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Abstract-The reaction of benzofurazan oxide 1 with unsymmetrical 1,Sdiketones 6a-6~ gives isomeric quinoxaline- 
1,4-dioxides 7 and/or II, The reyiospecificity of ring closure to 7 or 8 is influenced by steric and polar factors in the 
13diketone. Mechanistic implications of these findings are presented. 

Recent interest in quinoxal~ne-~,4-dioxides stems from 
their antibacterial and growth promoting activity. Al- 
though hu~n use has not been reported yet, some 
compounds in this class are remarkably effective and 
currently used as animal feed additives.’ 

Earlier work from this laboratory2 showed that ben- 
tofurazan oxide 1 reacts with symmetrical 1.3-diketones 
(2, R = R’) to give 2,3-disubstituted quinoxaline-I ,4- 
dioxides (4, identical with 5 when R = R’). Subsequent 
work from another laboratory’ provided more examples 
of this reaction, and recently Mason and TennantJ 
presented evidence for an intermediate hydroxylamine- 
nitrone 3 which gives products via cyclization and 
elimination. 

With unsymmetrical 1,3-diketones the reaction could 
possibly give two isomeric di-N-oxides (4 and 5) by attack 
of the hydroxylamino nitrogen on one or the other of the 
carbonyl groups of the Mason-Tennant intermediate. The 
purpose of this study was to assess the effect of polar and 
steric factors on the regiospecificity of ring closure with 
unsymmet~c~ IJ-diketones of type 6. Twenty three such 
diketones were prepared (6a-6w, Table 1) and character- 

ized; these diketones were found by NMR to exist 
predomin~t~y (>90%) in the enol form (keto form 6 
3$-40 for the methylene protons; enol form i3 56-6+2 for 
the vinylic proton).c’J 

Addition of I to 6 in triethylamine at room temperature 
produced a dark coloration followed by slow precipitation 
of a yellow solid. In each case, the mother-liquor was 
concentrated under reduced pressure, and the residue was 
subjected to repeated preparative thin-layer chromatog- 
raphy in search of more di-N-oxides. The products 
showed a strong IR band at 133(1_134Ocm-’ (N-oxide). 
The assignment to a product of structure either 7 or 8 was 
based on the position of its carbonyl absorption band: 
1~1~0 cm-’ for 7 (aroyl substitu~nt) and 
17~1710 cm ’ for 8 (acyl substituent). The NMR spectra 
typically showed a multiplet at 6 8~%&50 for the protons 
at Cq and CC\, and a muitiplet at F 7.70-7.80 for the protons 
at C, and C:. The NMR data were used to confirm the 
structural assignments and to determine the isomeric ratio 
of 7:8 in a mixture. For example, for R? = ethyl. the 
different chemical shifts of the methyl triplets for 7 (6 
l-23-1.27) and 8 (S 1*02-1.06) permitted estimation of the 
ratio of these isomers in a mixture. Similarly for 
R, = isopropyl, the position of the doublet for the methyl 
protons permitted estimation of the ratio of 7 (6 
1.37-1-41) to 8 (6 0.9~).99~. In this manner, reliable 
estimates were made for the isomeric pairs 7b-8b. 7&c, 
7n-8n. 7p8p, 7q--Sq, 7r-8r (Table 2). These estimates 
were in agreement with those obtained by measurement 
of the carbonyl band intensities at l&O-1680cm ’ for 7 
and at 1700-1710cm ’ for 8. 

The experimental data in Table 2 have been grouped in 
discrete sets of reactions in order to delineate more 
clearly the effect of substituents on the regiospecificity of 
cyciization. 

In the first set of reactions, benzofurazan oxide was 
treated with 1,3-diketones 6a-d, in which competition for 
attack by the hydroxylamino nitrogen is between a 
benzoyt group and an acyl group of increasing bulkiness 
(Rs = methyl, ethyl, isopropyl, tert, butyi). The data show 
borderline cases with R? = ethyl (6b) giving 7b and 8b in a 
ratio of 9: 1, and with R3 = isopropyl (6~) giving 7c and 8c 
in a ratio of I :2. With the least bulky methyl group (6a) 
attack is exclusively on the acyl carbonyl giving 7a, 
whereas with the bulkiest tert-butyl group (6d) attack is 
exclusively on the benzoyl carbonyl giving 8d. It should 
be noted that no isomerization was observed when 7b 
alone or 8b alone was dissolved in triethylamine and 
allowed to stand under the usual reaction conditions. 

In the second and third sets of reactions, an acetyl 
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Tabie 1, 

R, 

E.p.~mmHg Analyses, Found 
6 R, Rz R, $$ Yield or m.p. %Enol C H N Br 

H H Me 
H H Et 
H H i-Pr 
H H t-&l 
MeO H Me 
Me H Me 
Br H Me 
NO, H Me 

H Me0 Me 
H Me Me 
H NO, Me 
Me0 H Et 
Me H Et 
Br H Et 
NO, H Et 

Me0 H i-Pr 
Me H i-Pr 
Br H i-Pr 
NO2 H i-Pr 

Me0 H t-Bu 
Me H t-Bu 
Br H t-m 
H Me0 t-Bu 

- 
54 
60 
16 
29 
46 
40 
50 

37 
25 
57 
47 
58 
47 
24 

54 
26 
44 
13 

17 
9 
I2 
5 

- 
140/1-O 
12810.3 
11910*35 
55-56 
12W6 
90-91 
112-113 
(EtQH) 
14610-5 
11614 
5>54 
l&l/l*5 
158/l-4 
188/6 
94-95 
(EtOH) 
170'010~75 
136Kb4 
158/@75 

giZI~ 
1~4~0.4 
144/0*5 
1 S/O*5 
16010.75 

94.5' 
90 
94 
% 
94-Y 
95.Y 
1002 
loa' 

82 
95 
91 
85 
89 
90 
100 

88 
90 
97 
100 

92 
95 
98 
95 

- -- - 
- -- - 

75‘58 7-55 - - 
76.27 7-87 - - 
- --- 
- --- 
- --- 
- _A."""" 

