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to P-hydroxy ketone 3; acid-catalyzed dehydration of 3 
would give benzoselenophene (4). 
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That 3 actually is an intermediate in the conversion of 1 -.. 4 was demonstrated by photolysis of 1 in benzene-d6 
containing acetic acid (1 equiv) in a degassedll NMR tube; 
extended irradiation led to a mixture of products (vide 
supra), a major component (-30%) of which gave NMR 
singlets a t  6 1.92 (3 protons), 2.31 (3 protons), and 4.86 (1 
proton) and has been assigned structure 3 on the basis of 
chemical reactivity. Thus, treatment of the photolysis mix- 
ture with a catalytic amount of p-toluenesulfonic acid re- 
sulted in rapid disappearance of the three NMR singlets 
attributable to 3 together with an enhancement of absorp- 
tions due to the methyl resonances of benzoselenophene 4 
(6 2.60 and 2.73). 

The photochemistry of 1 also includes cleavage of car- 
bon-selenium bonds. Photoreaction of 1 in benzene-d~ with 
p -toluenesulfonic acid was carefully monitored by NMR 
spectroscopy;'l after brief irradiation, NMR analysis above 
6 6.00 revealed that 1 (19%), benzoselenophene (4, 54%), 
and acetylacetone (5, 27%) were present. Interestingly, 
treatment of the crude photoreaction with aqueous sodium 
bicarbonate solution resulted in the disappearance of ace- 
tylacetone with concomitant formation of selenide 1. Thus, 
a portion of photoexcited 1 must undergo carbon-selenium 
bond cleavage to generate acetylacetone (5) and PhSeX (6); 
on treatment with base, 1 is regenerated from 5 and 6.12 
Formation of considerable acetylacetone occurred when 1 
was irradiated in benzene-acetic acid solution, and in pure 
benzene photocleavage was the predominant reaction. 

5 6, X =OTs, OH 

The high yield obtained in the conversion of 1 -, 4 
suggests that analogous photoreactions may be useful for 
synthesis of a variety of aryl annelated selenophenes. Per- 
haps more importantly, it is clear that appropriately struc- 
tured organoselenium compounds may undergo interesting 
and synthetically useful photoreactions. Work in this area 
will continue. 
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Asymmetric Synthesis and Absolute Stereochemistry 
of Some Cis and Trans Diols 

Summary: A general method for the preparation of optical- 
ly active cis and trans diols by asymmetric reduction of a- 
acetoxy ketones using a 2:l Darvon-lithium aluminum hy- 
dride complex, is described. The absolute stereochemistry 
of these diols has been established by chemical methods. 

Sir: In the course of some studies on the absolute stereo- 
chemistry of a variety of metabolites, cis dihydrodiolsla ob- 
tained from the microbial metabolism of aromatic sub- 
strates and trans dihydrodiols prepared by enzymatic hy- 
dration of arene oxides,lb we encountered difficulties in ob- 
taining sufficient quantities of these compounds. There- 
fore, we have developed chemical methods for preparing 
optically active dihydro derivatives of several metabolites. 
The absolute stereochemistry of these compounds has been 
determined by chemical transformations to substances of 
known absolute stereochemistry. 

We first chose the asymmetric synthesis of 1, a dihydro 
derivative of a metabolite of biphenyl2 by a species of Bei- 
jerinckia. Our approach focused on the chiral reduction of 
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the appropriate cis ot+cetoxy ketone 2 which was prepared 
by mercuric acetate oxidation of 2-phenyl cycl~hexanone;~ 
it was reduced under conditions in which the molar ratios 
of ketone:LiAlHd:l-Darvon (3) were 1:1.5:3, at O°C for 16 hr 
in diethyl ether as described by Yamaguchi and Mosher? 
to yield a mixture of cis,cis and trans,trans diols (38, 21%, 
respectively) 1 and 4, which were separated by thick layer 
chromatography on silica gel using 40% ethyl acetate-hex- 
ane. An examination of the NMR spectrum (220 MHz) of 1 
( [aIz5D +33.8' (c 2.16, methanol)) in the presence of the 
chiral shift reagent tris(3-heptafluorobutyryl-d -camphors- 
to)europium(III) showed the enantiomeric excess to be 64% 
( A  0.23 ppm, Eu/S 0.16, CDC13). This enantiomeric excess 
was confirmed, and the absolute stereochemistry deter- 
mined as (1S,2R)-dihydroxy-3(S)-phenylcyclohexane, by 
oxidizing 1 (sodium periodate in 70% aqueous ethanol, fol- 
lowed by bromine water in the presence of calcium carbon- 
ate), to (+)-2(S)-phenyladipic acid of known absolute_ 
stere~chemistry.~ Attempts to determine the enantiomeric 
excess present in the trans,trans diol 4 ([cY]~'D +23.1° (c 
3.21, methanol)) using Eu(hfbc)s and Eu(hfc)3 were unsuc- 
cessful. A minimum value of 77% for the enantiomeric ex- 
cess, as well as its absolute stereochemistry [( lR,ZR)-dihy- 
droxy-3(R)-phenylcyclohexane], was determined by oxida- 
tion to (-)-2(R)-phenyladipic acid. 

The large enantiomeric excess present in the above com- 
pounds and our interest in the absolute stereochemistry of 
a variety of aromatic metabolites prompted us to examine 
this route for the preparation of the dihydro derivatives of 
the cis and trans 1,2-dihydro diols from naphthalene.6 The 
intermediate 5738 was reduced with a 2:l Darvon-lithium 
aluminum hydride complex to yield primarily (-30%) (-)- 
cis diol, 6 ([aIz5D -15.0' (c 2.43, methanol)). Examination 
of its NMR spectrum in the presence of the above-men- 
tioned chiral shift reagent showed a 20% enantiomeric ex- 
cess ( A  0.18 ppm, Eu/S 0.3, CDC13). The enantiomeric ex- 
cess of the minor product [5%, (+)-trans diol 71 was 62% 
([aIz5D $70' ( c  0.39, CHCls)} based on the value reported 

by Nakazaki et  a1.,6b who has established its absolute stere- 
ochemistry as (1 R ,2R)-dihydroxytetrahydronaphthalene. 
The absolute stereochemistry of 6 was established as 
cis-(1R,2S)-dihydroxy-1,2,3,4-tetrahydronaphthalene by 
conversion (acetylation and hydrogenolysis) to the known 
(-) - 2(S) - acetoxy - 1,2,3,4 - tetrahydr~naphthalene.~ Al- 
though the absolute stereochemistry of the metabolite was 
previously reported? that of the dihydro derivative was 
not.ll 

Work is currently in progress on extending this approach 
toward the synthesis of a variety of dihydro derivatives of 
metabolites from polycyclic hydrocarbons. 
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