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SYNTHESIS OF RADIOACTIVELY METHYL-LABELLED (L)-CARNITINE 

Stephen T. Ingalls, Charles L. Hoppel" and Julia S. Turkaly 
Veterans Administration Medical Center ,  Departments of Pharmacology 
and Medicine, Case Western Reserve University School of Medicine, 
Cleveland, Ohio 44106, U.S.A. 

SUMMARY 

Commercial  (Ll-carnitine chloride was N-dernethylated by t h e  action 

of sodium benzenemercaptide in warm N,N-dimethylformamide. The 

product 4-(N,N-dimethylammonio)-3-hydroxybutanoic acid chloride salt  

was isolated in good yield by ion exchange chromatography. Methylation of 

t he  product by 14C -iodornethane in dry  methanol produced biologically 

ac t ive  4-N- Me-14C -(L)-carnitine chloride of high specific ac t iv i ty  in 

excellent yield. 
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INTRODUCTION 

Carnitine (3-hydroxy-4-N-trimethylammoniobutanoate) (I) is an obligate in t h e  transport  

of long-chain f a t t y  acids across  t h e  mitochondria1 membrane as acylcarnit ine e s t e r s  (1,2). 

Only t h e  (.&stereoisomer is biologically ac t ive  (3). Despite considerable in te res t  in t h e  

biosynthesis and metabolism of this compound, only one simple method of synthesis of 4-N- 

me-labelled +(L)-carnitine chloride has been published (4). d,L-Carnitine has been resolved 

chemically (5,d but t h e  low recoveries l imit  t h e  usefulness of these  methods in radio- 

chemical synthesis. Radioactive d,L-carnitine has been resolved enzymatically (7). W e  

have described a two  s t age  synthesis of radioactive (L)-carnitine (8) which although 

developed primarily fo r  carboxy- and chain-labelled (Ll-carnitine is also useful fo r  [Me- 

labelled ](L)-carnitine synthesis. Our own requirement for 4-N- ple-labelled]-(L )-carnitine 
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led u s  to a t t e m p t  t h e  published spec i f ic  c h e m i c a l  synthes is  (4). Using t h e  repor ted  N- 

demethyla t ion  procedure  w e  w e r e  unable  to produce  any  4-(N,N-dimethylammonio)-3- 

hydroxybutanoic  a c i d  ch lor ide  s a l t  (11, norcarni t ine) ,  t h e  i m m e d i a t e  precursor  of 4-N-De-  

labe l led]  carn i t ine .  Review of t h e  l i t e r a t u r e  (9,10,11) sugges ted  t h a t  t h e  known S N ~  rate 

e n h a n c e m e n t  e f f e c t s  of polar ,  a p r o t i c  solvents  could  b e  appl ied w i t h  a d v a n t a g e  to t h i s  

problem. A f t e r  s o m e  exper imenta t ion ,  t h e  fol lowing re l iab le  m e t h o d  of synthesis  was  

developed. 

EXPERIMENTAL 

Ins t rumenta t ion  

All p ro ton  m a g n e t i c  resonance  s p e c t r a  w e r e  recorded  by a Varian A-60 ins t rument .  

Solutions of samples  (2% w/v) w e r e  prepared  in 2 H 2 0  a n d  t h e  s a m p l e  pH adjus ted  to 10 

with Na02H.  Chemica l  s h i f t  va lues  a r e  r e p o r t e d  r e l a t i v e  to e x t e r n a l  t e t r a m e t h y l s i l a n e  

(TMS). Liquid scint i l la t ion count ing  was  per formed as previously descr ibed  (8). 

R e a g e n t s  

Benzenethiol  w a s  purchased f r o m  Eas t  man O r g a n i c  Chemica ls  (Roches te r ,  N.Y.), 

distilled at reduced pressure,  and  s tored  under  n i t rogen  b e f o r e  use. N,N-Dimethyl- 

forrnamide (DMF) (Fisher  Sc ien t i f ic  Co., Cleveland,  OH) w a s  dis t i l led from calcium hydride 

(2g/L) at reduced  pressure  a n d  s t o r e d  under  ni t rogen.  Scint i l la t ion g r a d e  to luene  was  

purchased f r o m  R e s e a r c h  P r o d u c t s  In te rna t iona l  Corp.  (Elk G r o v e  Village, IL) and used 

without  purif icat ion.  [Me-14C] lodomethane  was  purchased  f r o m  New England Nuclear  

Corp. (Boston, MA). The  ( d - c a r n i t i n e  ch lor ide  was  a generous  g i f t  of t h e  Otsuka  

Pharmaceut ica l  Fac tory ,  Naruto,  Tokushirna, Japan.  d,!-[Me-l4C]Carnitine (specif ic  

a c t i v i t y  = 47.5 mCi/mrnol)  was  purchased f r o m  Amersham (Arl ington Hts., IL). 

