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With imidates, esters (5—8) of di-endo (1 and 2) and di-exo (3 and
4) norbornane- and norbornene-B-amino acids yield methylene-
bridged tetrahydro- (18 and 20) and hexahydro-4-quinazolinones
(17 and 19); thc reaction of the corresponding carboxamides
(9—12) with 4-chlorobenzaldehyde furnish hexahydro- (14 and
16) and octahydro-4-quinazolinones (13 and 15). The tetrahydro
derivatives 18a,b can be selectively reduced to the hexahydro
(17a,b) or octahydro (13b) compounds. The reaction with alde-
hyde is stereospecific; only the isomers containing the 2-H and
8a-H atoms in identical steric positions are formed. When boiled
in a solvent or heated to melting, the 4-quinazolines having a
double bond in the carbobicycle split off cyclopentadiene with
formation of the 2-substituted 4(3H)-pyrimidinones (21).

Di-endo® (1) and di-exo® (3) 3-aminobicyclo[2.2.1]-
heptane-2-carboxylic acids and their 5-unsaturated analo-
gues*¥ (2 and 4) have previously been used as starting com-
pounds in our syntheses of 1,3-heterocycles condensed with
norbornane and norbornene skeletons*~®. In the class of
fused tricyclic, partly saturated heterocyclic compounds, we
have prepared 1,3-oxazines, the isomeric methano-3,1-benz-
oxazines”, and 1,3-oxazin-2-ones and -thiones, and the
NMR spectroscopic properties of these compounds have
been systematically studied'®®. Through cycloreversion of
the tricyclic 1,3-oxazin-4-ones and 2-thioxo-4-pyrimidi-
nones obtained from the amino acids 2 and 4, a method has
been developed for the synthesis of heteromonocycles such
as 6H-1,3-oxazin-6-ones*” and thiouracils®, which are ac-
cessible only with difficulty by other means.

In the present work the synthesis of methylene-bridged
tetrahydro- and octahydroquinazolones is described. These
compounds have been prepared for pharmacological testing,
since some of them are cyclopentane ring ethylene- or ethy-
lidene-bridged derivatives of cis-5,6-trimethylene-2~(3-chlo-
rophenyl)pyrimidin-4(3H)-one'?, a compound we prepared
earlier which has outstanding anti-inflammatory and anal-
gesic effects.

Synthesis
The starting compound endo-3-aminobicylo[2.2.1]hept-5-
ene-endo-2-carboxylic acid (2) was synthesized by ammon-
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Stereochemische Untersuchungen, 106". — Gesiittigte Heterocy-
clen, 110", — Synthese von Methylen-iiberbriickten partiell gesiit-
tigten Chinazolonen

Aus den Estern (5 8) der di-endo (1 und 2) und di-exo (3 und 4)
Norbornan- und Norbornen-B-aminosduren wurden mit Imida-
ten die Methylen-iiberbriickten Tetrahydro- (18 und 20) und He-
xahydro-4-chinazolinone (17 und 19) sowie aus den entsprechen-
den Aminosdureamiden (9 —12) mit 4-Chlorbenzaldehyd die He-
xahydro- (14 und 16) und Octahydro-4-chinazolinone (13 und 15)
gewonnen. Die Tetrahydro-Verbindungen 18a,b konnten zu
Hexahydro- (17a,b) oder Octahydro-Derivaten (13b) reduziert
werden, Die Reaktion mit Aldehyd ist stereospezifisch, wobei sich
nur die 2- und 8a-Wasserstoffatome in identischen Stereopositio-
nen enthaltenden Isomere bilden. Die im carbocyclischen Ring
eine Doppelbindung enthaltenden 4-Chinazolone zersetzen sich
beim Kochen in Losung oder beim Schmelzen, wobei sich Cyelo-
pentadien abspaltet und substituierte 4(3H)-Pyrimidinon-Deri-
vate bilden.

olysis of the Diels-Alder adduct of cyclopentadiene and mal-
eic anhydride, followed by Hofmann degradation with so-
dium hypochlorite®. After esterification, the double bond
was hydrogenated and the ester was hydrolysed to obtain
the corresponding bicyclo[2.2.1]heptanecarboxylic acid? 1.
The cis-exo isomers were prepared from norbornene and
norbornadiene by means of chlorosulfonyl isocyanate
addition'?. After sulfite reduction of the adduct'?, opening
of the azetidinone ring with hydrochloric acid gave the
amino acids 3 and 439,

The di-endo (1 and 2) and di-exo (3 and 4) amino acids
were esterified with ethanol and the ester bases 5—8, lib-
erated from the hydrochlorides, were treated with ammonia
to furnish the amides 9—12. With 4-chlorobenzaldehyde,
these compounds were cyclized to 2-(4-chlorophenyl)-
2,3,4ar,5t,6,7,8t,8ac-octahydro-5,8-methano-4(1 H)-quinazo-
linone (13b), the corresponding 2,3,4ar,5¢,8t,8ac-hexahydro
derivative (14b), and the 5¢,8c isomers (15b and 16b)
(Scheme 1).

