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Abstract—The reaction ofZ)-3-phenacylidene-1,2,3,4-tetrahydroquinoxalin-2-ones with oxalyl chloride gives
3-aroyl-1,2,4,5-tetrahydpyrrolo[1,2-a]quinoxaline-1,2,4-triones which react witb-phenylenediamine to
afford 8-aryl-6,7,9,14,15,16-hexahydroquinoxalino[&]@yrrolo[2,3-b][1,5]benzodiazepine-6,7,15-triones.

The structure of products formed by reaction ofaccount our previous data on the direction of primary

o-phenylenediamine with substituted 2,3-dihydropyrmycleophile addition to compounds (at C° of the
role-2,3-diones fused to aza heterocycles through thgyrrole ring) and on reactions of monocyclic substi-
a bond is determined mainly by the substituent inyted 4-acyl-2,3-dihydropyrrole-2,3-diones with the
position 4 of the dihydropyrrole ring. Reactions of same nucleophile [7], we expected formation of dif-
o-phenylenediamine with 4-unsubstituted, 4-dialkyl-ferent products. Therefore, we performed a detailed
carbamoyl-, and 4-phenyl-2,3-dihydropyrrole-2,3-di-gy,qy of the reaction, and its results were interpreted
ones [24] fused to isoquinoline [2, 3], phenanthridine yitn " the aid of quantum-chemical methods.

[3], or 1,3-oxazine ring [4] begin with nucleophilic .
: o Compounddc, Id, andlg were synthesized by the
attack on the carbonyl group in positidh (path a) t procedure described in [1] fronZ)-3-phenacylidene-

or 3 (path b) of the pyrrole ring with subsequen ; !
ot : : T ,2,3,4-tetrahydroquinoxalin-2-ondélg , Iid, andlig,
recyclization either to quinoxalin-2-ones and then torlespectively, and oxalyl chloride. 3-Afoyl-1.2.4,5-

rroloquinoxalines (patta) or to pyrrolobenzimid- ) , :
g)zlolesq(pathb) [2_4(]I? By) contrasI?t?/ 4-aroyl-2,3-di- tetrahydropyrrolo[1,2a]quinoxaline-1,2,4-triones
hydropyrrole-2,3-diones, fused through thébond to  !2-19 reacted witho-phenylenediamine in anhydrous
2-0x0-1,4-benzoxazine ring, react witiphenylene- dioxane on heating for a short time-& min) under
diamine via primary nucleophilic addition aP@f the ~'eflux. The products were 8-aryl-6,7,9,14,15,16-hexa-

pyrrole ring, followed by recyclization with opening hydroguinoxalino[1,2a]pyrrolo[2,3-b][1,5]benzodi-
of the benzoxazine ring [5]. azepine-6,7,15-trioneBla —Illg (Scheme 1, Table 1)

which were formed in almost quantitative yields via

In continuation of our studies on nucleophilic trans- : o .
formations of 4-acyl-2,3-dihydropyrrole-2,3-diones, SUCCESSIVE nucleophilic attack by the amino groups of

fused through the bond to 2-oxoquinoxaline moiety, the reagent on Tand carbonyl carbon atom of the
namely 3-aroyl-1,2,4,5-tetrahydropyrrolo[lafguino- ~ aroyl fragment in positior of the pyrrole ring. The
xaline-1,2,4-trionesa-Ig [6], the latter were brought same ptoducts were also obtained when the reaction

into reaction with o-phenylenediamine. Taking into Was carried out at<, and their yield did not change

to an appreciable extent.

For communication XLIIl, see [1]. Compoundsllila -lllg are dark red high-melting
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FIVE-MEMBERED 2,3-DIOXO HETEROCYCLES: XLIV.

Scheme 1.
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RI=R=R=H(@;R =R =H R =Me (b); R"=FR=H R =0Me () R"=R'=H, R =NO, (d); R =R’ = H,
R®=Ph @; R"R=H, R =Ph, R = Me (f); R' =

NO,, RZ = R® = H (g).

