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By the reaction of anthranilic hydrazide 1 with cis-2-(p-methylbenzoyl)-1-cyclohexanecar-
boxylic acid 2a or diendo-3-(p-methylbenzoyl)bicyclo[2.2.1]heptane-2-carboxylic acid 2b,
fused tetra- and pentacyclic ring systems 3a,b were prepared. frans-2-Amino-1-cyclohexanecar-
bohydrazide 4b was reacted with 3-(p-chlorobenzoyl)propionic acid § to yield the pyri-
dazino[6,1-b)quinazolinone 6. From the reaction of cis-2-amino-1-cyclohexanecarbohydrazide
4a with 2a, three isomeric partially saturated 8 H-phthalazino[1,2-b]quinazolin-8-ones 7a-c were
formed. The reaction of diexo-2-aminobicyclo[2.2.1}heptane-3-carbohydrazide 4c and 2a fur-
nished the pentacyclic derivatives 8 and 9 containing a 3-aryl-4,5-dihydropyridazine or 3-aryl-
hexahydropyridazine ring C with cis annelated C/D rings. The formation of 8 and 9 involving
different ring systems can be rationalized by two reaction pathways: (i) in the bislactam 9 the
carboxyl group acylates the hydrazide, while (ii) in 8 it forms a pyridazine ring with the cyclic
amino group by cyclocondensation. The structures of the products were elucidated by 'H and
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13C nmr methods, including DEPT, DNOE and 2D-HSC measurements.

J. Heterocyclic Chem., 35, 201 (1998).

Introduction.

We recently reported on the synthesis of various satu-
rated tetracyclic and pentacyclic isoindolone-condensed
derivatives [2-5). These new saturated ring systems con-
tain two condensed hetero rings and two terminal (bi)cy-
cloalkane rings. Elucidation of the structures of these
rather complex molecules is a challenging task, which
demands a combination of modern nmr methods and in
some cases X-ray analysis. Besides the stereochemical
interest, these compounds are of pharmacological impor-
tance because the starting synthons and several of their
aromatic analogues possess, among others, anorexic, anti-
HIV, anti-inflammatory, analgesic or antiallergic activity
{6-9].

The current study relates to the reactions of cis- and
trans-2-aroyl-1-cyclohexanecarboxylic acids or their
methylene-bridged diexo or diendo derivatives with
anthranilic hydrazide or its saturated and norbornane ana-
logues. These trifunctional synthons are more versatile
than the bifunctional compounds employed earlier [5]. In
the reactions of 2-aroyl-1-cyclohexanecarboxylic acids
and the trifunctional synthons 1 or 4a-c, tetracyclic or
pentacyclic hetero derivatives are formed. Two main
directions of the ring-closure reactions are possible: for-

mation of two N=C bonds with the two carbonyl groups,
or formation of bislactam derivatives by acylation of the
hydrazine amino group with the carboxylic carbonyl. In
previous studies with the related aromatic starting com-
pounds, these two possible cyclization directions caused
difficulties in structure elucidation, and the reported struc-
tures proved to be incorrect [10].

In our experiments, saturated cyclic Yy-oxocarboxylic
acids were used and it was found that the configurations
of the saturated synthons often changed in the ring-clo-
sure reactions [2-5]. Such isomerization occurred espe-
cially if the reacting bifunctional compound was basic;
enolization of the oxocarboxylic acid resulted in configu-
ration inversion.

When both terminal rings are saturated, the stereochem-
istry at both terminal ring junctions must be examined.
This problem does not arise in the aromatic analogues
{11-16], but it complicates the determination of the struc-
tures of the present target compounds.

Results.

The reaction of anthranilic hydrazide 1 with cis-2-
(p-methylbenzoyl)- 1-cyclohexanecarboxylic acid 2a or
diendo-3-(p-methylbenzoyl)bicyclo[2.2.1]heptane-2-car-
boxylic acid 2b by boiling in toluene in the presence of
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p-toluenesulphonic acid as catalyst yields the phthalazino-
[1,2-b]quinazolinones 3a and 3b, respectively, containing
a terminal fused (bi)cycloalkane ring in parts C/D of the
molecules (Scheme 1).
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In the reaction of diexo-3-aminobicyclo[2.2.1]hep-
tane-2-carbohydrazide 4c¢ and 2a, a mixture of 8 (36%)
and 9 (29%) was formed; these were separated by column
chromatography. The pentacyclic partially saturated

Scheme 1
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2a: n=0;
2b:n=1;

Analogous compounds fused with aromatic rings at
both terminals are known [10-13]. Aromatic analogues of
3 have been prepared from phthalazinones [13] or from
phthalazines [14] with anthranilic acids. The product
obtained by hydrazinolysis of the isoindolobenzoxazine-
diones was reported to have a phthalazino[1,2-b]quinazo-
line structure [10].

For the preparation of derivatives containing two satu-
rated terminal rings, cis- and trans-2-amino-1-cyclohex-
anecarbohydrazides 4a and 4b [17] or the methyl-
ene-bridged diexo analogue 4¢ were reacted with alicyclic
or aliphatic oxocarboxylic acids 2a and 5. Thus, the reac-
tion of 3-(p-chlorobenzoyl)propionic acid 5§ with 4b
yielded the trans-pyridazino[6,1-b]quinazolinone 6
(Scheme 2).

The reaction of the cis-2-hydroxy-1-cyclohexanecarbo-
hydrazide 4a with cis-3-(p-methylbenzoyl)-1-cyclohex-
anecarboxylic acid 2a resulted in a mixture of 7a-c. After
separation of the product, three isomeric compounds were
isolated and the structures were established by means of
nmr spectroscopic measurements, together with X-ray
analysis for 7a and 7b (Figure 1).

Compounds 7a (yield 15%) and 7b (26%) contain two
cis-fused cyclohexane rings, with the difference that in 7a
all the annelational hydrogens at the A/B and C/D fusions
are cis(0,0,0.,0), whereas in 7b they are cis(f, ,0,0).
Consequently, in the formation of 7a and 7b, no isomer-
ization of the reactants occurred. In 7¢ (5%), however, the
rings A/B are trans (the annelational hydrogens at the
A/B and C/D fusions are o,f,0.,0), Le. the ring closure
took place with isomerization of the starting cis-2-amino-
1-cyclohexanecarbohydrazide 4a.

As no suitable single-crystals for X-ray determination
could be prepared, 7c was also synthesized by the reaction
of the trans 4b and the cis 2a, and the reaction product
(31%) proved to be identical with 7c.

Ar= C6H4CH3-(]))
cis

diendo

3a: C/Dcis;n=0
3b: C/D diendo;n =1

phthalazino[l,2-b]quinazolinone 8 contains a diexo-fused
methylene-bridged saturated quinazoline moiety and
cis-condensed rings C/D 9, containing fused quinazoli-
none and phthalazinone moieties, is formed by acylation
of the primary hydrazine amino group with the carboxyl
group, subsequent cyclization with the aroylcarbonyl
group resulting in the saturated quinazolinone-phthalazi-
none-fused derivative.

This reaction differs from the formation of 6-8, where
the carboxyl group took part in cyclization to form the
pyrimidine ring, and the oxo group was condensed with
the hydrazine moiety. Similar reactions yielding bislac-
tams are known [8,11,16]. An interesting feature of these
new compounds arises from the saturated skeleton. The
previously described aromatic analogues have simpler
structures because no alternative fusions of the terminal
rings are possible.

Our experiments emphasize the importance of the
establishment of the steric structure, especially for 9, in
which, besides the ring fusions, the position of the aro-
matic substituent has to be elucidated.

Structure.

The structure elucidation is demonstrated on the exam-
ple of the isomers 7a, 7b and 7c. The similarity of these
structures follows unambiguously from the spectral data
(Tables 1 and 2). Due to the four chiral centers, the forma-
tion of eight diastereomers is theoretically possible, four
of them containing one cis- and one trans-fused terminal
ring, while two of them contain two cis rings, and two of
them two trans-fused terminal rings. The isomers with
one or two cis-annelated rings have two or four stable
conformations, containing the cyclohexane rings in the
chair form. Hence, isomers 7a-c can possess one or other
of the theoretically possible eighteen steric structures.
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7a

Figure 1. Perspective views of compounds 7a and 7b.
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Table 1*
Characteristic IR Frequencies [cm™1} and YH NMR Chemical Shifis [ppm)
and Coupling Constants {Hz] of Compounds 3a,b, 6, 7a-c, 8 and 9
Compound vC=0 vC=N CH; CH-8a CH-12a CH-13b CH-42  CH,/CH (Position 1-4, 9-12, 14) H-2'6' H-3\§
band band (aryl) m(H)[a] m(1H)[b] m(1H)[c] m(1H)[d} 2-5m's(8Hor16H)[e] m(QH)[f] m(2H){f)
3a 1694 1602 238 - - 3.25(g} 325(g) 1.2-1.8 (TH), 2.95 [h} 7.94 725
3b 1700 1598 237 - - 3.54 [g) 3.541g] 1.1-1.45 (4H), 1.55 [i), 787 122
1.75 (i), 2.71 {j), 3.02 [k]
6 1720 1667 - 2.10 ~3.10 (g} 2751} 2751 1.2-1.5 (4H), 1.85 [m], 7.80 7.38
2.30 [n}, 2.40 o)
Ta 1711 1668 237 2.85(g) 3.75p} 2.85[g) 3.15(p] 1.3-1.55(9H), 1.7-19 (5H), 7.78 720
2.301n}, 2.52 {h}
7> 1722 1665 237 2.75{p] 375(p) 2.87 [p} 3.15[p] 1.2-1.9 (15H), 2.55 [h) 7.78 7.20
7c 1714 1665 2.37 2.00 3.12[g) 2.87 [p] 3.18g} 1.15-1.65 (8H), 1.8 (5H), 179 7.20
2.4[q), 2.55 [h]
8 1701 1689 237 -2.801[g) 3.80 ~2.80 [g} 3.10[p] 1.2-1.9 (13H), 2.5 [h}, 778 720
2.6 [n], 2.8 [g,0)
9 1698 - 235 ~190[g) 3.02 ~2.25{1 <2251 0.9-1.4 (5H), 1.55 (SH), 7.28 7.16
1.7-1.95 (4H) [g),
2.25[1,n], 2.93 [0]

*Infrared (ir) data in potassium bromide discs and 'H nmr data in deuteriochloroform solution at 250 MHz. Assignments were proven by DNOE and
2D-HSC(except for 3a and 9) and for 7c also by DR measurements. Fusther signals, ir: v NH and 8 NH, 9 3312, 1644; 'H nmr, aromatic hydrogens in
the condensed ring A: H-9, dd, 8.40 (3a), 8.36 (3b), H-10, d1, 7.45, H-11, 7.68 (3a, coalesced with the H-12 signal), 7.72, dt (3b), H-12, dd: 7.62 (3b),
NH, broad, s (9): 9.03. [a) d1 (6, 7c), J = 12, 12 and 3; [b]) dd, J = 9 and 3 (8), d, ] = 7.6 (9); [c] CH; group, intensity 2H (6); [d) CH, group for 6,2 x m
(2 x 1H) with the second m at about 3.1 [g]; [e] 2-5 m's of 8H-(3a,b, 6) or 16H-intensity (7a-c, 8, 9); CH groups in 3b (Positions 1 and 4) and 8, 9
(Position 9 and 12). Bridging-CH, (14) in 3b, 8 and 9. The H-9(8) and H-12(9) singlets are coalesced with the m's at 2.8 and 2.25, respectively; {f]
Aryl group, A or B part of an AA'BB"-type multiplet, J(A,B) = 8.2 or 8.7 (6); {g,]] Overlapping signals; [h] Hlegq, d (1H); [i] 2 x d (2 x IH), A or B part
of the AB-type multiplet of CH; (14), J(A,B) = 10, & H(exo) < & H(endo); [§) H-4, s (1H); [k] H-1, s (1H); [m} CHx(10), m (2H); [n) H-12, eg (1H) for
6 and 7a,c, s (1H) for 8; [o] H-9, eg, d (1H) for 6, s (1H) for 8; {p] Half signal width: 25 (CH-42,8a in 7b and CH-12a in 7a), 20 (CH-4a in 7a, 8), 15
(CH-12a,13b in 7b) and 12 Hz (CH-13b in 7c); [q] Coalesced signals of H-9eg and H-12¢q.

The resonances for the four annelational carbons 4a, 8a,
12a, 13b were assigned by means of DEPT measurements
[18] and the corresponding 'H nmr signals were identified
by means of the 2D-HSC spectra [19] (The positional
numbering of 7a is also applied for 3, 8 and 9 in the text
and Tables.). The H-4a signal was identified via the
mutual NOE with the ortho hydrogens of the
4-methylphenyl group [20a,21]. By irradiation of H-4a in
the NOE experiment, the H-13b (and via HSC the C-13b)
signal can be assigned. Because of the vicinity of N-13,
identification of the C-12a and H-12a signals is straight-
forward from the largest downfield shift among the
aliphatic signals. Thus, assignment of the signals of the
fourth methine group to H-8a and C-8a is also unambigu-
ous.

For the three isomers, the very similar 'H and 13C nmr
chemical shifts of the 4a and 13b atoms support the iden-
tical stereochemistry of the C/D moiety.

The doublet-like signal of one of the sixteen methylene
hydrogens with a large downfield shift (2.55 ppm), which
gives an NOE with H-13b, can originate only from H-leq.
The anisotropic neighboring group effect of the close-
lying N-12 [20b] explains the strong deshielding, which is
supporting evidence for the identical C/D structures in the
isomers. At the same time, this H-1eqg-N-12 interaction
indicates the preferred conformation for ring D: H-leg

can lie near the lone electron pair of N-12 only in the
chair form in which C-13a is axial and C-5 is equatorial
to ring D. This is in agreement with the above-mentioned
NOE of H-4a and the ortho aromatic hydrogens (in the
other chair form of ring D, these atoms could not come
near each other) and with the irregular [20c] downfield
shift of the H-4ax signal (relative to that of the equatorial
H-13b, which in spite of its similar environment is more
shielded), which is a consequence of the anisotropic effect
of the coplanar aromatic ring [20d].

As regards the sum of the C-8a and C-12a shifts and the
corresponding 'H nmr signal width [for the latter, the sig-
nals of H-8a (7a) and H-12a (7¢) can not be assigned
because of signal overlaps], there is no significant differ-
ence between 7a and 7b [AZ3C (7a,b) = 0.8 ppm and
AvH-12a (7b) = 15 Hz], while for 7¢ much higher values
are measured [AYSC = 4.0 ppm and AvH-12a (7c) = 30 Hz].
Consequently, the A/B annelation is cis for 7a,b, but trans
for 7c.

A comparison of the spectral data for the isomers 7a
and 7h, the reverse difference was observed for the 82 and
12a signal pairs: the H-8a signal width and C-8a chemical
shift for 7b, and the H-12a signal width and C-12a shift
for 7a were larger. This confirms the axial position of the
carbonyl group in 7a (because of the diaxial coupling
[22], the signal of H-8a is broader, while the field effect
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—~&58 . [20e,23] causes the upfield shift of the C-8a line) and_its
L g equatorial orientation in 7b. (For 7b, the C-12a line
o si - appears upfield-shifted due to the field effect.) Hence, for
TTE ) 5;5 S 5 7a, the four annelational }fydrogens lie on F:lefsan;; s:lle
) T¥oveoeey V=g "5 of the skeleton (conﬁgura_lnon a,(x,oc,q). V{hx e for 7b, the
US RRARARsT 4 e2g pairs 4a,13b and 8a,12a lie on opposite sides of the ring
) §§ g8 system (structure o,0,3,8). .
2 s8rgerns £z £ 5 For 7¢, supposing the above deduced trans A/B-cis C/D
© inieieieieieks E :: g structure and the conformation with ring D in chair form,
e N 00O O Eé? § and with C-_l3a'axial and C.:-S equ.a-torial, fl\tvho s‘:er::s;rzuac:
5"5 g§g8¥dEdy &g R tures differing in the relative positions o ‘the 42,8212,
R .~ 828 13b hydrogens (a,o.,B,0 or a,B,a,q) remain. The a,0,8,0
g\—%’sm 2o § g: :5 configuration is more likely and is also more fa.vorable
£8 RERRAIYe g9°2 sterically, in accordance with the molecular modeling. -
°s T = = = b .‘? & éa This structure is supported by the shift in the H-1eg sig-
N~ g’ - ﬁ" < f‘ 5 é’ § E nal, which is identical with those measured for 7a and 7b;
a E?E EEEEEE RS é s88 in the presumed structure, the B,C,D part of the molecule,
L - S8y SEZE & b 9 & and hence the mutual steric arrangement of. the lone elec;
Y an 858N So=s A =% tron pair on N-12 and Heg(1), i.e. the "dihedral angle
2 HE SS8INNINY ggEs Heg(1)-C(1)..C(13a)-N(I13), is unchanged. On the other
e THT ToEE 5 ; o §, hand, the configuration @,f8,a,a would requxrf: inversion
:6:; o~ ":" E 5 bRt . S B E " ;g of ring B. In the structures assumed for '7a-c, 1;mg B has“a
3 52 SENNANIS S SRR twist form with out-of-plane "0/(C-8a)" and [s(q-lza) ,
g- %é :, g while the structure a,ﬁ,;x,a t\;/ould require the
SodsSSggg CEs -8a)-0(C-12a) inverse conformation.
3 “U: 8 g §aveseesn g’E -g H B(gazi:gai(nto aczount the very similar nmr data f(?r rings
§ E = g ; E g B, C and D (e.g. the identical or I(:mly slighfly ixufﬂ:ren:
o 98 SreeBEne S8.eF -leg, C-13b and C-4a shifts), analogous steric structure;
= 3 © BEEREEES ;2‘:5 ; ::-Ian :e deduced for 3a and 8. Similarly, the trans A/B
é NG = O NN D E E’ §§ annelation for 6 follows from the shifts being ;?racﬁcally
¥ 2 $gggse gQ :'5 5 identical to those meas.ured for C-8a and C-12a in 7c. 'I;xs
E° T $eg E X-ray analysis confirmed the structures 7a and
5 TTE T 2¥3g (Figure 1).
£ 5% 28g€ss8s 597 On irradiation of H-14(endo) and the ortho aryl bydro-
5 - = _. FoSE gens in an NOE experiment, H-13b and H-4a respond in
- gs 82 § 22 G2 g” 3b, which proves the diendo fusion of the norbom.ane and
Eﬂg E g I g g 488 § E = ® the hetero ring. From the small H-12-H-12a coupling [24)
—— emmme 8% :‘ £ for 8 and 9, the diexo annelation follows.
X "%‘% ' Q %%%S . g € E" The following spectral data support the steric structure
6% 33 'xRIQR £53% of 9: (i) in addition to the VNH ir bands (3312 cm-) and
5 E EE&* carbonyl resonance (165.6 ppm), the new !3C nmr reso-
fg 2% .2%290 ..E. &2a nance of the second amide carbonyl appears at 175.6 ppm
5% % 'RRREE Eo § § in 8; (ii) instead of the 13C nmr resonance at about 156
3 TTTTE :§ 2 ; g ppm, characteristic of the sp2 C-13a, the less shifted li.l.l.e
EE 3 ' SiSaz 5 oS g at 79.7 ppm, characteristic of the sp3 atom, appears; (jii)
6% ¥ 33383 3 5‘2 5 the NOE between H-12a and the aromatic ortho-hydro-
: §':::§ gens demonstrates the proximity atoms and tht? c.is. rela-
H —_ 55 ) tionship of the aryl group and H-12a to th‘e pynm@none
2 EE TR g ring; (iv) the carbon shifts confirm the cis annelation of
5 ARefflue 25 3 § the cyclohexane, and the NOE measurements prove the
° . f‘?: 3 .g- cis relationship of the aryl and cyclohexane rings.
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Table 3
Physical and Analytical Data on Compounds 3 and 6-9

Mp (°C)
Compound Yield (recrystallization

(%) solvent)

3a 51 219-221
(benzene)

3b 42 260-263
(benzene)

6 35 254-256
(EtOAc)

7a 15 200-202

(EtOH)

/) 26 167-169

(EtOH)

Te 5]a) 248-249
311b} (EtOAc)

] 36 273-275
(EtOAc)

9 29 286-287
(dioxane)

Vol. 35
Analysis(%)
Formula Caled /Found
(Mol. wt.) C H N
CpHy N3O 7694 6.16 12.23
(343.43) 76.75 6.21 1224
Cy3Hy N30 71.72 5.96 11.82
(355.44) 71.61 6.08 11.90
C;jH;gCIN;O 64.66 575 1331
(315.80) 64.54 5.70 13.27
CypHyyN;0 75.61 179 12.02
(349.48) 75.34 7.98 12.00
CyHy9N30 75.61 1.7 12.02
(349.48) 75.717 7.69 12.19
CypHjN30 7561 1.79 1202
(349.48) 75.66 7.68 11.92
CyHjygN;0 76.42 7.53 11.62
(361.49) 76.40 7.63 11.57
Cp3HygN;0, 72.79 7.70 11.07
(379.50) 72.93 7.82 11.14

{a] Product separated from the mixture of 7a-c; {b] Yield after isolation from the reaction of 2a and 4b.

EXPERIMENTAL

The ir spectra were determined as potassium bromide discs on
a Bruker IFS-55 FT-spectrometer controlled by Opus 2.0 soft-
ware. The 'H and 13C nmr spectra were recorded in deuterio-
chloroform solution in 5 mm tubes at room temperature, on a
Bruker WM-250 FT-spectrometer equipped with an Aspect 2000
computer at 250.13 ('H) and 62.89 (13C) MHz, respectively,
using the deuterium signal of the solvent as the lock and TMS as
internal standard. Conventional CW irradiation of ~0.15 W was
used in the DR experiments. DEPT spectra [18] were run in a
standard way [25], using only the 6 = 135° pulse to separate the
CH/CH3 and CH, lines phased up and down, respectively. For
DNOE measurements {20a,21], the standard Bruker micropro-
gram "DNOEMULT.AU" to generate NOE was used. The
2D-HSC spectra [19] were obtained by using the standard
Bruker pulse program "XHCORRD.AU".

The X-ray data were collected at room temperature on a
Rigaku AFCGS diffractometer with graphite-monochromatized
CuK, (A = 1.5418 A) radiation. The intensity data were col-
lected in an ©-20 scan mode at an ® scan speed of 4.0° min!
with © scan width = 1.52 + 0.30 tan 6. All data were corrected
for Lorentz polarization effects and for secondary extinction
(coefficient = 0.0014(9) for 7a and no correction for 7b). The
intensities of three check reflections showed only statistical fluc-
tuations. The structures were solved by using SHELXL-86 {26),
followed by successive Fourier syntheses [27]), and refinements
were carried out with SHELXI.-93 [28]. Calculations and graph-
ical display were performed by using the TEXSAN [29] pack-
age. For 7a,2 =9.34(2) A, b = 20.53(2) A, c = 10.67(2) A, B =
109.6(1), Z = 4, space group P2,/a, d, = 1.204 gem™3, p = 0.585
cm-l. A total of 5918 reflections were measured to 8, =
63.32°; 3085 unique reflections, R, = 0.035. Refinement was
done on F2 with all reflections included, apart from 12 very neg-

ative ones. 761 reflections I>20(I) were used in calculating R1 =
0.114; wR2 = 0.4754 for all reflections, w = 1/62[F2 +
(0.1444P)2, where P = (F,2 + F,2)/3], GooF = 1.025. For 7b, a =
9.467(4) A, b = 12.936(6) A, c = 9.056(9) A, o = 101.84(4), B =
117.47(2), v = 69.38(5), Z = 2, space group P-1, d, = 1.231
gem-3, L = 0.598 cm-l. A total of 3962 reflections were mea-
sured to 8,,,, = 75.15°% 3729 unique reflections, Ry, = 0.035.
Refinement was done on F2 with all reflections included, apart
from 10 very negative ones. 1762 reflections I>20(I) were used
in calculating R1 = 0.058; wR2 = 0.2542 for all reflections, w =
1/62[F,2 + (0.0978P)2 + 0.486P, where P = (F,2 + F2)/3], GooF =
1.025. Atomic coordinates and selected bond distances are listed
in Tables 4 and 5.

Preparation of diexo-3-Aminobicyclo[2.2.1]heptane-2-carbohy-
drazide (4c).

A mixture of ethyl diexo-3-aminobicyclo[2.2.1]heptane-2-car-
boxylate [30] (11.54 g, 0.063 mmole) and hydrazine monohy-
drate (99%, 11.62 g, 0.232 mole) in ethanol (10 ml) was refluxed
for 4 hours. After evaporation, the residue was crystallized from
ethanol, colorless crystals, yield 9.16 g (86%), mp 160-161°.

Preparation of 5-p-Tolyl-8H-1,2,3,4,4a,13b-hexahydrophthal-
azino[1,2-b]quinazolin-8-one (3a) and 1,4-Methano diendo
Derivative 3b.

A mixture of anthranilic hydrazide (1.51 g, 0.01 mole) and
cis-2-(p-methylbenzoy!)-l-cyclohexanecarboxylic acid 2a (2.46 g,
0.01 mole) [31] or diendo-3-(p-methylbenzoyl)bicyclo[2.2.1])-
heptane-2-carboxylic acid 2b (2.58 g, 0.01 mole) [32] in toluene
(30 ml) was refluxed for 8 hours, a Dean-Stark water separator
being applied. After removal of the solvent by distillation, the
residue was transferred onto a silica gel column (Acros
0.035-0.07 mm) and eluted with benzene. On evaporation, the
residue crystallized. Physical and analytical data on 3a,b are
listed in Table 3.
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c(1)
<)
C3)
C4)
C(4A)
C(5)
N(@6)
N()
C(®)
C(8A)
C(9)
c(10)
ca)
C(12)
C(12A)
N(13)
C(13A)
0(15)
C(13B)
ca)
C(2)
C(3)
Cc4)
C(5)
(6"
)

7a

3434(13)
3518(15)
2073(14)
736(14)
585(13)
-766(14)
-723(11)
682(11)
633(14)
2127(14)
1912(15)
1304(17)
2305(17)
2483(17)
3108(14)
3218(12)
2082(16)
2053(11)
-535(10)
-2292(16)
-2571(15)
-3972(15)
-5232(16)
-4959(17)
-3610(14)
-6802(16)

X
7b

7004(5)
T914(5)
8574(5)
7252(5)
6373(4)
5029(4)
3541(3)
3159(3)
1554(4)
1116(4)

538(5)

177(5)
1651(5)
2182(5)
2564(4)
4016(3)
4240(4)

645(3)
5692(4)
5394(4)
4266(4)
4600(4)
6106(4)
T7240(4)
6892(4)
6472(5)

Saturated Heterocycles. 254

7a

1368(6)
1781(6)
2187(6)
1735(5)
1344(5)
891(6)
299(5)
47(4)
-588(5)
-834(5)
1393(5)
1137(7)
-598(7)
-45(6)
-289(5)
240(4)
405(5)
933(5)
-909(4)
1137(5)
1760(6)
1980(6)
1567(6)
930(6)
717(6)
1768(6)

Table 4*
Atomic Coordinates (x104) and Equivalent Isotropic Displacement Parameters (A x 103) for 7a and 7b

y
7o

-3315(3)
-3407(3)
-2442(4)
-1340(3)
-1238(3)
-167(3)
-51(2)
-992(2)
-782(3)
-1828(3)
-22517(3)
-3350(3)
-4206(3)
-3778(3)
-2685(3)
-2905(2)
-2084(3)
135(2)
-2209(3)
881(3)
1907(3)
2878(3)
2856(3)
1843(3)
870(3)
3917(3)

* U(eq) is defined as one-third of the trace of the orthogonalized Ujij tensor.

z Uceq)

Ta 7b Ta /]
1842(16) -2737(5) 101(5) 64(1)
2998(17) -934(6) 11K(5) 74(1)
2825(15) -117(6) 102(4) 74(1)
2457(17) -511(5) 115(6) 63(1)
1195(14) -2337(4) 86(4) 49(1)

787(14) -2683(4) 82(4) 49(1)
1151(10) -2934(4) 76(3) 52(1)
1991(10) -2862(4) 76(3) 50(1)
2432(13) -2992(5) 76(4) 5K(1)
3327(13) -3157(5) 76(4) 54(1)
4190(14) -4932(5) 96(4) 61(1)
5262(16) -5129(6) 110(5) 71(1)
6109(16) -4048(6) 112(5) 69(1)
5229(15) -2300(5) 109(5) 65(1)
4144(14) -2072(5) 84(4) 55(1)
3275(12) -2447(4) 78(3) 51(1)
2310(16) -2789(4) 77(4) 48(1)
1394(13) -2966(4) 69(3) 65(1)
1994(10) -3179(5) 113(3) 50(1)

-6(15) -2638(4) 89(5) 49(1)

-521(16) -2587(5) 97(5) 55(1)
-1327(14) -2504(5) 92(4) 56(1)
-1744(16) -2436(4) 95(5) 52(1)
-1207(15) -2466(5) 96(5) 55(1)
-431(13) -2559(5) 84(4) 55(1)
-2746(18) -2385(6) 129(6) 70(1)
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Table 5
Selected Bond Lengths (A) for 7a and 7b

7a 7>
C(4A)-C(5) 1.51(2) 1.498(5)
C(4A)-C(13B) 1.564(13) 1.531(4)
C(5)-N(6) 1.275(12) 1.288(4)
C(5)-C(19) 1.48(2) 1.502(4)
N(6)-N(7) 1.418(12) 1.407(4)
N(7)-C(8) 1.395(13) 1.404(4)
N(7)-C(13A) 1.437(14) 1.418(4)
C(8)-O(15) 1.223(12) 1.198(4)
C(8)-C(8A) 1.49(2) 1.5114)
C(8A)-C(12A) 1.52(2) 1.528(5)
C(12A)-N(13) 1.459(13) 1.469(5)
N(13)-C(13A) 1.25(2) 1.271(4)
C(13A)-C(13B) 1.46(2) 1.505(5)

Preparation of 9,10,10a-Octahydropyridazo[6,1-b]quinazolin-
6-one (6), 5-p-Tolyl-9,12-methano-8H-1,2,3,4,4a,82,9,10,11 -
12,13,13a-dodecahydrophthalazino[l,2-b]quinazolin-8-one (8)
and -5,8-dione (9).

General Procedure.

A mixture of trans-2-amino-1-cyclohexanecarbohydrazide 4b
(1.57 g, 0.01 mole) and 3-(p-chlorobenzoyl)propionic acid §
(2.12 g, 0.01 mole) or diexo-3-aminobicyclo[2.2.1]heptane-2-

carbohydrazide 4¢ (1.69 g, 0.01 mole) and 2a [31,32] (2.46 g,
0.01 mole) in toluene (30 ml) was refluxed for 10 hours, a Dean-
Stark water separator being applied. After evaporation, the
residue was transferred onto a silica gel column (Acros
0.035-0.07 mm) and eluted with ethyl acetate (6) or an ethyl
acetate-n-hexane 2:1 mixture (8 and 9). From the mixture of 8
and 9, 8 was eluted first (higher Ry), then 9 (lower Ry). Data on
6, 8 and 9 are listed in Table 3.

