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Abstract—The reaction of 6-methyl-5,6-dihydroisoindolo[2,1-a]quinazolin-5-one with maleinimides in the ratio 1:2 was investigated. The
products of the reaction were tricyclic derivatives of 7-azabenzonorbornene system 2-methyl-20-R-11-(1-R-2,5-dioxotetrahydro-1H-3-
pyrrolyl)—Z,10,20—triazahexacyclo[9.6.5.01’10.04’9.012’17.018’22]docosa—4(9),5,7,12,14,16—hexaene—3,19,21—trione. Their structure was estab-
lished by the X-ray analysis, and a probable mechanism of the reaction is considered. © 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

Easy cycloaddition reaction is a characteristic feature of
isoindoles.” Such reactions have been widely studied for
the simplest isoindoles, but only few papers concerning
annelated isoindoles’™ have been reported. 6-Methyl-5,6-
dihydroisoindolo[2,1-a]quinazolin-5-one 1 is a 1,2-disubsti-
tuted isoindole, and exhibits similar properties to the
parental isoindole.® Moreover 1 is synthetically one of the
most available heterocyclic compounds in this series of
isoindoles.” Data obtained from the PPP and CNDO/2 calcu-
lations show that the cycloaddition to 1 would proceed at
positions 6a, 11.'° Both 1:2 ratio adducts''~'* and rearrange-
ment adducts'*" are allowed to form from 1,2-disubstituted
isoindoles and maleinimides. Our interest to cycloaddition
products of annelated isoindoles came from the possibility
of creating unusual three-dimensional structures that can
hardly be obtained by other ways. Moreover these
substances are potentially biological active molecules as

they combine two active fragments: the isoindoloquinazo-
lone one'® and the 7-azabenzonorbornene one."”

2. Results and discussion

Recently we reported that 6-methyl-5,6-dihydroisoindolo-
[2,1-a]lquinazolin-5-one reacts with maleinimides as stan-
dard dienophiles in 1:1 ratio to give unusual rearrangement
adducts 1-R-3-(E)-1-[2-(3-methyl-4-ox0-3,4-dihydro-2-quin-
azolinyl)phenylJmethylidene-2,5-pyrrolidinedione.°

In the present paper we describe a reaction between iso-
indole 1 and maleinimides 2a—h in the 1:2 ratio. Under
heat or reflux of reagents in different solvents (C,HsOH,
i-C3H,0H, dioxane, acetone, benzene), 2-methyl-20-R-11-
(1-R-2,5-dioxotetrahydro-1H-3-pyrrolyl)-2,10,20-triaza-
hexacyclo[9.6.5.0110.04°.01217 01822]docosa-4(9),5,7,12,14,
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Scheme 1. 2, 3, a: R=H; b: R=CH,Ph; ¢: R=CH3;; d: R=Ph; e: R=2-Nph; f: R=C¢H,CH;-p; g: R=2,5-dimethylphenyl; h: R=C4H,;NO,-p.
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Table 1. Some physical and spectral data for 3a—h

Compound Molecular formula Analysis, % found (calcd) Mp (°C) R IR v (cm™ ) UV, Anax (log €) (nm) Yield (%)
C=0
C H N
3a CyH;3sN,O5 (R=H) 65.53 (65.15) 4.19 (4.10) 12.86 (12.66) 205-207 0.20 1775; 1705; 1640 - 59
3b Ci3gH;30N4O5 (R=CH,Ph) 73.03 (73.30) 4.74 (4.86) 9.21 (9.00) 170-172 0.75 1775; 1700; 1650 312.0 (3.24) 66
3c Cy¢H,oN405 (R=CHz) 66.11 (66.38) 4.79 (4.71) 12.06 (11.91) 190-192 0.69 1765; 1685; 1655 - 71
3d C36Ho6N4O5 (R=Ph) 73.12 (72.72) 4.47 (4.41) 9.22 (9.42) 160-162 0.72 1780; 1710; 1650 - 60
3e* C44H30N4O5 (R=2-Nph) 75.96 (76.07) 4.40 (4.35) 8.21 (8.06) 168-169 0.73 1775; 1705; 1650 222.6 (4.42); 271.1 78
(3.45); 281.2 (3.48);
292.0 (3.38)
3f C3gH;30N405 (R=C¢H,CH;-p) 73.21 (73.30) 4.94 (4.86) 9.07 (9.00) 164-166 0.76 1775; 1700; 1650 - 74
3g C4oH34N405 (R=2,5- 73.37 (73.83) 5.13 (5.27) 8.88 (8.61) 214-216 0.75 1775; 1700; 1640 - 69
dimethylphenyl)
3h C3¢H24NgO9 (R=C¢H4;NO,-p) 63.45 (63.16) 3.62 (3.53) 12.58 (12.28) 204-206 0.70 1780; 1715; 1655 309.7 (3.34) 61

