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Abstract — 10-Oxo-5r,6,7,8¢,9¢,10-hexahydro-5,9-methanobenzocyclooct-

ene-8-carboxylic acid (1a) or a C-8 epimeric mixture (la and 1b) reacted
with 1,2-, 1,3~ and 1,4-bifunctional reagents, 1,2- or 1,3-diaminopropane (2,
3), 1,2- or 1,3-propanolamine (4, 5), 1,4-diaminobutane (6), o-aminothio-
phenol (7), diexo-3-ammobicyclo[2.2.1]heptane-2-methanol or diendo-3-
aminobicyclo[2.2.1]hept-5-ene-2-methanol (8, 9), to produce polycyclic
compounds containing a pyrrolo-condensed pyrimidine (10), imidazole
(1), 1,3-oxazine (12, 16, 17), oxazole (13}, 1,3-diazepine (14), benz-
thiazole (15) moiety and one or two terminal aromatic rings by cyclization.
The structures of 10-17 were established by 'H and '*C NMR spectroscopy
and for 16 also by X-Ray analysis.

In our earlier studies, - or y-oxocarboxylic acids were used for the preparation of fused-skeleton
saturated or partially saturated 1,3-heterocycles.>* These derivatives were prepared with pharma-
cological aims, as the similar fused-skeleton methanocyclooctenes containing a benzene ring have
promising analgetic,” neurotropic, psychotropic® or antispasmodic’ effects. During cyclization
with alicyclic bifunctional reagents, the stereohomogeneous starting compounds often isomerized
and the reactions yielded isomeric mixtures. Consequently, structure elucidation of the fairly
complex polycyclic systems, determination of the configuration and conformation and a compara-
tive study of the closely related systems and the cis- and trans-fused isomers was a challenging
task.

In our recent study, 10-0x0-5,7,8,9,10-hexahydro-5,9-methanobenzocyclooctene-8-carboxylic
acid (1a) was used as starting material of methanobenzocycloocta[9,8-c,d]pyridazinone.? For the
preparation of 1a,b, 4-trans-phenylcyclohexane-cis-1,2-dicarboxylate was cyclized with PPA, to
give a mixture of the isomeric esters of 1a,b. After hydrolysis, the isomeric acids were separated
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by column chromatography.* In the present work, these acids were transformed to new poly-
condensed ring systems.

RESULTS

When the 10-ox0-5r,6,7,8¢,9¢,10-hexahydro-5,9-methanobenzocyclooctene-8-carboxylic  acid
(1a)* was refluxed with 1,3- or 1,2-diaminopropane (3, 2) in dry chlorobenzene in the presence of
p-toluenesulfonic acid as catalyst for 6 h, benzo-9,13-diazatetracyclopentadecanone (10) (76%) or
benzo-9,12-diazatetracyclotetradecanone (11) (42%) was formed (Scheme). On application of a
1:1 mixture of the isomeric acids (1a) and {1b),* the reaction with 3 gave the same product (10),
in lower yield (56%), even under rigorous conditions (refluxing for 8 h). This proved a slow
isomerization of 1b to 1a during the reaction. Cyclization requires an equatorial carboxyl group,
and therefore 1b, containing an axia/ carboxyl, isomerizes to 1a.
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In further experiments, only 1a was used. In the reaction with 3-aminopropan-1-ol (5), benz-13-
oxa-9-azatetracyclopentadecanone (12) was obtained, while 1a and 3-aminopropan-2-ol {4) fur-
nished benz-12-oxa-9-azatetracyclotetradecanone (13). The reaction of 1a with 1,4-diaminobu-
tane (6) yielded benzo-9,14-diazatetracyclohexadecanone (14).

