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results from an increase in the separation of the donor and acceptor
by ~6 A. The largest drop in rate occurs when the first proline
is added (factor of >100). The separation between the donor and
acceptor increased by ~3 A. This large decrease in rate is at-
tributed to an increase in the outer-sphere reorganizational energy
and a decrease in the electronic coupling factor,!® with the latter
predominating. For cases where the distances are fixed during
the electron-transfer process, quantitative estimates for the de-
crease in rate could be obtained. However, because the rate of
electron transfer is slow compared to proline isomerization in this
study, quantification of the data as a function of distance cannot
be done.

When [(NH;);Os!!-] is used in place of [H,O(NH;),Ru!!l~]
as a donor, the driving force for the intramolecular electron-
transfer reaction can be increased by about 0.6-0.7 V.2 This
is expected to increase the rate of electron transfer by 5 orders
of magnitude (#,, < 15).° For such a fast reaction the question

(19) (a) Sutin, N. Acc. Chem. Res. 1982, 15, 275-82. (b) Sutin, N. In
ref 18

(20) Vassilian, A.; Magnuson, R.; Schwarz, H,; Isied, S., work in progress.

(21) Traub, W,; Shmueli, uU. Nature (London) 1963, 198, 1165.

(22) Zawacky, S.; Taube, H. J. Am. Chem. Soc. 1981, 103, 3379-87.

(23) Stryer, L. “Biochemistry”; W. H. Freeman: San Francisco, 1981.

is whether the intramolecular electron-transfer reaction will take
place at the long distance of the fully trans isomer or whether
electron transfer will wait for the cis-trans isomerization to occur
(t1/2 ~ 1-2 min), to bring the donor and acceptor mto close
proximity. Furthermore, with these fast rates proline oligomers
will be rigid spacers, thus allowing quantification of the decrease
in rate of electron transfer with distance. The osmium(II)-co-
balt(III) proline series is currently being investigated to address
these issues.?

Acknowledgment. This work was supported by the National
Institutes of Health (Grant GM 26324). S.I. is the recipient of
a National Institutes of Health Career Development Award (AM
00734) (1980-1985) and a Camille and Henry Dreyfus Teach-
er—Scholar Award.

Reglstry No. [SO,(NH,),Ru-(iso-(Pro))-Co(NH;)s](BF;);»HBF,,
88510-36-5; [SO,(NH;) Ru~(iso-(Pro);)-Co(NH;)s](BE,)HBF,,
88524-99-6; [SO,(NH;)sRu-(iso-(Pro);)-Co(NH;)s] (BF,);HBF,,
88525-02-4; [SO,(NH,),Ru-(iso-(Pro),)-Co(NH,);] (BF,);HBF,,
88525-05-7; [(NH,)sCoPro]?*, 68582-22-9; [(NH;)sCo(Pro),]?*,
68582-28-5; [(NH;)sCo(Pro);]**, 88525-06-8; [(NH;)sCo(Pro)]**,
68582-19-4; [(NH;)sCoPro-iso]**, 88496-37-1; [(NH,);Co(Pro),-iso]**,
88496-39-3; [(NH,)sCo(Pro);-is0]?**, 88525-07-9; [(NH;)sCo(Pro),-
is0]2*, 88525-08-0.

Photochemistry of 2-Phenyl-1,2-dihydronaphthalene. A
Competition between a Singlet State Di-m-methane
Rearrangement and a Ring-Opening Reaction

Joseph J. M. Lamberts and Wim H. Laarhoven*

Contribution from the Department of Organic Chemistry, Catholic University,
Toernooiveld, 6525 ED Nijmegen, The Netherlands. Received January 26, 1983

