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Synthesis of Chloramphenicol via an Enzymatic
Enantioselective Hydrolysis

Robert Chénevert,* Sonia Thiboutot
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An efficient method for the preparation of the antibiotic chlorampheni-
col [(+)-4] is described. Methyl (+)-threo-N-dichloroacetyl-f-(4-
nitrophenyljserinate [ (4 )-threo-2], readily obtainable on a preparative
laboratory scale, was enantioselectively hydrolyzed by Subtilisin. This
enzymatic kinetic resolution gave the corresponding (25,3 R)-acid 3 and
the unhydrolyzed (2R,2S)-ester (—)-threo-2 in high yield and high
optical purity. Reduction of the (28,3R)-acid 3 by borane—methyl
sulfide complex gave chloramphenicol [(+)-4]. Reduction of the
(2R, 38)-ester (— }-threo-2 by lithium aluminum hydride gave the enant-
iomer (—)-4 chloramphenicol.

Chloramphenicol, the first of the broad-spectrum antibiotics,
was initially isolated from cultures of various Streptomyces
strains.! ~> It was also the first antibiotic industrially produced
by chemical synthesis rather than by fermentation.* We report
here a simple chemoenzymatic preparation of chlorampheni-
col.

The threo isomer of 4-nitrophenylserinate (1) was first obtained
by condensation of 4-nitrobenzaldehyde with methyl glycinate
according to the procedure of Ehrhart et al.’ Compound 1 was
then acylated with dichloroacetyl chloride in dichloromethane
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to give compound 2 in 76 % yield.® The dichloroacetyl derivative
(£ )-threo-2 was trcated with Subtilisin to give the unreactive
(2R,3S)-ester (—)-threo-2 and the (25,3R)-acid 3. Both com-
pounds are obtained in nearly quantitative yields and high
optical purities (ee > 97%). Enantiomeric excess (ec) values
were determined by 'H-NMR analysis using tris[(heptafiuoro-
propylhydroxymethylene)-d-camphorato] europium(1Il) as a
chiral shift reagent.® A small sample of acid 3 was converted to
its methyl ester before determination of the optical purity. Well
resolved signals were obtained for the ester methyl protons.
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The preparative-scale enzyme-catalyzed hydrolysis was per-
formed in a buffered aqueous solution at pH 7.7. The enzymatic
reaction was indicated by the decrease of pH, which was
maintained at its initial value by the addition of a diluted sodium
hydroxide solution. The reaction was monitored by the con-
sumption of the base and stopped completely after 50 % conver-
sion, as expected for a highly selective enantiomer differenti-
ation. The unhydrolyzed ester was recovered from the reaction
mixturc by extraction with ethyl acetate at initial pH. The
product acid, with was present in the aqueous phase as sodium
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salt was isolated after acidification to pH 2 and extraction with
ethyl acetate. Other usual hydrolases (chymotrypsin, bromelain,
papain, lipases, esterases) were not active or gave products of
low optical purity.

Reduction of the (—)-rhreo-2 with lithium aluminum hydride
gave the (S5.5)-diol (—)-4. the optical antipode of chlorampheni-
col, in 33% yield. Reduction of the (25.3R)-acid 3 by borane-
methyl sulfide complex™® gave the (R,R)-diol (+)-4 in 70%
yield. All the physical and spectral data of compound ( +)-4 are
identical to those of an authentic sample of chloramphenicol.*'°

Subtilisin (EC 3.4.21.14, Carlsberg, protease type VI, authentic
chloramphenicol, and Eu(hfc); were purchased froms Aldrich Chem.
Co. Optical rotations were measured with a Jasco DIP-360 digital
polarimeter. IR spectra were obtained using a Beckman 4250 spectro-
photometer. NMR studies were performed on a Varian X1.-200 spec-
trometer using TMS as internal standard. Mass spectra were obtained
using a Hewlett Packard 5992 GC/MS system.

Methyl (1 )-threo-N-Dichloroacetyl-f-(4-nitrophenyl)serinate (2):°

A solution of dichloroacetyl chloride (2.9 mL, 30mmol) in CH.Cl,
(30 mL) is added dropwise to a cold suspension of methyl (£ )-threo-p-
{4-nitrophenyl)serinate® (1; 4.%0 g, 20 mmol) and NaHCO, (3.36¢,
40 mmol) in distilled water (50 ml.). The mixture is stirred overnight at
room temperature. ('H,Cl; (250 mL) is added. and the organic layer is
separated, dried (MgSQ,), and concentrated at reduced pressure to a
volume of 50 mL. n-Pentanc is added until a crystalline solid begins to
form. The resulting suspension is chilled overnight and filtered to give 2
as a colorless solid; yicld: 5.32¢g (76%):; mp 151-152°C (Lit.* mp
1527C).