With imidates, the esters 5—8 furnished the tricyclic 2-
substituted 4ar,5t,6,7,8t,8ac-hexahydro-5,8-methano-4(3H)-
quinazolinones (17), the 4ar,5¢,8t,8ac-tetrahydro analogues
(18), and the 5¢,8¢ isomers (19 and 20).

When the norbornene-B-amino acids 2 and 4 were boiled
with benzimidates in ethanol, the products were not the
expected di-endo (18) and di-exo (20) norbornene-fused pyr-
imidinones; the tricyclic compounds formed split off cyclo-
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pentadiene to yield the corresponding 2-aryl-4(3H)-pyrimi-
dinones (21) (Scheme 2). At their melting point, the pyrim-
idinones fused with norbornene underwent a retro Diels-
Alder reaction to give the known compounds®~!? 21a,b
and d; 21a—d were previously prepared in this laboratory
from the di-exo norbornene-fused azetidinone via ring trans-
formation with imidates, followed by cycloreversion'®.

Scheme

15b oand 16b
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Compounds 18a,b were hydrogenated in the presence of
Pd/C at room temperature to yield 17a,b. When a platinum
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oxide catalyst was used, the C=N double bond was also
reduced; in this way, 18b gave the octahydro derivative 13b.

Structure Determination by Spectroscopy

The IR, 'H- and *C-NMR spectral data of the new com-
pounds, supporting the proposed structures, are shown in
Tables 1 and 2. A systematic spectroscopic investigation of
the 1,3-oxazine analogues has been reported earlier 57,

The suggested structures of compounds 17 —20 are cor-
roborated not only by all the expected spectral character-
istics, but also by the significant downfield shift of the car-
bonyl (C-4) signal and the “amidine” (C-2) line. Due to the
greater —1I effect of the hetero ring, the 4a,5,8,8a-H atoms
and similarly the 4a,8a carbons are deshielded compared to
those for the oxazine derivatives ”; the largest downfield shift
is found for the 5-H signal of series 19 and 20, where the
anisotropic effect'® of the coplanar carbonyl group con-
tributes to this shift. The downfield shifts of the C-4a signal
are in accordance with the values expected from the substi-
tuent constants'®® only for the norbornenes. For the nor-
bornanes, the substituent effect is partly compensated by the
steric compression shift® with opposite sign, resulting from
the increased steric hindrance.

Similarly, the C-5 atom in the norbornenes is more
shielded by about 4 ppm as compared with the oxazinones”,
just as expected (the p-effect of the methylene substituent?”
gives rise to a downfield shift which is about 6 ppm larger
than that due to the carbonyl group'); at the same time,
in series 17 there is no change relative to the oxazine deriv-
atives, while for compounds 19 an ~2 ppm downfield shift
of the C-5 line is observed. In the quinazolones, the field
effect of the 4-methylene group, acting in the oxazines, is
absent, and this fact compensates the difference between the
pB-effects. (As compared with the 4-methylene group, the 4-
carbonyl increases the strain on the C-4a atom; on the other
hand, the hindrance between 4-H and 5-H, observed in the
oxazine derivatives, is absent in the 4-0xo series.)

As compared with the 4-methylene analogues, the C-9
signal is shifted upfield in the di-endo compounds 17 and
18, and in the opposite direction in the di-exo series. Thus,
the substituent effect clearly stands out in the di-endo series,
whereas in the di-exo compounds it is “concealed” again,
because of the absence of the field effect (no hindrance be-
tween 4-H and 9-H).

A new problem emerges as concerns the configuration at
C-2 in compounds 13b—16b. In these derivatives the pro-
posed structures are obviously supported by the presence
and position of the 2-H and the corresponding C-2 signals.
The latter are found not in the shift range 146.2 — 148.1 ppm
characteristic of compounds 17 —20, but between 68.7 and
69.3 ppm, in accordance with the difference spz—»sp’.