While 10-14 are pentacyclic compounds containing a terminal aromatic ring and a condensed
bicyclic hetero moiety at the other terminal, the reaction of 1a with ¢-aminothiophenol (7) fur-
nished dibenzo-12-thia-9-azatetracyclotetradecanone (15), which was a hexacyclic ring system
with two terminal aromatic rings. diexo-2-Aminobicyclo[2.2.1]heptane-3-methanol (8) and diendo-
2-aminobicyclo[2.2.1]hept-5-ene-3-methanol (9) reacted with 1a to give heptacyclic derivatives:
diexo-benz-2-0xa-10-azahexacyclopolyone (16) and the unsaturated diendo isomer (17). -

The presence of the aromatic moiety in the ring system results in rather rigid condensed skeletons
which are planar at the benzene terminal(s). These fused systems of 16-22 carbons and two hetero
atoms display only limited conformational mobility. A few related rigid hetero compounds are
known, e.g. pyrrolo-fused methanocyclooctane, formed from alkenes by acid-catalysed cycliza-
tion.® Further methods yield analogues with a benzo-fused skeleton by dehydration of cyclohexane-
carbinols with phosphorus pentoxide,’ oxidative cyclization of unsaturated enol silyl ethers,!?1!
conversion of benzylcyclohexanone to benzobicyclononanone!? or carbocationic cyclization of
unsaturated bromoimines.!? However, these methods are not suitable for the preparation of similar
benzocyclononane-condensed heterocycles, especially, containing two hetero rings, because the
potential starting compounds have only one oxo and no other functional group.

STRUCTURE

The IR, 'H and '3C NMR data (Tables 1-3) proved the expected structures of the new compounds;
hence, only the stereostructures are discussed here.

The strained tetracyclic A/B/C/D rigid skeleton must contain the annelational CH-hydrogens, e.g.
H-4,7,9" in 12, in the all-cis position. The cis orientation of H-7 and H-9 with respect to the hetero
atom Y in ring £ (Y =N for 10, Y =0 in 12) was proved by DNOE measurements (Figure 1)
showing the interactions between the NCH, (10) or OCH, (12) groups and H-9. The analogous
steric structure for 14 (Y = N) is plausible from the identical chemical shifts of H-9 in 10 or 14.
For 11 (Y = N) and 13 (Y = N), NOE was observed between H-9 and the methine hydrogen in the
CHCH; group. Hence, the heteroatom (N or O) must be in the o position (cis to H-9) and the
methyl group in the P orientation (¢trans with H-9 relative to the imidazolidine or oxazoline rings).
From the very high difference in the chemical shifts of H-9 in 11, 13 and especially 15, the o
position of the S in 15 is straightforward.

For 12, 16 and 17, the very small shift differences of C-1 and H-9 indicate similar steric structures
of rings A—F in these compounds: the oxygen is also in the o position (cis to H-9) in 16 and 17.

*In the spectroscopic part and Tables 1-3, H-9 means the annelational H on the tertiary carbon at
the B/C/D ring junction.
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Table 1. Characteristic IR frequencies® and 'H-NMR data® on compounds (10-17)
in CDClj solution at 500 MHz®

vC=0 yCyH H-1 H-23 H4 H-5 CHy6) CHy7) H-8¢ H-9¢ CHyINf
band band ~d(1H) m(2H) ~d(1H) ~s(1H) m(2H) 2xm(2x1H) td(1H) td(1H) td+d(2x1H)

10 1660 759 7.66 ~73 7.14 307 ~1.8% 1.03 ~1.8%8 ~2.55h ~2.55h 1.8 220
11 1681 764 732 ~725 7.10 310 ~1.8%8 120 ~1.8% 252 249 191 221
12 17051 773 768 ~73 7.14 305 ~1.858 1.05 1858 258 2.72 1.858 213
13 1709 763 742 ~73 7.14 312 ~18 132 188 261 265 192 218
14 1662 749 7.60 ~725 710 302 ~1.8 1.08 ~1.8%8 2.5sh 2.55h -18% 213
15 1706 749 747 ~7258 7.08 318 ~1.8 132 200 275 344 208 220
16 1694 770 ~73 712 302 ~1.8% 1.15 ~1.88 250 2.60 ~1.8%8 2.06
17 1692 757 7.50 ~7.2 702 293 ~1.78 100 ~1.7% ~24h 24h 175 201