68.50 6.28 - - 
74.71 7.02 - - 
- --- 

69.61 6.94 - - 
7w9 7.48 - - 
SI*fO 4.15 - 32.62 
29.66 4.95 6.28 - 

71.02 
76+24 
53*25 
61.27 

n-73 
77.18 
5.513 
71.54 

7.35 - - 
7.79 - - 
4.77 - 29*91 
5.56 5.95 - 

7.78 - - 
8.25 - - 
5.31 - 28*05 
7.72 _ - 

All the above I$-diketones gave positive FeCI, test and showed strong IR bands (neat) at 
159~16~Ocm~i For chelated carbonyl groups and broad bands at 25~2?~cm.-’ for chelated OH, 
‘CommercialIy available. ‘J. U. Lowe Jr. and L. N. Ferguson, J. Org. Chem. 30,3OOll(1%5), data in WI,. 
‘R. Levine, 3. A. Conroy, J. T. Adams and C. R, Hauser, J. Am. Chem. Sot, 67,1510 (1945). ‘E. Chapman, 
A. G. Perkin and R. Robinson, J. C’hem. Sot, 3033 (1927). ‘K. V. Auwer and P. Heimke. Ann. 458, 219 
(1927). “H. G. Walker, Jr. and C. R. Hauser. J. Am. Gem. SW. 68, 2742 (1946). ‘BF, used as acylating 
agent. 

Tattle 2. 

8 

Kb R, R, 7:8 R, R, R1 7:g 

i 

H H Me 
,: H H Et 

H H 
: H 

i-Pr 
H t-Bu 

e CH,O H Me 

2 
f CH, H Me 
g H 
h :O> H 

Me 
MC 

CH,O Me 
CH, Me 
NO> Me 

Only 7 

i 

1 CH,O H Et Only 7 

9:1 m CH. H Et 
12’” Br H 

Only 7 
Et 3:t 

Unlyg 0 NO> H Et Only g 

Only7 p 

i 

CH,O H i-Pr I?: I 
only7 5 4 Cf& H i-fr 7:i 
Only7 r Br H i-Pr I:3 
Only 7 s NO H i-Pr Only8 

t-Bu Only8 
t-Bu Only 8 
t-Bu Only8 

CH,Q t-Bu Only8 
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group competes with a benzoyl group carrying an ortho or 
para subs~~tuen~. In all cases #e-h and f&k), regardless of 
the polar effect or the position of the substituent~ attack 
occurs on the acetyt group giving B-k. 

In view of the ethyl group’s borderline position in Set 1 
(Table 2), it is not surprising that the polar effect of 
substitwents becomes discernible in Set 4, where a 
propionyl group (6, R, = ethyl) competes with a para 
substituted benzoyt group. With a bromine substitwent 
(&I) attack occurs on either carbonyl to give a mixture of 
7n and 8n in the ratio of 3: 1. With the more etectron 
releasing (carbonyl deactivating) methoxyl and methyl 
swbstituents (6t and 6m) attack occurs exclusively on the 
acyl carbonyl giving res~~~tjvely 71 and ?m. Compfete 
reversal is observed with the strongly electron attracting 
para nitro swbstituent Qo. which gives only 80. 

The results of Set 5 are comparable to those of Set 4 
and consistent with the greater bulk of an isopropyl as 
compared with an ethyl group for R,. Finally, with the 
bulkiest tertiary butyl group @t-w, Set 6) attack is, 
exclusively and in sharp contrast with Sets 2 and 3, on the 
substituted benzoyt group regardless of position or polar 
effect of the substituent. 

Regiospecifi~ity trends similar to those reported in 
Table 2 were observed when diethy~amine was substituted 
for triethylamjne in the reaction of f and 6. ~iethylamine 
gave faster reactions but caused deacy~ation of certain 
~win~~aline-di-~-oxjdes @n, o, r, s-+ 14). the extent of 
which depended on the reaction time, 

In an attempt to obtain products anafogous to the 
bis-nitrone diene 9 reported by McFarland6 for the 
quinoxalinedi-N-oxides (SIB, o, T, S--P 14a), the extent of 
which depended on the reaction time. 

9 10 

diethylamine with 1,3-diketones carrying one substituent 
on the methylene carbon (11). In no case could we isolate 
cyclic bis-nitrones such as the expected 10 from lla. Both 
lla and llb gave the same product (X2), whereas fir gave 
the cyclic hydroxamic acid-nitrone 13. Although these 
products could arise by diethy[amine induced fragmenta- 
tion of 10 ~from Ila), we beIieve that a more plausibly 
mechanism in all cases, but especiaily so in the case of 
1 lc, entails fragmen~atjon at an earlier stage: nu~~eophil~~ 
attack on the a, ~-disubstitu~ed, and therefore highly 
vulnerable,’ carbonyl group of 14b to give the 
hydroxylamino-nitrone 15, which then cyclizes normally 
to give 13. It is surprising that only 12 (along with the 
expected iV,N-diethylbenzamide) was obtained from llb. 