Elucidation of the configuration at C-2 is difficult, because
the flexibility of the hetero ring allows two relatively stable
conformations. In one of them, for the di-endo compounds
13b and 14b, very great steric hindrance would occur be-
tween the endo- (13b) or olefinic (14b) 6,7-H and 2-H atoms,
the interatomic distance being ~1.4 A; therefore, this ar-
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Table 1. IR [cm~'] and '"H-NMR data®
, 4a-H 8a-H 6,7-H
Amidel WNHband vC=N sH  &H ; 9-H NH
d/dd [
bnd  Groad)  band (J% saH) s0B) i Ryt 2xdfs @HP ~sHp AT
13b® 1643  =~3215 - 255 275 250 3.65 1.4—1.89 630 740
14b® 1640 3190 — 269 347 316 402 650 612 152 164 630 727,737
15b9 1645 32753190 -  =x22" 287 =~22Y 334 11-1.7% 700 734
16b? 1646  3200,3150 — 212 344 282 332 631 612 151 172 653 137
17a 1680  3250-3000 1655  2.73 2.80 428 13-159 149 156 292 ~743,7.77
17b 1690  3250—2700 1645 275 281 430  13-1.59 1459 159 907  7.41,7.73
17¢ 1680 3300—3000 1650 2.65—-2.85W 4.28 1.3-1.67 ~1015  7.30, 7.38
. 7.69, 7.83
17d? 1680 3300—3000 1650 26-28" 425 1.3—-1.6" ~9.75  7.16,7.68
18a 1680 3300--2800 1660 296 3.52) 348" 4.53 6.12 140 148 =88 =743, 767
18b 1680 3300—-2800 1655 2.96 3.50 4.51 6.12 141 148 939  7.36, 7.67
18c 1695  3300—2700 1650 297 352 4.53 6.13 140 149 951  7.32,7.41
A 7.60, 7.74
184° 1690 3300—-2800 1670 2.94 x3.48 4.40 6.10 1.35 142 9.08  7.19,7.58
18¢ 1705  3300-2750 1670  2.86 342 432 6.09 12-145) 912 -
19a 1680 ~3235 1650 253 273 260 398 =~143" x167 ~143Y 122 290 7451776
19b 1680 3220 1650 256 276 261 400  14—17" ~15% 125 800  7.42,7.66
19¢ 1680 =3230 1655 252 274 260 397 ~1.39" =~1.64 ~1.39% 122 =298 7.33, 741
. A 767,783
19d? 1680 =~3235 1650 254 274 260 398 ~143% ~164 143" 122 x87 123,764
19¢ 1705 3250-3000 1660 242 265 244 37 1.1-1.99 ~9.3 -
20a 1684 3250 1650 241 336 328 394 635 626 145 89 748,779
20b 1684 ~3230 1653 242 338 327 394 6.37 6.27 141 147 805  7.44,7.68
20c 1682  ~3200 1653 241 338 328 394 636 627 144 ~96 138,744
770, 7.87
20" 1690  ~3400 1653 ~242% 337 328 393 636 625 1.44 ~84 125,767