Preparation of 5-p-Tolyl-8H-1,2,3,4,4a,82,9,10,11,12,12a,13a-
dodecahydrophthalazino[l,2-b)quinazolin-8-ones 7a-c.

cis- or trans-2-Amino-l-cyclohexanecarbohydrazide 4a or 4b
(1.57 g, 0.01 mole) and cis-2-(p-methylbenzoyl)-1-cyclohexane-
carboxylic acid 2a (2.46 g, 0.01 mole) were reacted in benzene
(4a) or toluene (4b) for 16 hours. After evaporation of the mix-
ture, the residue containing 7a-c or 7c was transferred onto a sil-
ica gel column (Acros 0.035-0.07 mm) and eluted with an ethy]
acetate-n-hexane 1:1 mixture. The first eluates contained 7c
{highest Ry; monitoring by tlc, Alufolien Kieselgel 60 Fysy
Merck, 0.2 mm, solvent: benzene-ethanol-petroleum ether (bp
40-60°) 4:1:3, development in iodine vapor]. The following elu-
ates, which contained 7b (medium R¢) and 7a (Jowest Ry)
together, were combined and the solvent was evaporated. The
residue was transferred onto a silica ge! column and eluted with
an ethyl acetate-n-hexane 2:1 mixture. The first fractions, which
contained 7b, were combined and the solvent was evaporated
off. The last fractions yielded 7a. In the reaction of 4b and 2a,
the residue was eluted from a silica gel column with benzene.
After evaporation, the residue was crystallized.
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10-Oxo0-5,9-methanobenzocyclooctene-8-carboxylic acid 4a was prepared by the
intramolecular cyclization of 47-phenylcyclohexane-1r,2¢-dicarboxylic acid 1a in
concentrated H,SO, or in the reaction of 47-phenylcyclohexane-1r,2¢-dicarboxylic
anhydride 2 in 80% H,SO,. To improve the yield, the esters 3a,b were cyclized
to the methanocyclooctene isomers 5a,b, in a 1:5 ratio from 3a, and in a 5:4
mixture (54%) from 3b at elevated temperature. After separation, 5a was
hydrolysed, the keto group of 4a was reduced by the Wolffi-Kishner method and
the resulting cis and zrans methylene-bridged benzocyclooctenes 6a,b (1:2) were
separated. From 4a with hydrazine, the tetracyclic pyridazinone derivative 7 was
obtained. The structures were determined by 'H and *3C NMR methods and for

4a also by X-ray crystallography.

In our earlier studies on fused-skeleton saturated and
partially saturated 1,3-heterocycles, we studied the reac-
tions of cyclic f-oxo carboxylic acids with alicyclic 1,3-
amino alcohols in which one of the functional groups
was attached directly, and the other through a methylene
group to carbocycles such as cyclohexane, cyclohexene,
norbornane or norbornene.’ In these cyclizations, tetra-
cyclic and pentacyclic hetero compounds were formed,
and isomerization of the starting stereohomogeneous
cis and frans amino alcohols also often occurred.
Consequently, structure elucidation of the fairly complex
tetracyclic or pentacyclic systems, and determination of
the configuration and conformation, was always a chal-
lenging task; a comparative study of closely related ring
systems and the cis- and trans-fused isomers added to
the importance. The new compounds were synthesized
with pharmacological aims.

For the synthesis of fused-skeleton.isoindolones, cis-
or trans-2-aroyl-1-cyclohexanecarboxylic acids were used
as starting materials in our earlier studies. In the present
paper, cis-4-cyclohexene-1,2-dicarboxylic anhydride was
applied; through the addition of benzene to the double

*To whom correspondence should be addressed.

T Saturated Heterocycles, Part 255. Part 254: Bernath, G.,
Miklés, F., Stijer, G., Sohar, P., Bocskei, Zs. and
Menyhérd, D. J. Heterocycl. Chem. In press.
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bond,? this furnished 4z-phenylcyclohexane-1r,2¢-dicarb-
oxylic acid 1a with a phenyl equatorial® to the neigh-
bouring carboxy group. The 4-phenyl substituent on
cyclohexane-1,2-dicarboxylic acid was thought might
provide a good opportunity to construct highly con-
densed systems by intramolecular acylation of the pheny!
substituent with the 2-carboxy group. These systems
containing two functional groups are suitable for the
preparation of heterocycles and they provide good
starting molecules for the production of new pharmaco-
logically active derivatives as target compounds.

Results

When heated in concentrated H,SO,, trans-4-phenyl-
cyclohexane-cis-1,2-dicarboxylic acid (1a) or in 80%
H,SO,, the anhydride 2 yielded 10-ox0-5,6,7,8,9,10-
hexahydro- 5,9 -methanobenzocyclooctene - 8 - carboxylic
acid (4a; yield 13% and 15%, respectively) by intramolec-
ular cyclization.

Similar cyclization via AlCl,-catalysed intramolecular
Friedel-Crafts acylation provides only a moderate yield
(14-21%),° in spite of the absence of strain in the
bicyclononanone ring system.” Other preparations,®*
e.g., from benzylcyclohexanone with MeLi,'° from unsat-
urated enol] silyl esters with ceric ammonium nitrates,***?
from alkenes by MeSO;H cyclization'® and by carbo-
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cationic cyclization of unsaturated bromo imines’® are
also known.

To improve the yield of 4a, we started from dimethyl
4-trans-phenylcyclohexane-cis-1,2-dicarboxylate  (3a);
cyclization with PPA at elevated temperature yielded a
mixture of the isomeric esters 5a and 5b in a ratio of
1:5. In contrast, cyclization of dimethyl 47-phenyl-
cyclohexane-1r,21-dicarboxylate (3b) gave the esters 5a
and 5b in a 5:4 ratio (the yield of 5ab was 54%).
Consequently, as a result of the transformation 3b — 5a,b
with PPA, the 30% yield of 5a (Table 3) isolated from
the mixture 5a,b by column chromatography proved to
be enough to permit further reactions. We presume that
in the cyclization the 2-carboxy groups which are axial
in the ground state come close to the phenyl group by
ring inversion and 3a and 3b partly isomerize to form
the products 5a,b. After separation of the isomers, the  F9- - X-Ray structure of compound 4a.
structures were established by NMR spectroscopy. The
esters 5a,b were hydrolysed and the acids 4a,b were Kishner method to afford a mixture of cis- and mrans-
characterized by NMR and for 4a also by X-ray analysis 5,6,7,8,9,10-hexahydro-5,9-methanobenzocyclooctene-§-
(Fig. 1). The oxo group was reduced by the Wolfi- carboxylic acids (6a,b). With hydrazine, the oxo

Table 1. IR carbonyl frequencies in KBr? and 'H NMR data® on compounds 4-7 in CDCl; solution® at 250 MHz.¢

Ve=0 Ve=0 H-1 H-4 H-5,9¢ H-ax H-8 H-eq"
Compound Posn. 8 Posn. 10 dd (1 H) dd (1 H) m (2 H) Posn. 7 m (1 H) Posn. 11
4a 1713 1678 8.03 7.24 3.2 1.509 2.79" 2.50°
4b 1696 1681 8.04 7.24 3.25 1.48/ 2.94 2.30'
5a 1728 1681 8.06 723 3.2 1.62¢9 2730 2.45'
5b 1729 1679 8.05 7.25 3.18 1.40/ 2.85% 2.25/
6a 1712 —_ =74 7.00 2.98" 1.35¢9 ~2.7° 2.00'
6b 1701 — =747 7.00 2.98 1.45/ 2.68° ~2.0°
7 1671 — 7.80 7:20 =3.1 1.35¢ 2.55" 2.00’

’In cm~'. Chemical shifts in 8, 8;us=0 ppm, coupling constants in Hz. “4a was also measured in DMSO-dg solution.
9Assignments were proved by DR (4a) and DNOE (6a,b) measurements. Further signals, '"H NMR: CHz (s, 3 H): 3.72 (5a),
3.77 (6b); CH, (posn. 6, 7eq, 11ax), 4 xm (4 x 1 H) in the interval 1.7-2.2 ppm, partly overlapped. Separated signals: H-6ax:
1.90/ (4a, 5a), 2.18/ (4b), H-6eq: 1.85' (4a), 1.65' (4b), 1.80' (5a), 1.60’ (5b), 1.55' (6b), H-7eq: 1.75 (4a, 5a), 2.05' (4b), 1.98'
(5b), H-11ax: 2.05" (4a, 5a), 2.22" (4b), 1.85" (6a); CH, (posn. 10): 2.78 d (split by 18.4) and 2.98" (6a), 2.68° and 3.27 dd
(split by 18.0 and 7.5) for 6b; H-2,3, 2xdt (2x1H): 7.30 and 7.50 (4a, 5a,b), 7.38 and 7.55 (4b), coalesced at ~7.1 (6a,b)
and 7.3 (7); NH, (br s, 1 H): 8.65 (7); H-9 (as, 1 H): 3.00 (for 4a in DMSO-dg); IR, vou: 3300-2200 (4a,b, 6a,b); vyy: 3185 (7).
¢Overlapping signals, except for 6a,b, where the H-9 signal at about 2.7 ppm is coalesced with the H-8 m (6a) and the upfield
m of CH, (posn. 10) group (6b). “To ring C (S-cis to the condensed aromatic ring). ¢Quartet split by ca. 13.5 with further
doublet split by ca. 4.5. "Doublet (split by 13.2+0.2) with further triplet split by ca. 4 (for H-8) or 2.5 (H-11ax). ‘Quartet (split
by ca. 13) with further quartet split by 2.5. /Triple triplet split by ca. 13.5 (H-6ax) or 14.5 (H-7ax) and 4. ¥Singlet-like signal
with coalesced fine structure. ‘Doublet-like signal with coalesced further fine structure, split by 14+0.5. ™In overlap with the
H-2,3 signal. °Overlapping signals. PIn overlap with the H-6ax signal.

Table 2. *C NMR chemical shifts® of compounds 4-7 in CDCl; solution at 63 MHz.?

Compound C-1 C-2 C-3 C-4 C-4a C-5 C-6" C-7 C48f .C=0i"" G105 "C-8% -C-11 - C-10a°

4a 125.4 1268 . 1342 1285 - 4471 83.6. 28.8--18.6.444 174. 1 1881~ TAb.0 3325 3T 7
4b 12677 127.04 (1344 12829 4472 =345 - 27,67 19,7 - 41,9 179.6.. 200,37 +43.8 095.0°3135 3
5a° 126,97 1266 " 1341 1280 1468 343 . -30.83 - 19,7 A3 1734 18985 454" 338\ 34,0
5b* 1260 126:4 1337 1277 1467 340 270 1870413717310 18945 43165 2935530 8
6a 128,01 “125.7 - 11254 * 128,07 1405/7 336 332 19,07 47.8:9181.2 7 207L 1296\ 3171370
6b 127.9 1267 1255 128.2 1406/ -:83.7° 302 188 485 (18130 353 288 -97.8"- 1368
7 1235 127.4° 1295 12789 1434, 322 ' 289 183 350, 1749 167.6 39,0 2897 1333

“8mms=0 ppm. ®Assignments were confirmed by 2D-HSC (except for 4b and 7) and DEPT measurements. °For easier
comparison of spectroscopically analogous data, the numbering of 4 and 5 is used also for 6 and 7 here and in the text. The
IUPAC numbering is given in the Experimental part. %Interchangeable assignments. *OCHg: 51.8 (5a), 51.5 (5b). "Two
overlapping lines.
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carboxylic acid 4a was cyclized to the tetracyclic
methanobenzocycloocta[9,8-¢.d]pyridazinone 7.

Structure. The characteristic IR, 'H and *C NMR data
are listed in Tables 1 and 2. For the isomeric pairs 4a,b
and 5a,b, establishment of the stereo structure is compli-
cated by the flexibility of ring C resulting in two relatively
stable (chair and boat) conformations. Hence, both the
C-8 configuration and the conformation have to be
determined.

Owing to the strong steric hindrance between the
o-axial COOR group and the skeleton (no sign of which
appears in the spectra), the presumption of a cis H-8 H-9
configuration (5R*,85* 9R*) allows no boat conforma-
tion of ring C (Scheme 1, 4ai). For a chair conformation
and a cis configuration (Scheme 1, 4aii), the axial H-8 is
in a frans-diaxial position with one of the neighbouring
H-7 atoms, and the correspondingly large coupling’®
appears in the ’H NMR spectra of one each of the acid
and ester isomers; for 4a and 5a, the H-8 signal is a
triplet of doublets split by 13.3, 4.1 and 4.1 Hz. (For a
boat conformation of ring C, the equatorial H-8 would
not display as large coupling as 13.3 Hz.)

As the H-8 multiplet of 4b and 5b does not exhibit a
large splitting, the chair conformation of ring C is also
preferred for the rrans isomers (5R*,8R* 9R* configura-
tion); hence, the COOR group is axial and the equatorial
H-8 has no diaxial (i.e.,, large vicinal) coupling
(Scheme 1). Accordingly, for zrans 4b and 5b, the *C
NMR spectra indicate a sterically more unfavourable
structure: the sum of the chemical shifts of the carbons
in ring C is less’® (by 8.8 and 14.8 ppm) than that for
the isomers 4a and 5a. If the simultaneous alteration of
the C-8 configuration and C-ring conformation for the
trans isomers is assumed, no essential difference in steric
hindrance would be observable in comparison with the
cis compounds, because the COOR group is equatorial
in both isomers.

Further proof of the tentative structures is the field
effect’®® (i.e., the upfield shift of the *3C lines!”), which
indicates sterically unfavourable structures and which is
higher for the C-6 and C-11 (and of course C-8) lines
than for the other three carbons (C-5,7,9), because the
first two carbons are positioned 1,3-diaxially to the 8-
COOR group. For the cis-trans pairs of acids and esters,
the sum of the shift differences for the C-6,8,11 lines
amounts to 8.0 and 11.7 ppm, while the corresponding
values for C-5,7,9 are only 0.8 and 3.1 ppm.

For 4a, the X-ray determination (Fig. 1) revealed that
the compound forms hydrogen-bonded monomers in the
solid state. In the H-bond [O(2) --- H(14) --- O(3)),
I=—x,2—y, —z], the O --- O distance is 2.661(2) A
and the OH --- O angle is linear 177(2)°. These are
typical values for carboxylic acid dimers.

The spectral data on the reduced products 6a,b confirm
the above structures. For C-7 and C-11, the chemical
shifts hardly differ from those measured for 4a,b and
5a,b. In the event of a boat conformation, the hindrance
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between the axial H-7 and H-11 would cause a strong
steric effect, i.e., significant upfield shifts of the C-7 and
C-11 lines. On the basis of the summed carbon shifts for
ring C (the difference is 9.2 ppm), the assignments of
the cis (5R*,85%,95%) and trans (5R*,8R*,95*) H-8 H-9
configurations to the two isomers are unambiguous.

As stated above, for the isomeric pairs 4a,b and 5a,b,
the shifts of C-6, C-8 and C-11 differ significantly due
to the strong steric hindrance between the axial 8-COOR
group and H-6,, and H-11,, in the frans isomers. For
6a,b, only the shift difference for C-6 and C-11 is
significant; that for C-8 is significantly smaller (ASC-8 =
1.3 ppm). The explanation lies in the strong steric hind-
rance between the endo 10-methylene hydrogen and the
equatorial 8-COOH group of the cis isomer, and there-
fore the C-8 line is also shifted upfield for the cis isomer.

For steric reasons, the cis H-8,H-9 (5R*,8S* 9R*)
configuration is retained in the tetracyclic 7, while for
the starting 4a, a change in the configuration on ring
closure is not expected. The splittings of H-8 (13, 4 and
4 Hz) suggest the chair form of ring C, i.e., the conforma-
tion remains; the & 13 Hz split confirms diaxial coupling
(Scheme 1), and such an interaction is impossible in the
boat form (H-8 would not be equatorial ).

Conclusions

To summarize, the intramolecular cyclization of 3a with
PPA yielded the isomers 5a and 5b, which differ in the
configuration of C-8; for 5a, H-5, H-8 and H-9 lie on
the same side of ring C, while in 5b, H-5 and H-9 are
on the same side and opposite to the hydrogen geminal
to the carboxy group. On reduction of the acid 4a, the
isomers 6a (all-cis) and 6b (5rH,8H,9cH) are formed in
a 1:2 ratio; the epimerization probably takes place via
enolization of the 8-CO (carboxy) group.

5a can be prepared from the frans ester 3b more
advantageously than from the cis ester 3a, and its 30%
yield allows its use as a starting molecule for the synthesis
of highly condensed systems. Hence, intermolecular
acylation with PPA at an elevated temperature is
an appropriate method of obtaining the methano-
benzocyclooctene system.

Experimental

IR spectra were run for samples in KBr discs on a
vacuum optic Bruker IFS-113v FT spectrometer
equipped with an Aspect 2000 computer. 'H and *C
NMR spectra were recorded for CDCl; solutions in
5mm tubes at room temperature, on a Bruker WM-
250 FT-spectrometer controlled by an Aspect 2000 com-
puter at 250 (*H) and 63 (**C) MHz, respectively, using
the deuterium signal of the solvent as the lock and Me,Si
as an internal standard. For DNOE measurements, '8
the standard Bruker microprogram DNOEMULT.AU
to generate NOE was used. 2D-HSC spectra’® were
obtained by using the standard Bruker pulse program



SYNTHESIS OF BENZOCYCLOOCTENES

1b
: N\
COOH MeOH COOMe
Sesdse—
AczO [¢]
@ COOH O \g COOMe
Ia,b 2 3a,b
a=1r2cdr, b= 1r2r4r a=1r2cdrnb=r2r41
80% PPA
A, TR T /
4 So0R COOR
0

ii
4a:R=H
Sa: R = Me

HaN-NH3 xon i

COOR

6a: cis
6b: rrans

Scheme 1.

XHCORRD.AU. DEPT spectra® were run in a standard
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way,”* using only the 6=135° pulse to separate the
CH/CH; and CH, lines phased up and down,
respectively.

Crystal data for 4a. Triclinic, space group P1 (No.2),
a=8.526(2), b=10.784(2), c=7.368(2) A, 0.=93.97(2),
B=112.68(2), y=67.53(1), V=5752(3)A3 Z=2,
D, =1.329 gcm?, p(Mo Ko)=0.87 cm™?, F(000)=244,
T=294(1)K, colourless prisms, crystal dimensions
0.26 x 0.34 x 0.40 mm.

Data collection and refinement. A Rigaku AFCS5S
diffractometer was used with graphite monochromated
Mo Ko radiation (A=0.71069) in the ®-26 scan mode
with a ® scan rate of 8.0°min~? and a scan width of
1.63 + 0.30 tan 6. The weak reflections [F< 10c(F)] were
rescanned up to two times. The data obtained were
corrected for Lorentz and polarization effects. A total of
2165 unique reflections were measured (20,,,,=50° and
R =0. 0]1) The structure was solved by direct
methods?? and difference Fourier syntheses.?® Structural
parameters were refined by a full-matrix least-squares
refinement, non-hydrogen atoms with anisotropic, and
non-aromatic hydrogen atoms with fixed isotropic tem-
perature parameters (1.2 times B, of carrying atom).
The aromatic hydrogens were kept in the calculated

positions. In the final cycles, the 1531 data with I >2c(J)
yielded an R value of 0.043 (R,,=0.037, sigma weights)
for 184 parameters. The residual electron density was
from 0.15 t0 0.17 ¢ A2,

All calculations were performed with TEXSAN-89
software,? using a VAXSTATION 3520 computer. The
neutral atomic scattering and dispersion factors were
those included in the program. Figures were drawn with
ORTEP.?® The final atomic positional coordinates, bond
lengths and angles have been deposited with the
Cambridge Crystallographic Data Centre, Lensfield Rd.,
Cambridge, CB2 1IEW, UK.

HPLC: ISCO system with two pumps, suitable for
gradient elution. The Chem. Research control system
and data processing program were used. For the semi-
preparative separation, a 5 um BST Si-100-S 10-RP-18
column (250 x 16 mm) was used; eluent: n-hexane-
isopropyl alcohol (98:2v/v%); flow rate: 8 mlmin~?;
injected sample: 250 pl; 0.5 g dichloromethane—eluent
(1:3) detection at 220 nm.

10- Oxo0- 51,6,7,8¢,9¢,10 - hexahydro - 5,9 - methanobenzo -
cyclooctene-8-carboxylic acid (4a): method A. 4i-
Phenylcyclohexane-1r,2¢-dicarboxylic acid® (1a) (5.0 g,
0.02 mol) in concentrated H,SO, (20 ml) was heated to
150 °C and kept at this temperature for 1 h. After being
cooled, the mixture was poured onto ice and extracted
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with CH,Cl, (3x20ml). The extract was washed with
water and dried (Na,S0O,). On evaporation, the residue
crystallized from EiOAc, m.p. 210-215°C, yield 0.60 g
(13%). Analytical data: found C 73.2; H 6.1. Calc. for
Ci4H,405: C 73.0; H 6.1%.

Method B. To H,SO, (80%, 30ml), 4i-phenyl-
cyclohexane-1r,2¢-dicarboxylic anhydride (2) (5.0g,
0.02 mol) was added in portions, with stirring. The
mixture was kept at 80°C for 16h and, after being
cooled, poured onto ice and then extracted with CHCl,
(3x300ml). The exiract was washed with water
(2 x 50 ml), dried (Na,S0,) and evaporated to dryness.
The product (4a) was purified on a silica gel column
(Acros 0.035-0.07 mm) eluting with n-hexane-EtOAc
(2:1). On evaporation, the residue crystallized from
EtOAvc, yield 0.70 g (15%).

Dimethyl 4i-phenylcyclohexane-Ir,2c-dicarboxylate (3a)
and 4\-phenyl-1r,21-dicarboxylate (3b). A mixture of
anhydride 2?6 (4.6 g, 0.02mol) or dimethyl 4z-phenyl-
cyclohexane-1r,2¢-dicarboxylate 1b (5.0 g, 0.02 mol) and
benzene (25ml) in MeOH (45ml) was refluxed with
concentrated H,SO, (0.23ml) for 4h, a2 Dean-Stark
water separator being applied. After evaporation of the
solvent, the residue was neutralized with Na,CO; solu-
tion (5%) and extracted with Bt,O (3 x 25 ml). The Et,O
extract was washed with water (2x20ml), dried
(Na,S0,) and evaporated to dryness. The residue was
loaded onto a silica gel column (Acros 0.035-0.07 mm)
and eluted with n-hexane-EtOH (5:1). On evaporation,
the yield was 4.30 g (78%) 3a, nZ’: 1.5176, or 4.73 g
(86%) 3b, n®: 1.5162. The products were used for the
further preparations without purification.

Cyclization of dimethyl 4t-phenylcyclohexane-Ir,2c-
dicarboxylate (3a) to the isomeric methyl esters (52 and
5b). To PPA (28.0 g), 3a® (2.76 g, 0.01 mol) was added
dropwise at 110 °C with stirring. The mixture was heated
at this temperature for 3 h, then cooled and poured onto
crushed ice. The mixture was extracted with Et,0
(3 x 150 ml), and the combined extract was washed with
water (2 x200ml), dried (Na,SO,) and evaporated to
dryness. The residue was transferred onto a silica gel
column (Acros 0.035-0.07 mm) and eluted initially with
an n-hexane-EtOAc mixture (5:1). First Sb was eluted
[higher Ry, monitoring by TLC, Alufolien Kieselgel 60
F,s4 Merck, 0.2 mm, solvent: benzene-EtOH-petroleum
ether (b.p.40-60°C) 4:1:3, development in iodine
vapour] and 5a (lower R;) was then eluted with an n-
hexane-EtOAc mixture 4:1 mixture. On evaporation of
the solvents and crystallization, from EtOAc-Et,0,
m.p. 122-123°C, vyield 0.77 g (31.5%) (5b) and from
EtOAc, m.p. 105-107°C, yield 0.15g (6%) (5a) were
obtained. Analytical data: found C 73.6; H 6.55 (5b) and
C 73.85; H 6.8 (5a). Calc. for C;sH,;s0;: C 73.75;
H 6.6%.
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Cyclization of dimethyl 4t-phenylcyclohexane-Ir,2t-dicarb-
oxylate (3b) to the isomeric 5,6,7,8,9,10-hexahydro-5,9-
methanocyclooctene derivatives (5a,b). The reaction was
performed with 3b (2.76 g, 0.01 mol) according to the
cyclization of 3a to Sab in PPA, bui at 120°C. Afier
chromaiographic purification (silica gel column, Acros
0.035-0.07 mm; n-hexane~EtOAc 5:1), yields of 0.59 g
(24%) for 5b and 0.73 g (30%) for 5a were obtained.

10- Ox0-51,6,7,81,9¢,10 - hexahydro - 5,9 - methanobenzo -
cyclooctene-8-carboxylic acid (4b). 5h (2.44 g, 0.01 mol)
in NaOH solution (10%, 20 ml) was stirred for 3h at
50 °C. Afier being cooled, the solution was acidified with
concentrated HC} to pH 3, then extracted with CHCI,
(3x30ml); the extract was washed wilth waler
(2x50m]) and dried (Na,SO,). On evaporation, the
residue was crysiallized from Et,O-n-hexane,
m.p. 135-137°C, yield 2.02 g (88%). Analytical data:
found C72.9; H 5.9. Calc. for C,,H;,0,: C73.0; H 6.1%.

51,6,7,8¢,9c,10- (6a) and 51,6,7,8(,9c,10-hexahydro-5,9-
methanobenzocyclooctene-8t-carboxylic acid (6b). The
oxo acid 4a (2.30 g, 0.01 mol) and hydrazine hydrate
(98%, 1.53 g, 0.03 mol) were added 1o a solution of
KOH (1.68 g, 0.03 mol) in diethylene glycol (15ml) at
such a rate as to keep the temperature below 100 °C. The
mixture was then heated for 1 h at 110 °C. The temper-
ature was then raised slowly to 200°C and maintained
there for 4 h, during which time some hydrazine-water
mixture distilled ofl. After being cooled, the mixture was
added to water and the pH was adjusted to 2. Following
extraction with CHCl; (3x50ml), the extract was
washed with water (2x50ml) and dried (Na,SO,),
and the CHCl; was evaporated off. Crystallization
from n-hexane yielded a mixture of isomers 6a and
6b (1:2). Separation of a 60 mg sample by HPLC and
crystallization from CH,Cl,~n-hexane, yielded 6a:
m.p. 110-112°C, yield 34 mg (56%) and, from n-hexane
6b: m.p. 145-148 °C, yield 20 mg (33%). Analytical data:
found C 77.6; H 7.4 (6a) and C 77.6; H 7.4 (6b). Calc.
for C,,H;50,: C 77.75; H 7.5%.

51,6,7,7ac,10a,10bc - Hexahydro - 5,10b - methanobenzo -
cyclooctaf9,8-cd | pyridazin-8-one (7). A mixture of 4a
(0.46 g, 2mmol) and hydrazine hydrate (98%, 0.1g,
2 mmol) in ELOH (20 m]) was refluxed for 2 h and then
evaporated. The residue was dissolved in 1,2-dichloro-
benzene (10 ml) and refluxed for an additional 2 h. The
crystals that separated out on cooling were filtered off by
suction and recrystallized from EtOH, m.p. 238-239°C,
yield 0.29 g (65%). Analytical data: found C 74.15; H
6.15; N 12.95. Cale. for C,,H;,N,O: C 74.3; H 6.2;
N 13.2%.
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TRANSFORMATION OF OXOMETHANOBENZOCYCLOOCT-
ENECARBOXYLIC ACIDS TO PYRROLIDINONE-FUSED PENTA-,
HEXA- AND HEPTACYCLIC HETERO COMPOUNDS!
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versity, POB 121, H-6701 Szeged, Hungary, Telefax: 36-62/310-604, E-
mail: Stajer@pharma.szote.u-szeged.hu; YDepartment of General and Inor-
ganic Chemistry, Lordnd Eo6tvés University, POB 32, H-1518 Budapest,
Hungary; °Department of Chemistry, University of Turku, FIN-20014
Turku, Finland .

Abstract — 10-Oxo-5r,6,7,8¢,9¢,10-hexahydro-5,9-methanobenzocyclooct-
ene-8-carboxylic acid (1a) or a C-8 epimeric mixture (1a 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-aminobicyclo[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
(11), 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 '3C 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.2# 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-oxo0-5,7,8,9,10-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-oxo-57,6,7,8¢,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 axial carboxyl, isomerizes to 1a.

COOH

ib
i 8or9
2-6 ”
Q
HoNEER ,

10: 2 NH H 15 16: dl&XO, Q = CH2CH2

11: 1 NH Me 17: diendo, Q = CH=CH

1252 ¢ 0L H

13241 0 «Me

14:°3° 'NH'H
2 (X = NH) and 4 (X = OH): H,NCH,CH(CH3)X ﬁb\m{
3 (m=3,X=NH,),5 (m =3, X=0H) and 6 (m=4, X =NH,): HN(CH2)mX NH, /
7: HoNCgH4SH-0 8 9 NHOH

2

Scheme
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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 o-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-oxa-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 zre 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.8 Further methods yield analogues with a benzo-fused skeleton by dehydration of cyclohexane-
carbinols with phosphorus pentoxide,® oxidative cyclization of unsaturated enol silyl ethers,'%!!
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 4/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
CHCHj; group. Hence, the heteroatom (N or O) must be in the a position (cis to H-9) and the
methyl group in the B orientation (frans 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 a
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-E 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 yCoH H-1 H-23 H4 H-S5 CHy6) CHy7) H8 H9 CHf
band band ~d(1H) m(2H) ~d(1H) ~s(1H) m(2H) 2xm(2x1H) td(1H) td(1H) td+d(2x1H)

10 1660 759 766 ~73 7.14 307 ~18% 1.03 ~1.88 ~255h ~255h 18 220
11 1681° 764 932 <725 .%10 (310 =18° - 120 ~1R% 253240 191 221
12 71708 713 - 768 <13 744 305 <1858 105 - 185F- 258 292 “1.85F 213
13 29709 763 342 930 IR TSR L 132 RER S Be 5268 2100 208
14 1662 749 7.60 ~725 710 302 ~18 108 ~18 2558 255b L 1RE 213
15 “1706 . 749 - T4AT ~T25% 708 318 ~18 o 132 .200 2757 344 208 220
16 1694 770 ~73..0 712 . 302 ~18% 115 ~18% 250 260 ~1.8% 206
19 501692 757 750 =77 7.02 293 ~1.78 100 ~1.78 ~24b -24h ~178 201

a In KBr discs, cm!. Further data: vNH band (sharp): 3305 (10), 3280 (11, 14); b Chemical shifts in ppm (8ys =
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 (J = 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 (J = 14.5 and 11.5, upfield signal); (NH)CH: 3.23 m (11); OCH,: 3.80 and 3.98, 2xm (12),
t(J=11.5)anddd (J=11.52and 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 (2H)® for 14;
CHj, d (J = 6.1): 1.37 (11), 1.50 (13), CCHC (in oxazine ring): 2.35 ddd (J : 11.6, 6.3 and 6.3) for 16, ~2.8 m
(2H)k for 17, CCHC (B 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), ~2.8% (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, norbornene), 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 d, ~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; dy=
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; i Split band with the second maximum at 1684.

