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Abstract - Through the reactions of 2-carboxybenzaldehyde (1) with cis- or 
tram-2-amino-I-cyclohexylmethylamine (2a,b) or cis- or irans-2-amino-4- 
cyclohexenyl-1-methylamine (2c,d), the partially saturated isomeric iso- 
indolo[l,2-b]- (3, 4, 6-8) and -[2,1-alquinazolinones (5) were obtained. 
After separation, the structures of products (3-8) were established by NMR 
methods, including 2D-HSC DNOE and DEPT measurements. From the cis 
2a, two linearly C/D cis-fused and one angularly C/D trans-fused tetra- 

cycles were formed. 

Our earlier studies on the syntheses of saturated or partially saturated heterocycles from aroyl(bi)- 
cycloalkanecarboxylic acids'.2 prompted us to prepare new condensed tetracyclic systems. In the 
present experiments, 2-carboxybenzaldehyde (1) as starting synthon reacted with cyclic diamines 
in which one of the functional groups was bound directly to a cyclohexanelene ring, and the other 
indirectly through a methylene group. Platinum derivatives of diamines (2a-d) have antitumour 
 effect^.^ 2a-d used in the present experiments differ from the cyclic 1,3-amino alcohols applied 
previously in that the ring closures involve two amino groups of similar nucleophilicities. Hence, 
the formation of structurally isomeric heterocycles with linearly or angularly fused ring systems 
can be expected. Additionally, isomers can be formed that differ in the mutual positions of the 
annelational hydrogen in the C/D ring fusion and the hydrogen on the carbon between the two 
nitrogens. Furthermore, establishment of the stereostructure in the C/D ring fusion is essential, 
because cis-iram isomerization of the starting compounds often occurs during similar ring 
closures. ' 

'Part 256: M. Virag, Zs. Bocskei, P. Sohk, G. Bernath, and G. Stajer, J. Mol. Stnrct., accepted 
for publication. 
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RESULTS 

When boiled together in toluene, 2-carboxybenzaldehyde (1) and cis-2-amino-1-cyclohexyl- 
methylamine (Za) yielded three products: the linearly condensed 3 and 4 and the angularly-fused 
5 (Scheme), which were separated by HPLC. After isolation and crystallization, the structures of 
tetracycles (3-5) were established by NMR spectroscopy. The linearly-fused products (3) and (4) 
proved to be isoindoloquinazolinones containing an aromatic ring A,  two condensed hetero rings 
and one terminal cyclohexane unit. Similar structural isomers have been prepared in the reaction 
of y-aroylpropionic acid with 2a.2 

+ 
a: cis, Q = CH2CH2 
b: trans, Q = CH2CH2 
c: cis, Q = CH=CH 

CHO d: trans, Q = CH=CH 

6 7 8 

Scheme 

In the reaction of 1 with tram-2-amino-1-cyclohexylmethylamine (Zb), only one product (6)  was 
isolated. Likewise, in the reactions of 1 with cis- or tram-2-aminocyclohex-4-enyl-1-methyl- 
amine (2c and Zd), 7 and 8 were obtained. Similarly to 3 and 4, these compounds are linearly 
condensed isoindoloquinazolinones. The spectral data given in Tables 1 and 2 indicate that the 
formation of these tetracyclic ring systems is straightforward. 
The theoretically equally possible linearly or anguarly condensed ring systems can be 
differentiated on the basis of the chemical shifts of the NCH and NCHz hydrogens. Due to the 
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anisotropic effect of the amide ~ a r b o n y l , ~ ~  the former and one of the latter give significantly 
downfield shifted signals: 4.5 pprn (5) instead of 2.6-3.4 ppm (3, 4, 6 4 ,  and 3.37 (5) instead of 
4.15-4.43 pprn (3, 4, 6-8). Consequently, 3, 4 and 6-8 contain the methylene group vicinal to the 
amide nitrogen, while in S the CH group is bound to this nitrogen atom. Hence, all these new 
compounds have linearly condensed skeletons, with the exception of 5, which alone bas an 
angular structure. 

Table 1. Characteristic IR frequencies ( ~ m - ' ) ~  and 'H-NMR data (chemical shifts in ppmb and 
coupling constants in Hz) for compounds (3-8)' 

vNH band vC=O yCH CHz (Pos. 1-4) + CH (12a) NCHzd NCHe NCHN ArH (benzene ~ g )  
(broad) bandc band 1-6 m's (9H) (2xIH) m (IH) s (1H) dd(1mf  (Pos. 6-8)g 

3 3293 1677 735 -1.10 -1.3oh.i 1.50h.i-1.651 1.90 -3.35h 415 -3.35h 5.17 7.83 7.40-7.55 
4 3600-2800k 1681 745 1.25-2.20 3.42 4.20 3.09 5.31 7.80 7.45-7.65 
5 3455 3233 1659 753 1.50-2.00 2.90 3.37 4.50 5.26 7.85 -7.55 
6 3280 1693 738 -1.05~J 126m 1.41m 1 . 7 5 ~ ~ ~  2.83 4.39 - ~ . 6 ~  5.20 7.82 7.49 7.537.61 

