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Abstract: A novel multicomponent reaction of o-phenylenedi-
amines with aldehydes and isonitriles yields 1,4-dihydroquinoxa-
lines. These intermediates are unstable under reaction conditions.
They undergo oxidation with DDQ to furnish 33-54% isolated
yields of the respective quinoxalines. This reaction is general for ar-
omatic 1,2-diamines. Monoalkylated aryl 1,2-diamines lead to sta-
ble 1,4-dihydroquinoxalines.
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Recent developments in the multicomponent reactions
(MCR)2 involving isocyanides and substrates containing
two reacting functionalities have further confirmed their
utility in generating complex scaffolds in a single chemi-
cal event. Notable examples include: i) Groebke reaction
of 2-aminoazines and azoles,3,4 ii) ring-forming Ugi-type

reactions of various aldehydo and keto acids,5,6 iii) aque-
ous-phase b-lactam synthesis from b-amino acids,7 and
many others.

In the course of our research on the Groebke-type reac-
tions,8,9 we explored the opportunities for other nitrogen
nucleophiles (e.g., free amino group) within the aldimine
moiety to intercept the initial reactive intermediate.10

Herein we would like to report that, according to this ra-
tionale, the use of o-phenylenediamine (1) in the reaction
with equimolar amounts of an aldehyde 2 and an isonitrile
3 leads to the formation of 1,4-dihydroquinoxalines 4
(Scheme 1).

This reaction proceeded smoothly with a variety of reac-
tants (Table 1) in methanol at room temperature using
equimolar amount of HCl (concd) as a catalyst. In 18
hours, 1,4-dihydroquinoxalines 4a-h were detected as
major components of the reaction mixture by LCMS anal-

Scheme 1 The Groebke reaction of 2-aminopyrimidine (a) and the novel reaction of o-phenylenediamines described in this work (b).
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ysis, accompanied by minor byproducts.11 During at-
tempted chromatographic isolation of 4a-h, these
compounds were found to be unstable. Exposure of 4a-h
to air led to the formation of variable amounts of the re-
spective quinoxalines 5a-h. Efficient conversion of the
product mixture into a single isolable product was
achieved by brief exposure of crude reaction mixtures
containing 4a-h to DDQ/benzene system at room tem-
perature. As expected, this furnished 5a-h (Scheme 2,
Table 1).12 The identity of synthesized quinoxalines 5 has
been confirmed by the X-ray analysis of a representative
compound 5b (Figure 1).13

Several relevant molecules have been reported as biolog-
ically active substances. A number of antifolate agents14

and kinase inhibitors15 based on this chemotype appeared
in the literature. Notably, their synthesis generally in-
volved multistep reaction sequences. The method report-
ed herein offers a convenient and conceptually new
alternative to combinatorial synthesis of 2-(alkylamino)-
3-arylquinoxalines. In addition, it offers considerable

flexibility with respect to functional group (e. g., 5g). To
the best of our knowledge, this new isocyanide-based
multicomponent reaction is the first example of the anilin-
ic amino group functioning as internal nucleophile to in-
tercept the isonitrile interacting with an aldimine moiety.
We further established that this two-step addition-oxida-
tion protocol can be extended to the synthesis of pyri-
do[2,3-b]pyrazine 8 from 2,3-dimiaminopyridine (6),16

albeit in low yield (Scheme 3).

In order to confirm the intermediacy of 1,4-dihydroqui-
noxalines 4 in the preparation of the isolated quinoxalines
5, we tested the same multicomponent reaction using
monoalkylated diamines 9 and 11. Gratifyingly, the reac-
tion mixtures contained products 1017 and 1218 isolated in
moderate yields (Scheme 4). These heterocyclic com-
pounds are flavin analogues posing interest as molecular
probes19 and catalysts for biomimetic oxidations.20

In conclusion, we have discovered a novel variant of iso-
cyanide-based MCR involving aromatic 1,2-diamines and
demonstrated its preparative value in efficient two-step
synthesis of medicinally important 2-(alkylamino)-3-
arylquinoxalines 5a-h. This reaction could be extended
to the heterocyclic 1,2-diamines and N-monoalkylated di-
amines. The potential of this new ring-forming MCR war-

Table 1 Quinoxalines 5a-h Synthesized in this Work

Entry  Diamine 1 R1 R2 Yield of 
5 (%)c

1 Ph 54

2 Ph 50

3 Ph 53a

4 43

5 33

6 Ph 48

7 Ph 35b

8 43

a The product was isolated chromatographically as 1:1 mixture of iso-
mers.
b The product was obtained as a single isomer after chromatography 
(<5% of the other isomer was present in crude reaction mixture by 
LCMS analysis).
c The yield for two steps (% from 1) after chromatography.
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Figure 1 X-ray structure of the compound 5b.

Scheme 2 Synthesis of quinoxalines 5a-h via intermediate forma-
tion of 1,4-dihydroquinoxalines 4a-h.
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rants future studies to expand scope and optimize yields of
the target compounds.

The starting diamine 1 (10 mmol) was dissolved in anhyd MeOH
(50 mL) and the solution was thoroughly degassed by freeze-thaw
technique. Concentrated HCl (10 mmol) and equimolar amounts of
aldehyde 2 and isonitrile 3 were added to the resulting solution. The
reaction mixture was stirred at r.t. for 18 h under argon. Methanol
was evaporated in vacuo. The residue was partitioned between sat.
aq NaHCO3 and CHCl3. Aqueous layer was further extracted with
CHCl3. Combined organic extracts were dried over anhyd MgSO4,
filtered, and concentrated in vacuo. Crude product was washed with
dry benzene (ca. 100 mL) and a solution of DDQ in 5 mL of ben-
zene was added dropwise. The resulting mixture was stirred at r.t.
for 1-3 h. The precipitate of hydroquinone was filtered off and
washed with toluene. The combined filtrate and washings were con-
centrated in vacuo. Quinoxalines 5a-h were isolated chromato-
graphically (SiO2) using EtOAc-hexane mixtures as eluent.
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