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Bond: cis-3,8-Dicarbomethoxy-3,8-dihydroheptalene and Its
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The strained system syn-1 was the object of synthetic and structural studies because of its double
bond pyramidalization. The starting material, cis-3,8-dicarbomethoxy-3,8-dihydroheptalene, was
synthesized by two different approaches. Addition of ethyl diazoacetate then gave syrn-addition
product 2. Transesterification and NBS-bromination followed by Zn—AcOH elimination resulted
in the formation of cis-dihydroheptalene 5, which was also synthesized by silica gel catalyzed
isomerization of the trans-5 isomer. Addition of benzyne to cis-5 gave the target compound syn-1,
whose structure was investigated by X-ray diffraction. These data show its pyramidalization angle

to be 16.8°.

Ab initio molecular orbital calculations indicate that
a number of strained olefins prefer a nonplanar struc-
ture.! Theoretical work has shown that a trigonal center
of a double bond pyramidalizes when located in an
unsymmetrical environment.2® When there is an un-
symmetrical arrangement of allylic bonds with respect
to an alkene, there is a driving force for pyramidalization
in order to achieve partial staggering of the alkene with
respect to the allylic bonds. Furthermore, Houk has
postulated that the electron density of the alkenyl » bond
influences the degree of pyramidalization. If the alkene
bears donor substituents, which increase the electron
density of the z-system, the alkene becomes more car-
banion-like. The out-of-plane bending force constants are
diminished and the degree of bending increases.*® Schley-
er and Pople performed computations on distorted eth-
ylene moieties in which they constrained the HCC angles.
They found that as the vicinal hydrogen atoms are moved
toward each other, the molecule becomes nonplanar, even
in the absence of any asymmetric torsional interaction.!

In 1980, syn- and anti-sesquinorbornene were synthe-
sized independently by Bartlett® and Paquette.” X-ray
studies® showed that the 7-bonded carbons in the syn
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isomer are significantly pyramidalized, with folding
angles ranging from 16° to 18°. Furthermore, Paquette
has reported the synthesis of syn- and anti-sesquinor-
bornatriene® and their derivatives, in which structural
analysis indicates a pyramidalization angle of ¢ = 32.4°
in a sterically shielded derivative of the syn isomer.!®

O "
St

R anti1

syn-1 R= COOCH,

Recently, we reported the synthesis of anti-1.11 Be-
cause the two faces of the double bond are equivalent in
anti-1 and the molecule possesses a C; axis of symmetry
that lies along the C—C double bond, a planar equilib-
rium geometry at the doubly bonded carbons is at least
a possibility. X-ray diffraction analysis indicates that the
central double bond is, in fact, planar.

In contrast, the doubly bonded carbon in syn-1 would
not be expected to be planar. Therefore, the present
study was undertaken in order to obtain structural
information about this pyramidalized alkene. In this
paper we wish to report the synthesis and X-ray structure
of syn-1.

Our anti-1!! gsynthesis entailed the addition of 2 mol
of benzyne to the trans-dihydroheptalene derivative 52
and took advantage of the cycloheptatriene—norcaradiene
equilibrium.!® For the preparation of the syn-1, we had
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to synthesize the precursor 5 with the cis-configuration
{Scheme 1). Vogel!? reported that isotetraline reacts with
excess ethyl diazoacetate to deliver bis-adduct anti-2 in
a yield of 18%. We examined the reaction mixture
carefully and found that the syn-isomer 2 was also
present, in a total yield of 28%. After repeated column
chromatography, we isolated the desired pure syn-isomer
2. The relative stereochemistries of the adducts could
be clearly discerned from their *H and 13C spectra.

The presence of a symmetry element in both syn-2 and
anti-2 was indicated by their seven-line 3C NMR spectra.
However, whereas the epoxidation of syn-3 gave a single
compound in which the plane of symmetry in the mol-
ecule was retained, epoxidation of anti-3 gave a single
epoxide in which the axis of symmetry in the molecule
was lost.'?® These results establish the stereochemistries
of the proposed structures.