IR in KBr pellet; '"H NMR: in CDClI, solution at 250 MHz; 81s = 0 ppm, coupling constants in Hz. — ® dd for di-endo compounds
(13b, 14b, 17a—d and 18a—e), J(4a,8a) = 10.6 (13b), 9.0 (14b), 11.5 (17a,b), 11.6 (17¢,d), 9.6 (18a,d), 9.7 (18b, e), and 9.8 (18c¢); J(8,8a) =
4.3 (13b, 17d), 3.8 (14b, 18a,b), 4.2 (17a,¢), 44 (17b), 3.6 (18¢,e), and 3.7 (18d); d for di-exo compounds (15b, 16b, 19a —e and 20a —d),
J(4a,8a) = 7.6 (15b, 16b), 8.9 (19a,c—e), 8.8 (19b), 8.7 (20a,b), and 8.6 (20c,d). — @ 2 x dd (2 x 1H) (14b, 16b and 20a —d, respectively),
or s (2H) for norbornenes (18a —e), one or two signals of overlapping m’s (4H or 2 x 2H) for norbornanes (13b, 15b, 17a—d and 19a—e),
partly or fully overlapping also with one or both of the 9-H d’s. J(6,7) = 5.5 + 0.2, J(5,6) = J(7,8); 2.8—3.1 for compounds 14b, 16b
and 20a—d. — 9 2 x d (AB spin system, 2H) coalesced to an s for 20a,¢,d, due to isochron'i' of the two 9-H atoms (A, limiting case),
2J(A,B) = 8.9 (14b), 9.2 (16b, 20b), ~10 (172, 19d), 9.9 (17b), ~9 (18a,¢), 8.8 (18b), 8.7 (18d), 10.4 (19a,b) and 10.3 (19¢). — ¢ Broad
signal of NH-3. The signal of NH-1 of compounds 13b—16b appears at 1.73 (14b), 1.54 (16b), and about 1.3—1.6 ppm, overlapping with
the 6,7,9-H m’s (13b, 15b). — ? s (4H) for 13b, 15b, and 16b; AA’BB’ type spectrum, 2 x ~d (2 x 2H) for 14b, 17b,d, 18b,d, 19b.d, and
20b,d, J(A,B) = 8.5 (14b, 18b), 8.6 (17b, 19b, 20b), 8.1 (174, 194d), and 8.0 (184, 20d). (The upfield d’s correspond to 2',6’-H of the pheny!
ring). For phenyl-substituted compounds a m (3H, 3',4°,5-H) + dd (2H, 2°,6’-H) (m is the upfield signal). Four signals (4 x 1H) in order
of increasing downfield shifts ~t (5-H), ~d (4'-H), ~d (6"-H), and ='s (2’-H) for meta-chlorophenyl derivatives c. — # 2-H, s (1 H); 5.24
(13b), 5.20 (14b), 5.10 (15b), and 5.19 (16b). — ™ Overlapping signals. — ! CHy(Ar) s (3H): 2.33 (17d), 2.36 (18d), 2.39 (194d), and 2.40
(20d). — ? Due to overlap of the near lines in the 5-H and 8-H m’s, these signals appear as approximate singlets in most cases, except
for 18a, where doublets are observed (split by 1.6 and 1.4 Hz, respectively). — ¥ These signals overlap with the methylene signals of the
cyclohexyl ring in Pos. 3.4 (18€) and Pos. 2,3,4 (19¢), respectively; thus, the total intensities are 8H and 16H (19¢); CH, (cyclohexyl,
Pos. 2, 18¢). 1.65—1.84 m (4H); CH (cyclohexyl, Pos. 1), t (1 H); 2.03 (18¢), 2.08 (19e).

rangement need not be considered. In the other (N-1 endo,
C-2 exo) conformer, if the isomer contains the 2-H and 8a-
H atoms in the trans position, high steric hindrance must
occur between the quasiaxial phenyl ring and the 4a,8a-H
atoms. However, as the C-4a signal in 13b is shifted down-
field as compared with that for the analogue 17b, while the
upfield shift of the C-8a signal is due to the substituent effect,
it is much more probable that the phenyl ring is quasiequa-
torial, as was likely from the outset (thus, the 2-H and 8a-
H atoms are cis-arranged and the C-2 configuration is 2R *),
The anisotropy (increased shielding) of a quasiaxial phenyl
ring cannot be observed for the 4a-H and 8a-H signals,
either. -

