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A syn the sis of racemic tha lid o mide (1) was de scribed and the im por tant for mal [3+3] cycloaddition strat -
egy was a key step. The to tal yield of tha lid o mide (1) was 18% in five steps from known 3.

IN TRO DUC TION

Glutarimides (2,6-piperidinedione) pos sess var i ous bi -
o log i cal ac tiv i ties.1,2 There fore, the prep a ra tion of these im -
ides has at tracted at ten tion in or ganic chem is try, e.g. cyclo -
heximide,3 actiketal,3 tha lid o mide4-7 and amino glute th -
imide.4-6,8 The in ter est in the immuno-suppressor tha lid o -
mide has been grow ing reg u larly.9 It is cur rently used for
treat ment of AIDS.10,11 Its ac tiv ity against angiogenesis has
been re cently dis cov ered.12 Tha lid o mide (1) is cur rently used 
in ther apy as a racemate. The rate of racemization of 1 was
de ter mined by its half life to be 556 min at PH = 7.4 (37 C).13

The pure en an tio mer was ob tained by pre para tive chiral chro -
ma tog ra phy.14 In the re port we de scribed the syn the sis of
racemic tha lid o mide (1) by for mal [3+3] cycloaddition re ac -
tion.8

RE SULTS AND DIS CUS SION

Our strat egy for the syn the sis of tha lid o mide (1) is il -
lus trated in Scheme I. The key step was for mal [3+3] cyclo -
addition re ac tion of , -un sat u rated es ter 3 and N-p- meth -
oxybenzyl- -sulfonyl acetamide 4. The given adduct was the 
5-substituted -sulfonyl glutarimide 2 in 62% yield as the
mix ture. The 2:1 ra tio in the mix ture 2 was de ter mined by 1H
NMR spec tra. The , -un sat u rated es ter 3 was pre pared from 
io dide com pound15 and triethylamine in meth y lene chlo ride.

The elim i na tion re sult was af forded in 82% yield. Io dide
com pound was pre pared from serine by known meth ods.15

Acetamide 4 was fur nished by acetylation of chloroacetyl
chlo ride and N-p-methoxybenzylamine, fol lowed by nu -
cleophilic sub sti tu tion of p-toluenesulfonic acid so dium salt.
Com pound 4 was ob tained in 90% yield. As shown in Scheme 
II, the acidolysis of the BOC pro tec tive group in 2 with
trifluoroacetic acid in meth y lene chlo ride gave the amine 5.
The so lu tion of 5 in chlo ro form ap peared an in ter est ing
deep-blue color. We made the skel e ton of 2-amino glutar -
imide by a fac ile for mal [3+3] cycloaddition re ac tion in two
steps from known 3. Phthaloylation of crude pri mary amine 5
with phthalic an hy dride and triethylamine in re flux tem per a -
ture pro vided com pound 6 in 65% yield. Treat ment of 6 with
6% so dium amal gam (Na-Hg) in meth a nol af forded PMB-
 thalidomide.7 Desulfonylation of com pound 6 must con trol
the PH value (7.4) to pre vent the ring-opening of glutarimide. 
With out pu ri fi ca tion, the crude prod uct 6 was treated with
ceric am mo nium ni trate to re move the PMB group16 in 6 and
tha lid o mide (1) was af forded. The to tal yield of tha lid o mide
is 18% in five steps from known 3. In con clu sion, the pre -
sented syn the sis pro vided a new strat egy for racemic tha lid o -
mide by for mal [3+3] cycloaddition re ac tion, and the method
could be use ful in the search for immunosuppressors. We are
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Scheme  I
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cur rently study ing the scope of this pro cess as well as ad di -
tional ap pli ca tion of the meth od ol ogy to the syn the sis of dif -
fer ent heterocyclic at oms at the 2-position of glutarimide.

EX PER I MEN TAL SEC TION

Gen eral
Tetrahydrofuran was dis tilled prior to use from a deep-

 blue so lu tion of so dium-benzophenone ketyl. All other re -
agents and sol vents were ob tained from com mer cial sources
and used with out fur ther pu ri fi ca tion. Re ac tions were rou -
tinely car ried out un der an at mo sphere of dry ni tro gen with
mag netic stir ring. The or ganic layer was dried with an hy -
drous mag ne sium sul fate be fore con cen tra tion in vacuo.
Crude prod ucts were pu ri fied by col umn chro ma tog ra phy on
sil ica gel. All re ported tem per a tures are un cor rected.

