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ABSTRACT
The synthe sis of DL —carnitine hydrochloride via an oxagolidine inter-

mediate has been simplified and ir'nprovc_ad., The crystalline product is ob-

tained in a 5-step synthesis from epichlorohydrin with an over-all yiéld of 32%.
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' IMPROVED SYNTHESIS OF DL - CARNITINE HYDROCHLORIDE
' . %
Franco Mazzett1 and Rlchard M Lemmon
‘Radiation Laboratory.

‘University of California ‘
Berkeley, California

August 2, 1956 =

We have recently been interested in studylng the radiation senS1t1v1ty '
of DL -carnitine hydrochloride, [(CH ) NCH CH(OH)CH co H] "Cl~ The
first synthetic route to carnitine, 1nv01v1ng a Gabriel - ty'pe synthe51s, was
described by-Tornit:a;1 \hvewever, the yields were poor. Another synthesis,
based on an oxazolidine intermediate of-'Bergmann's, 2 has been giv‘én by"ICarter,
A final procedure,b recently given by Strack et al., 4 involves the vpreparation
of the mononitrile from CI1CH CH(OH)CH Cl, followed by reac:ting the - -
chloromtrﬂe with trlmethylamme, and f1na11y hydrolyzing the -CN group to
-CO H. This latter procedure was of little interest to us, as the over- all
y1€1dS were also low and because we wished to 1ntr0duce C 14 into the carmtme
molecule, via C 4EH3I at the last step of a reaction sequence We therefore |

turned our attention to the Bergmann-Carter synthesis. It is carried out as

follows: -
* a o : R ' ‘
U.S. Foreign Operations Administration Fellow, 1954-1956.
' M. Tomita, z. physiei Chem. 124, 253 (1922).
2 Bergmann, Brand, and Weinmann, Z. phy5101 Chem. 131 1(1923).
3

H. E. Carter and P K. Bhattacharyya J. Am.. Chem Soc. 75, 2503 -
(1953). _ -
Strack, R¥hnert, and Lorenz, Chem. Ber. 86, 525 (1953).
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GH,CHCH,Cl '+ NH,OH  + 6H CHO CHZCH -CH,C1
O ' H /O
RS ‘
CeHg _ e
. ,
(1) G, H,CcoC] | , - e |
— - 5 C¢HzCONHCH,CHCH,CI >
(2) conc. HC 1 ' G e \
I
C4H,CONHC, CHCH,CN — EtOH, H >C6HSCONHCHZCHCH2COZEt
H, OH .
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' o . - CH,I, KOH
48% aq. HBr S HBr - H.NCH,CHCH,COOH 3
, 7 HBr = HpNCH, 2
OH.
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(CH,),N CHZ(EHCHZCOZ .
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We have found that this reaction sequence can be 51mphf1ed by going d1rect1y
from the benzoylammomtrlle (III) to the amino acid (V) in a single step. The
final step in the sequence, the methylafion of.the amino acid, is surprisingly:
difficult. The amino acid is very susceptible to 1actam1zat1on in dﬂ.ute
alkaline solutmn and, furthermore, it is difficult to separate the carmtme
from the cation of the base used to effect the methylation, The best
methylatlon procedure for this ammo acid now avaﬂtable3 is dlfflcult
part1cu1ar1y for a small-scale preparatlon with C" 4,‘ because it 1nvolves

' successive extractlons with phenol, countercurrent washmgs with water,_
and final washings of aqueous extracts with ether. We have found that the
use of barium hydrox1de as-the base in the methylatlon, removal of barium B
with H SO4,

column leads to an 88% yield of recrystallized DL -carnitine hydrochloride -

and exchange of other anions for hydrozide on an ion- exchange

 from the amino acid. The experimental conditions for ‘th.e improv‘edns ynlthesis

of carnitine are described below. (All ‘melting points are uncorrected.)

"EXPERIMENTAL

.5'—Chloromethy1 2-phenyloxazolidine (I). The directions given by Carte:r’3

are excellent. Itis desirable to use freshly purified benzaldehyde and epi- _
: chlorohydrm and-to add the epichlorohydrin very slowly (to decrease poly-

| merization). We have obta1ned a yield of 85% of impure oxazolidine by this v
procedure and, after cry.s\tellization, the analytically-pure corhpound was
obtained in 76% yield; m.p. 71°. Use of the 76% of pure product gives a
higher yield in the next step than does the covrrespondiﬁg 85% of impure
material. : L ’ ' _
Anal. Calc'd for CIOHIZCINO c 60.76; H, 6.11. Found: C, 60.90;
H, 6.06. '

- 3-Benzoylamino-1-chloro-2-hydroxypropane (II). This is a modification of

the procedure given by Bergmann et al,'vs To a solution of 40g (0.2 mole) of
pure oxazolidine in 150 ml of chloroform was added 16g (0.2 niole) of pyridine.
The solution was cooled to -40° in a dry 1ce—1sopropy1 alcohol ‘bath and |

