2498 J. Org. Chem., Vol. 87, No. 15, 1972

CHAPMAN

The Synthesis of Some Quinoxaline Ring Systems

Drrek D. CHAPMAN

Research Laboratories, Eastman Kodak Company, Rochester, New York 14650
Received November 2, 1971

2-Ethoxycarbonylmethylene-1,2,3,4-tetrahydroquinoxalin-3-one was used as an intermediate to prepare both

the isoxazolo[4,5-b]- and v-triazolo[1,5-a]quinoxaline ring systems.
oxalin-2-one derivatives were synthesized and their behavior on alkylation is described.

some quinoxaline acetic acid derivatives is discussed.

We have reported previously on the tautomerism of
product 1 obtained by the interaction of ethyl ethoxalyl-
acetate with o-phenylenediamine! and now describe
the use of this readily available starting material to
prepare some fused quinoxaline ring systems.

The nitrosation of 1 by isopentyl nitrite according to
the procedure described by Biekert and Késsel? yielded
a mixture of isomeric products. One (A) precipitated
from the reaction mixture and the other (B) was iso-
lated by concentration of the mother liquor. These
isomers are thought to be the two hydroxyimino de-
rivatives, one in which the hydroxyl group is syn to the
quinoxaline ring 2 and the other in which it is anti
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Both A and B on acetylation with acetic anhydride
and pyridine gave the same acetoxyimino compound
4. The stereochemistry of this acetate could not be
established.

Ring closure between the hydroxyimino and quin-
oxalone functions to form an isoxazole ring could be
accomplished for both isomers by heating with poly-
phosphoric acid. The new isoxazolo [4,5-b]quinoxaline
ring system was thereby formed in good yield. In
view of the acidic conditions used for this cyclization,
the possibility of a Beckmann rearrangement prior to
ring closure could not be overlooked. This would
lead to the isomeric oxazoloquinoxaline 6. However,
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(3). It was not possible to study these isomers rigor-
ously by spectroscopic means owing to their lack of
solubility in suitable solvents; however, a tentative
assignment of structure can be made. Isomer A can be
converted into isomer B by prolonged boiling in ethanol
or by treatment with methanolic HCl. Isomer B
appears to have a more strongly hydrogen bonded
structure than A, as evidenced by the appearance of a
peak at 8 14 in its nmr spectrum (DMSO) which is
absent from that of A.

The ester carbonyl frequency in B is lower than that
inA, 1730 vs. 1740 em ™!, suggesting hydrogen bonding to
the carbonyl. Assuming the correctness of this sugges-
tion, isomer A would have strueture 2 and isomer B would
have structure 3.

(1) D. D. Chapman, J. Chem. Soc., 806 (1966).
(2) E. Biekert and H. Kossel, Justus Liebigs Ann. Chem., 662, 83 (1963).
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treatment of the product with cold 5% sodium hy-
droxide solution showed that structure 5 was correct.
After hydrolysis of the ester, decarboxylation with
ring opening oceurred, forming the nitrile 7. Pro-
longed base treatment gave the amide 8, whereas, if
the oxazoloquinoxaline structure had been correct,
2-amino-3,4-dihydroquinoxalin-3-one would have been
produced. A small amount of the amide 8 was also
found as a by-product in large-scale cyclizations of 2
and 3. This series of reactions provides convenient
syntheses for both the nitrile 7 and the amide 8.

The hydroxyimino compounds eould also be used as a
means to enter the v»-triazolo[1,5-a]quinoxaline series.
This was accomplished by catalytic reduction to the
amino compound 9, which was cyclized with isopentyl
nitrite in acetic acid solution to give ethyl 4,5-dihydro-
4-0x0-v-triazolo [1,5-a ]Jquinoxaline-3-carboxylate (11) in
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reasonable yield. In an earlier synthesis of this ring
system, the quinoxaline ring is closed as the final step.?