Abstract: Irradiation of 2-phenyl-1,2-dihydronaphthalene (4) at 300 nm in hexane leads to three primary photoproducts: endo-
and exo-6-phenylbenzobicyclo[3.1.0Jhex-2-ene (endo-5 and exo-5) and 7,12-dihydrodibenzo[a,d]cyclooctatetraene (6). Irradiation
of labeled 4 (4-3,4-d,) showed that § arises via a di-w-methane rearrangement as well as via electrocyclic ring opening, single
bond rotation, and photocycloaddition. The di-w-methane rearrangement proceeds partly as a triplet reaction, giving both
epimers of §, but mainly as a stereoselective singlet reaction, giving only endo-5. The pathway via ring opening and cycloaddition
yields exo-5, which arises from that conformer of 4 having the phenyl group in the pseudoequatorial position (PE-4). The
other conformer (PA-4) yields mainly 6 (Scheme VI) because the ring opening can be followed by an 8=-electrocyclic ring
closure. On irradiation of 4 at 254 nm the stereoselectivity of the singlet reactions is less clear, because endo-5 and exo-§
are interconverted. Parallel with the interconversion 2-benzylideneindan (7) is formed as a secondary photoproduct under

these conditions.

The photochemistry of 1,2-dihydronaphthalenes has been
studied for over 10 years. In 1971 Salisbury! proposed the reaction
mechanism, given in Scheme I for the conversion of the parent
compound (1) into benzobicyclo[3.1.0]hex-2-ene (3). It was based
on the observation that a broad spectrum of wavelengths was
needed to bring about the conversion. A long-wavelength ab-
sorption band, corresponding to the supposed pentaene interme-
diate (¢Zc-2) has actually been observed in low-temperature ir-
radiations of some 1,2-dihydronaphthalene derivatives.>?

We anticipated that 2-phenyl-1,2-dihydronaphthalene (4) might
be a derivative of 1 of special interest in photochemical studies,
because it can also be conceived as a 3-phenylpropene able to
undergo a di-w-methane rearrangement. The reaction mechanism
of the basic di-r-methane rearrangement is given in Scheme II
in terms of intermediate diradical structures.* Recently, indi-

(1) K. Salisbury, Tetrahedron Lett. 737 (1971).

(2) H. Kleinhuis, R. L. C. Wijting, and E. Havinga, Tetrahedron Lett. 255
(1971).

(3) U. Widmer, H. Heimgartner, and H. Schmid, Helv. Chim. Acta 58,
2210 (1975).
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cations for the existence of such intermediates have been found®,
but concerted reactions of this kind cannot be excluded.
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Table I. Composition (in %) of the Mixture of Photoproducts from 4-3,4-d ¢
exo- exo- endo-
irradiation conditions 6-6.7-d, §-1.5-d, 5-1,6-d, 5-1,6-d, 7d,
A HPM,? quartz, hexane 4 40 <5 27 24
B HPM, Pyrex, hexane 4 64 <5 27
C 300 nm, Pyrex, hexane 5 33 12 50
D 254 nm, quartz, hexane 8 14% exo-5-1,5-d, + exo-5-1,6d,
51% endo-5-1.5-d, + endo-5-1,6-d, 27
E 300 nm, Pyrex, acetone 48 52
F 300 nm, Pyrex, hexane, 1,3-cyclohexadiene 15 27 58

(3 X107 M)

@ Irradiation was done under various conditions and continued until all starting material had disappeared.
¢ In all experiments endo-5-1,5-d, might have been present, but the amount was always less than 5%.

(Philips HPK-125).

Application of this scheme to 4 leads to the same photoproduct
as should be expected via the pathway of Salisbury, viz., 6-
phenylbenzobicyclo[3.1.0]hex-2-ene (5) (Scheme III). However,
formation of this product via a di-=-methane rearrangement should
be accompanied by a net migration of the phenyl substitutent from
C(2) to C(3). This implies that the pathway of the formation
of § can be established by introducing a marker at C(2) or C(3)
of 4.

The possible competition between two distinct photoreactions
leading to the same product led us to an investigation of the
photochemistry of 4 and its 3,4-dideuterio derivative (4-3,4-d,).

