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ORGANIC PREPARATIONS AND PROCEDURES INT. 17(3) , 175-181 (1985) 

AN EFFICIENT SYNTHESIS OF D,L-CARNITINE HYDROCHLORIDE 

v& THE ACYLATION OF AN a-AMINOKETONE 

Robert  N. Comber and Wayne J. B r o u i l l e t t e *  

Department of Chemistry 
Un ive r s i ty  of Birmingham a t  Alabama 

Birmingham, AL 35294 

C a r n i t i n e ,  1, is extremely important i n  mammalian systems1 where i t  

i s  requi red  f o r  t h e  t r a n s p o r t  of long cha in  f a t t y  a c i d s  i n t o  mitochondria.  

Recent i n t e r e s t  r e l a t e d  t o  t h i s  r o l e  has focused on c a r n i t i n e ’ s  involve- 

ment i n  d i a b e t e s  and h e a r t  func t ion .  In  view of i t s  phys io log ica l  impor- 

t ance ,  i t  i s  not s u r p r i s i n g  t h a t  s e v e r a l  s y n t h e t i c  approaches t o  

D,L-carn i t ine  have been reported.2’10 

d isadvantages  inc lud ing  poor y i e l d ,  numerous s y n t h e t i c  s t e p s ,  incon- 

venience ,  and a l a c k  of p o t e n t i a l l y  v e r s a t i l e  s y n t h e t i c  i n t e rmed ia t e s  t h a t  

However, most of t hese  s u f f e r  from 

might be u t i l i z e d  f o r  prepar ing  c a r n i t i n e  analogues.  
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COMBER AND BROUTLLET'TE 

We now repor t  an improved syn thes i s  of D,L-carnit ine hydrochloride 

from commercially a v a i l a b l e  dimethylaminoacetone i n  an o v e r a l l  y i e l d  of 

50%. This procedure is  the f i r s t  c a r n i t i n e  syn thes i s  t o  u t i l i z e  C- 

a c y l a t i o n  as a key s t e p ,  and i n  p a r t i c u l a r  incorporates  an uncommon 

r e g i o s e l e c t i v e  C-acylation of an a-aminoketone. Laborious ion  exchange 

chromatography is  not required.  Addit ional ly ,  the method described here 

o f f e r s  the advantages of providing a s y n t h e t i c a l l y  v e r s a t i l e  

B-ketoesterl  ,12 intermediate  and allowing f o r  the ready incorporat ion of 

i s o t o p i c  l a b e l s  f o r  b io log ica l  s tud ie s .  

A preparat ion i n  30% y i e l d  of key intermediate  2 from e t h y l  

4-chloroacetoacetate and dimethylamine was previously reported;  l 3  our 

e f f o r t s  t o  improve upon t h i s  preparat ion were unsuccessful.  We the re fo re  

attempted t o  prepare 2 v i a  t h e  r eg iose l ec t ive  acy la t ion  of commercially 

a v a i l a b l e  aminoketone 2 under condi t ions similar t o  t h a t  reported f o r  

acy la t ing  simple ketones.14 

carbonate proceeded smoothly t o  provide 2 (90%). 

t o  d i s t i l l a t i o n ,  could be s to red  f o r  sho r t  periods of t i m e ,  and when 

f r e s h l y  d i s t i l l e d  was s a t i s f a c t o r y  f o r  subsequent react ions.  However, i n  

s p i t e  of p ro t ec t ion  from a i r ,  moisture  and l i g h t  o r  s to rage  a t  O", 2 

turned purple and degraded t o  seve ra l  components i n  a few days. As a 

r e s u l t  we could not ob ta in  a s a t i s f a c t o r y  elemental  ana lys i s  f o r  2. 

Compound 2 was t h e r e f o r e  quaternized with gaseous CH3Cl t o  provide 

c r y s t a l l i n e  3 (93%) ,  which was completely character ized.  

Thus the r eac t ion  of 2 with NaH and d i e t h y l  

Ketoester 3 was stable 

Freshly d i s t i l l e d  k e t o e s t e r  2 was reduced with NaBH4 t o  give hydroxy- 

ester 1. (55%). Al t e rna t ive ly ,  5 was more conveniently prepared d i r e c t l y  

from 2 i n  a one-pot r e a c t i o n  (Method B, Experimental Sec t ion ) ,  r e s u l t i n g  

i n  the same o v e r a l l  y i e l d  from 2. 
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AN EFFICIENT SYNTHESIS OF D,L-CARNITINE HYDROCHLORIDE 

The conversion of 2 t o  c a r n i t i n e  hydrochloride (1) w a s  accomplished 

by two routes .  

provide the  ammonium iod ide  ester 5. This was e i t h e r  hydrolyzed wi th  H C 1  

and converted t o  t h e  ch lo r ide  form on a Dowex 50 (H' form) column o r  con- 

The f i r s t  involved t h e  qua te rn iza t ion  of 2 wi th  CH31 t o  

ve r t ed  t o  t h e  hydroxide form w i t h  Ag20 followed by heat ing i n  H C 1  t o  pro- 

v ide  _1. 