N-p-Methoxybenzyl-2-toluenesulfonyl acetamide (4)
To a so lu tion of p-methoxybenzylamine (1.37 g, 10.0

mmol) and triethylamine (1.06 g, 10.5 mmol) in tetra hy dro -
furan (30 mL) was added to chloroacetyl chlo ride (1.2 g, 10.6
mmol) in tetrahydrofuran (20 mL) in an ice bath for 30 min.
Af ter the re ac tion mix ture was stirred at room tem per a ture
for 4 h, the mix ture was con cen trated un der re duced pres sure. 
Then the crude prod uct was ex tracted with ethyl ac e tate (3 
50 mL) and the com bined or ganic lay ers were washed with
brine (2  20 mL), dried over an hy drous mag ne sium sul fate,
fil tered and evap o rated. With out pu ri fi ca tion, the crude prod -
uct was refluxed with p-toluenesulfonic acid so dium salt (3.2
g, 16.5 mmol) in dioxane (70 mL) and wa ter (70 mL) for 10 h. 
Then the mix ture was con cen trated un der re duced pres sure
and the res i due was ex tracted with ethyl ac e tate (3  100 mL). 
The com bined or ganic lay ers were washed with brine (2  20
mL), dried over an hy drous mag ne sium sul fate, fil tered and
evap o rated. Recrystallization on hex ane and ethyl ac e tate
af forded 3.0 g (90%) of acetamide 4. Electrospray-MS:
C17H19NO4S m/z (%) = 334 (M++1, 100); 1H NMR (400 MHz, 
CDCl3)  7.65 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 8.3 Hz, 2H),
7.21-7.18 (m, 2H), 6.93 (brs, 1H), 6.88-6.85 (m, 2H), 4.36 (d,
J = 5.8 Hz, 2H), 3.98 (s, 2H), 3.81 (s, 3H), 2.43 (s, 3H).

1-p-Methoxybenzyl-3-tert-butoxycarbonylamino-5-toluene
sulfonyl-piperidine-2,6-dione (2)

A so lu tion of 4 (333 mg, 1.0 mmol) in tetrahydrofuran
(10 mL) was added to a rap idly stirred sus pen sion of so dium
hy dride (60%, 2.2 mmol) in tetrahydrofuran (10 mL). Af ter
the re ac tion mix ture was stirred at room tem per a ture for 5
min, a so lu tion of benzyl es ter 3 (260 mg, 1.0 mmol) in

tetrahydrofuran (10 mL) was added. The re sult ing mix ture
was heated at re flux tem per a ture for 20 min, quenched with
sat u rated am mo nium chlo ride so lu tion (1 mL) and the mix -
ture was con cen trated un der re duced pres sure. Then the
crude prod uct was ex tracted with ethyl ac e tate (3  20 mL)
and the com bined or ganic lay ers were washed with brine (2 
20 mL), dried over an hy drous mag ne sium sul fate, fil tered
and evap o rated. Pu ri fi ca tion on sil ica gel (hex ane/ethyl ac e -
tate = 4/1) af forded 300 mg (62%) of 2 as a solid: mp 83-84
C. Electrospray-MS: C25H30N2O7S m/z (%) = 447 (100), 503

(M+, 44). IR (film) 1720 cm-1. 1H NMR (400 MHz, CDCl3) 
7.74 (d, J = 8.3 Hz, 4/5H), 7.55 (d, J = 8.3 Hz, 6/5H), 7.33-
 7.19 (m, 4H), 6.82-6.76 (m, 2H), 5.50-5.20 (brs, 1H), 5.00-
 4.74 (m, 3H), 4.30-4.10 (m, 1H), 3.77 (s, 9/5H), 3.76 (s,
6/5H), 3.20-2.95 (m, 1H), 2.44 (s, 3H), 2.30-2.17 (m, 1H),
1.45 (s, 9H). Anal. Calcd. for C25H30N2O7S: C, 59.75; H,
6.02. Found: C, 59.80; H, 6.06.