Sodium benzenemercapt ide  

Sodiiirn benzenernercapt ide  w a s  prepared  accord ing  to a published procedure  (1 2). I t  

should b e  noted  t h a t  w a t e r  m u s t  b e  removed c o m p l e t e l y  f r o m  t h e  reac t ion  vessel  by 

a z e o t r o p i c  co-distillation with toluene. Dry to luene  was  added as required to t h e  

dis t i l la t ion pot and  t h e  dis t i l la t ion cont inued f o r  o n e  hour  a f t e r  t h e  dis t i l la t ion head 

t e m p e r a t u r e  reached  1150. The  sodium b e n z e n e m e r c a p t i d e  product  w a s  isolated as a f inely 
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divided white powder which may be handled rapidly in air. The compound should be  stored 

under vacuum in darkness. Sodium benzenemercaptide entirely suitable f o r  N-demethyla- 

t ion of carnit ine may be  prepared without t h e  additional purification s teps  recommended 

(12). The yield of product was nearly quant i ta t ive  with respect to sodium hydroxide in 

th ree  preparations. 

Synthesis Scheme 

The general scheme for  t h e  two s teps  in t h e  synthesis of methyl-labelled (L)-carnitine 

is shown below: 

CI- CH3 nu 
I , \  I 

I I CH3 H 

W c a r n i t i n e  (I) norcarnit ine (11) 

CI- CH3 OH 0 
(+) J I I1 

[ Me-l4CIMeI > I4CH3-N-CH2-C-CH2-C-OH 
I I Ba(OH12 norcarnit  ine 

CH3 H 

( L ) -  Me-14~Ica rn i t i ne  (111) 

4-(N,N-dimethylamrnonio)-3-hydroxybutanoic acid chloride sa l t  

The demethylation of ([)-carnithe chloride must be  performed under nitrogen and in 

darkness to prevent t h e  format ion  of colored impurities. The  reac t ion  vessel was a 250 ml 

two-necked boiling flask f i t t ed  with a gas  inlet tube,  water cooled reflux condenser, and 

drying tube. In this apparatus 2.0g (1 x 10-2moI) @)-carnithe chloride was dissolved in 100 

m l  DMF at 800 with continual magnet ic  stirring. The flask was cooled to room 

tempera ture  and 6.6g (5 x 10-2 mol) sodium benzenemercaptide was added in a single 

portion with efficient stirring. After 20 minutes t h e  flask was again hea ted  to 100° fo r  8 

hours. At t h e  conclusion of t h e  heating period, t h e  flask was cooled to room tempera ture  

and the  en t i re  conten ts  poured in to  a 500 m l  separatory funnekcontaining 150g i ce  and 4.5 

ml  conc. HCI. The solution was ex t rac ted  four t imes  with 100 ml portions of diethyl e the r  

to remove benzenethiol, and t h e  DMF removed by co-distillation with water in a vacuum 

rotary evaporator over a 400 wa te r  bath. Water was added to t h e  evaporation flask as 

required to e f f ec t  removal of t h e  DMF at bath tempera tures  not g rea t e r  than 40°. 
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When t h e  volume of t h e  solut ion had been reduced  to 5 mi, its p H  w a s  ad jus ted  to 10 

with sodium hydroxide a n d  t h e  e n t i r e  solut ion appl ied to a 2 c m  x 30 c m  c o l u m n  of Dowex 

2 x 8 ,  200-400 m e s h  (OH- f o r m )  an ion  e x c h a n g e  resin equi l ibra ted  w i t h  0.05M NaOH. The  

co lumn was  washed wi th  200 m l  0.05M NaOH at a f low r a t e  of 1.5 ml/min,  a n d  t h e n  with 

w a t e r  unt i l  t h e  pH of t h e  e f f l u e n t  was  neutral .  T h e  resin was  t r a n s f e r r e d  to a beaker  

containing i c e  w a t e r  and c o n c e n t r a t e d  HCI added slowly with s t i r r ing  unt i l  t h e  s u p e r n a t a n t  

liquid reached  pH 1. T h e  resin w a s  aga in  poured i n t o  t h e  co lumn and a l l  e f f l u e n t  co l lec ted  

during t h e  packing of t h e  resin bed. A f inal  wash of t h e  co lumn wi th  200 m l  of 0.1M HCI 

removed t h e  remaining product .  T h e  combined  a c i d i c  e l u a t e s  w e r e  c o n c e n t r a t e d  to n e a r  

dryness  in vacuo. 

