
This article was downloaded by: [Michigan State University]
On: 24 February 2015, At: 08:18
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

The Birch Reduction -
Dialkylation Reaction of
Aromatic Carboxylic Acids.
Identification of NaNH2 as
the Base Responsible for the
Second Alkylation
J. A. Guzmán a , R. Castanedo a & L. A. Maldonado a
a División de Estudios de Posgrado, Facultad de
Química , UNAM , 04512, México, D.F., México
Published online: 23 Sep 2006.

To cite this article: J. A. Guzmán , R. Castanedo & L. A. Maldonado (1991) The Birch
Reduction - Dialkylation Reaction of Aromatic Carboxylic Acids. Identification of
NaNH2 as the Base Responsible for the Second Alkylation, Synthetic Communications:
An International Journal for Rapid Communication of Synthetic Organic Chemistry,
21:8-9, 1001-1012, DOI: 10.1080/00397919108019789

To link to this article:  http://dx.doi.org/10.1080/00397919108019789

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919108019789
http://dx.doi.org/10.1080/00397919108019789


or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 0

8:
18

 2
4 

Fe
br

ua
ry

 2
01

5 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 21(8&9), 1001-1012 (1991) 

T H E  B I R C H  REDUCTION - D I A L K Y L A T I O N  REACTION OF 

AROMATIC CARBOXYLIC A C I D S .  I D E N T I F I C A T I O N  OF NaNH2 

A S  THE BASE RESPONSIBLE FOR THE S E C O N D  ALKYCATION 

J . A .  Guzmsn ,  R .  C a s t a n e d o  a n d  L . A .  M a l d o n a d o *  

D i v i s i 6 n  d e  E s t u d i o s  d e  P o s g r a d o ,  F a c u l t a d  d e  Q u i m i c a ,  

U N A M ,  0 4 5 1 0  M e x i c o  D . F . ,  M e x i c o .  

ABSTRACT : The B i r c h  r e d u c t i o n - a l k y l a t i o n  o f  3 ,5 -d ime thoxybenzo ic  
a c i d  w i t h  excesses Na and E t B r  g i v e s  1,4-diethyl-3,5-dimethoxy-2, 
5-cyc lohexad iene  c a r b o x y l i c  a c i d ,  3. The base r e s p o n s i b l e  f o r  t h e  
a l k y l a t i o n  a t  C - 4  has been i d e n t i f i e d  as NaNH2, g e n e r a t e d  i n  s i t u .  

The a1 k a l  i n e  metal-NH3 r e d u c t i o n  o f  a r o m a t i c  systems ( t h e  B i r c h  

r e d u c t i o n )  s tands  as an i m p o r t a n t  r e a c t i o n  i n  s y n t h e t i c  o r g a n i c  

c h e m i s t r y ’ .  The r e a c t i o n  has been f u r t h e r  ex tended  t o  i n c l u d e  C - C  

bond f o r m i n g  r e a c t i o n s ,  e i t h e r  by t r a p p i n g  i n  s i t u  t h e  d i a n i o n  

spec ies  genera ted  by t h e  r e d u c t i o n  o f  a r o m a t i c  c a r b o x y l i c  a c i d s  

( r e a c t i o n  1 )  o r  by m e t a l a t i o n - a l k y l a t i o n  o f  t h e  1 ,4 -d ihyd roa ro -  

2 

m a t i c  systems i s o l a t e d  f r o m  such r e d u c t i o n s ’  ( r e a c t i o n  2). 