* UV spectrum measured in ethanol.
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Table 2. 'H NMR data for 3a—h

Molecular o (ppm) J (Hz)
Formula (R)
N-CH,, H,1H, HylH, H.1H, HylH, H.IH, Huomaic The other protons I H, %JH.H.; 2%H, °*15H, 3%5H,
3H, s d d dd dd dd H, 3JHg, H. Hy 16-H 6-H
5H, 16-H, 6-,7-,8-, 13-, 14,
IH,d 1H,d 15-HR
C,,H,5N,Os5 3.61 3.77 3.16 3.06 2.58 472 775 7164  693(1H,t,°J=7.5Hz); 11.52 (1H, s, NH); 75 69;10.1 181 7.3 73
(R=H) 7.00(1H,d,*/=8.5Hz); 11.84 (1H, s, NH)
7.10-7.50 (4H, m)
Cs3H30N,Os 3.67 3.94 3.28 3.06 231 4.86 777 766 694 (1H,t,°J=7.5Hz); 4.59 (1H, d, 7.6 6.6;9.7 179 72 7.6
(R=CH,Ph) 6.97 (1H,d,*J=8.3 Hz); %J/=15.2 Hz, CH,"Ph);
7.10-7.50 (14H, m) 4.66 (1H, d, CH,"Ph);
474 (1H, d,
2J=15.1 Hz, CH, Ph);
4.81 (1H, d, CH,°Ph)
C,6H2,N,O5 3.65 3.83 3.16 3.11 2.58 474 775 768 693 (1H,t,°J=7.2Hz); 2.86 (3H, s, NCH;); 7.6 5.9;9.2 164 7.0 6.2
(R=CH3) 6.97 (1H,d,*J=6.6 Hz);  3.03 (3H, s, NCH3)
7.15-7.47 (4H, m)
C3H26N,O5 4.17 4.44 4.12 3.89 3.55 5.36 838 815 6.97(1H,t,%J=7.5Hz); - 7.7 67,100 187 74 7.6
(R=Ph)* 7.13 (1H, t, °J=8.3 Hz);
7.20-7.65 (12H, m);
7.88 (2H, d, >J=7.1 Hz)
CuuH3oN,Os 3.69 4.18 3.63 3.47 2.80 5.43 794 786  7.00-7.80 (16H, m); - 75 70,106 176 7.6 7.7
(R=2-Nph) 8.00-8.20 (4H, m)
C;3H3oN,Os 3.66 4.03 3.37 3.39 2.77 500 779 772 697(1H,t,%J=8.5Hz); 234 (3H,s, CH;Cyom); 7.7 75,105 175 713 7.8
(R=CgH,CH;-p) 7.08 (1H,d,* /=89 Hz); 2.37 3H, s, CHsCyom)
7.11 (2H, d, *J=8.3 Hz);
7.19-7.47 (10H, m)
CaoH34N,Os5 3.66 4.00 3.47 3.38 272 5.13 779 770  6.81-7.46 (12H, m) 223 (3H, s, CHsCuom); 7.6 7.1;9.4 168 7.3 7.9
(R=2,5-dimethylphenyl) 2.25 (3H, s, CH5Com);
2.27 (3H, s, CH3Cyom));
231 3H, s, CH;Cyrom)
C6H24Ng0y 3.69 4.16 3.46 3.51 291 5.10 780 775 699 (1H,t,°J=74Hz); - 7.8 7.0,10.0 183 8.0 7.9

(R=CcH4NO,-p)

7.03 (1H, d, */=7.5 Hz);
7.20-7.74 (10H, m);

8.37 (2H, d, *J=9.0 Hz);
8.46 (2H, d, °J=8.9 Hz)

# Spectrum was recorded in pyridine-Ds.
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16-hexaene-3,19,21-trione 3 was obtained in exo-configu-
ration (Scheme 1).