The case is similar in the di-exo compounds 15b, 16b,
where, owing to the close vicinity (1.4 A) of the exo-2-H
and the inner 9-H atom, one of the relatively stable confor-
mations of the hetero ring can obviously be excluded. In the
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other conformer with trans 2-H,8a-H configuration involv-
ing the quasiequatorial position of the aryl substituent, up-
field shifts of the C-4a,8a lines and the 4a,8a-H signals would
be expected, due to the field effect and the anisotropic effect.
However, for the pair 16b, 15b the C-4a line is shifted down-
field. Though an upfield shift (0.5 ppm) can be observed for
compound 16b compared with 20b, it is too small to be
responsible for the mentioned field effect. The C-8a atom is
more shielded in isomers 15b and 16b than in their coun-
terparts 19b and 20b, but this can be explained by the a-
effect of the sp® nitrogen, which gives rise to a larger down-
field shift than the NH group does. (Evidence against a field
effect is provided by the larger shift for the norbornene pair
20b, 16b, since this would be greater in the norbornanes.)
The increases in shielding of the 4a-H and 8a-H atoms
for the pairs 15b, 19b and 16b, 20b are almost equal to
those found for the analogues 13b, 17b and 14b, 18b; they
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Table 2. *C-NMR data®~
C-2 C a)o C-4a® C-59 C-6° C7? C8Y C8 C9 C-1 Cc-26 C-3.5% Cc-4 CH,
13b® 629 173.1 45.5 39.8 241 221 41.6 56.4 375 138.2 128.1 129.4 1354 -
14b" 69.3 1730 46.7 44.3 1331 140.2 46.2 59.0 47.6 1379 1275 129.4 135.3 -
15b 68.9 1729 50.3 40.8 30.3 27.6 44.1 62.5 350 140.8 129.7 130.6 134.7 -
16b™ 68.7 173.2 48.4 441 135.1 139.0 45.1 573 44.5 1379 1294 128.1 1354 -
17a 1479 1720 442 421 251 215 424 61.6 373 134.2 1264 128.8 130.9 -
17b" 146.8 1721 442 420 250 215 424 61.7 373 137.2 127.8 1291 1325 -
17¢ 146.9 1724 44.3 42.1 251 216 424 61.7 373 135.1° 12741 13599 130.9¢ -
124.5 129.99
17d 148.1 172.7 442 41.7 25.0 214 423 61.2 371 131.2 126.6 1291 140.8 213
18a" 147.5 171.6 50.3 42.6 1354 136.5 49.0 62.3 464 134.2 126.3 128.7 1308 -
18b 146.8 171.8 50.4 42.7 135.4 136.4 49.1 62.4 46.4 137.0 1279 1284 132.7 -
18¢c 146.7 1721 50.5 42.7 135.5 136.5 491 62.4 46.4 135.0° 1271 136.1° 130.8¢ -
124.6 129.8¢
18d 147.6 171.8 504 42.7 135.3 136.5 49.0 62.2 46.3 131.5 126.4 129.2 140.9 21.2
18e 153.6 171.6 50.1 429 1351 1364 49.0 61.7 46.2 44.4 30.0 259 -
30.2 '
19a" 147.3 171.5 475 43.2 299 26.6 46.3 65.2 34.7 134.2 126.2 128.8 130.9 -
19b 146.2 1711.0 47.6 43.3 29.9 26.7 46.3 65.4 348 1374 127.5 129.2 132.6 -
19¢ 146.9 172.0 47.5 433 30.0 26.7 46.3 65.2 348 135.0" 1271 13607  130.9¢ -
1244 129.99
19d 147.1 1714 47.7 433 30.0 26.7 46.4 65.2 348 131.5 126.2 129.5 141.2 213
20a 147.8 171.5 489 41.8 136.5 139.0 527 61.6 44.5 1340 126.3 1289 131.0 -
20b" 146.6 171.0 48.9 4149 136.6 139.0 52.7 61.8 44.5 137.4 1275 129.2 132.5 -
20¢ 146.8 172.0 49.0 41.7 136.5 139.0 52.7 61.6 44.5 135.1° 1271 135.79 131.0¢ -
1244 130.0¢
20d 1478 171.6 489 41.8 136.6 139.0 528 61.5 44.5 131.2 126.2 129.6 1414 214

® In CDCl, solution, at 62.89 MHz, 81%5 = 0 ppm. — ¥ In [Ds]JDMSO solution for 15b. — @ At 20.14 MHz for 20a,c,d. — 9~ ¥ Reversed

assignments may also be possible. —

are not greater than expected? (corresponding to the sat-
uration of the C=N double bond). Accordingly, in the di-
exo compounds 15b and 16b, too, the cis position of the
2-H and 8a-H atoms, and hence the 28* configuration at
the C-2 atom, seem probable.

To obtain final proof of the steric structures, DNOE
measurements were made on compounds 13b, 14b, and 16b.

When the 2-H signal is saturated, an increased intensity
of the 8a-H signal (and also of the singlet of the 2-aryl ring)
is observed in the spectra of all three compounds; this is
unequivocal evidence of the close vicinity of the 2-H and
8a-H atoms, i.e. of their cis position relative to the hetero
ring, thereby confirming the suggested steric structures.

The reverse experiment, i.e. saturation of the 8a-H signal,
also gave the expected result; the intensity of the 2-H signal
increased significantly, while that of the aromatic signal re-
mained unchanged. The intensity of the 4a-H signal, too,
increased, of course, for all three compounds.

The DNOE measurements further allowed the corrobor-
ation of some uncertain assignments.