Table 1. Yields, melting points, and elemental analyses of compouagdsd, I1g, lic, I1id, lig, andllla -lij

Comp. | Yield Found, % Calculated, %
no. % ’ mp, °C (solvent) Formula
C H N C H N
Ic 92 203-205 (dichloroethane)| 65.69 | 3.41 7.99 Cy1oH15N505 65.52| 3.45 8.05
Id 87 290-292 (dichloroethane)[ 59.78 | 2.42 | 11.04 C1gHgN3Og 59.50| 2.48 | 11.57
lg 83 267-269 (dichloroethane)| 59.25| 2.43 | 11.17 C1gHgN3Og 59.50| 2.48 | 11.57
lic 84 238-240 (DMSO) 69.40| 4.73 9.31 Cy7H14N504 69.45| 4.80 9.53
Iid 75 298-299 (DMSO) 62.04| 3.37 | 1341 C16H11N30, 62.20 | 3.59 | 13.59
llg 82 294-296 (DMSO) 62.97 | 3.48 | 13.04 C16H11N30, 62.20 | 3.59 | 13.59
lla 95 385-387 (DMF) 70.76 | 3.90 | 13.62 Co4H16N4O5 70.75| 3.93 | 13.64
b 89 369-370 (DMF) 71.27| 4.24 | 13.17 Co5H1gN4O5 71.25| 4.26 | 13.19
llc 92 312-314 (DMSO) 68.45| 3.20 | 12.87 Co5H1gN4Oy 68.02 | 3.23 | 12.90
ld 85 328-330 (DMSO) 64.63| 3.01 | 15.06 Cy4H15Ns05 64.66 | 3.02 | 15.09
e 93 317-319 (DMF) 7451 | 4.12 | 11.47 C3oH>0N405 7453 4.14 | 11.49
I 80 315-317 (DMSO) 74.67| 4.40 | 11.23 C31H,5N,O4 74.70 | 4.42 | 11.25
g 90 338-340 (DMF) 64.64 | 2.99 | 15.07 Cy5H14N505 64.66 | 3.02 | 15.09
[lh 87 302-304 (DMSO) 63.56 | 3.29 | 15.43 Cy4H15Ns05 63.58 | 3.31 | 15.45
i 92 299-301 (DMSO) 69.12 | 2.95 | 13.00 C31H16N505 69.14| 297 | 13.01
1j 79 305-307 (DMSO) 63.79| 2.55 | 14.40 C31H15NgO7 63.81| 257 | 14.41
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Table 2. IR and 'H NMR spectra of compoundsc, Id, Ig, lic, lid, lig, and llla-lilg

Comp.

o IR spectrum,v, cnr?t IH NMR spectrum,3, ppm

Ic  |3080 (NN—H), 1774 (G=0), 1742 (G=0),
1698 (C'=0), 1636 (3-G=0)
Id  |3070 (N—H), 1783 (G=0), 1740 (G=0),
1699 (C'=0), 1666 (3-G=0)
lg  |3115 (N—H), 1789 (G=0), 1741 (G=0),
1660 (C'=0), 1625 (3-G=0)
lic [3160 (N'—H), 3040 br (M—H), 1687|3.77 s (3H, CHO), 6.86 s (1H, CH), 6.85-7.97 m (8H, H,o)

(C2=0), 1606 br (CH-C=0) 11.81 s (1H, 1-H), 13.45 s (1H, 4-H)
id  [3200 (N—H), 3040 br (N—H), 1698/6.86 s (1H, CH), 7.10-7.50 m (4H, H,.), 8.30 d (4H, H oy
(C2=0), 1608 br (CH-C=0) AB system), 12.10 s (1H, 1-H), 13.93 s (1H, 4-H)

llg |3160 (NE=H), 3020 br (N—H), 1701
(C?=0), 1610 br (CH-C=0)
llla  |3050 br (N-H); 1685 ((®=0); 1670, 16566.90 s (1H, 14-H), 7.157.80 m (11H, H,,), 7.96 d (2H,0-H in

