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The Paterno—Biichi reaction! represents a direct av-
enue to oxetanes that will accommodate a variety of olefin
and aldehyde substitution patterns. The presence of a
3-acetoxyoxetane subunit in taxol? raised the prospect
of using a Paterno—Biichi reaction of enol acetates and
benzaldehydes to introduce this particular moiety. The
success of the methodology would depend upon the yields
in the photoaddition reaction as well as a subsequent
oxidative degradation® of the aromatic ring and decar-
boxylation.* Prior reports of the photoaddition of enol
ethers,’ trimethylsilyl enol ethers,® methyl vinyl sulfides,’
and 2,3-dihydrooxazoles® with aldehydes suggested that
the regiochemistry desired in the taxol situation was
favored, but precedent for the photoaddition of enol
acetates was lacking. We report a study of the photo-
addition of isopropenyl acetate (1), 1-acetoxycyclododecene®
(2), and 4-tert-butyl-1-acetoxycyclohexene!® (8) with vari-
ous benzaldehydes 4.
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As shown in Scheme 1 and summarized in Table 1, the
photolysis of variously substituted benzaldehydes 4 with
an excess of cyclic or acyclic enol acetates led to 2-aryl-
3-acetoxyoxetanes and not the isomeric 2-aryl-4-acetoxy-
oxetanes. The yields for these photoadditions were
modest, although prolonged photolysis times led, as
indicated in Table 1, to some improvements in yield. The
observed regioselectivity of the photoaddition was con-
sistent with literature precedent for related 2,3-di-
hydrofuran® and with the appearance of the C-2
methine proton as a singlet in the 'H NMR spectrum of
the 2-aryl-3-acetoxyoxetanes produced from 1-3.

The stereoselectivity!! of the Paterno—Biichi reaction
of various benzaldehydes and these unsymmetrical enol
acetates 1—38 varied considerably. The photolysis of
isopropenyl acetate (1) with pentafluorobenzaldehyde
(4a)led to a 1.1:1 mixture of isomeric 3-acetoxyoxetanes
5 and 6. These stereochemical assignments were based
principally upon the anisotropic shift of the C-3a methyl
group in the !H NMR spectrum by the cis-oriented C-2a
pentafluorophenyl group in 6 relative to the isomer 5.

Pentafluorobenzaldehyde (4a) displayed considerably
more stereoselectivity in photoadditions with cyclic enol
acetates than with isopropenyl acetate (1). The photoly-
sis of an E/Z mixture of 1-acetoxycyclododecene?® (2) with
4a led to a single product 7. No other isomers were
detected. The cis-relationship between the aryl and
acetoxy groups in 7 was again assigned on the basis of
'H NMR data. Collapse of the presumed diradical
intermediate in a transition state that minimized steric
interactions between the aryl group and the cyclic
hydrocarbon portion of the enol acetate presumably
accounted for this stereochemical outcome. The cis- or
trans-arrangement between the acetoxy group and the
methine hydrogen of the ring fusion in 7 was not,
however, apparent from spectral data alone and was
established through an X-ray structure determination.!2

The photolysis!? of 4-tert-butyl-1-acetoxycyclohexene!®
(8) with various benzaldehydes gave a single 2-aryl-3-
acetoxyoxetane in which the regiochemical and stereo-
chemical outcome with respect to the aryl and the acetoxy
groups was consistent with the previous case. The
photolysis of an excess of 8 in the presence of pentafluo-
robenzaldehyde (4a) gave preferentially an oxetane 8a
possessing a cis-relationship of the pentafluorophenyl and
acetoxy groups. Once again, however, it was more
difficult to resolve the remaining stereochemical issue in
8a as to the selectivity of facial attack by 4a on the
diastereotopic faces of 8. Unfortunately, the C-6co. me-
thine hydrogen in 8a was not well resolved. However,
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Table 1. Paterno—Biichi Reaction of Enol Acetates 1-3
with Benzaldehyde 4
enol benzaldehyde irradn = products and
acetate ArCHO (4) time (h) isolated yield (%)
1 4a, Ar = C¢F; 24 5:6 (1:1; 10)
1 4a, Ar = C¢F5 48 5:6 (1:1; 28)
2 4a, Ar = CgF; 24 7@10)
3 4a, Ar = CgF's 20 8a (11)
3 4a, Ar = C¢F5 72 8a (17)
3 4b, Ar = CgHs 20 8b (14)
3 ‘4¢, Ar = 3-(CH30)CgHy 20 8¢ (6)
3 4d, Ar = 3-CICgH, 24 8d (14)
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the 'H NMR spectrum of the analogous products, 8b, 8c,
and 8d (Table 1), displayed the C-60. methine hydrogen
as a doublet of doublets with coupling constants, 56
= ca. 6 Hz and Jss6, = ca. 3 Hz, consistent with an
oxetane product having two widely different dihedral
angles. In agreement with this finding, molecular me-
chanics calculations! produced a minimized structure for
8a in which ®5.6, = 16° and Psgee = 131°. An X-ray
structure!® again provided final confirmation for the
structural assignment in 8a.