Results

Irradiation of 2-Phenyl-1,2-dihydronaphthalene (4). Irradiation
of 4 dissolved in hexane in a quartz tube with a high-pressure
mercury lamp (HPM) led to complete disappearance of the
starting compound within 3.5 h. Separation of the product mixture
by column chromatography on silica gel gave three fractions.

The NMR spectrum of the first fraction revealed the presence
of an ArCH=CH—CH,Ar moiety (two broadened doublets and
a doublet of triplets) and an ArCH,Ar unit (singlet at 4.03 ppm).
Together with the presence of eight aromatic protons and the
parent peak in the mass spectrum at m/e 206, the data point to
7,12-dihydrodibenzo[a,d]cyclooctatetraene (6). The structure was
confirmed by comparison of the NMR spectrum with those of
the known 12-oxa analogue® and the 12-methyl derivative.’

Identification of the second product as 2-benzylidene indan (7)
from its NMR spectrum was only tentative, because the spectrum
had only a few characteristic features (broad signal at 3.9 and
a quintet at 6.6 ppm). The structure was definitely established
by an independent synthesis of 7 through irradiation of 2-
benzyl-1H-indene.?

The third fraction was a mixture of endo-5 and exo-5. Sepa-
ration of the epimers was rather difficult, but small samples of
the pure compounds were obtained by column chromatography
on alumina. The compounds were identified by comparison of
their NMR spectra with those reported in the literature.’

Irradiation of 4 in Pyrex gave exo-5, endo-5, and 6 but not 7.
Irradiation of exo-5 as well as endo-5 in hexane at 254 nm and
following their photoconversion with NMR revealed intercon-
version of the epimers and rapid formation of 7 under these
conditions (Scheme IV).

Irradiation of 3,4-dideuterio-2-phenyl-1,2-dihydronapthalene
(4-3,4-d,). In an initial experiment 4-3,4-d, was irradiated in
Pyrex in order to prevent interconversion of the endo/exo epimers
of the deuterated photoproduct 5. As expected deuterated 7 was

(4) (a) S. S. Hixson, P. S. Mariano, and H. E. Zimmerman, Chem. Rev.
73, 531 (1972); (b) H. Morrison in “Organic Photochemistry”, A. Padwa, ed.,
Marcel Dekker, New York, 1979, Vol. 4, pp 171-182.

(5) (a) M. Demuth, D. Lemmer, and K. Schaffner, J. Am. Chem Soc.,
102, 5407 (1980); (b) W. Adam and O. De Lucchi, J. Org. Chem., 46, 4133
(1981).

(6) H. S. Kasmai and H. W. Whitlock, Jr., J. Org. Chem., 37, 2161
(1972).

(7) B. E. Evans, P. S. Anderson, M. E. Christy, C. D. Colton, D. C. Remy,
K. E. Rittle, and E. L. Engelhardt, J. Org. Chem., 44, 3127 (1979)

(8))J J. M. Lamberts and W. H. Laarhoven, J Org. Chem., 48, 2202
(1983

(9) M. Sindler-Kulyk and W. H. Laarhoven, J. Am. Chem. Soc., 100, 3819
(1978).

b High pressure mercury lamp

(Z.exo)l-li H(Aerd)l-li(sexo)

©,
.AQ
ooz

15-d-endo-5 i

|

T T T T

(Z.exo)l-li H(Z.Tndo) l-|1(5)

g_ D
-D
16-d,-endo-5 @.4 R
1l ” Hl
T T
(Z.exo)b-li T(Aendo) i-li(sendo)
H Z
15-dy-exo- 5 l ’g
I {
! | T T
(4ex0)H H(4endo) H(5)
11 | b s
—D
16-dy-ex0- 5 O ¥+
T L ! ” T T
4 3 2 1 dlppm)

Figure 1. Simulated spectra of endo-5 and exo-5, deuterated at C(1) and
C(5) or C(1) and C(6).
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not formed under these conditions. The product 6 arose as its
6,7-dideuterio derivative (6-6,7-d,) as appeared from the absence
of the H(6) signal in the NMR spectrum and the presence of a
signal at 3.19 ppm (H(7)) corresponding to only one proton.