J ,ti CH, ax \ 
I 

1 + CH,!-CH 1 R 

‘N CH, 
+ 

I -- 
0 
12 

a: 
b: Ph 
c C,HS3 

13 

Work-up of the reaction mixture gave no indication of the 
presence of any 2 - phenyl - 3 - methyl - qwinoxaline - di - 
N - oxide. We are investigating these reactions further. 

f 1 Ilc ----+ 

EXPERllMEhTAL 

MM,ps were determined on a Fisher-Johns apparatus and are 
uncorrected. IR spectra (KBr) were taken on a Perkin-Elmer 257 
S~c~ophotomet~r. NMR were run in CDCI, on a Varian A60-D 
Spectrometer. Elemental analyses were Performed by F. Pascher, 
Bonn, Germany. Silica gel GF,, (Merck) was used in TLC. 

The IS-diketones listed in Table t were prepared by 
Adam~Hausern procedure with occasional minor modi~~lion. 
Unless indicated otherwise, reasonably fresh NaNH, WIH) was 
used as the acyfating agent. 

General ~r~c~~~r~ fnr rhe reacri~n nj i,~-~~~e~~n&~ aiflr 
~e~~~~~r~zu~ oxide. A warm solution of the specific I ,Idiketone 
(25 mmole, unless mentioned otherwise) in triethylamine 110 ml) 
was mixed with a warm solution of benzofurazan oxide 
(25 mmole) in triethylamine (10 ml). The solution, which was 
allowed to stand at room temperature, developed a deep red color 
with a rise in temperature, and the yellow quinox~ine-1,4dioxide 
prec~p~~ted in the period of a few minutes to few hours, The 
yellow solid, often thinned with ~ethyi~ine, was collected and 
washed with tri~thylamine. The washings were added to the 
mother liquor which upon further sta~diog at room lemperature 
gave additions crop(s), The formation of a mixture of isomers 
was monitored by TLC, IR and NMR. After the reaction was 
complete, the solvent was evaporated in a stream of air under the 
hood. The deep thick red residue was subjected to repeated thick 
layer chromatography (2-3 times) with benzene-trace of methanol 
as eluent, and authentic samples as references. It was observed 
that the qtinoxatine-l&dioxides 7 move slightly faster than 8 on 
TLC. 



Substitution of diethylamine for ttiethylamine resulted in faster 
reactions. Since most of the products were collected over different 
intervals. the weight of the crop, the name of the compound(s), 
and the reaction time are mentioned in this order. 

2 - rne~~~~ - 3 - ~~~zo~~q~(j~o.~~~ine - 1.4 - ~i~~xj~e (?a). The 
reaction was performed on a 50 mmolc scale. 4.7 g. 7a. I6 h; 56g. 
7a. 7 days. Yield lO.3g (74%; 70% in diethylamine). 7a, m.p. 
2234” (MeOH). IR v,,. 1672. 1600, 1455, 1328. 1250, 1075, 960, 
8l5,770,720,660cm ‘. NMR 2.5 (s, 3H). 7~5-8 (m. 7H). 8.55 (m. 
2H). (Found: C. 68.55; H.4~30: N, lOG9. Calc. for C,,H,,O,N,: C, 
68.56; H, 4.32; N, 10,~~. 

2 - Etkyt - 3 - be~~~yfquj~oxa~ine - 1,4 - dioxide (7b) and 2- 
pkenyl - 3 - propinnyiquinoxaline - I,4 - dioxide (Bb). I.83 g, 7b, 
24 h; 0.34 g. 7b and 8b (5 : 9). 24 h: 0.39 g, 7b and 8b (15 : 2). one 
week; longer standing yielded an additional 7b (0.08 g). the ratio of 
the total 7b: 8b was 9 : 1. Pure 7b and 8b were isolated by fractional 
crystalli~tion from MeOH. The same reaction, in diethylamine, 
yielded 144 g of ?b and 0.48 g of 8b (3 : If. 7b, m.p. 199-200 (df. IR 
v,,. 1675, 1595, 1510, 1450. 1342, 1312, 1238, 1095.915,820,765. 

715, 640 cm-‘. NMR I.27 (t, 3H, J = 7 Hz), 2.93 (q, ?H, J = 7 Hz), 
7.7 (m, 7H), 8.53 (m, 2H). (Found: C, 69.18: H, 4.73; N, 9.48. Calc. 
for C,,H,103N2: C, 69.37; H, 4.80; N, 9~52%). 8b, m.p. 1.57-g. IR 
v,,, 1702. 1#0.1340,1275,1090.900,770,505 cm- ‘. NMR I.02 it, 
3H, J = 7 Hz), 2.63 (q, 2H, J = 7 Hz). 7.60 (m, 7H). 8.48 (m, 2H). 
(Found: C,69.30; H. 4.69; N,9*55. Calc. for C,,H,,02N,: C, 69.37: 
H. 4.80: N, 9*X%,). 

