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The syntheses of a novel diphenyl-substituted thiophene, pyrrole, and furan fused at the 3- and 4-positions
with norbornadiene are described. Structures of these molecules are discussed on the basis of spectral properties

by comparison with those of cyclohexene-fused derivatives.

Single crystal X-ray structural analysis of the

norbornadiene-fused thiophene as well as the PM3 calculations of the related compounds revealed that the bond
angles of carbon atoms at the ring-junction of norbornadiene-fused heterocycles are distorted.

Bicyclo[2.2.1]hepta- 2, 5- diene (norbornadiene) has
been well-known to have considerably smaller bond
angles on the sp® and sp? carbons than the normal
angles.!—3 The fusion of a norbornadiene framework,
onto an aromatic ring is expected to cause distortion
of the bond angles of the molecule and bond alter-
nation due to the ring strain.®® Therefore, it would
be worthwhile to prepare such molecules and to study
their physical and chemical properties including the
possible through-space interaction between the aro-
matic ring and the ethylene moiety. For this pur-
pose, extensive studies have been performed on 1,4-di-
hydro- 1,4-methanonaphthalene (benzonorbornadiene)
derivatives. These studies include analyses of their
NMRS— and photoelectron'®!V) spectra, nitration,'®
and photoreactions.!® On the other hand, heteroaro-
matic analogues of benzonorbornadiene are a rare
class of compounds. The syntheses and properties of
norbornadiene-fused pyridines'*—!” and pyridazine'®
have been reported. As for the five-membered het-
eroaromatic analogues, the synthesis'® and tranquil-
izing activities?® of several 2-aryl-4,7-dihydro-4,7-
methano-2 H-isoindoles have been described without de-
tailed spectral data. A polysubstituted 4,7-dihydro-4,
7-methanobenzo[b]thiophene has been also reported.??
However, unsubstituted 4,7-dihydro-4,7-methanobenzo-
[b]thiophene and -4,7-methano-1H-indole have been im-
plicated only as transient intermediates in the reac-
tions of cyclopentadiene with 2,3-didehydrothiophene??
and 2,3-didehydropyrrole,® respectively. Attempts to
prepare 4,7-dihydro-4,7-methanobenzo[c|thiophene?*2%)
and -4,7-methanoisobenzofuran®®2” have been unsuc-
cessful. Thus, we planned the syntheses of diphenyl-
substituted thiophene, pyrrole, and furan fused at the
3- and 4-positions with norbornadiene, expecting stabi-
lization of the heteroaromatic rings by the phenyl sub-
stituents. In this paper, we wish to describe the suc-
cessful syntheses of these derivatives, and discuss their
spectral properties.

Results and Discussion

The treatment of trans-5,6-dibenzoylbicyclo[2.2.1]-

hept-2-ene?® (1) with phosphorus pentasulfide in re-
fluxing pyridine afforded 1,3-diphenyl-4,7-dihydro-4,
7-methanobenzo[c[thiophene (2) albeit in a low yield
(7%). The use of Lawesson’s reagent could not im-
prove the yield of 2. The dibenzoylnorbornene 1 re-
acted with ammonium formate in refluxing ethanol to
give 1,3-diphenyl-4,7-dihydro-4,7-methano-2 H-isoindole
(3) in 34% yield. It has been reported that the diben-
zoylnorbornene 1 could not be converted to 1,3-diphen-
yl-4,7-dihydro-4,7-methanoisobenzofuran (4) on treat-
ment with acetic acid or acetic anhydride—phosphoric
acid.?®2” Qur attempts to prepare 4 by the reaction of
1 with acetic acid, sulfuric acid, or phosphorus penta-
oxide also resulted in a complex mixture of products.
It has been reported that triethyl phosphite is effective
for the ring closure reaction of 2-butene-1,4-diones to
furans.?® Thus, we have chosen 2,3-dibenzoylbicyclo-
[2.2.1]hepta-2,5-diene'® (5) as a potential precursor of
the norbornadiene-fused furan 4: Heating of dibenzo-
ylnorbornadiene 5 with triethyl phosphite afforded the
norbornadiene-fused furan 4 in 82% yield.

