re a c ts  w ith  b o th  o f th e se  so lv en ts  much f a s t e r  

th an  i t  r e a c ts  w ith  e th e r .  Thus, u n le ss  th e  m e ta la tio n  o f th e  carbon 

a c id  can compete fav o rab ly  w ith  th e  m e ta la tio n  o f th e  so lv e n t , d ian ion  

fo rm ation  w i l l  be sev e re ly  c u r ta i le d .  E v id en tly , d im e ta la tio n  o f  2 ,6 -  

l u t id in e  does no t compete fav o rab ly  w ith  th e  m e ta la tio n  o f  THF and DME.

Dianion 11 was a lso  a lk y la te d  w ith  benzy l c h lo r id e . When 2 ,6 -  

l u t id in e  was t r e a te d  w ith  two eq u iv a len ts  o f n-butyllithium-TMEDA fo r
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two hours a t  room tem peratu re  w ith  hexane as th e  so lv en t fo llow ed by 

tre a tm e n t w ith  benzy l c h lo r id e , bOFjo o f 2 , 6-d ip h en e th y lp y rid in e  (12 ) 

was formed.

C q H^CH20H2~ N ' 

12

-CH2CH2C5H5

Compound 12 was found to  have a  p ic r a te  -which m elted  a t  15^°s in  

c lo se  agreement w ith  th e  l i t e r a t u r e  v a lu e . ^  Umr a n a ly s is  showed 

th e  p ro p er s t ru c tu re  f o r  12 .
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V. EXPERIMENTAL

A. G eneral

M elting p o in ts  were tak en  on a  Thomas-Hoover m e ltin g  p o in t 

appara tu s in  open c a p i l la r y  tu b e s .

Gas chromatograms were run  on a  V arian  A erograph, s e r ie s  2700 

gas chromatograph equipped w ith  a  th e rm al c o n d u c tiv ity  d e te c to r  and 

u s in g  helium  as th e  c a r r i e r  g as . A 5 1 x  l / l "  SE-30 on V araport 30 

column was u sed . The com position o f m ix tu res were determ ined d i r e c t l y  

from th e  r a t io s  o f th e  m easured a re a s  o f  th e  in d iv id u a l p eak s .

N uclear m agnetic resonance (nmr) s p e c tra  were o b ta ined  on a  

V arian A sso c ia tes  A-60 sp ec tro m ete r. Chemical s h i f t s ,  r e l a t i v e  to  

te tra m e th y ls i la n e , were measured to  th e  c e n te r  o f  a  s in g le t  o r 

m u l t ip le t .  S ig n a ls  a re  re p re se n te d  hy  s f o r  a  s in g le t ,  d f o r  a  

d o u b le t, t  fo r  a  t r i p l e t ,  q fo r  a  q u a r te t ,  and m f o r  a  m u l t ip le t .

Mass sp e c tra  were o b ta in ed  on as AEI MS-902 mass sp ec tro m ete r.

A ll  chem icals were d r ie d  and d i s t i l l e d  p r io r  to  u s e . Octane 

and hexane were d i s t i l l e d  from m e ta l l ic  sodium. E th e r , te tra h y d ro -  

fu ran  (THF), and dim ethoxyethane (DME) were d i s t i l l e d  from sodium 

h y d rid e . The lu t id in e s  and N ,N ,N ',N '-te tram eth y le th y len ed iam in e  

(TMEDA) were d i s t i l l e d  from barium  ox ide .

A ll  re a c tio n s  were c a r r ie d  out under an atmosphere o f  n i tro g e n .
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B. The M eta la tio n  and Subsequent F u n c tio n a liz a tio n  
o f  th e  V arious L u tid in e s

P re p a ra tio n  o f sodium d isp e rs io n

Sodium d isp e rs io n s  were p rep a red  hy  s t i r r i n g  m olten sodium in  a  

hydrocarbon so lv en t a t  h ig h  speed (12 , 000- 15,000 rpm ).

In  a  ty p ic a l  experim ent, a  500 ml Morton f l a s k  equipped w ith  a 

h ig h  speed s t i r r e r ,  was f i t t e d  w ith  a  r e f lu x  condenser and a  septum.