2 - Phenyl - 3 - isobutyrylquinoxaline - 1,4 - dioxide (8~) and 2- 
isopropyl - 3 - benzoykquinoxaline - I,4 - dioxide (7~). The reaction 
was run on a 30mmofe scale. OGg. &, 2days; OGg, 8c, 24 h; 
0.36 g, & and X, 4 days: O-34 g, 8c and ?c, three weeks. Yield I-4 g. 
7c and Se (1: 2) were isolated pure on repeated recrystallization 
from methanol. Repealed TLC on the residue yielded 37 mg of 7c. 
The same reaction was run in diethylamine and & was the only 
isolable product (15%). 7c. m.p. 1513” (MeOH). IR vrnHr 1670. 
1590, 1495, 1362, 1310. 1242. 1105, 1018. 942. 810, 770. 729, 
657cm-‘. (Found: C, 69.38; H, 5.04: N, 8.91. Calc. for 
CI.HV60,X2: C, 70.1 I; H. 5-23; N, 9@9%). 8c. m.p. 175”. IR Y,,, 
1710. 1598, 1450, 1340. 1265, 1095. 1030, 913. X60, 767, 700, 
680cm-‘. NMR 0.94 (d, 6H. J = 7 Hz). 2.75 (sep, lH, J = 7 Hz), 
7.37 (s, 5H). 7.63 (m. 2H), 8.43 (m. 2H). (Found: C, 69.98: H, 5.35; 
N. 8.%. Calc. for C,,H,,O,N,: C, 7O*ll: H. 5.23: N, 9.09%). 

2 - Pkenyl - 3 - piuolylquinoxuline - I,4 - dioxide (8d). The 
reaction was run on a 15 mmole scale. 0.30 g, t&I, 24 h: 0.95 g. 8d. 1 
week, 1.33g, 8d, 6 weeks. Yield 2+58g (53%). Repeated TLC 
yielded 24 mg of &I. The same reaction in diethylamine gave 8d 
(44%) exclusively. 8d, m.p. 224-5” (MeOH). IR u,,,., 1700, 1600, 
1480. 1340, 1285, 1095,905, 885, 765.700 cm ‘. NMR 0.94 (s. 9H), 
794 (s, SH). 7.75 (m, 2H), 8.44 (m, 2H). (Found: C, 70.59; H, 5.55; 
N, 861. Calc. for C,*Hln0,N2: C, 70.79; H, 5.63; N, 8.69%). 

2 - Methyl - p - methoxybenz~y~quinux~i~ - I ,4 - dioxide (7el. 
The reaction was run on a 50 mmole scale. 9-6 g, 7e, 4 days: 2 g on 
long standing. Yield 11.6g (75%; 77% in diethylamine). 7e. m.p. 
217” (d) (MeOH). IR Y,., 1665, 1590, 1330, 1250. 1075, 945, 820, 
780cm-‘. NMR 2.48 (s, 3H), 3.82 (s, 3H), 6.95 (d, ?H, J = 9 Hz), 
7.85 (m. 4H), 8.55 (m, 2H). (Found: C, 65.93: H, 4253; N. 9.22. 
Calc. for C,,H,,O,NI: C, 65.80: H, 4.55; S, 9.03%). 

2 - ~elky~ - p - mefhylbenroytqLIinoxaline - l,4 - dj~~xide (7f). The 
reaction was run on a 5 mmole scale. 0.42 g, 7f, 24 h; long standing 
gave 0.78 g. Yield I.20 g (82%, 70% in diethylaminef. 7f. m.p. 223 
(d) (CHCl,-MeOH). IR v,,,. 1665, 1600, 1330, 1250, 1185, 1075, 
950, 820, 770 cm I. NMR 2.41 (s, 3H), 2.48 (s, 3H). 7.25 (d, 2H, 
J = 7 Hz), 7.75 (m, 4H). 8.55 (m, 2H). (Found: C, 69.42; H, 4.76; N, 
9.46. Calc. for C,,H,,O,N,: C, 69.37; H, 4.80: N. 952%). 

2 - ~pfky~ - p - bromobenzuylquinoxaline - I,4 - d~axide f’lgf. The 
reaction was performed on a 10 mmole scale. 2.55 g. 7g, 2 days; 
long standing gave 0.05 g. Yield 26g (72%, 70% in diethylamine). 
Ig, m.p. 224-5” (MeOH). IR Y,,,_. 1670, 1585. 1335. 1270. 1250, 
1070,950, 810,775 cm-‘. NYR 2.48 (s, 3H). 7.82 (m, 6H), 8.20 (m. 
2H). 8~55 fm, 2H). (Found: C, 53.59: H, 3.12; N, 7.81; Br, 22.10. 
Calc. for C,,H,,OIN,Br: C, 53.50: H, 3.09; N, 7-80; BK, 22.25%). 

2 - ~efky~ - p - nifrQbenzoy~quinoxa~ine - I,4 - di~xjde Ub). The 
reaction was run on a 5 mmole scale. 0+46g, ?h, 24h; 0.19 g. 7k 
48 h: 0.2Og. 4 days. Yield O-85 g (52so, 54% in diethylaminel. 7h, 
m.p. 217-R” (MeOH). IR v,,, 1682, 1600. 1525. 1320, 1240. 1072, 

950.810,775.720 cm ‘. NMR 2.5 (s, 3H), 8.8-7.8 (m. SH). (Found: 
C, 5890; H, 3.47; K, 13.02. Calc. for C,&H,,O?N,: C. 58.08; H, 
3.41: E;. 1292%). 