Isomeric purity of the products was controlled by TLC.
Their structures have been established by elemental analysis
data, spectral data and single crystal X-ray structure deter-
mination for 3b. Nitrogen elemental analysis data confirmed
that the obtained products were 1:2 ratio adducts (Table 1).
For adducts 3a and 3¢ mass spectra corresponding to 1:2
ratio adducts were also obtained.

The IR spectra of these products revealed intensive bands
characteristic of the C=O groups and skeleton C=C
aromatic bonds (Table 1). The UV spectral data of the
compounds 3b, e, h (Table 1) were similar and not contra-
dictory to structures proposed 3a—h, indeed a band charac-
teristic of the conjugated chromophores A ;,,,=280-300 nm
was present and the isoindole longwave absorption was
absent. Proposed structures 3a—h was confirmed by 'H
and >C NMR spectra (see Tables 2 and 3), all spectra
exhibit quite similar characteristics. All of the aliphatic
and some aromatic protons have been identified. The signal
of 5-H aromatic proton was observed in the 7.75-8.38 ppm
region, it was shifted by 0.2-0.5 ppm to lower field in
comparison with the other protons. This fact can be
explained by the deshield influence of the quinazoline
moiety carbonyl group. As predictable Michael frag-
ment (1-R-2,5-dioxotetrahydro-1H-3-pyrrolyl) gave three
doublets of doublets in structures 3a—h. For this fragment
geminal spin coupling constants have been found in the
range: 17—18 Hz, which are similar to typical values.’
Two bridged protons were shown as two doublets with
spin coupling constant 7.5-7.8 Hz such values are charac-
teristic of bridged protons of the 7-azabenzonorbornene
system and coincide with the average calculated by Karplus
formula. Additional evidence for the structure of the
compounds 3a—h comes from COSY {H-H} spectrum for
the 3b: an interaction between the bridged protons H, and
H, and between Michael fragment protons H., Hy, H, has
been observed.

However 'H NMR data do not exclude the possibility of
formation of Diels—Alder endo-adducts 4 and an unusual
rearrangement adducts 5. Indeed we reported’ the formation
of the adducts similar to 5. A reaction between pyrido[2,1-a]-
isoindole (14m-electron system) and maleinimides in 1:2
ratio resulted in nontraditional rearrangement adducts
1-R-3-(E)-1-(1-R-2,5-dioxotetrahydro-1H-3-pyrrolyl)-1-[2-
(2-pyridyl)phenyl]methylidene-2,5-pyrrolidinediones.

Three signals of the aliphatic CH-groups, and signals of the
CH;-group and the aliphatic CH,-group were observed in
3C NMR spectra of the synthesized compounds (Table 3).
This clearly indicates that the structure discussed would
have either structure 3 or 4 but not the structure 5. As
the presence of two quaternary aliphatic carbon signals
contradicts this structure S.

Finally the formation of Diels—Alder exo-adducts 3 but not
endo-adducts 4 has been confirmed by single crystal X-ray
structure determination for adduct 3b, which exists as 1:1
chloroform solvate (Fig. 1). Without going into a complete
description of the whole structure some unusual structural

characteristics for the 7-azabenzonorbornene fragment
seemed us interesting to point out (Table 4). The pyrimidi-
none fragment shows a configuration of a distorted half-
chair, bridged nitrogen N(2) atom is located in top of a
flat distorted pyramid and significantly deviated from ben-
zene ring plane (torsion angle N(2)-C(13)-C(21)-H(21)
8.3°). It is thus supposed that this nitrogen atom possesses
basic properties. Pyrimidinone carbonyl group also sig-
nificantly deviates from benzene ring plane (torsion
angle O(3)-C(15)-C(17)-C(18) 15.7°). Amide fragment
C(O)NCHj; is not plane (torsion angle O(3)-C(15)-N(3)—
C(16) 13.8°). Interestingly, single bond C(3)-C(14) is
unusually elongated to 1.582(3) A in comparison with
usual single C—C bond: this elongation could be related to
the presence of relatively strong steric constraints for the
tricyclic azabenzonorbornene system.