1.82" -2 .60~ 
7 3428 1679 726 1.60-2.2d 2.50" 553O -340h 4.22 -3.40h 5.23 7.83 7.45-7.65 
8P 3262 1700 1.35 - 1 . 7 0 ~ , ~  2.11 2.39 5.600 2.79 4.43 2.89 5.12 7.72 7.407.457.53 

c or easier comparison of analogous spectral data, the numbering of 3 was used for all compounds in the text, the 
Scheme and the Tables. The correct numbering is given in the Experimental. Assignments were suppolted by DNOE 
measurements (except for 4). KBr pellets; CDC13 solution at 500 MHz; 6,, = 0 ppm; CSplit, with the 
second maximum at 1665 (4) or 1681 (6); *dd, dd, 13.4 and 0.7 (downfield signal of 3, 5 and 7, for 7 the dd is 
coalesced to a I), J 13.3 and 5.5 (downiield signal of 4, 6 and 8), dd, 13.8 and 4.0 (upfield signal of S), dd, 13.0 and 
11.2 (upfield signal of 6 and 8), I, dd, 13.0 (upfield signal of 4); eMultiplicity: Id, J- 12.6, 4.4 and 4.4 (4), -9, -5, -5 
(5), dt, J: 10.5, 10.5 and 5.5 (8); f ~ o s .  9 (ortho to CO substituent), Joe,,, D 7.4; goverlapping signals, separated to I, 
t and d for 6 and 8, Joeh, = 7.5; hoverlapping signals; i"ntensity 2HDH; JIn overlap with the NH signal, intensity 
4H (3), 5H (7); k ~ i f i s e  band with a superimposed maximum at about 3270; mQuartet-like signal (1H) of the axial 
H in Pos. 2 or 3; "Doublet-like signal (1H) of the equatorla1 H in Pos. 2 or 3; OSinglet-like signal (2H) of the o l e f ~ c  
hydrogens in Pos. 2 and 3; PNH: 1.05 br s (1H). 

The cis- or trans-condensed cyclohexane rings differ in the carbon shifts: due to the field effedb 
(steric compression shift5), the sum of the carbon shifts ( D C )  is significantly smaller for the cis 
compounds. Z6C is 184.5 (3 and 5) or 188.8 ppm (4) for the cis-annelated cyclohexanes, and 
217.9 pprn for their trans counterpart 6 (AC6C = 32.0 pprn). Similarly, AXSC is 22.6 ppm for the 
cyclohexene cis-trans pair 7 and 8: X6C: 381.7 pprn (7) and 404.3 pprn (8). Hence, the trans an- 
nelation of the cyclohexane/ene ring in 6 and 8 and the cis amelation for 3-5 and 7 is unquestion- 
able. 
A further problem is to determine the relative positions of the isoindolone NCHN hydrogen and 
the annelational hydrogens of the partially or wholly saturated quinazoline ring. This was estab- 
lished by means of DNOE meas~re rnen t s .~~~~  
On saturation of the isoindolone H-5a, responses from H-4a, H-12ax and H-6 were observed for 3 
and 6-8, which proves the steric proximity of the latter atoms to H-5a. The close location (1,3-di- 
axial) of H-4a and H-5a means the 4aR*,5&*,12& configuration for the trans compounds (6) 
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and (a), i.e. the cis position for H-4a and H-5a, and trans orientation for H-5a and H-12a 
(Scheme). In the cis-annelated 3 and 7, the same NOE between H-4a and H-5a c o n f i s  the all- 
cis arrangement for H-4a,5a,12a, i.e. the configuration 4aR*,5aR1,12aR*. In accordance, a 
significant field effect (upfield shift by 7.9 or 8.3 ppm) was observed for C-1 relative to C-4 in 3 
ind 7, due to the steric interaction of the lone electron pair of N-5 and H-lax. In consequence of 
the a-effect of N-5,4d,7 the shift difference AX-1,4 (which causes the downfield shift on C-4) is 
much smaller (3.9 and 3.3 ppm) in the trans isomers (6) and (8). 
For 5, irradiation of the H-5a signal in the DNOE experiment yielded no response of the H-5a 
multiplet. This proves the stereostructure containing the annelation hydrogens 4a, 12a in the trans 
position with H-5a, i.e. the configuration 4aR*,5&*,12aR*. 

Table 2. '3 C-NMR chemical shifts (6, ppma) for compounds (3-8)b 

CH, CH, CH, CH, CH NCH G5b CH CH CH CH G9a C=O CH, CH 
(1) (2) (3) (4) (49 (54 (6) 0 (8) (9) (10) (12) (124 

3 23.1 24.9 19.3 31.0 52.1 71.1 142.4 122.5 131.0 128.9 123.1 132.5 165.4 43.9 34.1 
4 28.3 20.5 24.6 26.0 53.9 65.9 143.2 122.8 131.3 129.2 123.5 133.0 165.4 381 35.5 
5 28.2 20.5 25.0 26.5 48.8 68.0 142.4 122.9 131.3 129.3 123.4 133.0 165.0 45.0 35.9 
6 29.6 25.F 261C 33.5 59.7 72.1 143.0 123.3 131.8 129.7 123.9 133.5 165.4 44.6 43.2 
7 22.9 122.F 124.F 31.2 509 71.3 142.2 122.6 131.2 129.0 123.2 132.3 166.0 43.4 29.9 
8 29.0 1255C 125.W 32.3 550 71.2 142.5 122.8 131.4 129.2 123.4 132.9 1647 43.7 37.5 

aIn CDC13 solution, at 125.72 MHz; 6ms = 0 ppm; bAssignments were proved by DEPT, and for 3 and 
6-8 also by 2D-HSC measurements, %terchangeable assignments. 

