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Synthesis of
6,8-substituted-5,7-difluoro-3,4-dihydro-1H-quinoxalin-2-ones via
reductive cyclisation of 2,4,6-substituted-3,5-difluoronitrobenzenes
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Abstract—The synthesis of substituted 5,7-difluoro-3,4-dihydro-1H-quinoxalin-2-ones is described via reductive cyclisation of
2,4,6-substituted-3,5-difluoronitrobenzenes. Reliable conditions for the reduction of solid-phase bound 2,4,6-substituted-3,5-
difluoronitrobenzenes were not found. In contrast, solution-phase reductions proceeded smoothly giving the cyclised quinoxalin-2-
one products in good yields. A method optimised for rapid parallel synthesis is described, using zinc in acetic acid as reductant,
which has been demonstrated to be general for products bearing a range of substituents. © 2002 Elsevier Science Ltd. All rights
reserved.

Bicyclic heterocycles such as quinoxalinones, 1,5-benzo-
diazepin-2-ones and quinazolines are examples of privi-
leged structures which have high importance in
combinatorial drug discovery libraries.1 These heterocy-
cles have been shown to exhibit a diverse range of
biological activities as anxiolytics, inhibitors of
thymidylate synthase or potent angiotensin II receptor
agonists.2–4 As a consequence, a number of combinato-

rial library syntheses of these classes of compounds
have been reported.5,6

In a previous communication, we described the use of
pentafluoronitrobenzene as a novel scaffold in the
solid-phase synthesis of 2,4,6-substituted-3,5-difluoroni-
trobenzene libraries 1.7 An attractive feature of the
pentafluoronitrobenzene scaffold lies in the potential

Scheme 1. Proposed solid-phase or solution-phase synthesis of 6,8-substituted-5,7-difluoro-3,4-dihydro-1H-quinoxalin-2-ones 4
from 2,4,6-substituted-3,5-difluoronitrobenzenes 1.
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for reduction of the nitro group, thus enabling further
modification to the scaffold. The reduction of aromatic
nitro groups on solid-phase has been reported by a
number of groups under various conditions e.g.
SnCl2·2H2O, Zn/FeCl3·6H2O, and Zn/AcOH.8–10 The
formation of a substituted quinoxalinone via
intramolecular cyclative cleavage following reduction
has been reported to occur in a similar system to ours.10

We considered that reduction of the solid-supported
difluoronitrobenzenes would either give the anilino
compound 2 which could be derivatised further, or may
result in cyclisation and cleavage from the resin giving
the dihydroquinoxalin-2-one 4 (Scheme 1). Alterna-
tively, libraries of dihydroquinoxalin-2-ones 4 could be
prepared from 3 in solution by reductive cyclisation
following cleavage from the resin as previously
described.7

The solid-phase reduction was investigated using N-3-
diethylamino - 2,4 - difluoro - 6 - nitro - 5 - piperidin - 1 - yl-
phenyl-L-alanine HMP ester resin (1% DVB
polystyrene) 1a as a model substrate.7 LC MS analysis
was conducted on the reaction filtrate, and on the
reaction product following cleavage from the resin
(TFA/DCM). The cyclised product 4a was observed in
the filtrate following reduction under forcing conditions
(SnCl2·H2O, DMF, 60°C, 72 h). However, cleavage of

the resin following the reaction revealed the presence of
significant amounts of unreacted nitro compound 3a.
Reaction with Zn/FeCl3·6H2O, or Zn/AcOH failed to
provide the cyclised product. Formation of the uncy-
clised aniline 2 was not observed under any of the
conditions.

The tin chloride reduction was performed in solution
with the corresponding nitro compound 3a as substrate
in order to determine whether the failure of the solid-
phase reaction was due to difficulties related to the
solid support. In this case the reaction proceeded
smoothly to give the dihydroquinoxalin-2-one 4a in
75% yield.11

Representative examples of the perfluoronitrobenzenes
3b–l were prepared using the solid phase method.7

Variations of the amino acid (R3) and the amine sub-
stituent (R4/R5) ortho to the nitro group were expected
to be significant. The reduction was initially effected
using SnCl2 (5 equiv.) in methanol (reflux, 5 h). The
solvent was removed in vacuo and the products
analysed (Method A). The results (Table 1) were
erratic, with 5 out of 11 examples giving the product in
>50% purity and no product being detected in the other
reactions possibly due to the excess tin salts present in
the crude material. The introduction of a purification

Table 1. Reductive cyclisation of substituted difluoronitrobenzenes 3b–l to dihydroquinoxalin-2-ones 4b–l

Purity (%)12Product R3 ESI [M+H]+R4/R5

Method B (Zn/AcOH/60°C)Method A (SnCl2/MeOH/60°C)4

b 640BGly 355
D 68Gly 64c 360

Alad A 100 79 459
E 67 85e 367Ala

Hisf B 0 65 435
Hisg E 0 71 433

432650h DLys
C 0i 62Phe 520

Phe Dj 72 76 429
443770Ek Phe

Phe F 66 79 417l
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step at this point was undesirable so a cleaner method
of reduction was sought.