IR (KBr): v = 3430, 3305, 1725, 1690, 1660, 1540, 1350, 1290, 1190,
1060, 1000, 850 cm” .

'H-NMR (acetone-d, ) & == 3.78 (s, 3H, OCH 2 429 (m, 1 H, OH);
443 (dd, 1H, J, = 1Hz J, = SHz, CHN); 5.58 (J. 11, J = 1 Hg,
CHO); 6.43 (s, 1H, CHCL,); 7.77 (d, 2 H,,om. J = 4 112); 792 (d, 1 H,
J =5 Hz, NH): 8.20 (d, 2 H, o0 J = 4 H2).

MS (T0eV): miz == 292 (M ¥ --59),

Enzymatic Resolution of Methyl (& )-threo-V-Dichloroacetyl-p-(4-
nitrophenyl)serinate J( & )-threo-2]:

A solution of Subtilisin Carlsberg (200 mg, 2000 uniis) in phosphate
buffer (10 mL, pH 7.7) is added to a suspension of (4. r2hrea-2 (3.60 g.
10 mmol) in the same solvent (200 mL). Hydrolysis is indicated by a
decrease of pH (measured with a pH meter), which is maintained at its
initial value by the addition of 4 0.5N NaOH solutivn. The reaction
comes to a near standstill after 4.5h (50% conversion). The unhydro-
lyzed ester is then removed from the aqueous Jayer by extraction with
EtOAc (3 x 100 mL). The aqueous phase is acidified with 1 N HCl o
pH2, and the acid 3 is extracted with E1OAc¢ (2 x 100 mL). Both the
organic phases are separately dried (MgS0,), and evaporated fo yield
the unhydrolyzed ester (—)-threo-2; yield: 1.797 g (999 [a]3% - 17.1°
(c = 0.5, MeOH); and the acid 3; yield: 1.259 g (96%); mp 168-170°C
(dec); [«]3° + 23.4° (¢ = 0.1. McOH) [Lir.!" mp 163°C (dec)].

[R (KBr): v = 3340, 1700. 1690, 1650, 1330, 1340, 1285, 1100. 1060.
1010, 850cm ™',

"H-NMR (CDCLy): 6 =< 488 (d, 1H. J =1 Hz, CHN); 5.04 (d, 1 H.
J =1Hz, CHO); 5.80 (m, 1 H, OH); 6.44 (s. t H. COCHCL,); 7.81 id,
2H,pom, J = 5 H7); 7.87 (m, 1 H, NH); 8.18 (d, 20/ = SH2: 11,17
(m, 111, CO,H).

MS (70 V). mfz = 337 (M ™).

Esterification of a Sample of Acid 3; Methyl (+)-threo-N-Dichloro-
acetyl-f-(4-nitrophenyl)serinate [(+)-threo-2):

The acid (51 mg, 0.4Smmol), 2.2-dimethoxypropanc ;2.0 mL) and a
catalytic amount of TsOH (2 mg) are dissolved in dry McOH (2mL).
The solution is stirred magnetically for 4h at 553°C under a dry
atmosphere. Acetone and McOH are evaporated, and the oily residue is
dissolved in EtOAc (15 mL). The organic layer is washed with water
(10 ml), aq. 5% NaHCO; (10 mL), brinc (10 mL). dried (MgSQ,), and
cvaporated; yield: 26 mg (50%); [«]3° + 17.1° (c — 0.3, MeOH). Otacr
physical or spectroscopic data arc identicai to those reported above for
this compound.
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Eanantiomer (— )-4 of Chloramphenicol [(+)-4]:

Tor a cold solution of ester (—)-threo-2 (350 mg, 1 mmol) in dry dioxane
{19 mL) and dry ether (11 mL), is added slowly a suspension of LIAIH,
(38 mg. 1 mmol) in dry ether (5 mL). The reaction is maintained at 0 C
for 30 min and at room temperature for 4 h under a dry atmosphere. A
solution of water/dioxane (95:5) (100 mL) is added at 0°C. and the
mixture is stirred for 16 h. The mixture is filtered, and tae filtrate is
evaporated. The crude product is dissolved in distilled water (50 mk),
and the aqueous phase is extracted with EtOAc (3x 100 mL). The
organic phase is dried (MgSO,), and evaporated. The product is {urther
purified by chromatography on a silica gel column using EtOAc as
cluent; yield: 108 mg (33%): mp 149-151°C; []57 - 18.47 (¢ = 1.00,
FtOH) [Lit.'? mp 151.5-132.5°C, [o]5° - 20.0° (EtOH)].