The system was connected to  a  n itro g e n  ta n k  v ia  a  T-tube le a d in g  in to  

th e  r e f lu x  condenser. In to  th e  f l a s k  was in tro d u ced  5-76 g (0.250 mol) 

o f  sodium m eta l and 150 ml o f  d ry  o c ta n e . The octane-sodium  m ix tu re  

was re f lu x e d  fo r  te n  m inutes -while s t i r r i n g  a t  12,000-15,000 rpm. The 

m ix tu re  was cooled t o  room tem p eratu re  and most o f  th e  octane was removed 

w ith  a  sy rin g e . The sodium d is p e rs io n  was employed as desc rib ed  below .

P re p a ra tio n  o f n-amylsodium

n-Amylsodium was p rep a red  by th e  slow  a d d itio n  o f n-amyl c h lo r id e  

to  a  s t i r r e d  s o lu tio n  o f  d isp e rse d  sodium m e ta l. The sodium d is p e r s io n , 

p rep a red  as d e sc rib ed  above, was covered w ith  150 ml o f hexane. The 

so lu t io n  was cooled  t o  - 15°  to  - 20° and 12.26  g (0.125 mol) o f n-am yl 

c h lo r id e  was added drqpw ise over a  p e r io d  o f 45 m inutes w ith  h ig h  speed 

s t i r r i n g  (12 , 000- 15,000 rpm ). A f te r  th e  n-amyl ch lo rid e  was added, th e  

b lu e  suspension  was s t i r r e d  f o r  an a d d i t io n a l  0.5  hours and used as 

d e sc rib e d  below . A 70$ conversion  t o  n-amylsodium was assumed.12
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D eu te ra tio n  o f 2 ,3 - .  2 ,^—, 2 ,5 - i  and 2 ,6 - lu t id in e  u s in g  n-amylsodium 
and TMEDA

D eu te ra tio n  o f 2 , 3 - ,  2 , b - ,  2 ,5 - ,  and 2 , 6- lu t id in e  was perform ed 

by  tre a tm e n t o f  th e  lu t id in e s  w ith  n-amylsodium-TMEDA. and subsequent 

r e a c tio n  w ith  D^O. In  a  ty p ic a l  experim ent, 2 .68  g (0 .025 mol) o f  

lu t id in e  and 10.15 g (0 .088 m ol) o f  TMEDA were added dropw ise w ith  

h ig h  speed s t i r r i n g  (12 , 000- 15,000 rpm) to  0.088 mol o f  n-amylsodium 

d isp e rs io n  d esc rib ed  in  th e  p rev io u s  s e c tio n  a t  -1 5 ° . A f te r  th e  

a d d itio n  was com pleted, th e  co o lin g  b a th  was removed and th e  m ix ture  

was s t i r r e d  f o r  two hours a t  room tem p era tu re . The s o lu t io n  was th en  

cooled in  an ic e  b a th  and 10 ml o f  D^O (O.56 m ol) was added dropw ise. 

A fte r  a l l  th e  D^0 was added, 30 ml o f  w ater was added t o  d is so lv e  th e  

s a l t s  formed in  th e  r e a c t io n .

The o rgan ic  la y e r  was sep a ra te d  from th e  w ater la y e r  and e x tra c te d  

th re e  tim es w ith  8 M HC1. The a c id  la y e r  was combined w ith  th e  w a ter 

la y e r  above and th e  pH checked t o  make su re  i t  was a c id ic .  The excess 

a c id  was n e u tra l iz e d  and th e  lu t id in e  l ib e r a te d  by th e  a d d itio n  o f 

excess s o l id  sodium b ic a rb o n a te  w ith  vigorous s t i r r i n g  and g e n tle  

h e a tin g . A f te r  th e  e v o lu tio n  o f  carbon d iox ide  had m oderated, a 

la rg e  excess o f  sodium b ic a rb o n a te  was added and th e  s o lu t io n  s t i r r e d  

f o r  0 .5  h r .  The s o lid s  were removed by  f i l t r a t i o n  and th e  lu t id in e s  

were e x tra c te d  w ith  th r e e  25 ml p o r tio n s  o f  e th y l  e th e r  o r u n t i l  th e  

e th e r  la y e r  had no n o tic e a b le  yellow  c o lo r . The e th e r  was removed by 

d i s t i l l a t i o n  a t  atm ospheric p re s su re  and th e  re s id u e  was d i s t i l l e d  a t  

a s p i r a to r  p re s s u re .  Q u a n tita tiv e  reco v ery  o f 2 ,3 - ,  2 ,^ - ,  and 2 ,5 -  

lu t id in e  was r e a l iz e d  w ith  a  70$ reco v ery  o f 2 ,6 - lu t id in e .  Mass

-31-

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



sp e c tra  were tak en  o f  th e  d e u te ra te d  l u t i d i n e s ' and th e  r e s u l t s  a re  

summarized in  Table I  (page 1 3 ).