(C'=0, C°=0) Ph, J = 7.3 Hz), 12.58 br.s (2H, 9-H, 16-H)

b {3110 br (N-H), 1680 (¢=0), 1670 (C=0,|2.35 s (3H, CH), 6.87 s (1H, 14-H), 7.217.57 m (10H, Hom
cl5=0) 7.85 d (2H,0-H in Tol, J = 8.2 Hz), 12.55 br.s (2H, 9-H,

16-H)

lllc {3120 br (N-H), 1670 (¢=0), 1660 (C=0,|3.65 s (3H, CHO), 6.92 s (1H, 14-H), 7.05.92 m (12H, o
c=0) 12.11 br.s (2H, 9-H, 16-H)

llld |3110 br (N-H), 1694 (¢=0), 1671 (C=0,
cl*=0)

llle  |3040 br (N-H); 1698 (=0); 1686, 167
(C’=0, C*=0)

If {3070 br (N-H), 1686 (¢=0), 1665 (G=0,|2.36 s (3H, CH), 6.65 d (1H,0-H in Ph,J = 7.3 Hz), 6.90 s (1H,
Cl5=0) 14-H), 7.16-7.67 m (14H, H,,), 7.90 d (2H,0-H in Tol, J =

8.2 Hz, 12.55 br.s (2H, 9-H, 16-H)

lllg |3080 br (N-H), 1697 (¢=0), 1680 (C=0,
cl*=0)

test for enolic hydroxy group with an alcoholic solu- substituted 4-aroyl-5-arylaminopyrrol-2-ones, products
tion of iron(lll) chloride. of arylamine addition at €of 4-aroyl-2,3-dihydropyr-

The IR spectra of compound#ia —lllg (Table 2) role-2,3-diones [8].
contain absorption bands due to stretching vibrations The IR and 'H NMR parameters of compounds
of the NH groups (a broad band in the region 3040 llla -lllg agree well with those reported for substi-
3110 cm?) lactam =0 carbonyl group (1680 tuted 1-aryl-1,2,3,5,10,10a-hexahydropyrrolo[]3-
1698 cm'), and ketone G=0 and amide carbonyl [1,5]benzodiazepine-2,3-diones [7], which were ob-
C=0 groups (16561686 cm?). In the 'H NMR  tained by reaction ob-phenylenediamine with mono-
spectra ofllla-lllg (Table 2) we observed signals cyclic 4-acyl-1-aryl-2,3-dihydropyrrole-2,3-diones
from protons in the aromatic rings and ¢aind CHO  Via successive nucleophilic attack first at and then
groups attahced thereto, a singlet from the secondad} the acyl carbonyl carbon atom of the substituent in
amino group proton KH at 8§ 6.87-6.92 ppm, Position 4.
and a downfield broadened signal from protons of the The UV spectra of 0.0003 M solutions dfia,
amide group NPH (in llla—llic ) and enamino group Illb , and llle in dioxane (see Experimental) are
N® at § 12.11-12.58 ppm. The position of the characterized by the presence of two absorption bands
signal is very consistent with our previous data forabove 300 nmj,,.,, Nm (loge): Illa : 341 (3.83), 432
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Fig. 1. Charges on atoms (in the numerator) and coefficientspgAD in the LUMO (in thedenominator) of moleculé.

(3.81);1llb : 348 (3.81), 428 (3.80)tlle : 340 (3.78), and the greatest contribution to the lowest unoccupied
427 (3.77). The UV spectra ¢fia, Ilib , andllle are  molecular orbital (LUMO) is that from2-AO of c
very similar to each other and also to those of modethis means that just the latter atom should be attacked
compounds, substituted 1,4-diaryl-10a-hwetycar- by nucleophile under conditions of orbital control.
bonyl-1,2,3,5,10,10a-hekgdropyrrolo[2,3b][1,5]- Presumablv. i - ; )

, . . y, in the first reaction stagg@henylene
benzodiazepine-2,3-diondya-IVe [6] and 1-butyl- iz mine adds at ® of pyrroloquinoxalinetriones to
4,10-diphenyl-1,2,3,5,10,10a-hexahydropyrrolo[B]3- . . : 5 :