MeQ,C COzMe MeO,C COxMe
-CPBA
w _mCPeA w )
o
6

30°C,1.5h
syn-3

For transesterification of 2 to 8, we refluxed the ethyl
esters in methanol for 3 days in the presence of p-toluene
sulfonic acid. From syn-2, syn-8 was obtained in over
95% yield. N-Bromosuccinimide bromination of syn-3
gave a single tetrabromide (4), whose configuration was
established by NMR. Differential 'H NMR—NOE mea-
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surements support this proposed structure. Then, syn-4
reacted smoothly with Zn—AcOH to give cis-b in 95%
yield.

cis-3,8-Dicarbomethoxy-3,8-dihydroheptalene (cis-5) was
also independently synthesized by isomerization of trans-
5. Refluxing trans-§ in CHCl; containing silica gel
afforded cis-5 in a yield of 61%. cis-Diester 5 (pale yellow
crystals) was characterized by its 200 MHz 'H NMR
spectrum. Its six-line **C NMR spectrum is particularly
informative.

Construction of the syn-1 framework was dependent
on successful reaction of benzyne with cis-5 (Scheme 2).
Benzyne, generated from benzenediazonium-2-carboxyl-
ate hydrochloride,* reacted with cis-diester 5 to give syn-
compound 1 in a yield of 37%. The structural assignment
was made from the NMR data. The spectra of syn-1 were
very similar to those of anti-1, except that the two-proton
triplet around & 0.3 in the 'H NMR spectrum of anti-1
appears at J 2.68 in the spectrum of syn-1. We attribute
this extraordinary shift to steric compression between
these two protons in syn-1, although pyramidalization
of the double bond might also contribute. The benzene
protons exhibit an AA’BB’ pattern as expected from
molecular symmetry. Bridgehead protons appear at 3.99
ppm as a quasi-triplet, while the other cyclopropane
protons are located at 1.96 ppm. A nine-line 13C spec-
trum is also consistent with the symmetry of the molecule
syn-1.

The X-ray crystal structure of syn-1 was determined, 418
and the molecule was found to have symmetry in the
crystal (Figure 1). From the bond angles R—C-R and
R—C-C about the double-bonded carbon, the pyrami-

(14) X-ray structural analysis of syn-1: a = 7.535 (4), b = 8.352,
and ¢ = 35.024 (3) A, £ =94.28(2)°, V= 2198(1) A3, 298 K, monoclinic,
space group P2i/c (no. 14), Z value = 4, D¢y = 1.283 g/cm?, Cu (Ka)
radiation, 4 = 6.45 cm™!, 20, = 157.9°, 4837 unique reflection.
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Figure 1. X-ray structure of syn-1.

dalization angle can be obtained from the formula'®?
cos ¢ = —cos(R—C—C)cos '/(R—C—R)

We obtained a pyramidalization angle ¢ = 16.8°. Cal-
culations indicate that pyramidalization has little effect
on the energy of the HOMO, but that of the LUMO is
lowered dramatically.'®!” This should be reflected in the
chemical reactivity of pyramidalized compounds. How-
ever, when epoxidation, bromination, and hydrogenation
of compound syn-1 were attempted, in all cases we
isolated only unreacted starting material. This lack of
reactivity can be rationalized in terms of steric shielding
of the double bond by the adjacent cyclopropane and
benzene rings.

Experimental Section

General Methods. Solvents were concentrated at reduced
pressure. Infrared spectra were obtained from KBr pellets or
from solution in 0.1 mm cells on a infrared recording spectro-
photometer. 'H NMR spectra were recorded on a 200 MHz
spectrophotometer and are reported in ¢ units with TMS as
the internal standard. All column chromatography was
performed on silica gel (60-mesh, Merck).

Reaction of Isotetralin with Ethyl Diazoacetate. To
a magnetically stirred suspension of isotetralin (44.4 g, 0.34
mol) and Cu powder (2.8 g) at 100 °C was added dropwise ethyl
diazoacetate (112 g, 0.98 mol) during 48 h. After completion
of the addition, the brown reaction mixture was cooled to room
temperature and then 280 mL of ether was added. The ether
solution was allowed to standard for 12 h at —20 °C. The
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formed precipitate, anti-bis-adduct 2 (13.4 g, 13%) and Cu
powder, was removed by filtration, and the solvent was
evaporated. Then 4.0 g of the residue (115.5 g) was submitted
to silica gel (100 g) column chromatography, eluting with
benzene/hexane (5:95). As the first fraction we isolated syn-
bis-adduct 2 (28%, 894 mg), followed by anti-bis-adduct 2
(5.2%, 192 mg). The same chromatographic method was
applied to the residue. The reaction products were crystallized
from hexane.