Next th e  m ethiodide s a l t s  of th e  lu t id in e s  were p rep ared  and th e  

m eltin g  p o in ts  and nmr s p e c tra  recorded  as summarized in  Table I I  

(page lij-).

The fo llo w in g  a re  a l l  d e u te ra te d  sam ples:

2 . 3-L u tid in e , m ethiodide 203-5° ( l i t 1^ 205° ) ,  nmr; (DgO), 8 2-57 

( s ,  2.7H, 3-CH3 ),S 2 .7 8  ( s , 1.0H, 2-CH3 >,8 U.30 ( s ,  3-0H, N-CH ) ,

8 7 -7 8 (m, 1.0H , H ) ,S  8-30 (m, 0-9H, H ^), 8 8-57 (m, 0.9H, Hg).

2 .4 -L u tid in e , m ethiodide 112° ( l i t 1^ 113° ) ,  nmr; (D20 ) ,8  2.62

(s ,  2 . OH, U-CH3 ) ,  8 2 .78  ( s ,  l . k E ,  2-CH3 ) ,6 h - 2 0  ( s ,  3-0H, IT-CHg),

87-72 (m, 2 . OH, H_ and H ) ,6  8-57 (m, 0 .9E , H r).
18 o

2 .5 -L u tid in e , m ethiodide 178° ( l i t  l 80° ) ,  nmr; (D^O)8 2-52 

( s ,  3-0H, 5-CE3 ) , 6  2 .80  (s , 0.7H, 2-CH3 ) ,S h - 2 6  ( s ,  OH, N-CHg),

88 .07  (m, 1.0H , H3 ) ,  6 8 . 2̂ 1 (m, 1.0H, H ^), 88.63  (m, 0.9H, Hg).

2 . 6-L u tid in e , m ethiodide 233-5° ( l i t 1^ 233 )> nmr; (DgO)82-55

( s ,  3 -OH, 2 - and 6 - 0 ^ ) ,  8 4 .25  (s , 3 .OH, N-CH3 ) , 8  8 .07 (m, 2 . OH, H3 and 

H5) , 8  8 .Ul (m, 1.0H, Hu ) .

fo rm ation  o f  2 ,6 - lu t id in e  d ian io n  11 by means o f  n-butyllithium-TMEDA 
in  hexane

A 250 ml th re e  neck f la s k  was f i t t e d  w ith  a  r e f lu x  condenser 

and an a d d itio n  f unne l w ith  a  septum connected to  th e  to p . The 

system  was connected to  a  n itro g e n  ta n k  by means o f  a  T -tube le ad in g  

in to  th e  r e f lu x  condenser. In to  th e  f l a s k  was p laced  a  s t i r r i n g  b a r ,  

2 .68  g (0.025 mol) o f  2 , 6- lu t id in e  and 5-80 g (0.055 mol) o f TMEDA, and 

60 ml o f  hexane. n -B u ty llith iu m , 26 ml o f  2 .117 (0.055 mol) in  hexane
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was added dropwise over a  p e r io d  o f 10 m in. The re a c t io n  was 

allow ed t o  proceed f o r  2 h o u rs . A fte r  t h i s  le n g th  o f tim e , th e  

re a c tio n  was cooled to  ca . 0°  in  an ic e  h a th  and used as d esc rib ed  

below.

D eu te ra tio n  o f d ian io n  11

D ianion 11 (0.025 m ol), p rep ared  as  d esc rib ed  above, was s t i r r e d  

a t  ca . 0° as  10 ml o f  D^0 was added dropw ise. A fte r  a l l  th e  D^O was 

added, th e  ic e  b a th  was removed and 30 ml o f  w ater was added to  

d is so lv e  th e  s a l t s  formed d u rin g  th e  r e a c t io n .

