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Reactions of 1,8-Dehydronaphthalene with Cyclic Polyenes
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The reactivities of 1,8-dehydronaphthalene (1) to cyclic polyenes, i.e., cycloheptatriene, cyclopentadiene,

6,6-dimethylfulvene, furan, and norbornadiene, were examined.

It was found that the C—~H insertion reaction

at the end of the conjugated systems, a new type of reaction of 1, as well as the 1,2-cycloaddition reaction occurs
in every conjugated cyclic polyene. A stepwise mechanism for the formation of the C~H insertion product was

proposed.

According to the MO calculations,? the peri-electrons
of 1,8-dehydronaphthalene (1), one of the arynes,
occupy an antisymmetric combination of 1,8-dehydro-
orbital in the ground state, whereas the ortho-electrons
of 1,2-dehydrobenzene (2) do a symmetric one. Ac-
cordingly these two species must show different reac-
tivities towards olefinic compounds, and these were in
line with the experimental results by Rees and Storr?
Thus the reaction of 1 afforded acenaphthene deriva-
tives in a stereospecific manner, whereas the reaction
of 2 afforded benzocyclobutene derivatives in a non-
stereospecific fashion.® As for cyclic polyenes, only
the reaction of 1 with cyclopentadiene was reported.?

Present authors were interested in the reactivities of
1 to cyclic polyenes compared with those of 2,5 because
the opposite character of the electronic ground states
might be reflected in the difference between the reac-
tivities of these species. By using cycloheptatriene,
dimethylfulvene, furan, norbornadiene, and also cyclo-
pentadiene as cyclic polyenes, we found that the inser-
tion of 1 to a C-H bond of a conjugated polyene was
also an important pathway as well as the cycloaddition
reaction. A kind of such reaction was seen in the
reaction of 1 with benzene to give a-phenylnaph-
thalene.? :

Reaction Conditions and the Structures of the Products.
Compound 1 was generated from l-aminonaphtho-
[1,8-d,e]triazine (3) by oxidation with lead tetraacetate
in dichloromethane?® in the presence of excess substrate
under —20 °C or dry ice-acetone temperature, because
the substrates were assumed to be susceptible to oxida-
tion near room temperature.® _

Reaction with Cycloheptatriene: Besides naphthalene,
three products, (4), (5), and (6) [4:(5+6)=38:10]
(total yield 5.39,) were characterized as follows after
partial separation by column chromatography of the
reaction mixture.

The compound 5 was not formed when the separation
was carried out in the dark. Catalytic hydrogenation
(109% Pd-C) of the oily product 4 (mass spectrum, M+
mfe 218) gave l-cycloheptylnaphthalene which was
identical with the authentic sample.”? The structure 4
was selected among possible structures by consulting
the NMR integral ratio of the olefinic proton signals
to the aliphatic proton signals and the multiplicity of
methylene proton signal. The structure was finally
confirmed by the independent synthesis through 5.

Owing to the difficulty of separation of the compound
6 from 4, the mixture, enriched in 6 by chromato-
graphy in the dark, was subjected to the reaction.
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Catalytic reduction of the mixture gave, besides 1-cyclo-
heptylnaphthalene originated from 4, cis-1,2-penta-
methyleneacenaphthene (7), which was identified by
comparison with a sample prepared from cycloheptene
and 1 and had to be formed from 6. The NMR
spectrum of 6 [é ppm (CCl,) 2.20—2.60 (2H, m), 4.21
(2H, m), 5.80—6.04 (2H, m), 6.12—6.20 (2H, m),
7.0—8.0 (6H, m)], obtained by a subtraction of the
spectrum of 4 from that of the mixture, is consistent
with the unsymmetrical structure rather than the other
possible symmetrical ones.