2 - ~e~ky~ - o - met~rxyhenroylquinoxaline - 1,4 - dioxide (70. 
l.lOg. 7i. Xh: 1.17g, 71, 24h: 2‘27g.7i. 4 days; an additional I-60g 
was collected within 6 weeks. Yield 6.14 g (79%). The same 
reaction was performed in diethylamine and 7i (76%) was the only 
isolable product. TLC on both residues yielded traces of 7i and no 
8i. 7i, m.p. 212-3” (MeOH). IR v,,, 1655, 1595, 1470, 1335, 1250, 
1080,1015,950,825,790,755,660 cm ‘. NMR 2.47 (s, 3H), 3.46 (s, 
3H), 8*65-667 (m, 6H). 8.47 (m, ?Hf, (Found: C, 65.92; H, 4.59; N, 
8.86. Calc. for C,.H,~OIN2: C, 65.80; H. 4.55; N, 8-86%). 

2 - Methyl - 3 - o - methylbenzoylquinoxaline - 1,4 - dioxide (7j). 
0.42 g, 7j. 7 h; 1*89g, 7j, 6 days: l-89 g, 7j, 2 weeks; the fifth crop 
(0.72g, 71) was collected after I month. Yield 4.92g (67%). 
Repeated TLC gave 30 mg of 71 and no Sj. Similar results were 
obtained with diethylamine as a solvent (70%). 7j, m.p. 217” (d) 
(MeOH}. IR v,.. 1670, 1600, 1330, 124O,llOO, 1070,945,825,773, 
750, 655 cm-‘. NMR 2.48 (s, 3H), 2.72 (s, 3H), 7.25 (m, 4H), 7.72 
(m. 2H), 8.42 (m, 2H). (Found: C, 69.65; H, 5.10; N, 9.63. Calc. for 
C,,H,,O,N,: C, 69.37; H, 4.80; N, 9.52%). 

2 - Methyl - 3 - o - nitrubenzoylquinoxaline - I,4 - dioxide (7k). 
The reaction was performed on a IO mmole scale. O-85 g, 7k, 24 h: 
O-68 g. 7k, 6 days. Yield 1.53 g (47%). The reaction gave the same 
product (7k. 65%) in diethylamine as a solvent. TLC of the residue 
did not reveal the presence of 8k. 7k, m.p. 201-2” (d) 
(MeOH-CHCI,). IR v,,,~. 1680, 16W. 1525, 1330, 1090, 1070, 935, 
8600.810,795,770,765,750. 740,705,65Ocm-‘. NMR 2.63 (s, 3H), 
&52-7*42 (m, 6H), 8.55 (m, 2H). (Found: C, 59.16; H, 3.32; N, 
12.73. Calc. for C,&I,,OsN,: C, 59.08: H, 3.41: N, 12.92%). 

2 - Ethyl - p - mdhoxybenzoylquinoxafine - 1,4 - dioxide (70. The 
reaction was performed on a 10 mmole scale. O-73 g, 71, 24 h; 
0.40 g. 71. 30 h: 0.32 g, 71, 30 h: 0.32 g, 71, IO days. Yield 1.45 g 
(46%). The same reaction was run in diethylamine as a solvent and 
71(28%) was the only insolable product. TLC showed no traces of 
81. 
71, m.p. 183” (MeOH-CHCI~~. IR Y,,, l660,1595,134O, 1260,11?0, 
1090, 1030. 915, 820, 770, 645 cm-‘. NMR 1.24 0, 3H, J = 7 Hz), 
2.83 (q, 2H, J = 7 Hz), 3.78 (s, 3H), 6.83 (d, tH, J = 8 Hz), 7.74 (m, 
4H), 8.41 (ZH). (Found: C, 66.52; H, 5.02: N, 8.79. Calc. for 
C,,H,nO,N,: C, 6-666; H, 4~97; N, 8564%). 

2 - Ethyl - 3 - p - mefhylbenzoylquinoxaline - I ,4 - dioxide (7m). 

1.56g, 7m. 24h: 1~45g,7m, 2 days; 0~%,7m,Jdays;O+X1g, 7m, 13 
days. Yield 4,633 (60%). The same reaction yielded 7m (27%) only. 
with diethylamine as solvent. TLC gave tracts of additional 7m and 
no 8m. 7m. m.p. 197-8” (MeOH). 1R v,,* 1665, 1600, 1510, 1340, 
1240. 1180, 1090, 1030.920. 830,770,673 cm ‘. NMR I.23 (t, 3H, 
J = 7 Hz). 2.38 (s. 3H). 2.83 (y. 2H.J = 7 Hz), 7. I7 (d. 2H. J = 8 Hz). 
7.72 (m.4Hj.8.42 (m. 2H). (Found: C.70.04; H.5.16; N.9.13. Calc. 
for CIsH,,O,N,: C. 70.11: H. 5.23: N. 9W%). 