Although 9 could not be purified by reecrystallization
owing to decomposition, its structure was apparent
from its spectral properties and an examination of its
acetylation products. Its molecular weight was estab-
lished as 247 from its mass spectrum; and, as its ir
spectrum did not show a peak above 1700 em™!, this
ruled out an alternative structure 10 which would be
expected to have a carbonyl absorption in the 1730-
1750-cm—! range. With acetic anhydride in the cold a
yellow monoacetate was formed, whereas in the hot a
colorless isomeric product was isolated. The yellow
product was formulated as 12 because again the ir
spectrum lacked a peak in the saturated ester range.
The colorless product had ir and nmr spectra which were
consistent with structure 13. In particular, the ester
carbonyl appeared at 1755 em™! and the methine
proton was a doublet at § 5.98 owing to coupling with
the adjacent NH., This doublet collapsed to a singlet
on addition of D;O to the solution. Attempts to run
the nmr spectrum of 12 in DMSO solution were un-
successful, as rapid rearrangement to the more stable
form 13 took place.

In connection with the problems of tautomerism in
guinoxaline acetic acid derivatives, it is of interest to
recall that a methyl group may have a large effect.
Whereas compound 1 exists in the solid as the exoeyclic
tautomer and in solution as a mixture of the exo-
and endocyclic tautomers, 14 is completely in the endo-
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(8) J. C. Kaver, U. S, Patent 3,262,943 (1966).
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cyelic form both in the solid phase and in solution.!
However, as will become apparent shortly, if the ester
function is part of a ring, the equilibrium shifts toward
the tautomer with the double bond exocyclic to the
quinoxaline ring,

L’Ttalien and Banks* first obtained ester 14 from
o-phenylenediamine and ethyl ethoxalylpropionate;
they also reported that heating 14 in diphenyl ether
caused it to eyelize to the furoquinoxalone 15. How-
ever, repetition of this latter reaction and spectral
examination of the produet showed that structure 15
was incorrect. The ir spectrum in KBr showed bands
at 3200 em™! attributable to an NH stretch and at
1745 em™! for the carbonyl group. The nmr spectrum
had a three-proton peak at & 1.75 assigned to a methyl
group. This latter piece of evidence is sufficient to
rule out the presence of structure 15 in solution, and
with the ir evidence indicates that structure 16, R
= H, is correct. Methylation with methyl iodide and
potassium carbonate gave the N-methyl compound
16, R = CH;. The nmr spectrum of this latter com-
pound showed two peaks of equal intensity at § 2.12
and 3.84 for the two methyl groups. Additional evi-
dence for the assignment of structure 16, R = H, was
obtained by a comparison of its ultraviolet spectrum
with that of 16, R = CH;. The two spectra were very
similar, both in the position of the peaks and in intensity.
Thus, a consideration of all the evidence leads to the
conclusion that the produet arising from the cyclization
of 14 has structure 16, R = H, both in the solid phase
and in solution.

The N-octyl derivative was prepared similarly by
reaction of 16, R = H, with octyl bromide. However,
when benzyl bromide was employed, the reaction took
a different course and the major product isolated was
17, identified by its elemental analysis and nmr spec-
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trum, which showed a methyl doublet at § 1.34 (J =
5 Hz), a nonequivalent methylene at 6 3.15 split by an
adjacent proton, and a methine proton as a complex
multiplet centered at § 4.04. This product must have
arisen by C-alkylation at position 3 prior to ring opening
and decarboxylation because the reaction of 18, R
= H, under the same conditions gave only the N-
benzyl derivative 18, R = CHyPh, and no product
resulting from C-alkylation.

The 3-phenyl analog of 16, R = H, was prepared in a
similar manner. Ethyl phenyloxalacetate was con-
densed with o-phenylenediamine to yield the ester 19,
which was cyclized to a furoquinoxalone whose nmr
spectrum in DMSO was in agreement with structure
20; no peak corresponding to a methine proton was
seen. Compound 20 could also be prepared from 21
by reaction with diethyl carbonate in the presence of
sodium hydride.