’ : . give 3a-p-aminophenylamino)-3-benzoyl-2-hydroxy
[1,5]benzodiazepine-2,3-dione/). The structure of . . ;
) . 1,3a,4,5-tetrahydropyrrolo[1,8lquinoxaline-1,4-di-
compoundV was proved by the X-ray diffraction data onesVI, as was reported in [1] for reactions lofvith
[8]. CompoundsVa-IVe andV display two absorp- P .
monofunctional nucleophiles. The subsequent nucleo-

tion bands in the UV spectrahna, 348355 nm philic attack by the second amino group can be

I : : 41741 I : :
El(i?;—?\?e&)g[g?) grédl (|09883n.r7nG§ oagsndB %fgg 9§2n directed at the carbonyl carbon atom of the hetero-

(loge 3.83) ) [9] ring (C") or aroyl fragment (&%). Figure 2 shows the
results of calculation of charges on atoms in molecule
Vla, performed by the above procedure with full
/@ geometry optimization. It is seen that thé3Gtom is
MeO—C HN Ph HN the most electron-deficient; moreover, the contribution
PXCoHn __NH Bu X\ N of its 2p,-AO to the LUMO is the largest. Obviously,
these factors are responsible for the attack &t gy
A o Ph the second amino group ad-phenylenediamine,
which leads to closure of benzodiazepine ring.
IVa-IVe v
IV, X=Y=H(a); X=H,Y=Me (b); X=Cl, Y =H (0); EXPERIMENTAL

X =Br, Y =H(); X=NO,Y=H (.
The IR spectra were recorded on a UR-20 spectro-
In order to explain the direction of primary nucleo- Photometer in mineral oil. Th&H NMR spectra were
philic attack on compoundg—-lg we performed AM1 Obtained on RYa-2310 (60 MHz), Bruker WP-80-54
semiempirical quantum-chemical calculations of(80 MHz), and Bruker AM-300 (400 MHz) spectrom-
molecule la with full geometry optimization using eters using DMSQl; as solvent and HMDS or TMS
GAUSSIAN-94W software [10]. The results are as internal reference. The UV spectra were measured
shown in Fig. 1. According to the calculations, theon a Specord UV-Vis instrument in dioxane. The
most electron-deficient atoms aré,C?, C* and C3, mass spectrum was run on an MKh-1320 spectrometer
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Fig. 2. Charges on atoms in molecuMla.

(70 eV). The purity of the products was checked bya solution of 0.01 mol ofo-phenylenediamine in
TLC on Silufol plates; spots were visualized with20 ml of anhydrous dioxane. The mixture was re-
iodine vapor. fluxed for 3 min, and the precipitate was filtered off.

3-Aroyl-1,2,4,5-tetrahydropyrrolo[1,5-a]quino-
xaline-1,2,4-triones Ic, Id, and Ig. To a solution of
0.01 mol of compound! in 50 ml of dry chloroform 3 pimenova, E.v., Maslivets, A.N., Khamatgaleev, R.A.,
we added a solution of 0.01 mol of oxalyl chloride in ~ ang Andreichikov, Yu.S.Russ. J. Org. Chem1996,
10 ml of dry chloroform. The mixture was refluxed vol. 32, no. 9, pp. 1357.360.
for 2'h, cooled, and the precipitate was filtered off. 5 \ikhailovskii, A.G., Shkiyaev, V.S., and Aleksand-
8-Aryl-6,7,9,14,15,16-hexahydroquinoxalino- rov, B.B., Khim. Geterotsikl. Soedin.1990, no. 6,
[1,2-a]pyrrolo[2,3-Db][1,5]benzodiazepine-6,7,15- pp. 808-810.
triones llla—lllg. To a solution of 0.01 mol of com- 3. Mikhailovskii, A.G. and Shklyaev, V.S.,Khim.
pound | in 50 ml of anhydrous dioxane we added  Geterotsikl. Soedin1994, no. 7, pp. 948©49.
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