When a mixture of 4 and 6 in carbon tetrachloride
was irradiated for a short peirod with a high-pressure
mercury lamp through Pyrex filter, it was revealed by
NMR  spectrum that 4 was transformed almost com-
pletely to 5 while 6 remained unaltered. The structure
5, an isomer of 4, was obtained directly from considera-
tion of the NMR spectrum and this was confirmed by
its synthesis from tropylium fluoroborate? and «-naph-
thylmagnesium bromide. When heated for 15 hr at
125 °C, 5 gave a new compound 8 by 1,5-hydrogen
shift, but when the temperature was raised to 160 °C,
it gave mainly 4 by two series of 1,5-hydrogen shifts.9
Irradiation!® of 4 in carbon tetrachloride using a low
pressure mercury lamp for 62 hr gave a mixture of 4
and 5 (4.6:1).

Reaction with Cyclopentadiene: Meinwald and Gruber
reported three kinds of cycloaddition products 9—11
from the reaction of 1 with cyclopentadiene. The
present authors expected the formation of an insertion
product in the reaction as in the case of cycloheptatriene
and reexamined the reaction. The resulting hydro-
carbon fraction, separated by silicic acid chromato-
graphy; was hydrogenated catalytically. Thus, in addi-
tion to the products 12 and 13,9 Il-cyclopentylnaph-
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thalene (14)') was obtained in almost equal quantity
to the total amount of the other products. Although
an insertion product (15), the precursor of 14, could
not be separated by solution chromatography (tlc or
column) and by preparative glc, it was possible by
comparing the NMR spectrum of the product mixture
with those of 9 and 10 to obtain the spectral data of a
new compound 15. The structure was confirmed by
obtaining 15 as a minor product, along with a main
product (16), (1:3) from 1-(1l-cyclopentenyl)naphtha-
lene) by treatment with NBS in carbon tetrachloride
followed by dehydrobromination with triethylamine in
ether.
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Reaction  with  6,6-Dimethylfulvene: The reaction

afforded compound 17 and 18 (1:2) (total yield
39,), which were separated by glc (39, Silicone OV-
17, 1/4 inx6ft, 170 °C). These compounds showed
the same molecular ion peak at mfe 232 in their
mass spectra (1:1 adducts of dimethylfulvene and 1),
The proton signal ratio (Ar-H: olefinic—H: benzylic-H:
methyl-H=6: 2: 2: 6) and the unsymmetrical feature
of the NMR spectrum of 17 supported the structure.

A yellow solid 18, mp 110—113 °C, showed an NMR
spectrum [6 ppm (CCl) methyl proton signals at 1.36
(3H, s), 2.18 (3H, s), olefinic at 6.24—6.46 (3H, m)
and aromatic at 7.2—7.44 (7H, m)] characteristic to
the ring-substituted dimethylfulvene. The position of
a-naphthyl group on dimethylfulvene was confirmed
by the catalytic hydrogenation to a tetrahydro deriva-
tive [M* mle 236; 6 ppm (CCl,) 0.90 (6H, d, J=
6 Hz), 1.8—2.9 (7H, m), 7.0—7.8 (7H, m)], which
was identical with 1-(a-naphthyl)-2-isopropylcyclopen-~
tene (19) prepared by dehydration of 1-(a-naphthyl)-
2-isopropylcyclopentan-1-ol (20).1%

Reaction with Furan: The reaction was carried out in
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a usual way, and 2-(x-naphthyl)-furan'¥ was obtained
in 39, yield as a sole isolable product.
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Reaction with Norbornadiene: It is known that nor-
bornadiene sometimes reacts with other reagents as a
homoconjugated diene owing to the interaction between
two double bonds.’" Silicic acid chromatography of
the reaction mixture gave two products 22 and 23
(total yield 79%,), which were reported earlier by Baker
and Mason.1®

Discussion

Since the reactive intermediates like o-benzyne or
1,8-dehydronaphthalene are short-lived and react irre-
versively with other reagents, it may safely assumed that
the reactivities are directly reflected to the yields of the
products.1®) :

Cycloaddition Reactions: It is well known that 2 reacts
with cyclic diene to give Diels-Alder reaction products.5
On the contrary, it is found that 1 gives [,2,4 2]
cycloaddition product instead of [;2,+,4;] product as
described above.