The nature of the substituent on the o carbon of
quinoxaline acetic acid derivatives has therefore been
shown to have a profound effect on the position of the

(4) Y.J.L'Italien and C. K, Banks, J. Amer. Chem. Soc., 18, 3246 (1951).
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tautomerie equilibrium in these systems. In the case
of an acetamido substituent, both tautomers can be
isolated, although the exocyclic form is less stable and
is readily converted to the endocyeclic form. When the
substituent is methyl or phenyl, the endocyeclic form is
the only one observed; and, when there is no sub-
stituent, a mixture of the two tautomers is present in
solution. Also, if the ester function is part of a ring,
the tautomeric stability is reversed in the methyl and
phenyl cases as the tautomer with the double bond
exocyelic to the quinoxaline ring is the stable one.

It was also of interest to compare the alkylation of
the furoquinoxalones with that of the corresponding
pyrrologquinoxalones.

A suitable intermediate for the synthesis of the
pyrrologquinoxalone 23 appeared to be the amino com-
pound 22, which should react with diethyl carbonate
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and sodium hydride to give 23. Accordingly, the
benzylquinoxalone 21 was converted to 22 via the
chloro compound.

Unfortunately, the cyelization of the amino com-
pound 22 with diethyl carbonate gave a mixture of four
products. Two of these were identified as the desired
compound 23 and the urethane 24. The third product
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contained one oxygen atom more than 23 and structure
25 is proposed. This is by analogy with the reaction
of 3-phenyloxindoles with oxygen in alkaline solution.>
The basic hydrolysis of 25 gave 2-amino-3-benzoyl-
quinoxaline, generated by decarboxylation followed by
aerial oxidation.

The fourth produect, isolated in very low yield, sur-
prisingly contained an ethyl group attached to a ter-
tiary carbon atom, with the methyl appearing at &
0.88 and the methylene at 8 2.55, and showed an in-
frared band at 1740 em—!. When the empirical formula
is taken into consideration, the structure most favored
is 26, which could arise from alkylation of 27 by diethyl

(5) (a) P. Aeberli and W. J. Houlihan, J. Org. Chem., 38, 1640 (1968).
(b) D. D, Chapman and J. W. Gates, Jr.,, U. 8. Patent 883,018 (1970);
U. 8. Defensive Publication T883018,
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carbonate. Accordingly, 23 was heated with diethyl
carbonate and sodium hydride and the alkylated prod-
uet was obtained in 509 yield.

The pyrroloquinoxalone 23 differs from its oxygen
analog 20 in its behavior on alkylation. Compound
23 undergoes methylation at position 3 and at position
1 to give only the C-alkylated product 29, whereas under
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the same conditions 20 gives mainly the N-4 methylated
product 28. However, the mass spectrum of the
crude produet from the latter reaction shows a peak that
corresponds to a structure such as 30, which could
result from C-3 methylation followed by ring opening
and further methylation. In this case the anion de-
rived from 20 is behaving as an ambident nucleophile.
Thus, a replacement of an oxygen atom by a nitrogen
on going from the furoquinoxalone 20 to the pyrrolo-
quinoxalone 23 is sufficient to change the position of
methylation from mainly N- to completely C-methyla-~
tion.

Many of the quinoxalin-2-one compounds described
in this paper are highly fluorescent and have been
considered as optical brighteners.®® However, the
furo[2,3-b]quinoxalin-2-one 20 and the corresponding
pyrrolo compound 23, although fluorescent, had their
emission at too long a wavelength to be useful for
this purpose.

Experimental Section

All melting points are uncorrected. Nmr spectra were recorded
in deuteriochloroform solutions except where noted otherwise.
Infrared spectra were run as potassium bromide disks.