For the purpose of comparing spectral properties, 1,
3-diphenyl-4,5,6,7-tetrahydrobenzo[c|thiophene (7) and
-4,5,6,7-tetrahydro-2 H-isoindole (8) were synthesized by
the reactions of 1,2-dibenzoylcyclohexane®® (6) with
Lawesson’s reagent and ammonium formate in 78 and
86% yield, respectively. 1,3-Diphenyl-4,5,6,7-tetra-
hydroisobenzofuran (9) was obtained by the reaction
of 1 with sulfuric acid as described in the literature
(Chart 1).2®

The 'H and *CNMR spectra of 2—4 show that
these compounds have C, symmetry. The *CNMR
spectral data of the norbornadiene-fused heterocycles
2—4 and the cyclohexene-fused heterocycles 7—9 are
summarized in Table 1 along with those of related
compounds: benzonorbornadiene® 10, 1,2,3,4-tetra-
hydronaphthalene®® (11), 2,3-bis(methylene)bicyclo-
[2.2.1]hept-5-ene®) (12), 1,2-bis(methylene)cyclohex-
ane®? (13), and 4,7-dihydro-4,7-methano-2 H-indene3®
(14) (Chart 2). Unequivocal 3C assignments were
made with the help of selective proton-decoupled and/or
COLOC (long-range H/C COSY) measurements. The
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I3CNMR signal of the C(b) carbon of the norbor-
nadiene-fused thiophene 2 shows a large downfield
shift (Adcp)=+15.2) while that for the C(a) carbon
shows an upfield shift (Adc(,)=—5.8), compared with
the values of the corresponding carbons of the cyclo-
hexene-fused thiophene 7. Similar trends are observed
for the 13C chemical shifts of the pyrroles 3 and 8
(Abgay=—2.2, Abcpy=+17.1), and of the furans 4
and 9 (Abga)y=—4.2, Abcp)y=+14.9), as well as those
of benzonorbornadiene 10 and tetrahydronaphthalene
11 (Aéc(a)=—8.2, A6c(b)=+143) In contrast, the
chemical shift of the C(b) carbon of bis(methylene)-
norbornene 12 is similar (Adg(,)=—1.4) to that of bis-
(methylene)cyclohexane 13, whereas the signal of the
C(a) carbon of 12 shows an upfield shift (Adc(a)=—7.2).
A systematic downfield shift of the ring-juncture car-
bons with increasing strain has been reported for benzo-
cycloalkenes®® and their pyridine analogues,?® as well
as fused cycloalkenes.?® Therefore, the downfield shift
of the ring-juncture carbon, which is generally observed
for the signals of the norbornadiene-fused heterocycles
2—4, may be attributable, at least in part, to strain
induced by a fused norbornadiene framework.

On the other hand, the ¥C chemical shifts for the
C(c), C(d), and C(e) carbons in the norbornadiene-
fused heterocycles 2—4 are comparable with those of
benzonorbornadiene 10. The signals of the C(e) car-
bons in 2—4 are deshielded when compared with those
of 12 and 14, in analogy with that of benzonorborna-
diene 10. The one-bond coupling constants (! Jo—g)
for the bridgehead C(c) carbons in 2—4 are slightly in-
creased by 5—6 Hz relative to that of 12. The results
may be explained by a slight increase of s-character of
the C—H bond, possibly due to an increase in strain by
annelation with conjugated five-membered ring. The
dihydromethanoindene 14, a hydrocarbon analogue of
2—4, also exhibits the comparable C-H coupling con-
stant at the corresponding carbon.

The UV absorption patterns of the norbornadiene-
fused thiophene 2 and pyrrole 3 are similar to those
of the cyclohexene-fused analogues 7 and 8 (Table 2).
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However, the spectra of 2 and 3 display a slight but
noticeable increase in the intensities with respect to
those of 7 and 8. An increase of absorption inten-
sities with increasing strain has been reported for 3-
thiabicyclo[3.2.0]hepta-1,4-diene vs. 3,4-dimethylthio-
phene,®” as well as benzocycloalkenes®®*? and their
pyridine analogues.3® On the other hand, these fea-
tures were not observed in the furan derivatives 4 and
9. The UV data did not provide any information as
to the existence of through-space interaction between
the heteroaromatic ring and the ethylene moiety of the
norbornadiene unit.

The norbornadiene-fused thiophene 2 was oxidized
reversibly by a single-electron process with a half-wave
potential of 1.01 V (E*2, vs. Ag/Ag" in acetonitrile).
This value is slightly more positive by 60 mV than that
of the cyclohexene-fused thiophene 7 (E'/2=0.95 V).
An increase of the oxidation potentials with increasing
strain has been reported for fused naphthalenes.*®