The reductive cyclisation of 3a was repeated using zinc
powder in acetic acid (60°C, 2 h), the excess zinc was
easily removed by filtration, and the filtrate concen-
trated in vacuo giving 4a (87% yield). This method
proved to be more robust when performed in parallel
on a number of examples (Table 1, Method B), with the
desired products 4b–l being identified in all examples at
greater than 62% purity.

In summary, we have used a reductive cyclisation
approach to the synthesis of 6,8-substituted-5,7-
difluoro-3,4-dihydro-1H-quinoxalin-2-ones 4. Attempts
to effect the reduction on the solid-support were not
successful. In solution the reaction proceeds smoothly,
using a zinc powder and acetic acid couple, and pro-
vides the bicyclic heterocycles in good yields. This
method is easily amenable to library synthesis and is
tolerant to a wide range of substituents around the
perfluoronitrobenzene scaffold which are readily pre-
pared using the solid-phase method.

Acknowledgements

The authors thank Dr. E. McDonald for his ongoing
support and Bernard P. Nutley and Amin R. Mirza for
LC MS analysis. The work was funded by grants from
the Cancer Research Campaign (SP2330/0201).

References

1. Evans, B. E.; Rittle, K. E.; Bock, M. G.; DiPardo, R. M.;
Friedinger, R. M.; Whitter, W. L.; Lundell, G. F.; Veber,

D. F.; Anderson, P. S.; Chang, R. S. L.; Lotti, V. J.;
Cerino, D. J.; Chen, T. B.; Kling, P. J.; Klunkel, K. A.;
Springer, J. P.; Hirshfield, J. J. Med. Chem. 1988, 31,
2235–2246.

2. Reich, S. H.; Fuhry, M. A. M.; Nguyen, D.; Pino, M. J.;
Welsh, K. M.; Webber, S.; Janson, C. A.; Jordan, S. R.;
Matthews, D. A.; Smith, W. W.; Bartlett, C. A.; Booth,
C. L. J.; Herrmann, S. M.; Howland, E. F.; Morse, C. A.;
Ward, R. W.; White, J. J. Med. Chem. 1992, 35, 847–858.

3. Kim, K. S.; Qian, L.; Bird, J. E.; Dickinson, K. E.;
Moreland, S.; Schaeffer, T. R.; Waldron, T. L.; Delaney,
C. L.; Weller, H. N.; Miller, A. V. J. Med. Chem. 1993,
36, 2335–2342.

4. Lee, J.; Murray, W. V.; Rivero, R. A. J. Org. Chem.
1997, 62, 3874–3879.

5. Lee, J.; Gauthier, D.; Rivero, R. A. J. Org. Chem. 1999,
64, 3060–3065.

6. Mayer, J. P.; Lewis, G. S.; Curtis, M. J.; Zhang, J.
Tetrahedron Lett. 1997, 38, 8445–8448.

7. Holland, R. J.; Hardcastle, I. R.; Dick, A. G.; Nutley, B.
P.; Hayes, A.; Jarman, M. Tetrahedron Lett. 2002, 43,
719–721.

8. Desai, D. G.; Swami, S. S.; Hapase, S. B. Synth. Com-
mun. 1999, 29, 1033–1036.

9. Stephensen, H.; Zaragoza, F. Tetrahedron Lett. 1999, 40,
5799–5802.

10. Tumelty, D.; Schwarz, M. K.; Cao, K.; Needels, M. C.
Tetrahedron Lett. 1999, 40, 6185–6188.

11. Excess tin salts were removed from the crude product by
washing with 1:1 NaOH (1 M), DCM.

12. LC MS analysis used gradient elution (MeOH/0.1%
HCO2H), Supelco discovery C18 column (5 cm×4.6 mm).
Analysis by UV was recorded at 254 nm. MS was con-
ducted on a Finnigan MAT LCQ in electrospray mode.
Purities are based on the peak integral of the crude
product peak.


	Synthesis of 6,8-substituted-5,7-difluoro-3,4-dihydro-1H-quinoxalin-2-ones via reductive cyclisation of 2,4,6-...
	Acknowledgements
	References


