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Irradiation of a benzene solution containing methyl p-(1-pyrenylmethoxymethyl)cinnamate (1a) with a high-pressure Hg lamp through Pyrex
filter stereoselectively gave an intramolecular (27r + 2) photocycloadduct (2a) in an 83% yield in a site-selective manner at the 4,5-position
of the pyrene ring. Similar irradiation of an ortho-substituted derivative (3) afforded the corresponding (2x + 2x) cycloadduct (4) as a sole
product at the 9,10-position of pyrene. The site-selective photocycloaddition can be reasonably explained by the intramolecular sandwich-type

singlet exciplexes between the pyrene and phenyl rings.

The photocycloaddition reaction of alkenes to aromatic rings triplet exciplexes, which play important roles in the control
is a stimulating subject in organic photochemistry, because of the regio- and stereochemistry of products, have been
it is one of the most useful methods for the synthesis of a postulated as reactive intermediates. However, the photocy-

variety of carbon skeleton compounds that are difficult or
impossible to obtain by thermal reactiohs. Singlet and
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cloaddition of alkenes to a pyrene ring has been less
frequently reported,although the fluorescence behavior of
pyrene and its derivatives has been well investigated. In
addition, the cycloreversion of thes2+ 27) photocycload-
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ducts between pyrene and alkenes has not been investigate

We now report the site- and stereoselective intramolecular Scheme 1

photocycloaddition of alkenes to pyrene and its cyclorever-

sion based on our interests in the synthesis of phenan-

threnophanésand the photoswitching ability. o
We have designed and synthesized compouradsd, 3, benzene ah

and5 which were connected by ether linkages between the

pyrene and electron-deficient arylalkeriebradiation of trans/ cis=78/22), 0.03 M ~o
benzene solutions dfa,b by use of a 300 W high-pressure S

Hg lamp through a Pyrex filter under an argon atmosphere .

efficiently gave intramolecular (2+ 2) photocycloadducts Ow
(2ap)® as sole products in 83% and 81% yields, respectively, ©

together with the recovery dfa,b with no photoisomeriza-

tion of the alkenyl group (Table 1). A similar irradiation of 4t’ 0% fe. 11%

9,10-position of pyrene ring) was different from thatlafb
(their 4,5-position). However, the photoreaction of theta
derivative (5t) resulted in a brief photoisomerization to the
o cis isomer (5c) and did not give the cycloadduct (Scheme
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1a-d 2a-c
substrate yield of recovery of benzene
Rl R2 R3 product 2 (%) 1 (%)

Table 1. Intramolecular (27+ 27) Photocycloaddition of
la—cf

la H H COxMe 2a 83 17 (E/Z = 100/0) 5t, 0.03 M 92% (trans | cis = 93/ 7)

b H H CN 2b 81 19 (E/Z = 100/0)

1c CN H Ph 2c 22 78 (E/Z = 59/41)

1d H CN Ph 0 100 (E/z=69/31) Irradiation of 1c afforded2c in a 22% yield, but in the

aReactions were carried out using a high-pressure Hg lamp through a case ofld, 2d was not obtained at all. In both casés;Z

z_)y'met)ﬁ“er under an argon atmosphere for 1 h.£1.03 Min benzene  photoisomerization of arylalkenyl groups was observed. The
) different reactivity betweeric and 1d can be reasonably

explained by the steric hindrance efido-phenyl ring with
3 (trans/cis = 78/22), which connects pyrene and cinna- endo-Z-cyano group. In fact, the intermolecular photocy-
monitrile at theortho-position of the benzene ring, afforded ~ cloaddition ofa-cyanostilbene (7) to pyrene (6) exclusively
the corresponding intramolecular photocycloadduttsd afforded8 in a high yield, and was not obtained (Scheme
4c) in 75% and 11% isolated yields, respectively (Scheme 3).
1). It should be noted here that the reactive site3 gthe
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(7) We have also prepared several pyrene derivatives bearing cinnamyl
and cinnamoyl groups. However, they were less reactive ilaarc.

(8) Data for2a: mp 175°C; 'H NMR (400 MHz, CDC}) 6 3.44 (t,J
=4.9 Hz, 1 H),3.89 (s, 3H),4.20 (d,= 13.2 Hz, 1 H), 4.43 (dJ = 13.2
Hz, 1 H), 4.45 (ddJ = 9.8, 5.9 Hz, 1 H), 4.63 (dd] = 9.8, 4.4 Hz, 1 H),

4.78 (t,J = 10.0 Hz, 1 H), 4.86 (dJ = 13.2 Hz, 1 H), 5.63 (ddJ = 8.1,
1.7 Hz, 1 H), 5.69 (dJ = 13.2 Hz, 1 H), 6.07 (dd) = 8.1, 1.7 Hz, 1 H),
6.38 (dd,J = 7.8, 2.0 Hz, 1 H), 6.42 (d) = 7.3 Hz, 1 H), 6.60 (ddJ =
7.8, 2.0 Hz, 1 H), 6.80 (d) = 7.3 Hz, 1 H), 7.42 (dJ = 6.8 Hz, 1 H),
7.55 (t,J=7.6 Hz, 1 H), 7.71 (dJ = 8.8 Hz, 1 H), 7.72 (dJ = 7.3 Hz,
1 H), 7.85 (d,J = 8.8 Hz, 1 H);13C NMR (100 MHz, CDC4) 6 38.04,
42.84, 50.20, 51.22, 52.32, 73.04, 74.42, 123.53, 125.23, 125.64, 126.20,

