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SYNTHESIS OF LIDOCAINE-d3 

Charles E. Hignite, Christian Tschanz, David H. Huffman, and 
Daniel L. AzarnoffX 
Veterans Administration Medical Center, Kansas City, Missouri 
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SUMMARY 

A simple two step synthetic procedure has been developed 

for the preparation of deuterated lidocaine. 

was incorporated into the 6'-methyl group which is a metaboli- 

cally stable position. The overall yield of the synthetic 

procedure was 41.3%. 

The deuterium 
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INTRODUCTION 

Lidocaine is an antiarrhythmic agent used widely by intravenous infusion 

to treat patients who have had an acute myocardial infarction or cardiac 

surgery. Its metabolism is complex (1,2) with less than 5 percent of the 

dose being excreted as unchanged drug. 

therapy with lidocaine we have examined the pharmacokinetics of both lido- 

caine and two of its biologically active metabolites, 2-(ethylamino)-N- 

(2',6'-dimethylphenyl)acetamide and 2-(amino)-N-(2',6'-dimethylphenyl)- 

acetamide. These studies required the use of isotopically labeled lido- 

caine and detection of the label with mass spectrometry. The incorporation 

of the isotope into the drug is ideal when it does not alter endogenous bio- 

transformation. To reduce cost we wished to use deuterium, which must not 

During studies designed to optimize 

be placed at a site in the molecule where metabolism occurs since the primary 

isotope effects of deuterium may be large ( 3 ) .  Since lidocaine's metabolism 

is complex and involves most functional groups the only possibilities were to 

incorporate deuterium into the 2'- and/or 6'methyl groups on the aniline 

moiety where metabolism is negligible. We therefore chose to label the 
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6 ' - p o s i t i o n  and h e r e i n  d e s c r i b e  t h e  s y n t h e s i s  of l i doca ine -d3  [Z-(d ie thylaminoJ-  

N-(2'methyl-6'methyl-d3-phenyl)acetamide]. 

The s y n t h e t i c  r o u t e  for l idoca ine-d3  i s  shown i n  scheme I and involved  

t h e  r e d u c t i o n  of 2-amino-3-methylbenzoic a c i d  w i t h  l i t h i u m  aluminum d e u t e r i d e  

and aluminum c h l o r i d e  t o  conve r t  t h e  ca rboxy l  group t o  a methyl-d3 group (4-6) .  

The p roduc t ,  21nethyl-6-methyl-d3-aniline, was t h e n  combined w i t h  N,N-diethyl- 

g l y c i n e  i n  t h e  p re sence  of p - to luenesu l fony l  c h l o r i d e  t o  form an amide l i n k a g e  

t o  y i e l d  l idoca ine-d3  ( 7 ) .  

LiAID, 
AICI, 

$;HZ d' ioxane 
COOH C D3 

+ 

Scheme I .  S y n t h e s i s  o f  l idoca ine-d3 .  

DISCUSSION 

The s y n t h e t i c  scheme used t o  p repa re  l idoca ine-d3  i s  a s imple  two s t e p  

procedure  which procedes  i n  good o v e r a l l  y i e l d ,  41.3%, based  on 2-amino-3- 

methylbenzoic  a c i d .  The f i r s t  s t e p  of t h e  s y n t h e s i s ,  d i r e c t  r e d u c t i o n  of t h e  

carboxyl  group of 2-amino-3lnethylbenzoic a c i d  t o  a methyl  group,  proceded i n  

a y i e l d  of 51.3%. 

exper iments  u s i n g  un labe led  compounds. The molar  r a t i o  of l i t h i u m  aluminum 

hydr ide  t o  2-amino-3methylbenzoic a c i d  was v a r i e d  from 1 t o  10, and t h e  

molar r a t i o  o f  aluminum c h l o r i d e  t o  l i t h i u m  aluminum h y d r i d e  w a s  v a r i e d  from 

0.5 t o  5 i n  model r e a c t i o n s .  

t h e  procedure  i n  t h e  expe r imen ta l  s e c t i o n .  

t h e  exchangeable  hydrogen atoms i n  2-amino-3lnethylbenzoic a c i d  were r e p l a c e d  

wi th  deu te r ium by d i s s o l v i n g  t h e  compound i n  e thanol -d  and then  e v a p o r a t i n g  

t o  d ryness  on a r o t a r y  evapora to r  w i th  a h o t  water ba th .  

T h i s  r e p r e s e n t s  a maximized y i e l d  r e s u l t i n g  from t r i a l  

The maximum y i e l d  of 51.3% was o b t a i n e d  u s i n g  

To maximize deu te r ium i n c o r p o r a t i o n  

Replacement of t h e  
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hydrogen atoms with deuterium atoms prior to reduction substantially increased 

the amount of label in the final product. The 2,6-dimethylaniline formed 

was purified partially by fractional distillation, and used in the second 

step of the reaction without extensive purification to minimize loses. 