Cycloheptatriene reacted with 2 rather abnormally
to give a 1,2-cycloaddition product and an ene re-
action product.’8:5:19) With 1, it reacted to give a
1,2-cycloaddition product (6) and an insertion product
(4). If the products were formed by a stepwise mech-
anism, the intermediate will be formulated as 24,
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which is stereochemically very similar to the proposed
intermediate (25) for the reaction of cycloheptatriene
and phenalenylidene.® The latter forms exclusively
a [:2+.6] product (26). From the examination of the
molecular model, successive overlap between the elec-
trons on C-6" of the cycloheptatrienyl and on C-8 of
the naphthalene ring is thought to be slightly easier in
24 than in 25. Nevertheless, the product (27), corre-
sponding to 26, was not detected in the products of 1
with cycloheptatriene. Thus the formation of 6 might
occur through another pathway without forming 27,
via concerted process rather than the stepwise one.
The principal formation of 6, among 1,2-cycloaddition
products, may be explained by the two-fold statistical
advantage for the addition to C,;—C, compared with
that to Cy3—C, bond in cycloheptatriene and by the
thermodynamical stability of 6 over the symmetrical
one.
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Scheme 8.

Dimethylfulvene with 1 gave a 1,2-cycloaddition
product (17) and a C-H insertion product (18). The
exclusive addition to G;~C, double bond rather than
the C;~Cg double bond is explained also by the same
reason discussed above in the case of the formation of
6, in addition to the steric hindrance to disturb ap-
proaching to the tetrasubstituted Cs—Cg double bond.

With norboranadiene, a homoconjugated diene, 1
reacted exclusively in a manner of [,24.2] cyclo-
addition. Because the rearranged products, as in the
case of a radical reaction to substituted norbornadi-
enes,'® were not detected, the intermediacy of a di-
radical with a considerable life time cannot be antic-
ipated.

Furthermore, from the steric consideration of the
reaction, there is no reason to assume that an endo-
cycloaddition to 1,2-bond surpasses over a homo-
conjugate addition to C; and Cj of norbornadiene
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under a stepwise mechanism. In the concerted mech-
anism, the orbital symmetry consideration may well
conclude the symmetry allowed process for the former
and the forbidden process for the latter. ' The exclusive
formation 22 and 23 strongly supports that the reaction
might be a concerted one. The abundant formation of
22 over 23 may be recognized by the steric reason,
that is, easier approach from the exo side than from
the endo side.

The C-H Insertion Reaction: To clarify whether 1
reacts directly with C; carbon atom of cycloheptatriene
to form the C-H insertion product or not, its reaction
with cycloheptatriene-7-d; was carried out and 4-4; was
isolated. Investigation of the NMR spectrum revealed
that the deuterium in 4-d; was found at a sole position
C; of the cycloheptatriene ring.

In every conjugated polyene case we examined, the
C-H insertion products were formed in considerable
amount and this reaction seemed to proceed by the
attack of a radical of 1 to a position with the largest
value of the free valence in the polyene system.20)

In the reaction with cycloheptatriene, the intramolec-
ular hydrogen abstraction by an aryl radical in 24,
giving 4, might occur much faster than the cyclization
to 27. On the other hand, the ability of H-abstraction
of allylic radical in 25 could be small owing to the
delocalization of the radical electron over the phenalene
ring.

In case of dimethylfulvene, two biradical inter-
mediates 28 and 29 are possible, but any products
through 29, which can not be derived to any C-H
insertion product, are not observed.

Scheme 9.

Experimental?)