2 - Etky~ - 3 - p - bromobenzoy~quinoxaline - I,4 - d~ux~de f7@, 2- 
p - bromophenyl - 3 - prop~onylquinoxaline - I,4 -dioxide (&I), and 2 
- p - bromopheny!quinowaline - 1,4 - dioxide. 1*14g, 7n, 4.5 h; 
0.74 g, 7n and 8,. 9 h: 1.9 g. 7n and 8n, 24 h; 0.45 g, 7n and 8n, 33 h; 
0.63 g, 7n and 8n, 3 days, Yield 5.01 g, 7n and 8x1 (54%). 3.77 g, 7n 
and 1 G9 g, 8n and 0.13 g of 2 - p - bromophenylquinoxaline - 1.4 - 
dioxide which resulted from the cleavage of 8n. The ratio of 7n: En 
was 3: I. The cleavage of 8n into 2 - p - bromophenylquinoxaline - 
l,4 - dioxide was more pronounced (60%) when the reaction was 
run in diethylamine. The ratio of 7n:t3n was 5 :2. TLC on the 
residues from both reactions gave traces (20 mg) of 7n. 70, m.p. 
210-2” (MeOH). IR v,,,., 1675, 1585, 1445, 1335, 1240, 1095, 1070, 
915, 820, 770cm-‘. NMR i.23 (1, 3H, 3 = 7 Hz), 2.84 (q, 2H. 
J = 7 Hz), 7.75 fm, 6Hf, 8.47 (m, 2H). {Found: C, 54-67; H, 3-49; N, 
7.53; Br, 21.62. Calc. for C,,H,,O,NrBr: C, 54.71; H, 3.51; N, 
7.51; Br, 21.41%). 8n, m.p. 168” (MeOH). IR vrrmr 1720,159O,134O, 
1280, 1090, 1015,897,78Ocm ‘. (Found: C, 54.54; H, 3.42; N, 7.50; 
Br, 21~23. Calc. for C,,H1,03N2Br: C, 54.71; H, 3.51; N, 7.51; Br, 
21.41%). 2 - p - Bromophenylquinoxaline - I,4 - dioxide, m.p. 
2367’ (CHCI,). IR v,, 1585, 1578, 1490, 1360, 1340, 1243, 1015, 
870, 820, 770, 745 cm-‘. NMR (C~Cl,-CF,COOH) 7.87 (s, QH), 
8.17 (m, 2H), 9.10 (s, 1H). (Found: C, 53.13; H, 2.83: N, 8-78: Br, 
25.34. Calc. for C,,HP02N2Br: C, 53.02; H, 2.86: N. 8.83; Br, 
25.18%). 
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2 - p - Nirropheny1- 3 - propiunylquinoxaline - I,4 - dioxide (80) 
and 2 - p - nilrophenylquino.~~line - 1,4 - dioxide. The reaction was 
performed on a 15 mmole scale. O-52 g, go, 27 h; 0.1 g, go, 4 days. 
Oa14g of 2 - p - nitrophenylquinoxaline - 1.4 - dioxide which 
resulted from the cleavage of go. The reaction, in d~ethylam~ne, 
yielded 1.04 g, go, and 0.25 g of 2 - p - n~trophen~lquinoxaline - I,4 
- dioxide. TLC on both reaction residues yielded traces of &, 
(20mg). None of 70 was detected. Authentic l$o was found to 
cleave to ? - p - nitrophenylquinoxaljne ” 1.4 - dioxide in 
diethylamine. 80, m.p. 20-l’ (Me~H-~~Cl~~. IR v,,, 1710. 1600. 
1515, 1345, 1280. 1095.895.855.775,710cm ‘. KMR 1% tt,3H, 
J = 7 Hz), 2-74 (q. 2H, J = 7 Hz). 7-76 (m, 4H). 8.48 (m, 4H). 
(Found: C, 60.19; H. 3.85; N. 12.25. Calc. for C,?H,,O,N,: C. 
60317; H, 3.86; N, 12.3%). 2 - p - Nitrophenylquinoxaline - I,4 - 
dioxide, m.p. 272-3” (MeCOOH-MeOH-CHCI.,). IR v,,, 1600. 
ISIS, 1350,1250,1 i~,880.850,840.77S.760,74S, 7OOcm I. NMR 
{CDCl~-CF~COO~~ 7*85-9.30 Im). (Found: C, 59.17; H. 3.20; N, 
14.77. Calc. for C,,HpCf,Nz: C. 59.36; H, 3.20: N, 14&%c). 

diethylamine, gave 2.91 g (33%) of 8t. TLC of the reaction residue 
gave traces (16 mgf of 81 and none of 7t. St, m.p. 182-3” (MeOH). 
HZ ym.x 1710, 1610, lSO0, 1335, 1280, 1265. 1185, 1090. 1025,910, 
89&830,800,775,62Ocm-‘. NMR 049 fs. 9H), 3.79 (5, 3H1.6.91 
(m, ZH), 7.42 (d, 2H, J = 8.5 Hz), 7.78 (m, 2H1, 848 (m, 2H1. 
(Found: C,67*94: H.582; N.7.98. Calc. forCmH,o04NZ: C.68.17; 
H. 5.72; N, 7~95LTc). 