As concerns the 5,8-H singlets, when the 4a-H signal of
14b was saturated, the intensity of the downfield singlet
increased, while that of its counterpart decreased. On sat-
uration of the 8a-H signal, this pair of singlets reacted in
the opposite sense, affording evidence that the former relates
to the 5-H, and the latter to the 8-H atom.

In the spectrum of 16b, saturation of the 5-H signal (and
simultaneously also of the 8-H signal) affected the downfield

Assignments were proved by DEPT measurements.

olefin signal, showing that this dd is assignable to the 6-H
atom.

Experimental

'H-NMR spectra: CDCl, solutions in 5-mm tubes at room tem-
perature, Bruker WM-250 FT spectrometer, Aspect 2000 computer,
250.13 MHz, deuterium signal of the solvent as lock, TMS internal
standard, Lorentzian exponential multiplication for signal-to-noise
enhancement (LB: 0.7 Hz). — C-NMR spectra: in CDCl; or
[Ds]DMSO, 5 or 10-mm tubes, room temperature, Bruker WP-80-
SY or WM-250 FT spectrometer, Aspect 2000 computer, 20.14 or
62.89 MHz, deuterium signal of the solvent as lock, TMS internal
standard, Lorentzian exponential multiplication for signal-to-noise
enhancement (20 or 1.0 Hz). — DEPT? spectra: standard
method?® with only the ® = 135° pulse to separate CH/CH; and
CH, lines phased “up and down”, respectively. The estimated value
for J(C,H) resulted in a 3.7 ms delay for polarization. — DNOE
experiments: Bruker microprogram 12.5, Aspect 2000 pulse pro-
grammer,

Ethyl endo-3-Aminobicyclo[2.2.1 [heptane-endo-2-carbox ylate (5),
Ethyl endo-3-Aminobicyclo[2.2.1 Jhept-5-ene-endo-2-carboxylate (6),
Ethyl exo-3-Aminobicyclof 2.2.1 [heptane-exo-2-carboxylate (7), and
Ethyl exo-3-Aminobicyclof2.2.1 Jhept-5-ene-exo-2-carbox ylate (8):
90 ml of absol. ethanol was cooled to —10°C and 8 ml (0.11 mol)
of thionyl chloride was added by drops, with stirring. To this mix-
ture, 15.5 g (0.10 mol) of amino acid 3, or 15.3 g (0.10 mol) of 2 or
4, was added and stirring was continued at 0°C for 30 min. After
the mixture had stood for 3 h at room temp., it was refluxed for
1 h, and evaporated to dryness. Crystallization of the residuc from
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ethanol gave the ester hydrochloride as colourless crystals: 13.4 g
(62%) of 7 - HCl, m.p. 153—155°C, or 16.2 g (75%) of 6 - HCI,
m.p. 178 —180°C, or 15.7 g (72%) of 8 - HC], m.p. 142—144°C.

7 - HCE CigH;sCINO, (219.7) Caled. C 5467 H 826 N 6.38
Found C 5485 H 842 N 622

6/8 - HC: C,cH\(CINO, (217.7) Caled. C 5517 H 741 N 643
6: Found C 54.86 H 7.54 N 6.68

8 Found C 5502 H 751 N 654

The ester hydrochloride of 6 (15.24 g; 70 mmol) in 250 ml of
ethanol was reduced with hydrogen at ambient temperature and
pressure, with stirring, in the presence of 0.3 g of 5% platinum on
activated carbon under nitrogen. After absorption of the calculated
amount of hydrogen (4 to 6 h), the catalyst was removed by filtra-
tion and the filtrate was evaporated to dryness. The solid residue
was crystallized from ethanol to give the hydrochloride of ester §
as colourless crystals, m.p. 177—180°C, yield 14.6 g (95%).

CioHsCINO; (219.7) Caled. C 54.67 H 8.26 N 6.38
Found C 54.77 H 849 N 6.20

The hydrochloride of ester § or 7 (2.20 g; 10 mmol), or of 6 or 8
(2.17 g; 10 mmol), was mixed with 1.0 g (10 mmol) of triethylamine
in 20 ml of acetone. After 10 min the solid was filtered off by means
of suction, and the filtrate was concentrated. Fractional distillation
of the oily residue gave the product as a colourless oil. 5: b.p.
88—-90°C/530 Pa, yield 1.15 g (63%); 6: b.p. 118 —120°C/400 Pa,
yield 1.1 g (61%), 7: b.p. 90—92°C/400 Pa, yield 1.2 g (66%); 8:
b.p. 99—-101°C/530 Pa, yield 1.0 g (55%).