Reaction  of  1,8-Dehydronaphthalene. Reaction  with
Cycloheptatriene: To a stirred CH,Cl, (5ml) solution of
cycloheptatriene (3.37 g, 37 mmol) cooled externally with dry
ice~acetone was added lead tetraacetate (1.5 g, 3.4 mmol) in
one portion and followed by dropwise addition of 3 (564 mg,
3.1 mmol) in CH,CI, (20 ml) over 30 min. After the addition
had been completed, the mixture was allowed to come to
room temperature and filtered. The filtrate was washed
successively with water and saturated salt solution and dried
(anhyd. Na,SO,). The residue was chromatographed (CHCly)
on silicic acid (60 g) in the dark: Fractions were collected in
every 30 ml. Fractions 2—3 contained a liquid (218 mg),
which was rechromatographed (n-hexane) on silicic acid
(20 g) in the dark. Fractions were collected in every 10 ml:
Fractions 7—10 contained compounds 4 and 6 (30 mg, 8: 10),
which were further chromatographed (r-hexane) on neutral
alumina (10g). Fractions were collected in every 10 ml.
Fractions 11—13 contained pure 4 (16 mg), which was
identical with a sample of 4 described below.

Compound (4) : NMR § ppm (CCl,) 2.76 (2H, d, /=8 Hz),
5.36 (1H, t-d, /=8, 6 Hz), 6.08—6.30 (2H, m), 6.52—6.64
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(2H, m), 7—8 (7H, m); mass spectrum mfe (%) 218 (100),
217 (94), 215 (38), 203 (63), 202 (63), 152 (21); ABH nm
(log ¢) 225.5 (4.54), 295 (3.81).

Reaction with Gyclopentadiene: To a stirred CH,Cl, (30 ml)
solution of lead tetraacetate (3.8 g, 8.5 mmol) cooled externally
with dry ice-acetone was added cyclopentadiene (5.1g) in
one portion and followed by dropwise addition of CH,CI,
(50 ml) solution of 3 (1.3 g, 7.0 mmol) over 25 min. After
stirring at the temperature for 30 min, the mixture was
warmed up to 0 °C, treated with ice-water, and then filtered
through Hyfrosupercel. The filtrate was washed successively
with 5%, aq. NaHCOj;, H,O and brine. After drying (anhyd.
Na,SO,) and concentrating the organic layer, the residue
was chromatographed (CHCI,) on silicic acid (40 g), fractions
were collected in every 10 ml. - Fractions 3—4 (536 mg) were
rechromatographed (n-hexane) on silicic acid (30 g); fractions
were collected in every 10 ml. Fractions 8—12 gave 220 mg
of a mixture of 9, 10 and 15 (1:0.5:2). This mixture was
characterized by hydrogenation as described below.

Reaction with 6,6-Dimethylfulvene: To a stirred CH,Cl, (15
ml) solution of dimethylfulvene (5.3 g, 50 mmol) cooled at
—20 °C was added dropwise alternately a CH,Cl, (40 ml)
solution of 3 (916 mg, 5.0 mmol) and a CH,Cl, (15 ml) solution
of lead tetraacetate (2.55 g, 5.6 mmol). After usual work-up,
the residue was chromatographed. (n-hexane) on silicic acid
(100 g), fractions were collected in every 100 ml. Fractions
8—9 gave a mixture of 17 and 18 (23 mg, 1:2.8), fraction
10 gave a pure 18 (10 mg). The glc separation of 17 and 18
was carried out using a column of 39, Silicone OV-17 (1/4 in X
5 ft, He 60 ml/min) at 200 °C. Retention time 17, 8.0 min;
18, 8.44 min. 17 mp 110—113 °C; mass spectrum m/fe (%)
232 (86), 217 (100), 202 (46); NMR ¢ ppm (CCl,) 1.36
(3H, s), 2.18 (3H, s), 6.24—6.46 (3H, m), 7.2—7.84 (7H, m);
AE nm (log &) 222 (4.84), 273 (4.27). 18 mp 119—120 °C;
mass spectrum mfe (%) 232 (100), 217 (84), 165 (32); NMR
J ppm (CCl,) 1.84 (3H, s), 2.22 (3H, s), 4.82 (2H, bq), 5.94
and 6.24 (2H, broad AB type), 7.2—7.6 (6H, m).