126.63, 127.05, 127.35, 128.04, 129.88, 130.28, 130.44, 130.54, 130.71, :
131,97, 134.85, 136.04. 137.11, 138.39, 175.07: MS (Bl3(%) = 216 The structures of these photocycloadducts were determined

(100), 406 (M, 33). by their spectral and analytical data. In the case8afc,

3306 Org. Lett., Vol. 2, No. 21, 2000



IH NMR chemical shifts of some aromatic protons on the
benzene rings and 2,3-positions of dihydropyrene rings

appeared farther upfield than normal owing to the ring current %
C21

effect (for example, 5.636.80 ppm in2a, 5.92—6.99 ppm
in 2c, both in CDC{). The chemical shifts of aromatic

protons of4t and4c also shifted upfield moderately. These Q* N

results clearly show tha2a—c have complete sandwich 2 CW@\
structures as phenanthrenophanes. Finally, the structures of e O
2a and4t were confirmed by the X-ray analyses shown in C23< l oo cis
Figures 1 and 2. O (53

7@*@@
chs % )
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Figure 2. ORTEP drawing ofit: monoclinic,Pa (No. 7),z= 4
R1 = 0.056,a = 9.086(4),b = 23.816(2),c = 9.923(4),5 =
107.04(3),V = 2052(1). Selected bond lengths: C{¥)(10) 1.55-
(1) A, C(10)—C(25) 1.63(2) A, C(25)—C(26) 1.61(1) A, C(26)—

a\ C(9) 1.57(2) A.
% C27 CSA
L with higher triplet energies, did not isomerize, but those of
o “ 0 1c,d efficiently isomerized because of their lower triplet
energies?

Ziggurs i'o.%ng iidg%‘gg‘&)ogi: Eﬁ’ggﬂgi‘é'zzzlfs(z'&sﬁ)f UV—vis absorption spectra opara, ortho, and meta
98.64(3)V = 4051(2). Selected bond lengths: G{&)(26) 1.560- derivatives (1b,3, and5) were gune similar to that of
@ A, C(4)—C(52 1.544(5) A, C(4)C(25) 1.614(4) A, C(25) 1-(methoxymethyl)pyrene and did not show the formation
C(26) 1.553(4) A.

The photocycloreversion dfa—c and4t was examined. Scheme 4
Irradiation of the isolate@a,b in benzene through a Pyrex 1
filter gave a mixture ofla,band2a,bin an ca. 80:20 ratio.

These ratios were almost the same as those in the photo- hy
reactions ofla,b, and the prolonged irradiation did not affect
these ratios. Thesis isomers ofla,b (c-1a,b) were not
observed at all. In the case 8¢t, the cycloreversion also
occurred smoothly, but thE—Z photoisomerization took
place in high efficiency. On the other handt was not
cycloreversed. In addition, cycloreversion of the intermo-
lecular photocycloadduciQ) was barely observed under the 3 —
same irradiation conditiorfé® The marked difference of

efficiency of cycloreversion was rationalized by the higher

strain energy of2a—c. The E—Z photoisomerization of

alkenyl groups took place via their excited triplet states

generated by energy transfer from the triplet state of the

pyrenyl group in most cases. The alkenyl groupslafb, hy

(9) Zertani, R.; Meier, HChem. Ber1986,119, 1704—1715.

(10) Murov, S. L.; Carmichael, I.; Hug, G. lHandbook of Photochem-
istry, Second Edition, Résed and Expanded; Marcel Dekker: New York,
1993.
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of the intramolecular charge transfer complexes in the groundlecular sandwich-type exciplex mechani$m.The 7—x
states. Fluorescence spectra of these compounds in cycloeverlap interaction between the pyrene and benzene rings
hexane showed that the monomer fluorescence of the pyrenean the excited singlet state controls the site selectivity of the
chromophore was efficiently quenched intramolecularly by photocycloadditior{2?1213The proposed structures of the
the arylalkenyl group accompanying the intramolecular exciplexes derived fronpara, ortho, andmetaderivatives
exciplex emissiort! The photoreaction did not proceed by are shown in Scheme £ara-substituted derivatives (1a—
way of triplet sensitizers as the benzophenone and Michler'sc) react at the 4,5-position of pyrene to give cyclophanes
ketone photoreactions do. (2a—c) reversibly. On the other handrtho derivative 3
These results can be reasonably explained by the intramo-+eacts at the 9,10-position of pyrene to give the intramo-
(11) The fluorescence spectrald,b, 3, and5t in cyclohexane showed lecular photocycloadducts (4and 4c). An unfavorable

the weak intramolecular exciplex emission at a longer wavelength than the €Xciplex for photocycloaddition frormetaderivative5 does

monomer fluorescence of pyrene. In the casekcaf, the exciplex maxima not give any photocycloadduct.
were clearly observed at 450 and 470 nm, respectively.
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