syn-Diethyl tetracyclo[5.5.0.0%5.0*'!]dodec-1(7)-ene-
4,10-dicarboxylate (2): mp 79—80 °C; IR (CCL,, em™t) 2980,
2895, 2825, 1720, 1440, 1370, 1345, 1290, 1175; 'H NMR (200
MHz, CDCl3) 6 4.10 (q, J = 7.13 Hz, 4H), 2.31 (d, J = 15.9 Hz,
4H), 2.02 (d, 4H), 1.71 (m, 4H), 1.42 (t, J = 4.05 Hz, 2H), 1.26
(t, J = 7.13 Hz, 6H); 3C NMR (50 MHz, CDCls) ¢ 175.10,
120.82, 60.74, 28.77, 23.14, 22.19, 14.17. Anal. Caled for
Ci1sH24O4: C, 71.02; H, 7.95. Found: C, 71.23; H, 7.75.

syn-Dimethyl tetracyclo[5.5.0.0%4.0%!!]dodec-1(7)-ene-
4,10-dicarboxylate (8). A solution of syn-2 (1.0 g, 3.29 mmol)
and p-toluenesulfonic acid (280 mg, 0.92 mmol) in 70 mL of
methanol was refluxed for 3 days. After evaporation of the
solvent, 100 mL of CHCl; was added to the residue. The
formed organic layer was separated, washed with water (4 x
50 mL), and dried over anhydrous MgSO,, and the solvent was
evaporated. The reaction product, syn-3 (862.5 mg, 95%), was
crystallized from hexane: mp 109-111 °C; IR (KBr, cm™!) 3040,
2960, 2880, 2820, 1720, 1450, 1350, 1300, 1240, 1190, 1165,
950, 710; 'H NMR (200 MHz, CDCls) 6 3.64 (s, 6H), 2.30 (bd,
J = 15.9 Hz, 4H), 2.02 (bd, J = 15.9 Hz, 4H), 1.71 (m, 4H),
1.42 (t, J = 4.05 Hz, 2H); 13C NMR (50 MHz, CDCl;) 6 175.49,
120.79, 52.00, 28.75, 22.97, 22.29. Anal. Calcd for C16H2004:
C, 69.54; H, 7.30. Found: C, 68.96; H, 7.21.

Epoxidation of syn-3. syn-3 (420 mg, 1.52 mmol) and
m-chloroperbenzoic acid (574 mg, 3.33 mmol) were dissolved
in 30 mL of CHCl;. The formed solution was placed into a
ultrasonic apparatus (Branson 3200) and reacted at room
temperature for 1.5 h. The resulting reaction mixture was
washed with Na,CO; (20%, 3 x 20 mL) and water (20 mL)
and dried over anhydrous MgSO, and the solvent was
evaporated. The formed epoxide 6 (444 mg, 98%) was crystal-
lized from CH;Clyhexane: mp 161-163 °C; IR (KBr, cm™)
3000, 2910, 2840, 1730, 1710, 1440, 1350, 1290, 1200, 1130,
1070, 840, 700; 'H NMR (200 MHz, CDCls) 6 3.64 (s, 6H), 2.34
(bd, J = 16.1 Hz, 4H), 1.67 (bd, J = 16.1 Hz, 4H), 1.49 (m,
4H), 0,93 (t, J = 4.40 Hz, 2H); 13C NMR (50 MHz, CDCl;) ¢
174.57, 56.81, 52.21, 28.93 (2C) 19.01.