'Ihe second step of the synthesis, formation of an amide linkage between 

2,6-dimethylaniline and N,N-diethylglycine, was achieved using 1-toluenesulfonyl 

chloride in a yield of 80.5% based on 2,6-dimethylaniline. 

yield was obtained by comparing reactions in which the ratio of N,N-diethyl- 

glycine to 2,6-dimethylaniline was varied from 1 to 10. As expected the 

maximum yield resulted at a ratio of 10 which represents a 10-fold molar excess 

of the N,N-diethylglycine. 

presents no problem since its cost is relatively low, and it is easily removed 

from the target lidocaine by simple basic extraction. 

of p-toluenesulfonyl chloride to 2,6-dimethylaniline of 1 and 4 in the reaction 

revealed that a higher yield was obtained with the ratio of 4. 

was therefore used in the final synthetic procedure described. 

This maximized 

The use of a large excess of N,N-diethylglycine 

Comparison of ratios 

This ratio 

An overall yield of 41.3% results when the two steps are combined. The 

lidocaine-dg produced by this procedure was purified by silica gel preparative 

layer chromatography using four successive elutions with different solvent 

systems. These elutions were necessary to produce completely pure lidocaine, 

which was to be given to volunteers, but such extensive purification may not 

be necessary in certain instances (e.g., when the deuterated material is used 

as an internal standard). 

procedure described to six volunteers has resulted in no observable physio- 

logical effects different from those produced by unlabeled lidocaine. 

Administration of lidocaine-dj prepared by the 

EXPERIMENTAL 

Materials and Methods 

N,N-diethylglycine (ICN Pharmaceuticals, Inc., Plainview, N.Y.), 

1-toluenesulfonyl chloride, 2-amino-3-methylbenzoic acid, and ethyl alcohol-d 

(Aldrich Chemical Co., Milwaukee, Wis.), lithium aluminum deuteride (Merck 6 

Co., Inc., Rahway, N.J.), and deuterium oxide (Stohler Isotope Chemicals, 
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Ruthe r fo rd ,  N . J . ) ,  were a l l  used as o b t a i n e d  from t h e  vendors .  S t r u c t u r e s  

and i s o t o p i c  p u r i t y  were e s t a b l i s h e d  by n u c l e a r  magnet ic  resonance  (NMR) 

spec t roscopy  and mass spec t romet ry  (MS). NMR s p e c t r a  were recorded  i n  5 m 

t ubes  i n  DCC13 w i th  a n  EM 390 90 MHz NMR spec t romete r  (Var ian ,  Pa lo  Al to ,  

C a l i f . ) .  E l e c t r o n  impact mass s p e c t r a  were r eco rded  u s i n g  a gas  chromatograph- 

mass spectrometer-computer sys tem (F inn igan  3300 quadrupole  mass spec t romete r  

and F inn igan  6000 d a t a  system, Sunnyvale,  C a l i f . )  a t  70 e V  i o n i z i n g  energy .  

A 6 '  x 1/8" I . D .  g l a s s  gas  chromatographic  column packed w i t h  3% OV-17 on 

100/120 mesh Gas Chrom Q (Supelco ,  B e l l e f o n t e ,  Pa . )  was used t o  de te rmine  

p u r i t y .  P r e p a r a t i v e  l a y e r  chromatography p l a t e s  of 20 x 20 cm x 2 mm s i l i c a  

g e l  GF (Anal tech ,  Newark, Del . )  were used f o r  p u r i f i c a t i o n .  

3 n t h e s i s  of Lidocaine-d3 

To a 2-1 f l a s k  wi th  magnet ic  s t i r re r  was added 1-1 dioxane  and 10 g 

To t h i s  w a s  c a r e f u l l y  added 5 g (0.264 mol) l i t h i u m  aluminum d e u t e r i d e .  

(0 .033  mol) 2-amino-3methylbenzoic a c i d .  A f t e r  s t i r r i n g  15 min 8 .9  g 

(0.067 moll aluminum c h l o r i d e  w a s  c a r e f u l l y  added (some gas  was l i b e r a t e d ) ,  

and t h e  r e s u l t i n g  mix tu re  was r e f l u x e d  f o r  16 h r .  The mix tu re  was cooled  and 

then  decomposed by t h e  s e q u e n t i a l  a d d i t i o n  o f  e t h y l  a c e t a t e ,  e t h a n o l ,  and 

f i n a l l y  20% aqueous potass ium hydroxide  u n t i l  t h e  s o l u t i o n  was s t r o n g l y  b a s i c  

(pH > 12 by pH pape r ) .  

