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Abstract — Through the reactions of 2-carboxybenzaldehyde (1) with cis- or
trans-2-amino- 1-cyclohexylmethylamine (2a,b) or cis- or {rans-2-amino-4-
cyclohexenyl-1-methylamine (2¢,d), the partially saturated isomeric iso-
indolo[1,2-5]- (3, 4, 6-8) and -[2,1-ag]quinazolinones (S} 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'? 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 cyclohexane/ene ring, and the other
indirectly through a methylene group. Platinum derivatives of diamines (2a-d) have antitumour
effects.® 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/0 ring fusion is essential,
because cis—{rans isomerization of the starting compounds often occurs during similar ring
closures.!

*Part 256: M. Virag, Zs. Bocskei, P. Sohar, G. Bernath, and G. Stajer, J. Mol. Struct., accepted
for publication.
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RESULTS

When boiled together in toluene, 2-carboxybenzaldehyde (1) and cis-2-amino-1-cyclohexyl-
methylamine (2a) 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 4, 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

ccis, Q=CH;CH,
: trans, Q = CH,CH;
s cis, Q=CH=CH
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Scheme

In the reaction of 1 with trans-2-amino-1-cyclohexylmethylamine (2b), only one product (6) was
1solated. Likewise, in the reactions of 1 with cis- or trans-2-aminocyclohex-4-enyl-1-methyl-
amine (2c and 2d), 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 NCH, hydrogens. Due to the
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anisotropic effect of the amide carbonyl,** the former and one of the latter give significantly
downfield shifted signals: 4.5 ppm (5) instead of 2.6-3.4 ppm (3, 4, 6-8), and 3.37 (5) instead of
4.15-4.43 ppm (3, 4, 6-8). Consequently, 3, 4 and 6-8 contain the methylene group vicinal to the
amide nitrogen, while in 5 the CH group is bound to this nitrogen atom. Hence, all these new
compounds have linearly condensed skeletons, with the exception of §, which alone has an
angular structure.

Table 1. Characteristic IR frequencies (¢cm!)? and 'H-NMR data (chemical shifts in ppm® and
coupling constants in Hz) for compounds (3-8)"

vNH band vC=0 yCH CH, (Pos. 1-4) + CH (12a) NCH,4 NCH® NCHN ArH (benzene ring)
(broad) band® band 1-6 m's (9H) 2x1H) m(1H) s (1H) 44 ((H)Y (Pos. 6-8)8
3 3293 1677 735 ~1.10 ~1.3001 1 50011651190 ~3.3504.15 ~335h 517 783  740-755
4 3600-2800k 1681 745 1.25-2.20 342 420 309 531 780 7.45-765
5 3455 3233 1659 753 1.50-2.00 290 337 450 526 783 ~7.55
6 3280 1693 738  ~1.05h! p2em [ 41m 175hi 283 439 268 520 782 749751761
1.820 .2 600
7 3428 1679 726 1.60-2.200 2,500 5530 ~3.400h 422 ~340b 523 783  745-765
8P 3262 1700 135 ~1.7001 211 239 5600 279 443 289 512 772 740745753

*For 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 supported by DNOE
measurements (except for 4). 2ln KBr pellets, ®In CDCl,4 solution at 500 MHz; 8145 =0 ppm; ©Split, with the
second maximum at 1665 (4) or 1681 (6); 94, F 134 and 0.7 (downfield signal of 3, 5 and 7, for 7 the dd is
coalesced to a 1), J: 13.3 and 5.5 (downfield signal of 4, 6 and 8), J. 13.8 and 4.0 (upfield signal of 5), J: 13.0 and
11.2 (upfield signal of 6 and 8), ¢, J: 13.0 (upfield signal of 4); *Multiplicity: ¢, J: 12.6, 4.4 and 4.4 (4), ~9, ~5, ~5
(5), 4%, J: 10.5, 10,5 and 5.5 (8); fpos. 9 (ertho to CO substituent), Jortne = 7.4; B0verlapping signals, separated to ¢,
t and d for 6 and 8, J, ;.. = 7.5; MOverlapping signals; ntensity 2H/3H; JIn overlap with the NH signal, intensity
4H (3), 5H (7); kDiffuse 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 equatorial H in Pos. 2 or 3; °Singlet-like signal (2H) of the olefinic
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 effect*®
(steric compression shift®), the sum of the carbon shifts (>:8C) is significantly smaller for the cis
compounds. %8C is 184.5 (3 and 5} or 188.8 ppm (4) for the cis-annelated cyclohexanes, and
217.9 ppm for their trans counterpart 6 (AY.8C ~ 32.0 ppm). Similarly, A>3C is 22.6 ppm for the
cyclohexene cis—trans pair 7 and 8. 23C: 381.7 ppm (7) and 404.3 ppm (8). Hence, the trans an-
nelation of the cyclohexane/ene ring in 6 and 8 and the cis annelation 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 measurements. %5