I n  an e a r l i e r  paper4,  we b r i e f l y  d e s c r i b e d  t h e  p r e v i o u s l y  un- 

r e p o r t e d  o b s e r v a t i o n  t h a t  t h e  B i r c h  r e d u c t i o n - a l k y l a t i o n  o f  3,5- 

* To whom correspondence s h o u l d  be  addressed.  
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1002 GUZMAN, CASTANEDO, AND MALDONADO 

1 - 
2 - 

dimethoxybenzo ic  a c i d  w i t h  excesses Na and E t B r  (8-9 e q u i v a l e n t s  

each)  cave t h e  reduced  1 , 4 - d i e t h y l  compound 3 as a c r y s t a l l i n e  

m i x t u r e  o f  d i a s t e r e o i s o m e r s  i n  a 3 : 2 r a t i o  : 

2 )  excess E t B r  2 
The obv ious  u t i l i t y  o f  t h i s  c o n v e r s i o n  w h i c h  i n c l u d e s  r e a c t i o n s  

(1) and ( 2 )  i n  tandem, prompted us t o  examine f u r t h e r  t h i s  t r a n s -  

f o r m a t i o n  and i t  i s  t h e  pu rpose  o f  t h i s  paper  t o  p r e s e n t  o u r  i n i -  

t i a l  s t u d i e s  c o n c e r n i n g  t h e  mechanism of t h i s  r e a c t i o n  . 5 

Tak ing  i n t o  accoun t  o u r  i n i t i a l  o b s e r v a t i o n  t h a t  t h e  d i e t h y l  

p r o d u c t  i s  o b t a i n e d  w i t h  8-9 e q u i v a l e n t s  o f  Na and E t B r ,  o u r  f i r s t  

goa l  was t o  f i n d  t h e  l o w e r  l i m i t  o f  t h e  Na c o n c e n t r a t i o n  i n  o r d e r  

t o  obse rve  e x c l u s i v e  d i e t h y l a t i o n .  Toward t h i s  end a s e r i e s  o f  ex-  
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THE BIRCH REDUCTION 1003 

p e r i m e n t s  were c a r r i e d  o u t  i n  w h i c h  t h e  3,5-d imethoxybenzoic  a c i d  

( 2  g, 11 mmol), d r y  l i q u i d  NH3 ( 2 5 0  m l )  and t h e  e q u i v a l e n t s  o f  

E t B r  (9.5 g, 87 mmol) were k e p t  c o n s t a n t  and t h e  amount o f  Na was 

s teady  i n c r e a s e d  f r o m  one e x p e r i m e n t  t o  a n o t h e r .  A l l  t h e s e  r e a c -  

t i o n s  were remarkab ly  c l e a n ;  t h e  c r u d e  a c i d s  b e i n g  o b t a i n e d  i n  

y i e l d s  up t o  90 %. The c r u d e  m e t h y l  e s t e r s ,  o b t a i n e d  q u a n t i t a t i v e -  

l y  by e s t e r i f i c a t i o n  w i t h  e t h e r e a l  CH2N2, were ana lyzed  by pmr 

spec t roscopy  i n t e g r a t i n g  t h e  peak a reas  a t  6 4.55 (monoethy l  p r o d -  

u c t  and 

e t h y l  d 

t h e  r a t  

per imen 

t h e  m i n o r  d i e t h y l  d i a s t e r e o i s o m e r )  and 6 4.70 ( m a j o r  d i -  

assumpt ion  t h a t  a s t e r e o i s o m e r ) .  Based on t h e  

o o f  d i a s t e r e o i s o m e r s  i s  kep 

s,  one can c a l c u l a t e  t h e  r a t  

r e a s o n a b l e  

c o n s t a n t  

o o f  mono- 

u c t s  e a s i l y 6 .  The r e s u l t s  a r e  shown i n  t a b l e  1. 

n a l l  t h e s e  ex -  

and d i e t h y l  p r o d -  

M e c h a n i s t i c a l l y ,  t h e  B i r c h  r e d u c t i o n  o f  an a r o m a t i c  c a r b o x y l i c  

a c i d  i n  t h e  absence o f  p r o t o n  sou rce  r e q u i r e s  abou t  2 e q u i v a l e n t s  

o f  t h e  a l k a l i n e  me ta l  and proceeds t h r o u g h  d i a n i o n  1 ( r e a c t i o n  l I 7 ;  

a l k y l a t i o n  o f  t h i s  i n t e r m e d i a t e  t h e n  g i v e s  t h e  l - a l k y l - 1 , 4 - d i h y -  