endo-3-Aminobicyclo[2.2.1 Jheptane-endo-2-carboxamide (9),
endo-3-Aminobicyclo[2.2.1 | hept-5-ene-endo-2-carboxamide (10),
exo-3-Aminobicyclof2.2.1 [heptane-exo-2-carboxamide (11), and
exo0-3-Aminobicyclof2.2.1 [ hept-5-ene-exo-2-carboxamide (12). The
amino acid ester 5 or 7 (3.66 g 20 mmol) or 6 or 8(3.60 g; 20 mmol)
was allowed to stand for 14 days in 100 ml of methanol saturated
with ammonia. The mixture was evaporated under reduced pressure
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and the residue was crystallized from ethanol. 9: yield 1.6 g (52%),
m.p. 183 —185°C; 10: yield 1.26 g (42%), m.p. 198 —200°C; 11: yield
21g (68%), m.p. 224-225°C; 12: yield 1.75 g (58%), m.p.
223-225°C.

10, 12: CgH,,N,O (152.2) Caled. C 63.13
Found C 63.44

Found C 63.30

Calcd. C 62.31
9: Found C 62.58
11: Found C 62.20

2-(4-Chlorophenyl }-2,3.4ar,51,6,7 8t 8ac-octahydro-5,8-methano-
4(1H )-quinazolinone (13b), 2-(4-Chlorophenyl)-2,3 4ar 5t 8t8ac-
hexahydro-5,8-methano-4( { H )-quinazolinone (14b), 2-{4-Chloro-
phenyl)-2,3 4ar,5¢,6,7 8¢ 8ac-octahydro-5,8-methano-4( 1 H )-quina-
zolinone (15b), and 2-(4-Chlorophenyl )-2,3 4ar,5¢,8c,8ac-hexahydro-
5,8-methano-4( {H )-quinazolinone (16b). 20 mmol of carboxamide
(3.04 g of 10 or 12; 3.1 g of 9 or 11) was refluxed in 20 ml of absol.
ethanol with 2.8 g (20 mmol) of 4-<chlorobenzaldehyde, after the
addition of one drop of ethanol saturated with hydrogen chloride.
The residue obtained on evaporation was crystallized from ethanol.
The data of the colourless crystalline compounds 13b—16b are
listed in Table 3.

4ar.5t,6.7,8t.8ac-Hexahydro-5.8-methano-4( 3H )-quinazolinones
(17a—d), 4ar5t8t8ac-Tetrahydro-5.8-methano-4( 3H )-quinazoli-
nones (18a—ée), dar.5¢,6,7,8c 8ac-Hexahydro-5.8-methano-4(3H )-
quinazolinones (19a—e), and 4ar 5¢.8¢ 8ac-Tetrahydro-5 8-methano-
4(3H )-quinazolinones (20a—d): 20 mmol of the amino acid ester
(366 g of 5 or 7; 3.3 g of 6 or 8) and 20 mmol of imidate (a: 3.0 g
of ethyl benzimidate; b: 3.67 g of ethyl 4-chlorobenzimidate; c:
3.67 g of ethyl 3chlorobenzimidate; d: 3.3 g of ethyl 4-methylben-
zimidate; e: 3.1 g of ethyl cyclohexanecarboximidate) was refluxed
for 10 h in 20 mt of absol. ethanol to which one drop of ethanol
saturated with hydrogen chloride had been added. The reaction

H 795
H171
H 7.85

H9.15
H 931
H 9.03

N 1841
N 18.05
N 18.12

N 18.17
N 1795
N 18.23

10:
12:

9, 11: CsHuNzO (1542)