CH3C1 t o  form 7, which was hydrolyzed i n  HC1 t o  g ive  1. 
A more d i r e c t  rou te  involved t h e  q u a t e r n i z a t i o n  of 2 wi th  gaseous 

I n  summary, t he  procedure descr ibed here  r ep resen t s  a new, e f f i c i e n t  

s y n t h e s i s  of D,L-carnit ine hydrochloride (L) from dimethylaminoacetone 

(2 )  - i n  an o v e r a l l  y i e l d  of 50%. 

EXPERIMENTAL SECTION 

Melting p o i n t s  were determined on an Electrothermal  melting point  appara- 
t u s  and are uncorrected.  lH-NMR s p e c t r a  were recorded on a Varian EM 360 
spectrometer using (CH3)bSi as i n t e r n a l  standard.  
recorded on a Beckman Acculab 6 spectrophotometer.  Elemental analyses  
were performed at A t l a n t i c  Microlab of A t l an ta ,  GA. 

Ethyl  4-(dimethylamino)-3-oxobutanoate (3).-  To 2.11 g (44.0 mmol) of 

50% NaH/mineral o i l  under N2 was added 10 mL of DME followed by d i e t h y l  

carbonate  (4.81 g,  40.8 mmol). The heterogeneous mixture was heated 

n e a r l y  t o  r e f l u x ,  and a s o l u t i o n  of 2 (2.01 g ,  19.9 mmol) i n  10 mL DME was 

then  added dropwise over 45 min. The mixture was heated f o r  an a d d i t i o n a l  

3 h r s ,  cooled t o  R.T. and 2.63 g (43.8 mmol) of HOAc was added slowly 

followed by 20 mL of H20. 

s o l u t i o n  was a c i d i f i e d  (pH 5.5) w i t h  a d d i t i o n a l  HOAc. 

o i l  was then e x t r a c t e d  w i t h  pentane ( 2  x 30 mL). 

I R  s p e c t r a  were 

Most of t he  DME was removed i n  vacuo and the  

Residual mineral  

The s o l u t i o n  was 

ad jus t ed  t o  pH 8 (NaOH) ,  e x t r a c t e d  wi th  5 x 50 mL EtOAc,  t h e  combined 

extracts d r i e d  (NazSOk), and t h e  so lven t  removed t o  provide 3.1 g (90%) of 

- 3 as an o i l ,  bp. 74-75" (0.8 mm). 

c o l o r l e s s  o i l ,  which turned purple  and degraded t o  s e v e r a l  components i n  a 

few days d e s p i t e  p r o t e c t i o n  from a i r ,  l i g h t ,  and moisture  o r  s to rage  a t  0". 

D i s t i l l a t i o n  provided 2.5 g of 2 as a 
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COMBER AND BROUILLETTE 

lH-NMR (CDC13): 

2H, N-CH2), 3.47 ( s ,  2H, COCH2CO), 4.18 (q, 2H, C3CH3); LR (KBr) :  

1718 cm-1 ( s h y  C=O>. 

Ethyl  3-oxo-4-(trimethylamonium)butanoate c h l o r i d e  (4).- A s o l u t i o n  of 

f r e s h l y  d i s t i l l e d  2 ( 1 . 3  g ,  7.5 mmol) i n  15 mL of anhydrous acetone was 

placed i n  a 200 mL pear-shaped p res su re  b o t t l e  and cooled t o  -78". 

Gaseous CH3C1 was bubbled through the  s o l u t i o n  f o r  5 min. o r  less ( u n t i l  

t h e  weight i nc rease  ind ica t ed  a 5 molar excess of CH3C1), t he  b o t t l e  was 

s e a l e d ,  and t h e  cooling ba th  was removed. The s o l u t i o n  was s t i r r e d  f o r  

24 h r s  a t  R.T., dur ing which a white c r y s t a l l i n e  p r e c i p i t a t e  formed. 

was f i l t e r e d ,  washed wi th  acetone and d r i ed  i n  vacuo t o  provide 1.6 g 

(93%) of 4, mp. 173-175" (dec.) (CH30H/Et20). 