2-Ethoxycarbonylmethylene-1,2,3,4-tetrahydroguinoxalin-3-
one (1) was prepared as described previously.*

Reaction of 1 with Isopentyl Nitrite.—The ester (23.2 g) was
suspended in glacial acetic acid (500 ml) containing trichloro-
acetic acid (3 g). After the addition of isopentyl nitrite (15 g),
the mixture was stirred and all the solid dissolved. A white solid
precipitated and after 1 hr the solution was filtered, yielding 9.5
g of ethyl 2-(3,4-dihydro-3-ox0-2-quinoxalinyl)-2-hydroxyimino-
acetate (A), mp 227-229° after recrystallization from ethanol, ir
1740 and 3300 cm ™.

Anal. Caled for Cp:HpuN;O4:
Found: C, 55.0; H, 4.5; N, 16.1.

The acetic acid mother liquor was evaporated to dryness at
55° under vacuum and the residue was triturated with ethyl
acetate. The isomeric ethyl 2-(3,4-dihydro-3-oxo-2-quinoxa-
linyl)-2-hydroxyiminoacetate (B, 14 g) was obtained as a powder,

C, 55.2; H, 4.2; N, 16.1.
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which was recrystallized from ethanol, mp 218-219°, ir 1730
ecm™,

Anal. Caled for CpH;;N;Oy:
Found: C, 55.2; H, 4.3; N, 16.1.

Ethyl 2-(3,4-dihydro-3-0x0-2-quinoxalinyl)-2-acetoxyimino-
acetate.—Ethyl 2-(3,4-dihydro-3-0x0-2-quinoxalinyl }-2-hydroxy-
iminoacetate (A, 1 g) was suspended in acetic anhydride (5 ml)
and sufficient pyridine was added to give solution. After 15 min
a pale yellow product (0.8 g) precipitated. After recrystallization
from ethanol the acetate melted at 161-163°, ir 1790 and 1735
em ™!, mass spectrum m/e 303.

Anal. Caled for C;H;3sN;0;:
Found: C, 55.5; H, 4.4; N, 14.1.

The same acetate was obtained from the hydroxyimino isomer
B in similar yield. On hydrolysis by cold methanolic HCI,
isomer B was regenerated.

3-Ethoxycarbonylisoxazolo[4,5-b] quinoxaline (5).—A mixture of
A and B (10 g) was added to polyphosphoric acid (200 g) and the
mixture was heated on the steam bath with intermittent stirring
for 4 hr. The solution was cooled and diluted with water, and
the product was filtered off. The ester 5 (7 g) melted at 139-140°
after recrystallization from ethanol, ir 1730 em™.

Anal. Caled for CpH;N;0;: C, 59.3; H, 3.7, N, 17.3.
Found: C, 59.0; H, 4.0; N, 17.3.

In some larger scale runs, some of the amide 8 was also formed.
This was separated by taking advantage of its insolubility in
chloroform.

3-Cyano-1,2-dihydroquinoxalin-2-one (7).—The ester 5 (2 g)
was added to 5% sodium hydroxide solution with stirring. After
2 hr the solution was filtered and the filtrate was acidified with
hydrochloric acid, giving the nitrile 7 (1.3 g), mp 290° after
recrystallization from ethanol (lit.! mp 288°), mass spectrum
m/e 171.

Anal. Caled for CH;NO: C, 63.2; H, 2.9; N, 24.6.
Found: C, 63.5; H, 3.1; N, 24.8.

3-Carbamoyl-1,2-dihydroquinoxalin-2-one (8).—The previous
experiment was repeated with the reaction time increased to 24
hr. Acidification gave the amide 8, mp 307-308°. The infrared
spectrum of the product was identical with that of an authentic
sample.’