Table 3. Physical and analytical data of the compounds obtained

. Analysis
Compd. N!é’ ) Y.',/eold Mol. formula Mol. weight Calcd. Y Found
C H N C H N
13b 200-201 52 CsH;CIN,O 276.8 6510 6.19 10.12 6493 6.05 1007
14b 234236 43 CisHsCIN,O 27475 6575 5.50 10.20 6549 544 1023
15b 196 —198 47 CisH(;CIN,O 276.8 65.10 6.19 10.12 6537 633 9.87
16b 199-201 S3 CisH,5CIN,O 274.75 65.57 550 10.20 65.65 529 10.35
17a 188—189 62 CisHiN;O 240.3 7497 671 11.66 7471 692 1145
17b 283 —284 53 C;sHsCIN,O 274.75 65.58 5.50 10.20 6575 5.75 10.14
17¢ 144—146 62 CysHsCIN,O 27475 65.58 5.50 1020 65.27 5.78 10.02
17d 230-—-231 81 Ci¢HsN>;O 2543 7556 7.3 11.01 7582 691 10.82
18a 1741762 68 CisHi N, O 2383 7561 592 11.76 75.55 620 11.90
18b 256—258% 54 C,sH,;CIN,O 272.7 66.06 4.80 1027 66.36 5.03 10.36
18¢ 170—172% 64 C;sH,;CIN,O 272.7 66.06 4.80 1027 66.35 5.00 996
18d 160—162% 68 CiH N, O 2523 76.17 6.39 11.10 7645 6.72 11.03
18e 151152 59 C;sHxN,O 2443 7374 825 1146 7401 836 11.25
19a 195—197 65 CisHsN,O 240.3 7497 671 11.66 7521 6.50 11.67
19b 223-224 58 CisH;sCIN,O 274.75 65.58 550 10.20 6547 520 1043
19¢ 143—-145 56 CsH,s;CIN,O 27475 65.58 550 1020 65.56 5.64 10.05
19d 186 —188 69 Ci¢HisN,O 2543 75.56 713 11.01 7532 748 10.90
19e 129—-131 52 CisHuN;O 246.35 73.13 9.00 11.37 7296 890 11.26
20a 162163 74 C;:H:N,O 2383 7561 592 11.76 7544 579 1191
20b 250252 56 C,sH,;CIN,O 2727 6606 4.80 10.27 66.25 4.92 1049
20¢ 167—169 62 C,sH,;CIN,O 2727 66.06 4.80 10.27 6620 492 10.22
20d 210-211 68 Ci¢HigN,O 2523 7617 6.39 11.10 7641 624 11.03

3 By decomposition. — ™ Crystallized from AcOH -(poor solubility).
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mixture was then evaporated and the residue was crystallized from
ethanol/benzene (1:1) to yield colourless crystals. The data of
17—20 are listed in Table 3.

Reduction of Compounds 18a,b

Method A: 0.50 g of 18a or 18b was dissolved in 30 ml of ethanol
and reduced with hydrogen in the presence of 0.10 g of 5% pallad-
ium on activated carbon at ambient temperature and pressure, After
the calculated amount of hydrogen had been absorbed (1.5 h),
the catalyst was removed by filtration, the solvent was evaporated
and the residue was crystallized from ethanol. 17a: m.p.
187 —189°C (57%); 17b: m.p. 281 —283°C (61%).

Method B: 0.050 g of platinum oxide catalyst was prehydrogen-
ated in 30 ml of ethanol (30 min) and 0.50 g of 18b was added.
Reduction (2 h) and work-up as described under Method A gave
13b, m.p. 199 —201°C (49%).

CAS Registry Numbers

2; 88330-29-4 / 3: 88330-32-9 / 4: 92511-32-5 / §: 95630-77-6 /
§ - HCI: 95630-76-5 / 6: 105786-34-3 / 6 - HCI: 95630-74-3 / 7:
105786-35-4 / 7 - HCl: 95630-75-4 / 8: 105786-36-5/ 8 - HCIl:
104770-18-5 / 9: 105786-37-6 / 10: 105786-38-7 / 11: 105786-39-8 /
12: 105786-40-1 / 13b: 105786-41-2 / 14b: 105786-42-3 / 15b:
105879-68-3 / 16b: 105879-69-4 / 17a: 105786-43-4 / 17b: 105786-
44-5 / 17¢: 105786-45-6 / 17d: 105786-46-7 / 18a: 105786-47-8 /
18b: 105786-48-9 / 18¢: 105786-49-0 / 184: 105786-50-3 / 18e:
105817-83-2 / 19a: 105881-17-2 / 19b: 105879-70-7 / 19¢: 105879-
71-8 / 19d: 105879-72-9 / 19¢: 105786-51-4 / 20a: 105879-73-0 /
20b: 105879-74-1 / 20c¢: 105881-18-3 / 204: 105879-75-2 / 4-Cl-
CsHCHO: 104-88-1 / ethyl benzimidate : 825-60-5 / ethyl 4-chloro-
benzimidate: 827-72-5 / ethyl 3-chlorobenzimidate: 827-64-5 / ethyl
4-methylbenzimidate: 827-71-4 / ethyl cyclohexanecarboximidate:
52186-77-3
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