Photochemistry of unique chiral olefins, (3R,3'R)-(P,P)-
(E)-(-)-1,1',2,2",3,3',4,4"-0ctahydro-3,3"-dimethyl-4,4'-biphe-
nanthrylidene 3 and its isomers (3R,3'R)-(P.P)-(Z)-(+)-4 and
(3R,3'R)-(M ,M)-(E)-(+)-5, was studied and the absolute stereo-
structure of (+)-5 was determined by X-ray crystallographic and
chemical correlation studies.

In the previous papers of this series,"? we reported the syn-
thesis, enantioresolution, CD spectra, and theoretical determina-
tion of absolute stereochemistry of unique chiral olefins, (E)-
1,1,2,2',3,3',4,4"-octahydro-4,4'-biphenanthrylidene (1) and
(Z)-isomer (2)." In addition, we found a strange phenomenon
that sterically hindered cis-olefin 2 easily racemizes at room
temperature without formation of frans-olefin 1, while trans-
olefin 1 does not racemize at room tcmpcrature."’ Furthermore,

[CD(+)238.1]-(M,M)~(Z)-2

[CD(+)239.0)-(M . M)-(E)-1

we reported the synthesis, CD spectra, and X-ray crystallo-
graphy of chiral dimethyl olefins, (3R,3'R)-(P,P)-(E)-(-)-1,1',-
2,2'3,3',4 4'-octahydro-3,3'-dimethyl-4,4'-biphenanthrylidene
(3) and (3R,3'R)-(P,P)-(Z)-(+)-isomer (4) (Scheme l).'c'2 By
comparing the CD spectra of (3R,3'R)-(P,P)-(E)-(-)-3 and
(3R.,3'R)-(P,P)-(Z)-(+)-4 with those of chiral olefins (E)-1 and
(Z)-2 respectively, the absolute stereostructures of 1 and 2 were
determined, which supported our previous theoretical determina-
tion of their absolute configurations based on the MO calculation
of CD spcclra.l' We report here the unique photochemistry of
chiral olefins 3 and 4 and the absolute stereostructure of a new
diastereomer 5 as determined by X-ray crystallography.

The cis-isomer (3R,3'R)-(P,P)-(Z)-(+)-4 was previously
prepared by photochemical isomerization of the rrans-isomer

(3R.3'R)-(P,P)-(E)-(-)-3 (a high pressure Hg-lamp, Pyrex filter,
in acetone-dg)." Prolonged irradiation for 7 h yielded another
product 5 (yicld 18%) of yellow color in addition to the colorless
product 4 (72%) and recovered 3 (10%). Although the yellow
color of 5 implied the extension of m-electron areas, or formation
of additional double bonds, the high resolution MS spectrum and
clemental analysis indicated that comgound 5 has the same
molecular formula as those of 3 and 4.** The 'H NMR spectrum
of 5 showing a C,-symmetrical pattern, exhibited aromatic
protons around & 7.34-8.61 indicating a trans geomcu‘y," The
methyl groups appeared at & 0.31 as a doublet implying the high
field shift due to the anisotropic effect by a neighboring naph-
thalene ring. These data suggested the structure of (3R,3'R)-
(M, M)-(E)-1,1'2,2',3,3' 4 4'-octahydro-3,3'-dimethyl-4,4'-bi-
phenanthrylidene 5, the C NMR of which also supported the
structure. In the molecule 5, two equatorial methyl groups are in
contact with naphthalene rings, causing a severe steric hindrance
between methyl and naphthalene groups. We had expected the
formation of 5 in the McMurry reaction of the corresponding
ketone, but compound 5 had not been isolated yet. The calcula-
tion by the MOPAC 93, AM1 programs predicted that compound
5 with two equatorial methyl groups is less stable by 10.2
kcal/mol than compound 3 with two axial methyl groups.
Therefore, we could unexpectedly obtained such an extremely
unstable diastereomer 5.