1-p-Methoxybenzyl-3-phthalimido-5-toluenesulfonyl-
piperidine-2,6-dione (6)

Com pound 2 (486 mg, 1.0 mmol) was dis solved in
meth y lene chlo ride (10 mL). Trifluoroacetic acid (3 mL) was
added into the so lu tion and the mix ture was stirred for 30 min
at room tem per a ture. Meth y lene chlo ride and ex cess trifluo -
ro acetic acid were re moved un der re duced pres sure to get the
crude amine 5 in 88% yield as a vis cous oil. Electro spray-
 MS: C20H22N2O5S m/z (%) = 403 (M++1, 100). Triethylamine
(600 mg, 5.93 mmol), phthalic an hy dride (170 mg, 1.15
mmol) and 4 Å MS were added. Af ter heat ing for 2 h, the mix -
ture was fil tered and the sol vent was re moved un der re duced
pres sure to get the crude amine 6. Pu ri fi ca tion on sil ica gel
(hex ane/ethyl ac e tate = 2/1) af forded 450 mg (65%) of 6 as a
solid: mp 110-111 C. Electrospray-MS: C28H24N2O7S m/z
(%) = 403 (100), 533 (M++1, 42). IR (film) 1743, 1704 cm-1.
1H NMR (400 MHz, CDCl3)  7.89-7.74 (m, 4H), 7.53 (d, J =
8.2 Hz, 4/3H), 7.33-7.26 (m, 4H), 7.17 (d, J = 8.7 Hz, 2/3H),
6.84 (d, J = 8.2 Hz, 4/3H), 6.72 (d, J = 8.7 Hz, 2/3H), 5.78 (dd, 
J = 6.4, 13.1 Hz, 2/3H), 5.03-4.76 (m, 7/3H), 4.34 (dd, J =
8.4, 13.7 Hz, 1/3H), 4.21 (dd, J = 1.4, 6.0 Hz, 2/3H), 3.78 (s,
2H), 3.73 (s, 1H), 3.19-3.04 (m, 1H), 2.96-2.92 (m, 2/3H),
2.73- 2.70 (m, 1/3H), 2.44 (s, 3H). Anal. Calcd. for C28H24N2O7S:
C, 63.15; H, 4.54. Found: C, 63.19; H, 4.55.

Tha lid o mide (1)
To a so lu tion of com pound 6 (133 mg, 0.25 mmol) and

Na2HPO4 (142 mg, 1 mmol) in HPLC-grade meth a nol (5 mL)
was added 6% so dium amal gam (360 mg, 0.95 mmol). The
mix ture was vig or ously stirred for 1 h at room tem per a ture.
Af ter con cen tra tion of the so lu tion, meth y lene chlo ride (10
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mL) was added to the res i due, washed with wa ter (4  10
mL), dried over an hy drous mag ne sium sul fate, and con cen -
trated to get the crude desulfonyl com pound. The crude com -
pound was dis solved in acetonitrile (3 mL) and wa ter (1 mL).
Ex cess ceric am mo nium ni trate re agent (6 eq, 1.5 mmol) was
added (in six por tions) into the so lu tion. The re ac tion was
stirred 5 h at room tem per a ture. Af ter con cen tra tion of the so -
lu tion, meth y lene chlo ride (3 mL) was added to the res i due
and was placed in the flash col umn di rectly. Pu ri fi ca tion on
sil ica gel (hex ane/ethyl ac e tate = 1/2) af forded 34 mg (52%)
of tha lid o mide (1) as a solid: mp 275-277 C. Electrospray-
 MS: C13H10N2O4 m/z (%) = 259 (M++1, 100). 1H NMR (400
MHz, CDCl3)  7.99 (brs, 1H), 7.89-7.86 (m, 2H), 7.78-7.75
(m, 2H), 4.98 (dd, J = 5.3, 12.4 Hz, 1H), 2.93-2.71 (m, 3H),
2.18-2.12 (m, 1H). 13C NMR (100 MHz, CDCl3)  170.74,
167.89, 167.33, 134.59 (2 ), 134.44, 131.82, 123.91 (2 ),
123.80, 49.43, 31.49, 22.30
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