Reaction with Furan: To a stirred CH,Cl, (30 ml) solution
of lead tetraacetate (4.87 g, 11 mmol) cooled externally with
dry ice-acetone, was added furan (6.8 g, 100 mmol) in one
portion and followed by a dropwise addition of 3 (1.84 g,
10 mmol) in CH,Cl, (40 ml). After usual work-up and
chromatography (n-hexanefsilicic acid 30 g), 2-(x-naphthyl)-
furan 56 mg (3.2%) was obtained and identified with an
authentic sample;¥ NMR Jppm (CCl,) 6.48 (1H, d-d,
J=2, 3.5 Hz), 6.64 (1H, d, J=3.5 Hz), 7.32—7.88 (7H, m),
8.28—8.44 (1H, m).

Reaction with Norbornadiene: To a CH,Cl, (20 ml) solution
of norbornadiene (5.0 g, 50 mmol) cooled at —20 °C was
added dropwise, alternately a solution of 3 (923 mg, 5 mmol)
in CH,CI, (50 ml) and a solution of lead tetraacetate (2.44 g,
5.5 mmol) in CH,Cl, (25 ml) over 45 min. After usual work-
up, the product was chromatographed (n-hexane) on silicic
acid (100 g) to give 2219 (75 mg, 7.5%), and 23®) (10.mg,
19%).

Reaction with Cycloheptene: To a stirred CH,Gl, (5 ml)
solution of cycloheptene (443 mg, 4.5 mmol) cooled externally
with dry ice-acetone was added lead tetraacetate (931 mg,
2.1 mmol) in one portion followedby a dropwise addition of
CH,Cl, (5 ml) solution of 3 (276 mg, 1.5 mmol) over 15 min.
Usual work-up and chromatography (n-hexane) on neutral
alumina (10 g) gave 7 (10 mg, 3%). [Mass spectrum, m/e
(%) 222 (100), 179 (53), 166 (25), 165 (66), 153 (20); NMR
spectrum, é ppm (CCl,) 1.1—2.4 (10H, m), 3.6—3.9 (2H, m),
7.0—7.6 (6H, ABC type); AB¥ nm (log &) 223»f- (4,72),
228 (4.84), 244 (3.21), 281 (3.75), 289 (3.80), 301 (3.50),
306 (3.49), 315.5 (3.04), 320 (3.11).
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Catalytic Hydrogenation of a Mixture of Compounds 4 and 6.

A mixture of 4 and 6 (30 mg), obtained above, was hydrog-
enated in ethanol over 109, Pd-C (100 mg) at room tempera-
ture for 4.5hr. The mixture was filtered and evaporated
in  vacuwo. Repeated chromatography (n-hexane/neutral
alumina) of the residue gave a mixture (1:1, 15 mg) of 1-
(1-cycloheptenyl)naphthalene”?  and  l-cycloheptylnaph-
thalene” and 7 (16 mg). These were characterized by direct
comparison with the authentic samples synthesized in-
dependently.

7-(a-Naphthyl) cycloheptatriene (5). To a stirred suspension
of tropylium fluoroborate (2.1 g, 12 mmol) in anhyd. THF
(10 ml) was added dropwise a-naphthylmagnesium bromide
in ether (8 ml), prepared from a-bromonaphthalene (2.88 g,
11 mmol) and Mg (245 mg, 10 mgatom) at room temperature.
Insoluble material was filtered and the filtrate was con-
centrated in vacuo The residue (2.4 g) was chromatographed
(n-hexane) on silicic acid (70 g), fractions were collected in
every 50 ml; fractions 10—18 gave 5 (904 mg, 30%,). [Found:
C, 93.46; H, 6.549%,. Calcd for C,;H,,: G, 93.53; H, 6.47%:
Mass spectrum; mfe (%) 218 (100), 217 (76), 215 (32), 203
(61), 202 (61): NMR spectrum, é ppm (CCl,) 3.36 (1H, t,
J=>5Hz), 547 (2H, d-d, J=9, 5Hz), 6.08—6.32 (2H, m),
6.52—6.76 (2H, m), 7.2—8.0 (7H, m): AB¥ nm (log &)
224.5 (4.97), 263'"1- (3.91), 272 (4.01), 282 (4.06), 292i~t1.
(3.91).