d r o a r o m a t i c  a c i d .  We have c o n f i r m e d  t h i s  r e s u l t  ( e n t r y  1 )  and have 

a l s o  c a r r i e d  o u t  exper imen ts  w i t h  l a r g e r  amounts o f  Na. As i s  seen 

f r o m  t a b l e  1, t h e  exper imen ts  beyond 2.2 e q u i v a l e n t s  o f  Na ( e n -  

t r i e s  2 - 6 )  showed an a l m o s t  l i n e a r  dependence between t h e  amounts 

o f  Na used and d i e t h y l a t e d  p r o d u c t  o b t a i n e d .  E x p e r i m e n t a l l y ,  ex -  

cess 

meta 

t i o n  

r e 1  a 

Na gave t h e  u s u a l  deep b l u e  c o l o r e d  s o l u t i o n s  o f  a l k a l i n e  

s i n  l i q u i d  NH3, a h i g h l y  e x o t h e r m i c  r e a c t i o n  ensues on a d d i -  

o f  t h e  E t B r .  T h i s  c o n t r a s t i n g  behav iou r ,  as compared w i t h  t h e  

i v e  m i l d n e s s  o f  exper imen ts  w i t h  2.2 e q u i v a l e n t s  o f  Na, t h u s  
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10 04 GUZMAN, C A S T A N E D O ,  AND MALDONADO 

TABLE 1. R a t i o  o f  mono- and d i e t h y l  p r o d u c t s  f r o m  3,5-dimethoxy- 

benzo ic  a c i d  and i n c r e a s i n g  amounts o f  Na*. 

E t h y l  a t o d  p r o d u c t s  E q u i v a l e n t s  

o f  Na, n** E n t r y  

mono d i  

1 2 .2  (0.0) 

2 3.2 ( 0 . 5 )  

3 4.2 (1.0) 

4 5.2 ( 1 . 5 )  

5 6.2 ( 2 . 0 )  

6*** 7.2 ( 2 . 5 )  

100 0 

85 15 

60 40 

35 65 

15 85 

0 100 

*Average r a t i o  o f  two  exper imen ts .  

**Numbers i n  p a r e n t h e s i s  r e f e r  t o  t h e  e q u i v a l e n t s  o f  genera ted  

NaNH2 ( see  t e x t ) .  

***Some t r i e t h y l  p r o d u c t  has been i d e n t i f i e d  i n  t h e s e  e x p e r i m e n t s .  

s u g g e s t i n g  t h a t  t h e  known8 r e a c t i o n  o f  a l k y l  h a l i d e s  w i t h  Na i n  

l i q u i d  NH3 t o  g i v e  NaNH2 was o p e r a t i n g  h e r e  : 

R-X + 2 Na + NH3- R-H + NaX + NaNH2 ( 3 )  

I n  v iew  o f  t h e  f a c t  t h a t  2.2 e q u i v a l e n t s  o f  Na a r e  consumed i n  

t h e  B i r c h  r e d u c t i o n  s t e p  and 2 e q u i v a l e n t s  o f  Na a r e  r e q u i r e d  f o r  

each e q u i v a l e n t  o f  E tB r  a c c o r d i n g  t o  r e a c t i o n  ( 3 ) ,  i t  f o l l o w s  t h a t  

n - 2.2 . t h e  number o f  e q u i v a l e n t s  o f  g e n e r a t e d  NaNH2 i s  g i v e n  by 3 

2 
where n = t o t a l  e q u i v a l e n t s  o f  Na. Those v a l u e s  a r e  a l s o  g i v e n  i n  
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THE BIRCH REDUCTION 

p a r e n t h e s i s  f o r  each exper  

t h e  r e a c t i o n  was s t a r t e d  w 

1005 

ment i n  t a b l e  1. I n  a d d i t i o n ,  s i n c e  

t h  8 e q u i v a l e n t s  o f  E t B r ,  i t  i s  a l s o  

c l e a r  t h a t  even i n  t h e  e x p e r i m e n t s  w i t h  l a r g e  amounts o f  Na (e .g .  

e n t r y  6 )  enough E t B r  s h o u l d  rema in  a f t e r  t h e  t o t a l  consumpt ion  o f  

Na and a l k y l a t e  wha teve r  c a r b a n i o n  s p e c i e s  a r e  p r e s e n t  i n  t h e  r e -  

a c t i o n  medium. 