Hydrogenation of Ethyl 2-(3,4-Dihydro-3-oxo-2-quinoxalinyl)-
2-hydroxyiminoacetate.—The hydroxyiminoacetate (9.7 g) was
dissolved in tetrahydrofuran and hydrogenated at atmospheric
pressure over platinum until the uptake of hydrogen ceased. The
catalyst was removed by filtration and washed with ethanol and
the filtrate was evaporated under vacuum at 25°. The orange-
yellow product 9 separated when nearly all the solvent had been
removed, and was filtered off. Attempts to recrystallize this
product were unsuccessful (6.3 g), mp 159-161°, mass spectrum
m/e 247.

Anal. Caled for C12H13N303:
Found: C, 57.4; H, 5.7; N, 16.8.

Acetylation of the Reduction Product 9. A.—The amine 10
(2.3 g) was dissolved in acetic anhydride (15 ml) and the yellow
acetyl derivative 12 was filtered off, yield 2.2 g, mp 227-229°,
with change from yellow to colorless at ca. 180°. Recrystalliza-
tion from ethanol did not change the melting point.

Anal. Calcd for 014H15N304: C, 581, H, 52, N, 14.5.
Found: C, 57.9; H, 5.4; N, 14.5.

B.—The amine 10 (1 g) was heated on the steam bath with
acetic anhydride (20 ml) for 45 min. After being cooled, the
reaction mixture was filtered and the product N-acetyl-3,4-
dihydro-3-oxo-2-quinoxalinylglycine ethyl ester (13, 0.9 g) was
recrystallized from ethanol, mp 230-231°.

Anal. Caled for C, H;;N;O: C, 58.1; H, 5.2; N, 14.5.
Found: C, 57.8; H, 5.2; N, 14.4.

2,4-Dihydro-3-methylfuro[2,3-b] quinoxalin-2-one (16, R = H)
was prepared as described by L’Italien and Banks:* mp 310°
(lit. mp 310°); ir 1745 and 3200 em™; nmr (DMSO) & 1.75;
uv (ethanol) 268 nm (e 1.69 X 10%), and 380 (1.71 X 10%).

2,4-Dihydro-3,4-dimethylfuro(2,3-b]quinoxalin-2-one (16, R =
CH;).—The furoquinoxalone 16, R = H (9 g), was dissolved in
dry acetone (250 ml) and refluxed with methyl iodide (20 ml) in
the presence of anhydrous potassium carbonate (9 g) for 36 hr.
The solution was filtered and the filtrate was evaporated to dry-
ness. Recrystallization from ethanol gave the 4-methyl deriva-
tive (7 g): mp 220-222°; ir 1755 em™!; nmr (DMSQ) two peaks

C, 55.2; H, 4.2; N, 16.1.

C, 55.4; H, 4.3; N, 13.9.

C, 58.2; H, 5.3; N, 17.0.

(8) R. Fusco and 8. Rossl, Chim. Ind. (Milan), 48, 834 (1963).
(7) F. E, King and J. W. Clark-Lewis, J. Chem. Soc., 172 (1953).

J. Org. Chem., Vol. 87, No. 15, 1972 2501

of equal intensity at 6 3.84 and 2.12; uv 270 nm (e 1.74 X 10%),
384 (1.81 X 104).

Anal. Caled for CiHy NyO,:
Found: C, 67.0; H, 5.1; N, 13.2.

The 4-octyl derivative 16, R = n-octyl, was prepared by re-
fluxing 16, R = H, with a slight excess of n-octyl bromide and
potassium carbonate in acetone solution: yield 429, after re-
crystallization from ethanol; mp 125-126°; ir 1750 cm ™.

Anal. Caled for C,H.N,0,: C, 73.0; H, 7.7; N, 9.0.
Found: C,72.9; H,7.7; N, 8.7.

The Alkylation of 16, R = H, with Benzyl Bromide.—The
furoquinoxalone 16, R = H (4.0 g), benzyl bromide (3.4 g), and
potassium carbonate (8 g) were refluxed in acetone for 48 hr,
The solution was filtered and the filtrate was evaporated to dry-
ness. Trituration of the residue with ethyl acetate gave a trace
of a yellow product (50 mg) that was presumably the 4-benzyl
derivative. The ethyl acetate filtrate was evaporated to dryness
and the residue was recrystallized from aqueous ethanol to give
3,4-dihydro-3-0x0-2-(1-phenyl-2-propyl)quinoxaline (17, 5.1 g),
mp 174-175°.