6 1.27 ( t ,  3H, CH~CHJ), 2.3 ( s ,  6H, N(CH3)2), 3.23 ( s ,  

1735, 

This 

lH-NMR (DMSO-d6): 

2H, COCH2CO), 4.15 (9, 2H, C 2 C H 3 ) ,  4.77 (s, 2H, N-CHz); IR ( K B r ) :  

6 1.23 ( t ,  3H, C H z C a ) ,  3.27 ( 5 ,  9H, N(CH3)3), 3.73 (S, 

1740, 

1720 cm-l (C=O). 

- Anal. Calc. f o r  CgH18N03C1: C,  48.32; H,  8.11; N ,  6.26; C 1 ,  15.85. 

Found: C,  48.42; H,  8.12; N ,  6.25, C 1 ,  15.85. 

Ethyl  4-(dimethylamino)-3-hydroxybutanoate (5 )  

Method A.- A s o l u t i o n  of f r e s h l y  d i s t i l l e d  2 (1.72 g ,  9.95 mmol) in 25 mL 

of 95% E t O H  was c h i l l e d  i n  an ice bath and ad jus t ed  t o  pH 7.5 ( 1 N  NaOH).  

To t h i s  was added, a l l  a t  once, NaBH4 (0.188 g ,  4.97 mmol), and the 

r e s u l t i n g  mixture was s t i r r e d  a t  0" f o r  4 h r s .  While held a t  0' t h e  solu- 

t i o n  was adjusted t o  pH 5 ( 2  N HC1) and then ad jus t ed  t o  pH 13  (20% NaOH). 

The solvent  was removed i n  vacuo a t  30" and the r e s idue  t r i t u r a t e d  w i t h  

E t O H  t o  remove most of t he  salts. The E t O H  e x t r a c t s  were concentrated and 

t h e  o i l y  r e s idue  appl ied t o  an  alumina column (15 x 4.5 cm). This was 

e l u t e d  wi th  CHC13,  and t h e  f r a c t i o n s  containing 

(alumina, CHCl3) were combined and concentrated 

material with Rf = 0.64 

t o  g ive  0.96 g (55%) of 
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AN EFFICIENT SYNTHESIS OF D,L-CARI?ITINE HYDROCHLORIDE 

p u r e ?  as an o i l ,  bp. 73" (0.4 mm) (lit.16 bp. 90-93" a t  4-5 mm). 

IH-NMR (CDC13): 

4H, C&CH(OH)CHJ), 3.47 ( b r  6 ,  l H ,  OH) ,  4.13 ( m ,  3H, CH_(OH) and CHJCH3); 

I R  (KBr): 

Anal. Calc. f o r  CgH17N03: C ,  54.83; H, 9.78; N ,  7.99. 

Found: C,  54.59; H, 9.81; N, 7.86. 

6 1.28 ( t ,  3 H ,  CH2C31, 2.3 ( 6 ,  6H, N(CH3)2), 2.2-2.6 ( m ,  

3410 (OH), 1715 cm-l (C=O). 

Method B.- As descr ibed i n  the  p repa ra t ion  of 2 (above) ,  aminoke tonez  

(3.00 g ,  29.7 mmol) was treated with 2.85 g (59.6 mmol) of 50% NaHImineral 

o i l  and 7.00 g (59.3 mmol) of d i e t h y l  carbonate i n  20 mL of d ry  DME. 

Following e x t r a c t i o n  of t he  mineral  oil with pentane,  t h e  s o l u t i o n  was 

ad jus t ed  t o  pH 7.5 (20% NaOH) ,  c h i l l e d  t o  O", and NaBH4 (1.14 g ,  30.0 

mmol) added a l l  a t  once. 

mixture was  t r e a t e d  as descr ibed above f o r  t h e  p repa ra t ion  of 2 (Method 

A). Chromatography of t h e  crude product on alumina provided 2.6 g (50% 

o v e r a l l  y i e l d  from 2) of pure 2 t h a t  was i d e n t i c a l  i n  a l l  r e s p e c t s  t o  the  

material produced by Method A. 

Ethyl  3-hydroxy-4-(trimethylamonium)butanoate i od ide  (6).- To a s o l u t i o n  

of - 5 (1.20 g ,  6.86 mmol) i n  15 mL of acetone was added C H 3 I  (1.46 g ,  10.28 

mmol) and t h e  mixture s t i r r e d  f o r  18 h r s  a t  R.T. The solvent  was removed 

i n  vacuo t o  y i e l d  2.1 g (97%) of 

133-4" (MeOH/Et20) ( l id7  mp. 123-124'). 