H H
9 H
6]
(0]
HEH
H
12

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

In accordance with our earlier experience,'4!® 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.



Table 2. '3C-NMR chemical shifts (81yg = 0 ppm) of compounds (10-17)
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in CDCl; solution at 125.7 MHz?

1411

C-1

GbiE3b

C-4 C4a¢ C-5 C-6

C-7

C-8

C-9 C-10 C-102¢ C-11 C=0O

NCd

nee

10
11
12
13
14
15
16
17

126.2
126.5
127.3
127.8
125.0
127.0
1215
127.8

128.7 127.4
129.0 127.8
129.0 127.1
12921975
128.1 126.8
129.1 127.6
128.57 126.5
128.98 127.1

129.4 140.3
128.8 141.7
129.1 139.0
128.5 1399
128.7 140.3
127.8 1417
128.47 138.7
128.98 139.5

34.8
343
34.6
342
345
33:3
34.2
34.6

32.0
315
312
309
314
29.9
304
312

21.0
20.7
2153
212
21.2
20.0
20.9
21.0

40.7
444
40.5
44.4
40.2
43.3
40.0
39.5

42.7
45.5
40.4
443
37.8
459
383
39.0

75.6
84.8
89.9
97.5
78.9
80.2
90.1
90.4

141.9
142.5
140.5
141.1
141.9
136.9
140.3
140.4

26.2 51770
27.3 181.3
26.3 176.7
27.3 180.9
25.7 1764
27.6 176.9

344
52.8
32.8
50.3
40.3

38.1
55.0
5953
74.8
42.5

13031325
25.9 1760 '58.2°61.7
265 1759 52,6 650

a3 Assignments were supported by DEPT and 2D-HSC measurements; Further signals: CHj: 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 linc), 47.7 (17); C-CIH-C (ring £): 45.5 (16), 42.3 (17), C-C11-C (B to N):
37.7 (16), 47.6 (17), C-CII-C (y to N): 37.5 (16), 44.4 (17); ClHi (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¢f Probable assignments
(may be interchanged); 9 Carbon bound to the amide nitrogen; ¢ X: NH (10, 11, 14), O (12, 13, 16, 17), S (15);
8 Two very close-lying lines at 128.89 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 B to the heteroatoms
(16) or the former and the NCH group (17). In 17, NOE was also observed for H-9 and the axial
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 measurements: Figure 2 clearly depicts the cisoid

arrangement of the carbonyl and CH,-18.

Ci2

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,C! 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 121671113 16f

(CO)NCH,* 10-12,17 1082 - 10107 1 17

ccH.Co 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. Italic compound numbers correspond to trivial effects; b 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; 94 "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); f NOE with both methylene-H atoms.

EXPERIMENTAL
The 'H and '3C 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 ('3C) 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 run 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 AFCS5S 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 SIR92?!
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 Be, 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=27.665(2), b=27.665(2), ¢=11.693(3)A, Z=18, D, =1.293 gcm>, p=0.82 cm’,
F(000) = 3240, R;, = 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[7.4.177.144.0] pentadecan-8-one (10), 2,3-benzo-11-methyl-
9,12-diazatetracyclo|7.1.1%7.1473,0]tetradecan-8-one  (11), 2,3-benz-13-oxa-9-azatetracy-
clo]7.4.1"7.1414.0]pentadecan-8-one (12), 2,3-benz-12-oxa-9-azatetracyclo[7.3.1%-7.1413,0]tet-
radecan-8-one (13), 2,3-benzo-9,14-diazatetracyclo[7.5.1"7.1415.,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-o0xa-10-azahexacyclo[8.7.1%-12.147.11519 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-toluenesulfonic 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 CHCI; and transferred to an Al,O3 column [ACROS, Aluminium oxide, basic (for
diamines) or neutral, 50-200 p], then eluted with n-hexane-EtOAc (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 %
O (%) C HooN % BN

10 180-1812 76 Cj;;HyN,O 76.09 7.51 10.44 76.25 7.58 10.28
11 183-185* 42 Cj;HpN,O 76.09 7.51 10.44 76.18 7.47 10.33
12 - 171-172% - 55 CjH,oNOs 7581 7.1 “520. 75,69 748" 515
13 7121-123%7 58 CiaHligNO, 75.81 1711 520 7565 7.08 S14
14 140-141° 23 Cy;3HpN,O 76.56 7.85 9.92 76.42 7.69 9.81
15  206-207° 60 CyH;NOS 7520 536 439 7534 545 4.30
16 200201 - 62 CpH.eNOG; 7877 7.51 418 7859 342 428
17 172-174> 28 CpHpNO, 7925 695 420 79.45 6.88 4.31

Crystallization solvent: 2 EtOAc; ® Et,0; ¢ EtOH
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Abstract: Boiling diendo- or diexo-2-aminobicyclo[2.2.1]hept-5-
ene-3-carbohydrazides 1 with 3-aroylnorbornenecarboxylic acid 2
in toluene yielded the pyrimido[1,2-b]pyridazine 4 directly in a
double retro Diels-Alder process. Similarly, the reaction of anthra-
nilic hydrazide 5 and 2 furnished the tricyclic benzo-fused analogue
7 via a single cycloreversion. The principle of the new method ap-
plied: the reactants were built up on cyclopentadienes and the
dienes were cleaved by heating after condensation to furnish hetero
bicyclic compound.

Key words: retro Diels-Alder, pyrimidopyridazine, double cyclo-
reversion, thermal splitting, synthetic panels

We have often used diendo- and diexo-3-aminobicyc-
10[2.2.1]hept-5-ene-2-carboxylic acids'®® to prepare het-
eromonocycles, and bicyclic or tricyclic derivatives.? The
principle of these reactions was the construction of the
parent compound on cyclopentadiene, which was subse-
quently removed by heating in the final step to result in a
new double bond in the target heterocycles. The present
paper describes an extension of this method to a double
retro Diels-Alder (RDA) reaction, in which both reactants
are built up on cyclopentadiene prior to the synthesis.

The Diels-Alder reaction of cyclopentadiene with maleic
anhydride, subsequent opening with NH,OH, decomposi-
tion of the amide with hypochlorite,'? esterification'® and
hydrazinolysis'® yielded the diendo-3-aminonorbornene-
2-carbohydrazide 1a. For synthesis of the diexo analogue,
chlorosulfonyl isocyanate (CSI) addition to the bicyc-
lo[2.2.1]hepta-2,5-diene, sulfite reduction and hydrazi-
nolysis of the azetidinone'? led to 1b. When 1a or 1b was
refluxed in toluene for 10 h with 2 obtained from trans-
aroylacrylic acid® and cyclopentadiene, the parent com-
pound 3 containing two norbornene units decomposed di-
rectly to the pyrimido[1,2-b]pyridazine 4 with a yield of
over 40% (from 1a:42%; from 1b:44%) (Scheme).* Sim-
ilarly, the reaction of 2 and anthranilic hydrazide 5 led di-
rectly to pyridazino[6,1-b]quinazoline 7° in 39% yield by
a single RDA process.

This RDA method provides an easy route for the prepara-
tion of heterocycles. Cycloreversion proceeds readily, i.e.
anew double bond is formed between two carbons of the
target molecule if a heteroaromatic or quasi-heteroaro-
matic system, e.g. pyrimidinone, pyrimidinedione,
thioxopyrimidinone, etc. is formed,? as in the present case
in structures 4 and 7. For 4, however, the method deviates

Synlett 2000, No. 1, 67-68

from that applied previously: now, the heterocycle is not
built up on one cyclopentadiene, but each of its parts is
built up on separate molecules of cyclopentadiene. Then,
in the reaction process, the latter is removed under reflux
to give the products 4 and 7 instead of the parent com-
pounds 3 and 6. The formation of these conjugated sys-
tems is favourable for the cycloreversion.

9 0
Ar .
N/ N T \7 Ar
=
_( ) 2 = 8
1 9
3 4 (42-44%)

toluene
2
T 10h
0

Ar
NHNH, a-e i O
g =t B
NH, orff} g, he 0

1a,b 2
5/ toluene
8h
. o
A Ar Ar
8 N XY TS
A
7 A3 _@ =
5 4
7 (39%) 6

la: diendo, 1b: diexo, Ar = p-methylphenyl, (a) maleic anhydride,
(b) NH,OH, (c) Cl,/NaOH, (d) EtOH/SOCI,, (e) H,NNH,

[(f) HC=CH; norbornadiene is commercially available], (g) CSI,
(h) Na,S0,, (i) ArC(O)CH=CHCOOH(trans), 5: anthranilic
hydrazide

Scheme

The above method affords a new synthesis of the tricyclic
systems 4 and 7 and illustrates the general scope and im-
portance and the applicability to obtain fused heterocycles
via the RDA technique. This procedure does not require
the flash vacuum pyrolysis applied in traditional RDA re-
actions.” The principle of constructing fused molecules on
cyclopentadiene offers a quite versatile means of synthe-
sis of various heterocycles.
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Chim. Fr. 1955, 170. (b) Baddeley, G.; Holt, G.; Makar, S.M.
J. Chem. Soc. 1952, 3289.

(4) In the reaction, the mixture 2 of exo-aroylnorbornene-endo-
carboxylic acid and endo-aroylnorbornene-exo-carboxylic
acid presumably cyclizes to diendo- and diexo-fused
pyridazines. For 2 and 1,4-diaminobutane, a similar
cyclization was found and the products were isolated
(unpublished results). )
7-(p-Methylphenyl)pyrimido[1,2-b]pyridazin-3-one 4: A
mixture of diendo- (1a) or diexo-3-aminobicyclo{2.2.13hept-
5-ene-2-carbohydrazide (1b; 1.5 g, 8.8 mmol) and diendo-

residue was dissolved in CHCl; (10 mL) and the solution was
transferred onto an alumina column (Woelm, neutral, Akt. 1)
and then eluted with EtOAc. On evaporation, the residue
crystallized from EtOAc to give 4 as colourless crystals; mp.
172-173 °C, yield 0.88 g (42%) from 1a and 0.93 g (44%)
from 1b. Anal. Calcd for C,(H;;,N;0: C, 70.87; H, 4.67; N,
17.71. Found: C, 70.76; H, 4.69; N, 17.6. IR (cm}, KBr disc),
vC=0:1714; '"H NMR (ppm, CDCl,, 500.13 MHz): & 2.38 (s,
CH,), 8.16 (d, J = 6.3 Hz, CH-2), 6.63 (d, CH-3),7.84 (d,
J=9.5 Hz, CH-8), 7.88 (d, CH-9), 7.92 (d, / = 7.5 Hz, CH-
2',6°), 7.26 (d, CH-3',5"); '*C NMR (ppm, CDC};,

125.76 MHz): 8 21.8 (CH,), 153.2 (C-2), 111.2 (C-3), 153.3
(C-7), 126.5 (C-8), 135.2 (C-9), 149.6 (C-9a), 158.4 (C=0),
131.3(C-1"), 127.8 (C-2’,6"), 130.3 (C-3',5"), 142.3 (C-4").
The structure was confirmed by X-ray analysis; results will be
published later.
2-(p-Methylphenyl)pyridazino[6,1-b}quinazolin-10-one 7:
mp. 227-228 °C. Anal. Calcd for C,;H,3N;0: C, 75.25; H,
4.56; N, 14.62. Found: C, 75.36; H, 4.49; N, 14.60. IR (cm",
KBr disc), v C=0: 1706; '"H NMR (ppm, CDCl,,

500.13 MHz): § 2.35 (s, CH,), 7.70 (d, J = 9.5 Hz, CH-3),
7.73 (d, CH-4), 7.76 (d, J = 8.1 Hz, CH-6), 7.82 (1, CH-7),
8.50 (d, J = 8.1 Hz, CH-9), 7.92 (d, J = 7.5 Hz, CH-2’,6"),
7.25 (d, CH-3,5"); '*C NMR (ppm, CDCl;, 125.76 MHz): §
21.8 (CH,), 151.2 (C-2), 125.2 (C-3), 135.3 (C-4), L 45.0 (C-
4a), 147.7(C-5a), 127.6 (C-6), 135.2(C-7), 128.2 (C-9), 120.2
(C-9a), 158.8 (C=0), 131.6 (C-1"), 127.5 (C-2',6"), 130.2(C-
3'.5"), 141.8 (C-4").

Other pyrimido[1,2-b]pyridazines: (a) Stanovnik, B.; Tisler,
M. Tetrahedron Lett. 1968, 33. (b) Pollak, A.; Stanovnik, B.;
Tisler, M. J. Org. Chem. 1971, 36, 2457. (c) Stanovnik, B.;
Steve, J.; Tisler, M.; Zorz, L.; Hvala, A.; Simonic, [.
Heterocycles 1988, 27, 903. (d) Mityus, P.; Szil4gyi, G.;
Kasztreiner, E.; Rabloczky, G. J. Heterocycl. Chem. 1988, 25,
1535. (e) Stanovnik, B.; Bovenkamp, H.; Svete, J.; Hvala, A_;
Simonic, I.; Tisler, M. J. Heterocycl. Chem. 1990, 27, 359.
(f) Lee, Sang-Gyeong, Choi, Sam-Yong, Yoon, Yong-Jin J.
Heterocycl. Chem. 1992, 29, 1409,

Stork, G.; Nelson, G.L.; Rouessac, F.; Olivier, G. J. Am.
Chem. Soc. 1971, 93, 3091.

diexo-3-p-toluoylbicyclo[2.2.1]hept-5-ene-2-carboxylic acid ~ Article Identifier:
(2;2.56 g, 10 mmol) in toluene (50 mL) was refluxed for 10h,  1437-2096,E;2000,0,01,0067,0068,ftx,en;G24799ST.pdf

with application of a water separator. After evaporation, the
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The reactions of cis-2-p-toluoylcyclohexanecarboxylic acid 1 with endo,endo- or exo,exo-3-
aminobicyclo[2.2.1]heptane- and -hept-5-ene-2-carbohydrazides 2, 4 and 3, 5 yielded partly saturated methylene-
bridged phthalazino[1,2-b]quinazolinone diastereomers 6a—6b, 7a~7b, 8a—8b and 9a-9b, and phthalazino[1,2-b]-
quinazolinediones 10-13 containing a 7rans-condensed cyclohexane ring. After separation of the products, the
structures were established by means of NMR methods. The diastereomers 6-9 differ in the configurations of the
annelational carbons: the hydrogens attached to them lie either on the same side (a) or in pairs on opposite sides

NI>IHd

(b) of the ring skeleton. On heating, the mixtures of diastereomeric norbornene derivatives 8 and 9 underwent
retrodiene decomposition: cyclopentadiene split off to yield the pyrimido[2,]-a]phthalazine 14 containing a cis-fused
cycloalkane ring. The reaction of 4 with the aroylbenzoic acid 15 furnished the benzologue 19 directly, while, after
isolation from the reaction mixture of 1 and 5, and on heating, 20 resulted in 21 containing a saturated

trans-condensed isoindole moiety by cycloreversion.

Introduction

The synthetic application of the retro Diels—Alder (RDA) reac-
tions involves the regeneration of conjugate dienes or
dienophiles from.their masked forms after modification of the
molecular architecture. The unsaturation present in the starting
material is protected in the form of a Diels—Alder adduct and
the same atoms are involved in the bond formation and cleavage
steps.

We have developed a method'™ that applies exo,exo- or
endo,endo-3-aminobicyclo[2.2.1]hept-5-ene-2-carboxylic  acid
or their derivatives as starting materials containing cyclopenta-
diene as a carrier unit. The principle of the method is the build-
up of the parent partially saturated heterocycles with different
reagents, e.g imidates, oxo esters, isothiocyanates, erc., and
the subsequent removal of cyclopentadiene by a mild thermal
process in the final reaction step. A number of known and
new heteromonocyclic, -bicyclic and -tricyclic derivatives have
recently been prepared via this route.

The importance of this method is the applicability of the
RDA reaction for the preparation of new condensed hetero-
cyclic compounds. The present work reports an example where
the structural conditions provide possibilities for extension of
the method to new heterocyclic systems, allowing the syntheses
of tricyclic pyrimido[2,1-a]phthalazines containing a cis-
condensed cyclohexane or benzene ring and of a pyrimido[2,1-a]-
isoindole.

Results and discussion

The refluxing of cis-2-p-toluoylcyclohexanecarboxylic acid® 1
with endo,endo-3-aminobicyclo[2.2.1]heptane- 2 or -hept-5-ene-
2-carbohydrazides 4 or the exo,exo analogues® 3 and 5 in the
presence of a catalytic amount of PTSA in benzene furnished
the methylene-bridged endo.endo- and exo,exo-dodecahydro- 6
and 7 or decahydrophthalazino[1,2-b]quinazolinones 8 and 9 as
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diastereomeric mixtures in ~ 25% yield, together with products
10-13 and 20 (Schemes 1 and 2).

Each of the starting compounds 2-5 yielded one pair of
isomers 6a—6b, 7a—7b, 8a-8b and 9a-9b, which were separated
by column chromatography. Hence, the reaction did not take
place stereoselectively. The structures of the products were
established by means of NMR measurements. The pairs a-b
contain the two norbornane-ene and saturated phthalazine
annelational hydrogens either on the same side (a) or on oppos-
ite sides (b) of the condensed pentacyclic skeleton. One of the
isomeric compounds 7a and bislactam 11 have already been
prepared and their structures reported.® Besides the saturated
and partially saturated phthalazino[l,2-b]quinazolinones 6-9,
bislactam derivatives of types 10-13“* and, in the reaction of
1 and 5, the saturated methylene-bridged isoindolo[2,1-a]-
quinazolinedione 20 containing an amino group (Scheme 2)
were formed: 10-13 and 18 by acylation of the primary hydra-
zine amino group with the carboxy of 1 or 15 and cyclization
with the aroylcarbonyl group. These reactions differ from those
which result in the structures 6-9 and 16 [17], where the carboxy
group forms the pyrimidine ring and the oxo group reacts with
the hydrazine moiety. Compounds 6-9 retain their starting cis
configuration at the D/E ring fusion, while the ring annelations
for 10-13, 20 and 21 are trans.

Aminoquinazolinones analogous to 20 have previously been
prepared by the cyclization of acylaminobenzohydrazides ' or
isothiocyanatobenzoates."’

The reaction of 2 with 2-p-toluoylbenzoic acid 15 furnished
16, analogously to 6-9, while only the bislactam 18 could be
isolated from the reaction of 3 with 15. With 4 as the starting
point, the product 17 (not isolated) decomposed directly to 19
(Scheme 3).

Similarly, as found earlier for related norbornene-fused 1,3-
heterocycles,'™ the unsaturated endo,endo 8 and exo.exo 9 or
diastereomeric mixtures 8a,b and 9a.b containing a norbornene
moiety undergo retrodiene decomposition when heated to their

DOI: 10.1039/b005008n
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7a*, 9a

Ar=C¢H,CH;-p; Q=CH,CH, (2, 3, 6, 7, 10, 11) or CH=CH (4, 5, 8, 9, 12, 13) (* for 7a and 7b, reversed configurations are also

Scheme 1
possible).

Scheme2 Ar=CH,CH;-p.

melting points. For the preparation of 19, a mixture of 4 and 15
was refluxed first in EtOH (4 h), and then in toluene for a
prolonged time (16 h). In these processes, cyclopentadiene was
cleaved off and 7-p-tolylpyrimido[2,1-a]phthalazin-4-ones con-
taining a cis-condensed cyclohexane ring 14 or a fused benzene
ring 19 were formed in yields of 73 and 60%, respectively. It is
noteworthy that the reaction of 4 with the aromatic 15 advan-
tageously yields the benzologue 19 instead of 17, because the
facile RDA process occurs even under mild conditions.

On heating, 20 also undergoes cycloreversion to yield the
aminopyrimido[2,1-aisoindoledione 21, a diastereomer con-
taining a rrans-annelated cyclohexane ring and a tolyl group on
the same side as the annelational hydrogen next to the carbonyl
(Scheme 2).

The bislactams 12 and 13 did not decompose when melted.
The reason may be the presence of the two conjugated lactam
moieties, which impede the formation of an electron-rich ring C
and hence the RDA process.

We previously found that cycloreversion via the formation of
a new double bond between two carbons in the target molecule
proceeds readily if an oxo- or thioxo-substituted hetero-
aromatic system is formed. In the present case, rings C in 14 and
19 have a quasi-aromatic character and the fused cyclohexane
ring E does not exert a strong influence on their electron distri-
bution. Accordingly, it seems certain that the electron system of
ring C is decisive in ensuring the success of cycloreversion.

3,5

7b*, 9b 11,13

Scheme3 Ar = CyH,CH,p: Q= CH,CH, (2. 16) or CH=CH (4, [17)).

Compounds 14 and 21 are the first tricyclic derivatives con-
taining a cis- or rrans-condensed alicyclic ring obtained by an
RDA reaction, and in 14 and 19 there are two vicinal nitrogens
in the skeleton. As an extension towards complex polycyclic
hetero compounds, this is the first example of the preparation
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Table 1 'H NMR data“ on compounds 6a,b-9a,b, 10-14, 16 and 18-21° in CDC], solution at 500 MHz
Aryl group’
CH, CH,(9)¢ CH, or C,(3'-6")H and CH, 5-H 8-H 4a-H 8a-H 1'"H 2'-H —
s(3H) 2xd(@2x1H) or=CH(6,7) in ring A, B and E“ s(1H) s(1H) (1H)¢ (HY (1H)* @(H)* 26H 35H
6a 2.36 1.447 1.55¢ 1.4-1.9/2.54* 287! 2l 295 4.06 28744853411 7.78 7.20
6b 2.36 1.48/ 1.527 1.3-1.8/2.54*% 2.88 2.73 296 4.17 2.89 3.10 5 7.19
Ta 2.38 1.20 1.557 1.25-1.857 2.54*% ~2.8! 2501 Ta:8! 3.88 ~2.8/ 3.10 7.78 7.21
autt: 237 1.2-1.97 125197 250% ~2.8! 260 ~2.8' 3.80 ~2.8! 3.10 7.78 7.20
8a 2.38 1.427° 1.519 1.32,"1.40-1.8572.48 % 6.22" 3.60 3.51 322 483 2.76 3.04 7.76 7.20
8b 237 1.38¢ 1.457 1.35-1.87/2.50,% 6.08, 6.27 3.61 345 3.23 4.44 272 3.06 725 7.20
9a 2.40 ~ 1.5 1.31.™ 1.5-1.85/2.57.56.27, 6.38 3.44 22 2.68 3175 2.88 3.15 7.18 7.24
9b 2.37 1.394 1.427 1.3-1.85/2.58,%6.22, 6.35 347 313! 2.65 3.81 2.84 3121 7.718 7.20
10 232 1.32 1.367 1.00,% 1.20-2.25 2.65 243 2.04 3.27 178 2.23 7.26 7.13
ny 235 0.9-2.0/ 0.9-2.04 293 2.25" ~1.90) 3.02 2955 £225" 7.28 7.16
12 2.34 1.31* 1.55/ 0.97,51.2-2.2/6.24,6.47 3.36 3.10 ~1.80 3.67 2.25 215 7.30 7.16
13 2.28 1.477 1.58%  0.95%1.2-2.276.02, 6.08 339 ~2.8! 1.67 -~ 2.94 1.78 & 2325”7 71.25 7.10
14 24] — V25-tRAD T — — 6.50 7.82 317 3.22 7.91 7.26
16 242 1.457 1.58%  14-1.7{7.5-16/840" 293 2.85 3.10 4.28 — — 78" 7.28
18 2.28 1.207 1.557 1.1-1.6/ 7.41,7.61,9 8.03.% 8.06™ 291 2.30 2.10 2.98 — — 1.37 7.10
19 246 - 7.85-7.95,9.01% — —_ 6.70 8.21 — - 7.60 1.35
20 223 1.36 1.40 0.53,m1.0-2.2/2.30," 6.06, 6.14 3.38 4.24 1.86 342 2.09 1.90 6.98 7.06
21 233 — 0.81,1.0-2.272.49™ — — 5.35 7.42 2.42 1.94 7.14"

“ Chemical shifts in ppm (Syes =0 ppm), coupling constants in Hz. ® Assignments were supported by 2D-HSC (HMQC) and DNOE measure-
ments (except for 7a, 8a, 9b and 7a,b, 12-14, 19, 21, respectively), and for 9a, 13 and 14 also by 2D-COSY experiments. * 4B-type spectrum, J: 9.2
(6a, 20), 9.8 (7a), 8.8 (a,b, 12), 9.5 (9b, 13), 10.3 (10); singlet-like signal (2H) for 9a; further split to td, due to long-range couplings for the downfield
doublet (7a, 8a, 12). In overlap with the other methylene signals, but nevertheless identifiable in most cases, due to outstanding intensity (except for
7b, 11). “ CH,(3'-6") for 6-14, 20, 21 or C,(3'-6")H for 16-19, CH,(6,7) for 6, 7, 10, 11, 16, 18, olefinic CH for 8,9, 12,13 (2 x dd, J: 5.6 + 0.1 and
3.0 £ 0.1). Total intensity: 12H (6, 7, 10, 11), 10H (8, 9, 12, 13, 20), 8H (14, 16, 18, 21),4H (19).“ d, J: 8.5(92a,b), 7.7 £ 0.2 (11, 18, 20, 21), 7.3 (13), 6.4
(14,19),dd, J: 11.7 (6a,b, 16) or 9.5 (8a,b, 10) and 3.5 (6a, 16),4.7 (6b) or 4.0 (8a,b, 10).” d, J: 8.8 (7a), see at 4a-H (9b, 13, 14, 19, 20, 21), dd, J: 9and 3
(7b), 8.3 and 2.7 (9a), 11.8 and 3.7 (16), 11.8 and 7.5 (18, the split of 7.5 is due to CH,NH-coupling), td, J: 11.6, 3.3 and 3.3 (6a,b); 9.6, 3.4 and 3.4
(8a.b), dt, J: 10.1, 10.1 and 3.8 (10), unresolved triplet-like signal (12). # Coalesced m, half signal width: 8 (6a, 8a, 9a,b and 14), 12 (8b), ~25 (10),
doublet-like signal with coalesced fine-structure (6b), dd, J: 9.0 and 4.0 (12), 12.1 and 3.8 (13), dt, J: 12.3, 12.3 and 2.5 (20, 21). * Triplet doublet, J:
12.4,4.3 and 4.3 (6a, 8b), 12.9 and 4.3 (9a), with coalesced fine-structure (12, 14), coalesced m, half signal width: 25 (6b, 7a,b), ~18 (10), ddd, J: 12.5,
4.8 and 3.6 (8a), dt, J: 12.0, 12.0 and 2.8 (20, 21). ! AA'BB’'-type spectrum, 2 X ~d (2 x 2H), J: 8.1 + 0.2, singlet-like signal (4H) for 21./* Overlap-
ping signals;’ 6’-H(eq), m, Ar(6')H, d for 16, 18,19, J: 7.3 (16), 8.0 (18, 19). ™ 3’-H(ax) for 8a, 9a, Ar(3")H, d for 18. Both signals of the CH,(3") group
are separated for 20 and 21, where §3'-H(ax) < 83'-H(eg). " Singlet-like signal (2H). ° 9-H(endo) as proved by DNOE measurements (for 12 by td split

due to W-type of long-range coupling with 4a,8a-H).” Broad. ¢ Ar(5')H.

of an aromatic heterotricycle 19. To date, we have been able to
prepare only (fused) heterocycles containing a pyrimidinone or
1,3-oxazinone ring. However, the present example also shows
that fused systems, e.g. 17, are rich in electrons and promote the
RDA process. Two adjacent nitrogens are also present in 21, but
one is in a primary amino group. This is the first example of the
preparation of a target compound with an amino functional
group.

Other aromatic analogues of types 6 and 7 were synthesized
earlier by thecyclocondensation ofanthranilicacid with 1-chloro-
phthalazines.”” The pyrimido[2,1-a]phthalazine ring system
has also been prepared by the cyclization of hydroxyalkylamino-
phthalazinones.'>™'¢

Structure

The 'H and *C NMR data and characteristic IR frequencies of
the compounds are given in Tables 1-3. To deduce the basic
structures from these data is straightforward. Only the stereo-
structures remain to be discussed. The structures of 6-9 and 16
follow from the absence of the vNH IR-bands. In consequence
of the —TI effect of the C=N substituents bound to the amide-N
(“imide” structure),'” the amide-] band has a high frequency
(1698-1727 cm™). For compounds 6-9, the characteristic
chemical shift of the N-substituted sp*>-carbon ™ in position 2t
(N-C=N moiety) was observed between 157.4 and 158.5 ppm,
while that for 16 was at 150.9 ppm. The conjugation of the
aromatic ring with the C=N double bond in 6-9, 16 and 19
results in downfield separation of the 2,6-H signal of the aryl
group (in the interval 7.75-7.91 ppm). This separation is not
observed for compounds containing the aryl group on a satur-

+ The spectroscopic numbering used in the text and Tables is given in
Schemes 1-3.
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ated carbon, e g 10-13, 18, 20 and 21, where the 2,6-H shift is
6.98-7.37 ppm. The structures of 10-13 and 18 were suggested
by the strong vNH bands in the IR spectra. Due to the change
sp’—sp® in the hybrid state, the C-2 line in the *C NMR
spectrum is shifted significantly upfield (78.9-81.4 ppm) in
comparison with 6-9. Two carbon lines are present in the region
characteristic of carbonyl groups'® (175.5-176.1 and 164.6-
166.7 ppm, except for C-1 in 18, where the conjugation results
in an upfield shift to 159.8 ppm).

The structures of the RDA products 14 and 19 are proved by
the absence of the 'H and *C signals of the norbornene moiety
and the characteristic high-shift differences AdH,H; and
ASC,C; of the enone group:' 1.32 (14) and 1.51 ppm (19), and
35.7 (14) and 39.9 ppm (19), respectively. The corresponding
data for the RDA product 21, which also contains an enone
moiety, are 2.07 ("H) and 25.6 ppm (**C). In the IR spectra of
20 and 21, the characteristic pairs of v,,NH,-vNH, bands are
identifiable (¢/. Table 3). Corresponding to the y-lactam (five-
membered ring) structure,’” the carbonyl bands have high
frequencies (1698 cm™ for 20). The frequency is further
increased in 21 (1719 cm™"), due to the imido structure.” The
sp® character of C-2 is clear from the upfield position of its
line (83.7 and 82.7 ppm for 20 and 21).