Anal. Caled for CpH;N.0: C, 77.2; H, 6.1; N, 10.6.
Found: C, 76.9; H, 6.2; N, 10.6.

1-Benzyl-1,2-dihydro-3-ethylquinoxalin-2-one (18, R = CH,Ph)
was prepared from 1,2-dihydro-2-oxo-3-ethylquinoxaline* by
alkylation with benzyl bromide under conditions similar to those
of the previous reaction. After recrystallization from ethanol it
melted at 98-99°, yield 609;.

Anal. Caled for C;HN,O: C, 77.2; H, 6.1; N, 10.6.
Found: C, 77.2; H, 6.3; N, 10.6.

Ethyl (3,4-Dihydro-3-oxo-2-quinoxalinyl)phenylacetate (19).—
The sodium salt of ethylphenyloxalacetate (5.8 g) was dissolved
in water and a solution of o-phenylenediamine (2 g) in acetic acid
(10 ml) was added. After being heated on the steam bath for 1
hr, the reaction mixture was cooled and filtered to give 19 as a
colorless solid, mp 190-191°. Recrystallization from ethanol
raised the melting point to 191-192°.

Anal. Caled for CiHN.Q;: C, 70.1; I, 5.2; N, 9.1.
Found: C, 70.1; H, 5.5; N, 9.2.

2,4-Dihydro-3-phenylfuro(2,3-b]quinoxalin-2-one (20).—The
ester 19 (5 g) was dissolved in refluxing diphenyl ether (100 ml)
and, after the ethanol had boiled off, the solution was cooled and
diluted with petroleum ether (bp 30-60°). Filtration yielded 2,4~
dihydro-3-phenylfuro[2,3-b] quinoxalin-2-one as a bright yellow
powder (3 g), mp 271-272°, unchanged on recrystallization from
ethanol.

Anal. Caled for C,¢H;oN:O,:
Found: C, 73.0; H, 3.8; N, 11.0.

Methylation as for the 3-methyl analog gave 2,4-dihydro-4-
methyl-3-phenylfuro[2,3-b] quinoxalin-2-one (28) as yellow prisms
from ethanol: mp 229-230°; yield 459;; ir 1745 cm™; nmr
8 3.40.

Anal. Calcd for cUHmNzOz:
Found: C, 73.9; H, 4.4; N, 10.0.

The mass spectrum of the crude product showed peaks at m/e
276 and 322.

2-Benzyl-3,4-dihydroquinoxalin-3-one (21).—Crude hydroxy-
iminophenylpyruvic acid® (115 g) was added to a solution of o-
phenylenediamine (90 g) in water (1:1) and concentrated hy-
drochloric acid {200 ml). The reaction mixture was stirred and
heated on a steam bath for 3 hr. After being cooled, the product
(98 g) was filtered off and recrystallized from ethanol, mp 197-
198° (lit.? mp 197°).

The above product (1.7 g) was heated in toluene with diethyl
carbonate (10 ml) and sodium hydride (0.79 g, 539, oil dispersion)
for 18 hr. The reaction mixture was evaporated to dryness.
The residue was dissolved in water and the solution was acidified
with acetic acid. The product (1.3 g) was recrystallized from
ethanol and had an infrared spectrum identical with that of 20.

2-Benzyl-3-chloroquinoxaline —The quinoxaline 21 (34 g) was
added to phosphoryl chloride (200 ml), refluxed for 5 hr, and
poured onto ice. The pH was adjusted to 6 (ammonia), the
mixture was allowed to stand overnight, and the product was
filtered off, yield 31 g, mp 86—87° after recrystallization from ethyl
acetate-ligroin (1it.** mp 86~87°).