a In KBr discs, cm!. Further data: vVINH band (sharp): 3305 (10), 3280 (11, 14); ® Chemical shifts in ppm (3 =
0 ppm) and coupling constants in Hz. Further signals: CONCH,, 2xm (2x1H): 3.47 and 4.33 (10), 3.40 and 4.27
(12), 2xdd (J = 11.3, 10.0 and 5.3, 11 and 13, ~13.5 and ~2.5, 14): 2.82 and 4.12 (11), 3.03 and 4.20 (13), 3.25
and 4.07 (14); CONCH: 3.84, d (/ = 7.3), 16, 4.06 dd (J = 8.3 and 3.5), 17; (NH)CH,, (2x1H), 2xm: 2.92 and
3.16 (10), 2xdd for 14 (/ = 14.5 and 11.5, upfield signal); (NH)CH: 3.23 m (11); OCH,: 3.80 and 3.98, 2xm (12),
t(J=115yand dd (/= 11.5 and 6.3, 16, 11.3 and 5.3, 17): 3.44 and 3.84 (16), 3.20 and 3.86 (17); OCH, m: 4.10
(13), CCH,C heteroring): ~2.0 m (2H) for 10, 1.99 and 2.26, 2xm (12}, ~1.5 m (2H) and ~1.8 m (ZH)® for 14;
CH,, d (J = 6.1): 1.37 (11), 1.50 (13), CCHC (in oxazine ring): 2.35 ddd (/: 11.6, 6.3 and 6.3) for 16, ~2.8 m
(ZH)® for 17, CCHC (P to N in norbornane/ene): 4.14 d (J = 5.1) for 16, 3.91 ~s (17), CCHC (y to N in
norbornane/ene): 1.94 ~s (16), ~2.8k (17); CH, (16, norbornane): 5xm (5x1H), 1.15, 1.35, 1.57, 1.68 and ~1.8%
and 1.30 d (J = 10.4, endo-H of the bridging CH,); CH, (17, norbomene), 2xd (2x1H): 1.29 (endo) and 1.56 (J =
8.8), CH (17, norbornene), 5.97 dd (J = 5.5 and 2.5) and 6.11 dd (J = 5.5 and 3.0), ArH-10-13 (for numbering,
see the Scheme) for 15: 7.69 o, ~7.15 m (2H), ~7.25%, NH: ~1.8% (10, 11), 2.16 s (14); © Assignments were
supported by DNOE (except for 14), 2D-HSC and for 10, 11, 14 and 16 also by 2D-COSY measurements; dj=
11.0 and 7.5£0.2 (11-13, 15), 10.6 and 8.2 (16); ¢J = 7.2 and 3.6 (12), 6.7 and 3.4 (15), lines of m are coalesced
(13,16); fJ = 13.4£0.1 and 3.0; &-hk Overlapping signals; ! Split band with the second maximum at 1684,

Figure 1. Stereostructures of 12, 16 and 17 and the NOE's proving them

In accordance with our earlier experience,!#!? the doublet splitting (by 7.3 Hz) of the NCH signal
in 16 and the double doublet structure {splits 8.3 and 3.5 Hz) of the same signal in 17 confirm the
diexo (16) and diendo (17) annelation, respectively, of the terminal bicycles to the skeleton. These
structures were also proved independently by NOE measurements: interactions were observed
between the axial OCH, hydrogen and the endo-H of the bridging CH, in 16 and between the
latter atom and the NCH hydrogen in 17.
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Table 2. C-NMR chemical shifts {81y = 0 ppm) of compounds (10-17)
in CDCl; solution at 125.7 MHz?

C-1 2% Ccab C4 Cdat G5 C-6 C-7 C-8 C-9 C-10 C-102¢ C-11 C=0 NCd X(Ce

10 1262 128.7 127.4 1294 1403 348 320 21.0 40.7 427 756 1419 262 177.0 344 381
11 1265 1290 1278 128.8 141.7 343 315 20.7 444 455 848 1425 273 1813 3528 550
12 1273 1290 127.1 129.1 1390 346 312 213 405 404 B899 1405 263 1767 32.8 593
13 127.8 1292 127.5 1285 1399 342 309 21.2 444 443 975 1411 273 1809 503 7438
14 1250 128.1 1268 1287 1403 345 314 21.2 402 378 789 1419 257 1764 403 425
15 127.0 1291 127.6 127.8 1417 333 299 200 433 459 802 1369 27.6 1709 13531329
16 1275 128.57 126.5 12847 138.7 342 304 209 400 383 90.1 1403 259 1760 582 417
17 127.8 12898 127.1 12898 1395 346 31.2 210 395 39.0 904 1404 265 1759 52.6 650

