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Abstract

The rotary evaporation of 1,2-diamino aromatic compounds in diethyl oxalate at 50-80 °C and 20 mbar leads to
the formation of quinoxalines-2,3-diones, as precipitates. Further purification is not necessary except for wash-
ing with ether.
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Introduction Results and Discussion

Experienced synthetic organic chemists will agree that th&uinoxaline-2,3-diones and quinoxaline-2-ones are mainly
time normally spent in the laboratory on product isolationprepared by condensation@phenylenediamines with vari-
and purification is much more than the time spent on carryeus ketoacid derivatives [4], although they can be prepared
ing out the reaction itself. Sometimes, an organic synthesiby other reactions, such as the photorearrangement of
will fail if the target product cannot be isolated, even if con-quinoxaline-1,4-dioxides [5]. Several general methods are
version to the product is complete. In practice, a facile oravailable for preparing-phenylenediamine derivatives [6].
ganic synthesis is a combination of both a satisfactory reacFhe ring closure of an-phenylenediamine with oxalate de-
tion and, more significantly, easy product isolation and puri-rivatives, used to form the six-memlparadiazine ring of a
fication. A simple organic synthesis has been designed tguinoxaline-2,3-dione, is usually the last and crucial step.
perform both the reaction and product isolation in one opNormally, this step is carried out using the method of Phillips
eration under reduced temperature and pressure (Scheme [[J] under the catalysis of strong acid [1] or at elevated or
Moreover, we are interested in the synthesis of the comreflux (diethyl oxalate has a b.p. of 182-186 °C [4a]) tem-
pounds in the title because several publications recently inperatures [7,8]. Sometimes a solvent is also used [1,8].
dicated that certain quinoxaline-2,3-diones [1,2] and With the structural modifications at other sites on 1,2-
quinoxaline-2-ones [3] were highly potent NMDA receptor diaminobenzene completed in the previous steps, it is desir-
antagonists. able to perform the ring closure in the synthesis of
quinoxaline-2,3-dione under mild reaction conditions in or-
der to avoid any side reactions. The general Phillips reaction
carried out under harsh conditions, as commented by Piguet
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et al.[9], needs be modified for various reasons. If possible,
catalysts and solvents should not be used, because any such 3 H CeHs
substances are potential impurities in the final product. In 4 CH H

our modified procedure, no other solvents and no catalysts
have been employed. The reaction temperature isdaw, cl H
50-80 °C. Excess diethyl oxalate, a reactant, serves as a mild H
solvent and can be easily removed from the solid product by
simply washing with ether. The results are shown in Scheme
1 [10].

The reactions on a rotary evaporator (rotavaporjnor
vacuomay represent a general technique for syntheses wheRxperimental Part
small molecules are released and a crystal product is formed.
Generally, the lower temperature range reduces the reactia®eneral
velocity and the reduced pressure leads to lower concentra-
tions. However, the efficient separation due to crystallisatiorSee also reference 14. Melting points were measured on a
(facilitated by reduced temperature) and evaporation (faciliThomas-Hoover melting point apparatus in open capillary
tated by reduced pressure) may substantially shift the chemitbes and are uncorrected. RoutittNMR spectra were
cal equilibrium. Because the products are readily isolatedpbtained on a Varian-Gemini 300 M Hz spectrometer; chemi-
side reactions involving the products are eliminated. The stratal shiftsd in ppm relative to TMS, J in Hz. IR spectra were
egy based on the rotavapor technique does not contradict wetheasured on a Perkin-Elmer 983 spectrometer as KBr pellet.
established, conventional chemical kinetic theory and th&lemental analyses were performed by the Analytical Re-
thermodynamic theory of chemical equilibrium. As shown search Services, Ciba-Geigy Limited. FAB mass spectra were
in Scheme 2, the optimum situation is that the two productsecorded on a ZAB HF instrument, with thioglycerin or
(solid S and gas G) are separated from each other and algirobenzyl alcohol as matrix. Diethyl oxalate is a Fluka prod-
from the unreacted reactants and solvents in the liquid phaset, purum, b.p. 182-186 °C.
(L). In this strategy G can be any small molecules such as
H,O, a simple alcohol, an ether, acids (HX), bases (ammonig-Chloro-1-(2'-cyanoethyl)-1,2,3,4-tetrahydroquinoxaline-
or simple amines), etc., which are not necessarily in a gase-3-dione {): A General Procedure
ous state at ambient conditions (their partial vapour pres-
sures are less than 1 atm) [lhktead of evaporation on a A solution of 4-chloro-N-(2'-cyanoethyl)-2-nitroaniline (2.0 g,
rotary evaporator, the combined one-step procedure of reag.86 mmol) in ethanol (40 ml) was added 0.5 g Pd/C (5 %)
tion and separation described here can also be readily caind stirred at rt and under 1 atm fdr 5 h. Filtration and
ried out by stirringn vacuo evaporation yield N-(2'-cyanoethyl)-2-amino-4-chloroaniline