was e x t r a c t e d  t h r e e  t i m e s  w i th  500-1111 p o r t i o n s  o f  e t h e r .  The e t h e r  e x t r a c t s  

were combined, d r i e d  ove r  anhydrous g r a n u l a r  sodium s u l f a t e ,  and reduced t o  

an  o i l y  r e s i d u e  wi th  a r o t a r y  e v a p o r a t o r  u s ing  a water a s p i r a t o r .  

r e s u l t i n g  was d i s t i l l e d  a t  a tmospher ic  p r e s s u r e  t o  y i e l d  f o u r  f r a c t i o n s .  The 

two h i g h e s t  b o i l i n g  f r a c t i o n s ,  185"-2OO0C and 200°-207"C, were combined ( t o t a l  

volume was 4 ml )  and d i s s o l v e d  i n  250 m l  d r y  p y r i d i n e .  D i e t h y l g l y c i n e  (22 .4  g, 

0.134 mol) w a s  added and mixed, 1 - t o l u e n e s u l f o n y l  c h l o r i d e  (12.8 g ,  0.067 mol) 

was added, and t h e  m i x t u r e  was r e f l u x e d  f o r  2 h r .  The m i x t u r e  was evapora t ed  

t o  approximate ly  one-half  i t s  o r i g i n a l  volume on a r o t a r y  evapora to r .  

of l i d o c a i n e  i n  t h e  m i x t u r e  was determined  by  GC-MS u s i n g  mepivaca ine  as an  i n t e r -  

n a l  s t a n d a r d  and was found t o  b e  7.8 g (41.3% y i e l d ) .  

The m i x t u r e ,  which s t i l l  con ta ined  s o l i d  material ,  

The o i l  

The amount 

The mix tu re  was then  added 
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t o  250 m l  of  5% aqueous potassium hydroxide and was e x t r a c t e d  tw ice  wi th  500 m l  

e t h e r .  The e t h e r  was evaporated t o  y i e l d  a g l a s s y - l i k e  r e s i d u e .  The l i d o c a i n e  

p re sen t  i n  t h i s  m a t e r i a l  w a s  i s o l a t e d  i n  pure form by r epea ted  p r e p a r a t i v e  l a y e r  

chromatography on s i l i c a  g e l  GF. 

p r i a t e  band was apppl ied t o  and e l u t e d  from t h e  p l a t e s  w i th  e thano l .  The 

s o l v e n t s  used f o r  development and approximate Rf v a l u e s  f o r  l i d o c a i n e  

e t h y l  e t h e r  (< 0.11, e t h y l a c e t a t e  ( 0 . 4 1 ,  chloroform (0 .2 ) ,  chloroform:methanol,  

9:l ( 0 . 7 ) .  The product  r e s u l t i n g  was whi t e ,  c r y s t a l l i n e  l i d o c a i n e .  

I n  each c a s e  t h e  s t a r t i n g  m a t e r i a l  or appro- 

were 

The chemical p u r i t y  of  t h e  f i n a l  product  w a s  e s t a b l i s h e d  by GC, NMR, GC- 

MS, and MS u s i n g  probe i n t r o d u c t i o n .  The amount of deuter ium incorpora t ed  

i n t o  t h e  f i n a l  product was e s t a b l i s h e d  by NMR and GC-MS. In  t h e  NMR spectrum 

t h e  only changes r e a d i l y  apparent  when s p e c t r a l  comparison with l i d o c a i n e  is 

made i s  t h e  diminished s i z e  and i n t e g r a t i o n  of t h e  s i g n a l  a t  2.2 ppm due t o  

t h e  two methyl groups i n  t h e  a n i l i n e  moiety.  Other s i g n a l s  i n  t h e  NMR spectrum 

a t  8.9 ppm (broad,  amide p r o t o n ) ,  7 . 1  ppm ( s i n g l e t ,  t h r e e  aromatic p r o t o n s ) ,  

3 . 3  ppm ( s i n g l e t ,  two methylene p ro tons  of g l y c i n e  moie ty ) ,  2.8 ppm ( q u a r t e t ,  

4 methylene p ro tons  i n  e t h y l  g roups ) ,  and 1.1 ppm ( t r i p l e t ,  6 methyl p ro tons  

i n  e t h y l  groups)  were i n d i s t i n g u i s h a b l e  from s i g n a l s  i n  t h e  spectrum o f  

unlabeled l i d o c a i n e .  

t h e  molecular  i o n  from m/e  234 t o  m/e 235,236, and 237 (3.8:15.3:100.0). 

mass s p e c t r a l  f ragments  were i n  agreement wi th  t h e  deuter ium atoms be ing  i n  

t h e  a n i l i n e  p o r t i o n  of t h e  molecule as expected.  

The mass spectrum of  l idocaine-d3 e x h i b i t e d  a s h i f t  of  

A l l  
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