Starting from the racemic trans-olefin (E)-(£)-3, compound
(+)-5 was similarly ?rcparcd and recrystallized from hexane
giving yellow prisms.” A single crystal was subjected to X-ray
crystallography to determine the stereostructure as shown in
Figure 1. The ORTEP drawing clearly shows two methyl
groups in the equatorial positions indicating the relative stereo-
chemistry of (3R*,3'R*)-(M*,M*)-(E)-5. Since the R absolute
configuration of two methyl groups of (+)-5 is evident, the
(M.M) helicity was assigned to (+)-5. The crystal structure
revealed that the central double bond of (+)-5 is strongly twisted
due to steric hindrance: the dihedral angle, 20.6°. This is the
main reason why compound 5 is colored: twist of a C=C double
bond leads to a red shift of UV/Vis absorption bands. The CD
and UV/Vis spectra of (3R,3'R)-(M,M)-(E)-5 show red-shifted
Cotton effects and absorption bands, respectively, compared with



Figure 1. ORTEP drawing of racemic (3R*,3'R*)-(M*M*){E)-(1)-
dimethylolefin 5. The atoms are drawn as 50% probability.
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Figure 2. CD and UV spectra of (3R,3'R)-(P,P)-(E)-(-)-dimethylolefin 3
and (3R,3'R)-(M ,M)-(E)-(+)-isomer 5 in ethanol.

those of (3R,3'R)-(P,P)-(E)-(-)-3 (Figure 2). The Cotton effect
of (3R,3'R)-(M,M)-(E)-(+)-5 at 367.2 nm is positive, while that
of (3R,3'R)-(P,P)-(E)-(-)-3 at 313.6 nm is negative reflecting
the helicity of conjugated m-clectron systems.'®

To disclose the photochemical reaction pathway, amounts of
starting material and products were checked at regular time
intervals by 'H NMR spectroscopy. When a solution of
(3R,3'R)-(P,P)-(E)-(-)-3 in acetone-d, (ca. 5 mM) was irradia-
ted using a high pressure Hg-lamp and a Pyrex filter (>280 nm),
the amount of 3 rapidly decreased and cis-olefin (3R,3'R)-(P,P)-
(Z)-(+)-4 was rapidly formed as if to compensate the loss of 3.
With a time lag of 1-2 h, the amount of (3R,3'R)-(M,M)-(E)-5
gradually increased, implying that trans-olefin 5 was formed
from cis-olefin 4. When a solution of 4 was irradiated under
similar conditions, rapid formation of 5 was observed reaching
the photo-equilibrium with the ratio of cis-olefin 4/trans-olefin 5
= 55:45 after 19 h. A similar photo-equilibrium mixture was
obtained when a solution of 5 was irradiated for 18 h: the ratio of
cis-olefin d/trans-olefin 5 = 54:46. We were very surprised to
find the fact that frans-olefin 3 had never been formed from 4

and/or 5, when irradiated with the light of >280 nm. Namely,
the photochemical conversion of 3 to 4 is allowed, while the
reverse reaction is forbidden. Usual photochemical interconver-
sions between cis and frans isomers are two-way reactions as
exemplified by the reaction between 4 and 5. However, the cis-
trans photochemical isomerization between 3 and 4 is a one-way
reaction. To our knowledge, this is the first example of the
photochemical one-way cis-trans isomerization of chiral olefins,
although a similar behavior of achiral aromatic olefins has been
intensively studied by Tokumaru, et al.* These chiral olefins 3-5
thus exhibit unique photochemical reactions.

The wavelength-dependence of the photochemical intercon-
version between 4 and 5 was next studied. When a solution of
(#)-5 in henzene-d, was illuminated by a Xe lamp (> 380 nm) for
10 h, trans-olefin 5 was completely converted to cis-olefin (1)-4.
On the other hand, when a solution of (+)-4 was similarly
illuminated under a light of 300 nm (a Xe lamp), the reaction
reached at equilibrium in favor of trans-olefin 5: the ratio of 4/5
= 8:92. It is thus possible to control the photochemical inter-
conversion between these unique chiral olefins by choosing the
wavelength of light.
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