We suggest the reaction mechanism to be as follows
(Scheme 2): a maleinimide molecule attacks the isoindole
1 in o position with formation of Michael adduct 6, and the
intermediate formed reacts with the second maleinimide
molecule for give the Diels—Alder exo-adduct 3. Conse-
quently the mechanism is based on the fact that formation
of a Michael adduct cannot occur after a Diels—Alder
reaction.

It is still unclear, whether the endo-adduct 4 is formed as an
intermediate in the second reaction step or the product 3 is
formed immediately from the Michael intermediate 6. We
bring up such a question because a transformation of an
endo-adduct into a thermodynamically stable exo-adduct
is a typical phenomenon of Diels—Alder reaction.

The formation of products 3 in the reaction of 6-methyl-
5,6-dihydroisoindolo[2,1-a]quinazolin-5-one with maleini-
mides was a surprise, indeed Diels—Alder adducts are
strained tricyclic systems, and one could thus assume that



Table 3. °C NMR data for 3a—c, h

Molecular formula (R) 8 (ppm)
N_CH3 CHzpyrml. Cprrml. CHbridged Caliphatic CHammulic Cammatic Cc=0 The other carbon atoms
Co4HsN4O5 (R=H) 32.34 34.97 43.75 49.56; 50.02  73.13; 85.63  115.94; 120.65; 121.70;  119.14; 143.25; 143.99;  160.98; 174.40; 176.34; -
122.32; 127.56; 128.02;  145.33 176.55; 177.73
128.49; 133.48
C33H30N405 (R=CH,Ph) 3243 33.35 42.35 48.43; 48.87  73.19;85.95 115.87; 120.87; 121.85;  119.11; 135.24; 135.98;  161.00; 172.88; 174.80;  41.75 (NCHy); 41.93
122.28; 127.32; 127.44;  143.09; 143.69; 145.11  174.88; 176.30 (NCH,)

127.53; 127.60; 127.79;
128.10; 128.24; 128.34;
128.53; 133.43;
Cy6H2,N4O5 (R=CH3) 32.37 33.54 42.38 48.46; 48.84  73.12; 85.73  115.86; 120.86; 121.78;  119.20; 143.19; 143.89;  160.98; 173.11; 175.00;  24.84 (NCHj3); 24.98
122.24; 127.71; 128.14;  145.18 175.31; 176.51 (NCHa)
128.50; 133.46
C36H2uNgOg (R=C¢H4NO,-p)  32.54 33.93 42.81 48.73;49.42  73.47;86.34  115.87; 121.29; 122.12;  119.41; 136.89; 137.86;  161.10; 171.82; 173.53; -
122.25; 124.35; 124.48;  143.07; 143.85; 144.90;  174.32; 175.02
127.78; 127.97; 128.13;  146.79; 147.12
128.39; 128.70; 133.62
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Figure 1. Molecular structure of the 3b (R=CH,Ph).

