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Abstract—6-Alkylidene-2,3-benzo-1,4-diaza-7-oxabicyclo[4.3.0]non-2-enes were prepared by cyclization of 1,3-bis(silyl enol ethers)
with quinoxaline.
� 2007 Elsevier Ltd. All rights reserved.
1,3-Bis(silyl enol ethers), which can be regarded as elec-
troneutral equivalents of 1,3-dicarbonyl dianions
(masked dianions), represent versatile building blocks
in one-pot cyclizations with various electrophiles, such
as oxalyl chloride, epoxides, 3-siloxy-2-en-1-ones, 1,4-
diketones, or benzopyrylium triflates.1 Recently, we
started a program to study the cyclization of 1,3-bis(silyl
enol ethers) with iminium salts. The cyclization of
1,3-bis(silyl enol ethers) with N-methoxycarbonyl-
2,5-dimethoxypyrrolidine and isoquinoline afforded
tropinones2 and 7,8-benzo-3-hydroxy-9-azabicyclo-
[3.3.1]non-3-enes,3 respectively. Herein, we report
what are, to the best of our knowledge, the first cycliza-
tions of 1,3-bis(silyl enol ethers) with quinoxaline. These
reactions allow a convenient synthesis of 6-alkylidene-
2,3-benzo-1,4-diaza-7-oxabicyclo[4.3.0]non-2-enes. Re-
cently, the cyclization of 1,1-bis(silyloxy)ketene acetals
with pyrazine and quinoxaline has been reported.4,5

The products are of potential biological relevance as
they represent analogues of clofazimine, riboflavin (vita-
min B2) and lumiflavin. Clofazimine represents an
important drug against leprosy and diseases related to
the autoimmune system.6 Due to serious problems, such
as bacterial resistance,6 the development of suitable clo-
fazimine analogues is of pharmacological relevance.
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1,3-Bis(silyl enol ether) 2a is readily available from
methyl acetoacetate in two steps.7 The reaction of 2a
(1.4 equiv) with quinoxaline (1a) (1.0 equiv), in the
presence of methyl chloroformate (4.0 equiv), afforded
a separable mixture of 6-(methoxycarbonyl)methyl-6-
hydroxy-2,3-benzo-1,4-diaza-7-oxabicyclo[4.3.0]non-2-ene
3a (35%) and 6-(methoxycarbonyl)methylidene-2,3-ben-
zo-1,4-diaza-7-oxabicyclo[4.3.0]non-2-ene 4a (31%). The
formation of 4a can be explained by generation of an
iminium salt, attack of the terminal carbon atom of
2a, generation of a second iminium salt (intermediate
A), and cyclization by attack of the oxygen atom. The
formation of by-product 3a can be explained by attack
of a chloride ion after cyclization (intermediate B) and
subsequent hydrolysis upon chromatography. Alcohol
3a could be transformed into the desired product 4a
by treatment of the crude material with trifluoroacetic
acid (TFA, CH2Cl2, reflux). Therefore, our final
protocol for the synthesis of 4a relies on the chlorofor-
mate-mediated cyclization of 2a with 1a, removal of
the solvent and subsequent refluxing of a CH2Cl2 solu-
tion of the crude product mixture in the presence of
TFA (1.0 equiv).8 Using this procedure, 4a could be iso-
lated in 53% yield (Scheme 1, Table 1). A cis-annulation
was observed for 4a. The exocyclic double bond was
formed with very good E-diastereoselectivity, due to
the higher stability of the E- compared to the Z-config-
ured exocyclic double bond.

The reaction of 1a with 1,3-bis(silyl enol ethers) 2a–d,
prepared in two steps from the corresponding b-ketoesters,
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Scheme 1. Cyclization of 1,3-bis(silyl enol ethers) 2a–f with quinoxalines 1a–c: (i) 1a–c (1.0 equiv), 2a–f (1.4 equiv), ClCO2Me (4.0 equiv), CH2Cl2,
20 �C, 14 h; (ii) TFA (1.0 equiv), CH2Cl2, reflux, 4 h.

