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A Concise Two-Step Synthesis of Thalidomide
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Abstract: Scheme 12

A two-step synthesis of thalidomide is presented. The sequence 0

requires no purifications. Treatment of L-glutamine with a @E‘é OH
N-carbethoxyphthalimide produces N-phthaloyl-L-glutamine. o — N

Cyclization of N-phthaloyl-L-glutamine to afford thalidomide 5 o OH

is accomplished by treatment with CDI in the presence of a
catalytic amount of DMAP.

Thalidomide (2-(2,6-dioxo-3-piperidyl)isoindoline-1,3-di-
one, 1) was developed as a safe alternative to barbiturates
in the late 1950s in Germarlylt was widely used as a
sedative and to prevent morning sickness in pregnant women.
By 1962, thalidomide’s teratogenic effects had become a
tragedy. However, even with its teratogenic effects, thali-
domide continued to be used clinically. The serendipitous
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discovery of thalidomide’s clinical activity in the treatment
of erythema nodosum leprosum (ENL) in leprosy led to the
discovery of its immunomodulating and antiinflammatory

activities? Since then, thalidomide has been used experi-

mentally with benefit in a number of autoimmune and

inflammatory diseases. Although thalidomide was not ap-
proved by the FDA in the 1950s, it has been used clinically
in the United States on investigational new drug applications

for over 20 years. However, thalidomide’s immunomodu-
lating properties led to its approval by the FDA for the
treatment of ENL in July of 1998 under a strict distribution
and monitoring program. In a 1991 publication, the Kaplan
group reported that thalidomide was a selective inhibitor
of tumor necrosis factore (TNF-ar). Overproduction of
TNF-a is believed to be involved in a variety of inflamma-
tory and autoimmune diseaseRecent clinical trials using
TNF-a antibodies have shown efficacy in the treatment of

rheumatoid arthritis and Crohn’s disease, confirming the role

of TNF-a in these diseasés.
Celgene Corporation is interested in the clinical develop-
ment of thalidomide for its anti-inflammatory and immuno-
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a Conditions: (a).-glutamic acid/pyridine reflux; (b) A©; (c) urea, melt.
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aConditions: (a) (1)x-glutamine, NaCO;, (2) 4 N HCkaq) (67%); (b) CDI,
DMAP (919%).
modulating properties. For this development and for further
research into thalidomide’s biological properties and mech-
anism of action, we wanted to develop a concise synthesis
of thalidomide which could be used for preparing multigram
to multikilogram quantities in standard glassware and pilot
plant equipment.

Thalidomide has always been used clinically as a race-
mate. It is the classically quoted example of a drug developed
as a racemate in which only one isomer, isomer, carries
the negative side effect, teratogenicity. However, recent
publications have shown that thalidomide is chirally unstable
in vitro and in vivo, thus making the chiral issue méot.

To take advantage of previous preclinical and clinical
experience with thalidomide, we were interested in develop-
ing a racemic synthesis. Thalidomide has traditionally been
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prepared as outlined in Schemé This is a fairly simple

mide as a white solié? This material is normally of greater

three-step sequence. The last step in this synthesis involveshan 99% purity:® The racemic nature of this material was

a high-temperature melt reaction that affords a crude thali-

domide requiring multiple recrystallizations. In our synthesis,

confirmed by chiral HPLG?
In conclusion, a synthesis was developed which fulfilled

we wished to avoid the melt reaction, which is not amenable our initial requirements of readily available starting materials,

to standard equipment.
The synthesis in Scheme 1 begins witlglutamic acid,
but a synthesis starting withglutamine would allow a more

no purifications, a good yield, and ability be done in standard
glassware and pilot plant equipment. The procedure can
easily be used to prepare thalidomide at the 100-g scale in

direct two-step synthesis to be developed. In a 1965 paperthe laboratory, and it was successfully scaled up to the

the use of 1,kcarbonyldiimidazole (CDI) for 4 days at room
temperature in DMF for the cyclization df-phthaloyl+-
isoglutamine to form$)-thalidomide in low yield (41%) was
reportec® In the same paper, under similar conditions,
N-phthaloyl+-glutamine was cyclized to afford a 31% yield
of racemic thalidomide. In an earlier paper, acetic anhydride
was used for this cyclization; however, again the cyclization
afforded a low yield (33%) of thalidomidt.
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We felt the approach starting fromglutamine instead
of L-glutamic acid afforded a more direct route (Scheme 2).