The X-ray crystal structure of the norbornadiene-
fused thiophene 2 was determined. The crystal data
and the final atomic coordinates are given in Tables 3
and 4. Selected bond distances, bond angles, and dihe-
dral angles are shown in Table 5 along with bond dis-
tances and bond angles of 2 obtained by the MNDO-
PM3 calculation®? and of thiophene obtained by mi-
crowave spectroscopy.*? ORTEP drawing and crystal
structure for 2 are given in Figs. 1 and 2, respec-
tively. A dominant feature drawn from the X-ray data
is that the C(2)-C(3)-C(4) angle (139.6°) of 2 is dis-
torted considerably from the value (123.28°) for thio-
phene. Further, the dihedral angle C(2)-C(3)-C(9)-
C(7) (—176.0°) shows a slight deviation of the C(9)—
C(7) bond toward ezo-face from the thiophene plane.
On the other hand, the values of other bond angles and
bond distances in 2 agree with those of thiophene or
norbornadiene® within £0.032 A and £2.1°. Table 5
shows that the PM3 calculation can reproduce the ge-
ometries of 2 with the deviations of 0.001—0.036 A and
0.1—0.6° from those obtained with the X-ray analysis.
The bond angles (a) of the norbornadiene-fused and the
cyclohexene-fused heterocycles 15 and 16 obtained by
the PM3 calculations are shown in Table 6 (Chart 3).
The results also indicate distortion (ca. 15—16°) of the
bond angles («) in the norbornadiene-fused derivatives.
Therefore, the changes of the 13C NMR spectral prop-
erties in the norbornadiene-fused derivatives may be at-
tributable to the angle-strain*3—%% on the ring-juncture
carbons.

We have discussed the spectral properties of norbor-
nadiene-fused molecules 2, 3, and 4 with respect to
those of the corresponding cyclohexene-fused systems
because our main initial concern has been on the pos-
sibility of a through-space interaction between the re-
mote double bond. The results presented above would
support the view that an extra strain is incorporated
into the heteroaromatic part of the molecule by intro-
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Table 1. '3C Chemical Shifts (ppm) and One-Bond Coupling Constants (* Jo-g, Hz) of the

Norbornadiene-Fused Heterocycles 2—4,

Related Compounds 10—14%

the Cyclohexene-Fused Heterocycles 7—9, and

Compound C(a) C(b) C(c) C(d) C(e) Others
(*Jo-n) (tJo-n) (Je-n)  (Jo-n)
2 130.0 150.5 46.5 141.5 65.8 126.7, 127.0, 128.8, 134.3
(151) (174) (137)
7 135.8 135.3  27.0 23.4 — 126.9, 128.5, 128.6, 135.0
(128 ) (127)
3b) 124.3 135.6 44.8 142.2 69.1 124.3, 125.3, 128.5, 133.0
(150) (172) (136)
8b) 126.5 118.5 23.8 23.5 — 124.8, 125.5, 128.2, 133.4
(126) (126)
4 141.7 135.8 443 140.8 66.6 124.0, 126.6, 128.6, 131.5
(150) (174) (137)
9 145.9 1209 233 23.0 — 124.6, 126.3, 128.5, 132.1
(133) (128)
10 121.4 151.5 50.3 142.8 70.1 124.0
(148.5)  (174) (135.5)
11 129.6 137.2  30.3 24.1 — 126.0
12 101.0 1484  50.7 136.1 51.4
(145) (171) (135)
13 108.2 149.8  35.6 27.1 —
149 114.8 154.7  44.0 138.3 59.3 47.0
(163) (151) (175) (137) (126)

a) Measured in CDClz unless otherwise specified and the values of 10—14 are collected from

references; b) in DMSO-dg; c¢) in CgDs.
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duction of a methano bridge onto the cyclohexene unit
in these molecular systems. However, for discussion of
strain, it may appear more appropriate to regard these
molecules as cyclopentene-fused heteroaromatics into
which an etheno bridge is introduced. Unfortunately,
paucity of existing data on suitable cyclopentene-fused
model compounds has precluded discussion from this
viewpoint.

Finally, in a hope to obtain a chemical criterion on the
degree of delocalization on the heteroaromatic rings, the
Diels—Alder reactions of the norbornadiene-fused thio-
phene 2, pyrrole 3, and furan 4 with dimethyl acetyl-
enedicarboxylate (DMAD) or N-phenylmaleimide were
tried. These attempted reactions at temperatures up
to 180 °C resulted in the recoveries of starting materi-
als. The failure to realize such reactions, however, may
be due to steric rather than electronic effect because a
pyrrole and a furan, fused to a bicyclo[2.2.2]octa-2,5-

diene ring, have been reported to give the cycloadducts
with DMAD.*¢4") In order to gain information concern-
ing the 7— interaction, the norbornadiene-fused furan
4 was irradiated with a high-pressure mercury lamp
through Pyrex filter in dichloromethane. This resulted
in the formation of a complex mixture of products.