IR (KBr): v = 3340, 3200, 1685, 1610, 1560, 1340, 1290, 1250, 1060,
850, 820em™ 1,

"H-NMR (acctone-dg): & = 3.30 (m, 2H, 20H); 3.76 (m, 2H, CH,0);
419 (m, 1 H, CHN); 5.33 (d, 1H, J=1Hz, CHO) 635 (s, 1H,
CHCL,): 7.58 (d, 1H, /= 5 Hz, NH)Y 7.71 (d. 2H, 0, J = 4112); 8.15
(i, 2H,, o J = 4 H2).

MS (70 eV): miz = 323 (M )

Chloramphenicol [(+)-4]:

In a dried nitrogen-filled flask fitted with a septum, the acid 3 ( 672 mg,
2 mmol) is dissolved in dry THF (100mL). A 2M THE solution of
Me,S - BH, (1.5mL, 3mmol) is added slewly with a syringe at 0°C.
The mixture is stirred at room temperature for 16 h. MeOH (20 mL) is
then added at 0°C. The solvents are evaporated, and the resulting oil is
taken up in EtOAc (200 mL). This organic solution is washed with a
solution of aq. 3% NallCQ, (50 mL), brine (S0 mL), drizd (MgSO,),
and evaporated. Chloramphenicol [(+)-4] crystallizes on standing and
is recrystallized from water. {The unchanged acid can be recovered by
acidification of the aqueous layer and extraction with EiOAc); vield:
46 mg (70%) (98% based upon recovered starting material); mp
149.5 150°C;  [z]3*  +183° (¢=20, EtOH) (L™ mp
149.7-150.7°C; [2]3° + 18.6” (¢ = 4.86. EtOH) and mp 150--131 “Ce
(214 +17.97 (¢ = 2.89, E1OH).

IR (KBr): v = 3340, 3260, 1685, 1615, 1560, 1345, 1290, 1250, 1060,
850, 815 cm !

'H-NMR (acetone-d,): 4 = 3.29 (m, 211, ZOL); 3.76 (m, 2H. CH,0);
420 (m, 111, CHN); 533 (d, 1H, J=1Hz, CHO): 6.33 (s, 111,
CHCL,): 7.58 (d, 1H, J = 5 Hz, NH); 7.71 (d, 2H, s J =4 Hz); 8.135
id, 2 Hyyome J = 4 Hz).

MS (70 eV) mjz = 323 (M").

We acknowledge ihe financial support of this work from the Natural
Sciences and Engincering Research Council of Canadua and the Ministére
de 'éduiation du Québec.

Received: 13 October 1988

(1) Hahn, E.E., in: Aasibiotics, Vol. 1, Gottlich, D., Shaw, P.D. {¢ds.),
Springer-Verlag, Heidelberg. 1967, p. 308.

(2) Pestka, S., in: Antibiotics, Vol. 3, Corcoran, J.W, Hahn, k. [.
(¢ds.), Springer-Verlag, Heidelberg, 1975, p. 370.

(3) Pongs, O., n: Antibiotics, Vol.5, Part 1, Hahn, F.E. (ed.),
Springer-Verlag, Heidelberg. 1979, p. 26.

{4y Johnson. F., in: The Total Synthesis of Natural Products, Vol 1,
ApSimon, J. {ed.), Wiley, New York, 1973, p.457.

(5) Etrhart, G., Siedel, W, Nahm, H. Chem. Ber. 1957, 90, 2088.

(6) Fraser, R.R., m: Asymmetric Synthesis, Vol. 1, Morrison, 1.D.
(ed.), Academic Press, New York. 1983, p. 173.

(7) Smith, G.A., Gawley, R.E. Org. Synth. 1984. 63, 130.

(8) Lane, C.F., Myatt, M. L., Daniels, J., Hopps, M.B. J. Org. Chem
1974, 39, 3052.

(9) Fles, D., Balenovie, B. I Am. Chem. Soc. 1956, 78, 3072,

(10) Dictionary of Organic Compounds, 5th ed., Vol. 1, Chapman &
Hall, London, 1983, p.1047.

{11) Kameda, Y., Toyoura, E.. Kimura, Y. Matsui, K., Kawaski, 'l
Yakugaku Zasshi 1958, 78, 754; C. A. 1958, 52. 18236.

(12) Heceto, A. Ann. Chim. { Rome) 1957, 47,20, C. 4. 1957, 31.10418

Downloaded by: Collections and Technical Services Department. Copyrighted material.