T h e r e f o r e ,  o u r  p roposa l  t o  e x p l a i n  t h e  f o r m a t i o n  o f  t h e  d i e t h y l  

p r o d u c t  3 i s  t h a t  NaNH2, g e n e r a t e d  by excesses Na and E t B r ,  m e t a l -  

a t e s  r e v e r s i b l y  a t  C - 4  d i a n i o n  1 and /o r  monoethy l  c a r b o x y l a t e  2 

(R  = Et) t h u s  a f f o r d i n g  new p o l y a n i o n s  wh ich  a r e  e t h y l a t e d  by t h e  

r e m a i n i n g  E t B r .  Bo th  pathways a r e  shown i n  t h e  f o l l o w i n g  scheme : 

(b) E t B r  I NaNH2 
2 m - 

4 

(R = E t ,  
M = Na) 

1 E t B r  

3 - 
- 

Na+ (sodium s a l t )  

The r e v e r s i b l e  n a t u r e  o f  t h e  d e p r o t o n a t i o n  s t e p  a t  C-4 i s  demon- 

s t r a t e d  b y  t h e  f a c t  t h a t  NaNH2 i n  excess o f  1 e q u i v a l e n t  ( 2 . 5  e- 

q u i v a l e n t s ,  e n t r y  6 )  i s  r e q u i r e d  t o  obse rve  comp le te  d i e t h y l a t i o n .  

T h i s  i s  undoub ted ly  due t o  t h e  r e l a t i v e l y  l o w  a c i d i t y  o f  t h e  dou- 

b l e  a l l y l i c  CH2 p r o t o n s .  

I n  o r d e r  t o  p r o v e  t h a t  NaNH2 i s  t h e  base r e s p o n s i b l e  f o r  t h e  

c-4 e t h y l a t i o n  r e a c t i o n ,  a new sequence o f  e x p e r i m e n t s  were c a r -  
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1006 GUZMAN, CASTANEDO, AND MALDONADO 

TABLE 2. B i r c h  r e d u c t i o n - e t h y l a t i o n  o f  3 ,5-d imethoxybenzoic  a c i d  

i n  t h e  p resence  o f  NaNH2 formed by F e ( I I 1 )  c a t a l y s i s .  

E t h y l  a t e d  p r o d u c t s  
Equ i  Val e n t  s 

E n t r y  
o f  NaNH2* mono d i  

1 1.2 50 50 

2 2.2 1 5  85 

3 2.6 0 100 

*Generated a f t e r  t h e  B i r c h  r e d u c t i o n  s t e p .  

r i e d  o u t  b u t  now i n  t h e  presence of Fe ( 1 1 1 ) - g e n e r a t e d  NaNH2. Thus, 

3 ,5-d imethoxybenzoic  a c i d  was f i r s t  reduced t o  t h e  d i a n i o n  s t a g e  

w i t h  2.2 e q u i v a l e n t s  o f  Na ( b l u e  c o l o r  as end p o i n t  i n d i c a t o r )  and 

t h e n  t h e  a p p r o p r i a t e  amount o f  Na was added i n  t h e  p resence  o f  

Fe(NO3I3 f o r  g e n e r a t i n g  NaNH2. A d d i t i o n  o f  excess E t B r  ( 8  e q u i v a -  

l e n t s )  a f f o r d e d  t h e  m i x t u r e  o f  mono- and d i e t h y l  p r o d u c t s  i n  r a -  

t i o s  c l o s e  t o  t h a t  o b t a i n e d  i n  t h e  f i r s t  g roup  o f  e x p e r i m e n t s  

(compare t a b l e s  1 and 2 ) .  