In consequence of the seven chiral centres, a number of
diastereomers must be considered for most of the com-
pounds: the exo or endo annelation of the norbornane-ene
moiety, the cis or rrans annelation of cyclohexane ring E to the
skeleton, the mutual positions of the two pairs of annelational
hydrogens in rings A/B and D/E, and the C-2 configuration in
compounds with an aryl group attached to a saturated
carbon.

It is easy to determine the exo,exo or endo,endo annelation of
the norbornane-ene moiety.'” (The 1rans annelation is sterically
very unfavourable and can be excluded.) The method is based
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Table2 "C NMR chemical shifts” of compounds 6a,b-9a,b, 10-14, 16 and 18-21°
Carbons in ring E Ar-substituent
C-1° c-24 C-4a° C-5 C-6 C-7 C-8 C-8a° Cc-4/ C-1’ C-2' C-3 C-4' C-5 C-6' CH;= €4l €26 C35 C4 C-9
6a 147.0 157.4 44.0 43.5 249 21.9 43.7 59.5 166.5 35.5 36.6 25.7 26.0 20.8 2511 21.8 1321 126.4 129.3 1404  37.1
6b 146.8 158.0 44.6 43.6 25.6 212 445 59.1 166.3 35.8 36.9 26.0 264 219 25:3 21.3 132.6 126.9 129.7 1409  37.6
Ta 146.0 157.6 49.4 43.6 25.6 29.6 45.9 624 165.5 35.0 36.3 26.0 26.2 20.7 25.0 21.3 131.9 126.3 129.2 140.4 34.4
7b 146.2 157.8 49.3 443 25.8 29.4 45.8 62.6 165.2 348 36.0 25.5 26.3 20.3 25:1 21:2 131.8 126.2 129.1 140.2 342
8a 147.2 158.3 449 50.8 136.8¢ 136.4¢ 50.4 47.0 166.8 35.5 36.9 2578 26.5 21.0 2574 218 1324 126.8 129.9 1409  47.0
8b 146.6 158.0 45.3 50.3 136.35 136.42¢  50.7 46.9 166.2 358 36.8 26.0 26.5 212 25.6 21.8 132.6 126.9 129.8 1409  46.9
9a 147.0 158.5 438 50.3 138.8 139.5 52.4 59.2 166.2 35.1 36.5 26.1 25.9 20.7 25.4 21.4 132.0 126.5 129.4 140.7  44.1
9b 146.8 158.3 443 49.9 136.3 136.7 52.8 59.0 165.9 36.0 36.9 26.5 26.1 212 255 207 132.4 126.9 129.7 141.0 446
10 176.0 81.4 44.1 40.5 224 26.4 41.4 52.6 166.7 50.6 41.2 24.9 25.9 24.5 254 21.4 1383 125.7 129.9 1397 - 379
11 175.6 79.7 40.6¢ 425 257 21.7 48.5 56.9 165.6 50.0 40.3% 25.0 26.7 243 249 20.9 137.7 125.3 129.3 1389 345
12 175.5 81.4 432 46.4" 140.7 132.9 46.4" 54.9 166.1 50.0 40.3 24.4 25.3 249 253 21.0 137.9 125.5 129.5 1394 - 41
13 176.1 81.0 433 46.1 138.3 136.2 48.0 54.0 166.7 50.5 40.6 26.3 24.7 25.5 254 21.4 125.8 129.9 139.1 45.0
14 155.2 158.5 115.1 — — - — 150.8 163.8 35.1 34.6 24.6 253 20.8 242 214 130.8 127.1 129.5 142.1 —
16 142.3 150.9 45.0 44.1 221 29 45.1 59.1 167.8 130.6 126.0 128.0 132.1 1325 126.8 21.8 132.3 129.6 129.8 1398 =374
18 159.8 78.9 49.6 41.3 29.1 26.8 429 56.5 1646 1377 124.8 128.3 129.2 1343 125.0 21.4 139.0 126.2 130.1 1423 349
19 148.6 156.5 112.4 — — —_ — 152.3 159.0 131.7 129.6 128.2 1334 133.6 127.0 21.8 126.2 130.3 129.8 140.7 —
20 ) 83.7 43.7 47.4 137.7 137.8 448 56.0 176.1 51.6 46.4 29.0 26.0 26.2 26.7 21.4 135.3 126.2 130.3 139.0 446
21 172.7 82.7 105.9 - — — — 131.5 164.6 524 45.3 29.0 25.8¢ 25:7% 26.0 21.4 133.7 126.2 129.6 139.1 —

“In ppm (Jpes; = 0 ppm) at 125.7 MHz. Solvent: CDCl;. ® Assignments were supported by DEPT and, except for 7a, 8a, 9b, by 2D-HSC measurements. In the cases of 9a and 14 the 2D-COSY and of 18 and 21 the 2D-
COLOC (HMBC) spectra were also measured. © C=N group. For 10-13, 18, 20 and 21, C=0 carbon.  NCN-carbon (sp? or sp’) in pyrimidone ring. ¢ Annelated atoms of the pyrimidone-condensed alicycle, sp? carbons for
14, 19 and 21.7 Amide carbon of the pyrimidone ring. # Interchangeable assignments. " Overlapping lines.




Table 3 Characteristic IR frequencies [cm™'] of compounds 6a,
b-9a,b, 10-14, 16 and 18-21 in KBr pellets

Table4 Results of DNOE experiments with compounds 8b, 10-13, 18
and 20°

vNH band vC=0 vC=X YCaH
Compound (broad or diffuse) band* band® band ¢
6a — 1698 1689 840 823
6b — 1710 1681 819
7a - 1705 1683 842 814
b —_ 1701 1690 837 818
8a — 1706 1684 823
8b — 1702 1682 824
9a — 1703 1684 838 818
9b —_ 1706 1680 839
10 3600-3000 1643 1694 850 819
11 3312 3185 1644 1698 822
12 3600-2800 1646 1690 845 819
13 3314 3185 1642 1696 848 822
14 — 1699 1539 815
16 —_ 1727 1650 845 824
18 3600-2800 1680 1665 863 820
19 — 1696 1501 851 820
20 3323 3216 1648 1698 820 808
21 3309 3219 1645 1719 811 794

“ Amide-I-type band. ® vC=N band for 6a,b-9a,b, 14, 16 and 19; vC=0
(amide-I-type) band for 10-13, 18, 20 and 21. © Split band for 6a, 7a,b,
9a, 10, 13 and 16, 18-21.

on the Karplus relation:?* as a result of the dihedral angles
being ~90° for 4a-H,5-H and 8-H,8a-H in the exo,exo com-
pounds (6, 8, 10, 12 and 16) and 30° in the endo,endo analogues
(7,9, 11, 13, 18 and 20), the 'H signals of 4a-H and 8a-H are d’s
for the former and dd’s for the latter. (In the exo,exo structures,
the 4a-H,8a-H coupling led merely to significant splits of these
signals.) Without exception, the starting configurations of C-4a
and C-8a remained unaltered. (It should be noted that
exo,exo—endo,endo isomerization has been observed in only a
few cases to date.”'*)

The shifts, splits and widths of the 1'-H and 2'-H signals
allow differentiation of the cis or trans annelation of the cyclo-
hexane ring (E). In the event of trans annelation (10-13), the
more shielded 1',2'-Hs give upfield-shifted signals near one
another, and both are broad or exhibit higher splits due to diax-
ial coupling.™ For the cis isomers, one signal is downfield-
shifted and slightly split, due to the equatorial position and the
eq,ax interactions, respectively. However, firm assignment of
these signals is not always simple and the signal overlaps do not
permit the shape of the signal to be identified. Further, the sum
of the *C chemical shifts of the cyclohexane carbons 1—6 is
smaller for the more crowded cis isomers than for their zrans
counterparts."™ On application of these principles, the cis
annelation of the pairs 6a,b-9a,b and 14 and the rrans configur-
ation for 10-13, 20 and 21 follow from the spectral data. Thus,
for example, ZdC(1'-6") is 168.0-172.3 for 6-9 and 164.6 for 14,
while it is 190.8-193.0 for 10-13, 205.9 for 20 and 204.2 for 21.
However, it is to be noted that, because of the relatively small
shift differences, the alternative configurations are also possible
in the structures of 7a and 7b.

Establishment of the mutual position of the two pairs of
annelated hydrogens in rings A/B and D/E is the most difficult
problem because these hydrogen pairs (4a,8a-H and 1',2'-H)
are far from one another. The isomeric pairs must be considered
individually. The steric interaction between rings A and B and
ring E in the endo,endo compounds is stronger for the BRPP
(1'B.2"B.4ap.8ap) configuration than for the 1'B.2'B.4au.8ac.
configuration. In 6a, we observed the field effects on all cyclo-
hexane carbon signals [Z6C(1'-6") = 169.7 ppm. as compared
with 172.3 ppm for 6b], which supports the 1'B.2'B.4aB.8aB
configuration for 6a. The steric interaction between rings A and
B and ring E is also manifested in small field effects on C-4a
and C-6. These efifects are not observed for the endo.endo-
norbornene analogues 8a,b [Ad C(1'-6') < 0.3 ppm]. NOE
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Responding signals

Saturated
signal 7-H Ar(2,6)H 8a-H 1'-H 2'-H
1'-H 8b
2'-H 20
8a-H 10-13,
18, 20
Ar(2,6)H 10-13, 10,12 20
18,20

“ Interacting pairs showing only trivial effects (NOE between the
geminal or vicinal hydrogens) are not included in this Table. Only
responses relevant 1o the stereostructures are given.

(Table 4) between 1’-H and 7-H proves the 1'B,2'B,4aa,8a0.
configuration for 8b and thus the 1'B,2'B,4a3,8a configuration
for 8a.

The exo,exo isomers contain a flatter skeleton. They have
extremely similar spectra, e.g the *C NMR shifts differ by at
most 0.7 ppm. These very small differences are not sufficient to
allow determination of the configurations, but X-ray measure-
ments confirm the all-cis (1'a,2'a,4a0,8aa) configuration for
9a %

To establish the steric position of the tolyl group in 10-13, 18,
20 and 21, difference NOE (DNOE) measurements were carried
out. On saturation of the orzho-hydrogens in the p-tolyl group,
8a-H and 1'-H responded, whereas no intensity enhancement
was observed for the 2'-H signal in the case of 10. Con-
sequently, 4a,8a,1'-H and the 2-aryl group are on the same side
of the skeleton, while 2’-H is on the opposite side (2R* 4aS*,
8aR*1'S* 2'S* relative configuration). The same situation
was observed for 12, which proves the analogous stereo-
structures (cis orientation of the aryl group with 4a,8a-H
relative to the pyrimidinone ring, and cis and zrans positions
with 1'-H and 2'-H relative to the pyridazinone ring).

In consequence of the anisotropic neighbouring effect of the
aromatic ring, the sterically close arrangement of 6'-H(eq) to
the aryl group causes an upfield shift of the signal of the former
(1.00 and 0.98 ppm for 10 and 12)."¥ An analogous effect was
found for 6’-H(ax) in exo,exo 11 and 13, and the DNOE proved
the sterically close arrangement of 8a-H and the aryl group; the
cis orientation of 4a,8a-H and the latter substituent follows
(a similar stereostructure to that of the endo,endo isomers in
this part of the molecule), while the aryl group is zrans to 1'-H
and cis to 2'-H, relative to the pyridazinone ring, i.e. the oppos-
ite to that in the endo,endo diastereomers. The NOE between
8a-H and the ortho-tolyl hydrogens similarly proved their cis
arrangement in 18.

Comparison of the spectral data for 10-13 suggests that 11
contains a rrans-annelated cyclohexane ring, in contrast with
our earlier supposition.® Consequently, the assignments of
the C-4a and C-1' lines in the C NMR spectrum must be
interchanged.

Mutual NOE of 8a-H or 2'-H and the ortho-hydrogens of
the aryl group in 20 confirm the 1'a,2’'a,4a0,8aa position for
4a,8a,2'-H and the aryl group (and thus the B orientation of
1’-H). The similar shifts of 2’-H and the similarly upfield-
shifted 6'-H(ax) signal for 21 suggest an analogous steric
structure to that of 20, and hence the p-tolyl group is cis to
2'-H and rrans to 1'-H.

Experimental

The IR spectra were determined in KBr discs on a Bruker 1FS-
55 FT-spectrometer controlled by Opus 2.0 software. The 'H
and “C NMR spectra were recorded in CDCl, solution in 5 mm
tubes at RT, on a Bruker DRX-500 FT spectrometer at 500.13
("H) and 125.76 (*C) MHz, respectively, using the deuterium



Table 5 Physical and analytical data on compounds 6a,b, 7b, 8a,b, 9a,b, 10, 12-14, 16 and 18-21

Found (%) Requires (%)

Compound Yield (%) Mp/°C G H N Formula € H N
6a 11 202-203° 76.4 75 11.5 Cy;HyiN;O 76.4 T 11.6
6b 8 189-190* 76.4 7.4 11.5 C,;;Hy; N0 76.4 1.5 11.6
7b 12 162-164°¢ 76.2 7.6 11.8 Cy;H; N0 76.4 1.5 11.6
8a 15 178-180° 76.95 6.5 12.15 C;3HsN;O0 76.85 7.0 1137
8b 10 152-1534 76.9 71 11.9 Cy3HysN,O 76.85 7.0 1157
9a 13 172-174° 71.05 74 11.8 Cy3HsN,O 76.85 7.0 11.7
9b 10 142-144°¢ 76.9 7.2 11.7 C,;H ;N0 76.85 7.0 1.7

10 28 252-253° 72.9 7.9 10.9 C,3;HyN;0, 72.8 7.7 11.1

12 41 251-252* 73.3 7:3 11.1 Cy3Hy; N0, 73.2 7.2 11.1

13 29 280-281¢ 73.0 7. 112 Cy3Hy; N0, 13.2 1.2 11.1

14 73 117-1184 73.9 6.5 14.5 19H 19N 730 6.5 14.3

16 8 191-193* .5 5.8 11.9 C,;H,; N, O 77.7 6.0 11.8

18 23 224-226" 74.1 6.35 11.1 C,3H,:N;0, 74.0 6.2 11.25

19 60 200-201°¢ 754 4.5 14.8 C,sH;3N;0 75.25 4.6 14.6

20 10 237-239°¢ 73.25 13 13 Cy;Hy;3N;0, 73.2 7.2 11.1

21 79 201.5-203* 69.6 6.7 13.6 C,yH;, N0, 69.4 6.8 13.5

Crystallization solvent * MeOH. ¢ EtOAc. € Pr',0. 4 Et,0. < EtOH.

signal of the solvent as the Jock and TMS as internal stand-
ard. DEPT spectra® were run in a standard way,? using only
the 0=135° pulse to separate the CH/CH,; and CH, lines
phased up and down, respectively. For DNOE measure-
ments,’®?’ the standard Bruker microprogram NOEMULT to
generate NOE was used. The 2D-COSY?* and 2D-HSC
spectra® were obtained by using the standard Bruker pulse
- programs COSY-45 and HXCOU, respectively.

endo,endo-3-Aminobicyclo[2.2.1]heptane-2-carbohydrazide (2),
endoendo-3-aminobicyclo[2.2.1]hept-5-ene-2-carbohydrazide (4)
and exo,exo-3-aminobicyclo[2.2.1]hept-5-ene-2-carbohydrazide

®)

A mixture of ethyl endo,endo-3-aminobicyclo[2.2.1]heptane-2-
carboxylate, -hept-5-ene-2-carboxylate or exo,exo-3-amino-
bicyclo[2.2.1]hept-5-ene-2-carboxylate® (11.5 g, 0.063 mmol)
and hydrazine monohydrate (99%, 11.62 g, 0.23 mol) in EtOH
(10 ml) was refluxed for 4 h. After evaporation, the residue was
crystallized from EtOH. Colourless crystals, 2: yield 9.4 g, 88%,
mp 121-122 °C. (Found: C, 56.95; H, 8.9; N, 24.9. Calc. for
CgHsN,0: C, 56.8; H, 8.9; N, 24.8%). 4: yield 8.2 g, 77%, mp
101-102-°C " (Found: .G, 57:4; cH "7 9:= N2i252 i Gale) for
CgH,3N;O: C, 57.5; H, 7.8; N, 25.1%). 5: yield 8.95 g, 84%, mp
161=-163°C (Pound: €, ~57.6; - H, 1 7.9:- N, 2525 Calc.for
CgH3N;O: C, 57.5; H, 7.8; N, 25.1%).

endo,endo- (6) and exo,ex0-9,12-Methano-5-p-tolyl-1,2,3,4,4a,
8a,9,10,11,12,12a,13b-dodecahydro-8 H- (7), endo,endo- (8) and
exo,ex0-9,12-methano-5-p-tolyl-1,2,3,4,42,8a,9,12,12a,13b-
decahydro-8 H-phthalazino[1,2-b]quinazolin-8-one (9), endo,
endo- (10) and exo,ex0-9,12-methano-13a-p-tolyl-2,3.4,42,5,6,8,
8a,9,10,11,12,12a,13,13a,13b-hexadecahydro- (11), endo,endo-
(12) and exo,ex0-9,12-methano-13a-p-tolyl-2,3,4,4a,5,6,8,8a,9,
12,12a,13,13a,13b-tetradecahydro-1H-phthalazino[1,2-h]quin-
azoline-5,8-diones (13), endo,endo-9,12-methano-5-p-tolyl-8a,9,
10,11,12,12a-hexahydro-8 H-phthalazino[1,2-b]quinazolin-8-one
(16), exo,ex0-9,12-methano-13a-p-tolyl-5,8,82,9,10,11,12,12a,13,
13a-decahydro-6 H-phthalazino[1,2-b]quinazoline-5,8-dione (18)
and exo,exo-6-amino-1,4-methano-6a-p-tolyl-1,4,4a,5,6,6a,6b,7,8,
9,10,10a,11,12a-tetradecahydroisoindolo[2,1-alquinazoline-
5,11-dione (20)

A mixture of cis-2-p-toluoylcyclohexanecarboxylic acid 1
(6.15 g, 25 mmol) with endo.endo- or exo.exo-3-aminobicyclo-
[2.2.1]heptane- or -hept-5-ene-2-carbohydrazides 2-5 (2.85 g,
17 mmol), or 2 and 3 (2.87 g, 17 mmol) with 2-p-toluoylbenzoic
acid 15 (6.00 g, 25 mmol) and PTSA (0.05 g), in dry benzene

(30 ml), was refluxed for 16 h. After evaporation to dryness,
the residue was dissolved in CHCI; (20 ml) and chromato-
graphed on an alumina column (Acros, 50-200 p, neutral) with
n-hexane-EtOAc (2: 1, then 1 : 1) and finally with EtOAc; the
eluates with the 2 : 1 mixture contained 6-9, those with the 1 : 1
mixture contained 20 and the EtOAc eluates contained 10-13
or 16 and 18. On evaporation of the n-hexane-EtOAc (2:1)
eluates, compounds 6-9 were obtained as mixtures of isomers a
and b or 16 or 18. The isomeric compounds 6a,b-9a,b were
separated on a silica gel column (Acros, 0.035-0.07 mm) by
eluting with a mixture of EtOAc-n-hexane (1 : 2, then 1 : 1); the
diastereomers 6b, 7b, 8b, 9b were obtained with the 1:2 mix-
ture, and the isomers a with the I : 1 mixture. Data on these
compounds are listed in Table 5.

7-p-Tolyl-7a,8,9,10,11,11a-hexahydro-4 H-pyrimido[2,1-a]-
phthalazin-4-one (14)

The diastereomeric mixture of compounds 8 or 9 (0.4 g, 0.011
mmol) was kept in an oil bath at 190 °C for 10 min. After cool-
ing, CHCI, (5 ml) was added and the solution was transferred
to an Al,O, column (Acros, 50-200 p, neutral) and eluted with
an n-hexane-EtOAc (2 : 1) mixture. The solvent was evaporated
off from the eluate and the residue was crystallized.

7-p-Tolyl-4 H-pyrimido[2,1-alphthalazin-4-one (19)

A mixture of aminohydrazide 4 (2.84 g, 17 mmol) and 15 (6.00
g, 25 mmol) in EtOH (30 ml) was refluxed for 4 h. After evapor-
ation, dry toluene (50 ml) and PTSA (0.05 g) were added and
the mixture was refluxed for 16 h. After evaporation, the residue
was dissolved in CHCI; (20 ml) and chromatographed on an
Al,O; column (Acros, 50-200 p, neutral); the residue of the
eluate was crystallized with a mixture of n-hexane-EtOAc
221)

1-Amino-10b-p-tolyl-1,2,6,6a,7,8,9,10,10a,10b-decahydro-
pyrimido[2,1-alisoindole-2,6-dione (21)

Compound 20 (0.20 g) was kept at 250-260 °C in a Wood-metal
bath for 10 min. After cooling, the melt was dissolved in CHCl,
(2 ml), transferred to an Al,O; column (Acros, 50-200 p, neu-
tral) and then eluted with a mixture of EtOAc—n-hexane (2: 1):
the eluate contained 21.
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Preparation of 9-Amino-1,9-diazatricyclo[6.4.0.0*%]dodecane-2,10-dione by a
Retro-Diels—Alder Reaction

Géza Stajer,*1?! Ferenc Miklos,!! Pal Sohar,*! and Reijo Sillanpiil®

Dedicated to Professor K. Pihlaja on the occasion of his 60th birthday
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Treatment of di-endo- or di-exo-3-aminobicyclo[2.2.1]hept-5-
ene-2-carbohydrazides (1a and 1b) with ethyl 2-(2-oxocyclo-
pentyl)acetate (2) yields norbornene-condensed 9-amino-
1,9-diazatricyclo[6.4.0.0*8]dodecane-2,10-diones 3a and 3b,
the condensed bis(lactams) 4a and 4b and (from 1b and 2)

the cyclopenta[c]pyridazinone 5. After separation, 3a and 3b
both decompose on heating by loss of cyclopentadiene to
give 9-amino-1,9-diazatricyclo[6.4.0.0%#]dodecane-2,10-di-
one (6).

Introduction

The retro-Diels—Alder reaction (RDAR) is an efficient
technique for the introduction of a double bond into a
heterocyclic skeleton.[') Our aim is to synthesize hetero-
cycles that are new or substituted in a new manner. Accord-
ingly, we have developed a method by which di-endo- or di-
exo-3-aminobicyclo[2.2.1]hept-5-ene-2-carboxylic acids or
their derivatives are applied to form heterocyclic com-
pounds, and the carrier cyclopentadiene is then cleaved off
by heating of the parent molecule in the final step. By this
route, numerous new and already known heteromonocycles,
pyrimidinones and 1,3-oxazinones!?*-?! have been prepared,
even in condensed heterocyclic systems.l”?J Double RDAR
was recently applied for the preparation of a pyrimido-
pyridazine,?d and the method has also been used for the
synthesis of pyrimidophthalazines and isoindoles. 2]

This work deals with an extension of this process to a
tricyclic system. The aim is to find new fused heterocyclic
compounds that can be produced by application of the de-
veloped method and to widen the scope of the RDAR con-
cerning polycyclic derivatives.

Results and Discussion

Refluxing of di-endo- or di-exo-3-aminobicyclo-
[2.2.1]hept-5-ene-2-carbohydrazides (1a/1b) with ethyl 2-(2-
oxocyclopentyl)acetate (2) in toluene and in the presence of
PTSA as catalyst yields a mixture of norbornene-condensed
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1,5-diazatricyclododecanediones 3a and 3b, together with
the pentacyclic bis(lactams) 4a and 4b and (a product of
1b and 2) the cyclopentane-fused bicyclic pyridazinone 5
(Scheme 1). The latter compound had previously been pre-
pared from 2 with hydrazine,!® formed here by reaction of
2 with the primary amino group of hydrazide 1b and sub-
sequent intramolecular transacylation of the interme-
diate.[*) This mechanism operates only in the case of 1b;
the di-endo compound 1a does not give 5 for steric reasons.
The compounds were isolated by column chromatography,
and their structures were established by means of NMR
measurements and, for 3a and 3b, also by X-ray analysis
(Figure 1). When heated to the melting point, 3a and 3b
decomposed by splitting off of cyclopentadiene; this ther-
mal cleavage yielded 9-amino-1,9-diazatricyclo[6.4.0.0%%]-
dodecane-2,10-dione (6) in 85% yield.

o (o]
| COOEt _NH,
NHNH, “ | N7

la,b 2 3¢

‘\/l\: iN:H; NH
(0]
D Jiun
10 1

a: diendo, b: diexo

Scheme 1. The labelling corresponds with that in Figure 1 and in
Tables 1 and 2 and is not based on the nomenclature

The IR and 'H and '*C NMR spectroscopic data proving
the structures are given in Tables 1 and 2. The unexpected

1434-193X/01/1121-4153 $ 17.50+.50/0 4153
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Figure 1. ORTEP-3 perspective views of 3a and 3b, showing the
la})g})l(glg system; thermal ellipsoids are drawn at a probability level
(8] 0

formation of 3a and 3b instead of the linearly condensed
systems 4a and 4b was confirmed unambiguously by the
appearance of NH, spectral signals and the lack of two NH
groups. Hence, the first step in the ring closure is probably
the formation of a cyclic diazaketal by condensation of the
ketone with the primary amino group and the amide NH.
In the second step, Sy acylation of the ester group either by
the amino group or by the primary hydrazine group affords
compounds of type 3 or 4.

The constitutions of 3a and 3b and 4a and 4b follow from
the spectroscopic data, and only the stereostructures remain
to be determined.

As far as the annulation of the norbornene moiety to the
heterocycle is concerned, the vicinal couplings of 4a-,5-H
and 8-,8a-H (for the numbering, see Scheme 1) are deter-
minant, in line with the splitting rule described earlier;!%7]
as usual, this annulation remains unaltered in the reaction
products. Because of the dihedral angles of ca. 30° between
the interacting hydrogen atoms®2# the corresponding
splittings in the di-endo compounds 3a and 4a are about
4.0 and 3.2 Hz, but less than 1.5 Hz in their di-exo counter-
parts 3b and 4b, in which the dihedral angles are ca. 90°.

For determination of the configurations at C-2 and C-12,
DNOE experiments were applied. On saturation of the 8a-
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H signal (at 8 = 4.07) of 3a, one of the 15-H signals (at
8 = 2.09) responded, confirming their proximity; 8a-H and
the 15-CH, group are thus on the same side of the molecu-
lar skeleton. If the more favourable cis annulation of the
strained five-membered rings D and E is presumed, the full
stereostructure of 3a can be regarded as proved. X-ray
measurements confirmed these postulated structures. Com-
pound 3a crystallizes with one molecule in the asymmetric
unit, with one of its NH hydrogen atoms involved in a hy-
drogen bond, while 3b crystallizes with two molecules in the
asymmetric unit, with all four NH hydrogen atoms involved
in hydrogen bonds.

The 2D-NOESY spectrum of 3b displays a cross-peak,
suggesting an interaction between 5-H and one of the
methylene hydrogen atoms in the cyclopentane ring. If cis-
D/E fusion is presumed, 12-H and 4a-,8a-H, and, similarly,
ring E and the bridging methylene group, respectively, are
(S)-cis-oriented, which is in accordance with the X-ray re-
sults.

DNOE measurements on 4b indicate the steric closeness
of 8a-H and the 15-H, group. If cis fusion of the cyclo-
pentane ring is presumed, the stereostructure with
(2R*,4aS* 55* 8 R* 8aR*,12R*) configuration can be con-
sidered as proved.

Assuming cis-fused rings D/E also in 4a, the identical
type of NOE observed between 8a-H and the 15-H, group
demands an (S)-cis arrangement of ring E and 4a-H and
8a-H. Thus, a (25*,4aR*,55* 8 R*,8a5*,125%*) relative con-
figuration follows for 4a.

A similar structure of the spirotricyclic moiety C—D—E
is supported by the chemical shifts of C-2 and C-12 in
4a and 4b. Similarly, the identical C-2 and hardly different
C-12 shifts in 3a and 6 suggest analogous stereostructures,
i.e., cis-annulated five-membered rings and a cis orientation
of the amide N-3 and the methylene C-12[(25*,12R*) con-
figuration] in 6.

The above method provides a good means of preparing
the tricyclic system 6, which contains a free amino group,
even though it is attached to a ring nitrogen atom. A sim-
ilarly substituted pyrimidoisoindole has been prepared by
RDAR from one reaction product of 1b with aroylcyclohex-
anecarboxylic acid.l?¢] We earlier found that cycloreversion
takes place easily on heating to the melting point, or even
on boiling in a solvent, when the target molecule containing
an oxo- or thioxo-substituted heteroaromatic system is
formed. For condensed cycles, only the ring containing the
new double bond needs to be electron-rich; the amino
group provides sufficient electron density in the present
case. It is noteworthy that 4a and 4b do not undergo decom-
position under the conditions applied. The reason for this
may be the presence of two vicinal lactam moieties, as ob-
served in another case.1®)

Although 3a or 3b are isolated chromatographically be-
fore the thermal decomposition, the RDA method is ad-
vantageous because 6 can be obtained on a preparative
scale. Another procedure frequently applied is flash vacuum
pyrolysis,[®) although simple melting is sufficient here. The

Eur. J. Org. Chem. 2001, 4153—4156
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Table 1. "H NMR spectroscopic data and characteristic IR frequencies of compounds 3a, 3b, 4a, 4b, and 6
Assignment Compound

3a 3b 4a 4b 6
'H NMR datal®l®)
4a-H, d or dd°i(1 H) 2.94 2.53 2.68 2.15 5.49
S-H: "s" (1'H) 3.18 3.25 3.47 343 =
6-H, dd¥! (1 H) 6.01 6.18 6.45 6.33 ~
7-H, d¥l (1 H) 5.85 6.38 6.22 6.16 -
8-H. “s” (1 H) 3.93 ca. 2.8l 3.15 2.83 -
8a-H, d or dd (1 H) 4.07 4.33 3.98 332 7.30
9-H,2 Xd (X1 H)e 1.32 .35 1.56 1.701€) 1.49 1.68 1.55 1.68 i
11-H,2Xdd (2 X 1 H™ 188 2.57 2.14 2:70 2.30 241 2.38 2.55 217 2.90
12-H, m (1 H) 2.83 ca. 2.8l ca. 2.3 2.35 3.06
13-H,2Xm (2 X 1 H) ca. 1.42 cas ] 77 i85 ca. 2.1l 144 1.93 1.471] 1.97 1.61 2.01
14-H,2 X m (2 X 1 H) ca. 1.421€ ca. 167 ca. 1659 ca.190 «ca. 16 ca. 1.8 1.62 1.83 1.52 1.82
15-H,2 X m (2 X 1 H) 1.61 2.09 ca. 2.1t 0 b I (e o P U RO 7 2 2.30 1.74 2.14
NH, or 2 X NH, br. 4.70 4.15 1.250 8.75li) ca. 1.51110 8 6601  4.04
(2Hor2 X 1H)
Characteristic IR frequencies')
vusNH, and vy\NH, 3327 3282 3310 3206 32351 324411 3348 3210
or 2 vNH bands 3250—275001 3250—2750U
Amide-I IR band™ 1694 1650 1684 1626 1696 1641 1694 1631 1710 1660

12l Chemical shifts (in ppm, 8mms = 0) and coupling constants (in Hz) at 500 MHz in CDCl; solution. — [ The assignments were
supported by 2D-HSC (HMQC), and for 3a, 3b, 4a, and 4b also by DNOE or 2D-NOESY measurements. — 1 d, J = 8.5 (3b), 7.1 (4b),
7.5 (6), dd, J = 8.6 and 4.0 (3a, 4a). — ¥} J = 5.6 and 3.0+0.1. — [ Coalesced signals. — 1d, J = 7.1 (4b), 7.5 (6), dd, J = 8.6 and 3.2
(3a, 4a), 8.6 and 1.4 (3b). — 81 d, J = 8.9 (3a, 4a), 9.6 (3b), 9.9 (4b). — M J = 17.7, 4.5 and 11.2 (3a), 17.7, 6.6 and 11.0 (3b), 15.2, 1.9
and 5.8 (4a, 4b), 18.6, 6.0 and 11.1 (6). — ) Amine group, hidden by the methylene multiplets in the '"H NMR spectrum of 4b. — U]
Amide NH. — ™ In KBr discs (in cm™'). — M The high frequencies originate from the y-lactam group (3a, 3b, 6) or secondary CONH

group (4a, 4b).