The organ ic  la y e r  was sep a ra ted  from th e  w ater la y e r  and 

e x tra c te d  th re e  tim es w ith  8M HC1. The a c id  la y e r  was combined w ith  

th e  above w ater la y e r  and th e  pH checked to  make sure i t  was a c id ic .

The 2 , 6- lu t id in e  was l ib e r a te d  w ith  excess sodium b ic a rb o n a te  added 

w ith  v igorous s t i r r i n g  and g e n tle  h e a tin g . A f te r  th e  e v o lu tio n  o f 

carbon d iox ide  became m oderate, a  la r g e r  excess o f sodium b ic a rb o n a te  

was added and th e  s o lu tio n  s t i r r e d  fo r  0 .5  h o u rs . The s o lid s  were r e ­

moved by f i l t r a t i o n  and th e  2 , 6- lu t id in e  was e x tra c te d  th re e  tim es 

w ith  25 ml p o r tio n s  o f  e th y l e th e r  o r u n t i l  no n o tic e a b le  yellow  c o lo r  

was in  th e  e th e r  la y e r .  The e th e r  was d i s t i l l e d  a t  a s p i r a to r  p re s su re  

to  g ive 2.03  g (75$ ) 2 , 6- lu t id in e - d 2 (2h)  as  shown by  vpc and q u a n t i ta t iv e  

nmr a n a ly s is  o f th e  m eth iodide d e r iv a t iv e .

A lk y la tio n  o f d ian io n  11 w ith  m ethyl io d id e

To a  s t i r r e d  s o lu tio n  o f 0.025 mol o f  d ian io n  11 in  85 ml o f 

hexane a t  c a . 0° ,  was added 15-96 g (0.112 mol) o f m ethyl io d id e .
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The re a c tio n  was allow ed to  proceed  fo r  1 h r .  a t  room tem peratu re  a f t e r  

which tim e th e  s o lu tio n  was cooled and 30 ml o f  w ater was added to  

d is so lv e  th e  s a l t s  formed. Follow ing th e  se p a ra tio n  p rocedure  in  th e  

d e u te ra tio n  o f d ian io n  11 , 2.70  g o f d i s t i l l a t e  (25-^ 0° ,  0 .2  mm) was 

c o lle c te d . This was shown by vpc to  c o n s is t  o f  33% 2- e th y l - 6-  

m ethy lpyrid ine  and Gj% 2 , 6-d ie th y lp y r id in e  as compared to  a u th e n tic  

sam ples.

A lh y la tio n  o f d ian io n  11 w ith  b en zy l ch lo rid e

To a  s t i r r e d  s o lu tio n  o f 0.025 mol o f d ian io n  11 in  85 ml o f 

hexane a t  0° ,  was added dropw ise 13.00  g (0.10  mol) o f  benzy l 

c h lo r id e . The re a c t io n  was allow ed to  proceed fo r  2 h r s .  a t  room 

tem peratu re  a f t e r  which tim e th e  so lu tio n  was cooled and 30 ml o f 

w ater was added to  d is so lv e  th e  s a l t s  formed.

The organ ic  la y e r  was sep a ra ted  and d r ie d  over anhydrous sodium 

s u l f a te .  The so lv en t was removed by d i s t i l l a t i o n  a t  atm ospheric 

p re s su re  and th e  re s id u e  was d i s t i l l e d  under vacuum. The f r a c t io n  

which d i s t i l l e d  a t  170°  -  190°  and 0.2  mm a ffo rd ed  11.50  g o f

2 , 6-d ip h en e th y lp y rid in e  (12 ); p ic r a te  15^° (lit"'"'*" 155°); nmr (CDCl^),

S 3 .06  ( s ,  4H, CH2 ),S  6 .72  (m, 2H, p y r id y l) ,S  7-13 ( s ,  10 H, p h e n y l) ,

8 7 .19 (m, 1H, p y r id y l ) .