An a d d i t i o n a l  c o n f i r m a t i o n  f o r  t h e  need o f  NaNH2 i n  t h i s  C-4 

a l k y l a t i o n  r e a c t i o n  was o b t a i n e d  i n  t h e  f o l l o w i n g  way. We reasoned 

t h a t  i f  d i a n i o n s  o f  c a r b o x y l i c  a c i d s  can  be p r e p a r e d  by t h e  d o u b l e  

9 d e p r o t o n a t i o n  o f  c a r b o x y l i c  a c i d s  with s t r o n g  bases such as NaNH2 , 

t h e n  t r e a t m e n t  o f  1,4-dihydro-3,5-dimethoxybenzoic a c i d  3 w i t h  an 
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THE BIRCH REDUCTION 1007 

a p p r o p r i a t e  excess o f  NaNH2 wou ld  g i v e  r e a c t i o n  c o n d i t i o n s  (and  

i n t e r m e d i a t e s )  c l o s e l y  s i m i l a r  t o  t h a t  o b t a i n e d  by t h e  B i r c h  r e -  

d u c t i o n  method. Thus, t h e  r e a c t i o n  o f  5 w i t h  5.2 e q u i v a l e n t s  o f  

NaNH2 i n  l i q u i d  NH3 gave a deep r e d  w ine  c o l o r e d  s o l u t i o n ,  w h i c h  

was a l k y l a t e d  w i t h  8 e q u i v a l e n t s  o f  E t B r  a f f o r d i n g  e x c l u s i v e l y  

t h e  d i e t h y l  compound 3. S i m i l a r l y ,  i f  t h e  deprotonation-alkylation 

o f  3 i s  c a r r i e d  o u t  under  t h e  same r e a c t i o n  c o n d i t i o n s ,  b u t  now 

w i t h  o n l y  3.2 e q u i v a l e n t s  o f  NaNH2, a 60 : 40 m i x t u r e  o f  mono- and 

d i e t h y l  p r o d u c t s  i s  o b t a i n e d  i n  e x c e l l e n t  agreement w i t h  t h e  r e -  

s u l t s  o f  e n t r i e s  3 ( t a b l e  1) and 1 ( t a b l e  2 )  : 

7 

1) 5.2 NaNH2 - 2 + 3  - - 3  - 

OMf! 2 )  8 E t B r  

1) 3.2 NaNH2 

2 )  8 E t B r  He0 
(60  : 40)  

The above exper imen ts  c o n c l u s i v e l y  demons t ra te  t h e  i m p o r t a n t  

r o l e  t h a t  NaNH2 p l a y s  f o r  t h e  s u c c e s f u l  a l k y l a t i o n  a t  C-4 and a l -  

though we f e e l  t h a t  t h e  r e a c t i o n  c o n d i t i o n s  p o i n t  t oward  pathway 

( a ) 4 ,  we hope t o  be a b l e  t o  d e s i g n  i n  t h e  n e a r  f u t u r e  a p p r o p r i a t e  

exper imen ts  t o  r u l e  o u t  d e f i n i t i v e l y ,  pathway ( b ) .  

EXPERIMENTAL SECTION 

M e l t i n g  p o i n t s  and b o i l i n g  p o i n t s  a r e  u n c o r r e c t e d .  1 . r .  s p e c t r a  

were r u n  on a Perk in -E lmer  599B i n s t r u m e n t .  P .m. r .  s p e c t r a  were 

r e c o r d e d  w i t h  a V a r i a n  EM-390 i n s t r u m e n t  and chemica l  s h i f t s  a r e  

g i v e n  i n  p.p.m. (6 )  d o w n f i e l d  f r o m  t e t r a m e t h y l s i l a n e .  V . P . C .  was 

c a r r i e d  o u t  on a Perk in -E lmer  3920 i n s t r u m e n t  equipped w i t h  a 
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1008 GUZMAN, CASTANEDO, AND MALDONADO 

f l a m e - i o n i z a t i o n  d e t e c t o r ,  u s i n g  n i t r o g e n  a t  30 m l /m in  as c a r r i e r  

gas. M i c r o a n a l y s i s  were pe r fo rmed  by G a l b r a i t h  L a b o r a t o r i e s  I n c . .  