For 4, the cis annelation of the cyclohexane and the vicinity of the methylene group with the 
amide-N was proved above. In the knowledge of the stereostructure of the diastereomer (3), 
which also contains a cis-annelated cyclohexane ring, for 4, the only possible structure that 
remains is that in which the annelation hydrogens and H-5a are in the trans position. In 
comparison with 3, the significant field effects on C-5a (5.2 ppm) and C-12 (5.8 ppm), due to the 
steric interaction with the 4-methylene group in the 1,3-diaxial position, are proof of this 
structure. The corresponding field effects on 2-CH2 and 4-CHz are 4.4 and 5.0 ppm. Conse- 
quently, 4 has the configuration 4aR*,5aSn,l2aR*. 
The above results support our previous in similar cyclizations, the cis or trans cyclic 
1,3-amino alcohols or 1,3-diamines always react with retention of the configuration. 

EXPERIMENTAL 

The 'H- and I3C-NMR spectra were recorded in CDC13 solution in 5 mrn tubes at room tempera- 
ture on a Bruker DRX 500 spectrometer at 500.13 ('H) and 125.76 (I3C) MHz, with the 
deuterium signal of the solvent as the lock, and TMS as internal standard. The standard B d e r  
microprogram DNOEMULT.AU to generate NOE was used with a selective pre-irradiation time. 
DEPT spectra9 were run in a standard manner,'' using only the 8 = 135" pulse to separate the 
CH/CH3 and CH2 lines phased "up" and "down", respectively. The 2D-HSC spectra" were ob- 
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tained by using the standard Bruker pulse program HXCO.AU. IR spectra were run for KBr discs 
on a Bruker IFS-55v FT-spectrophotorneter controlled by Opus 2.0 software. HPLC: ISCO 
system with two pumps, suitable for gradient elution; Chem. Research control system and data 
processing program. For the semipreparative separation, a 250 x 4 mm Nucleosil 5 Si column 
(250 x 16 mm) was used. Injected sample: 500 pl, of a 4% MeOH-THF (2 + 1) solution, de- 
tection at 270 nm. 

10H,12H-1,2,3,4,4a,5,5a,12a-Octahydroisoindolo[1,2-b]quinazolin-l2-ones (3, 4, 6), 6H,12H- 
1,2,3,4,4a,10b,11,12a-octahydroisoindolo[2,1-a]quinazolinone (5) and 10H,12H-1,4,4a,lOb,- 
11,12a-hexahydroisoindolo[l,2-b]quinazolin-6-ones (7 and 8). General procedure 

A mixture of 2-carboxybenzaldehyde (1) (1.5 g, 0.01 mol), cis- or tram-2-amino-1-cyclohexyl- 
methylamine (2a) or (2b) (1.3 g, 0.01 mol) or -4-cyclohexenyl-1-methylamine (2c) or (2d) (1.3 g, 
0.01 rnol) and p-toluenesulphonic acid (0.05 g) in dty chlorobenzene (50 mL) was refluxed for 
6 h with use of a water separator. After cooling, the mixture was evaporated to dryness at reduced 
pressure. For the preparation of 3-5, the residue was separated by HPLC; eluent: n-hex- 
me-MeOH-I-PrOH-CH2C12 (90 + 4 + 1 + 5 v/v%); flow rate: 1 mllmin. For 6-8, it was 
transferred to an A1203 column (basic A1203, activated, 50-200 Janssen) and eluted with 

EtOAc. After the solvent was evaporated off, the residues were crystallized. Data on 3-8 are listed 
in Table 3. 

Table 3. Physical and analykal data for compounds (3-8)" 

Analysis 
Compd mp Yield Formula Calcd % Found % 

"C % C H N  C H N  

3 172-174a 24 C15H18N20 74.35 7.49 11.64 74.27 7.36 11.50 

4 177-179a 20 C15H18NZ0 74.35 7.49 11.64 74.39 7.38 11.71 

5 148-150b 33 C15H18N20 74.35 7.49 11.64 74.50 7.61 11.65 

6 127-129b 62 C15H18N20 74.35 7.49 11.64 74.81 7.61 11.73 

7 167-168' 68 Cl5HI6N2O 74.97 6.71 11.66 75.11 6.82 11.79 

8 115-117b 64 CI5HI6N?O 74.97 6.71 11.66 75.08 6.67 11.81 

'Crystallization solvent: aEtOH, bEtOAc, cdioxan 
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