a Assignments were supported by DEPT and 2D-HSC measurements; Further signals: CHy: 17.4 (11), 18.0(13),
C-CH,-C: 24.9 (10), 23.7 (12), 28.9 and 33.6 (14), 26.9, 29.3 and 34.2 (16, the line of the bridging methylene
group at 34.2 is in overlap with the C-5 line), 47.7 (17); C-CH-C (ring £): 45.5 (16), 42.3 {17), C-CH-C (B to N):
37.7 (16), 47.6 (17), C-CH-C (y to N): 37.5 (16), 44.4 (17); CH (17, olefinic): 135.1 and 137.1 (y to N): CH (15,
aryl; for numbering see the Scheme): C-10: 117.5, C-11,12: 125.2, 125.3, C-13; 121.4.5.5f Probable assignments
(may be interchanged); ¢ Carbon bound to the amide nitrogen; € X: NIL (10, 11, 14), O (12, 13, 16, 17), S (15);
8 Two very close-lying lines at 128.8% and 128.92 ppm.

The only question remaining is the relative position of the bridging CH,-18 in 16 and 17. NOE
interactions were observed between the aromatic H-1 and the methine-H p to the heteroatoms
(16) or the former and the NCH group (17). In 17, NOE was also observed for H-9 and the axia/
OCH, hydrogen. These findings confirm the stereostructures depicted in Figure 1, i.e. the amide-
carbonyl and the bridging-CH, are cisoid in 16 and transoid in 17 relative to the oxazine ring.
The structure of 16 was confirmed by X-Ray mecasurements: Figure 2 clearly depicts the cisoid
arrangement of the carbonyl and CH,-18.

G112

Figure 2. ORTEP perspective view of 16
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Table 3. Results of DNOE experiments with compounds (10-13, 16 and 17)?

Saturated Responding signal

signal H-1 H-9 XCH,!  (CONCH,* CCH,CY CH; H (endo)
H-1 12,16 10-12 12,16 11

H-9 12,13, 16

XCH,? 10,12,16 10-12,16,17 10,12, 16,17 11 12,16 11,13 16t
(CO)NCH,* 10-12,17 10-12 10,1217 11 17
CCH, 4 16 16 16

CH; 13 11,13 11,13

H(endo)* 17 17

2 Interacting pairs (groups containing hydrogen) showing only trivial effects (NOE between geminal or vicinal
hydrogens} are not included in this Table. Responses relevant for stereostructures are given with bold compound
numbers. [talic compound numbers correspond to trivial effects; " X: NH (10, 11} or O (12, 13, 16, 17), n = 2
(10,12, 16,17, n =1 (11, 13); € Methine-H (16, 17) or methylene-H (10-13) vicinal to amide-N; 4 "Middle"
CH, (10, 12) or CH (16, 17} in the diazine (10) and oxazine (12, 16, 17) ring, resp.; ¢ In bridging methylene
group (16, 17); T NOE with hoth methylene-H atoms,

EXPERIMENTAL

The 'H and 'C NMR spectra were recorded in CDCl; solution in 5mm tubes at room
temperature, 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'®7 was used with a selective pre-irradiation
time. DEPT spectra'® were tun in a standard manner,'? using only the 8 = 135° pulse to separate
the CH/CH; and CH, lines phased "up" and "down", respectively. The 2D-HSC spectra?) were
obtained by using the standard Bruker pulse program XHCO.AU. IR spectra were run in KBr
discs on a Bruker IFS-55 FT-spectrophotometer controlled by Opus 2.0 software. Melting points
are uncorrected. Physical and analytical data on the new compounds are listed in Table 4.