This assignment meant that the triplet pentafluo-
robenzaldehyde underwent a preferential addition syn to
the tert-butyl group in 8. The factors which guide this
unexpected diastereospecificity in this situation are
unclear, but the steric influence of the tert-butyl group
on attack by triplet would appear to be minimal. A
kinetic preference for addition to the re-face of the enol
acetate may reflect a transition state in which the acetyl
group preferentially shields the si-face. Molecular me-
chanics calculations' of 4-tert-butyl-1-acetoxycyclohexene
(8) suggested that a conformation with the acetyl group
twisted toward the si-face was more stable than other
conformations with the acetyl in a quadrant above the
re-face.

In summary, application of the Paterno—Biichi reac-
tion to the synthesis of 2-aryl-3-acetoxyoxetanes proceeds
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in HyperChem (Release 3), Autodesk, Inc., Sausalito, CA 94965.
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in modest yield. The result, in the particular case of the
syn-addition of pentafluorobenzaldehyde (4a) to 4-tert-
butyl-1-acetoxycyclohexene (3), suggests that diastereo-
selectivity in these cycloadditions may take an unex-
pected turn on the basis of steric considerations alone.
The uncertain prospect for improving the yield for these
Paterno—Biichi reactions also suggests that a significant
modification of this reaction will be necessary before it
might find application in a taxol synthesis. We are
currently investigating intramolecular variants!® of this
process in which the aryl ring and the acetoxy group of
the enol acetate are linked through an expendable bridge.