C, 67.3; H, 4.7; N, 13.1.

C, 73.3; H, 3.8; N, 10.7.

C, 73.9; H, 4.4; N, 10.1.

(8) W.E. Weaver and W. H, Hartung, J. Org. Chem., 18, 741 (1950).

(9) F. Weygand, W. Steglich, and H, Tanner, Justus Liebigs Ann. Chem.,
658, 128 (1962).

(10) Izumi Kumashiro, Nippon Kagaku Zasshi, 82, 1224 (1961).
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2-Amino-3-benzylquinoxaline (22).—2-Benzyl-3-chloroquinoxa-
line (10 g) was added to ethanol (400 ml) that had been saturated
with ammonia gas at 0° and the solution was heated at 170° for
8 hr. The reaction mixture was concentrated, filtered to remove
ammonium chloride, and evaporated to dryness. Recrystalliza-
tion from ethanol gave the aminoquinoxaline (4 g), mp 155-157°.

Anal. Caled for CisHisNy: C, 76.1; H, 5.6; N, 17.9. Found:
C,76.1; H, 53; N, 17.8.

Interaction of 2-Amino-3-benzylquinoxaline with Diethyl
Carbonate.—The amino compound (5 g) was dissolved in toluene
(250 ml) containing sodium hydride (2.1 g of 539, mineral oil
dispersion). The apparatus was arranged such that any ethanol
formed could be removed after condensation. Diethyl carbonate
(25 ml) was added dropwise over 30 min to the boiling reaction
mixture and refluxing was continued for 4.5 hr. The solution
was then evaporated to dryness and acidified with dilute acetic
acid. The solid was filtered off, dissolved in chloroform, and
extracted with 2 N potassium hydroxide. The dried chloroform
solution was passed through an alumina column and the major
fraction was recrystallized from ethanol to give the urethane 24

(2 g): mp 132°; nmr § 4.43 (CH;CH,), 4.22 (q), 1.26 (1,
C.H;0).
Anael. Caled for CisHiZN3;O: C, 70.3; H, 5.6; N, 13.7.

Found: C, 70.2; H, 5.3; N, 13.7.

The alkaline extract was acidified with hydrochloric acid and
the yellow solid was filtered off and dried. After three recrystal-
lizations from isopropyl alcohol, the yellow pyrroloquinoxalone
23 (0.6 g), mp 296-300°, was obtained: mass spectrum m/e
261; ir 3360, 3200, 1660 cm ™1,

Anal. Caled for CH;N;O: C, 73.6; H, 4.2; N, 16.1.
Found: C, 73.3; H, 4.0; N, 16.0.

The mother liquors were evaporated and the residue was re-
crystallized successively from acetic acid and isopropyl aleohol
(Norit) to give colorless crystals (1.2 g) of 25: mp 297-298°;
ir 3350 and 1745 cm~!; mass spectrum m/e 277.

Anal. Caled for CH;N;0.: C, 69.3; H, 4.0; N, 15.2.
Found: C, 69.0; H, 4.4; N, 15.1.

The mother liquors were again evaporated and the residue was
extracted with chloroform. The extract gave a solid (120 mg)
which, when recrystallized from ethanol, yielded 2,3-dihydro-3-
ethyl-3-phenyl-1H-pyrrolo{2,3-b] quinoxalin-2-one (26): mp 217~
218°; ir 1740 em™!; mass spectrum m/e 289.

Anal. Caled for CisHisN;O: C, 74.7; H, 5.2; N, 14.5.
Found: C, 74.4; H, 5.3; N, 14.4.

Reaction of 22 with Diethyl Carbonate and Sodium Hydride.
—The pyrroloquinoxalone 22 (320 mg), diethyl carbonate (7 ml),
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and sodium hydride (0.15 g, 339, oil dispersion) were refluxed in
toluene (100 ml) for 36 hr. The solution was evaporated to
dryness and acidified with dilute acetic acid. The product was
dissolved in chloroform and the solution was extracted with 1
N potassium hydroxide. Acidification of the alkaline extract
gave 26 (180 mg) having an infrared spectrum identical with that
obtained previously.