T h e  isolated product  was  appl ied to a 2 crn x 50 crn co lumn of Dowex 50x8, 200-400 

mesh  (H+ form) c a t i o n  e x c h a n g e  resin. T h e  c o l u m n  w a s  e l u t e d  by a l inear  acid 

concent ra t ion  gradien t  formed by mixing 300 m l  e a c h  of 0.5M HCI and 2.5M HCI; 10 ml 

f rac t ions  w e r e  co l lec ted .  Frac t ions  r e a c t i n g  posi t ively to iodopla t ina te  spray  reagent  (1 3) 

w e r e  pooled and e v a p o r a t e d  to yield a color less ,  hygroscopic  glass  a m o u n t i n g  to 1.7g (9.3 x 

10-3 mol, 93%) a f t e r  lyophilization. Although t h e  compound o n c e  for tu i tous ly  c rys ta l l ized  

f r o m  a mixture  of w a t e r ,  e t h a n o l  and a c e t o n e ,  n o  re l iab le  c rys ta l l iza t ion  so lvent  m i x t u r e  

was found. 

T h e  product ' s  ident i ty  as 4-(N,N-dimethylamrnonio)-3-hydroxybutanoic a c i d  (chlor ide 

sal t )  Observed c h e m i c a l  sh i f t s  ( re la t ive  to 

e x t e r n a l  te t ramethyls i lane)  were:  (doublet  (J=6Hz), rel.int. 2 (-Cki2C02-)), 3.45 6 

(singlet, rel. in t .  6 ( ( C H J ) ~ N C H ~ - ) ) ,  3.75 6 (doublet  (J=6Hz),  rel. in t .  2 ((CH3)2NC&-)), and  

4.75 6 (mul t ip le t ,  rel. in t .  1 (-CH2CH(OH)CH2-)). (Cf: carn i t ine :  3.15 6 (doublet  (J=6Hz), 

was  conf i rmed by IH n.m.r. spectroscopy.  

2.9 6 

+ 
rel. Int. 2 ( - C ~ ~ C O Z H ) ) ,  3.756 (s inglet ,  rel. in t .  9, ( (C~~J)~NCI-I~-)) ,  3.956 (doublet (J=6Hz), 

+ 
rel. int. 2 ((CH3)3NCti2-)), and  4.9 6 (mul t ip le t ,  rel. in t .  I (-CH2CtJ(OH)CH2-)).) 

The 4-(N,N-dimethylammonio)-3-hydroxybutanoic ac id  ch lor ide  s a l t  w a s  found to b e  

uncontaminated  by c a r n i t i n e  on Eas tman # I 3 1 8 1  s i l ica  thin l a y e r  chromatographic  p la tes  

with t w o  development  systems:  MeOH/acetone/conc.  HCI (90:10:4 V:V:V), Rf  product  0.45, 

Rf c a r n i t i n e  0.22, a =  2.05; and MeOH/acetone/conc.  HCI (10:90:4 V:V:V), Rf product  0.25, 

Kf c a r n i t i n e  0.14, u = 1.78. 
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(& Me-l4C carnit ine chloride sa l t  

The  preparation of I11 was undertaken according to Lindstedt and Lindstedt (14) with 

modification (8,15). In a 2.5 ml round bottom boiling flask were  combined I ml water,  50 

m g  (2.7 x 10-4 mol) (II), and 150 mg  (4.8 x moll Ba(OH)2*8H20. To this solution was 

added 2.0 mCi [14Cj-iodomethane in I ml methanol. Four additional 1 ml  methanol washes 

were required to  effect comple te  t ransfer  of t h e  iodomethane. The flask was stoppered 

tightly and stirred 1 5  h. The flask conten ts  were  then evaporated,  redissolved in 2 ml  

water ,  and barium precipitated by addition of 0.5 ml  IM H2SO4. After centrifugation, t h e  

supernatant liquid was decanted, t h e  barium su l f a t e  prec ip i ta te  washed with 0.1M H2SO4, 

and t h e  wash liquor centrifuged again. The combined supernatants were adjusted to pH 7 

with KOH and applied to a 1.2 c m  x 19 cm column of Dowex 1x8, 200-400 mesh (OH- form)  

ion exchange resin. The column was eluted with water and 5 ml  fractions were  collected. 