Thermal Rearrangement of 7-(a-Naphthyl )cycloheptatriene (5).
When 5 (30 mg) dissolved in DMSO-d, (0.4 ml) in an NMR
tube was heated at 125 °C for 15 hr.22) The NMR measure-
ment revealed that 5 was transformed almsot completely to
8, which was further transformed to 4 by heating it at 160 °C
for 4hr. 8 was isolated by chromatography (r-hexane) on
neutral alumina (1 g); fractions were collected in every 1 ml.
Fraction 5 gave almost pure 8. Sublimation at 90 °C/1 mmHg.
8 Found: C, 93.35; H, 6.56%,. Calcd for C,;H,,: C, 93.53;
H, 6.479%,. Mass spectrum; mfe (%) 219 (19), 218 (100), 217
(71), 215 (33), 203 (54), 202 (56). NMR spectrum; J ppm
(CCl,) 246 (2H, t, J=6 Hz), 5.2—5.6 (2H, m), 6.1—6.4
(2H, m), 6.63 (1H, d, J=>5 Hz), 7.2—7.8 (7H, m).

Photochemical Interconversion of Compounds 4 and 5.

The CCl, solution (0:4 ml) of 5 in a quartz NMR tube was
irradiated with a low pressure mercury lamp at room tem-
perature and the reaction was followed by NMR method.
The ratios of 4 and 5 in the mixture were observed in the
course of the irradiation time as follows; 5: 4=16:1 (18 hr),
5:1 (38 hr), 4.6: 1 (62 hr).

When a CCl, (0.4 ml) solution of 4 (30 mg) was irradiated
with a high pressure mercury lamp (UM-452) through Pyrex
filter for 30 min, 4 was transformed to 5, giving a ratio of
23:1 (5 to 4).

Catalytic Reduction of a Mixture of 9, 10 and 15. A
mixture of 9, 10 and 15 (199 mg, 1: 0.5: 2) dissolved in 959,
EtOH (15 ml) was hydrogenated over 10% Pd-C (46 mg)
for 2hr. The glc separation (10% Apiezone:L, 1/4 inXx
51t, 185 °C) of the residue gave -almost equal amounts of a
mixture of 12 and 139 (4:3) and 14, which was identified
with the authentic sample!¥ [NMR &ppm (CCl,) 1.72
(6H, m), 2.0—2.3 (2H, m), 3.5—3.8 (1H, m), 7.12—7.72
{6H, m), 7.8—8.0 (1H, m); A2 nm (log &) 225.5 (4.88),
272 (3.79), 283 (3.87), 293 (3.70)].

Dehydrogenation  of  I-( I-Cyclopentenyl )naphthalene.
1-(1-Cyclopentenyl)naphthalene'” (193 mg, 1 mmol), NBS
(178 mg, 1 mmol) and benzoylperoxide (10 mg) in CCl, (3 ml)
was refluxed for 2 hr. The cooled mixture was filtered and
the residue dissolved in anhyd. ether (5 ml) was treated with
EtN (3ml). After refluxing the mixture for 2hr and
evaporation of the solvent, the residue (261 mg) was chromato-
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graphed (n-hexane) on silicic acid (3 g); fractions were
collected in every 3 ml. Fractions 4 and 5 gave a mixture of
15 and 16 (58 mg, 1:3) [NMR; charasteristic methylene
signals at § 3.38 (q, J=1.1Hz) and 3.15 (q, J=1.1 Hz)
ppm]. The spectral data of the former were identical with
the sample obtained from the reaction of cyclopentadiene
with 1. Because of their instability, further purification of
15 was not effected. Catalytic hydrogenation (10% Pd-C/
EtOH) of the mixture gave 14 as a sole product.