Table 4. Selected bond distances and angles for the 3b

Bond d (A) Angle U (deg) Angle U (deg)
C(1)-C(2) 1.513 (4) N(1)-C(1)-C(2) 109.1 (2) C(3)-C(14)-C(22) 105.4 (2)
C(2)-C(3) 1.556 (4) N(1)-C(1)-0(1) 122.8 (3) C(3)-C(14)-C(28) 115.0 2)
C(1)-0(1) 1.215 (3) C(2)-C(1)-0(1) 128.1 (3) N(2)-C(14)-C(22) 101.6 (2)
C(2)-C(12) 1.549 (4) C(1)-C(2)-C(3) 104.7 (2) N(2)-C(14)-C(28) 119.0 (2)
C(3)-C4) 1.520 (4) C(1)-C(2)-C(12) 114.1 (2) C(22)-C(14)-C(28) 115.2 (2)
C(3)-C(14) 1.582 (3) C(3)-C(2)-C(12) 101.6 (2) N(@3)-C(15)-C(17) 115.4 (3)
C(4)=N(1) 1378 (3) C(2)-C(3)-C(4) 103.7 (2) N@3)-C(15)-0(3) 121.4 (3)
C(#-0(2) 1.218 (3) C(2)-C(3)-C(14) 103.1 (2) C(17)-C(15)-0(3) 123.2 (3)
N(1)-C(1) 1.380 (3) C(4)-C(3)-C(14) 114.8 (2) C(13)-C(17)-C(15) 1223 (2)
N(2)-C(12) 1.489 (3) C(3)-C(4)-N(1) 109.5 (2) C(13)-C(17)-C(18) 120.2 (3)
C(12)-N(3) 1.449 (3) C(3)-C(4)-0(2) 126.9 (2) C(15)-C(17)-C(18) 117.4 (3)
N(@3)-C(15) 1.365 (3) N(1)-C(4)-0(2) 123.5 (2) C(17)-C(18)-C(19) 120.6 (3)
N(3)-C(16) 1.479 (3) C(4)-N(1)-C(1) 113.0 (2) C(18)-C(19)-C(20) 119.5 (3)
C(15)-C(17) 1.482 (4) C(4)-N(1)-C(5) 123.6 (2) C(19)-C(20)-C(21) 120.5 (3)
C(15)-0(3) 1.219 (3) C(1)-N(1)-C(5) 123.4 (2) C(20)-C(21)-C(13) 120.6 (3)
N(2)-C(13) 1.434 (3) C(2)-C(12)-N(2) 101.2 (2) C(14)-C(22)-C(27) 132.6 (3)
C(13)-C(17) 1.404 (4) C(2)-C(12)-N(3) 114.7 (2) C(14)-C(22)-C(23) 106.1 (2)
C(17)-C(18) 1.387 (4) C(2)-C(12)-C(23) 106.7 (2) C(27)-C(22)-C(23) 1212 (3)
C(18)-C(19) 1.393 (4) N(2)-C(12)-N(3) 1129 (2) C(12)-C(23)-C(22) 105.7 (2)
C(19)-C(20) 1.365 (4) N(2)-C(12)-C(23) 102.1 (2) C(12)-C(23)-C(24) 132.0 (2)
C(20)-C(21) 1.404 (4) N@3)-C(12)-C(23) 117.4 (2) C(22)-C(23)-C(24) 122.2 (3)
C(21)-C(13) 1.385 (4) C(12)-N(2)-C(13) 113.7 (2) C(23)-C(24)-C(25) 116.8 (3)
N(@2)-C(14) 1.519 (3) C(12)-N(2)-C(14) 95.52 (17) C(24)-C(25)-C(26) 121.1 (3)
C(12)-C(23) 1.530 (3) C(13)-N(2)-C(14) 123.3 (2) C(25)-C(26)-C(27) 120.6 (3)
C(14)-C(22) 1.528 (4) C(12)-N(3)-C(15) 1229 (2) C(26)-C(27)-C(22) 117.9 3)
C(22)-C(23) 1.390 (4) C(12)-N(3)-C(16) 117.3 (2)

C(23)-C(24) 1.390 (4) C(15)-N(3)-C(16) 119.0 (2)

C(24)-C(25) 1.390 (4) N(2)-C(13)-C(21) 125.3 (3)

C(25)-C(26) 1.406 (4) N(@2)-C(13)-C(17) 116.0 (2)

C(26)-C(27) 1.404 (4) C(21)-C(13)-C(17) 118.5 (2)

C(27)-C(22) 1.367 (4) C(3)-C(14)-N(2) 98.29 (19)
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such Diels—Alder adducts would undergo a readily trans-
formation into peculiar substances similar to adducts
described earlier for pyrid0[2,1-a]isoindole.7 However, the
three-dimensional structures discussed occur to be enough
stable for 6-methyl-5,6-dihydroisoindolo[2,1-a]quinazolin-
5-one system.

