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The photocycloaddition of naphthalene derivatives to alk-
enes is still of substantial interest, although it has been ex-
tensively studied for the elucidation of the role of exciplex
and for the exploitation of synthetic potentials.! Several pho-
tocycloaddition modes of naphthalenes, including 1,2-ad-
dition,” 1,4-addition,’ and 1,8-addition,* have been reported.
Many investigations on the 14-photocycloaddition have
been conducted with naphthalene and cyanonaphthalenes. It
was reported that the irradiations of naphthalene with 1,3-
dienes yielded [4+4] cycloadducts as major products,” while
those of cyanonaphthalenes with 1,3-dienes yiclded [2+2]
cycloadducts as major products.® The imadiation of 1-cyano-
naphthalene with furan gave the endo-[4+4] cycloadduct,’
while that of 2-cyanonaphthalene with furan yielded the
cage cycloadduct.® The photoreaction of 1-cyanonaphthalene
and furan has been recently reinvestigated, and the product
composition of a photostationary state was explained by
secondary orbital interaction and secondary processes.” How-
ever, the photocycloaddition of dienes to naphthalene deri-
vatives other than cyanonaphthalenes seems to be rather lim-
ited. For methyl 1-naphthoate (1), the irradiation with an
enol of B-ketone induced 1,2-photocycloaddition.'” While
several simple arenecarboxylic acid esters were reported to
undergo [2+2] photocycloaddition at the carbonyl group to
furan," the photoreaction of 1 and furan has not been st-
died. In this study, we examined the temperature effect on
the photoreaction of 1 and furan and elucidated the mechan-
ism for this reaction.

Experimental

Irradiation of 1 and Furan at Ambient Temper
ature, Compound I (1.938 g, 10.41 mmol) and furan
(excess, about 20 mL) were dissolved in distilled dichloro-
methane. After purging with nitrogen for 20 minutes, the

solution at ambient temperature was irradiated through a cyl-
indrical Pyrex glass filter with a 450 watt Hanovia medium
pressure mercury lamp for 11 hours. A gentle stream of ni-
trogen was maintained during the imradiation, and the reac-
tion was followed with either TLC or 'H NMR analysis.
The reaction mixture was separated by a silica gel column
chromatography eluting with n-hexane and dichloromethane
mixtures of increasing polarity to afford 1.471 g (7.900
mmol) of unreacted 1, 343 mg (1.35 mmol) of 2, 153 mg
{0.602 mmol) of the 3, and 75.3 mg (0.296 mmol) of 4.
The yields of 2, 3, and 4 based on the consumed 1 were
53.8%, 24.0% and 11.8%, respectively. 2: mp 75.0-76.0 “C
(dichloromethane/n-hexane); 'H NMR (200 MHz, CDCl,)
7.79-7.74 (1H, m, aromatic H), 7.18-7.09 (2H, m, aromatic
H), 6.93-6.86 (1H, m, aromatic H), 643 (1H, d, J=5.4 Hz,
CO,-C=CH), 6.04 (1H, dd, J=2.7, 1.5 Hz, O-CH=C), 5.37
(14, dd, /=72, 7.2 Hz, O-CH-C,), 4.98 (1H, dd, J=2.8, 2.8
Hz, O-C=CH), 4.17-4.06 (1H, m, Ar-CH-C,), 4.02-3.91 (1H,
m, O-C-CH-C,), 3.83 (3H, s, CO,-CH), 3.68-3.55 (1H, m,
CO,-C=C-CH); C NMR (50 MHz, CDCl,) 167.64, 148.40,
133.73, 130.87, 130.59, 12939, 129.24, 127.44, 126.44,
125.95, 102.19, 83.68, 5242, 51.75, 41.30, 36.34; IR
(CHCL,) 3025, 2950, 1715, 1600, 1491, 1435 cm '; UV
{CHCI,) A,. () 291.6 (2460); MS (CI*, methane)} m/e 255
{M+1), 215, 195, 187 (100), 186, 155, 69. 3: mp 89.0-90.0
°C (dichloromethane/n-hexane); '"H NMR (200 MHz, CDCl,)
7.03-6.93 (3H, m, aromatic H), 6.83-6.69 (3H, m, aromatic
H, CH=C-C-CQ,, C=CH-C-CO,), 5.86 (lH, dd, J=59, 1.5
Hz, olefinic H), 5.79 (1H, dd, /=59, 1.7 Hz, olefinic H),
4.69 (I1H, d, J=1.7 Hz, C=C-CH-0), 4.47 (1H, dd, .7=6.6,
1.5 Hz, C=C-CH-0), 3.91 (3H, s, CO,-CH), 3.61 (1H, ddd,
J=6.5, 6.5, 1.7 Hz, CH-C=C-C-CO,); IR (CHCl,) 3018.
2958, 1730, 1658, 1612, 1266, 1248 cm '; UV (CH,CN)
Aem (€) 278.2 (591), 2704 (622), 262.8 (544); MS (CI',
methane) m/e 255 (M+1), 187, 186 (100), 155, 69. 4: mp
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106.5-107.5 °C (n-hexane); 'H NMR (200 MHz, CDCl,)
7.29-7.24 (3H, m, aromatic H), 7.05-7.00 (1H, m, aromatic
H), 5.20-5.12 (2H, m), 3.99 (3H, s, CO,-CH), 3.62-3.58
(1H, m), 2.99-2.93 (2H, m), 2.70-2.63 (2H, m); IR (CHCl,)
3018, 2958, 1730, 1295 cm™'; UV (cyclohexane) A, (€)
271.2 (619), 262.8 (646), 256.4 (592); MS (CI’, methane)
m/e 255 (M+1), 195, 187, 186 (100), 155, 69, 68.