M eta la tio n  o f  2 ,6 - lu t id in e  by means o f n-butyllithium-TMEDA in  
so lv en ts  o th e r th an  hexane and subsequent a lk y la t io n  w ith  m ethyl 
io d id e

The same procedure as t h a t  used in  th e  form ation  o f  2 ,6 - lu t id in e  

d ian io n  11 by  means o f  n-butyllithium-TMEDA was used except th a t
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in s te a d  o f hexane, 60 ml o f  e th e r ,  THF, o r DME were u sed . M ethy lation  

o f 0.025 mol o f  d ian io n  11 w ith  15-96 g (0.112  mol) o f m ethyl io d id e  

fo llow ed hy  vpc a n a ly s is  o f  th e  re a c t io n  m ix tu re  gave th e  r e s u l t s  

summarized in  Table IV.

Table IV.

R e su lts  o f  A lk y la tio n  o f  2 ,6 -L u tid in e  D ianion  11 w ith  Methyl Io d id e  
in  V arious S o lven ts

Equiv o f R eac tion Solvent Product D is tr ib u tio n
Base Time Used

2- e th y l -
6-m ethy l-
p y r id in e

2 , 6-d ie th y l '
p y rid in e

2 .0 0 .5  h r hexane 45 $ 55$

2 .0 2 .0  h r hexane 33$ 67$

2.0 4 .0  h r . hexane 29$ 71$

2 .0 20.0  h r hexane 26% 74$

2 .0 2 .0  h r e th e r 1836 82$

2.0 2 .0  h r THF 6l $ 39$

2.0 2 .0  h r DME 90$ 10$
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M eta la tio n  o f  2 3 - ,  2 ,4 - ,  and 2 , 5- lu t id in e  and subsequent d e u te ra tio n  
•with deuterium  oxide

Treatm ent o f  2 ,3 -> 2 ,4 - ,  and 2 ,5 - lu t id in e  w ith  n -b u ty ll i th iu m - 

TMEDA fo llow ed  by d e u te ra tio n  w ith  deuterium  oxide u s in g  th e  same 

p rocedure  as fo r  th e  d e u te ra tio n  o f 2 , 6- lu t id in e  d ia n io n , a ffo rd ed  2 , 3- ,

2 ,4 - ,  and 2 , 5- lu t id in e  co n ta in in g  an average o f 1 .9 ,  1 .4 ,  and 1 .5  

deuterium  atoms p e r  m olecu le, r e s p e c tiv e ly , as shown by nmr of 

t h e i r  m eth iod ides. The s p e c if ic  deuterium  co n ten t o f  th e  v a rio u s  

p o s i t io n s  w ith in  each m olecule a re  g iven in  Table I I I .

P rep a ra tio n  o f a u th e n tic  sample o f 2- e th y l - 6-m ethy lpy rid ine

In  a  250 ml th re e  neck  f la s k  f i t t e d  w ith  a  r e f lu x  condenser and

an a d d itio n  fu n n e l, was p laced  a  s t i r r i n g  b a r ,  60 ml e th e r ,  and

4 .28  g (0 .040 mol) o f  2 ,6 - lu t id in e .  20 ml o f  2 .1  M (0.042 mol)

n -b u ty ll i th iu m  was added dropwise w ith  s t i r r i n g .  A fte r  a l l  th e

n -b u ty ll i th iu m  was added, th e  re a c t io n  was allow ed to  p roceed  fo r

2 h r s .  a t  room tem peratu re  a f t e r  which tim e th e  r e a c t io n  was cooled in

an ic e  b a th  and 9*12 (0 .064 mol) o f m ethyl io d id e  was added dropw ise.

A fte r  s t i r r i n g  a t  room tem peratu re  f o r  45 m in ., th e  r e a c t io n  was cooled 
oa t  c a . 0 and 30 ml o f w ater was added.

The w ater la y e r  was sep a ra ted  and th e  organ ic  la y e r  was e x tra c te d  

w ith  th re e  25 ml p o rtio n s  o f  8 M HC1 -which were combined w ith  th e  

w ater s o lu t io n . The p roduct was l ib e r a te d  by  th e  a d d it io n  o f  an 

excess o f  s o l id  sodium b ic a rb o n a te . The 2- e th y l - 6-m ethy lpy rid ine  (8 ) 

was e x tra c te d  w ith  th re e  25 ml p o r tio n s  o f  e th y l e th e r  and d r ie d  over
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anhydrous sodium s u l f a te .  The e th e r  was d i s t i l l e d  a t  atm ospheric 

p re s s u re . D i s t i l l a t i o n  o f th e  re s id u e  a ffo rd ed  1 .3  g (27/0 o f pure  

2 -e th y l-6 -m eth y lp y rid in e  (25 . 5°5 0*2 mm).