In the fraction containing the photoproduct 5 four different
species might be present, viz., endo-5-1,5-d, and exo-5-1,5-d,,
formed via the upper route of Scheme I11, and endo-5-1,6-d, and
ex0-5-1,6-d,, formed via a di-w-methane rearrangement. In order
to analyze the composition of the fraction, NMR spectra at 90
MHz were designed for all four species by considering the changes
which will occur in the known spectra of endo-5 and exo-§ when
deuterium is introduced in the indicated positions and then sim-
ulating the spectra (Figure 1). The simulated spectra show that
the estimation of the relative concentrations of endo-5-1,5-d, and
ex0-5-1,5-d, in product mixtures can rather well be based on the
different positions of H(6).

Estimation of the ratio endo-5-1,6-d,/exo-5-1,6-d, will be less
accurate, because their patterns largely overlap. In the NMR
spectrum of the product mixture before separation the signal of
the H(7) protons of 6 at 3.19 ppm introduces an additional in-
accuracy in the evaluation of the relative concentrations of
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endo-5-1,6-d, and exo-5-1,6-d,. Comparison of the NMR
spectrum of the product fraction containing 8§ from 4-3,4-d, with
the spectra in Figure I revealed, however, clearly that exo-5-1,5-d,
and endo-5-1,6-d, had been formed as the main products. The
amounts of endo-5-1,5-d, and exo-5-1,6-d, can not have been more
than ca. 5%, based on the total amount of nonpolymeric products.

In Table I results are given of irradiations of 4-3,4-d, under
varying conditions. The percentages of the photoproducts have
been estimated from the NMR spectra of the irradiation mixtures
and consequently refer to the total amount of nonpolymeric
products. The accuracy of the data is certainly not better than
ca. 5%. In some experiments NMR spectra were traced after
varying time intervals. It appeared that the product ratios were
independent of the irradiation time within the accuracy of the
method.

Discussion

Formation of 7. It is clear that 7, only formed on irradiation
at 254 nm, is not a primary photoproduct. It arises from exo-
or endo-5 under these conditions via homolytic fission of the
C(1)-C(6) bond in §, which is also responsible for the intercon-
version of the epimers of 8. Its formation must be due toa 1,2-H
shift, which has been observed previously in comparable cases!%!!
(Scheme V).

Establishment of the labeling of 7 from its NMR spectrum in
experiment A showed that the olefinic proton is still present,
whereas the signal at 3.9 ppm is strongly reduced. Apparently,
the product is mainly 7-7,/-d,. this must originate from 1,5-
deuterated 5. Indeed, exo-5-1,5-d, is the main, primary photo-
product of 4-3,4-d, (see B), when irradiation below 300 nm is
exclused without other variations of the experimental conditions.

Formation of 6. The structure of 6 suggests that it is formed
via an electrocyclic ring closure of a phenyl-substituted pentaene
intermediate, corresponding to cZc-2 and having the phenyl group
in the “internal” position (cZc-9, Scheme VI). The deuterium
incorporation in 6-6,7-d, shows that the aromaticity, lost in the
formation of the ring-closure product (10), is restored via a
thermal, suprafacial 1,5-H shift rather than through a photo-
chemical 1,3-H shift.

Formation of § via the Salisbury Mechanism. The compound
4 occurs in two conformations, and in one of our earlier papers!?
the ground-state conformational equilibrium of the pseudoaxial
(PA) and pseudoequatorial (PE) conformers has been studied by
using a 500-MHz 'H NMR,; at ambient temperature the fraction
of PA-4 (xp,) appeared to be 0.31.

