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The intramolecular [2 2] enone-alkene photocycloaddition ;z‘ SSI‘ 2Y = OFEt; >99:1
has been established as a powerful reaction in the rapid = hVez 4Y = NMe,, >99:1

construction of advanced intermediates for the synthesis of

complex natural producfs? The diastereocontrol that is avail- P-TSA, 4:1 THFH,0

p-TSA, 4:1 THF:H,0

able through intramolecular processes is a result of geometric 90%
constraints imposed both by the intramolecular nature of the v o) fo)

. : " o) oY coy
process and by the conformational bias on the transition states o hv,
which can be invoked by substituents on the tether between uranium Me + Me
the reactive functional groups. We and others have previously Me glass ,\/
demonstrated the asymmetric induction imposed on the product HO 70 - 95% RO
by a single stereogenic center on the tether proximal to the enone 6 Y =OEt 7 Y = OEt 8 Y = OEt
function in an intramolecular [2- 2] photocycloadditiord3 11 Y = NMe, R=H R=H
The normal mode of cycloadditiéior 1 (Scheme 1) results in 9 Y =OFEt 10 Y = OEt
high diastereoselectivity for the produ@ which has the 12 5:%92 13 \F;:QcMez
proximal substituent (OSiktn 2) cis to the substituent on the R=H R=H
internal carbon of the alkene (Me B). ConformationA (see
Figure 1) for initial bond formation is the lowest energy Table 1
conformation by approximately 1.8 kcal/mol (7.53 kd/mol) and  substrate Y R solvent ratig (12:13)
accurately predicts the stereochemistry of the pro@uctWe 1 OEt SiEg hexanes >99:1
report here additional examples which illustrate the ability to 3 NMe; SiEt hexanes >99:1
reverse the normal diastereoselectivity by taking advantage of 6 OEt H hexanes 111
hydrogen bonding between a hydroxyl group and a proximal 6 OEt H CHCN 3.3:1
carbonyl oxygen, as well as a dependence of the diastereo- 1? ﬁﬁtez : mi(a)r']—'es 51'.14
selectivity on the reaction solvent. Hydrogen bonding in a [4 11 NMe, H CH,Cl, 13
+ 4] photocycloaddition of pyridones has been postulated for 11 NMe; H MeOH 151

an explanation of diastereoselectivitgnd hydrogen bonding
plays an important role in photocycloadditionsfélicarbonyl
compound (the de Mayo reaction). However, to our knowl-

edge, these are the first examples which demonstrate the effect

of hydrogen bonding, both intramolecular and intermolecular,
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The synthesis of photosubstrateand the corresponding
amide 3 is illustrated in Scheme 1. The addition of ethynyl
magnesium bromide to 4-methyl-4-penténial THF at 0°C
resulted in the formation of the acetylenic alcohol, which was
then protected (ESiCl, EgN, catalytic DMAP, CHCI,) to give
silyl ether5in 58% yield (Scheme 1. The protected acetylene
5 was then acylated with either ethyl chloroformateBuLi,
THF, —78°C) to give the acetylenic ester or amide, which was
converted to the cyclopentenorte with use of our zinc
homoenolate procedure reported previodSly.

Irradiation of a hexane solution of esteproduced a single
detectable diastereomé in 95% vyield (Table 1. These
2-carboalkoxycyclopentenone chromophores typically undergo
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1). Once again, irradiation of the protected silyl etBegave

[¢)
H 0=C'Y o o very high diastereoselectivity>@9:1) for the normal diastere-
) % omer4, respectively, and no solvent effect was observed. When
’/ Q wiMe the alcoholl1was irradiated in nonpolar, non-hydrogen bonding
H solvents such as dichloromethane or hexanes, a reversal of the
14 normal diastereoselectivity was achieved. The dimethyl amide
11 provided a 3:1 selectivity for the reversed produiat
Arnett has measured intermolecular hydrogen bonds between
p-fluorophenol and a large number of hydrogen bond acceptors
including ethyl acetate-{4.7 kcal/mol 19.7 kJ/mol)], N,
N-dimethylacetamide{7.4 kcal/mol 31.0 kJ/mol)], andN,N-
dimethylformamide {7.0 kcal/mol 29.3 kJ/mol)[** Thus a
hydroxyl—amide hydrogen bond is approximately 2237 kcal/
mol (9.6—11.3 kJ/mol) stronger than a hydroxyéster hydrogen
bond. A more selective reaction might have been expected for
the amide than that observed. However, the increased steric
obtained, while in acetonitrile, only a 3.3:1 preference was PUlk of theN,N-dimethyl amide may somewhat destabilize the
hydrogen-bonded form for the amide resulting in lower selectiv-

observed. Finally, nearly equal amounts bfand 8 were . X . )
observed when thye reactign v(\jas carried out in dichloromethane'ty ‘h?‘” predicted by the difference in hydrogen bond strengths.
The intramolecular nature of the hydrogen bond may also

or hexanes. The alcohol photoadducts were converted to the .

corresponding acetatd 10 (Ac,O, E&N, CH,Cly) for con- preclude |de§I geometry for the .hydrogen bonds.
venience of analysis. The stereochemistry of the secondary, !N conclusion, hydrogen bonding and solvent effects can be
alcohol 8 was confirmed by treatment witp-toluenesulfonic important factors in controlling the _@astereoselectl_\nty in
acid in benzene to produce the bridged lact@de The other ~ intramolecular [2+ 2] photocycloadditions. Other similar
diastereomer failed to lactonize under the same conditions. €Xamples which are consistent with the above interpretation have

The stereochemistry &and7 was correlated by hydrolysis of ~ &/S0 been studied. Application of these observations in a

the silyl ether2 to the alcohol7. stereocontrolled synthesis of ginkgolide B and other polycyclic
The hydrogen bonding ability of the solvent and the diaste- SYSteMS IS In progress.
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improve the selectivity for the abnormal diastereor@er

~The amide was prepared by the same sequence asldster (11) Arnett, E. M.; Mitchell, E. J.; Murty, T. S. S. R. Am. Chem. Soc.
simply changing the acylating agent for the acetylide (Scheme 1974 96, 3875-3891.
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Figure 1.

intramolecular photocycloadditions in excellent yiéldJse of
other solvents such as dichloromethane, THF, acetonitrile, or
methanol did not alter the diastereoselectivity of the reaction.
However, a pronounced solvent effect on the diastereoselectivity
was observed when the free alcoléplobtained in 90% yieR

by treatment of the silyl ether with eithprtoluenesulfonic acid

or 5% HF in a 4:1 THF:HO solution, was irradiated in different
solvents. In methanol, a 5:1 preference forover 8 was




