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Preliminary mechanistic studies have so far been limited 
to the use of free radical inhibitors. Varying concentrations 
of 2,6-di-tert-butyl-4-methylphenol (BHT) or tetra- 
methylpiperidinyloxy radical (TEMPONE) have no ap- 
parent effect on the photochemical isomerization process. 
However, the presence of 2 equiv of BHT does appear to 
retard the thermal isomerization of 3b and 3c. That the 
isomerization process may involve cyclobutene interme- 
diates, via conrotatory electrocyclic reactions, is suggested 
by analogy to observations made by Trost et al.9 in their 
attempt to prepare (E,E)-l-(phenylsulfinyl)-4-methoxy- 
1,3-butadiene. Such a mechanism can account for the 
stereochemical stability of 3d. 

Although this facile geometric isomerization process of 
1-phenylseleno 1,3-dienes might be expected to reduce 
their usefulness in Diels-Alder-type chemistry, this is not 
the case. For example, heating an equilibrium mixture of 
all four possible stereoisomers of 3b with maleic anhydride, 
a t  80 “C in the dark, leads to a single stereoisomeric 
product 5 in good yield (greater than 80% by ‘H NMR). 
The stereochemistry was confirmed by lH NMR and 
NOEDIFF experiments. Thus the E,E stereoisomer is 
kinetically “milked” from the equilibrium. Compound 5 
is also obtained in good yield by reaction of isomerically 
pure 3b with maleic anhydride (eq 2). 
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Further studies on the mechanisms of both the pho- 
toinduced and thermally driven isomerization will be re- 
ported along with a more comprehensive study of the 
Diels-Alder reactivity of these new 1-phenylseleno 1,3- 
dienes. 
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Synthesis of Pederol 

Summary: The synthesis of pederol, the “right half‘ of 
pederin, has been accomplished by using an oxacarbene 
intermediate to construct its pyran unit. 

Sir: Despite’ considerable mechanistic study of the pho- 
tochemical ring expansion of cycloalkanones to oxacarb- 
enes,3 its unique possibilities for selective organic synthesis 
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have heretofore been unexploited. Reports have appeared 
only recently concerning cyclobutanone ring expansions 
that provide entries into tetrahydrofuran  structure^.^ 
Tetrahydropyrans can also be produced by using this 
meth~dology.~ We have undertaken the total synthesis 
of the naturally occurring compound pederin6 (1) utilizing 
the photochemical generation of a 2-tetrahydro- 
pyranylidene as a key step. This initial report describes 
the preparation of the “right half” of pederin, pederol. 
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The synthesis of the substrate for the photoreaction is 
summarized in Scheme I. It begins with cyclopentadiene, 
which is cycloalkylated with dichloroethane under im- 
proved conditions using phase-transfer catalysis.’ This 
gives spiro[2.4]heptadiene (2) in 51% yield. Lots of 40 g 
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pressure mercury lamp (Scheme 11). Two substances are 
obtained in comparable amounts and in good material 
balance. The less polar photoproduct proves to be the 
desired pyran 7.1° It is isolated by filtration through silica 
(301 hexane/ethyl acetate) and subjected to a two-step 
protocol (LiAlH4, Et20, 0 "C; 3 mol % p-TsOH, benzene, 
Na2S04, 3 days). This yields the key intermediate bicyclic 
acetal 8 in 2527% overall yield. Formation of this acetal 
obviates a multitude of potential problems. Being much 
less polar than any hydroxyl-containing byproducts of the 
sequence, 8 is easily separated from them, again on silica. 
It also ensures the desired stereochemistry, since an acetal 
in the epimeric series must either adopt a boat form or 
place the bulky doxy group in an axial position.'l Finally, 
based on the work of Kishi,12 it was thought that the cyclic 
acetal would permit stereocontrol at the 2- and 6-positions 
of the tetrahydropyran. This proved to be the case, as 
shown in Scheme 111. 

A synthon for the dimethoxypropyl side chain was 
available in the methyl ether 9 formed from Trost's allylic 
silane.13 Condensation with 8 (3.9 equiv of 9, 2.4 equiv 
of BF,-OEb, 0 "C, CH2C12, 1 h) produces an alcohol mix- 
ture in 94% yield. Silylation permits a simple separation 
(30:l hexane/ether, silica) into 10 (80%) and an isomer 
(10%). Lemieux-Johnson oxidation (catalytic Os04, 13 
equiv of NaI04, 3:l acetone/H20, 48 h, 90%) gives ketone 
11. Stereocontrolled reduction occurs at -78 OC in ether 
to produce a single alcohol in 87% yield. Methylation 
(2NaH, 2Me1, THF, 97%) and deprotection (Bu4NF, THF, 
48 h, 90%) give dehydropederol. Cyclopropane cleavage 
is conducted in acetic acid with Adams' catalyst at 700 psi 
of hydrogen (20 h, room temperature), producing pederol 
in 80% yield. Its stereochemistry and constitution were 
demonstrated by conversion to the dibemate and spectral 
comparison with authentic material and its stereoisomers. 

In summary, the total synthesis of pederol has been 
achieved in 2% overall yield and in 15 chemical steps. The 
synthesis is noteworthy for its high stereocontrol, made 
possible by the use of intermediate 8, and it constitutes 
an initial demonstration of the utility of oxacarbenes in 
natural products synthesis. 
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of 2 are thereby easily prepared in an afternoon. Singlet 
oxygenation in ethanol (sun lamp, Rose Bengal, up to 25 
g/L) provides directly a 7030 mixture of epoxy ketone 3 
and the desired hydroxy enone 4.8 Without purification, 
thm mixture is subjected to in situ elimination with sodium 
acetate and hydrogenation using palladium on carbon. 
There is thus obtained the desired hydroxy ketone 5 in 
57% overall yield from the diene. Protection of the hy- 
droxyl (t-BuMe,SiCl, imidazole, DMF, 48 h) and carbox- 
ylation (2.7 equiv NaH, 2.7 equiv of dimethyl carbonate, 
benzene, reflux, 8 h) set the stage for the ring expansion 
reaction. 

The cyclopropyl group in 6 is a crucial element of the 
synthetic design. Based on precedent,kd it was expected 
to direct the C-C bond cleavage in the desired sense. It 
has an augmenting effect on the n,n* absorption of the 
cyclopentanone. It stabilizes the oxacarbene through 
spiroconjugation, and likely has a similar effect on the 
oxacarbonium ion used subsequently. Finally, it performs 
a structural function as the precursor to the geminal 
methyl groups. On the basis of a number of model studies, 
the oxygen protecting group and the precursor to the 
carbinolamine-ether carbon were chosen to maximize the 
yield of ring-expansion p r o d ~ c t . ~  

The irradiation of 6 is conducted in isopropyl alcohol 
(20g/L, 4 h, room temperature) with a Hanovia medium- 
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of similar reactions." Silyl is the most convenient protecting group in 
this eynthetic sequence. Examination of spiro[2.4]heptanone substituted 
with cyano, 2-(1,3-dioxolanyl), and methoxycarbonyl groups reveals the 
latter is far superior. Less polar solventa have in our experiencekc proved 
more effective, which may explain superior yields in isopropyl alcohol as 
compared to methanol or ethanol. The foregoing will be discussed in 
detail in the full paper. 
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