P ic ra te ;  130° ( l i t 5 130°); nmr (G D C l^g  1 .27  ( t 9 3H, CH2CH3 ) .  

S2.50  ( s , 3H, 6-CH3 ) ,S  2.80  (q , 2H, CH2 ) , 6  6.88 (m, 2H, H3 and H j) , 

87.U1 (m, 1H, C^).
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V I. SUMMARY

I t  was found th a t  tre a tm e n t o f  2 ,3 - 5 2 , b - ,  2 ,5 - 5 and 2 , 6- lu .tid in e  

w ith  3 .5  eq u iv a len ts  o f  n-amylsodium-TMEDA fo r  two hours a t  room 

tem peratu re  d id  no t r e s u l t  in  q u a n t i ta t iv e  d ian io n  fo rm ation  h u t r a th e r  

th e  g en era tio n  o f a  m ix ture  o f  p o ly an io n ic  sp ec ies  ran g in g  from 

monoanions up to  hexaan ions. Quenching th e  re a c tio n  m ix ture  w ith  

deuterium  oxide r e s u l te d  in  a  m ixture  o f d e u te ra te d  sp ec ie s  w ith  

th o se  which had th re e  deu terium  atoms p e r  m olecule c o n s t i tu t in g  th e  

h ig h e s t p e rc en t com position o f  th e  m ix tu re .

The r e a c t i v i t i e s  o f  th e  v a rio u s  m ethyl groups were determ ined 

and found t o  fo llo w  th e  o rd er 5-m ethyl 3-m ethyl ^-m ethyl <C

2-m ethyl. I t  was a ls o  found t h a t  in  th e  2-m ethyl group, more th an  

one deuterium  atom p e r m olecule was in c o rp o ra te d .

There was a ls o  a  la c k  o f r in g  m e ta la tio n  compared to  chain  

m e ta la tio n .

On th e  o th e r hand, tre a tm e n t o f 2 ,6 - lu t id in e  w ith  two eq u iv a len ts  

o f n-butyllithium-TMEDA fo r  two hours a t  room tem peratu re  r e s u l te d  in  

th e  form ation  o f i t s  o ', a ’-d ia n io n  as determ ined by i t s  r e a c t io n  w ith  

deuterium  oxide and subsequent nmr a n a ly s is  o f th e  m ethiodide 

d e r iv a t iv e . The a ,  o s '-d ian ion  o f  2 ,6 - lu t id in e  was a ls o  a lk y la te d  

w ith  m ethyl io d id e  and b en zy l c h lo r id e . Moreover, i t  was found in  

th e  case o f m ethy la tion  w ith  hexane as th e  so lv en t t h a t  a  re a c tio n  

tim e o f a t  l e a s t  two hours i s  needed fo r  maximum d ia lk y la t io n ;  

however, y ie ld s  a re  no t s ig n i f ic a n t ly  improved i f  lo n g er re a c t io n
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tim es a re  employed. A lso e th e r  was found to  be th e  b e s t  so lv en t o f  

th o se  s tu d ie d  f o r  th e  form ation  and subsequent m e th y la tio n  o f  th e

2 ,6 - lu t id in e  d ia n io n . The e f f ic ie n c y  o f th e  so lv en ts  in  re s p e c t to  

th e  d ian io n  form ation  was found to  fo llo w  th e  o rd e r e th e r  hexane 

THF >DME.

When 2 ,U - lu tid in e  was t r e a te d  w ith  two eq u iv a len ts  o f 

n-butyllithium-TMEDA f o r  two hours a t  room te m p era tu re , incom plete 

q,a ’-d ia n io n  fo rm ation  r e s u l te d .  There was, however, p o ly m e ta la tio n  

o f  th e  2-m ethyl group even under th e se  c o n d itio n s .

Treatm ent o f  2 ,3 -  and 2 ,5 - lu t id in e  w ith  3-5 eq u iv a len ts  o f 

n -b u ty llith iu m  f o r  two hours a t  room tem peratu re  r e s u l te d  in  th e  

incom plete fo rm ation  o f  an a 3a -d ia n io n  r a th e r  th an  an a,a* d ia n io n .
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