Hydrolysis of 2,3-Dihydro-3-hydroxy-3-phenyl-1H-pyrrolo-
{2,3-b]quinoxalin-2-one —Compound 25 (0.6 g) was dissolved in
2 N potassium hydroxide solution (15 ml) and heated on the
steam bath overnight. The precipitated material was collected,
dissolved in chloroform, chromatographed on silica gel, and re-
crystallized from ethanol to give 2-amino-3-benzoylquinoxaline
(0.12 g), mp 168-169°, mass spectrum m/e 249.

Anal. Caled for CH;N;O: C, 72.3; H, 4.5; N, 16.9.
Found: C, 71.9; H, 4.2; N, 16.9.

Methylation of 2,4-Dihydro-3-phenyl-1H-pyrrolo{2,3-blquin-
oxalin-2-one (22).—The pyrroloquinoxalone (0.33 g) was dis-
solved in acetone (75 ml) and, after the addition of methyl iodide
(3 ml) and anhydrous potassium carbonate (1.5 g), the mixture
was refluxed overnight. The product was worked up in the usual
manner and chromatographed on neutral alumina in chloroform.
1,3-Dimethyl-2,3-dihydro - 3-phenylpyrrolo{2,3-bjquinoxalin-2-
one (29) (0.25 g) was eluted and recrystallized from aqueous
ethanol to give colorless crystals: mp 129-130°; nmr & 3.47
(NCHj,) and 1.95 (CCHy); ir 1740 em L.

Anal. Caled for CH;:N;O: C, 74.7; H, 5.2; N, 14.5.
Found: C, 74.4; H, 5.2; N, 14.8.

Registry No.—2, 34731-45-8; 3, 34712-59-9; 4,
34712-60-2; 5, 34731-46-9; 7, 34731-47-0; 9, 34731-
48-1; 12, 34731-49-2; 13, 34712-61-3; 16 (R = CHjy),
34731-50-5; 16 (R = n-octyl), 32444-98-7; 17, 34731-
52-7; 18 (R = CH,Ph), 34731-53-8; 19, 30747-72-9;
20, 32444-97-6; 22, 34731-56-1; 23, 34731-57-2; 24,
34712-62-4; 25, 34731-58-3; 26, 34731-59-4; 28,
33904-61-9; 29, 34731-61-8; 2-amino-3-benzylquinox-
aline, 34731-62-9.
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Earlier we observed that the reactivity of bromine
with aryleyclopropanes in hydrocarbon and haloge-
nated hydrocarbon solvents is very sensitive to light,

(1) (a) Acknowledgment is made to the donors of the Petroleum Research
Fund, administered by the American Chemical Society, and the National
Science Foundation for their support of this work. (b) Paper X in a series
dealing with carbon~carbon bond fission in cyclopropanes, For paper 1X,
see ref 2.

temperature, and solvent. These reactions resulted
in the formation of aryldibromopropanes and products
of aromatic ring substitution.? It was also of interest
to explore the action of electropositive bromine on
aryleyclopropanes in more polar, hydroxylic solvents.
Therefore phenyleyclopropane (la), p-bromophenyl-
cyclopropane (2a), and cis- (3a) and trans-1,2-diphenyl-
cyclopropane (4a) were treated with N-bromosuccin-
imide (NBS) in methanol solution. In addition, the
diphenyleyclopropanes were treated with NBS
in 1,2-dimethoxyethane-water. The distributions of
product components were determined in most cases
by gle analyses and are summarized in Table I. The
principal products were isolated and the structures
were determined by spectral and elemental analyses

(2) R. T, LaLonde, P. B. Ferrara, and A. D. Debboli, Jr., J. Org. Chem.,
37, 1094 (1972).



