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Photochemical Reactions of Non-enolizable a-Keto-esters Derived from
Dehydroginkgolide A
By Y. Nagapaira, Y. Hirota, and K. NakaNIsHI*{
(Department of Chemistry, Tohoku University, Sendai, Japan)

Summary Photoirradiation of the non-enolizable a-keto-
ester (VI) in perdeuteriomethanol has shown that an
intramolecular hydrogen abstraction gives the reduction
product (VII), whereas an intermolecular hydrogen
abstraction gives the adduct (VIII).

THE oxidation product of ginkgolide A (I} (GA)1a-&
dehydro-GA (IIa), undergoes an extremely easy photo-
cyclization in acetone to yield the rigid cage molecule
photodehydro-GA. (IIT).2d:!  Since dehydro-GA. (IIa) exists
as a ca. 4:1 mixture of (IIb) and (IIc) in methanol,? it was
expected that the reaction course would differ.

Irradiation of the equilibrium mixture of (IIb) [Amax
(MeOH) 333 nm., ¢ 35] and (IIc) [Amax (MeOH)265 nm.,
€calc, 4400] in methanol with a high-pressure Hg lamp for
1 hr. and separation of the products by silica gel chromato-
graphy indeed gave, in a 609, yield, GA (I) and stereo-
isomers (IV) and (V), indicating that the primary products
were presumably the stereospecifically reduced (I') and the
two methanol adducts (IV’) and (V’): compound (IV), m.p.
240°, Cp H,g04o (M, m/e 438); i.r. (KBr) 3520, 3450, 1792,
and 1777 cm—1; n.m.r. [(CD,),CO] 3:80 (dd, J 4-6 and 12-5,
10’-H), 4-05 (dd, J 7-3 and 12-5, 10’-H), 4-48 (dd, J 4:6 and
7-3, 10’-OH), 5:-12 p.p.m. (s, 10-OH); compound (V), m.p.
242--245°; ir. (KBr) 3450, 1782 cm~t; n.m.r. [(CD,),CO]
3-71 (dd, J 256 and 6-7, 10’-OH), 3-87 (dd, J 67 and 11-0,
10-H), 4-75 (dd, J 256 and 11-0, 10’-H), 5-50 p.p.m. (s,
10-OH). Isomers (IV) and (V) were differentiated by the
observation of a ca. 25% NOE at 10-OH upon irradiation
of the Bu' group in the former compound. The other
n.m.r. signals of (IV) and (V) are very similar to those of
dehydro-GA. (Ila): hence their structures are established.
No photodehydro-GA. (III) could be detected in the reaction
mixture.

Similar irradiation of the ester acetal (VI),2 having a
chromophore closely related to (IIb), gave the reduction
product (VII, R = H){ in 559, yield and the methanol
adduct (VIII, R = H), 30%, m.p. 214—216°; ir. (KBr)
3480, 1780, 1745 cm™; n.m.r. [(CD,),CO] 3-77 (dd, J 7-8

and 10-8, 10°-H), 3-88 (dd, J 5:1 and 10-8, 10’-H), 4-14 (dd,
J 51 and 7-8, 10’-OH), 4-68 p.p.m. (s, 10-OH). The
configuration at C-10 (VIII; R = H) is as yet undetermined
but as only one adduct was formed the methanol addition
proceeds stereospecifically.
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Numerals outside and inside parentheses represent, respectively,
relative yields of photoproducts upon irradiation with high- and
low-pressure Hg lamps.

Although such methanol additions have been reported
for nonenolizable o-diketones,?® there appears to be no
recorded case for o-keto-esters, which usually undergo
photoreduction and photodimerization in alcoholic solvents.*
On irradiation of the ester acetal (VI) in perdeuterio-
methanol, compounds (VII; R = D) and (VIII; R = D)
were obtained.§ These results show two concurrent
mechanisms: (i) an intramolecular hydrogen abstraction

+ Present address: Department of Chemistry, Columbia University, New York.
1 Identifications by comparison of spectroscopic properties with those of authentic samples.

§ Positions of D atoms are based on n.m.r. spectra.

The assignment of two methoxyl signals rests on small couplings of the acetal

proton to the methoxyl group. The hydroxylic D atoms in (VIII) are exchanged with H atoms during isolation.
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gives the biradical (IX) which is converted into the photo-
reduction product (VII) via the hydroxy-keten (X); this
course is in agreement with that suggested by Neckers and
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co-workers ;%44 (ii) an intermolecular hydrogen abstraction
from the solvent gives the radical (XI) which subsequently
adds CH,OH to give (VIII). This adduct is not formed
via the B-lactone (XII)® in the present case, because if this
were the case the deuterium would be distributed as in

o ome Hals 0 (VIILY).
60 7Bt HOI - The stereospecificity in the formation of (VII) and (VIII)
)’7 — is probably due to steric hindrance by the Bu! group.
Me HO - g0 ux Each component of the mixture of (IIb) and (IIc) would
e a%.n—< likewise be expected to afford stereospecific adducts.
Thus only one photoreduction product GA (I) is formed;
MeO 0 I the fact that both of the C-10 epimers (IV’) and (V’) are
EOD — produced implies that the conformations of the keto-ester
(X‘*’; chains in (ITb) and (IIc) are different. In fact, irradiation

!

with a low-pressure Hg lamp for 1 hr., which would increase
the light absorbed by the aldehyde keto-ester (IIc), greatly
enhanced the yield of stereocisomer (V), (overall yield 609%,).
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