It has been suggested that ground-state conformational popu-
lations can control the stereoselectivity of photoreactions,'®!*
According to the Woodward-Hoffmann rules a compound like
4 may undergo two possible modes of conrotatory, electrocyclic
ring opening. The more favorable process is that in which the
pseudoaxial substitutent at C(2) moves into the “internal” and

(10) D. L. Schuster and I. S. Krull, J. Am. Chem. Soc., 88, 3456 (1966).

(11) J. S. Swenton and J. Krubsack, J. Am. Chem. Soc., 91, 786 (1969).

(12) J. J. M. Lamberts and W. H. Laarhoven, Recl. Trav. Chim., Pays
Bas, 102, 181 (1983).

(13) (a) J. E. Baldwin and S. M. Krueger, J. Am. Chem. Soc., 91, 6444
(1969); (l;) C. W. Spangler and R. P. Hennis, J. Chem. Soc., Chem. Comm.,
24 (1972).

(14) (a) P. Courtot, R. Rumin, and J. Y. Salaun, Pure Appl. Chem., 49,
317 (1977); (b) P. Courtot, R. Rumin, and J. Y. Salaun, Recl. Trav. Chim.,
Pays Bas, 98, 192 (1979).
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the pseudoequatorial substituenmt into the “external” position of
the resulting pentaene (see Scheme VI).

Courtot et al.!* have connected the phenomenon with the
principle of least motion;!? the pseudoequatorial substituent is more
or less in the “plane” of 4 and needs only a small displacement
to end up in the external position of the conjugated pentaene.
According to this principle the product 6 should originate from
PA-4, whereas 5-1,5-d, should mainly arise from PE-4, providing
no photochemical equilibration of the intermediates (9 and 11)
occurs. This condition will best be met in irradiations in the
presence of a triplet quencher (F). In that experiment the largest
percentage of 6 is found, and the ratio 6-6,7-d,/(6-6,7-d, + 5-
1,5-d,) agrees surprisingly well with the fraction of PA-4 in the
ground-state conformational equilibrium (xp, = 0.31).12 However,
as both products 5-1,5-d, and 6-6,7-d, are formed by two pho-
tochemical steps this agreement might be fortuitous, because it
requires besides a coincidence of reaction rates also that the
di-m-methane reaction from both PA-4 and PE-4 are equally
efficient. Moreover, it is not sure that the cis-trans isomerizations
of 9 and 11 are quenched for 100% under the experimental
conditions used.

A remarkable point is that the 1,5-deuterated product §, which
must have been formed via the Salisbury mechanism and certainly
more via c¢Zc-11 than ¢Zc-9, is nearly exclusively found as the
exo isomer (exo-5-1,5-d,) in all relevant experiments. This result
is only understandable when the last step in the main route to
§-1,5-d,, viz., the conversion of ¢Zt-11 into exo-5-1,5-d,, proceeds
stereoselectively as a 4, + 12, photocycloaddition. In several
studies on the photochemistry of methyl-substituted dihydro-
naphthalenes®!¢ the stereochemical control of the formation of
the benzobicyclo[3.1.0]hex-2-ene derivative could not be deter-
mined, because of 1,7-H shifts in the pentaene intermediates, but
in two cases!’18 it was found that the final photocycloaddition
step proceeded with complete lack of orbital symmetry control.
Fukui and Tanaka!® argued that these results are covered by the
cross-bicyclization concept.

Di-7-methane Rearrangement of 4, Table I shows that in all
experiments performed with 4-3,4-d, considerable amounts of the

(15) (a) J. Hine, Adv. Phys. Org. Chem., 15, 1-61 (1979); (b) See how-
ever: J. A. Altmann, O. S. Tee, and K. Yates, J. Am. Chem. Soc., 98, 7132
(1976) and references cited.