Experimental

General. All the melting points were recorded with
a Yanagimoto hot-stage apparatus and uncorrected. IR
spectra were obtained with a Hitachi 345 spectrometer.’H
(90 MHz) and **C NMR (22.5 MHz) spectra were recorded
with a JEOL-FX-90Q spectrometer. 'H (250 MHz) and
13C (62.9 MHz) NMR spectra were obtained with a Bruker
AC-250 spectrometer. UV spectra were recorded with a
Shimadzu UV-260 spectrometer. Mass spectra were taken
with a Shimadzu GCMS-QP1000EX spectrometer operat-
ing in the electron impact mode with an ionizing energy of
70 eV. Elemental analyses were performed with a Perkin—
Elmer Model 240 apparatus. Cyclic voltammograms were
obtained with a BAS-100A electrochemical analyzer with
Et4NCIO4 (0.1 moldm™3) as supporting electrolyte, glassy
carbon working electrode, Pt-wire counter electrode, and
Ag/AgT (0.01 moldm™3 AgClO,) reference electrode. The
sweep rate was 500 mV s™'. The half-wave potential of fer-
rocene (Fc”/Fct) was 0.09 V under the same conditions.

X-Ray diffraction data were collected at room temper-
ature by an ENRAF-NONIUS CAD4 diffractometer with
graphite- monochromated Cu Ka radiation (A=1.548 A).
3466 Reflections (260<140°) were measured using w—26 scan
method, and 1640 independent reflections (|F,|>30(F5))
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Table 2. The UV Data of the Norbornadiene-Fused Heterocycles
2—4, and the Cyclohexene-Fused Heterocycles 7—9
Compound Amax nm (€) in EtOH
2 226 (10800), 265 (10600), 313 (26200)
7 236 (10600), 257 (8900), 310 (22700)
3 234 (11200), 272 (10400), 330 (34500)
8 238 ( 7300), 259 (5400), 332 (25000)
4 229 (18200), 255 (11200), 322 (36300), 335 (27000, sh)
9 235 (19100), 244 (18200), 330 (31600), 343 (21900, sh)
Table 3. Crystal Data for the Norbornadiene-Fused Table 4. Final Atomic Coordinates (x10*) of Non-
Thiophene 2 H Atoms for the Thiophene 2 and Equivalent
Color Colorlons Isotropic Thermal Parameters
Crystal shape Needles Atom z y 5 Beg®
gry Stall size/mm’ %15§0'§5X0'35 () 7561(0)  8126(0)  2993(1) 3.6
Fo‘l;nu a 30045 c(2) 8503(1)  8456(1) 1393(4) 3.2
C.rys‘t syst Ortilorhombic C(3) 8980(1) 7908(1) 424(4) 3.2
AN AN, C(4) 9862(2)  7T74(1)  —1010(4) 3.6
pg"e group 14141 C(5) 9498(2)  7436(1)  —3242(4) 4.3
a/ 14.240(1) C(6)  9163(2)  6798(1)  —2723(5) 4.2
b/A 18.870(2) c(7) 9272(2)  6688(1)  —119(4) 3.6
c/A 5.800(1) c(®)  10207(2)  7097(1) 239(4) 3.9
o/degree 90.0 C(9) 8607(1)  7228(1) 966(4) 3.2
B/degree 90.0 C(10)  7820(1)  7244(1)  2322(4) 3.3
v/ degree 90.0 C(11)  7246(1)  6666(1) 3268(1) 3.5
V/A 1558.4(3) C(12)  6746(2)  6744(1) 5287(5) 4.5
Z s 4 C(13)  6189(2)  6200(2) 6124(6) 5.4
Dcaxcd/glcm 1.28 C(14)  6155(2) 5557(1) 4989(6) 5.7
p/mm” 17.21 C(15) 6655(2) 5469(1) 2992(6) 5.7
R 0.032 C(16) 7203(2)  6017(1) 2109(6) 4.7
Rw 0.037 C(17)  8683(1)  9225(1) 1265(4) 3.3
C(18)  8388(2)  9680(1) 2098(5) 4.2
C(19)  8573(2)  10406(1) 2852(6) 4.9
were used for the analysis. No absorption correction was ap- C(20) 9051(2) 10673(1) 985(5) 4.8
plied. The structure was solved by the direct method with C(21) 9340(2) 10228(1) —~743(5) 4.9
the program MULTAN 78.%®) The position of the hydrogen C(22) 9157(2) 9504(1) —625(5) 4.4

atoms were obtained from a difference Fourier map. The
atomic parameters were refined by a block-diagonal least-
squares procedure; w ™ =0 (F,)?4(0.015|F,|)?. Anisotropic
temperature factors were used for refining the non-hydro-
gen atoms and isotemperature factors were adopted for the
hydrogen atoms. The atomic scattering factors were taken
from International Tables for X-Ray Crystallography.*® The
calculations were performed on a HITAC M-680H computer
in the Computer Center of Institute for Molecular Science
using the programs UNICS III°® and ORTEP.°Y List of
structure factors, anisotropic temperature factors for non-
hydrogen atoms, and atomic parameters for hydrogen atoms
have been deposited as Document No. 66039 at the Office
of the Editor of Bull. Chem. Soc. Jpn.