Data collection and refinement. A Rigaku AFC5S diffractometer was used at room temperature
(21 °C) with graphite monochromated MoK, radiation (A = 0.71069 A). The data were corrected
for Lorentz and polarization effects. The structure was solved by a direct method, using SIR922!
and DIRDIF? programs, and refined by full-matrix least-squares techniques. The hydrogens were
kept in the calculated positions with the displacement parameter of 1.2 times By, of the host atom.
All calculations were performed with teXsan for Windows software.? The neutral atomic
scattering and dispersion factors were those included in the program. Figures were drawn with
ORTEP.*

Crystal data and experimental details: trigonal prisms, space group R-3 (No. 148, hexagonal
axes), a=127.665(2), b=27.665(2), ¢=11.693(3) A, Z=18, D, =1.293 gcm?, n=0.82cm’,
F(000) = 3240, Ry, = 0.01. Measured refl. 3308, unique refl. 3040, obs. refl. 1741, no. of pa-
rameters 227, Rb=0.049, R,° = 0.042. Other crystal data, anisotropic displacement parameters,
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final atomic positional coordinates, temperature parameters, bond lengths and bond angles, have
been deposited in the Cambridge Crystallographic Data Centre, Lensfield Rd., Cambridge, CB2
1EW, UK. '

2,3-Benzo-9,13-diazatetracyclo[7.4.1'7.1%14 0] pentadecan-8-one (10), 2,3-benzo-11-methyl-
9,12-diazatetracyclo[7.1.117.1%13 0]tetradecan-8-one  (11),  2,3-benz-13-oxa-9-azatetracy-
clo[7.4.117.1414.0] pentadecan-8-one (12), 2,3-benz-12-oxa-9-azatetracyclo[7.3.117.1%13 0]tet-
radecan-8-one (13), 2,3-benzo-9,14-diazatetracyclo[7.5.117.1%15.0]hexadecan-8-one (14),
(2,3)(10,11)-dibenzo-12-thia-9-azatetracyclo{7.3.1"7.1413,0]dodecan-8-one  (15), 3,8-diexo-
16,17-benz-2-oxa-10-azahexacyclo[8.7.1:12.147, 11519.038.0|poly-11-one  (16), 3,8-diendo-
16,17-benz-2-oxa-10-azahexacyclo[8.7.1112,147 11519 038,0] poly-5-en-11-one  (17). General
method

A mixture of 1a (or 1b or 1a,b) (1.15 g, 5 mmol), 3-9 (6.5 mmol), p-toluencsulfonic acid (0.05 g)
in chlorobenzene (15 mL) (for 2, 3 or 6) or dry xylene (15 mL)was refluxed for 3-8 h (10: 8 h, 11:
6h, 12: 8h, 13: 3h, 14: 8h, 15: 4h, 16: 5h, 17: 8 h). After evaporation, the residue was
dissolved in CHCl; and transferred to an Al;Oz column [ACROS, Aluminium oxide, basic (for
diamines) or neutral, 50-200 p], then eluted with n-hexane-EtQAc (2:1 for diamines or 4:1). The
residue of the eluates was crystallized. Data on compounds (10-17) are listed in Table 4.

Table 4. Physical and analytical data on compounds (10-17)

Analysis
Compd  mp Yield Formula Caled % Found %

(°C} (%) C H N C H N

10 180-181*° 76 C;7H,N,O 76.09 7.51 10.44 7625 7.58 10.28
11 183-1858 42 C7H,gN,O 76.09 7.51 10.44 7618 7.47 10.33
12 171-172°> 55 C;7HgNO, 7581 7.1 520 7569 7.18 5.15
13 121-123¢ 58 C;;HgNO, 7581 7.11 520 7565 7.08 5.14
14 140-141° 23 C,gH;N,O 7656 7.85 9.92 7642 7.69 9.81
15 206-207° 60 C,gHiNOS 7520 536 439 7534 545 430
16 200-201*° 62 CpH,NO, 7877 7.51 418 7859 7.42 428
17 172-174® 28 CyHpNO, 7925 695 420 79.45 6.88 4.31

Crystallization solvent: * EtQAc; ° Et,0; ¢ EtOH
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