Table 2. '3C NMR chemical shifts of compounds 3a, 3b, 4a, 4b,
and 6

Assignment!?) Compound

3a 3b 4a 4b 6
C-2 90.1 90.1 84.9 84.3 90.2
C-4 170.6 169.8 165.3 165.5 165.3
C-4a 45.0 42,1 44.1 44.1 106.6
C-5 46.1 48.0 47.07 46.4 =
C-6 1371 137.2 140.1 139.4 =
C-7 135.8 139.8 133.6 135.6 =
C-8 46.5 47.7 47.14 48.5 =
C-8a 53.9 51.9 35.3 54.0 132.6
C-9 46.2 45.5 48.5 44 4 =
C-10 17215 174.5 171.6 171.6 1723
C-11 379 36.6 349 35.0 37.1
C-12 38.2 42,6 48.7 48.9 39.6
C-13 34.2 32.6 a2.1 32.1 32.8
C-14 243 25.0 25.0 25.0 233
C-15 35.9 389 36.7 35.8 34.0

@ In ppm (81ms = 0), in CDCl; solution at 125.7 MHz. The as-
signments were supported by DEPT, 2D-HSC (HMQC) and for
3a, 4a, 4b, and 6 also by 2D-COLOC (HMBC) measurements. —
] Interchangeable assignments.

reactions proceed as if the heterotricycle is built up on the
cyclopentadiene, which is then removed in the final step.
Experimental Section

General: TR spectra were measured as K Br discs with a Bruker IFS-
55 FT-spectrometer controlled by Opus 2.0 software. — 'H and '*C

Eur. J. Org. Chem. 2001, 4153—-4156

NMR spectra were recorded in CDClI; solution in 5-mm tubes at
room temp. with a Bruker DRX 500 FT spectrometer at 500.13
("H) or at 125.76 (**C) MHz, respectively, using the deuterium sig-
nal of the solvent as lock and TMS as internal standard. DEPT
spectral’®¥ were run in a standard way,'") using only the 8 = 135°
pulse to separate the CH/CH; and CH, lines phased up and down,
respectively. For DNOE measurements!'>!? the standard Bruker
microprogram DNOEMULT was used to generate NOEs. 2D-
COSY!'Y and 2D-HSC spectral'¥ were obtained by using the
standard Bruker pulse programs COSY-45 and HXCOU, respect-
ively.

X-ray Crystal Structure Dterminations: Crystallographic data were
collected at room temperature with a Rigaku AFCSS diffracto-
meter with graphite-monochromated Mo-K, (A = 0.7106% A) radi-
ation. To collect intensity data, an ®-20 scan mode at an ®-scan
speed of 4.0°/min was applied. Weak reflections [/ < 10c(/)] were
rescanned up to two times. For 3a, 2418 reflections were collected
(20,,,ax = 50°), and for 3b, 4868. All data were corrected for Lorentz
polarization effects. The intensities of three check reflections
showed only statistical fluctuations. The structures were solved by
direct methods (SIR92)!*) and refined by full-matrix, least-squares
techniques (SHELXL-97)I' to an R] value of 0.039 (wR2 = 0.062)
for 3a and of 0.045 (wR2 = 0.086) for 3b; these final R values are
based on the reflections with /7 > 2o(J). The heavy atoms were
refined anisotropically. The CH hydrogen atoms were included in
calculated positions with fixed isotropic temperature factors (1.2
U, of the carrying atom) and the NH hydrogen atoms were refined
with isotropic temperature factors. Calculations were performed
with teXsan for Windows!'”) crystallographic software. The figures
were drawn with ORTEP-3 for Windows.['®! Crystallographic data
for the structures reported in this paper have been deposited with
the Cambridge Crystallographic Data Centre as supplementary
publication nos. CCDC-151736 (3a) and -151737 (3b). Copies of
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Table 3. Physical and analytical data on compounds 3, 4, and 6

Compound M.p. [°C] Formula Calcd. Found

& H N C H N
3a 240-24112) Ci5sH N30, 65.91 7.01 1537 65.85 7.04 15.30
3b 256—257°) CysH9N;0, 65.91 7.01 15:37 65.81 12 15.48
4a 24524714 C;sH9N;0, 65.91 7.01 15.37 65.71 7.00 15.42
4b 227-228l4 C,sH9N;0, 65.91 7.01 15.37 65.98 6.92 15.30
6 110-111.5 CioH3N;0, 57.96 6.32 20.28 57.82 6.35 20.21

14l Crystallization solvent: EtOAc. — ® EtOH. — ¢ E(,0.

the data can be obtained free of charge on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK [Fax: int. code + 44-
1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].

Crystal Data for 3a: Colourless prism, crystal dimensions 0.22 X
0.22 X 0.24 mm, C;sH,¢N;O,, M, = 273.33, triclinic, space group
P1 (no. 2),blattice parameters: ¢ = 9.3236(7), b = 10.9107(11), ¢ =
7.0517(7) A, o = 106.352(8), B = 108.014(7), y = 75.915(7)°, Z =
2, V = 644.92(10) A3, D, = 1.408 g/lem?, p(Mo-K,) = 0.096 mm ™',
F000) = 292, T = 294 K.

Crystal Data for 3b: Colourless plate, crystal dimensions 0.22 X
0.30 X 0.32 mm, C;sHgN30,, M, = 273.33, triclinic, space group
P1 (no. 2), lattice parameters: a = 11.475(3), b = 12.929(5), ¢ =
10.087(2) A, o = 103.78(2), B = 113.222(17), y = 74.38(2)°, Z =
4,V = 1309.7(6) A3, D, = 1.386 g/cm?, p(Mo-K,) = 0.094 mm~’,
F000) = 584, T = 294 K.

Di-endo- and Di-exo-norbornene-Condensed 9-Amino-1,9-diaza-
tricyclo]6.4.0.0*®|dodecane-2,10-diones 3a and 3b: A mixture of di-
endo- or di-exo-3-aminobicyclo[2.2.1]hept-5-ene-2-carbohydrazide
(1a or 1b) 29 (3.0 g, 18 mmol), ethyl 2-(2-oxocyclopentyl)acetate
(2) (3.06 g, 18 mmol), and PTSA (0.05 g) in toluene (50 mL) was
refluxed for 12 h, with a Dean—Stark apparatus being applied.
After evaporation of the solvent, the residue was dissolved in
CHCl; (20 mL), transferred to a silica gel column (Merck 60 silica
gel, 230—400 mesh ASTM) and eluted with EtOAc/n-hexane (2:1)
and then with EtOAc. In the case of 1a, the first eluates contained
3a (yield 0.73 g, 15%), while the later ones contained 4a (yield 1.9 g,
39%); the first eluates from 1b contained 5 [yield 0.72 g, 29% (ref.l®)
m.p. 144—146 °C)] and the later ones 3b together with 4b. On crys-
tallization of the residues of the eluates from EtOH, 3b separated
first (yield 0.6 g, 12%); 4b (yield 1.23 g, 25%) mostly remained in
the mother liquor and could be crystallized from EtOAc. Physical
and analytical data on 3a, 3b, 4a, and 4b are listed in Table 3.

9-Amino-1,9-diazatricyclo]6.4.0.0%-8]dodec-11-ene-2,10-dione
(6): Compound 3a or 3b (0.27 g, 1 mmol) was heated in a bath of
Wood alloy at 250—-260 °C (3a) for 5 min or at 270—275 °C (3b)
for 10 min. The products were dissolved in CHCl; (5 mL) and chro-
matographed on a silica gel column, using EtOAc/n-hexane (2:1)
as eluent. After concentration, 6 could be crystallized; yield
0.17 g, (83%).
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Abstract ~- When boiled in acidic or basic solution, diendo-3-aroylbicy-
clo[2.2.1]heptane-2-carboxylic acids (1 and 1a) isomerize to exo-3-aroylbicy-
clo[2.2.1]heptane-endo-2-carboxylic acids (2 and 2a). Similar endo— exo and
even exo — endo isomerization of the aroyl group occurred when the Diels-Alder
product containing a mixture of 3-exo-p-toluoylbicyclo[2.2.1]hept-5-ene-2-endo-
carboxylic acid (4) and 3-endo-p-toluoylbicyclo[2.2.1]hept-5-ene-2-exo-carbox-
ylic acid (5) was reacted with bifunctional reagents: o-a'minothiophenol,'}-amino-
1-propanol, 1,4-diaminobutane or diexo-3-hydroxymethylbicyclo[2.2.1]heptane-
2-amine. All the reactions yielded mixtures of norbornene diendo- and diexo-
fused heterocycles (6) and (7, 8 and 10, 9 and 11, or 12 and 13), which were sepa-
rated and whose structures were established by means of IR, IH- and 13C-NMR
spectroscopy, with DIFFNOE, 2D-COSY, DEPT, HMQC and HMBC measure-

ments.

From diendo-3-aroylbicyclo[2.2.1]heptane- or -heptene-2-carboxylic acids, we earlier synthesized several
heterocyclic compounds and observed that the products formed generally contained the diendo structural

moiety, i.e. the diendo configuration of the starting norbornane/ene synthon remained unchanged.!-3 In a

*Corresponding authors: G. Stajer (synthesis), P. Sohar (spectroscopy)
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few cases, however, the configuration of the product was exo—endo* or diexo, the latter together with the
diendo-fused heterocycle, as found in the cyclization of 6-phenyl-3-benzoylnorbornane-2-carboxylic acid
(1a) with ethylenediamine.® These phenomena were of considerable interest; only a few studies have
dealt with the similar epimerization of diendo norbornane derivatives.6-8 As isomerization was recently
reported in the syntheses of heterocycles from aroylnorbornanecarboxylic acids,? we have searched for
new examples in order to study this behavior and to exploit it for the stereoselective preparation of new

heterocycles.

RESULTS
When refluxed for 2 h in the presence of 2 drops of concentrated HCI] or Et;N in toluene, diendo-3-

toluoylbicyclo[2.2.1]heptane-2-carboxylic acid (1) or its 6-exo-phenyl derivative (1a) was smoothly
transformed to give the corresponding 3-exo-aroylbicyclo[2.2.1]heptane-2-endo-carboxylic acid (2 or 2a)
in good yield (Scheme 1). (For comparison of the analogous spectroscopic data, the numbering to be seen

in Schemes 1 and 2 have been used in this section on the Scheme and in the Tables.)

1,2: R=H, 1a,2a: R =Ph
Ar = CgH4CHj-p

Scheme 1

A similar endo — exo epimerization takes place in the esterification of 1 to the 3-exo-toluoyl derivative
(3). For analogous cyclohexane derivatives, facile epimerization has frequently been observed, cis-aroyl-

cyclohexanecarboxylic acids giving trans compounds.!0 However, the norbornane skeleton has higher



rigidity, and hence the configuration of the starting compound is generally retained in the product. Thus,
few examples of the epimerization of carbons C-2—C-3 are to be found in the literature. Craig described
a reversible diendo — diexo isomerization: when heated above the melting point, diendo-bicy-
clo[2.2.1]hept-5-ene-2,3-dicarboxylic anhydride was transformed to the diexo analogue.® This change
was due to the presence of the double bond in position 4 and was explained by the formation of a
tautomeric intermediate (not isolated). In our case, facile enolization can be presumed if basic reagents
are used.

To utilize this isomerization for synthetic purposes, a mixture of the isomers of the Diels-Alder adduct of
trans-toluoylacrylic acid and cyclopentadiene!1:12 (4) and (5) was applied (Scheme 2). HPLC revealed
that the ratio 4 : 5§ was 57 : 43. This mixture and that of the phenyl analogues (4a) and (5a) were separated
by column chromatography and the structures were established by means of NMR spectral measurements
~ and, for 4, also by X-Ray analysis (Figure). The results demonstrated that, in agreement with the litera-

ture,!1 4 and 4a contain endo-carboxyl and exo-aroyl, and 5 and 5a exo-carboxyl and endo-aroyl groups.

: 8,10: X=0,n=1

9,11 X =NH =2

HO(CH2)3NH2 or
HyN(CH,)4NH,

\
Ar®

Ar = C¢H,CH;-p, a: Ar =Ph
Scheme 2



A mixture of 4 and 5 was reacted with the bifunctional agents o-aminothiophenol, 3-amino-1-propanol,
1,4-diaminobutane and diexo-3-hydroxymethylbicyclo[2.2.1]hept-5-en-2-amine to afford mixtures of
diexo and diendo isomeric heterocyclic compounds: methanoisoindolobenzthiazoles (6) and (7), metha-
no[1,3]Joxazinoisoindoles (8) and 10, methanodiazepinoisoindoles (9) and (11)° and methanoisoindolo-
methano[3,1]benzoxazines (12) and (13). The isomers were separated by column chromatography.

For the products (9) and (11), HPLC separation showed that the ratio 9 : 11 was 42 : 58. Comparison of
this with the ratio of 57 : 43 for 4 : 5 suggests that the aroyl group epimerizes: in these cyclizations, either

the exo aroyl (4) gives the diendo (11), or the endo aroyl (5) gives the diexo derivative (9).

Figure 1
An ORTEP perspective view of compound (4). The ellipsoids are drawn at 20% probability

These reactions allow the conclusion that aroylnorbornanecarboxylic acids containing the two vicinal
(2,3) functional groups in sterically unfavorable positions for ring closure can be advantageously used for
the preparation of condensed heterocycles: on the action of acids or bases and simultaneous heating, the
aroyl group epimerizes. The reactions of the readily available trans-aroylacrylic acid—cyclopentadiene
adduct, containing a mixture of the aroyl group exo or endo to the endo or exo-carboxyl group, with bi-
functional reagents (amino alcohols, diamines, etc.) provide good possibilities for stereoselective synthe-

sis, but the two (endo—endo or exo—exo) fused derivatives have to be separated.

STRUCTURE

The constitutions of the new compounds follow straightforwardly from the spectral data (Tables 1 and 2)
and only the stereostructures need to be determined. Our ‘splitting rule’,13:14 for the H-3a,7a signals in
the spectra of heterocycle-3a,7a-fused norbornane/ene derivatives predicts a doublet (d) split of the
signals of these hydrogens in the exo position, and double doublet (dd) multiplicity in the event of their
endo orientation. The doublet split (8-9 Hz) is due to the H-3a,7a-coupling (dihedral angle, ® = 0°), the



further split to double doublet is the result of the H-7,7a- and H-3a,4-couplings, respectively, which are
about 3-4 Hz in diendo compounds (® = 30°) and < 1 Hz in diexo analogues (® = 90°) in accordance to
the Karplus relation. For exo—endo substituted non-condensed derivatives such as 2-5, however, this rule
is to be modified. The H-3a,7a- (exo—endo-) coupling is here significant smaller (® = 110-120°) and,
hence a doublet and a triplet multiplicity split by 3-5 Hz is to be expected.

Table 1. Characteristic IR abrorptions and !H-NMR spectral datab for compounds (2, 2a, 3, 4, 4a,
5, 5a) and (6-13)°

Com- VvOHANH vC=0 vC=O0 yC,H CH¢ H32 H4 HS5 H6 HT7 HTa CH,(8) H-2,6 H-3,5
pound band ketone band tolyl s(3H) (1H)® ~s(1H) (1H)! (1H)f ~s(1H) (1H)® 2xd (2xIH)"  tolyl group!

3 3300-2500 %% 167210 1698 RS7T | 241 iaesl 2741 ~15 246 1 ~3:65° 01,24 1,57 " TRO S 726
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& 3300-2500 1669 1699 B80S 2,42 73200 - 3.32: "= 6328 L5 R ~H3 IR 4107 551152 S B ARG N0 T 2T
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8 - - 1695 820 17233 266 13,11 609 <594 1,77 - 2.23:°103 ¢ 1285 0TS ¥ 125
9 3310 - 16667 823" 1op 331 D885 314 % 612" 16,00 " TR.07 * ~0B) #0.97 1 "] 1350 85 510 93
10 - - 1695 07819 331 3.16 50500583 T35 29N T 17 el 34 s SR 20
11 3307 3286 - 1660 821 1234 =324 ~3.10° 596 4. TT 2,63 =3l el 34 137 ~75 L <7l
12 - A 1693 827 239 2.28 - 3:19716.153" 598 -~ 228w 2067 SEn08n i1 290 38 | 727

414 " 1,740 11005 145P.- 16710 2,08 £:0.725 0.8 - 720" 1T:12
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Further '"H-NMR spectral data, ppm: OCHj, s (3H): 3.65 (3), CONCH,, dt and dd (J = 13.2, 3.6, 5.3): 3.02, 4.10 (8), 3.01, 4.02 (10), ~ and
~d (J=13.7): 2.73, 4.02 (9), 2.73, 3.97 (11); OCH,/HNCH,), dt and dd: 3.62 and 3.70 (/=12.0, 3.6, 5.3, 8), 3.46 and 3.61 (J=12.1,2.4, 4.6,
10), ~t and ~d (J = 14.5): 2.46 and 2.98 (9), 2.51 and 2.98 (11), dd and dd (12): 3.39 (J=12.3, 10.8) and 3.89 (J=12.3, 8.9), dd and ¢ (13):
3.78 (J=124, 8.6) and 3.25 (/= 11.8); CCH,C/(CONCH,)CH,: 1.19 and 1.84 (8), ~1.5 and ~1.85 (9), 1.14 and 1.75 (10), 1.48 and ~1.8
(11); (O/NHCH,)CH,: ~1.1 and ~1.8 (9, 11); Phenyl group (Pos. 5 in 2a): 7.22 d (J=7.4, 2H), 7.29 ¢ (2H) and 7.18 t (1H); Condensed
benzene ring (6 and 7), 3’-H, d: 7.63 and 7.54, 4’-H, t: 7.17 and 7.12, 5’-H, t: 7.09 and 7.04, 6’-H, d: 7.12 and 7.06. 2In KBr discs (cm™'); ®In
CDCl, solution at 500 MHz. Chemical shifts in ppm (81ms = 0 ppm); coupling constants in Hz; ®Assignments were supported by HMQC for
4b, 5a and 12 2D-COSY and for 2, 2a, 3, 4, 4a, 9 and 11 also by DNOE measurements; 9H-4 (tolyl), z (1H) for 4a and 5a; “Multiplicity,
J=~qa, 4.8 (2a), ~dt (3), ¢, 4.1 (4, 4a), d, 4.2 (5), 3.2 (5a), 7.9 (8), 8.5 (9 and 12, norbornene), 9.0 (13, norbornane), dd, 8.2 and 1.1 (6),
9.1 and 4.9 (7 and 10), 9.1. and ~1 (12, norbornane), 9.8 and 4.8 (13, norbornene); For norbornenes 2 x dd (J=5.5 + 0.1 and 2.9 = 0.3),
for norbornanes 1-3 m (total intensity: 4H); Coalesced signal (4H) for 2; EMultiplicity, J=1¢, 5.6 (2a), 4.0 (5, 5a), d, 5.3 (3), 8.2 (6), 7.1 (8),
dd, 4.3 and 1.0 (4, 4a), 9.3 and 3.8 (7), 9.0 and 3.8 (10), 9.6 and 4.6 (11), 9.8 and 3.9 (13, norbornene), #d, 8.6, 1.3 and 1.3 (12, norbornene),
ga, 9.7 (12, 13, norbornane); %/=10.0 (2, 3), 8.8 (4, 4a), 8.5 (5, 5a, 7),9.2 (6, 8, 9, 12, norbornane), 8.2 (10, 11, 13, norbornene), 10.5 (12,
13, norbornane), coalesced for 2a. H(endo) > 8H(exo) as proved by NOE’s for 2, 2a, 3, 4, 4a and 9 (reversed for 11); 12 x ~d (2 x 2H),
J=8.1+0.1. For 4a and 5a H-3",5°, ~t (2H). Due to the hindered rotation of the tolyl group, the H-2,6 and H-3,5 signals are separated (6-13),
for 6, 7 and 11 also broadened and in cases 7 and 11 coalesced. Further d’s at ~6.97 and ~7.1 (6), 6.98 and 7.12 (8), 6.90 and 7.07 (9), 6.92
and 7.06 (10), 6.75 (11). The counterparts of split signals of 12 and 13 are given in the second row in the Table; JOverlapping signals. ¥4,
J=5.6.'dd (1H), J= 8.6 and 5.8; MIntensity 1H. Other signals [m (1H)] of the methylene group for 2a at 2.15 (Pos. 6) and for 3 at 1.48 (Pos.
5) and 1.62 (Pos.6); "Due to W-type long-range couplings, further split by 1.5 0.1 to gad (4, 4a) or td (6, 12); ®PIntensity 1H/3H.



To determine the exo or endo position of the substituents in 2a, 3, 4 and 4a unanimously, DIFFNOE
measurements! 516 were applied (Table 3). The exo-endo arrangement of the 3a,7a substituents is
probable from the different splitting patterns (d and 7) and the values of the coupling constants (Table 1),
while the endo orientation of the 3-carboxyl group in 4 and 4a is proved by the Overhauser effect
(NOE!7) between one of the bridging methylene-H atoms and H-3a (cf. Table 3). The same NOE is also

proof of the analogous stereostructure of 3.

Table 2. 13C-NMR chemical shifts? for compounds (2, 2a, 3, 4, 4a, 5, 5a) and (6-13)b:¢

Com- CH; C-1 C3,.  C3aliC4 G5+ 06 CTi  CTla  C8" CL - €26V 4C-35"  C4'
pound norbornane/ene 1-toluoyl/phenyl group
2 22.0:199:6: - 1799 .°47.6 - -40.5:.°251 - 298 *-83.6- 5.7 - 37.8 51340 1292 12971447
28 1 220.0:1994--179.0 7481 74687 424 383 " 440 0=51.3 = 3537 L 134.0°19129:955 99 R 1444
3 22.0-%199.8 174.8 "47.7 - 40:50 - 25.1 5 29.7 v 434 = 51,97 378 S 131 " 129.20 11296 - 144.]
4 22.0 199.6 180.2 47.0 46.2 1364 138.0 49.1 504 47.1 1344 129.1 1298 1444

4a - 2000 180.1 47.0 46.2 1364 1380 49.1 506 47.1 1368 129.0 129.1 133.6
5 22.1 198.6 181.0 46.1 484 1378 1342 486 515 485 134.6 1289 129.7 1443
Sa - 199.0 = 181.1 " 46,1 483 =137.8 - 134. 1.5 48.6' S1.7-=4R8:5" 1371128 8% "129.1" -133.5

6 215 87.7 1781 499 453 13923 1384 462 537 440 1379 ~125.19~128.3d 139.20

7 215 :°286.7 ~178.3:4504 . 45.8 :134.9 11358 = 472 -:5316..::52.0¢ 37 ~126:30 <128 69. 141:1

8 216+ 952 71780, 499 444 138,61 138574451 53.0 43.5 1343 - 1279 1291 1384

9 214 847 176.7 51.1 444 1389 1385 465 544 438 137.8 126.04 12849 138.8

10 211659430 178.2. 499 ¢ 145085134 5:6135 5 Li451e 533 52:50 136 3ie107 000 (198 a0 1] 384

11 214 842 1769 51.6 445 1340 1366 47.0 548 525 1379 ~127.79~127.79 1404
180.0 42.8 442 138.8 138.6 540 495 439 1299 1284

125 02062 947 136.2 138.3
64573925 39,5059 305 A4S T 2 56.5 1855 127.4 128.7

13f 216 942 180.4 499 449 1344 1363 459 548 513 1385 127.6 1274 1375
641 395 .-39.3.=27.6 53016,/ 42.9"56.9" 35 7 130.8 1294

2In ppm (8145 = 0 ppm) at 125.7 MHz. Solvent: CDCls; bAssignments were supported by DEPT, HMQC and for 4, 4a, 5,
5a, 6, 12 and 13 also by HMBC measurements; “Further lines: OCHs: 52.1 (3); CONCH,: 37.8 (8), 41.9 (9), 37.9 (10)
and 42.1 (11); OCH,/HNCH;: 62.7 (8), 42.6 (9, 11), 62.3 (10), 64.5 (12), 64.1 (13); CCH,C/(CONCH,)CH,: 25.8 (8),
24.7 (9), 25.9 (10) and 24.9 (11); (O/NHCH,)CH,: 33.1 (9, 11); phenyl group (Pos. 5 in 2a)/condensed benzene ring (6
and 7), C-1: 145.6 (2a), 133.9 (6), 133.3 (7); C-2,6/C-2: 127.5 (2a), 138.6 (6), 138.8 (7); C-3,5/C-3: 128.8 (2a), 120.6
(6), 120.2 (7); C-4: 126.3 (2a), 125.1 (6), 125.7 (7); C-5: 127.5 (6), 127.3 (7); C-6: 123.2 (6), 123.3 (7); 9Due to hindered
rotation of the aryl group, the C-2,6 andsimilarly the C-3,5 line pairs are separated (6, 8, 9, 10, 12 and 13), for 6 also
broadened and for 7 and 11 coalesced. Further lines at ~127.9 and ~129.7 (6), 127.6 and 130.7 (8), 128.3 and 130.2 (9),
129.6 and 130.2 (10). The counterparts of the split signal pairs of 12 and 13 are given in the second row;
®Interchangeable assignments; fData in the first and second rows in columns 4-11 refer to norbornene and norboinane
moieties, respectively.

The DIFFNOE measurements confirm the steric closeness of the 5-phenyl and bridging methylene groups
(saturation of the signal of the latter group led to an enhanced intensity of the former), and consequently

the exo position of the 5-phenyl ring in 2a.
Because of the fully overlapping H-3a,7a signals in 2 and 2a, the steric arrangements of the 3a,7a-

substituents could be not established by NOE. However, the practically identical H and !3C chemical



shifts of C-3a,7a and H-3a,7a for 2 and 2a proved the same stereostructure i.e. endo-carboxyl exc-aroyl
substitution for 2 and 2a.

In 5 and 5a, the aroyl and carboxyl substituents must have a different exo—endo orientation because of the
different multiplicities of the H-3a and H-7a signals (one is d, while the other is 7). On comparison with 4
and 4a, the reversed positions of these substituents reveal significantly different H-8 shifts (1.42 and
1.68 ppm for the latter; 1.53 and 1.82 ppm for 5 and 5a). Similarly, the H-3a,7a shifts differ. Because of
the o-effect,15 which causes a higher downfield shift of the signal of the endo aroyl group (relative to the
carbonyl in 4 and 4a), the 8H(exo) > 8H(endo) difference in norbornene!3:14.18,19 becomes moderate,
while for 5 and 5a, the aroyl group increases the shift in the ab ovo downfield-shifted geminal H-7a signal
and, simultaneously, the chemical shift of the upfield-positioned H-3a signal will be increased to a
smaller extent by the carbonyl group. Consequently, the shift difference A8H-3a,7a is significantly larger
in 5 and 5a (1.17 and 1.19 ppm) than in 4 and 4a (0.14 and 0.13 ppm).

Inthe pyrrolidone-fused compounds (6-13), mixed (exo—endo) annelation to the norbornane/ene moiety is
not possible for steric reasons. The diexo or diendo configurations follow unequivocally from the d or dd
splits of the H-3a,7a signals, in accordance with our splitting rule.13,14 Thus, in 6, 8, 9 and 12, the
norbornene and the fused hetero ring are diexo, while in 7, 10, 11 and 13 they are diendo.

In the pairs 6 and 7, 8 and 10, and 9 and 11, the C-1 configuration, i.e. the position of the aryl group, is to
be determined. For 7, this is straightforward on the basis of the dramatic upfield shift (by 1.12 ppm) of the
H-6 signal as compared with that in 6, due to the anisotropic shielding!5¢ of the close-lying tolyl group.

This means the frans arrangement of H-7a and the tolyl group relative to the pyrrolidone ring.

Table 3. DIFFNOE experiments with compounds (2a, 3, 4, 4a, 9) and (11)2

Responding signals

Saturated
. H(ortho) H(ortho)
signal H-3a H-4 H-7a  NCH,b (p(he nyl)) (toly])
H-5 2a 2a
H-7 2a,4a 2a,4,4a
H-7a ; 9,11 4a
H-8(endo)*  3,44,4a 3c 2a 9
ArH(ortho) 3,4 3

aInteracting pairs showing only trivial effects (NOE between the geminal or vicinal hy-
drogens) are not included in this Table. Only responses relevant for the stereostructures or
dubious assignments are given; ®One H in both group; °For 2a, exo and endo H-8 give
overlapping signals (cf. Table 1) and the response of the H(ortho) signal (phenyl) in 2a is
due to an effect with the H-8(exo) atom; dInverse experiments were carried out: H-3a was
irradiated when the H-8(endo) signal responded.

The similarly strong shielding of H-6 in 11 (4.77 ppm) and 10 (5.33 ppm) suggests the analogous stereo-
structure, and for the former compound this structure was directly confirmed by DIFFNOE measure-



ments: H-7a and the N-methylene hydrogens in the diazepine ring were found to be sterically close (on
irradiation of one of these signals, an increased intensity was observed for the other one; cf. Table 3).

In 9, NOE between H-8(endo) and one of the ortho-aryl hydrogens confirms the trans orientation of H-7a
and the tolyl substituent. The anisotropic shielding of the benzene ring!5¢ leads to an upfield shift of the
H-8(endo) signal (d, 1.13 ppm) in 9, while for 11 the analogous shift is 1.34 ppm. A similar effect was
observed, and hence the analogous stereostructure is presumed for 8 [0H-8(endo): 1.03 ppm]. The
absence of such a strong shielding in 6 suggests a considerable distance between the tolyl and H-8(endo)
and thus the cis arrangement of the former group and H-7a relative to the pyrolidone ring.