2 - p - Methylphenyl - 3 - p~v~lyfqui~x~l~~~ - 1,4 - dioxide (&I). 
The reaction was performed on a 10 mmole scale. 0.25 g, 8u, 4 
days; 0,s g, 8u, 5 days: 0.63 g, Bu, 3 weeks. Yield I.38 g (41%). The 
same reaction was run in diethylamine and 8u (36%) was the only 
d&N-oxide. TLC of the residues of both reactions gave traces of 
8u only. &I, m.p. 192-3” (MeOH). IR Y,,, 1700, 1600. 1500, 1335, 
1275.1095, 1055, 1025,905.890,820,800,780,670 cm-‘. NMR 0.98 
(s. 9H), 2.39 (s, 3H), 7.28 (m, 4H), 763 (m. 2H), 8.46 (m, 2H). 
(Found: C. 71-34; H, 6-04; N, 8.06. Calc. for C20H200rNZ: C. 71.41; 
H, 599: N, 8.33%). 

2 - ~.~o~~o~~~ - 3 - p - meth~).~ybenzo~Iquinonaline - I ,4 - dioxide 
(7~) and 2 - p - mefkox)phenyl - 3 - i~ob~l~~~quiffox~l~~e - 1,4 - 
dioxide (8~). Precipitation of 7p (2.02 g, 5 days) was affected by the 
addition of a few drops of methanol and rubbing the reaction 
mixture against the sides of the reaction flask, 1. I 1 g. 7p. 11 days; 
0.51 g. 24 h. 7p and 8p: O%g. 7p and 8p, one week: O.?Og. 7p, 2 
weeks. Yield 3.99g (470/r) 7p to Sp was I?: i (NMR). The same 
reaction, in diethylamine, gave 7p (23%) only. Repeated TLC on 
residues from both reactions yielded traces of 7p (25 mg). 

7p, m.p. 19S-6”(MeOH-CHCI,). IR v,,,,. 1660. 1588. 1510, 1445, 
1365, 1315.1260,1163. 1020,950.X65.?7S,665cm ‘.NMR 1.40(d, 
6H, J = 7 Hz), 3.2 fscp, IH, J = 7 Hz), 3.9 Is. 3H), 693 (m, 2Hf. 
7.83 fm, 4H). 8*51) (m, ZH). (Found: C, 67.24; H, 534: N, 8.16. 
Calc. for C,.,H,,O,N?: C. 6?.44: H, F-36; ?1, 8*2X%1. 

2 - ~s~pr(~py~ - 3 - p - methv~berrzoylyuirtcrxaline s I.4 - dioxide 
(7q) and 2 - p - metkylphenyl - 3 - jso~~f~~~qui~~xa~i~e - 1,4 - 
dioxide r&1}. O-91 g. lq,one week; 0*59g, 3 we~ks;O,26g,?qand~, 
17 days. Yield 1.76 g (22%) 7q tu %q was 7: I (NMHI, TLC on the 
reaction residue gave 55 mg of 7q and &i. The same reaction. in 
diethylamine, afforded 7q in low yield (4%). Iq, m.p. 172-3 
(MeOH-CHCI,). IR Ye,_ 1670. 1605. 1340. 1280, 11x5, I loo. 1020, 
900. 865, 775 cm ‘. NMR I.41 (d. hH, J = 7 Hz), 2.40 (s, 3H): 3.18 
(sep, IN, J = 7 Hz). 7.43 tm. ZH), 7.78 (m, 4H), 8.48 (m, 2H). 
(Found: C. 70.83; H, 564; N, 867. Calc. for CIBHIROINL: C, 70.79; 
H, 563; N, R@%). 

2 - p - ~ro~opheny~ - 3 - pi~u~y~~~~noxu~i~e - 1,4 - dj~xjd~ (8~). 
The reaction was performed on a I5 mmole scale. 0.69 g, Sv, 24 h; 
O-6Og, 8~. 24h; 1.32g, 8~. one week; l.Og, 8v, 3 weeks. Yield 
3.70g @S?%c). The same reaction. in diethyldmine, gave 8v USl. 
TLC on the reaction residue gave no traces of any di-N-oxide. 8v, 
m.p. 214 ~M~OH-CHCI,}. IR Y__ 1700, 1595. 1480, 1335, 1285. 
1090, 1070, 1015,910,890,820.780cm ‘. NMR 099 fs, 9H). 762 

(m, 6H). 8.47 (m, 2H). (Found: C. 56.63: H, 4.28; N, 6.92; Br, 
19.99. Calc. for C,9H,,0,N,Br: C, 5687; H, 4.27: N, 6.98; Br. 
19,92%). 

2 - o - Methoxyphenyl - 3 - piralylquinoxaline - I,4 -dioxide (8~). 
The reaction was performed on a 5 mmole scale. 0.83 g. 8w, 2 
weeks: 0.25 g, 8w, 3 weeks. Yield 1,08 g (61’2i;). The same reaction 
was run in diethylamine and yielded 0.83 g (47%) of SW. TLC of 
the residue gave 3Umg of 8w and no 7w. SW, m.p. 20?-208° 
0+eOH). IR prnrx 1700. 1600, 1500, 1475, 1340. 1255, 1090, 1053, 
1025,910.89O, 770,670 cm-‘. NYR l@ll (s, 9H). 3.76 (s, 3H), 7.15 
(m, 4H), 7.73 (m, 2H), 844 (m, 2H). {Found: C, 68.15; H, 5.93: N, 
8.22. Calc. for CzoH,O,N,: C, 68.17; H. 5.72: N. 7.95%). 