5,6-Dibenzoylbicyclo[2.2.1]hept-2-one (1),®) 2,3-dibenzo-
ylbicyclo[2.2.1]hepta-2,5-diene (5),'® 1,2-dibenzoylcyclohex-
ane (6),'" and Lawesson’s reagent®® were prepared by the
procedures as described in the literatures.

1, 3- Diphenyl- 4, 7- dihydro- 4, 7- methanobenzo[c]-
thiophene (2): A solution of the dibenzoylnorbornene
1 (4.53 g, 15 mmol) and phosphorus pentasulfide (4.00 g,
18 mmol) in anhydrous pyridine (50 cm?®) was refluxed for
4 h under nitrogen. Pyridine was removed in vacuo and
the residue was dissolved in dichloromethane. The organic
phase was successively washed with dil hydrochloric acid,

a) Beq=(4/3);§ﬁijai'aj‘

aq NaHCOg, and water prior to drying over NaSOy4. After
removal of the solvent, the residue was separated by col-
umn chromatography (silica gel, benzene) and TLC (silica
gel, hexane—ethyl acetate=10/1) to give the norbornadiene-
fused thiophene 2 (313 mg, 7%) as colorless needles (from
hexane—chloroform): Mp 172—173 °C; IR (KBr) 1660, 1480,
1305, 1075, 1020 cm™*; 'HNMR (250 MHz, CDCl3) 6§=2.45
(2H, t, J=1.6 Hz, 8-H), 4.01 (2H, dq, J=2.0, 1.6 Hz, 4- and
7-H), 6.81 (2H, dd, J=2.0, 1.6 Hz, 5- and 6-H), 7.20—7.28
(2H, m, Ph), 7.32—7.40 (4H, m, Ph), 7.51—7.56 (4H, m,
Ph); MS m/z (rel intensity) 300 (M™, 100), 121 (17, PhCS).
Found: C, 84.09; H, 5.53%. Calcd for Co1H16S: C, 83.96; H,
5.37%.

1,3-Diphenyl-4,7-dihydro-4,7-methano-2 H-isoin-
dole (3): A solution of the dibenzoylnorbornene 1 (4.53
g, 15 mmol) and ammonium formate (3.79 g, 60 mmol) in
ethanol (50 cm®) was refluxed for 47 h. The mixture was
concentrated, and benzene was added to the residue. The
organic phase was washed with aq NaHCOQO3 and water prior
to drying over NasSOy4. After removal of the solvent, the
residue was separated by column chromatography (silica gel,
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Table 5. Selected Bond Distances (A), Bond Angles
(°), and Dihedral Angles (°) of the Norbornadiene-
Fused Thiophene 2 and Thiophene

Norbornadiene-Fused Heterocycles

22 2% Thiophene®
Bond distance
S(1)-C(2) 1.746(2) 1.771 1.714
C(2)-C(3) 1.360(3) 1.359 1.370
C(3)-C(4) 1.527(3) 1.510
C(4)-C(5) 1.534(3) 1.527
C(5)-C(6) 1.329(3) 1.347
C(3)-C(9) 1.424(3) 1.460 1.423
C(4)-C(8) 1.550(3) 1.570
Bond angle
S(1)-C(2)-C(3) 109.4(2) 109.3 111.47
C(2)-C(3)-C(4) 139.6(2) 139.8 123.28
C(3)-C(4)-C(5) 104.5(2) 104.6
C(4)-C(5)-C(6) 107.9(2) 108.0
C(3)-C(4)-C(8) 98.2(2) 98.8
C(4)-C(8)-C(7) 94.3(2) 93.8
C(2)-S(1)-C(10) 93.1(1) 93.2 92.17
Dihedral angle
C(2)-C(3)-C(4)-C(5)  —119.2(3)
C(2)-C(3)-C(4)-C(8) 139.1(3)
C(2)-C(3)—-C(9)-C(7) —176 0(2)
C(2)-8(1)-C(10)-C(9) 0.6(2)
C(3)-C(2)-C(17)-C(18) —154. 4( )

Obtained by
¢) Obtained

a) Obtained by X-ray analysis. b)
MNDO-PM3 calculation (precise option).
by microwave spectroscopy, see Ref. 41.