Experimental Section

20-(2,3,4,5,6-Pentafluorophenyl)-3a-acetoxy-3f-methyl-
oxetane (5) and 20-(2,3,4,5,6-Pentafluorophenyl)-3g-acet-
oxy-3a-methyloxetane (8). To 500 mg (2.55 mmol, 1 equiv)
of pentafluorobenzaldehyde (4a) in 15 mL of degassed, anhy-
drous benzene was added 511 mg (5.94 mmol, 2.3 equiv) of
isopropenyl acetate (1). The mixture was irradiated at 25 °C
for 24 h using a 400-W high-pressure Hg lamp (Shigemi Corp.)
with a Pyrex filter. The mixture was chromatographed on a
silica gel preparative plate using 1:9 EtOAc—hexane to afford
112 mg (15%) of 5 and 101 mg (13%) of 6. Spectral data for 5:
IR (TF) 1747 (C=0) cm™!; exact mass spectrum calcd for
C12HyO3F's 296.1955, found 296.1906. Spectral data for 6: IR
(TF) 1744 (C=0) em™1; exact mass spectrum caled for C1oHgO3F5
296.1955, found 296.1948.
trans-la-Acetoxy-14a-pentafluorophenyl-13-oxabicyclo-
[10.2.0]tetradecane (7). To 514 mg (2.62 mmol, 1 equiv) of
pentafluorobenzaldehyde (4a) in 40 mL of degassed, anhydrous
benzene was added 1.15 g (5.10 mmol, 1.95 equiv) of (1%)-1-
acetoxycyclododecene (2). The mixture was irradiated at 25 °C
for 24 h using a 450-W Hanovia lamp using a Pyrex filter. The
mixture was chromatographed on a silica gel preparative plate
using 1:1 hexane—benzene to afford 97 mg (9%) of 7 as a white
solid: mp 76—77 °C (from ethanol); IR (KBr) 1745 (C=0) ecm™1.
Anal. Calcd for Co1HosF505: C, 59.99; H, 5.99. Found: C, 60.09;
H, 6.03.
cis-lo-Acetoxy-4f-tert-butyl-80-(2,3,4,5,6-pentafluorophen-
yD)-7-oxabicyclo-[4.2.0]octane (8a). The procedure described
in the preparation of 8b was repeated using 104 mg (0.53 mmol,
1 equiv) of pentafluorobenzaldehyde (4a) and 182 mg (0.93 mmol,
1.75 equiv) of 1-acetoxy-4-tert-butyl-1-cyclohexenel? (3) in 9 mL
of benzene to afford, after irradiation for 20 h at 25 °C and
chromatography on silica gel using benzene, 24 mg (11%) of 8a
as a white solid: mp 82—84 °C; IR (KBr) 1733 (C=0) em™1; 13C
NMR (CDCl3) 6 20.5, 21.1, 27.0, 29.4, 30.6, 32.9, 41.3, 78.1, 79.2,
85.1 (t, Jor = 3.3 Hz), 110—114 and 138—148 (multiplets), 169.1.
Anal. Caled for C1oH21F503: C, 58.16; H, 5.39. Found: C, 58.26;
H, 5.42.
cis-1a-Acetoxy-4f-tert-butyl-8a-phenyl-7-oxabicyclo[4.2.0]-
octane (8b). To 108 mg (1.02 mmol, 1 equiv) of benzaldehyde
(4b) in 18 mL of degassed, anhydrous benzene was added 349
mg (1.78 mmol, 1.75 equiv) of 8. The mixture was irradiated at
25 °C for 20 h using a 450-W Hanovia lamp using a Pyrex filter.
The mixture was chromatographed on silica gel using 1:10
EtOAc—hexane to afford 43 mg (14%) of 8b as a colorless oil:
IR (TF) 1740 (C=0) cm~%; 13C NMR (CDCl3) 6 20.5, 21.0, 27.1,
29.4, 31.1, 32.9, 41.3, 79.3, 84.6, 87.3, 127.0, 127.79, 127.83,
137.7, 169.3. Anal. Caled for CioHg6Os: C, 75.46; H, 8.67.
Found: C, 75.36; H, 8.69.
cis-la-Acetoxy-48-tert-butyl-8a-(3-methoxyphenyl)-7-oxa-
bicyclo[4.2.0]octane (8c). The procedure described in the
preparation of 8b was repeated using 173 mg (1.27 mmol, 1
equiv) of 3-anisaldehyde (4¢) and 439 mg (2.22 mmol, 1.75 equiv)
of 3 in 23 mL of benzene to afford, after irradiation for 20 h at
25 °C and chromatography on silica gel using 1:10:10 EtOAc—
hexane—benzene, 26 mg (6%) of B¢ as a colorless oil: IR (TF)
1733 (C=0) cm™1; 13C NMR (CDCl3) 6 20.5, 21.1, 27.1, 29.4, 31.3,
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32.9,41.4,55.2,79.2, 84.6,87.0,112.1,113.5, 119.3, 128.9, 139.4,
159.4, 169.4. Anal. Caled for CooH2sO4: C, 72.26; H, 8.49.
Found: C, 72.02; H, 8.56.
cis-la-Acetoxy-4f-tert-butyl-8a-(3-chlorophenyl)-7-oxa-
bicyclo[4.2.0]octane (8d). The procedure described for the
preparation of 8b was repeated using 99 mg (0.70 mmol, 1 equiv)
of 3-chlorobenzaldehyde (4d) and 241 mg (1.23 mmol, 1.75 equiv)
of 3 in 12 mL of benzene to afford, after irradiation at 25 °C for
24 h using a 450-W Hanovia lamp using a Pyrex filter and
chromatography on silica gel using benzene, 34 mg (14%) of 8d
as a colorless oil: IR (TF) 1733 (C=0) em™1; 13C NMR (CDCl;)
6 20.5, 21.0, 27.0, 29.3, 31.2, 32.9, 41.3, 79.1, 84.7, 86.4, 125.2,
126.9, 127.9, 129.1, 133.9, 140.0, 169.2. Anal. Caled for Cyo-
Hy5Cl0O3: C, 67.75; H, 7.48. Found: C, 67.83; H, 7.48.
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