(16) H. Heimgartner, L. Ulrich, H. J. Hansen, and H. Schmid, Helv.
Chim. Acta, 54, 2313 (1971).

(17) W. Sieber, H. Heimgartner, H. J. Hansen, and H. Schmid, Helv.
Chim. Acta, 55, 3005 (1972).

(18) D. A. Seeley, J. Am. Chem. Soc., 94, 4378 (1972).

(19) K. Tanaka and K. Fukui, Bull. Chem. Soc. Jpn., 51, 2209 (1978).
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1,6-dideuterated product 5 are formed, pointing to the occurrence
of a di-m-methane rearrangment. In general, this photoreaction
is a singlet reaction in acyclic systems as well as in cyclic systems
containing an exocyclic double bond, because in such compounds
the triplet state is deactivated in a free rotor process.” In rigid
cyclic systems it can proceed as a triplet reaction.

Indeed, the rigid substrate 4 undergoes the di-»-methane re-
arrangement in the presence of a triplet sensitizer (E). Under
these conditions it is the only photoreaction of 4, leading to nearly
equal amounts of endo- and exo-5. However, also in the presence
of a triplet quencher (F) 1,6-dideuterated § is formed. This singlet
reaction is apparently a concerted process, because it proceeds
quite stereospecifically; only endo-5-1,6-d, is formed. In the
absence of a sensitizer or quencher both the singlet and triplet
reaction occur; this is especially apparent in experiment C.

The lower yields of the rearrangement product in the experi-
ments A and B are probably due to the presence of long-wave-
length irradiation which promotes the photocycloaddition of the
pentaene intermediates although it is not indispensable for this
reaction (see C). In experiment D the percentages of endo- and
exo-5 have not been determined separately, because of strong
interconversion of the epimers in this experiment.

In conclusion, the investigation demonstrates that the photo-
chemical formation of 6-phenylbenzobicyclo[3.1.0]hex-2-ene
occurs simultaneously via two distinct pathways, viz., via an
electrocyclic ring opening, single bond rotation, and a final cy-
cloaddition step, as formulated for other 1,2-dihydronaphthalenes
and through a di-w-methane rearrangement; the latter reaction
proceeds as a singlet as well as a triplet reaction.

Experimental Section

'H NMR spectra were recorded on a Varian T60 or a Bruker WH90
spectrometer in CDCl;. For high-resolution spectra, a Bruker Wm200
or a Bruker WM 500 instrument was used; § values are given in ppm
relative to Me,Si as internal standard and J values are expressed in Hz.
Mass spectra were recorded on a Varian MAT SM-2B and UV spectra
on a Perkin-Elmer 555 instrument. Melting points were determined by
using a Leitz melting point microscope and are uncorrected. Gas chro-
matography (GLC) was performed by using either a Varian aerograph,
series 1200, or a Hewlett-Packard 5710A instrument fitted with a 10%
w/w SE-30 column on Chromosorb WHP with dimensions 6 ft X 118
in. 0.d. and a flame ionization detector. For column chromatography
silica (Merck, Kieselgel 60, and for HPLC Merck, Kieselgel 60H) or
alumina (Baker, Aluminum oxide, neutral) were used. HPLC separa-
tions were carried out on a Miniprep LC of Jobin-Yvon S. A. fitted with
a Waters Associates Differential Refractometer R404 and a Pye Unicam
LC-UYV Detector.

2-Phenyl-1,2-dihydronaphthalene (4). 3-Phenyl-1-tetralone,? prepared
from 3,4-diphenylbutanoic acid,? was reduced with NaBH, in ethanol?®
and then dehydrated with p-toluenesulfonic acid in toluene.?* The
product was purified by chromatography on silica and elution with hex-
ane: yield, 89%; mp 35-37 °C (lit.* 35-37 °C).