Low-Temperature Irradiation of 1 and Furan. A
dichloromethane solution of 1 (1.964 g, 10.55 mmol) and a
large excess of furan (20 mL) at - 78 °C was irradiated
through a Pyrex filter for 10 hours. The reaction mixture
was separated by a silica gel column chromatography elut-
ing with a-hexane and dichloromethane to afford 82.5 mg
(0.443 mmol) of unreacted 1, 1.635 g (6.430 mmol, 63.6%
based on the consumed 1) of 2, 334 mg (1.31 mmol, 13.0%)
of 3, and 107 mg (0.421 mmol, 4.2%) of 4.

Results and Discussion

A dichloromethane solution of 1 and furan at ambient
temperature was irradiated through a Pyrex filter (A > 295
nm) for 11 hours, and the reaction mixture was separated
by a silica gel column chromatography. The results in-
dicated that 1 was converted to three products in 21.6%
overall yield (Scheme 1). No oxetane was found, which had
been observed in the photoreaction of methyl benzoate and
furan® The major product was the syn-{2+2] cycloadduct
(2) in 53.8% yield based on the consumed 1. The other pro-
ducts were the endo-[4+4] cyclodimer (3) and the cage cy-
clodimer (4) with the yields of 24.0% and 11.8% based on
the consumed 1.

The structure of each product was determined by MS,
UV, NMR, and IR analyses. The mass (CI) spectrum of
each product exhibited the weak parent peak at m/fe 255
and strong fragment peaks at m/e 187 and 69, indicating an
1:1-adduct of 1 and furan. The major product was assigned
to have the syn-[2+2] structure, particularly by four intense
peaks at 30-90 ppm in the “C NMR spectrum, three ole-
finic proton peaks and the large coupling constant (7.2 Hz)
between H, (5.37 ppm) and Hy (4.17-4.06 ppm) in the 'H
NMR spectrum, and the UV absorption maximum at 292
nm.” The spectroscopic data of 3 are similar to those of the
endo-[4+4)] cyclodimer of 1-cyanonaphthalene and furan.’
Heating an isooctane solution of 3 at 99 °C for 1 hour
resulted in 60% decomposition into E. Since 2 was not ob-
served in this thermal reaction, the [4+4] cyclodimer should
be in the endo-form.*'* Four aromatic proton peaks and ten
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+ —— +
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MeO,C
1 3
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Figure 1. Prediction of photoproducts beased on primary and
secondary orbital interactions.

aliphatic proton peaks at the '"H NMR spectrum of 4 and no
appearance of C=C stretching peak in the IR spectrum sup-
ported that 4 has the cage structure.

Unlike the photoreaction of 1-cyanonaphthalene and
furan,” the irradiation of 1 and furan produced 4, which
may be formed from 5 through the intramolecular [2+2]
cyclization. This has been also reported in the case of 2.
cyanonaphthalene and furan.® Since the UV spectrum of 2
is characterized by the onset of absorption around 370 nm
and by a maximum around 290 nm, it is expected that 2
formed may easily dissociated into 1 and furan under the ir-
radiation conditions. Therefore, the primary photoproducts
should be [4+4] cycloadducts, which are expected to have
maximum absorption around 270 am." If the secondary or-
bital overlap between the LUMO of 1 and the LUMO of
furan is considered," the exo-[4+4] cyclodimer (5) is ex-
pected to be the major product in the photocycloaddition
(Figure 1). Compound 2 is then formed from the facile
Cope rearrangement of 5 (Scheme 1).

Since 5 is expected 10 be stable at low temperature,”'®
low-temperature irradiation experiments were performed to
confirm the proposed mechanism. A dichloromethane solu-
tion of 1 and furan at - 78 °C was imadiated through a
Pyrex filter for 10 hours, and the mixture was separated by
a silica gel column chromatography. Compound 1 was con-
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Figure 2. (a) 'H NMR spectrum at - 50 °C for the low-tem-
perature irradiation mixture of 1 and furan. (*peak of impurity at
the reactants) (b) 'H NMR spectrum at ~ 50 °C for the resulting
solution after standing at 25 °C for 1 hour.
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veried to the same products in 77.3% overall yield, and the
isolated vields of 2, 3, and 4 based on the consumed 1
were 63.6%, 13.0%, and 4.2%, respectively. The increased
yield of 2 at the lower temperature is consistent with the
mechanism. The higher conversion of 1 and the lower yield
of 4 also support that § is more stable at the low tem-
perature and less photodissociation occurs. In order to get a
direct evidence for the existence of 5, a CDCl, solution of 1
(.18 M) and furan (4.2 M)} at -60 °C was irradiated
through a Pyrex filter for 3 hours, and 'H-NMR spectra
were taken at —~ 50 °C for the reaction mixture and for the
resulting solution after standing at 25 °C for 1 hour (Figure
2). The results indicated that 2 was not initially formed.
The major product, supported by the '"H NMR spectrum and
the Cope rearrangement to 2 at 25 °C, was assigned to be 5.
The low-temperature NMR study confirms that the pro-
posed mechanism is correct.
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The geminal substitunet effects’ refer to either stabil-
ization or destabilization caused by the interaction between
two functional groups centered at the same atom and this
have beem a subject of research interests in organic reac-
tions. If the central atom is substituted with two ¢-and m-ac-
ceptors, the resujtion interaction is destabilization, while sub-
stituted with 6-and n-donors, overall stabilization results.

Recently we have reported a reductive decyanation of a-
cyano and o-alkoxycarbonyl substituted nitriles promoted
by samarium(II) iodide.” The reaction involves a carbon-car-
bon bond cleavage (C-CN bond) and takes places under
mild conditions, but the successful reactions require ac-
tivation by geminal substituents such as another nitrile or al-
koxycarbonyl group. Another characteristic of the reaction