B i r c h  r e d u c t i o n - d i e t h y l a t i o n  o f  3 ,5-d imethoxybenzoic  a c i d  

a )  NaNH2 genera ted  f r o m  excess Na and e t h y l  b romide  : I n  a two-  

necked 500 m l  round  b o t t o m  f l a s k ,  f i t t e d  w i t h  a d r y  i c e  condenser  

and a s topper ,  were p l a c e d  2 g (11 mmol) o f  3 ,5-d imethoxybenzoic  

a c i d  ( A l d r i c h )  and a s t i r r i n g  b a r .  Dry l i q u i d  NH3 ( a b o u t  2 5 0  m l ,  

f rom Na) was condensed i n  t h e  f l a s k ,  and w i t h  s t i r r i n g  t h e  r e -  

q u i r e d  e q u i v a l e n t s  of Na were added i n  sma l l  p i e c e s  (20-30 m i n  de- 

pend ing  of  t h e  amount of  Na).  The i n i t i a l  a l m o s t  c o l o r l e s s  s o l u -  

t i o n  g r a d u a l l y  t u r n s  y e l l o w ,  orange and deep r e d  w i t h  t h e  f i r s t  2 

e q u i v a l e n t s  o f  Na. Beyond t h i s  number t h e  s o l u t i o n  t u r n s  deep b l u e  

and becomes dense, e s p e c i a l l y  w i t h  t h e  l a r g e r  amounts o f  Na. A f t e r  

15 min  t h e  s t o p p e r  was r e p l a c e d  by an a d d i t i o n  f u n n e l  c o n t a i n i n g  

9.5 g ( 6 . 5  m l ,  87 mmol) o f  c o l d  E t B r  and added d ropw ise  i n  abou t  

10 m in  ( j c a u t i o n !  e x o t h e r m i c  r e a c t i o n ) .  The sequence o f  c o l o r s  i n  

t h e  s o l u t i o n  r e v e r s e s ,  chang ing  f r o m  deep b l u e  t o  deep r e d ,  orange 

and f i n a l l y  p a l e  y e l l o w .  The NH3 was l e f t  t o  e v a p o r a t e  o v e r n i g h t ,  

t h e  r e s i d u e  d i s s o l v e d  i n  H20 ( a b o u t  50 m l )  and washed w i t h  E t 2 0  t o  

remove any n e u t r a l  m a t e r i a l .  The aqueous l a y e r  was cove red  w i t h  

f r e s h  E t 2 0  (30  m l )  and c a r e f u l l y  a c i d i f i e d  (pH 5 )  w i t h  sma l l  p o r -  

t i o n s  o f  c o l d  5 % aqueous HC1, shak ing  v i g o r o u s l y  a f t e r  each a d d i -  

t i o n .  The aqueous s o l u t i o n  was e x t r a c t e d  a g a i n  w i t h  20 m l  o f  f r e s h  

E t 2 0  and t h e  combined o r g a n i c  e x t r a c t s  r a p i d l y  washed w i t h  H20 ( 2  

x 10 m l )  and d r i e d  ove r  anhydrous Na2S04. Removal o f  s o l v e n t  gave 

t h e  c rude  p r o d u c t  as a w h i t e  o r  f a i n t  y e l l o w i s h  c r y s t a l l i n e  mass 

i n  y i e l d s  o f  abou t  90 %. 
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THE B I R C H  REDUCTION 1009 