Compounds (12) and (13) have the most complicated structures, including 9 centres of chirality. Dis-
counting the 4 with fixed configurations, 16 diastereomers remain to be considered. On the basis of the
splitting rule, the doublet split of the annelational hydrogens H-3a" and H-7a" indicates the diexo
annelation of the norbornane in both 12 and 13. For the same reason, the norbornene is diexo in 12 (the
H-3a,7a signals are d’s) and diendo in 13 (the above signals are dd’s). Thus, for 12 and 13, among the
remaining 4, the true stereostructures have to be selected. The significant upfield shift of the H-6 signal in
13 (5.27 ppm) originates from the anisotropic shielding of the close-lying aromatic ring!5¢ and points to
the endo position of the tolyl group. As concerns the position of the tolyl group and the diexo-norbornane
relative to the oxazine ring, the spectral data on 13 are practically identical with those of the compound
where a phenyl-substituted cyclohexane-fused ring is present instead of norbornene;20 this confirms that
the tolyl group and the bridging methylene in norbornane lie on the same side of the skeleton. This is
valid for both 13 and 12. The most important supporting facts are the shifts of H-3a",7a" (1.99 and
4.03 ppm in 13 and 1.99 and 4.16 ppm for the cyclohexane-fused homologue2? respectively, while for the
isomeric counterpart containing the tolyl and bridging methylene on the opposite side, 2.15 and 3.80 ppm
were measured). The practically identical chemical shifts of H-3a,7a in 12 (2.28 and 2.67 ppm) and 8
(2.23 and 2.66 ppm) suggest the close-lying arrangement of the tolyl and bridging methylene group in the
norbornene. Hence, the stereostructures given in Scheme 2 were deduced from the spectral data on the
new compounds.

It should be noted that the sterically crowded structures of 6-13 lead to hindered rotation of the tolyl
group, and in both the !H- and 13C-NMR spectra the signals of the ortho H/C-2,6 and meta H/C-3,5-s
gave separated or broadened signals.

EXPERIMENTAL

The H- and 13C-NMR spectra were recorded in CDCl3 solution in 5 mm tubes at rt, on a Bruker DRX-

500 spectrometer at 500.13 (*H) or at 125.76 (13C) MHz, with the deuterium signal of the solvent as the
lock and TMS as internal standard. The standard Bruker microprogram NOEMULT to generate NOE!7



and to get DIFFNOE spectral52,16 were used with a selective preirradiation time. DEPT spectra?! were

run in a standard manner,22 using only a © = 135° pulse to separate the CH/CH3 and CH, lines phased

‘ap’ and ‘down’, respectively. The 2D-COSY,232,242 HMQC (a 2D-HSC)23b24b and HMBC (a
COLOC)25:26 spectra were obtained by using the standard Bruker pulse programs COSY-45,
INV4GSSW and INVAGSLRNDSW, respectively. IR spectra were run in KBr discs on a Bruker IFS-55
FT-spectrophotometer controlled by Opus 3.0.

X-Ray data collection and processing

Crystallographic data were collected at room temperature on a Rigaku AFCSS diffractometer with
graphite-monochromated MoKq (A = 0.71069 A) radiation. To collect intensity data, an ©-26 scan mode
at an ® scan speed of 8.0°/min was applied. The weak reflections [I < 105(I)] were rescanned up to two
times. All data were corrected for the Lorentz polarization effects. The intensities of the three check
- reflections showed only statistical fluctuations.

Crystal data for 4 (C1¢H1603, M =256.29), monoclinic, a =20.645(2), b=7.965(3), ¢ =16.941(3) A,
B=91.908(11)°,U=2784.1(11) A3, T=294 K, space group C2/c (no. 15), Z = 8, u(Mo-K,) = 0.84 mm-,
2536 reflections measured, 2464 unique (R;, =0.026) which were used in all calculations. The final
wR(F®) was 0.122 (all data).

The structures were solved by direct methods (SIR92)27 and refined by full-matrix least squares techniques
on F2 (SHELXL-97)28 The heavy atoms were refined anisotropically. The phenyl and methyl hydrogen
atoms were included in calculated positions with fixed isotropic temperature factors (1.2 Ueq of the carrying
atom) and the rest of hydrogen atoms were refined with isotropic temperature factors. Calculations were
performed with teXsan for Windows crystallographic software.29

HPLC: An M-600 low-pressure system, equipped with a gradient pump and an M-486 tunable absorbance
detector; Millenium software version 2.1 (Waters Chromatography, Milford, MA, USA). An injector with
a 20-pl loop from Rheodyne (Cotati, USA). Column: Nova-Pak C;g, 150 x 3.9 mm 1.D., 4 pm particle
size (Waters Chromatography); flow rate, 0.8 ml min-!; r.t.; detection, 254 nm. Eluent: 0.1% aqueous
trifluoroacetic acid (pH~2)-MeOH = 40 : 60 (v/v) for 4 and 5, retention times: 6.55 min (5) and 8.27 min
(4); isomer ratio = 43.2 : 56.8; 1% aqueous triethylammonium acetate (pH~7)-MeOH =45 : 55 (v/v) for
9 and 11, retention times, 13.73 min (11) and 16.13 min (9), isomer ratio = 57.5 : 42.5.

3-exo-p-Toluoylbicyclo[2.2.1]heptane-2-endo-carboxylic acid (2)

A mixture of diendo-3-p-toluoylbicyclo[2.2.1]heptane-2-carboxylic acid3? (1.3 g, 5 mmol) and aqueous
HCI (36%, 2 drops) or EtzN (2 drops) in toluene (10 mL) was refluxed for 2 h. After evaporation, the
residue was crystallized.

Data on compound (2) are listed in Table 4.



6-exo-Phenyl-3-exo-p-toluoylbicyclo[2.2.1]heptane-2-endo-carboxylic acid (2a)

A mixture of 6-exo-phenyl-3-endo-p-toluoylbicyclo[2.2.1]Theptane-2-endo-carboxylic acid3! (0.84 g,
2.5 mmol) and aqueous HCI (36%, 2 drops) in toluene (10 mL) was refluxed for 3 h. After evaporation,
the residue was dissolved in CHCl; (5 mL) and eluted from a silica gel column (Silica gel 60, Merck,
0.040-0.063 mm) with n-hexane-EtOAc (4 : 1).

Methyl 3-exo-p-toluoylbicyclo|2.2.1]heptane-2-endo-carboxylate (3)
A mixture of oxocarboxylic acid (1) or (2) (1.29 g, 5 mmol) and concentrated H,SO4 (0.2 mL) in MeOH
(20 mL) was refluxed for 12 h. After evaporation of the solvent, H;O (30 mL) was added and the mixture

was extracted with ether (3x10 mL). After removal of the solvent, the residue was crystallized.

Separation of the mixtures 4 and 5, and 4a and 5a
The product obtained from frans-p-toluoylacrylic acid with cyclopentadiene!! (1.0 g) in CHCl; (10 mL)
was separated on a silica gel column with n-hexane—acetone-EtOH (90 : 8 : 2) as eluent. First 4 and then

5 appeared. The mixture of 4a and 5a was prepared analogously and separated similarly.

8,11-Methano-11b-p-tolyl-7ar,8¢,11¢c,11ac-tetrahydroisoindolo[2,3-a]benzthiazol-7-one (6) and 8,11-
methano-11b-p-tolyl-7ar,8¢,112,11ac-tetrahydroisoindolo[2,3-a]benzthiazol-7-one (7)

A mixture of oxocarboxylic acids (4) and (5)!1:12 (1.28 g, 5 mmol), 2-aminothiophenol (0.63 g, 5 mmol)
and p-TsOH (0.05 g) in chlorobenzene (10 mL) was refluxed for 10 h. After evaporation, the residue was
dissolved in CH,Cl, (5 mL), transferred to a silica gel column (Silica gel 60, Merck 0.040-0.063 mm) and
eluted with n-hexane-CH,Cl,-EtOAc (18 : 1:1). First 6 appeared, and then 7 [monitoring by TLC,
aluminium sheets, Silica gel 60 F»s4, benzene-EtOH—petroleum ether (bp 40-60 °C) 4 : 1 : 3, developed in

iodine vapour]. The residues of the eluates 6 and 7 were crystallized.

7,10-Methano-10b-p-tolyl-2,3,6ar,7c,10c,10ac-hexahydro[1,3]oxazino[2,3-a]isoindol-6-one (8) and
7,10-methano-10b-p-tolyl-2,3,6ar,7¢,10¢,10ac-hexahydro[1,3]oxazino[2,3-a]isoindol-6-one (10)

A mixture of oxocarboxylic acids (4) and (5) (2.56 g, 10 mmol), 3-amino-1-propanol (1.13 g, 15 mmol)
and p-TsOH (0.05 g) in toluene (15 mL) was refluxed for 10 h. After evaporation, the residue was
chromatographed as above; eluents: n-hexane-EtOAc (4 : 1) for 8, and then n-hexane-EtOAc (2: 1) for
10.

8,11-Methano-11b-p-tolyl-2,3,4,5,7ar,8¢,11¢c,11ac-octahydro[1,3]diazepino[2,3-a]isoindol-7-one (9)
and 8,11-methano-11b-p-tolyl-2,3,4,5,7ar,8¢,11¢,11ac-octahydro[1,3]diazepino[2,3-a]isoindol-7-one
(11 '

A mixture of oxocarboxylic acids (4) and (5) (1.28 g, 5 mmol), 1,4-diaminobutane (0.66 g, 7.5 mmol) and
p-TsOH (0.05 g) in chlorobenzene (10 mL) was refluxed for 8 h. After evaporation, the residue was



dissolved in CHCl; (10 mL), purified and separated chromatographically as above. Elution with EtOAc—
n-hexane (1 : 1); first 9 and then 11 appeared.

9,12-Methano-12b-p-tolyl-2ar,3c,4,5,6¢c,6ac,8ac,9¢,12¢,12ac-decahydroisoindolo[2,1-a]-3,6-metha-
no[3,1]benzoxazin-8-one (12) and 9,12-methano-12b-p-tolyl-2ar,3c,4,5,6¢,6ac,8ac,91,12¢,12ac-deca-
hydroisoindolo[2,1-a]-3,6-methano|3,1]benzoxazin-8-one (13)

A mixture of oxocarboxylic acids (4) and (5) (1.28 g, 5 mmol), diexo-3-hydroxymethylbicy-
clo[2.2.1]heptane-2-amine (0.80 g, 5.7 mmol) and p-TsOH (0.05 g) in xylene (10 mL) was refluxed for
4 h. After evaporation, the residue was dissolved in CH,Cl, (5 mL) and chromatographed; elution with n-
hexane-EtOAc—CH,Cl, (18 : 1 : 1) for 12, and then n-hexane-EtOAc (4 : 1) for 13.

Table 4. Physical and analytical data on compounds (2-10)

. Analysis
L R Tl R
C H N ¢ H N
2 133-1352 81 Ci6H;503 7432, 77.08 7440 7.02
2a 192-194b 74 CyoH7,04 78915 6:75 79.02 6.63
3 74-75¢ 78  Cy7H200; 74.89 7.32 74.97 7.40
4 125-126¢ Ci6H1603 7482 6.33 7498 6.29
4a 141-142.5¢ CisH1405 7428 5.84 7436 5.82
5 127-1282 Ci6H1603 7485 6.34 7498 6.29
5a 126-1272 Ci5H1404 7431 5.80 7436 5.82

6 146-148¢ 30 CpHigNOS 76.52 559 401 7649 554 4.05
y 207-208b 45 CpHgNOS 7646 551 4.02 7649 554 4.05
8 181-183¢ 28 CjoH;NO, 77.08 7.18 479 7726 17.17 4.74
9 156-158P 35 CypHyuNO 7781 796 9.18 77.89 7.84 9.08
10 148.5-150°° - 21 CyHoNOy * 7732 721: 4,71, 7126 1.17 @ 4.4
11 164-1664 42 CyHuN,O 7801 7.81 912 77.89 7.84 9.08
12 197-198¢ 23 CyHyNO, 7961 748 383 79.74 17.53 3.87
13 195-196¢ 34 CyuHnNOy " 7982758 . 381 ' 7974 153 . 3.87

Crystallization solvent: 2benzene; PEtOAc; °Et,0; 4i-Pr,0.
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Abstract — Via the reaction of diexo-oxanorbornanedicarboxylic anhydride with
toluene, the diexo-aroylcarboxylic acid (3a) was prepared, which exists partly as
the tautomeric lactol (3b). With bifunctional reagents, 3a yields fused hetero-
cycles containing three—six rings. Thus, alkylenediamines result in imidazole- and
1,3-diazepine-fused oxygen-bridged isoindolones (6a,b), alkanolamines form the
oxazole- and 1,3-oxazine-fused oxanorbormene derivatives (7a-c),' and o-
phenylenediamine undergoes cyclization to furnish the condensed benzimidazole
(8). The reaction of 3a with diexo-aminonorbornanecarbohydrazide yields a
pyrimidopyridazine containing six condensed rings (9). In a similar reaction with
diendo-aminonorbornenecarbohydrazide, cyclopentadiene cleaves off to give the
tricyclic retro Diels-Alder product (10). The structures, and particulary the
configurations at the oxanorbormane ring systems and the position of the aryl
substituent, were established by means of 1D- and 2D-NMR spectroscopy and, for
3b and 7¢, also by X-Ray measurements.
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1. INTRODUCTION

Diendo- and diexo-3-aminobicyclo[2.2.1]hept-5-ene-2-carboxylic acids and derivatives have been used to
prepare 1,3-heterocycles.'”” From stereoisomeric bicyclo[2.2.1]heptane-2,3-dicarboxylic anhydrides,
aroylcarboxylic acids have been prepared and applied for the synthesis of new hetero compounds
containing the partly saturated condensed methylene-bridged isoindolone unit.** We now extend the
synthetic work to the isomeric diexo-oxanorbornane derivatives. The target of this activity is to prepare
them from the previously unknown diexo-3-aroyl-7-oxabicyclo[2.2.1]heptane-2-carboxylic acid (3a) as
starting compound. Besides the chemical and stereochemical features of the fused-skeleton saturated
heterocycles, they are of importance from pharmacological aspects because similar compounds possess an
anorectic effect and are applied in therapy.>® Chiral perhydrobenzoxazines containing a furan ring earlier
served as nitrogen source and chiral inductor in the stereoselective synthesis of enantiopure decahydro-
isoquinolines.” Furan has been applied as a diene in an intramolecular Diels-Alder reaction for the
synthesis of 1,4-epoxycadinane,® in high-pressure reactions,’ in tandem intramolecular/radical cycliza-

tion'® and to build an oxygen bridge into various molecules."’
2. RESULTS AND DISCUSSION

2.1. PREPARATIONS

The reaction of furan with maleic acid anhydride results in 7-oxabicyclo[2.2.1]hept-5-ene-1,2-dicarbox-
ylic anhydride (1),'>'* which was reduced to the saturated derivative (2)'° and then transformed with
toluene/AlCl; to diexo-3-p-toluoyl-7-oxabicyclo[2.2.1]heptane-2-carboxylic acid (3a) (Scheme 1).
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Scheme 1

Compound (3a) exists as a mixture with its cyclo tautomer (3b), which was isolated from the ethanolic

solution and the structure proved by means of an X-Ray method (Figure 1). The lactol containing a CCl3



group instead of aryl were already prepared from 2 with trichloroacetate

Owing to facile enolization of
the aryl group, 3a isomerizes with triethylamine to 4

\ /&\\
y ~. ‘ / Perspective view of 3b
B ! / e, Thermal ellipsoids have been drawn
\J ~¢— ~ at a probability level of 30%
Figure 1

From 3a and hydrazine, the oxanorbornane-condensed pyridazinone (5) is formed (Scheme 2). Refluxing

3a in toluene with ethylenediamine and 1,4-diaminobutane furnishes the tetracyclic imidazo (6a) and 1,3-
diazepino diexo-condensed epoxyisoindolones (6b)

0
M”jj
Ar O R
) R'h
= 7a- H 1
7b: Me 1
7C: H 2

Ar = p-tolyl
Scheme 2

The reactions of 3a with aminoethanol and aminopropanols yield the oxazole- (7a), (7b) and 3,1-oxazine-

fused epoxyisoindolones (7¢), while from 3a with phenylenediamine, the condensed pentacyclic benz-
imidazole (8) is formed.



With diexo-3-aminobicyclo[2.2.1]heptane-2-carbohydrazide, 3a cyclizes to the condensed hexacyclo
derivative (9) containing a central pyrimidopyridazine, one diexo-condensed norbomane and one oxanor-
bornane unit. In reaction with the isomeric diendo-3-aminobicyclo[2.2.1]hept-5-ene-2-carbohydrazide, 3a
yields the fused pyrimidopyridazine (10) because cyclopentadiene splits off. The reaction is explained by
the presence of the double bond in the norbornane moiety, which allows a ready thermal decomposition to

give cyclopentadiene and 10 in retro Diels-Alder reaction.

2.2. STRUCTURE DETERMINATIONS BY NMR SPECTRAL MEASUREMENTS AND QUAN-
TUM CHEMICAL CALCULATIONS

The structures of the new compounds follow from the NMR spectroscopic data. The H,H connectivities
could be concluded from the H,H-COSY spectra; direct and long-range C,H coupling information was
obtained from HMQC and HMBC. NOESY spectra was also recorded to find the spatially adjacent
protons. The crucial stereochemistry, i.e. the exo or endo configurations of the substituents/annelated
rings on the oxanorbornane skeleton in all compounds and the position of the p-tolyl group in 5-7, were
also established. For the assignment of this stereochemistry, a number of unequivocal NMR spectroscopic
criteria are available.

(i) The vicinal H-5-H-6 and H-3-H-4 coupling constants are strongly dependent on the exo/endo posi-
tions of H-4,-5: Jiy.3, Hd-exo ~5 Hz, but Ju.3, H4-endo < 0.1 Hz (see the spectroscopic numbering used in the
NMR part on 9 in Scheme 2).l7 Accordingly, H,H cross-peaks are present or not in the corresponding
H,H-COSY NMR spectra.

(i) Between H-1-exo and H-5-exo, a long-range W coupling of ~2.5 Hz can be found'’ (indicated by the
corresponding cross-peak in the H;H-COSY NMR spectra); the corresponding exo/endo coupling proved
negligible;'” hence, no cross-peak was observed in the H,H-COSY NMR spectra.

(iif) NOE between the endo protons in positions 1,5 and 2,4 proved useful for assignihg the exo or endo
configuration of the substituents. If only the exo proton is present (endo substitution), the corresponding
NOE can not be obtained as a cross-peak in the 2D NOESY NMR spectra.

With these criteria, the exo or endo configuration of the compounds was established. Thus, 4-endo,5-exo
substitution was found for 4, while for 5, 7c and 8-10 diexo 4,5-annelation was proved. Compounds
(3a,b) exist as a mixture in solution, and the equilibrium does not allow establishment of the configura-
tion of the oxanorbornane moiety.

For establishment of the position of the aryl in 6-8, the NOEs was applied. A number of NOE
enhancements were found in the 2D NOESY NMR spectra, but these were not suitable for discrimination
of the C-8 configuration. In contrast, the ring current effect of the aryl was really useful. The method for
application the ring current effect of the nearby aromatic ring for determination of the disposition of the

protons is known.'*?° Thus, the trans configuration of the aryl and H-4-endo causes a strong shielding



effect on H-3, but in the cis case only a very small ring current effect on H-3 can be expected. These
expectations are in complete concordance with the experimental '"H chemical shifts: whereas H-3 is
strongly shielded (6 ~3.65 ppm) in 6b and 7c¢, obviously because of the ring current effect, the same
proton resonates with the normal value (6 4.90-5.20 ppm) in 4, 5, 8 and 10. In the latter cases, the aryl
substituent is remote (trans) from H-3, and the corresponding ring current effect therefore remains small.

To confirm these conclusions from model structures, the aryl and H-4-endo cis/trans isomers of 7¢ were
ab initio MO calculated, and the corresponding 'H chemical shift of H-3 in the two isomers was deter-

mined by the GIAO method. The results are depicted in Figure 2.
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Figure 2

Ring current effect on H-3 in 7¢

Both the chemical shift of H-3 (& = 3.18 ppm) and the ring current effect of the aryl on H-3 (-1.29 ppm)
agree excellently with the experimental values for the frans isomer, confirming the frans position of the
aryl group and H-4-endo, which is in agreement with the X-Ray results (Figure 3). For the cis analogue,

the two parameters (& = 4.79 ppm, ring current effect +0.22 ppm) are strongly different.
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When the same criterion was applied to 6a and 8, the opposite result was obtained: H-5 at 5.00-5.29 ppm
proves the position of the aryl and H-4-endo as cis. For 9, however, the position of the tolyl group could
not be assigned with certainty because of the many 'H signals in the NMR spectrum. For 5, 9 and 10, the

other data are in complete agreement with the structures given in Schemes 1 and 2.

3. EXPERIMENTAL

The IR spectra were determined in KBr discs on a Perkin Elmer Paragon 1000 PC FT-IR spectrophoto-
meter. NMR spectra were recorded with an AVANCE DRX 500 (Bruker) spectrometer. Chemical shifts
(CDCl; for 4, 5, 6a,b, 7¢, 8-10; DMSO-ds for 7a and 7b) (8, ppm, rms =0 ppm) are given. The
corresponding 'H and *C chemical shifts and H,H coupling constants J/Hz are listed for the compbunds
in the EXPERIMENTAL. The 2D NMR spectra were acquired with standard Bruker software. Typical
parameters were (i) gs-COSY-45: sweep width 2620 Hz, 1 k data points in F,, 128 experiments in F; (20
scans, 4 dummy scans), relaxation delay 1.2 s; (if) gs-HMQC: sweep width in F; 10 kHz and in F,
26*0 Hz, 1 k data points in F,, 128 experiments in F; (8 scans, 2 dummy scans), relaxation delay 1.2 s,
zero filling to 2 k data points in F; and 256 data points in F,, filter function square sine-bell in both
dimensions; (iii) gs-HMBC: sweep width in F; 10 kHz and in F, 2620 Hz, 1 k data points in F;, 128
experiments in F; (40 scans, 2 dummy scans), relaxation delay 1.2 s, delay for evolution of long-range
couplings 50 ms, zero filling, 1 k data points in F, and 256 data points in F;, filter function shifted square
sine-bell in both dimensions; (iv) NOESY: sweep width 2670 Hz, 1 k data points in F;, 128 experiments
in F; (40 scans, 4 dummy scans), relaxation delay ~5 times T;, mixing time ~T1. The pulse widths (90°)

for all experiments were 12.5 ps ("H), and 11.3 ps (°C).

Quantum Chemical Calculations: The ab initio quantum-mechanical calculation on 7¢ was performed on

SGI Octane and SGI Origin 2000 work stations, using Gaussian 98.2' Geometry optimization was carried



out by using HF/6-31G* without constraints.”* The shielding constants were calculated with the GIAO
method®* at the same level of theory; since the GIAO approach is gauge-invariant, it can be applied for
the calculation of NICS. The studied phenyl ring was placed in the centre of a grid of lattice points,
ranging from —10A to +10A in all three dimensions (step width 0.5A), resulting in a cube of 68921 lattice
points. The coordinates and shielding values of the lattice points around phenyl were transformed into
SYBYL? contour files and the anisotropic effect visualized as iso-chemical-shift-surfaces (ICSS). In this
way, it was possible to map the spatial extent, sign and scope of the corresponding anisotropic effect in 7¢

at each fixed stereochemical position.”®

X-Ray data collection and processing: Crystallographic data were collected at 173 K on a Nonius Xappa
CCD area-detector diffractometer, using graphite monochromatized MoK, (A =0.71073 A). The data
collection was performed by using ¢ and @ scans. The data were processed with DENZO-SMN v0.93.0.77

Crystal Data for 3b: (CysHij¢Os, M;=260.28), orthorhombic, a=5.7656(2), b=13.0113(4),
c=16.7088(7) A, o.=P=y=90°, U=1253.46(8) A>, T=173 K, space group P2;2,2; (no. 19), Z=4,
p(Mo-K,) = 0.100 mm™, 1978 unique reflections, which were used in calculations. The final wR(F?) was
0.0889 (all data).

Crystal Data for 7c: (CisHuNOs, M,=299.36), triclinic, a=82783(2), b= 10.05320(10),
c=10.9091(2) A, o=64.3510(10), B=71.3170(10), y="71.3170(10)°, U=746.56(2) A’, T=173K,
space group PI (no. 2), Z=2, pu(Mo—-Kg) = 0.090 mm™, 2610 unique (Rir = 0.017), which were used in
calculations. The final wR(F?) was 0.0895 (all data).

The structures were solved by direct methods with SIR92,%® and full-matrix least-squares refinements on
F? were performed with SHELXL-97.%° For both, all heavy atoms were refined. anisotropically. The
phenyl and methyl CH hydrogen atoms were included at fixed distances, with fixed displacement
parameters from their host atoms. The remaining hydrogen atoms were refined isotropically. Figures were
drawn with Ortep-3 for Windows.*

CCDC 209077 & 209078 contain the supplementary crystallographic data for this paper.

3-exo-p-Toluoyl-7-oxabicyclo[2.2.1]heptane-2-exo-carboxylic acid (3a)
8.41 g (0.05 mol) of 2 was added to a stirred suspension of 16.66 g (0.125 mol) of AICl; in dry CH2Cly
(50 mL), and a solution of 4.61 g (0.05 mol) of toluene in CH,Cl, (10 mL) was then added dropwise
during 30 min at rt; stirring was continued for 8 h. After standing overnight, the mixture was poured onto
ice (200 g) and 36% HCI (20 mL), and extracted with CHCl; (2 x 50 mL). The extract was washed with
water, dried (Na;SO,4) and evaporated The residue was taken up in CHCl; (20 mL), and n-he




[cm™] = 1728 (C=0), 1665 (C=0, ketone). H-MS: 260.1094 (C15H;604), MS: m/z (%) 260 (5), 137 (12),
119 (100), 96 (14), 91 (38), 68 (38), 39 (12). Physical and analytical data on 3a are listed in Table 1.

Table 1. Physical and analytical data on compounds (3a-10)

. Analysis
Com- mp  Yield b ula Found % " %
pound C % Cc H N € H N
32 194-1962 58 CisHigOs  69.19 6.30 69.34 6.18
3b  218-220P 17 CisHig0s  69.20 6.10 69.32 6.24
4 142-144¢ 8  CisHiOs  69.02 635 69.28 6.15

5 249-251¢ 65 CisHjgN2O2 7017 6.29 1067 7048 6.35 10.82
6a 137-1384 51 Cy3HpN,O, 7171 7.00 995 7185 17.15 9.75
6b 126-128F 39 CioHuN,O, 7325 7.64 877 73.01 7.75 890
7a 1921944 49 C;;HiNO; 7146 671 498 7168 6.82 4.87
7o 179-1804 50 CisHuyNO; 7202 7.27 458 7210 7.09 4.72
Tc  172-173.5¢ 54 CiHyNO; 7212 727 470 7225 17.12 4.60
8 247-2494 58 CHyN;O, 7598 6.27 845 7578 6.15 8.32
9 221-2238 38 CyHpsN3O,  73.54 6.75 11.29 73.68 6.60 11.05
10 231-233P 42 CigH;7N3O, 7028 548 13.50 7049 5.62 13.73

Crystallization solvent: 2CHCl;—n-hexane; PEtOAc-EtOH; °Et,0; 9i-Pr,0; ¢EtOH; fEt,0-
n-hexane; EEtOAc.

diexo-1-Hydroxy-1-p-tolylhexahydro-4,7-epoxybenzofuran-3-one (3b)

2.60 g (0.01 mol) of 3a was dissolved in a mixture of EtOAc—EtOH (9 : 1, 10 mL). After standing for a
week at rt, the crystals that had separated out were filtered off. 3b: IR (KBr): v [em™] = 3317 (OH), 1765
(C=0, lactone). H-MS: 260.108 (C;sH;¢04), MS: m/z (%) 260 (41), 243 (81), 171 (12), 137 (12), 124
(19), 119 (100), 91 (29), 68 (17).

3-endo-p-Toluoyl-7-oxabicyclof2.2.1]heptane-2-exo-carboxylic acid (4)

A mixture of oxocarboxylic acid (3a) (1.30 g, 5 mmol) in toluene (10 mL) and 2 drops of Et;N was re-
fluxed for 3 h. After cooling, the solid that had separated out was recrystallized. "H-NMR: 1.8 (H-1-exo),
1.7 (H-1-endo), 1.5 (H-2-exo0), 1.4 (H-2-endo), 4.95 (H-3), 4.4 (H-4), 3.5 (H-5), 5.0 (H-6), 7.9 (H-10), 7.3
(H-11), 2,4 (H-13). PC-NMR: 29.3 (C-1), 25.8 (C-2), 79.4 (C-3), 55.6 (C-4), 50.0 (C-5), 81.3 (C-6),
179.1 (C-7), 196.2 (C-8), 134.4 (C-9), 129.1 (C-10), 130.1 (C-11), 145.2 (C-12), 22.1 (C-13). H-MS:
260.1093 (C;sH;604), MS: m/z (%) 260 (6), 231 (4), 215 (3), 192 (81), 187 (13), 171 (35), 158 (12), 147
(7N, 119 (100), 91 (31), 65 (7), 39 (3).
5,8-Epoxy-4-p-tolyl-4a,5,6,7,8,8a-hexahydro-2H-phthalazin-1-one (5)

A solution of 3a (1.30 g, 5 mmol) and hydrazine hydrate (99%, 0.50 g, 0.01 mol) in EtOH (10 mL) was
refluxed for 4 h, and then concentrated to half-volume. After standing at rt for 3 h, the product (5) was
filtered off by suction. Recrystallization yielded colourless crystals. '"H-NMR: 1.9-1.8 (4H, H-1, H-2),



4.7 (H-3), 3.4 (H-4), 3.0 (H-5), 5.1 (H-6), 7.6 (H-10), 7.2 (H-11), 2.4 (H-13), 8.52 (NH). "C-NMR: 29.6
(C-1), 30.1 (C-2), 83.7 (C-3), 45.4 (C4), 47.6 (C-5), 83.2 (C-6), 164.6 (C-7), 147.0 (C-8), 132.9 (C-9),
126.3 (C-10), 129.9 (C-11), 140.4 (C-12), 22.2 (C-13). H-MS: 256.1221 (C;sH;eN20,), MS: m/z (%6) 256
(11), 200 (4), 187 (100), 171 (2), 155 (1), 141 (2), 128 (2), 115 (3), 91 (3), 77 (1).