Catalytic Hydrogenation of I-(o-Naphthyl)-6,6-dimethylfulvene
(18). A solution of 18 (10 mg) in gracial acetic acid
(10 ml) was hydrogenated over 5% Pd-C (50 mg) for 3 hr
to give a tetrahydro derivative 19 (8 mg), which was identified
with the authentic sample described below.

Synthesis of 1-Isopropyl-2-(o-Naphthyl)cyclopentene (19).

A solution of 20 (2.3 g, 9.1 mmol)® in bromobenzene (20 ml)
was heated at 180 °C in the presence of KHSO, (1.3 g) until
the separation of water had ceased. After evaporation of
bromobenzene, the residue was chromatographed (n-hexane)
on silicic acid (25 g); fractions were collected in every 25 ml.
Fractions 3—5 gave a mixture of products (1.17 g), which
was further chromatographed (n-hexane) on neutral alumina
(35 g); 20 mlfractions were collected and fractions 2—5
(948 mg) contained 19 and 21. The pure samples of 19 and
21 were obtained by glc (5% SE-30, 1/4inXx 5 ft, 156 °C, He
40 ml/min). Retention time; 19 7.2 min, 21 11.5 min.
[19 Found: C, 91.34; H, 8.55%,. Calcd. for C,;sHy,: C, 91.47;
H, 8.53%. NMR spectrum: § ppm (CCl); 0.90 (6H, d,
J=6Hz), 1.8—29 (7H, m), 7.0—7.8 (7H, m). Mass
spectrum: mfe (%) 236 (62), 221 (100), 193 (41), 179 (30),
178 (24), 165 (37). AB¥ nm (log &) 226 (4.82), 274!
(3.77), 284 (3.86), 293!+ (3.79). 21 Found: C, 91.46, H,
8.26%. NMR spectrum: d ppm (CCl,); 0.67 (3H, d, J=
7Hz), 0.79 (3H, d, J=7Hz), 1.6—2.7 (5H, m), 3.1—3.4
(1H, m), 5.82 (1H, bq, J=2 Hz), 7.1—7.42 (4H, m), 7.54—
7.8 (2H, m), 7.9—8.16 (1H, m). Mass spectrum: mfe (%)
236 (34), 221 (9), 194 (18), 193 (100), 192 (9), 191 (9), 179
(9), 178 (32), 165 (19). AE¥ nm (log &) 226 (4.73), 286
(3.87), 294 (3.86)].

The authors are grateful to Mr. Jun-ichi Goda for
the analytical data and Mr. Misao Uegaki for his
skillful technical assistance. The authors wish to thank
Dr. Yoshio Hirose of the Institute of Food Chemistry
for mass spectral measurements.

References and Notes

1) R. Hoffmann, A. Imamura, and W. J. Hehre, J. Amer.
Chem. Soc., 90, 1499 (1968).

2) C. W.Reesand R. C. Storr, J. Chem. Soc., C, 1969, 760.

3) a) M. Jones, Jr. and R. H, Levin, Tetrahedron Lett.,
1968, 5593. b) H. H. Wasserman, A. J. Solodar, and L. S.
Keller, ibid., 1968, 5596.

4) J. Meinwald and G. W. Gruber, J. Amer. Chem. Soc.,
93, 3802 (1971).