2 - ~Sv~r~p~~ - 3 - p - bromoben~v~lquinoxaline - 1.4 - ~if).~i~e 
(7r), 2 - p I ~ro~op~enyl - 3 - ~so~~~y~~~u~nox~ti~e - I ,4 - dioxide 
@r), and 2 - p - brr,mophenylquinoxuline - I,4 - dioxide. 0.71 g, 8r. 
3 h; after 1% days. triethylamine was decanted and the oily residue 
was rubbed with methanol to yield 2.45 g of a mixture of 7r and gr 
in a I : 2 ratio (NMR): on long standing (27 days), 0.05 g of 2 - p - 
bromophenylquinoxaline - 1.4 - dioxide was isolated. Total yield 
3.16g of 7r and 8r (1:3X Repeated TLC on the residue of the 
reaction gave 18 mg of a mixture of 7r and 8r. The same reaction 
was run in diethylamine and gr (0~8 g, 7 h) along with 2 - p - 
bromophenylquinoxaline - I,4 - dioxide (0.16 g, 7 h) were obtained, 
SF was found to be cleaved to 7_ p bromophenylquinowaiine - i ,? - 
dioxide on treatment with dieth~iamine. 

2.3 - ~~me~hyfq~i~oxu~~~e - 1,4 - dioxide (12). A solution of 

benzofurazan oxide (25mmole) and diketone lfb’ in di- 
ethylamine (20 ml) was allowed to stand at room temperature for 
20 h. The title compound was collected as a yellow solid 

(16% yield). Evaporation of the mother-liquor and steam distilia- 

tion on the residue gave N,N-diethylbenzamide. m.p. 48” (MeOH). 
The same reaction was pe~ormed with Ila as the diketone and 12 
was isolated in 52% yield. The identity of 12. was established by 
comparison with an authentic sample prepared from benzofuran 
oxide and 2-butanone in diethylamine (730/C yield). 12. m.p, 192-3” 
(CHCl,-hexdne) (lit.” 181-39. IR r+,,, 1600. 1515, 1370. 1315, 
llOO,820,785, &$Ocm-‘. (Found: C, 63.20: H, 5.26: XI, 14.73. Calc. 
for C,oH,,02N,: C. 63.15; H, 5.20; N, t4.73%). 

8r, m.p. 157-X (MeOH~. IR Y,,, 1710. 1590, 1485, 1340, 1270, 
1100, 1040. 1020,920.865.775 cm-‘. NMR O-98 (d. hH, J = 7 Hz), 
2.84 (sep, I H, J = 7 Hz). 8w7.2 (m, 6H). 1.5 (m, 2H). (Found: C, 
55.82: H, 4.20: N, 7.38; Br. 20.90. Calc. for C,,H,?O,N,Br: C, 
5.583: H, 390: N, 7.23: Br, 2064R). 

2 - p - ~i~ro~heffy~ - 3 - isobaty~iquinoxaline - I,4 - dioxide (8s) 
and 2 - p - nilrophen~lquint~line - 1,4 - di(J.~~de. The reaction was 

performed on IO mmole scale. 0.54 g, 8s, 24 h; 0.32 6. Hs, 2 days. 
YiCid ().g6g (24% ). and 0. I g of 2 - p - nitrophenylqumoxaline - I,4 - 
dioxide after 3 weeks. TLC of the reaction residue gave ?O mg of 

8s. The latter was found to cleave into 2 - p - nitrophenylquinox- 
aline - 1,4 - dioxide on treatment with diethyiamine. gs, m.p. 189 
(CHClr-MeOH). IR v,,, 1710, 1600, 1510, 1345, 1270.1220, 1100. 
104.5,920,850,770cm ‘. NMR 0.97 (d, 5H. J = 7 Hz), 3.0 (scp, 1H. 
J = 7 Hz), 7.75 (m, 4H). 8.35 cm, 4H). fFound: C.61.15; H.4.19: N, 
11.87. Calc. for C,rH,rOrN,: C. 61.19: H, 4.28; N, II-89%). 

1 - ~ydr~xy - 3 - zephyr - 2 - quinoxafin~~ne - 4 - oxide (13). 

Benzofurazan oxide and an equimolar amount of Ilc” were 
dissolved in diethylamine. The mixture was allowed to stand at 
room temperature for 5 h and the precipitated brown solid (13, as 
diethylammonium salt) was collected and washed with dieth- 
ylamine. Yield IS%, m.p. 145-150”. IR y,_;,, 3400, 1600.1330,1230, 
1065.9SO.850,760 cm’ ‘. NMR I.3 0,6H), 2,b (s, 3H), 2.9 fq, 4H). 
7-84 [m, 4Hk9.35 fs, 2H). When a sample of this salt was heated 
at 90” for 24 h, it lost di~thylamine to give 13,‘” m,p. 230” (EtOH). 
IR ~mnx 2650, 1640, 1590, 1330, 1255. 1220, 1110, 1050, no. 740, 
710cm-‘. NYR (DIMSO-d,) 2.2 (s, 3H), 7-8 (m, 4H). (Found: C, 
56.46: H, 4.29; N, 14.58, Calc. for COHR03N2: C, 56-25: H, 4.20: N. 
14.58%). Compound 13 lwhich could also be obtained from its 
diethylammonium salt by acidification) gave a deep red color with 
ironlII1) chloride in methanol, was converted by warm acetic 
anhydride into an N-acetoxy,derivative with a characteristic IK 
band at 18OOcm-‘, and could be deoxygenated by sodium 
dithionite togive 3-methyl-2-quinoxalinone of known structure.lZ 
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