Regardless of their theoretical implications [12] and low[*H-NMR (CDCL): 6.76 (q, 1H, 5-CH, 7 Hz, 2 Hz), 6.74 (d,
yields [10], these reactions (Scheme 1) also indicate the speH, 3-CH, 2 Hz), 6.56 (d, 1H, 6-CH, 7 Hz), 3.45 (br. s, 3H,
cial reactivity of alkyl oxalate derivatives towards aminesNH), 3.45 (m, 2H, CH), 2.65 (m, 2H, CH)] as a solid.
[13]. 1,2-diaminobenzene is dissolved in diethyl oxalate (30 ml).

[&)]

Solvent (L
Reactants (L) _(l ProductS& + Producth Scheme 2
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The resulting solution is evaporated on a rotary vaporato6-Chloro-1,2,3,4-tetrahydroquinoxaline-2,3-diors) (
with an 80 °C bath at ca. 20 mbar overnight to afford a dark
solid, which was filtered, washed with ether and dried in vacué solution of 4-chloro-1,2-phenylenediamine (Fluka, pract.)
to give 6-chloro-1-(2'-cyanoethyl)-1,2,3,4-tetrahydro- (6.16 g, 43.2 mmol) in diethyl oxalate (65 ml) was evapo-
guinoxaline-2,3-dione 1, 910 mg, 41 % based on the rated as described above except at 50 °C for 5.5 h to give a
2-nitroaniline derivative used). M.p. >250 °C. IR (KBr): 3245 black solid, which was filtered and washed sequentially with
(NH), 2258 (GN), 1705 and 1669 (C=0)!H-NMR CH,CI, and ether, and then dried in vacuo. The pale-gray
(D, DMSO): 12.08 (br. s, 1H, NH), 7.55 (d, 1H, H-C(8), 9 powder is identified as 6-chloro-1,2,3,4-tetrahydro-
Hz), 7.22 (q, 1H, H-C(7), 9 Hz, 2 Hz) 7.19 (d, 1H, H-C(5), 2 quinoxaline-2,3-dione5{ 5.0 g, 59 %). M.p. >290 °C (lit.
Hz), 4.20 (m, 2H, Ck)}, 2.45 (m, 2H, CH). (+)-FAB MS: [8] m.p.>320 °C (dec.)]. IR (KBr): 3432, 3000, 1700 (2 C=0),
250 ([M+HT). 1630 (Ar)'H-NMR ((D,)DMS0):12.00 (br. s, 2H, NH), 7.13
(s, 3H, ArH). (+)-FAB MS: 197 ([M+H}). Analysis
N-(2'-Cyanoethyl)-6-trifluoromethyl-1,2,3,4-tetrahydro- (CH.,CIN,O,), theoretical Cl 18.03 %, found CI 17.99 %.
quinoxaline-2,3-dione2)
1,2,3,4-tetrahydroquinoxaline-2,3-dioné) (
2-Amino-N-(2'-cyanoethyl)-4-trifluoromethylaniline (1.65 g,
7.2 mmol, prepared by hydrogenation of the corresponding\ solution of 1,2-phenylenediamine (29.2 g, 0.27 mol) in
2-nitroaniline derivative as described above) in diethyl oxalateliethyl oxalate (100 ml) was evaporated by stirring in vacuo
(25 ml) was evaporated as described above for 3 h to givim an oil bath at 80 °C argh 20 mbar overnight. The brown
white solid, which was filtered, washed with ether and driedsolid formed was filtered, washed several times with diethyl
in vacuo to give N-(2'-cyanoethyl)-6-trifluoro-1,2,3,4-tetra- ether and vacuum-dried to give a pale-brown solid 1,2,3,4-
hydromethylquinoxaline-2,3-dione, a white powd2r 880  tetrahydroquinoxaline-2,3-dioné,(17.5 g, 40 %). M.p.
mg, 29 %). M.p. 245-246 °C. IR (KBr): 3100 (NH), 2260 >290 °C (lit. [8] m.p.>360 °CFH-NMR ((D,)DMSO0):11.55
(C=N), 1700 (C=0)'H-NMR ((D,)DMSO): 12.11 (br. s, 1H, (br. s, 2H, NH), 7.52 (m, 4H, Ar-H).
NH), 7.74 (d, 1H, H-C(8), 9 Hz), 7.51 (q, 1H, C-H(7), 9 Hz,
2 Hz) 7.47 (d, 1H, H-C(5), 2 Hz), 4.21 (m, 2H, gH.46
(m, 2H, CH). (+)-FAB MS: 284 ([M+H]). AcknowledgementsThe author would like to thank Dr.
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46 mmol) in diethyl oxalate (150 ml) was evaporated as desuggestions.
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