6,9-Epoxy-9b-p-tolyl-2,3,5a,6,7,8,9,9a-octahydroimidazo|2,3-ajisoindol-5-one (6a),
8,11,epoxy-10b-p-tolyl-2,3,4,5,72,8,9,10,11,11a-decahydro|[1,3}diazepino[2,3-a]isoindol-7-one (6b),
6,9-epoxy-9b-p-tolyl-2,3,5a,6,7,8,9,9a-octahydro|2,3-z]isoindol-5-one (7a),
6,9-epoxy-2-methyl-9b-p-tolyl-2,3,5a,6,7,8,9,9a-octahydrooxazolo[2,3-a]isoindol-5-one (7b),
7,10-epoxy-10b-p-tolyl-2,3,6a,7,8,9,10,10a-octahydro[1,3}oxazino[2,3-a]isoindol-6-one (7c),
6,9-epoxy-9b-p-tolyl-5a,6,7,8,9,9a-hexahydrobenzimido[2,3-a]isoindol-5-one (8)

A mixture of 3a (1.30 g, 5 mmol), a bicyclic reagent (ethylenediamine 0.45 g, 1,4-diaminobutane 0.66 g,
ethanolamine 0.46 g, 1-amino-2-propanol 0.56 g, 1-amino-3-propanol 0.56 g, or o-phenylenediamine
0.81 g, 7.5 mmol) and PTSA (0.05 g) in chlorobenzene (10 mL) was refluxed for 10 h. After evaporation,
the residue was dissolved in CHCI;3 (10 mL), transferred to an Al,O3 column (ACROS, basic, 50-200 p)
and eluted with n-hexane-EtOAc (1 : 1) for 6a, 6b and 8, or with n-hexane-EtOAc (2 : 1) for 7a, 7b and
7¢. Physical and analytical data are collected in Table 1.

6a: '"H-NMR: 1.7 (2H, H-1-exo, H-2-ex0), 1.4 (H-1-endo), 1.25 (H-2-endo), 4.9 (H-3), 2.3 (H-4), 3.0 (H-
5), 4.8 (H-6), 7.3 (H-10), 7.1 (H-11), 2.3 (H-13), 2.9 (2H, N(H)CH,), 3.2 (2H, NCH,). *C-NMR: 28.8 (C-
1), 28.6 (C-2), 78.0 (C-3), 52.0 (C-4), 56.4 (C-5), 78.8 (C-6), 177.7 (C-7), 89.6 (C-8), 141.3 (C-9), 125.5
(C-10), 129.8 (C-11), 137.9 (C-12), 21.4 (C-13), 42.0 (NHC), 46.2 (NC). H-MS: 284.1492 (C;7H20N,0,),
MS: m/z (%) 284 (60), 269 (7), 254 (26), 240 (15), 210 (6), 193 (24), 184 (3), 170 (4), 159 (100), 131
(16), 118 (4), 105 (3), 91 (4), 77 (1), 65 (2), 41 (2).

6b: '"H-NMR: 1.7 - 1.3 (4H, H-1, H-2), 3.7 (H-3), 2.4 (H-4), 2.8 (H-5), 4.8 (H-6), 7.0 (i-I~10), 7.5 (H-10a),
7.1 (H-11), 7.2 (H-11a), 2.3 (H-13), 3.0 and 2.4 (NHCH), 1.2 and 1.8 (CH>), 1.5 and 1.8 (CHj), 2.6 and
3.9 (NCH,). '*C-NMR: 29.6 (C-1), 28.2 (C-2), 79.8 (C-3), 56.2 (C-4), 53.6 (C-5), 78.1 (C-6), 175.1 (C-7),
86.1 (C-8), 138.7 (C-9), 127.0 (C-10), 127.2 (C-10a), 129.0 (C-11), 129.8 (C-11a), 138.2 (C-12), 21.4 (C-
13), 42.6 (NHC), 33.0 (NHCC), 24.8 (NCC), 41.2 (NC). H-MS: 312.1812 (C;9H24N;0,), MS: m/z (%)
312 (50), 282 (8B), 268 (19), 254 (23), 240 (14), 221 (100), 198 (5), 187 (54), 170 (5), 131 (9), 118 (6),
105 (2), 91 (4), 70 (23), 68 (2), 41 (2).

7a: 'THANMR: 1.5 (2H, H-1), 1.4 (2H, H-2), 3.8 (H-3), 2.7 (H4); 2.9 (H-5), 4.6 (H-6), 7.2 (H-10), 7.4 (H-
102), 7.3 (2H, H-11), 2.3 (H-13), 3.4 (OCH,), 2.8 (NCH,). *C-NMR: 28.5 (C-1), 27.3 (C-2), 77.6 (C-3),
50.7 (C-4), 53.6 (C-5), 77.7 (C-6), 180.9 (C-7), 103.0 (C-8), 134.5 (C-9), 128.5 (C-10), 126.7 (C-10a),
129.5 (C-11), 126.0 (C-11a), 137.7 (C-12), 20.8 (C-13), 62.8 (OC), 42.9 (NC). H-MS: 285.1351



(Ci7H19NO3), MS: m/z (%) 285 (77), 270 (17), 254 (100), 240 (57), 210 (9), 194 (12), 170 (4), 162 (31),
160 (25), 131 (14), 119 (12), 105 (5), 91 (10), 77 (2), 68 (5), 41 (2), 39 (2).

7b: 'TH-NMR: 1.5 (2H, H-1), 1.4 (2H, H-2), 3.6 (H-3), 2.7 (H-4), 2.9 (H-5), 4.6 (H-6), 7.1 (H-10), 7.4 (H-
10a), 7.3 (2H, H-11), 2.3 (H-13), 3.5 (OCH), 1.1 (OCCH), 3.0 (NCHy). '*C-NMR: 28.5 (C-1), 27.3 (C-2),
77.6 (C-3), 51.0 (C-4), 53.5 (C-5), 77.7 (C-6), 180.9 (C-7), 103.3 (C-8), 135.0 (C-9), 128.4 (C-10), 126.4
(C-10a), 129.5 (C-11), 126.1 (C-11a), 137.6 (C-12), 20.8 (C-13), 71.1 (0OC), 20.5 (OCCH3), 49.9 (NC).

H-MS: 299.1499 (C,3H2:NO3), MS: m/z (%) 299 (66), 284 (29), 254 (100), 240 (56), 208 (9).

7c: 'THANMR: 1.7 (H-1-exo), 1.45 (H-1-endo), 1.55 (H-2-exo), 1.3 (H-2-endo), 2.4* (H-4), 2.95* (H-5)
(*interchangeable data), 4.8 (H-6), 7.4 (H-10), 7.1 (H-10a), 7.2 (H-11), 7.3 (H-11a), 2.3 (H-13), 3.8

(OCH,), 1.9 (CHa), 4.1 (NCH,). '*C-NMR: 29.4 (C-1), 28.4 (C-2), 78.8 (C-3), 54.9° (C4), 52.6° (C-5),
78.4 (C-6), 175.5 (C-7), 96.8 (C-8), 133.9 (C-9), 127.0 (C-10), 129,1 (C-10a), 129.7 (C-11), 130,2 (C-

11a), 138.6 (C-12), 21.5 (C-13), 63,0 (OC), 25,7 (OCC), 37.5 (NC). H-MS: 299.1529 (C,sH2;NO3), MS:

m/z (%) 299 (51), 268 (42), 254 (100), 224 (5), 208 (82), 174 (11), 141 (1), 119 (13), 105 (2), 91 (7), 68

(2), 65 (2), 41 (2), 39 (1).

8: 'H-NMR: 1.8 (H-1-ex0), 1.5 (H-1-endo), 1.8 (H-2-ex0), 1.5 (H-2-endo), 5.3 (H-3), 2.7 (H-4), 3.1 (H-5),
4.9 (H-6), 7.3 (H-10), 7.5 (H-11), 2.3 (H-13), 6.7 (1H), 6.8 (1H), 6.9 (1H), 7.5 (1H), 4.5 (NH). *C-NMR:

28.2 (C-1), 29.5 (C-2), 78.7 (C-3), 53.5 (C-4), 57.4 (C-5), 79.4 (C-6), 176.1 (C-7), 89.5 (C-8), 143.9 (C-9),
123.9 (C-10), 116.1 (C-11), 138.4 (C-12), 21.4 (C-13), 138,4 (s, 1C), 142,7 (s, 1C), 111.9 (d, 1C), 126.1

(d, 1C), 1209 (d, 1C), 116.1 (d, 1C). H-MS: 332.1695 (C2;H20N202), MS: m/z (%) 332 (79), 303 (2), 241

(64), 208 (100), 124 (3), 91 (2), 68 (2).

1,4-Epoxy-9,12-methano-5-p-tolyl-8H-1,2,3,4,42,8a,9,10,11,12,12a,13b-dodecahydrophthalazi-
nof1,2-b}jquinazolin-8-one (9), 8,11-epoxy-7-p-tolyl-7a,8,9,10,11,11a-hexahydro-4H-pyrimi-
do[2,1-a]phthalazin-4-one (10)

A mixture of 3a (2.60 g, 0.01 mol) and diexo-3-aminobicyclo[2.2.1]heptane-2-carbohydrazide (1.69 g,
0.01 mol) or diendo-3-aminobicyclo[2.2.1]hept-5-ene-2-carbohydrazide (1.67 g, 0.01 mol) in toluene
(30 mL) was refluxed for 16 h, a Dean-Stark water separator being applied. After evaporation, the residue
was dissolved in CHCI3 (20 mL). The solution containing 9 was transferred onto a silica gel column
(ACROS, 0.035-0.07 mm) and eluted with EtOAc; the solution of 10 was transferred onto an Al,03
column (ACROS, basic, 50-200 ) and eluted with EtOAc—n-hexane (2 : 1). Both of the residues were
crystallized.

9: '"H-.NMR: 1.8 (H-1), 1.4+ 1.7 (H-2-exo, H-2-endo)* (the assignments of exo and endo may be
reversed), 4.55 (H-3), 3.16 (H-4), 3.0 (H-5), 4.9 (H-6), 7.65 (H-10), 7.15 (H-11), 2.3 (H-13), 2.75 (H-15),
3.75 (H-16), 2.45 (H-17), 1.2 + 1.4 (H-18-exo, H-18-endo),” 1.7 + 1.5 (H-19-exo, H-19-endo),” 2.7 (H-20),
1.2 + 1.4 (H-21). *C-NMR: 28.9 (C-1), 30.3 (C-2), 83.4 (C-3), 42.8 (C-4), 46.7 (C-5), 86.7 (C-6), 144.4



(C-7), 149.6 (C-8), 133.2 (C-9), 127.0 (C-10), 129.8 (C-11), 140.8 (C-12), 21.7 (C-13), 165.7 (C-14),
50.1 (C-15), 62.7 (C-16), 46.4 (C-17), 26.5 (C-18), 30.0 (C-19), 44.5 (C-20), 34.7 (C-21). H-MS:

375.1965 (C23HsN30y), MS: m/z (%) 375 (100), 346 (24), 332 (95), 306 (34), 278 (5), 264 (6), 238 (5),
212 (4), 208 (4), 169 (2), 129 (1), 121 (3), 115 (2), 91 (2).

10: "H-NMR: 1.6-2.0 (m, 4H, H-1, H-2), 4.7 (H-3), 3.4 (H-4), 3.4 (H-5), 5.1 (H-6), 7.7 (H-10), 7.2 (H-11),
2.3 (H-13), 6.4 (COCH), 7.71 (NCH). *C-NMR: 24.3 (C-1), 30.3 (C-2), 84.0 (C-3), 43.4 (C-4), 46.8 (C-

5), 86.4 (C-6), 151.7 (C-T), 155.5 (C-8), 132.1 (C-9), 127.7 (C-10), 130.0 (C-11), 142.3 (C-12), 21.9 (C-

13), 148.5 (NC=0), 115.8 (O=CC), 151.5 (NC). H-MS: 307.1305 (C15H7N:05), MS: m/z (%) 307 (37),

278 (9), 264 (100), 250 (10), 238 (74), 209 (6), 169 (11), 153 (6), 134 (5), 128 (9), 115 (16), 106 (4), 91

(20), 80 (7), 70 (9), 65 (12), 53 (8), 41 (12), 39 (10).
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Summary. Cyclization of di-exo-aroylnorbornanecarboxylic acid with bidentate nucleophiles (hydra-
zine, o-phenylenediamine, o-aminophenol, alkylenediamines, and amino alcohols) yielded heterotri-,
tetra-, and pentacycles. Their structures were established by means of NMR spectroscopy, with the
application of HMQC, HMBC, DEPT, DIFFENOE, and COSY methods.

Key words. Heterocycles; Bicyclo[2.2.1]heptane derivatives; Cyclizations; Isoindolones.

Introduction

By reactions of di-endo-3-aroylbicyclo{2.2.1]heptane- or -heptene-2-carboxylic
acids with bifunctional reagents (amino alcohols, diaminoalkanes, o-aminophenol,
and o-aminothiophenol) a large number of condensed heterocycles have been
synthesized {1-4]. The results show that the starting configurations of the nor-
bornane amino acids are generally retained in the products. As the synthesis of the
stereoisomeric di-exo derivatives has not been reported, the di-endo norbornene
dicarboxylic anhydride 1 was now transformed to the known di-exo anhydride 2 by
heating [5]. Only a few data were found in literature concerning the epimerization
of di-endo norbornane derivatives [5-7]. The objective of this work was to prepare
the previously unknown di-exo derivatives from 2 and to compare them with the
di-endo-fused heterocycles [1].
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Results and Discussion

For preparation of the di-exo-condensed norbornane heterocycles, we isomerized di-
endo-bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic anhydride (1) to the di-exo ana-
logue 2 by heating to 190°C (Scheme 1) [5]. To avoid the addition of the aromates to
the double bond in the presence of AlCl; [2], 2 was saturated by catalytic hydro-
genation to furnish 3 [6]. The Friedel-Crafts acylation of toluene with 3 led to di-exo-
3-toluoylbicyclo[2.2.1]heptane-2-carboxylic acid 4. As the oxocarboxylic acid 4
readily isomerizes to the endo aroyl derivative 5, e.g. on boiling with HCl in toluene,
and the esterification also affords the endo-aroyl-exo-methoxycarbonyl derivative 6,
4 was reacted with hydrazine to yield the methylene-bridged di-exo-hexahy-
drophthalazin-4(3H)-one 7. With alkanolamines, the methanooxazolo- 8 and -oxa-
zinoisoindolones 9 were obtained. On cyclization with alkylenediamines 4 resulted
in imidazo- 10a, 10b, pyrimido- 11, and 1,3-diazepinoisoindolones 12, while
with o-aminothiophenol, o-aminophenol, and o-phenylenediamine, the pentacyclic
benzthiazolo 13, -oxazolo 14, and -imidazo derivatives 15 were obtained.

190G M Hz/Pd LG M
M

toluene
AlCl3

OH HN- NHz H
\
N

OR MeOH/H +

toluene/H "‘

5R=H
6 R= Me
8
0
3a
AN, ®
6 T 4 5
S 2 4"
=
13 14 X=0 8 ¥eH S X=0 =1
15 X=NH R T e S e
10a Y=H X=NHn=1
10b Y=Me, X=NH,n=1
11 Y=H X=NH.n=2
Ar = p-tolyl 12 Y=H X=NH§n=3

Scheme 1
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Table 1. '"H NMR data of compounds 4-9, 10a, 10b, and 11-15"

norbornane moiety

CH, 2xd H-32° H-4¢ H-5° H-6° H-7¢ H-7a
2 x 1H)®
4 1.13 18601 290 24051130 1535411 30} 15355247 1357
5 1311069 e 400 5263 1138 151« 104 190 526352320
6 136245 g8t 1300 D635 143 157 k12 126 37135411
7 1.18 ~145t 306 285 ~145 1.54 ~1.45 167 . 245:42:67
85026 124l 046 - 240 192 144  1.09 130501345057
070195 1075 257 237 1) FA1E EE00 1225510 e 0 o1
10a 0.88 1360 7231 F a3 1 10 1:37. 25103 1.50. 155 264
10b  0.80 120 =2.285 9.55 4100 Ta0 1T 144 148 264
11 0.82 1931220 g8% in-gakanieg 93} 1.50 - 1.03 ~1iac 130 s ] 08
12:° 069 0988140 5319 BRI ST 145 1.08 131 Ls5E 8924
13 0.92% - 10480 310727 1.20 YA5 e 1332 157 184 ' ~3.0
14 102 (115000 2875 1264 o1 158 ) 1.52 (2H) 2 gekulen 46
15 '~15 1.21 2.78 ~1.15' (2H) 1.51 (2H) 274 239
p-tolyl substituent”
CH,# ArH-2'6' ArH-3'.5
4 2.34 7.79 7.27
5 2.34 7.84 7.20
6 2.41 7.92 7.27
7 231 7.52 713
8 2.31 ~7.14% 707 ~7.14% 7.34
9 2.33 7.05. - 7.325 T2 730"
10a 2.35 7.15 17.46 7.08 7.22
10b 298 7.07 7.38° 7.00 7.16
11 2.39 7.06 7.58° 17357
12 2.35 691 7.53 7.09 7.23
13 2.30 ~6.95 ~7.1 ~1.2 ~1.5
14 2.24 7.31 7.08
15 2.23 7.18 7.07

* In CDCl; solution at 500 MHz; chemical shifts in ppm (87345 =0 ppm), coupling constants in Hz;
assignments were supported by HMQC and HMBC measurements, for 4, 8, 9, 10b, 12, 13, and 15 also
by DIFENOE, and for 10a, 10b, and 12 by COSY experiments; ® AB-type spectrum: 2 x d, J = 9.6 (4),
10.0(5-9),10.5(10a, 10b, 11, and 12) Hz, §H(exo0) < §H(endo) for4—6,8,9,10b, 12, and 13;° doublet,
J=9.5(4and7),5.0(5and 6), 8.0 (8,9,and 10a),8.2 (11), 8.7 (12), 7.3 (15) Hz; * ~s(1H);® 2-4 x m
(4H), 6H(exo) > 6H(endo); T doublet, J: the same values as for H-3a 4,7,8,9,10a, 11, 12, and 15),
J=7.4(13),dt,J=5.0 and 1.5°(5 and 6) Hz, broad coalesced signal of fine structure (10b); & s (3H);
" rudimentary AA'XX'-type spectrum: 2 x ~d (2 x 2H), J = 8.0 (4-7, 14 and 15) Hz, due to hindered
rotation-separated AB and A,-type spectra: 2 X d (2 x 1H), J=28.0 (8 and 9) Hz, and s (2H), 2 x AB
(approx.), J=7.8 and 7.6 (10a, 10b), 7.9 and 7.2 (11) Hz, 2 xdand 2 X dd, J=7.8, 1.9 and 8.0, 1.7
(12) Hz, four broad coalesced signals of fine structure (13); /¥ overlapping signals; /m/m further split
to dd/qad/td due to *J long-range couplings; ® broadened signal
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In conclusion, the isomerization of di-endo-norbornenedicarboxylic anhydride
1 to the di-exo derivative 2, followed by reduction and Friedel-Crafts acylation
provides the di-exo-aroylnorbornane carboxylic acid 4, which can be advan-
tagously applied to the syntheses of di-exo-fused norbornane heterocycles: the
condensed benzthiazolo, -oxazolo, and -imidazo compounds, ezc.

Table 2. '*C NMR chemical shifts® of compounds 4-9, 10a, 10b, and 11-15> ©

norbornane® pyrrolidinone®
CH,* C-3a C-4 (et C-6 C-7 C-7a C-1 C=0
4 36.1 52.7 41.3 29.5 29.2 39.8 52.9 199.5 174.7
5 39.6 472 4231 28.9 24.0 424 53.1 199.2 181.0
6 39.5 472 42.3 29.0 24.1 424 53.3 199.4 176.1
1 36.1 44.2 444 29.5 29.2 453 46.2 149.4 166.9
8 34.1 49.9 39.5 28.4 28.5 39.1 53.2 104.2 183.6
9 33.9 51.0 38.8 28.8 28.3 39.5 53.3 96.8 171.5
10a 34.2 50.4 39.6 28.7 2818 39.7 54.5 91.3 182.3
10b 343 50.5 39.5 28.6 28.9 39.7 543 91.8 182.1
11 342 51.8 38.9 28.5 29.2 40.0 54.3 82.7 176.5
12 34.2 52.9 38.9 28.8 28.9 40.8 55.0 86.5 177.5
13 343 5511 40.5 28.6' 28.6' 40.0 50.6 90.2 179.3
14 35.8 55.3 40.5 27.5 29.0 39.0 52.9 106.6 179.9
15 35.4 55.6 40.0 299 29.7 40.1 52.9 90.0 178.3
CH,/CH/C,," p-tolyl group
NC' b (o CHy Gl Cc-2"6" c-3"s" c-4""
4 e = 21.9 135.6 128.9 129.9 143.6
5 & = 220 134.8 129.1 129.7 1443
6 2 = 220 134.9 129.1 129.7 144.2
7 5 = 517 133.3 126.5 129.6 140.0
8 443 63.2 21.6 135.5 126.3 130.5 127.5 129.1 138.2
9 37.9 62.6 215 135.0 127.7 128.3 129.6 130.9 138.1
10a 442 445 21.5 136.4 126.7 127.8 128.3 129.9 137.7
10b 51.6 53.0 2L5 ~137% 126.4 127.6 128.4 130.0 137.7
11 38.7 415 21.5 136.0 128.2 128.3 128.8 130.3 137.6
12 418 426 214 139.2 125.9 128.3 128.4 130.1 137.7
13 133.5 139.5 915 138.5 124.9 128.4 128.0 129.5 137.7
14 128.9 152.4 215 141.6 1247 129.6 138.7
15 129.7 142.7 214 144.7 123.7 130.0 138.1

? In ppm (87ms=0ppm) at 126 MHz; solvent: CDCl; or DMSO-d¢ (for 4, 8, and 9); L assignments
were supported by DEPT, HMQC, and HMBC measurements; ¢ further lines, OCH3: 52.2 (6); CCH3:
19.8 (10b); CCH,C-type carbon™ 27.1 (11), 24.7 and 33.1 (12); C4H (condensed benzene ring™),
C-3':127.5 (13), 110.3 (14), and 111.2 (15); C-4": 125.7 (13), 126.8 (14), and 126.1 (15); C-5': 123.2
(13), 121.8 (14), and 120.6 (15), and C-6': 120.6 (13), 117.4 (14), and 116.4 (15); ¢ bridging
methylene group; /™ pumbering: see 8-12 /13-15 (Scheme 1); T carbon bound to the amide nitro-
gen; 8 X=NH (10a, 10b, 11, 12, and 15), O (8, 9, and 14), S (13); " in hetero ring with two hetero
atoms; ' interchangeable assignments; ¥ the line hidden by noise was identified from the HMBC
spectrum; | two overlapping lines
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The spectral data on the new compounds (4-15) (Tables 1-4) are proof of the
presumed structures. Only a few additional remarks are necessary.

In accord with the “splitting rule” [8, 9]% the di-exo structure of 4 and 7-15 is
obvious from the 8.4 & 1.1 Hz doublet split of the H-3a and H-7a signals. This high
splitting value is in accord with the dihedral angle of 0°; further splits (from the
3a,4 and 7,7a vicinal H,H interactions) are not observed also as expected from the
Karplus relation [10]: the dihedral angles are ~90°. The H-7a signal for 5 and 6 is
split into a double triplet by 5.0, 1.5, and 1.5Hz [H-3a,7a, 7,7a, and 7a,8(exo)
interactions], which confirms the endo position of the tolyl group, while the H-
3a signal (in accord with the endo position of this H) exhibits an unaltered doublet.
(For comparison of the spectroscopic data, the numbering in the Scheme is applied
in this part and in Tables 1-4.)

As rotation of the tolyl group in 8-13 is hindered, the ArH-2',6' and ArH-3',5'
signals appear separately in the 'H and '3C NMR spectra. The condensed planar
benzene ring in 14 and 15 leads to a change in the C-1 configuration, and the
endo situation of the tolyl group (as proved by DIFFNOE experiments, which
demonstrate the close-lying position of H-7 and H-7a to the ortho-hydrogens of
the tolyl group in 15) allows free rotation (Table 4). The C-1 configuration in 13 is
unaltered relative to 8—12, and the more bulky S atom distorting the whole tetra-

Table 3. Characteristic IR wavenumbers (cm™") of compounds 4-9, 10a, 10b, and 11-15, in KBr
discs

vOH*® or vC=0 Amide-] vC-0O band ~-CaH band
vNH band band® band® ester or p-di-subst. o-di-subst.
ether group benzene ring benzene ring
4 3500-2500 1705 1673 - 824 -
5 3250-2250 1699 1668 - 851 -
6 - 1727 1671 1179, 1233 817 -
7 3250-2000 - 1664 - 813, 824 -
8 - - 1716 1008 826 -
9 - - 1697 1026 821 -
10a 3276 - 1679 - 816, 825 -
10b 3244 - 1676 - 827 -
11 3293 - 1673 - 826 -
12 3305 - 1660 - 808, 825 -
13 - - 1717 - 849 744, 756
14 - - 1716 1225 822 744
15 3300 - 1693 - 819 736

® JOH band (4 and 5); ® COOH (4 and 5) or COOMe group (6); © ¥C=0 band of conjugated ketone
group (4-6)

? Due to the ~90° dihedral angles, for the di-exo compounds, the vicinal H-3a,4 and H-7,7a
interactions cause no double splits of the H-3a and H-7a signals, while these couplings lead to
the split by 2-4 Hz in the di-endo-molecules where the dihedral angles are about 30°. As a conse-
quence, the H-3a, H-7a atoms have a doublet in the di-exo derivatives and double doublet signals in the
di-endo analogues
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Table 4. Results of DIFFNOE experiments with compounds 8, 9, 10b, 12, 13, and 15°

Saturated Responding signals
signal 7

H-8(endo) H-6(ax)° H-3 H-7 H-7a
ArH-2,6° 8,9, 10b, 12, 13 8,912 10b 15 15

 Interacting pairs showing only trivial effects (NOE between geminal or vicinal hydrogens) are not
included in this table; responses relevant for stereostructures are exclusively given; all experiments
were also executed in opposite sence (in the complementary measurements, the responding signals of
the first experiments were irradiated, when intensity enhancements were observed for all signal
saturated previously); ® endo-H of the bridging group; ¢ exo-H of the NCH, group; 9 the ArH-2
and ArH-6 signals of the tolyl group appear separated in case of 12 and both give mutual NOEs with
the H-8(endo) and H-6/(ax) signals

cyclic skeleton forces the tolyl group close to the bridging CH,. Hence, between
these moieties, the tolyl group is unable to rotate freely, similarly as in 8-12. In
8-13, the aromatic ring is situated near to the bridging CH, and its anisotropic
shielding results in an upfield shift of the signals of this CH, (0.69-0.92 and
0.98-1.36 ppm for 8-13, and 1.02-1.36 and 1.15-1.78 ppm for 5-7, 14, and 15).

The direct proof of this C-1 configuration is provided, for instance, by the
DIFFNOE measurements on 9 and also on 13, which demonstrate the steric close-
ness of the H(endo) atom of the bridging CH, and the ortho-hydrogens of the tolyl
group: upon saturation of the signal of one of these two types of hydrogens the
other responded. Such an effect is absent in case of 15, while a strong DIFFNOE on
the Hp,-2/,6' signals was observed when H-7a was irradiated.

The different C-1 configuration in 13 and 14, 15 follows directly from the
dramatic difference, for example, in the 'H chemical shifts of H-7 (1.84 ppm for
13, but 2.88 for 14 and 2.74 ppm for 15).

The presumed hindered rotation in 8-13 was confirmed by the temperature
dependence of the "H NMR spectrum of 10a.

Experimental

IR spectra were run in KBr disks on a Bruker IFS-55 FT-spectrometer controlled by Opus 3.0 software.
The 'H and *3C NMR spectra were recorded in CDCl5 solution in 5 mm tubes at RT on a Bruker DRX-500
spectrometer at 500.13 ("H) and 125.76 (**C) MHz, with the D signal of the solvent as the lock and TMS
as internal standard. The VI-NMR measurements were carried out in DMSO-dg from 298 to 353K
on Bruker AM 300 equipment. The standard Bruker microprogram NOEMULT was used to generate
NOE [11] and to acquire DIFFNOE spectra [12, 13] with a selective pre-irradiation time. DEPT spectra
[14] were run in a standard manner [15], using only a @ = 135° puise to separate the CH/CHj; and CH,
lines phased “up” and “down”. The 2D-COSY [16a, 17a], HMQC [16b, 17b] and HMBC [18, 19]
spectra were obtained by using the standard Bruker pulse programs COSY-45 INV4GSSW and
INV4GSLRNDSW. The results of elemental analyses agreed satisfactorily with the calculated values.

di-exo-Bicyclo[2.2.1]heptane-2,3-dicarboxylic anhydride (3, CoH;003)

In an autoclave, a mixture of 65.66 g of 2 (Acros 32059) and 2 g of 5% Pd—C in 1000 cm’ of dry THF
was stirred for 24 h at 4 % 10° kPa with H,. The solid was then removed by filtration and the filtrate was
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evaporated. On crystallization from Ef,O/n-hexane, the residue gave 58.5 g (88%) of 3. Mp 78-79°C.
NMR data correspond with those given in Ref. [6).

3-exo-p-Toluoylbicyclo[2.2.] Jheptane-2-exo-carboxylic acid (4, Cy¢H;303)

Anhydride 3 (16.6 g) was dissolved in 100 cm”® of dry toluene and 30.66 g of powdered anhydrous AICl;
were added slowly with continuous stirring at RT. Stirring was continued for4 h, and the mixture was kept
at RT ovemight. The mixture was next decomposed with 100g of ice and 20 cm® of 36% HCI and
extracted with 3% 50 cm® of CH,Cl,. The extract was washed with H,0, dried (Na,SO,), and evaporated.
The residue was crystallized from EtOAc/n-hexane [20]. Yield 16.3 g (63%); mp 164-166°C.

3-endo-p-Toluoylbicyclo[2.2.1 Jheptane-2-exo-carboxylic acid (5, Cy6H;503)

A mixture of 1.29 g of di-exo-3-p-toluoylbicyclo{2.2.1]heptane-2-carboxylic acid (4) and 2 drops of
36% HCl in 10cm® of toluene was refluxed for 3h. Afier evaporation, the residue was crystallized.
Yield 0.95 g (74%); mp 129-131°C (E1,0/petroleum ether, bp 40—-60°C).

Methyl 3-endo-p-toluoylbicyclo{2.2.] Jheptane-2-exo-carboxylate (6, Cy7H2003)

A mixture of 1.29 g of 4 and 0.20 cm® of conc. H,SO4 in 20 cm’® of MeOH was refluxed for 2h. After
evaporation of the solvent, 30 em? of H,0 were added and the mixture was extracted with 3 x 10 cm?®
of diethy] ether. The extract was dried (Na;S0,) and, after removal of the solvent, the residue was
crystallized. Yield 1.06 g (78%); mp 67-68°C (Et,0/petroleum ether, bp 40-60°C).