Fractions containing radioactivity (fractions 3-41 were  pooled, adjusted t o  pH 4 with HCI 

and evaporated.  The residue was then applied to a 1.2 cm x 19 cm column of Dowex 50x8, 

200-400 mesh (H+ form) ion exchange resin. This column was washed f i r s t  with 60 ml I M  

HCI and then with 200 ml  of 2M HCI; 5 ml  f rac t ions  were  collected.  Fractions containing 

radioactivity (fractions 4-9) were  pooled and evaporated.  

Overall recovery of radioactivity was 81% based upon t h e  manufacturer 's  s t a t ed  

conten ts  of t h e  [ 14C I-iodomethane sample, and 95% based upon measured radioactivity 

within t h e  reaction vessel at t h e  outse t  of t h e  synthesis. The product (L)-[Me-l4C] 

carn i t ine  chloride (111) co-chromatographed with au thent ic  (L)-carnitine chloride as a single 

radioactive spot on t h e  thin layer chromatographic systems described above. Each 

preparation (20,000 dpm with [14Cland 50,000 dpm with 3H) was quantitatively recovered; 

radioactivity was determined as described previously (8). The synthetic product co- 

chromatographed with au thent ic  (a -carn i t ine  as a single sharply defined band on a 

reversed-phase high performance liquid chromatography column with quant i ta t ive  recovery 

of injected radioactivity (1 6).  The thin layer chromatographic conditions employed allow 

detection of 100 dpm of [14Clor 250 dprn of 3H. Carnitine was determined spectrophoto- 

metrically by a published method (17). The specific radioactivities of t h e  products of 

several  preparations a r e  shown in t h e  tab le  below. 
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Table 1. Specific radioactivity of @ )-carnitine preparations 

Preparation Id omet hane @)-Carnit ine 

m Ci/rnrnol 

purchased 

mCi/mmol 

determined 

E 

[Me-l4C] Me1 

52.6 

52.6 

31 

52.3 

[Me-3H]MeI 

63.8 

58 

58.3 

43.9 

54.0 

61.5 

The (1)- [Me 14C1- and (L )- We-3Hlcarnitine preparations were compared to commercial  

d,L-[Me-I4C karni t ine as a substrate  for carnit ine palrnitoyltransferase. The synthesis of 

palmitoyl-(L)-carnitine was measured as previously described (2,18). Only ( Ll-carnitine is 

bioactive (3); t he  synthesized radioactively-labelled (L)-carnitine and cornrnerical d, -[Me- 

l4C1carnitine were incorporated as expected and previousiy observed (4,s). 

Table 2. ( L)-[Me-l4C j- and (L)-[Me-3Hlcarnitine incorpration into 

palrnitoyl-&)-carnitine by mitochondria 

Label added 

d ,  L-[Me-14C]carnitine 

( L)-[Me-14C]carnitine 

(L)-[Me-3H karni t ine 

u C i  per dpm in nmol palmitoyi-k - 
incubation butanol carnit ine 

formed/rnin-rnga 

.047 5 7982 75.Zb 2 3.1 

.O 54 4356 72.7 L 2.6 

.0615 5461 80.0 5.7 

a mean 5 S.D. for 4 determinations 

assuming only 50% of t h e  d,l-[Me-l4Clcarnitine is t h e  bioactive isomer. 
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The method described for t h e  synthesis of radioactively methyl-labelled (&carnitine is 

simple, reliable, and ef ficent. N-dernethylation of (Le)-carnitine has been performed by this 

procrdure on several  occasions with consistently good results. The subsequent rnethylation 

with radioactive iodornethane has been achieved in excellent yield on a sca le  ranging f rom 

50 VCi (14C) t o  25 mCi (3H) employed. The radioactively methyl-labelled (L)-carnitine 

produced contains one labelled methyl group and c a n  be  synthesized with t h e  same  specific 

radioactivity as t h e  iodomethane used in t h e  preparation. 
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