3,4-Dideuterio-2-phenyl-1,2-dlhydronaphthalene (4-3,4-d,). A mix-
ture of 3-phenyl-1-tetralone?! (1.06 g, 4.77 mmol) and anhydrous K,CO;
(0.1 g; 7.2 mmol) was refluxed in 2 mL of D,0, and the product was
isolated by extraction with dry ether, drying over Na,SO,, and evapo-
ration in vacuo, as described by Gatto et al.%6 Because of the insolubility

(20) (a) H. E. Zimmerman and G. E. Epling, J. Am. Chem. Soc., 94, 8749
(1972) and references cited; (b) J. S. Swenton, J. A. Hyatt, T. J. Walker, and
A. L. Crumrine, J. Am. Chem. Soc., 93, 4808 (1971).

(21) A. Guy, J. P. Guetté&, and G. Lang, Synthesis 222 (1980).

(22) J. Munch-Petersen, J. Org. Chem., 22, 170 (1957).

(23) S. A. Fine and R. L. Stern, J. Org. Chem., 32, 4132 (1967).

(24) J. Klein and E. D. Bergmann, J. Org. Chem., 22, 1019 (1957).

(25) E. E. Nunn, Tetrahedron Lett. 4199 (1976).

(26) K. Gatto, J. D. Reinheimer, K. Shafer, and J. T. Gerig, Org. Magn.
Reson., 6, 577 (1974).
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of 3-phenyl-1-tetralone in D,O we used, however, a much longer reflux
time (16 h) and repeated the procedure twice to get 98% D incorporation:
yield, 0.86 g (81%); H NMR (60 MHz) 2.9-3.5 (m, 3 H, benzylic
protons), 7.0-7.5 (m, 8 H, aromatic protons), 8.0 (m, 1 H, H(8)).

The deuterated tetralone (0.5 g) was dissolved in dry ether and added
dropwise to a solution of LiAlD, (0.2 g) in 10 mL of dry ether. After
the solution was refluxed for 3 h, a mixture of 0.5 mL of D,O and 10
mL of dry ether was added carefully and the solution was filtered through
hyflo. The ether layer was separated, dried over Na,SO,, and evaporated
in vacuo, yielding 0.39 g (77%) of 1,2,2-trideuterio-1-deuteroxy-3-
phenyltetralin,

Tosyl OH was dissolved in a small amount of D,O and evaporated to
dryness. This procedure was repeated twice, and 0.05 g of the resulting
TsOD was added to a solution of the deuterated 1-hydroxy-3-phenyl-
tetralin (0.3 g) in dry toluene (25 mL). After completion of the dehy-
dration the reaction mixture was washed with saturated solutions of
NaHCO; and NaCl and dried over Na,SO,. After filtration and evap-
oration 0.25 g (95%) of 4-3,4-d, was isolated (D incorporation 98% at
C(3), 100% at C(4)): 'H NMR 2.7-3.3 (m, 2 H, H(1) and H(1")), 3.74
(d of d, 1 H, H(2)), 6.9-7.3 (m, 4 H, aromatic protons), 7.26 (s, S H,
phenyl).

Irradiations, Direct irradiations were carried out under anaerobic
conditions using 1073 M solutions in hexane. A high-pressure mercury
arc (Philips HPK 125 W) and a quartz vessel were used when a broad
spectrum of wavelengths was needed including those below 300 nm. A
Pyrex vessel was used if radiation with a wavelength shorter than 300
nm had to be excluded. Irradiations at 254 nm and 300 nm were carried
out in a Rayonet Photochemical Reactor or by using fluorescent tubes
of Sylvania, Blacklite. Sensitized irradiations were carried out in acetone
as solvent and sensitizer, using a 300-nm lamp and a Pyrex vessel. In
experiment F the triplet quencher 1,3-cyclohexadiene was present in a
concentration of 3 X 10 M. The concentration ratios of the components
of the product mixtures were determined from the NMR spectra as
described in the text.