5) a) R. Huisgen and R. Knorr, Tetrahedron Lett., 1963,
1017. b) C.D. Campbell and C. W. Rees, J. Chem. Soc., C,
1969, 748. c) E. Vedejs, R. A. Shepherd, Tetrahedron Lett., 1970,

[Vol. 48, No. 3

1863. d) G. Wittig and R. W. Hoffmann, Chem. Ber., 95, 2718,
2729 (1962). e) R. Muneyuki and H. Tanida, J. Org. Chem.,
31, 1988 (1966). ) H. Heaney and J. M. Jablonski, Tetrahedron
Lett., 1967, 2733. g) P. Crews, M. Loffgren, and D. ]J.
Bertelli, Tetrahedron Lett., 1971, 4697. h) M. Kato, T. Sawa,
and T. Miwa, Chem. Commun., 1971, 1635.

6) For example, cyclopentadiene forms a colorless precipi-
tates immediately when mixed with lead tetraacetate at room
temperature in dichloromethane.

7) S. I. Khromov and E. S. Balenkova, Vestnik Moskov
Univ., 10, Ser. Fiz. Mat. i Estestven. Nauk, (8) 121 (1955)
[Chem. Abstr., 50, 11305e (1956)]. L. H. Klemm, B. T. Ho,
C. D. Lind, B. I. MacGowan, and E. Y. K. Mak, J. Org.
Chem., 24, 949 (1959).

8) a) K. Conrow, “Organic Syntheses,” Coll. Vol. 5,
1138 (1973). b) H. J. Dauben, Jr., L. R. Honnen, and K. M.
Harmon, J. Org. Chem., 25, 1442 (1960).

9) A. P. Ter Borg and H. Kloosterziel, Rec. Trav. Chim.,
82, 741 (1963); ibid., 84, 245 (1965).

10) T. Tezuka, M. Kimura, A. Sato, and T. Mukai, This
Bulletin, 43, 1120 (1970).

11) W. E. Bachmann and L. H. Klemm, J. Amer. Chem.
Soc., 72, 4911 (1950).

12) We could not detect the 1,4-cycloaddition product (11),
described by the authors.d In the NMR spectrum of the
hydrocarbon fraction after chromatography, the signals due
to 16 was also found. But as we could not find them just
before chromatography, 16 might be formed from 15 by
1,5-sigmatropic hydrogen shift during chromatography.

13) This compound was synthesized from o«-naphthyl-
magnesium bromide and 2-isopropylcyclopentanone in ether.

14) A. W. Johnson, J. Chem. Soc., 1946, 895.

15) R. Baker and T. J. Mason, J. Chem. Soc., C, 1970,
596.

16) B. H. Klanderman and T. R. Griswell, J. Org. Chem.,
34, 3426 (1969).

17) 7-Phenylcycloheptatriene reacts with o-benzyne as a
norcaradiene structure to give a [,2+,4] product.?)  Other
dienophiles also react with cycloheptatriene itself giving
tricyclo[3.2.2.0%4]nonene derivatives.?%

18) I. Murata, T. Nakazawa, and T. Imanishi, Tetrahedron
Lett., 5089 (1972).

19) V. F. Bystrov, V. A, Azovskaya, N. P. Petukhova,
A. U. Stepanyants, and E. N. Prilezhaeva, Izv. Akad. Nauk
SSSR, Ser. Khim., 318 (1966) [Chem. Abhstr., 65, 8781e (1966)].
20) A. Streitwieser, Jr., “Molecular Orbital Theory for
Organic Chemists,” John Wiley and Sons Inc., New York
(1961), p. 289.

21) All melting points are not corrected. UV spectra were
measured on a Hitachi Recording Spectrometer Model 323
and NMR spectra were measured on a JEOL PS-100 spec-
trometer with TMS as an internal standard. The chemical
shifts are expressed in ppm. from TMS,

22) No change was observed when 5 was heated at 100 °C
for 18.5 hr or at 120 °C for one hour.

23) M. Kato, T. Sawa, and T. Miwa, Unpublished work.

24) T. Tsuji, S. Teratake, and H. Tanida, This Bulletin,
42, 2033 (1969).