A sma l l  p o r t i o n  (100 mg) o f  t h e  c r u d e  a c i d s  was q u a n t i t a t i v e l y  

e s t e r i f i e d  w i t h  e t h e r e a l  CH2N2 and a f t e r  removal  o f  s o l v e n t ,  t h e  

c r u d e  m e t h y l  e s t e r s  were ana lyzed  by pmr and vpc ( 2  co lumns o f  3 

f t x 1/8 i n .  each, packed w i t h  10 % and 3 % OV-17 on Chromosorb W 

r e s p e c t i v e l y ,  a t  200") .  R e t e n t i o n  t i m e s  : m o n o e t h y l a t e d  m e t h y l  es-  

t e r ,  9.52 min;  m i n o r  d i e t h y l a t e d  d i a s t e r e o i s o m e r  m e t h y l  e s t e r ,  

10.40 min;  m a j o r  d i e t h y l a t e d  d i a s t e r e o i s o m e r  me thy l  e s t e r ,  12.36 

m in .  

From t h e  exper imen t  w i t h  2.2 e q u i v a l e n t s  o f  Na, p u r e  monoethy- 

l a t e d  a c i d  was o b t a i n e d ,  mp 149-150" ( p r i s m s  f r o m  E t20 -hexane) ;  i r  

(KBr )  v- 3100-2500 and 1695 (C02H),  1660 (CH=C-), 1270, 1200 and 

1150 cm- l  (C -0 ) ;  pmr (CDC13) 11.30 ( b r o a d  s, exchanges w i t h  D20, 

C02H), 4.60 (s, CH=C-1 ,  3.60 ( s ,  2 OCH3), 2.70 ( s ,  d o u b l e  a l l y 1  c 

CH2), 1.75 ( 4 ,  J = 6.5 Hz, CJ2CH3), 0.80 ( t ,  J = 6 .5  Hz, CH2CH2 

Anal .  Calcd.  f o r  CllH1604 : C,  62.26; H, 7.54. Found : C, 61.91 

H, 7.52. 

The m e t h y l  e s t e r  i s  a l o w  m e l t i n g  s o l i d ,  mp 34" w h i c h  can  be 

d i s t i l l e d  a t  reduced p r e s s u r e ,  bp  70"/0.3 ( k u g e l r o h r ) ;  i r  ( f i l m )  

v 1730 (C=O), 1660 (CH=C-), 1200 and 1150 cm- l  (C -0 ) ;  pmr (CC14) max 
4.55 ( S ,  CH=C-), 3.60 ( 5 ,  C02CH3), 3.55 ( S ,  2 OCH3), 2.65 ( s ,  dou- 

b l e  a l l y l i c  CH2), 1.65 (4, J = 6.5 Hz, CJ2CH3), 0.75 ( t ,  J = 6 .5  

Hz, CH2CJ3). 

Anal .  Calcd.  f o r  C12H1804 : C,  63.72; H, 7.96. Found : C, 63.89; 

H, 7.75. 

From t h e  exper imen t  w i t h  7.2 e q u i v a l e n t s  o f  Na, t h e  m i x t u r e  o f  

d i a s t e r e o i s o m e r i c  d i e t h y l a t e d  a c i d s  were o b t a i n e d .  F r a c t i o n a l  
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1010 GUZMAN, CASTANEDQ, AND MALDQNADO 

c r y s t a l l i z a t i o n  o f  t h e  m i x t u r e  f r o m  Et20-hexane a f f o r d e d  t h e  l e s s  

s o l u b l e ,  more abundant isomer,  mp 140-141" ( p r i s m s ) ;  i r  ( K B r )  ,I 

3100-2500 and 1700 (C02H), 1660 (CH=C-), 1200 and 1150 cm-l  (C -0 ) ;  

pmr (COC1,) 10.60 ( b r o a d  s, exchanges w i t h  D20, C02H), 4.75 ( s ,  

CH=C-), 3.60 ( s ,  2 OCH3), 2.90 ( t ,  J = 4.5 Hz, d o u b l e  a l l y l i c  CH), 

1.60-1.90 (complex,  2 CH2CH3), 0.85 and 0.65 ( 2  t, J = 6.5 Hz, 2 

rnax 

- 

CH2N3 1 9 

Anal .  Calcd.  f o r  Cl3HZ0O4 : C,  64.98; H, 8.39. Found : C,  65.11; 

H, 8.47. 