A f t e r  s t i r r i n g  a t  0' f o r  4 h r s ,  t h e  r e a c t i o n  

as a white ,  c r y s t a l l i n e  r e s idue ,  mp. -- 

lH-NMR (DMSO-d6): 

6 H z ) ,  3.18 (5 ,  98, N(CH3)3), 3.4 ( d ,  2H, N-CH2, 53,4 = 6 Hz), 4 - 1  (q, 

6 1.21 ( t ,  3H, CH~CHJ), 2.49 ( d ,  2H, %C02Et, J2 ,3  = 

2H, C H H C H 3 ) ,  4.1-4.7 ( m ,  l H ,  $OH), 5.62 ( d ,  1 H ,  OH); I R  (KBr):  

(OH), 1730 cm'l (C=O). 

Ethyl  3-hydroxy-4-(trimethylammonium)butanoate c h l o r i d e  (7).- A s o l u t i o n  

of 2 (0.520 g ,  2.97 mmol) i n  12 mL of acetone was placed i n  a 200 mL pear- 

shaped p res su re  b o t t l e  and cooled t o  -78'. 

3390 

Gaseous CH3C1 was bubbled 
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COMBER AND BROUILLETTE 

through t h e  s o l u t i o n  u n t i l  t h e  weight increased by 4.10 g (81.3 mmol of 

CH3C1), which required about 2 min. 

cool ing ba th  removed, and t h e  mixture s t i r r e d  a t  R.T. f o r  20 hrs.  The 

s o l u t i o n  was concentrated in vacuo t o  provide 0.67 g (100%) of L as a 

clear o i l  which c r y s t a l l i z e d  on s tanding,  mp. 129.5-130.5" (acetone/EtOH). 

The pressure b o t t l e  w a s  capped, t h e  

IH-NMR (DMSO-d6): 

6 Hz), 3.23 (9 ,  9H, N(CH3)3), 3.45 ( d ,  2H, NCH2, J 3 , 4  = 6 Hz), 4.1 ( q ,  2H, 

6 1 - 2 1  ( t ,  3H, C H Z C ~ ) ,  2.5 ( d ,  2H, C&COzEt,  J 2 , 3  = 

C%CH3), 4.1-4.7 ( m ,  l H ,  CgOH),  6.12 (d ,  l H ,  03); 

1730 cm-l (C=O). 

- Anal. 

IR ( K B r ) :  3300 (OH), 

Calc. f o r  CgH20N03C1: C ,  47.89; H,  8.93; N ,  6.21. 

Found: C,  47.71; H, 9.32; N, 5.83. 

D,L-Carnitine hydrochlor ide (1) 

Method A.- Hydroxyester 5 (1.00 g ,  3.16 mmol) was dissolved i n  12 mL of 

15% CH30H/H20 and AgzO (0.731 g ,  3.16 mmol) was added a l l  a t  once. 

s t i r r i n g  at R.T. f o r  24 h r s ,  t he  s o l u t i o n  was f i l t e r e d ,  CH3OH removed from 

t h e  f i l t r a t e  i n  vacuo, and the  r e s u l t i n g  aqueous l a y e r  a c i d i f i e d  wi th  

conc. HC1 (pH 1). 

so lven t  removed i n  vacuo t o  give 0.62 g (100%) of 1, mp. 195-196" (dec.) 

(CH30H/Et20), lit.4 mp. 195-197". 

Method B.- Hydroxy ester 5 (1.00 g ,  3.16 mmol) was dissolved i n  20 mL of 

conc. HC1 and heated a t  60" f o r  0.5 hr. The so lven t  was removed i n  vacuo 

and the  r e s idue  w a s  placed on a Dowex 50x8-200 column (H' form, 20 x 2.3 

cm) .  The column was e l u t e d  wi th  200 mL of deionized H20 followed by 500 

mL of 2N HC1. 

s p o t t i n g  on a s i l ica  TLC p l a t e  without e l u t i o n  and s t a i n i n g  wi th  12)  were 

combined and concentrated t o  g ive  0.57 g (91%) of 1, mp 196-197" (dec.) 

Af t e r  

The s o l u t i o n  was heated a t  60" f o r  0.5 h r  and the  

Those f r a c t i o n s  containing organic  material (de t ec t ed  by 

(CH30H/Et20) 
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AN EFFICIENT SYNTHESIS OF D,L-CARNITINE HYDROCHLORIDE 

Method C.- Hydroxyester z ( 1 0 0  mg, 0.44 mmol) was dissolved i n  3 mL of 

conc. HC1 and heated a t  60' f o r  0.5 hr.  The r e a c t i o n  mixture was con- 

cen t r a t ed  i n  vacuo t o  provide 88 mg (100%) of 1, mp. 195-196" (dec.) 

(CH30H/Et20) 

Acknowledgement.- This  work was supported by a Facul ty  Research Grant 
from t h e  UAB Graduate School. 
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