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* 5aR*12aS* configuration for the trans compounds (6)
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and (8), ie. the cis position for H-4a and H-5a, and frans orientation for H-5a and H-12a
(Scheme). In the cis-annelated 3 and 7, the same NOE between H-4a and H-5a confirms the all-
cis arrangement for H-4a,5a,12a, ie. the configuration 4aR*5aR*,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
and 7, due to the steric interaction of the lone electron pair of N-5 and H-lax. In consequence of
the B-effect of N-5,%47 the shift difference ASC-1,4 (which causes the downfield shift on C-4) is
much smaller (3.9 and 3.3 ppm) in the frans 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* 5aR*, 12aR*.

Table 2. 13C-NMR chemical shifts (8, ppm?) for compounds (3-8)b

(H, CHp (i, CH, CH NCH C5% CH CH CH CH C% C=0 CH, CH
H @ B @ @Ga (O’ ©® O @& © (10) (12) (12a)
21 249 193 310 521 711 1424 1225 1310 1289 1231 1325 1654 439 341
283 205 246 260 539 659 1432 1228 1313 1292 1235 1330 1654 381 355
282 205 250 265 488 680 1424 1229 1313 1293 1234 1330 1650 450 359
206 258¢ 261¢ 335 597 721 1430 1233 1318 1297 1239 1335 1654 446 432
29 12%F 124% 312 509 713 1422 126 1312 1290 1232 1323 1660 434 299
8 290 1255 1250F 323 550 712 1425 1228 1314 1202 1234 1329 1647 437 375

~1 Ut AW

iIn CDCl, solution, at 125.72 MHz; 15 = 0 ppm; PAssignments were proved by DEPT, and for 3 and
6-8 also by 2D-HSC measurements, “Interchangeable 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 1s that in which the annelation hydrogens and H-5a are in the #rams 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-CH, and 4-CH, are 4.4 and 5.0 ppm. Conse-~
quently, 4 has the configuration 4aR*,5a5%,12aR*.

The above results support our previous finding:!-»? 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 3C-NMR spectra were recorded in CDCly solution in 5 mm tubes at room tempera-
ture on a Bruker DRX 500 spectrometer at 500.13 ('H) and 125.76 ('*C) MHz, with the
deuterium signal of the solvent as the lock, and TMS as internal standard. The standard Bruker
microprogram DNOEMULT.AU to generate NOE was used with a selective pre-irradiation time.
DEPT spectra’ were run in a standard manner,'® using only the 8 = 135° pulse to separate the
CH/CHj; and CH, 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-spectrophotometer controlled by Opus 2.0 software. HPLC: 1SCO
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-12-ones (3, 4, 6), 6H,12H-
1,2,3,4,4a,10b,11,12a-octahydroisoindolo[2,1-a]quinazolinone (5) and 10H,12H-1,4,42,10b,-
11,12a-hexahydroisoindolo[1,2-b]quinazolin-6-ones (7 and 8). General procedure

A mixture of 2-carboxybenzaldehyde (1) (1.5 g, 0.01 mol), cis- or trans-2-amino-1-cyclohexyl-
methylamine (2a) or (2b) (1.3 g, 0.01 mol) or -4-cyclohexenyl-1-methylamine (2¢) or (2d) (1.3 g,
0.01 mol) and p-toluenesulphonic acid (0.05 g) in dry 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; cluent: n-hex-
ane-MeOH—i-PrOH-CH,Cl, (90 +4+ 1+ 5v/v%);, flow rate: 1ml/min. For 6-8, it was
transferred to an Al,O; column (basic Al,Os, activated, 50-200 um, 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 analytical data for compounds (3-8)"

Analysis
Compd mp  Yield Formula Calcd % Found %
°C % C H N C H N

172-1742 24 CsHigN,O 7435 749 11.64 7427 736 11.50
177-179% 20 CsH;gN,O 7435 749 11.64 7439 738 11.71
148-150° 33 C;sHigN,O 7435 749 11.64 7450 7.61 11.65
127-129® 62 C,sH;gN,O 7435 749 11.64 7481 7.61 11.73
167-168° 68 CsHigN,O 7497 671 11.66 75.11 6.82 11.79
8 115-117* 64 CysHiN,O 7497 671 11.66 75.08 6.67 11.81

"Crystallization solvent: 2EtOH, "EtOAc, “dioxan
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