benzene) to give the norbornadiene-fused pyrrole 3 (1.43
g, 34%) as colorless prisms (from hexane-chloroform): Mp
162—163 °C; IR (KBr) 3430 (NH), 2965, 1590, 1485, 1440,
1275 em™*; 'HNMR (90 MHz, CDCl;) §=2.34—2.57 (2H,
m, 8-H), 4.07 (2H, tt, J=1.8, 1.5 Hz, 4- and 7-H), 6.79 (2H,
t, 1.8 Hz, 5- and 6-H), 7.40—7.60 (11H, m, NH and Ph);
MS m/z (rel intensity) 283 (M, 100). Found: C, 89.30; H,
6.02; N, 4.94%. Calcd for C21H;7N: C, 89.01; H, 6.05; N,
4.94%.

1,3-Diphenyl-4,7-dihydro-4, 7- methanoisobenzo-
furan (4): A solution of the dibenzoylnorbornadiene
5 (11.36 g, 38 mmol) and triethyl phosphite (18.5 cm®, 108
mmol) in anhydrous xylene (60 cm®) was refluxed for 8 h un-
der nitrogen. The solution was concentrated and methanol
was added to the residue. The resulting crystals were col-
lected by filtration to give the norbornadiene-fused furan 4
(8.82 g, 82%) as colorless needles (from ethanol): Mp 135—
136 °C; IR (KBr) 3000, 2980, 2930, 2860, 1590, 1485, 1440,
1300, 1060, 830 cm™'; 'HNMR (90 MHz, CDCl;) §=2.37
(2H, t, J=1.6 Hz, 8-H), 4.00 (2H, dt, J=1.8, 1.6 Hz, 4- and
7-H), 6.85 (2H, dd, 2.0, 1.8 Hz, 5- and 6-H), 7.10—7.50 (6H,
m, Ph), 7.60—7.90 (4H, m, Ph); MS m/z (rel intensity) 284
(100, M™), 105 (31, PhCO). Found: C, 88.70; H, 5.67%.
Calcd for 021H150: C, 88.55; H, 5.93%.

1,3-Diphenyl-4,5,6,7-tetrahydrobenzo[c]thiophene
(7): A solution of the dibenzoylcyclohexane 6 (1.46 g, 5
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Fig. 1. ORTEP Drawing of the norbornadiene-fused
thiophene 2 with the atomic numbering.

Fig. 2. Crystal structure of the norbornadiene-fused
thiophene 2 viewed along the c axis.

mmol) and Lawesson’s reagent (2.50 g, 6.3 mmol) in anhy-
drous pyridine (25 cm®) was refluxed for 10 h. Pyridine was
removed in vacuo and the residue was dissolved in toluene.
The organic phase was washed with dil hydrochloric acid, aq
NaHCOs, and water prior to drying over NasSO4. Toluene
was removed in vacuo and the residue was crystallized from
methanol to give the cyclohexene-fused thiophene 7 (1.14 g,
79%) as colorless needles (from hexane): Mp 86—87 °C; IR
(KBr) 3060, 2935, 2865, 1590, 1480, 1430 cm™!; 'HNMR
(90 MHz, CDCl3) 6=1.74 (4H, m, 5- and 6-H), 2.83 (4H, m,
4- and 7-H), 7.17—7.80 (10H, m, Ph); MS m/z (rel intensity)
290 (M, 100), 121 (12, PhCS). Found: C, 82.77; H, 6.52%.
Calcd for CooHisS: C, 82.71; H, 6.25%.
1,3-Diphenyl-4,5,6,7-tetrahydro-2 H-isoindole (8):
A solution of the dibenzoylcyclohexane 6 (2.04 g, 7 mmol)
and ammonium formate (4.41 g, 70 mmol) in ethanol (35
cm®) was refluxed for 24 h. The mixture was concentrated,
and toluene was added to the residue. The organic phase was
washed with aqg NaHCOg3 and dried over Na2SQO4. Toluene
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Table 6. Bond Angles (a, deg.) of the Norbornadi-
ene-Fused and the Cyclohexene-Fused Heterocy-
cles 15 and 16 Obtained by MNDO-PM3 Calcu-

lations
Bond angle a (°)
15 16
R=Ph R=H
X=S 139.8 140.8 125.1
X=NH 144.7 144.8 128.8
X=0 146.5 146.9 130.8
N R Qly
o 2
R
15 16
Chart 3.

was removed in vacuo and the residue was crystallized from
methanol to give the cyclohexene-fused pyrrole 8 (1.66 g,
87%) as colorless needles (from ethanol): Mp 154—155 °C;
IR (KBr) 3455 (NH), 2940, 1595, 1485, 1265 cm™'; 'THNMR
(90 MHz, (CD3)2S0) §=1.72 (4H, m, 5- and 6-H), 2.72 (4H,
m, 4- and 7-H), 7.06—7.75 (10H, m, Ph), 10.82 (1H, br, NH);
MS m/z (rel intensity) 273 (M, 100), 244 (87). Found: C,
87.97; H, 7.24; N, 4.85%. Calcd for CaoH19N: C, 87.87; H,
7.01; N, 5.12%.