3. Conclusion

In conclusion, we described synthesis of the complex
derivatives of 7-azabenzonorbornene system by the reaction
of 6-methyl-5,6-dihydroisoindolo[2,1-a]quinazolin-5-one
with maleinimides in the ratio 1:2. It should be mentioned
that synthesis of such novel heterocyclic system is the first
example of isolation of stable tricyclic 7-azabenzonorbor-
nenes.

4. Experimental
4.1. General methods

NMR spectra were recorded in DMSO-dg on a multinuclear
Bruker AC 250 spectrometer operating at 250.133 and
62.896 MHz for 'H and '°C, respectively. Chemical shifts
are expressed in ppm (downfield from an internal TMS
standard). IR spectra were measured on a Pye Unicam
SP3-300 spectrometer (KBr tablets). UV spectra were
recorded in 1,4-dioxane solutions on a Perkin—Elmer
Lambda-19 spectrometer. Mass spectra were measured on
a Nermag R10. Melting points were determined on a
Boetius apparatus and were uncorrected. Isomeric purity
of the products obtained was controlled by TLC on Silufol
UV-254 plates in chloroform—methanol 10:1 system.
Properties of the compounds obtained are depicted in
Tables 1-3.

4.2. X-Ray crystallographic analysis data for adduct 3b

C33Hy6N40O5]-CHCl3, M=738.00, monoclinic, space group
C2/c (no. 15), a=25.088(2), b=13.048(2), c=20.538(2) A,
B=91.32(2)°, V=6721(1) A®, Z=8, F(000)=3040, d.qy-=
1.459 gem °, Mo Ka radiation (A=0.71073 A), u=
0.326 mm ™", colorless plate, 0.40x0.25X0.10 mm”’. X-Ray
data were collected on a IPDS-Stoe diffractometer at low
temperature (7=160 K) from 32,756 measures, 6616 reflec-
tions, were unique (R(int)=0.0781), 3030 with I>20(])
have been used for the refinement. Data/parameters ratio
was 3040/460; R1=0.0529, WR1=0.0964, $=0.736. Data
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reduction and cell refinement were carried out by using
STOE-IPDS softwares.'® The structure was solved by direct
methods and refined by full-matrix least-squares procedures
using the SHELXS-97 program package.!>?° All of the non-
hydrogen atoms were refined anisotropically and hydrogen
atoms were introduced in idealized positions, with an iso-
tropic thermal parameter fixed at 20% higher than those
carbon atoms with which there are connected. Drawing
was performed by using the program ORTEP32.*!

4.3. General procedure of synthesis of the 2-methyl-20-
R-11-(1-R-2,5-dioxotetrahydro-1H-3-pyrrolyl)-2,10,20-
triazahexacyclo[9.6.5.01:1°,04°,01217 018.22]docosa-4(9),5,
7,12,14,16-hexaene-3,19,21-trione 3a-h

The mixture of the corresponding maleinimide 2 (6 mmol)
and 6-methyl-5,6-dihydroisoindolo[2,1-a]quinazolin-5-one
1 (3 mmol) was refluxed in 15-30 ml ethanol during
1-2 h. The solution was cooled and the corresponding
Compound 3 was precipitated, the solid was filtered and
recrystallized from 1,4-dioxane to give a colorless product.

Mass spectrum of the Compound 3a (electrospray, 5 wl
min~', CH;CN) (m/z (I, %)): [2MH]" 885 (8), [MH]" 443
[¢] [¢]

(72), [MH—E”%NHF 346 (100), [M—ZE\/;\NHT' 248 (19).

Mass spectrum of the compound 3¢ (electrospray,
5wlmin~', DMSO/CH;CN) (m/z (I, %)): [MH]" 471
(o}

i
(100), [MH—Q«-CHZ]* 360 (26).

\0
4.4. Supplementary material

Crystallographic data (excluding structure factors) for the
structure in this paper has been deposited with the
Cambridge Crystallographic Data Centre as supplementary
publication number CCDC 180403. Copies of the data can
be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, [fax: +44-0-1223-
336033 or e-mail: deposit@ccdc.cam.ac.uk].
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