Table 1. Products and yields

1 2 4 R1 R2 % (4)a

a a a H OMe 53
a b b H OEt 67
a c c H OiBu 65
a d d H O(CH2)2OMe 58
a e e H Me 30
a f f H Ph 35
b a g Me OMe 73
b b h Me OEt 70
b d i Me O(CH2)2OMe 51
b e j Me Me 40
b f k Me Ph 40
c b l –CH@CH– OEt 36
c d m –CH@CH– O(CH2)2OMe 50
c f n –CH@CH– Ph 50

a Yields of isolated products (based on 1a–c).
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afforded the ester-substituted 6-alkylidene-2,3-benzo-
1,4-diaza-7-oxabicyclo[4.3.0]non-2-enes 4a–d (Scheme 1,
Table 1). The cyclization of 1a with 1,3-bis(silyl enol
ethers) 2e and 2f, derived from acetylacetone and
benzoylacetone, gave acetyl and benzoyl-substituted
products 4e and 4f. 6-Alkylidene-2,3-benzo-1,4-diaza-
7-oxabicyclo[4.3.0]non-2-enes 4g–k were prepared from
6,7-dimethylquinoxaline (1b). The cyclization of 6,7-
benzoquinoxaline (1c) with 1,3-bis(silyl enol ethers) 2b,
2d and 2f resulted in the formation of 6-alkylidene-2,3-
naphtho-1,4-diaza-7-oxabicyclo[4.3.0]non-2-enes 4l–n.
In all cases, a mixture of compounds 3 and 4 was
initially formed. Treatment of the crude material with
TFA (CH2Cl2, reflux) gave products 4 in moderate to
good yields.
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8. General procedure: To a CH2Cl2 solution (40 mL) of
quinoxaline (4.0 mmol) was added 1,3-bis(silyl enol ether)
(5.6 mmol) and methyl chloroformate (1.512 g, 16.0 mmol)
at 20 �C. The solution was stirred for 14 h at 20 �C,
concentrated in vacuo and dissolved in CH2Cl2 (40 mL). To
the solution was added TFA (0.456 g, 4.0 mmol) and the
solution was refluxed for 4 h. A saturated aqueous solution
of sodium bicarbonate (20 mL) was added and the organic
and the aqueous layers were separated. The latter was
extracted with CH2Cl2 (3 · 50 mL). The combined organic
layers were dried (Na2SO4), filtered and the filtrate was
concentrated in vacuo. The residue was purified by chro-
matography (silica gel, heptane! heptane/EtOAc = 2:1).
Synthesis of 4d: Starting with 1a (0.521 g, 4.0 mmol), 2d
(1.705 g, 5.6 mmol) and methyl chloroformate (1.512 g,
16.0 mmol), 4d was prepared as a viscous yellow oil
(0.943 g, 58%). 1H NMR (500.13 MHz, CDCl3): d = 2.87
(br d, 2J = 19.5 Hz, 1H, CH2), 3.32 (s, 3H, OCH3), 3.48
(ddd, 2J = 19.5 Hz, 3J = 10.0 Hz, 4J = 1.9 Hz, 1H, CH2),
3.51 (m, 2H, CH2OCH3), 3.78, 3.83 (2s, 6H, COOCH3),
4.13 (m, 2H, COOCH2), 5.24 (t, 4J = 1.9 Hz, 1H, CHCO),
5.63 (br, 1H, NCH), 6.71 (br d, 3J = 8.5 Hz, 1H, NCHO),
7.14–7.18 (m, 2H, CH, Ar), 7.36 (br, 1H, CH, Ar), 7.42 (br,
1H, CH, Ar); 13C NMR (125.8 MHz, CDCl3): d = 34.3 (br,
NCHCH2), 53.5, 53.7 (COOCH3), 56.0 (NCHCH2), 58.9
(OCH3), 62.5 (COOCH2), 70.5 (CH2), 90.2 (NCH), 91.3
(CHCO), 125.5, 125.9 (br), 126.0, 126.1 (br) (CH, Ar),
130.3, 130.5 (C, Ar), 153.9 (br, 2 · NCO), 167.6 (COO),
171.3 (CO); IR (KBr, cm�1): ~m ¼ 3432 (br, w), 2956 (w),
1715 (s), 1647 (m), 1507 (m), 1442 (s), 1398 (m), 1330 (s),
1298 (m), 1220 (m), 1200 (m), 1110 (s), 1049 (m), 1015 (m),
761 (w); MS (EI, 70 eV): m/z (%) = 406 (M+, 100), 330 (22),
303 (15), 271 (37), 227 (10), 189 (13), 145 (16); Anal. Calcd
for C19H22N2O8 (406.39): C, 56.15; H, 5.46; N, 6.89.
Found: C, 56.10; H, 5.57; N, 6.59. All new compounds gave
satisfactory spectroscopic and analytical and/or high reso-
lution mass data.
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