1,3-Diphenyl-4,5,6,7-tetrahydroisobenzofuran (9):
Colorless needles (from ethanol): Mp 98—99 °C (lit,?®) mp
97.5 °C); IR (KBr) 3100, 3060, 2950, 2870, 1610, 1600, 1490,
1440, 1120, 1070, 1040 cm™'; 'HNMR (90 MHz, CDCl3)
6§=1.60—2.00 (4H, m, 5- and 6-H), 2.60—3.00 (4H, m, 4-
and 7-H), 7.00—7.56 (6H, m, Ph), 7.60—7.80 (4H, m, Ph);
MS m/z (rel intensity) 274 (M*, 100), 245 (25), 105 (19,
PhCO). Found: C, 87.56; H, 6.61%. Calcd for CooH150: C,
87.55; H, 6.46%.

We thank the Computer Center and the Instrument
Center of Institute for Molecular Science, Okazaki Na-
tional Research Institutes, for the uses of the HITAC
M-680H and the ENRAF-NONIUS CAD4 diffractome-
ter, respectively. We also thank Professor Leo A.
Paquette of the Ohio State University for providing us
the 3CNMR data of the dihydromethanoindene 14.
Appreciation is expressed to Professor Ryozo Irie of
Shinshu University for NMR measurements.

References

1) Y. Morino, K. Kuchitsu, and A. Yokozeki, Bull.
Chem. Soc. Jpn., 40, 1552 (1967).

2) G. Wipff and K. Morokuma, Tetrahedron Lett., 21,
4445 (1980).

3) H. Irngartinger, T. Oeser, R. Jahn, and D. Kallfa$,
Chem. Ber., 125, 2067 (1992), and references cited therein.
4) A. Stanger, J. Am. Chem. Soc., 113, 8277 (1991).

5) K. K. Baldridge and J. S. Siegel, J. Am. Chem. Soc.,
114, 9583 (1992).
6) J. S. Craw, N. S. Hush, S. Sternhell, and C. W.

T. KoBAYASHI, K. ONO, H. SUDA, Y. YAMASHITA, and H. KATO

[Vol. 66, No.9

Tansey, J. Phys. Chem., 96, 5753 (1992).

7) K. Tori, R. Muneyuki, and H. Tanida, Can. J. Chem.,
41, 3142 (1963).

8) K. Tori, Y. Hata, R. Muneyuki, Y. Takano, T. Tsuji,
and H. Tanida, Can. J. Chem., 42, 926 (1964).

9) K. Tori, T. Tsushima, H. Tanida, K. Kushida, and S.
Satoh, Org. Magn. Reson., 6, 324 (1974).

10) L. N. Domelsmith, P. D. Mollere, K. N. Houk, R. C.
Hahn, and R. P. Johnson, J. Am. Chem. Soc., 100, 2959
(1978).

11) C. Santiago, E. J. McAlduff, K. N. Houk, R. A. Snow,
and L. A. Paquette, J. Am. Chem. Soc., 100, 6149 (1978).

12) M. W. Galley and R. C. Hahn, J. Org. Chem., 41,
2006 (1976).

13) L. A. Paquette and L. D. Burke, J. Org. Chem., 52,
2674 (1987), and references cited therein.

14) L. A. Paquette, L. D. Burke, T. Irie, and H. Tanida,
J. Org. Chem., 52, 3246 (1987).

15) H. Tanida and T. Irie, J. Org. Chem., 52, 5218 (1987).

16) H. Tanida, T. Irie, and Y. Hayashi, J. Org. Chem.,
49, 2527 (1984).

17) M. G. Reinecke, E. S. Brown, B. P. Capehart, D. E.
Minter, and R. K. Freeman, Tetrahedron, 44, 5675 (1988).

18) G. Dupont and J. Germain, Bull Soc. Chim. Fr.,
1947, 526.

19) A. A. Ponomarev, I. A. Markushina, and G. E.
Marinicheva, Khim. Geterosikl. Soedin., 1970, 1443.

20) A. A. Lebedev, I. A. Markushina, G. E. Marinicheva,
and T. B. Merkulova, Khim.-Farm. Zh., 15, 38 (1981).

21) J. Skramstad and R. Midthaug, Acta Chem. Scand.,
Ser. B, 32, 413 (1978).