Tetrabromide syn-4. A solution of syn-3 (1.0 g, 0.362
mmol), N-bromosuccinimide (2.9 g, 16.29 mmol), and o,a’-
azobis(isobutyronitrile) (0.049 g) in 25 mL of CCl, was refluxed
for 2h. The reaction mixture was cooled to room temperature
and the formed precipitate removed by filtration. The solvent
was evaporated. The tetrabromide syn-4 (1.14 g, 53%) was
crystallized from CHCly/ether: mp 186—187 °C; IR (KBr, cm™?)
2970, 1720, 1450, 1430, 1340, 1265, 1170, 1145; 'H NMR (200
MHz, CDCly) 6 5.45 (m, 2H), 5.40 (m, 2H), 3.77 (s, 3H), 3.70
(s, 3H), 2.75 (m, 2H), 2.59 (m, 2H), 1.89 (t, J = 4.9 Hz, 1H),
1.63 (t, J = 4.0 Hz, 1H); 13C NMR (50 MHz, CDCl;) 6 172.33,
170.93, 131.23, 53.09, 52.89, 47.53, 43.57, 35.17, 32.26, 27.19,
24.89.

cis-3,8-Dicarbomethoxy-3,8-dihydroheptalene (cis-5):
Path A. A mixture of syn-4 (500 mg, 0.85 mmol), Zn (400 mg),
and acetic acid (three drops) in 30 mL of absolute tetrahydro-
furan (THF) was refluxed for 45 min. After the solution was
cooled to room temperature, unreacted Zn was removed by
filtration. The solvent was evaporated, and 50 mL of CHCl;
was added to the residue. The organic layer was washed with
water (3 x 50 mL) and dried over anhydrous MgSO,, and the
solvent was evaporated. cis-Dihydroheptalene 5 (218 mg, 95%)
was crystallized from ether.

Path B. To a solution of ¢{rans-3,8-dicarbomethoxy-3,8-
dihydroheptalene 5 (1088 mg, 4 mmol) in 70 mL of CHCl; was
added 6.0 g of thin layer silica gel (741-Kieselgel 60 HF 54-366).
The reaction mixture was refluxed for 4 days and cooled to
room temperature. The reaction mixture was filtrated and
washed with ethyl acetate. The combined organic solvents
were evaporated, and the residue was purified by crystalliza-
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tion from ether, giving cis-3,8-dihydroheptalene 5 (660 mg,
61%): pale yellow crystals, mp 114—116 °C; IR (KBr, ecm™)
3000, 2950, 2820, 1735, 1615, 1433, 1300, 1205, 1170, 1040,
975, 915, 810, 720; 'H NMR (200 MHz, CDCly) 6 6.32 (d, J =
9.9 Hz, 4H), 5.81 (dd, J = 9.9, 5.56 Hz, 4H), 3.80 (s, 6H), 2.53
(t,J = 5.6 Hz, 2H); 13C NMR (50 MHz, CDCl;) 6 173.51, 139.97,
129.40, 124.40, 52.83, 44.55. Anal. Caled for C1gH1604: C,
70.57; H, 5.92. Found: C, 70.02; H. 5.81.
4,10-Dicarbomethoxy-cis,cis-2,6,8,12-dibenzohexacyclo-
[5.5.0.0%5,0%11]dodec-1(7)-ene (syn-1). To a refluxing solu-
tion of cis-3,8-dicarbomethoxy-3,8-dihydroheptalene 5 (544 mg,
2 mmol) in 50 mL of 1,2-ethylene dichloride was added 2.6 g
(14 mmol) of benzenediazonium-2-carboxylate hydrochloride
under an N, atmosphere. The colorless mixture became dark.
The reaction mixture was refluxed for 1 day and the solvent
evaporated. Crystallization of the residue from CHCly/ether
afforded the syn-bis-adduet 1 (314 mg, 37%) as colorless
crystals: mp 274—275 °C; IR (KBr, cm~!) 3010, 2980, 1725,
1460, 1440, 1400, 1300, 1210, 1150, 765; 'H NMR (200 MHz,
CDCl,) 6 6.87—6.65 (AA'BB’ system, 8H), 3.99 (m, 4H), 3.68
(s, 6H), 2.68 (t, J = 2.95 Hz, 2H), 1.96 (m, 4H); 3C NMR (50
MHz, CDCly) 6 172.69, 146.99, 146.81, 124.79, 122.95, 52.28,
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45.05, 30.10, 29.36. Anal. Caled for CysHosO4: C, 79.22; H,
5.70. Found: C, 78.85; H, 5.57.
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