5,8-Methano-4-p-tolyl-4a,5,6,7,8,8a-hexahydro-2H-phthalazin-1-one (7, C16HygN20)

A solution of 1.29 g of 4 and 0.5 g of hydrazine hydrate in 10cm® of EfOH was refluxed for 4h and
was concentrated under vacuum to half of its volume. On standing, the product 7 separated and was
removed by filtration. Yield 0.91 g (72%); mp 208-210°C (E1OH).

General Procedure for the Preparation of 8, 9, 10a, 10b, 11, 12, 13, 14, and 15

A mixture of 1.29 g of 4, 0.46 g of ethanolamine, or 0.56 g of 1-amino-2-propanol, or 0.56 g of 1-
amino-3-propanol, or 0.45g of ethylenediamine, or 0.56 g of 1,2-diaminopropane, or 0.56g of 1,3-
diaminopropane, or 0.66g of 14-diaminobutane, or 0.93g of 2-aminothiophenol, or 0:82g of
2-aminophenol, or 0.81 g of 1,2-diaminobenzene, and 0.05 g of PTSA in 10cm® of dry chlorobenzene
was refluxed for 10h. The solvent was evaporated, the residue was dissolved in 5 cm’ of CHCl,, and
the solution was transferred to an Al,O; column (Acros, basic, 50-200 1) and eluted with n-hexane:
EtOAc (2:1) for 8, 9, 13, 14, and 15 or with EfOAc:n-hexane (2:1) for 10a, 10b, 11, and 12.

6,9-Methano-9b-p-tolyl-2,3,5a,6,7,8,9,9a-octahydrooxazolo[ 2, 3-a]isoindol-5-one
(8, CygH2NOy)

Yield 0.68 g (48%); mp 162-163°C (i-Pr;0).

7,10-Methano- 10b-p-tolyl-3,4,6a,7,8,9, 10, 10a-octahydro-2H-[1,3]
oxazino[2,3-alisoindol-6-one (9, C,0H23NO,)

Yield 0.56 g (38%); mp 163~164°C (i-Pr,0).
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6,9-Methano-9b-p-tolyl-2,3,5a,6,7,8,9,9a-octahydroimidazo[ 2, 3-a}isoindol-5-one
(10a, C;gH3,N,0)

Yield 0.75 g (53%); mp 183-184°C (EtOAc/i-Pr,0).

6,9-Methano-2-methyl-9b-p-tolyl-2,3,5a,6,7,8,9,9a-octahydroimidazo[2,3-ajisoindol-
5-one (10b, C]QHuNzo)

Yield 0.72 g (49%); mp 181-183°C (i-Pr;0).

7,10-Methano-10b-p-tolyl-1,2,3,4,6a,7,8,9,10,10a-decahydropyrimido[2,3-a]isoindol-
6-one (11, C;0H24N,0)

Yield 0.83 g (56%); mp 205-206°C (i-Pr,0).

8,10-Methano-11b-p-tolyl-2,3,4,5,7a,8,9,10,11,1 1 a-decahydro[1,3}di
azepino[2,3-ajisoindol-7-one (12, CygH26N,0)

Yield 0.64 g (41%); mp 171-173°C (i-Pr,0).

6,9-Methano-9b-p-tolyl-5a,6,7,8,9,9a-hexahydrobenzthiazolo[2,3-a]isoindol-5-one
(13, C,H;NOS)

Yield 0.62 g (36%); mp 171-172°C (i-Pr,0).

6,9-Methano-9b-p-tolyl-5a,6,7,8,9,9a-hexahydrobenzoxazolo[2,3-a}isoindol-5-one
(14, C,H;NO,)

Yield 0.70 g (42%); mp 145-147°C (i-Pr;0).

6,9-Methano-9b-p-tolyl-5a,6,7,8,9,9a-hexahydrobenzimidazo[2,3-ajisoindol-5-one
(15, CoHz2N,0)

Yield 0.78 g (47%); mp 232-234°C (EfOAc).
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Application of furan as diene: Preparation of condensed 1,3-oxazines

by retro Diels-Alder reaction

Géza St4jer, ™ Ferenc Mik16s,®), Ivan Kanizsai,™! Ferenc Csende,™ Reijo Sillanpaa™
and P4l Sohar®
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di-exo-3-Amino-7-oxabicyclo[2.2.1]hept-5-ene-2-methanol 3 was reacted with oxocarboxylic acids
(p-toluoylpropionic acid, cis- or trams-p-toluoylcyclohexanecarboxylic acid, -benzoic acid or
methanobenzocyclooctenecarboxylic acid) to furnish the oxanorbormene-fused pyrrolo[1,3]oxazine
4, isoindolo[1,3]benzoxazines § and 6, and methanobenzocyclooctenepyrrolo[1,3]Joxazine 10, to-
gether with the retro Diels-Alder products 7-9 and 11. On boiling in chlorobenzene, furan was
removed from the oxanorbornene heterocycles 5 and 10 to give the retro Diels-Alder products 8 and
. 11. The structures of the new compounds were established by means of NMR spectroscopy and (for

6 and 9) also by X-ray measurements.

Introduction

Numerous heteromonocycles and condensed heterocycles have recently been synthetized by
cyclization of di-endo- and di-exo-3-aminobicyclo[2.2.1]hept-5-ene-2-carboxylic acids with difunc-
tional compounds, followed by a retro Diels-Alder (fDA) reaction.!'®! In the closing step of the
procedure, the cyclopentadiene (CP) is cleaved off by heating to the melting point or by boiling in
an organic solvent (chlorobenzene or toluene), resulting in 1,3-heterocycles as target compounds
that are difficult or impossible to obtain by other routes. The CP-fused parent molecules relatively
easily yield the tDA product alone, when the new ring containing the double bond has a “quasi-
aromatic” structure: a pyrimidinedione, thioxopyrimidinone or 1,3-oxazinone unit.

For synthetic applications, empirical observations suggest the application of dienes as em-
bedded adducts in the following sequence of rDA reactivity: furan > pyrrole > benzene > naphtha-
lene > fulvene > CP > anthracene > butadiene.!! Hence, we are currently constructing molecules on

furan instead of CP, with the expectation of removing the diene more easily and thereby obtaining
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2
heterocycles other than those with “quasi-aromatic” structures. To date, furan has been built into 7-
oxabicyclo[2.2.1]heptane, which is of huge potential as a useful intermediate in the synthesis of
compounds with complicated structures,””’ e.g. in the preparation of the biological active pamamy-
cin.'! The furan ring allows its removal from the adducts at lower temperatures, hence, it splits off

more easier than CP,”) and it has also been used as a trapping agent for active alkenes.™

Results

di-exo-7-Oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic anhydride!™'? 1 was prepared by
Diels-Alder addition from furan and maleic anhydride, as a key starting material for biologically
relevant compounds.[”] After ammonolysis of 1, the amide was transformed with hypochlorite by
Hoffmann degradation to di-exo-3-amino-7-oxabicyclo[2.2.1]hept-5-ene-2-carboxylic acid 2 (ob-
tained by another route in the literature!’?), which, on reduction with LAH, yielded the correspond-
ing 3-amino-7-oxabicyclo[2.2.1]hept-5-ene-2-methanol 3. On boiling in toluene with 3-(p-
toluoyl)propionic acid A, 2-(p-toluoyl)benzoic acid B or cis- (C) or trans- (D) 2-(p-toluoyl)cyclo-
hexane-1-carboxylic acid in the presence of a catalytic amount of PTSA, aminoalcohol 3 gave the
partly saturated epoxy pyrrolo[2,1-a][3,1]benzoxazinone 4 or isoindolo[3,1]benzoxazinones 5 and 6
(Scheme 1). From the reaction mixture, these and the rDA products pyrrolo[1,2-b][1,3]Joxazinone 7,
[1,3]oxazino[2,3-a]isoindolone 8 and frams-[1,3]oxazino[2,3-a]isoindolone 9 were isolated. The
starting stereoisomeric 2-(p-toluoyl)cyclohexane-1-carboxylic acids yielded the same frans-con-
densed derivative 9, i.e. the cis-p-toluoylcyclohexanecarboxylic acid C isomerized to the trans
compound D in the course of the reaction. Compounds 4-9 were isolated by column chromatogra-
phy and their structures were determined by means of NMR spectroscopy and (for the parent epoxy
compound 6 and the rDA product 9) also by X-ray analysis (Figure 1).

0

Figure 1. Perspective views of 6 and 9

Thermal ellipsoids have been drawn at a probability level of 30%
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The similar reaction of 3 with 10-oxohexahydromethanobenzocyclooctene-8-carboxylic acid
E gave the heptacyclic 10 and its rDA product 11. When 5 or 10 was boiled in chlorobenzene for
1 h, 8 and 11 were obtained in good yields by the loss of furan.

(0}
(0] (0] 0 H
OH
OH OH OH
o X 0 H H
(0]
Ar Ar Ar
A B C: cis, D: trans
E
Ar = p-tolyl
Scheme 1

The results demonstrate the advantages of the application of furan instead of CP in the retro-
diene synthesis. The main advantage is the preparation of heterocycles which have no oxo group on

the newly formed 1,3-oxazine ring. Thus, condensed heterocycles without a “quasi-aromatic” struc-
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ture could be prepared for the first time by this DA method. The process involves the incorporation
of the oxazine-fused heterocycles on the furan-diene, followed cleavage of the carrier part in the
closing thermolytic step. The application of furan extends the scope of the rDA reaction, because
formation of the new hetero ring requires neither an oxo nor a thioxo group to ensure the electron
demand and conjugation and permit incorporation of the heterocycles, as on CP. The easy loss of
furan promotes the formation of the new hetero ring. This rDA process does not require drastic
thermal conditions or special instruments such as in flash vacuum pyrolysis, and the heterocycles

can be obtained in good yields on a preparative scale.

Structure

The structures of compounds 2 and 4-11 were proved by the IR, 'H and '°C NMR spectral
" data; these are given in Tables 1 and 2. In the Tables and in the text of this part, the numbering of
pyrrolobenzoxazine 4 (Scheme 1) is used for all compounds. The C atoms of the condensed
benzene (5, 8, 10 and 11) and the cyclohexane rings (6 and 9-11) are numbered C-3'-6’ (5 and 8) or
. C-1-6'(10 and 11) and C-3"-6", respectively (see Scheme 1).

In consequence of the —/ effect of the C=C double bond on the N (imide-like structure),"!
the amide-I frequency of the rDA products (7-9) is higher by 6-21 cm™.

In 4-6 and 10, the unaltered di-exo annelation of the oxanorbornene moiety to the oxazine
ring is confirmed by the doublet split of the 5a-H (NCH) 'H NMR signal, in accordance with our
“splitting rule”: 4% in consequence of the ~90 ° dihedral angles, the 5a,6 and 9,9a vicinal H,H-
couplings do not cause a doublet split of the 5a-H and 9a-H signals for the di-exo compounds,
whereas these couplings lead to a well-detectable 2-4 Hz split for the di-endo molecules, in which
the dihedral angles are ~30 °. Because of the 5a-H,9a-H interaction, these protons give doublets for
the di-exo and double doublet signals for the di-endo derivatives. ,

In 4, the trans position of the tolyl group and 5a,9a-H relative to the ‘'oxazinone ring is
probable from the negative result of the DIFFNOE experiment: no NOE was observaed between the
ortho-hydrogens of the tolyl group and 5a,9a-H. This is indirect proof of the stereostructure in
Scheme 1. The analogous structure of 6 follows from the identical 'H and very similar °C NMR
chemical shifts of H/C-5a,9a and tfle OCH, group. In 6, the trans annelation of the cyclohexane ring
to the pyrrolidone is obvious from the double triplet split of the 2,3-H signals, which proves two
diaxial couplings for each of these hydrogens. With a preferred chair conformation for the cyclo-
hexane, the very strong shielding of 6"-H,, (0.45 ppm) evidenced the exo (trans to 5a,9a-H and 2-
H) orientation of the tolyl group (anisotropic shielding of the close-lying benzene ring.['%9 X-ray
measurements on 6 confirmed the presumed stereostructure (Fig. 1). Its tDA product 9 has an
analogous stereostructure: the trans annelation of the cyclohexane can be assumed from the double

triplet split of the 2,3-H signals and the similar sums of the 13C NMR shifts!"®! for this ring (203.5
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and 201.5 ppm for 6 and 9, respectively), while the exo (trans to 2-H) position of the tolyl group
follows from the 6"-H shift of 0.48 ppm. The X-ray results are in accordance with the above (Fig.
1) 8

Similarly as in 6, the analogous configuration of C-1a, i.e. the position of the tolyl substitu-
ent trans to the annelational 5a,9a-H in 5, follows from the similar shifts of H/C-9a, C-5a and C-10
(A8 =0.06/1.6, 1.1 and 0.3 ppm). As negative evidence, NOE was not observed for the tolyl ortho-
protons and the annelational hydrogens (5a,9a-H) in 5. Because of the different steric position of
5a-H and the tolyl group, the downfield shift of 5a-H (by 0.63 ppm) is opposite in sign to that
expected if the C-1a configuration had changed (endo tolyl group). This is a consequence of the
strained benzo-fused skeleton.

Because of the three common carbons with the condensed pyrrolidone ring, the homotri-
cyclic part of the heptacycle 10 and its rDA derivative 11 is rather rigid and contains the cyclo-
hexane ring in chair form, with 2,3,5"-H in cis—cis positions. For steric reasons, the C-1a configura-
tion must be R"; thus, the O atom is cis with 2,3-H relative to the pyrrolidone ring. Lying above the
" benzene ring, 3"-H is strongly shielded (its signal is at 1.15 and 0.72 ppm for 10 and 11, respec-
tively, shifted upfield as compared with all the other hydrogens in these molecules). The oxanorbor-
nene moiety is fused to the other part of the molecule (to the pentacycle in 11) in such a way that

the bridging O lies over the heterobicyclic part of the skeleton, close to 2,3-H (Fig. 2).

A Anisotropic shielding 4 NOE

Figure 2

The strong hindrance between the bridging O and the benzene ring means that the opposite
fusion, which would result in an extremely crowded structure, can be excluded for steric reasons.
The oxazine ring of 11 has a boat conformation, with N and the methylene C atom out of the plane
of the other four atoms. In the other relative stable conformation of oxazine (a sofa form with five
coplanar atoms and an out-of-plane O), the two ethereal oxygens would come rather close to each
other. As evidence of this steric arrangement, besides the geminal coupling of 11.2 Hz, the O-

methylene hydrogens have vicinal couplings of 11.8 and 5.8 Hz with 9a-H, in accordance with the
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dihedral angles of ~170 ° and ~50 °. For 10, the dramatic downfield shift of the 6-H singlet at
7.04 ppm (which appears in the interval 4.79-4.98 ppm in the '"H NMR spectra of 4-6) is further
evidence of this steric structure. This can be explained by the anisotropy of the carbonyl group!'®!
situated close to and coplanar with 6-H in the presumed conformation. In accordance with the

above, a strong NOE was observed between 6'-H and 5a,9a-H.

Experimental
IR spectra were run in KBr discs on a Bruker IFS-55 FT-spectrometer controlled by Opus

3.0 software. The 'H and "> C NMR spectra were recorded in CDCl; solution in 5 mm tubes at RT,
on a Bruker DRX-500 spectrometer at 500 ("H) and 126 ('3C) MHz, with the deuterium signal of
the solvent as the lock and TMS as internal standard. The standard Bruker micro program
NOEMULT to generate NOE!'"") and to get DIFFNOE spectral'5®'®) was used with a selective pre-
irradiation time. DEPT spectra”g] were run in a standard manner,*”! using only a ® = 135° pulse to
separate the CH/CH; and CH, lines phased “up” and “down”, respectively. The 2D-COSY,!?!%%]
. HMQC™'®22] anq HMBC?*?4 spectra were obtained by using the standard Bruker pulse programs
COSY-45 INV4GSSW and INVAGSLRNDSW, respectively.

X-ray data collection and processing
Crystallographic data were collected at 173 K on a Nonius Kappa CCD area-detector dif-

fractometer, using graphite monochromatized MoK, radiation (A = 0.71073 A). The data collection
was performed with @ and o scans. The data were processed with DENZO-SMN v0.93.0.1%")

Crystal data on 6. Cy;HasNOs, M, = 351.43, monoclinic, a = 8.7200 (4), b = 8.2127(4), 25.6171(15)
A, p=93. 827(2)° U = 1830.47(16) A%, T= 173 K, space group P2;/c (no. 14), Z = 4, u(Mo-K,) =
0.084 mm™, 3118 unique reflections (Ri, = 0.067), which were used in calculauons The final
wR(F?) was 0.0144 (all data).

Crystal data on 9 Ci3H;1NO,, M, = 283.36, triclinic, a = 8.0749 (3), b = 9.7002(4)', 9.9297(4) A, a
= 100.160(2) B=99.861(2), y=97.555(2)°,U = 743.71(5) A?, T =173 K, space group P-I (no. 2),

= 2, u(Mo—-K,) = 0.090 mm™, 2611 unique reflections (Riy = 0.040) which were used in
calculations. The final wR(F*) was 0.1177 (all data)

The structures were solved by direct methods with the SIR92 program,ml and full-matrix
least-squares refinements on F* were performed by using the SHELXL-97 program.’*”) For both, all
heavy atoms were refined anisotropically. The hydrogen atoms were included at the fixed distances
with fixed displacement parameters from their host atoms. Figures were drawn with Ortep-3 for

Windows.*®!



Supplementary data

Crystallographic data (excluding structure factors) for the structure(s) reported in this paper
have been deposited with the Cambridge Crystallographic Data Centre (CCDC) as supplementary
publication no. CCDC-235065 for 6 and CCDC-235066 for 9. Copies of the data can be obtained
free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [Fax: (internat.)
+ 44-1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].

Di-exo-3-amino-7-oxabicyclo[2.2.1]hept-5-ene-2-carboxylic acid (2): Di-exo-7-
oxabicyclof2.2.1]hept-5-ene-2,3-dicarboxylic anhydride (33.23 g, 0.2 mol) was added in portions to
a stirred solution of NH,OH (6%, 280 mL) at 0 °C. At this temperature, a cooled solution of NaOH
" (24.40 g, 0.61 mol) in water (110 mL) was added dropwise. After removal of the excess ammonia,
the mixture was diluted with water (330 mL) and NaOCI solution (2.04 M, 100 mL) was added
dropwise over a period of 1 h, with stirring and cooling. The solution was maintained at 70 °C for
’ 5 min, then cooled and adjusted to pH 2 with HCI (36%). After evaporation to dryness in vacuum,
the residue was extracted with hot EtOH (5%x100 mL). The alcoholic solution was evaporated down
and the residue was dissolved in water and transferred to a column of Dowex 50 ion-exchange resin
(in acid form). The column was washed with water until neutral, and the amino acid 2 was eluted
with a mixture of NH4OH (25%, 600 mL) and water (2400 mL). The residue from the evaporated
eluate was dissolved in water, the solution was filtered, and acetone was added until a turbidity
appeared. Yield: 16.45 g (53%), as a white powder.

Di-exo-3-amino-7-oxabicyclo[2.2.1]hept-5-ene-2-methanol (3): Amino acid 2' (5.0 g, 32 mmol)
was added to a stirred suspension of LiAlH, (3.15 g, 0.083 mol) in dry THF (200 mL) at 0 °C.
Stirring was continued for 8 h at room temperature. After standing overnight, the mixture was
cooled and a solution of water (7 mL) in THF (30 mL) was added dropwise. After filtration, the
filtrate was evaporated down to furnish the crude aminoalcohol as a yellow oil (3.45 g, 76%), which

was applied in the further reactions.

6,9-Epoxy-3a-p-tolyl-2,3,5a,6,9,9a-hexahydro-SH-pyrrolo[1,2-a][3,1]benzoxazin-1(2H)-one (4),

1,4-epoxy-6a-p-tolyl  1,4,4a,12a-tetrahydro-2 H-isoindolo[2,1-a}[3,1)benzoxazin-11(6aH)-one
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(5), 1,4-epoxy-6a-p-tolyl 1,4,4a,6b,7,8,9,10,10a,12a-decahydro-2H-isoindolof2,1-2][3,1]benz-

oxazin-11(6aH)-one (6), 8a-p-tolyl-dihydro-2H-pyrrolo[2,1-b][1,3]oxazin-6(7H)-one (7), 10b-p-
tolyl-3,4-dihydro-2H-[1,3}oxazino[2,3-a]isoindol-6(10bH)-one (8), 10b-p-tolyl-6a,7,8,9,10,10a-
hexahydro-2H-[1,3]oxazino[2,3-a]isoindol-6(6aH)-one ), 1,4-epoxy-7,9-ethano-
4,4a,7,7a2,8,9,15,15a-octahydro-1H,6 H-benzo[6,7]indolo{1,7a-a][3,1]benzoxazin-6-one (10) and
11,13-ethano-11,11a,12,13-tetrahydro-6H,10H-benz[g][1,3]oxazino[2,3-i]indol-10-one (11) -
General procedure: A mixture of aminoalcohol 3 (1.41 g, 0.01 mol), oxoacid [(0.01 mol): 3-(p-
toluoyl)propionic acid (1.92 g) or cis- or trans-2-(p-toluoyl)cyclohexane-1-carboxylic acid (2.46 g)
or 2-(p-toluoyl)benzoic acid (2.40 g) or 10-oxohexahydro-5,9-methanobenzocyclooctene-8-carbox-
ylic acid® (2.30 g)] and PTSA (0.05 g) in dry toluene (30 mL) was refluxed for 8 h with the
. application of a water separator. After the solvent had been evaporated off, the residue was
dissolved in CHCl; (10 mL), transferred to a silica gel column (Kieselgel 60 Merck, 0.040-
0.063 mm) and eluted first, with n-hexane-EtOAc (4:1) for the rDA products 7-9 and 11, and then
with a mixture of n-hexane-EtOAc (2:1) for 4-6 and 10. The residues of the eluates were

crystallized. Data on compounds 4-11 are listed in Table 3.

Preparation of compounds 8 and 11 from S and 10: Compound 5 (0.58 g, 1.68 mmol) or 10
(0.42 g, 1.25 mmol) was refluxed in dry chlorobenzene (10 mL) for 2 h. The cooled solution was

transferred to a silica gel column and eluted with n-hexane-EtOAc (4:1) for the DA products 8 or

11. Yields are given in Table 3.

Preparation of compounds 7 and 9 by direct rDA reaction: A mixture of aminoalcohol 3
(1.41 g, 0.01 mol), oxoacid A (1.92 g, 0.01 mol) or C (2.46 g, 0.01 mol) and PTSA (0.05 g) in dry
1,2-dichlorobenzene (30 mL) was refluxed for 2 h. The residue of the evaporated dichlorobenzene
solution was dissolved in CHCl; (2x30 mL), transferred to an aluminium oxide column (Merck,
Aluminium oxide 90, neutral, 0.063-0.200 mm) and eluted with n-hexane-EtOAc (4:1) for the IDA

products 7 or 9. Yields and melting points are given in Table 3.
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; 1. Characteristic IR frequencies'® and "H NMR data™ on compounds 2 and 4-11!

\mide-] yC,H CH; 2-H 3-H OCH,(2x1H)" 5a-H® 92-H™ 6H 9H 7H 8H 2°6H 3'5-H
band band? s(3H) pyrrolidone ring!” 6-membered hetero ring OCH groups'” olefinic group™  p-tolyl group'”

1555 p S A = 352 268 506 515 640 664 5 i
1699 820 2.36 22524 3.52, 41577306 307 AR AR e NSRRIk T
E700. <2800 . 232 ' ¥ 396, 40% < A480. 200 AT T3 65T 636 148 938
1699893 237 - 198 1.91 352 415 93097 208 4902 - 44)" G652 626 ~7.2 broad

4705 3819, 238 ~2.3,~24 386 417 302 467 e i ) & 7.20 7.22
837 ~2.45

1716 827551 2:34 4.23, 433 219, 589 - - - - 7.47 7.20

3 822 1299 198 1.80 3.84, 406 690 492 5 % " - 713 6.90
1688 767 3 e 368 410 AT 248 704470639 . 652 X 3
1709 759 Aol g 3e A4S 806 $36 % i at i % &

Br discs (cm™'). Further IR bands, »NH (2): 3600-2250 broad; »,CO,” (2): 1400; »C-O (oxazine): 1079 (4), 1045 (5, 8), 1070 (6),
7, 10), 1060 (9), 1015 (11); »C-O (oxanorbornene): 1382 (4, 6), 1370 (5), 1392 (10); yCxH (olefinic group, split band for 10):
-6, 9, 10), 730 (7), 724 (8), 720 (9, 10), 710 (11); YCaH band (ortho-disubst. ring): 760 (5, 8, 11), 767 (10). — ®lIn CDCl, (4-10),
2) or DMSO-dg (11) solution at 500 MHz. Chemical shifts in ppm (87ys = 0 ppm), coupling constants in Hz. Further '"H NMR
5, cyclohexane, ~qa and ~d, 3"-CH: 1.25 and 2.15 (6, 9), 1.15 and 1.9 (10), 0.75 and 1.6 (11), 4"-CH,: 1.2 and 1.65 (6, 9), 1.8 (2H,
45 and 1.7 (11), 5"-CH,: 1.0 and 1.75 (6, 9), 3.05 (m, 1H, 10, 11), 6"-CH,: 0.45 and 1.85 (6, 9), 1.15 and 1.9 (10), 1.85 and ~2.1
ondensed benzene ring, 3'-H, ~d: 7.85 (5, 8),7.15 (10, 11), 4'-H, ~t: 7.45 (5, 8),7.25 (10, 11), 5'-H, ~t: 7.5 (5, 8),7.2 (10, 11), 6'-H,
45 (5, 10, 11), 7.55 (8). — (] Assignments were supported by HMQC and HMBC (except for 9), for 4, 5, 10 and 11 also by
IOE and for 6, 8 and 11 by 2D-COSY experiments. — [“p-disubst. ring, split for 7. — “'Methylene groups in 4 ana 7, 2-3 m (4H),
e groups in 6 and 9-11 (1H), 2xdt, J=12.2, 12.2, 3.4 and 12.5, 12.5, 3.0 (6, 9). — 2xdd, J=11.9, 9.8 and 11.9, 8.0 (4, 6), 12.1,
112.1, 5.8 (5), td and ddd, J = 16,7, 1.8, 1.8 and 16.7, 3.7, 2.0 (7, 8), d and ddd, J= 16.6 and 16.6, 3.8, 2.0 (9), tand dd, J=11.5,
1d 11.2, 5.8 (10), ddd and td, J = 17.7, 3.8, 2.0 and 17.7, 2.0 (11). — ®INCH group, d, J=7.5 (2), 8.3 (4-6), 6.7 (10), td, J = 8.3, 2.0
11). - ®ld, J=7.5(2), qa, J=8.3 (4), td, J=8.3, 5.9, 5.9 (5), 9.8, 8.1, 8.1 (6), ddd, J = 8.4, 3.8, 1.7 (7-9, 11). — 2x~s (2x1H), for
er split to t's by 1.2 Hz due to long range couplings. — M2xdd, J (for both dd's) = 5.8, 1.0 (2), 5.8, 1.7 + 0.2 (4-6, 10). - " AA'BB"-
gnal, 2x~d (2x2H), J=8.1 (4, 5, 8 and 9). — ™,.CO,™ band (2). — ™Intensity: 1H, the m of the other H of 2-CH, overlaps with
*H, signals at about 2.4. — “Intensity: 2H. — P’Hidden by the light isotope signal of the solvent. — "td, J=11.1, 7.8, 7.8.
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Table 2. *C NMR chemical shifts® of compounds 2 and 4-11

Cla C2¥Cc39 Cc=0 C7 C8 OCH, NCH C9% C6 C9 CI' C26 C35 C4
pyrrolidone ring olefinic group 6-membered hetero ring OCH groups p-tolyl group or benzene ring'®
2 - - - 1790 1354 1419 - 529 (485 841 ‘851 o - - =
4 934,394 290 1764 1361 1352 650 - 815 310 835 80371388 1260 1296 1384
5 921 1496 1279 1714 1363 13671 646 “ 516 329 824 813 1372 1256 126 1588
65939 555 437 1772 1360 1350° 649 5057313 ‘840802 1340 129.2' 1384
T 925 366 293 1709 1201 1095 619 - - - ~ A1 12590 1301 198N
8 90.8 147.0 130.43 166.2 121.0 109.8 62.6 - - - w1383 31260 13035
9 =929 529 446 171.5 1198 1082 615 - - - -~ 1SS 1L 1294 339N
907 889 398 177.1 1353 1375 833 - 533 399 1B BB 153 K
3 R55 ¢ 397 427 1733 1214 108:1..°60.8 - - - - 1396 1400

®n ppm (8rms = 0 ppm) at 126 MHz. Solvent: CDCl; (4-10), D,0 (2) or DMSO-dg (11). — ™ Assignments were supporte
by DEPT, HMQC and HMBC (except for 9) measurements. — “/Further lines [numbering: see 4-6 and 10 (Scheme)
CHs;: 21.5 (4-9). Condensed benzene/cyclohexane ring, C-3'/3": 123.9 (5), 25.9 (6 and 9), 124.6 (8), 128.96/21.1 (10
129.5/20.7 (11), C-4Y4"; 129.7 (5), 25.6 (6 and 9), 130.1 (8), 129.02/31.0 (10), 129.7/32.1 (11), C-55": 133.4 (5and 8
25.7%(6 and 9), 127.0/34.5 (10), 127.8/34.2 (11), C-6'/6": 123.2 (5 and 8), 27.1 (6), 26.8 (9), 127.5/26.5 (10), 126.4/25.
(11). - “ICH, group (4, 6, 7 and 9-11) or substituted carbons (condensed benzene ring, 5 and 8). — “Two broad coalesce

lines. — PInterchangeable assignments.
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Table 3. Physical and analytical data on compounds 2-11

Mp.  Yield  Formula R ;
Compd. °C % (Mw.) Found % Calcd %

G H N C H N

2 194-195*® 53 C/HoNOs 5435 6.02 915 5419 585 9.03
(155.15)

ST 25 CisHigNG: = 7296 .. 660 487 7271644 .4.71
(297.35)

B C1000080 (108 CoHiNOs 7629 537 4.19 7650 554, 4.06
(345.39)

6  192-194° 27 CyMs:NOs, - 7531 1730 351 7519::7.17 399
(351.44)

7 77:28% . 18 CraHisNO, = 73156 675 623 7334 659 611
(65) (229.27)

8 ARLESD® 17 CisHisNO, 7774 533 489 7796 545 5.05
67)f (277.32)

9  139-140° 22 CisH;NO,  76.08 735 480 7629 7.47 4.94
(59) (283.36)

10  196-198° 19 CyH;NO; 7543 648 429 7520 631 4.18
(335.40)

11+ 1511508 191 C7Hi7NO, 7661 657 539 7638 641 524
(64) (267.32)

Crystallization solvent: “H,0-Me,CO. — blyith decomposition. — €l;_Pr,0. — WEL0. —
(JEt,0-n-hexane. — 'Obtained from 5 or 10.