22) M. G. Reinecke, J. G. Newsom, and L.-J. Chen, J.
Am. Chem. Soc., 103, 2760 (1981).

23) M. G. Reinecke, Tetrahedron, 38, 427 (1982).

24) H. Wynberg and A. J. H. Klunder, Recl. Trav. Chim.
Pays-Bas., 88, 328 (1969).

25) J. de Wit and H. Wynberg, Tetrahedron., 29, 1379
(1973).

26) R. Adams and M. H. Gold, J. Am. Chem. Soc., 62,
56 (1940).

27) R. Adams and R. B. Wearn, J. Am. Chem. Soc., 62,
1233 (1940).

28) M. J. Haddadin, B. J. Agha, and R. F. Tabri, J. Org.
Chem., 44, 494 (1979).

29) R. C. Fuson, S. B. Speck, and W. R. Hatchard, J.
Org. Chem., 10, 55 (1945).

30) D. W. Hughes, H. L. Holland, and D. B. MacLean,
Can. J. Chem., 54, 2252 (1976).

31) D. Quarroz, J.-M. Sonney, A. Chollet, A. Florey, and
P. Vogel, Org. Magn. Reson., 9, 611 (1977).

32) H. U. Pfeffer and M. Klessinger, Org. Magn. Reson.,
9, 121 (1977).

33) Personal communication from Professor Leo A.
Paquette (The Ohio State University), February 1992.

34) W. Adcock, B. D. Guputa, T. C. Khor, D. Doddrell,
D. Jordan, and W. Kitching, J. Am. Chem. Soc., 96, 1595
(1974).

35) R. P. Thummel and D. K. Kohli, J. Org. Chem., 43,
4882 (1978).

36) G. K. S. Prakash, G. Rasul, V. P. Reddy, and J.
Casanova, J. Am. Chem. Soc., 114, 6484 (1992), and refer-
ences cited therein.



September, 1993]

37) P. J. Garratt and D. N. Nicolaides, J. Org. Chem.,
39, 2222 (1974).

38) R.P. Thummel and W. Nutakul, J. Org. Chem., 42,
300 (1977).

39) C. Santiago, R. W. Gandour, K. N. Houk, W.
Nutakul, W. E. Cravey, and R. P. Thummel, J. Am. Chem.
Soc., 100, 3730 (1978).

40) R. D. Rieke, W. E. Rich, and T. H. Ridgway, J. Am.
Chem. Soc., 93, 1962 (1971).

41) “MOPAC Ver. 5.00 (QCPE No. 445),” J. J. P.
Stewart, QCPE BULL., 9, 10 (1989); T. Hirano, JCPE
Newsletter, 1, 36 (1989); Revised as Ver. 5.01 by Jiro
Toyoda for OS/2 Personal Computers (NEC PC-9801),
JCPE Newsletter, 2, 34 (1990).

42) L. Nygaard, J. T. Nielsen, J. Kirchheiner, G.
Maltesen, J. Rastrup-Andersen, and G. O. Sgrensen, J. Mol.
Struct., 3, 491 (1969).

43) R. A. Finnegan, J. Org. Chem., 30, 1333 (1965).

44) A. Streitwieser, Jr., G. R. Ziegler, P. C. Mowery, A.
Lewis, and R. G. Lawler, J. Am. Chem. Soc., 90, 1357

Norbornadiene-Fused Heterocycles

2713

(1968).

45) R. P. Thummel, Acc. Chem. Res., 13, 70 (1980).

46) D. Stephan, A. Gorgues, and A. Le Coq, Tetrahedron
Lett., 29, 1025 (1988).

47) D. Stephan, A. Gorgues, and A. Le Coq, Tetrahedron
Lett., 27, 4295 (1986).

48) P. Main, S. E. Hull, L. Lessinger, G. Germain, J.-P.
Declercq, and M. M. Woolfson, “MULTAN 78. A System
of Computer Programs for the Automatic Solution of Crys-
tal Structures from X-Ray Diffraction Data,” University of
York, England and Louvain-la Nerve, Belgium (1978).

49) “International Tables for X-Ray Crystallography,”
Kynoch Press, Birmingham (1974), Vol. IV.

50) T. Sakurai and K. Kobayashi, “UNICS II1,” Rikagaku
Kenkyusho Hokoku, 55, 69 (1979).

51) C. K. Jhonson, “ORTEP Report ORNL-3794,” Oak
Ridge National Laboratory, Tennessee (1965).

52) 1. Thomsen, K. Clausen, S. Scheibye, and S.-O.
Lawesson, Org. Synth., Coll. Vol. 7, 372 (1990).