The irradiation products were isolated by column chromatography on
silica gel using hexane as eluent. Final purifications were carried out by
using HPLC (silicagel/hexane) or TLC (silica gel/hexane). A mixture
of endo-6-phenylbenzobicyclo[3.1.0]hex-2-ene (endo-6) and exo-6-
phenylbenzobicyclo[3.1.0]hex-2-ene (exo0-6) could be separated on alu-
mina (column 25 X 1.4 cm) using hexane as eluent and collecting very
small fractions.

Physical Data of the Products. endo-6-Phenylbenzobicyclo[3.1.0]-
hex-2-ene (endo-5), This compound has been isolated from irradiation
mixtures of 4 NMR (200 MHz, CDCl;) 2.25 (m, 1 H, H(5), J; 5 = 6.2
Hz, J4end0,5 = 1.0, J4cx0.5 =64, J5,6ex0 =8.0),243(t, 1 H, H(6ex0)v J1.6ex0
= 8.0), 2.68 (brd, 1 H, H(4end0)» J1.4end0 = 1.3, Jiendorsero = 174, J4end0.5
= 1.0), 2.91 (m, 1 H, H(1), 3.10 (d of d, 1 H, H(4,), 6.6-7.45 (m, 9
H, aromatic H).

exo-6-Phenylbenzobicyclo[3.1.0]hex-2-ene (exo-5). NMR (200 MHz,
CDC13) 1.49(t, 1 H, H(6end0)» Jl.6end0 = 3.0Hz, Js6endo = 3.4),2.20 (m,
1 H, H(5), J1 5 = 6.2, Jyendos = 1.2, Juexos = 6.0), 2.65 (m, 1 H, H(1),
Jl.4end0 =1.3),3.12 (brd, | H, H(4end0)» J4end0.4ex0 =174),333( of d,
1 H, H(4,), 6.9-7.4 (m, 9 H, aromatic H).

1,6-Dideuterlo-endo -6-phenylbenzobicyclo[3.1,0]hex-2-ene (endo-5-
1,6-d,) (non aromatic protons): 90 MHz 'H NMR 2.25 (br d, | H,
H(5), Jsexo,s = 6.4 Hz), 2.68 (br d, 1 H, H(4endo)> Jaendodexo = 17.4), 3.10
(d, of d, 1 H, H(4.x,).

1,5-Dideuterio-exo-6-phenylbenzobicyclo[3.1.0]hex-2-ene (exo-5-1,5-
d,) (non-aromatic protons): 90 MHz 'H NMR 1.49 (s, 1 H, H(6,n4.),
312 (d» 1 H» H(4end0)» J4end0.4ex0 = 17-4)» 333 (d» 1 H, H(4exo)-

7,12-Dihydrobenzo[a ,d Jcyclooctatetraene (6): 'H NMR 3.19 (br d,
2 H, H(7), Js; = 7.6 Hz), 4.03 (s, | H, H(12), 5.98 (d, of t, 1 H, H(6),
Jss = 10.6 Hz), 6.88 (broadened d, 1 H, H(5), 7.0-7.4 (m, 8 H, aromatic
H); m/e 206 (M*, 91%), 205 (100), 191 (33), 178 (88), 165 (10), 128
(9), 115 (8); exact mass, 206.107 % 0.003, theoretical mass, 206.110.

Registry No. 4, 62019-39-0; 4-3,4-d,, 88441-17-2; endo-5, 67504-58-9;
exo0-5, 67504-57-8; endo-5-1,6-d,, 88441-19-4; exo-5-1,5-d,, 88441-20-7,
6, 88441-21-8; 6-6,7-d,, 88441-22-9; 7, 23114-34-3; 7-1,1-d,, 88441-23-0;
3-phenyl-1-tetralone, 14944-26-4; 2,2-dideuterio-3-phenyl-1-tetralone,
88441-18-3; 1,2,2-trideuterio-1-deuteroxy-3-phenyltetralin, 88453-15-0.