Glutamine was chosen over isoglutamine because of cost

and the desire for racemic materidkPhthaloylt -glutamine

(4) was prepared by a standard technique usihgarbe-
thoxyphthalimide. Treatment af-glutamine with NaCQO;

in water followed by the addition dfi-carbethoxyphthalimide
afforded, after workup, a 5070% yield of 4 as a white
powder. During the acidification, the reaction mixture is
seeded with solidl to ensure solidification of the product.
This material requires no purification. Use carbethox-
yphthalimide produces chirally pude This is as expected
from literature precedelt and was confirmed in our
laboratories by conversion of the material 8-thalidomide
using the previously published cyclization method of Casini
and Ferappt! The cyclization of4 is accomplished using
CDI in THF. Racemization of the product occurs in this step.
THF was used since thalidomide has a low solubility in THF
and the imidazole byproduct from CDI is soluble in THF.
A stirred mixture of4 and CDI (1.05 equiv) in the presence
of a catalytic amount of DMAP in THF is heated to reflux
for 15—18 h. Further work demonstrated that DMAP is not
required for this cyclization to occur. Thalidomide crystallizes
out of the reaction mixture during reflux. The cooled reaction
mixture is filtered to produce an 893% yield of thalido-
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multikilogram scale.

Experimental Section

All reactions were run under a nitrogen atmosphere unless
otherwise noted. All of the final compounds synthesized were
characterized byH and 3C NMR, C, H, N elemental
analysis, and melting point for solidéd and**C NMR were
determined on a Bruker AC250 FT instrument in an
appropriate deuterated solvent. Elemental analyses and
melting point determinations were done by Quantitative
Technologies Inc., Whitehouse, NJ. Reagents and solvents
were used as received from commercial suppliers.

N-Phthaloyl-L-glutamine (4). To a stirred solution of
L-glutamine (43.8 g, 300 mmol) and PEO; (33.4 g, 315
mmol) in 750 mL of water was rapidly addé#carbethoxy-
phthalimide [65.8 g (97% pure, 67.8 g), 300 mmol] as a solid.
After 1 h, the reaction mixture was filtered to remove
unreactedN-carbethoxyphthalimide. The pH of the stirred
filtrate was adjusted to-34 with 6 N HCI. The mixture was
then seeded withN-phthaloyl+-glutamine and the pH
adjusted to +2 with 6 N HCI. The resulting slurry was
stirred for 1 h. The slurry was filtered and the solid washed
with copious amounts of water. The solid was air-dried and
then dried in vacuo (60C, <1 mmHg) overnight to afford
51.8 g (67%) of4 as a white powder: mp 169171 °C; 'H
NMR (dmsodg) 6 13.22 (br s, 1 H, COOH), 8.057.75 (m,
4H, Ar), 7.22 (s, 1 H, CONH), 6.74 (s, 1 H, CONK), 4.76
(dd, 1 H, CH), 2.56-1.95 (m, 4 H, CHCH,), 2.15-2.00
(m, 1 H, CHy); 3C NMR (dmsoes) 6 173.0, 170.4, 167.3,
134.7, 131.2, 123.3, 51.2, 31.3, 23.9. Anal. Calcd for
Ci3H12N20s: C, 56.52; H, 4.38; N, 10.14. Found: C, 56.64;
H, 4.33; N, 10.10.

Thalidomide (1). A stirred mixture of4 (125 g, 452
mmol), CDI (76.1 g, 469 mmol), and 4-DMAP (0.20 g, 1.6
mmol) in anhydrous THF (750 mL) was heated to reflux
for 16 h. The reaction slurry was filtered and the solid washed
with CH,Cl, (200 mL). The solid was air-dried and then dried
in vacuo (60°C, <1 mmHg) to afford 106 g (91%) of the
product as a white powder: mp 27276 °C; *H NMR
(dmsods) 6 11.16 (s, 1 H, NH), 8.057.80 (br s, 4 H, Ar),
5.18 (dd, 1 HJ = 12, 5 Hz, CHCO), 3.052.85 (m, 1 H,
CH,CO), 2.70-2.45 (m, 2 H, CHCH,), 2.15-2.00 (m, 1
H, CH,); 13C NMR (dmsods) 0 172.8, 169.8, 167.1, 134.9,
131.2, 123.4, 49.0, 30.9, 22.0. Anal. Calcd fagtigN,Oy4:

C, 60.47; H, 3.90; N, 10.85; O, 24.78. Found: C, 60.42; H,
3.82; N, 10.81; O, 24.98.
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