The me thy l  e s t e r  o f  t h i s  d i a s t e r e o i s o m e r  was o b t a i n e d  as a l o w  

m e l t i n g  s o l i d  (mp 30-31") ,  a f t e r  d i s t i l l i n g  a t  reduced  p r e s s u r e ,  

bp 80-85"/0.3 ( k u g e l r o h r ) ;  i r  ( f i l m )  v- 1730 (C=O), 1650 (CH=C-), 

1200 and 1150 cm- l  (C-0) ;  pmr (CC14) 4.70 ( s ,  CH=C-), 3.60 ( s ,  

C02CH3), 3.55 ( s ,  2 OCH3), 2.80 ( t ,  J = 4.5 Hz, d o u b l e  a l l y l i c  CH), 

1.50-1.85 (complex,  2 &12CH3), 0.40 and 0.65 ( 2  t, J = 6.5 Hz, 2 

CH2N3) * 

Ana l ,  Calcd.  f o r  Cl4HZ2O4 : C,  66.11; H, 8.72. Found : C, 66.24; 

H, 8.57. 

b )  NaNH2 genera ted  by excess Na and Fe(N03)3 : L i q u i d  NH3 ( 2 5 0  m l ,  

f r o m  Na) was condensed i n  a two-necked 500 m l  round  b o t t o m  f l a s k  

c o n t a i n i n g  2 g ( 1 1  mmol) o f  3 ,5-d imethoxybenzoic  a c i d  and a 

s t i r r i n g  b a r .  To t h e  c l e a r  s o l u t i o n  0.56 g (24 .3  mmol) o f  Na was 

added i n  sma l l  p i e c e s ;  a b l u e  s o l u t i o n  b e i n g  o b t a i n e d  a t  t h e  end 

o f  t h e  a d d i t i o n .  A sma l l  amount o f  s o l i d  Fe(N03)3.6H20 was added 

t o  d i s c h a r g e  t h e  b l u e  c o l o r  and then ,  a d d i t i o n a l  Na was i n t r o d u c e d  

t o  g e n e r a t e  t h e  r e q u i r e d  e q u i v a l e n t s  o f  NaNH2. A f t e r  15 min, 9.5 9 
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THE BIRCH REDUCTION 1011 

(6.5 m l ,  87 mmol) o f  c o l d  E t B r  was added d r o p w i s e  i n  a b o u t  10 m i n  

and t h e  exper imen t  was comp le ted  as i n  method ( a ) .  A l t h o u g h  y i e l d s  

were comparable i n  b o t h  e x p e r i m e n t s ,  t h e  s o l i d  m a t e r i a l  now ob- 

t a i n e d  was ye l l ow-b rown .  The c r u d e  me thy l  e s t e r s  were p r e p a r e d  and 

ana lyzed  as above ( t a b l e  2 ) .  

O i e t h y l a t i o n  o f  1,4-dihydro-3,5-dimethoxybenzoic a c i d  

7 To a s o l u t i o n  o f  2 g (11 mmol) o f  a c i d  4 i n  250 m l  o f  f r e s h l y  

d i s t i l l e d  l i q u i d  NH3 ( f r o m  Na), a sma l l  amount o f  Fe(NO3I3.6 H20 

was added. Smal l  p i e c e s  o f  Na ( e x p e r i m e n t s  w i t h  1.3 and 0 .8  g 

(56.5 and 34.7 mmol, r e s p e c t i v e l y )  were c a r r i e d  o u t )  were t h e n  i n -  

t r o d u c e d  as r a p i d l y  as t h e  b l u e  c o l o r  was d i s c h a r g e d .  The r e d  w ine  

c o l o r e d  s o l u t i o n  was t h e n  t r e a t e d  w i t h  9 5 g (6.5 m l  , 87 mmol ) o f  

c o l d  E t B r  and worked up and a n a l y z e d  as n t h e  p r e v i o u s  methods. 
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