- removed from ‘the bath, and 28 g° (0.‘2 mole) of benzoyl chlomde was added

> Bergmann, Radt, and Brand, Chem. Ber. 54, 1645 (1921).
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dropwise, with stirring. During this addition the temp’eratﬁr’e of the redctien
" mixture reached a maximum of 0°. The mixture was then left c»v.e’rrx'ight at
room temperature; however, ancther experiment indicated that the overhight
standing was unriecessary o - |

Concentrated HC1 (200 ml) was then added and the mlxture stirred for
5 rninutes Finally, 500 ml of water and 500 ml of petroleum ether (b.p.
60-70 ) were added and the flask was placed in a refr1gerator Crystals
soon appeared in the upper (pet ether) phase, and the crystalhzatlon was
complete in 1 to 2 hours. The yield of the crystalllzed benzoylarn1no— '
chlorohydroxypropane was 26.8 ¢ (y1eld 79%); m. p. 108° 4

Anal, Calc'd for ClOHlZClNO C, 56. 20 ‘H, 5 66. Found C, 55.94;
H, 5 63.

3- Benzoylamlno l-cyano- 2 hydroxypropane (Hl) Ten grams (47 millimoles)

of crystallized be_nzoylam1nochlorohydroxypropane (II) was dissolved in 60 ml
of 67% ethanol and 5 g (77 millimoles) of KCN, hahd_50 mg of KI were added.
The solution was left"at_ro,om temperature for 72 hours. The alcohol and
water were removed by evaporation at reduced pres‘surev, and the crystalline
residue Was washed with ice water, filtered, rewashed with ice water, and
dried. It was recrystalhzed from acetone petroleum ether, giving 7.7g
(yield 80%) of pure nitrile, m. p. 126°

' Anal. Calc'd for C HlZNZOZ C, 64 67; H 5. 93 Found: C, 64. 41

H 5. 80

3-Amino-2-hydroxybutyric acid. (V). The cyano group: of IIT was ‘hyd‘roly'zed
to carboxyl and the benzoyl group was simultaneocusly 're’rndVed as follows:

A To 1.60g- (7.8 mmoles) of the pure hen.zoyla’mi.noni:trile was added 10 ml
of reagent‘-grade 48% aqueous HBr, and the sclution was refluxed for 45
minutes; times that were shorter (10, 20, or 30 min) or longer (1 or 3 hr) -
led to lesser yields. The benzoic acid freed by the hydrolysis Vyas filtered
off and washed with a few’v ml of water (which was added back to the reaction
mixture), ahd the remainder of the benzoic acid.in soldtion was extracted by
_ ether. Gaseous ethylene oxide was then passed mto the solutlon unt1l a f1na1
PH of about 6 was reached. Two- thlrds of the water was removed under
reduced pressure and 25 ml of ethancl was added to give an ethanol ~water |
ratio of about 3:1. A few drops of conc. NH4OH were__added to bring the

pH to 7; this causes crystallization of the amino acid, The product was

.
!
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washed with 30 ml of 3:1 ethanol -water and recrystallized from the same
solvent mixture. The yield was 0.70g (v75%) of amino acid with a r'nellting
point of 212°, | _ |

Anal. Calc'd for C,HgNO,: G, 40.33; H, 7.62. Found: C, 40.11;
H, 7.64.

DL -Carnitine hydrochloride (VI). To a suspension of 6.6g (70 meq) of

.Ba(OH)Z 2 HZO in _20 ml of water was added 1.0 g (8.4 mmoles) of recrystallized
amino acid. Ten grams (70 mmoles) of methyl iodide was added and brought
into solution with the addition of 100 ml of methanol. The reaction flask was
tightly stoppered and stirred overnight ét room temp‘eraturea ‘Seventy meq
of HZSO4(1_106 ml of 6 N) was added and the ba.rium‘sulfate' removed by
centrifugation. The supernatant liquid and washings, containing carnitine,
iodide, and sulfate ions, Was then pas_:sed_ into 50 ml of Dowex 1-X anion-
exchange resin in the hydroxide form. The soiumn was washed with about

25 ml of distilled water (until aliquot portions of the effluent gave, after
-removal of the rnethanol', negative reine_ckate6 tests for carnitihe)' and the
‘effluent was then made acid with a slight exceés of di‘l_ute HCI, This

solution was evaporated to dryness and the carnitine hydrochloride was

. recrystallized from methanol-ethér solution to give .46 ¢ (jield 88%).

The over-all yield from epichlorophydrin to carnitine hﬁirochiori\de_’was‘ 32%.
Anal. 'Calc“d for C7H16C1NO: C, 42.51; H, 8.16. Found: C, 42.60;
H, 8.01. '

This work was done under the auspices of the U.S. Atomic Energy

Commission.

David Glick, J. Biol. Chem. 156, 643 (1944).





