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Abstract—Triplet sensitization of the 741ydroxy 5.6-epoxy-1,3-diene 10 causes cleavage of the C(5),0 epoxide bond
followed by the formation of the three isomers 11-13 or induces scission of the C(6), C(7) bond followed by the
formation of the aldehyde 14 and the hcydo(u OJheptanols 15 and 16. However, irradiation of the

acetate 18 gives only C(5),0 epoxide bond scission (18 1) followed by the cyclization process {19, the 1,2-Me
shifts 1 + 20, 21 and the y-H abstraction { -+ g leading to the cyclopropane formation g -+ 22.

In previous reports,® the photochemistry of «.8-un-
saturated y,8-epoxy enones was shown to be determined
by C(y), C(8) and/or C,0 bond cleavage of the oxirane.
On further investigation'- we observed that introduction
of an ¢-OH substituent has a substantial influence on the
reaction path. Thus in the case of the e-hydroxy-y,
8-epoxy enonc 1 the fission of the C(y),0 bond (1—+a) is
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‘Two diastereomers of structure 2, four diastereomers of
structure 3and three diastereomers of structure 7 have beenisolated.

“This sumbering of the chromophore differs from that in the
experimental.

OH

followed by the cleavage of the C(8), C(e) bond (via
a—+b).>* This sequence of reactions is evidenced by the
novel type of products 26 (Scheme 1). The hydroxy
diketone 74 can arise directly from the diradical a by a
1,2-shift of C(¢), whereas the formation of compounds 2-6
can be explained via the 1 4-diradical b which is derived
from a. In contrast to ', #*-excitation (A > 347 nm) of 1,
selective 'z x*-excitation (A =254nm) also induces
competitive C(v), C(8) bond cleavage to a ketonium ylide
intermediate which photochemically forms the carbenoid ¢
affording the allenc 8 and the cyclopropene 9. On the
assumption that compounds 2-7 arise from a 'T-excited
state, we sought further evidence for the multiplicity of the
proposed novel processes. Therefore in the present study
the photochemical behaviour of the 7-hydroxy-5,6-epoxy-
1,3-diene 16 has been examined (Scheme 2), since its diene
chromophore allows clean 'T-sensitization unlike the
enone 1.
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RESULTS AND DESCUSSION

Irradiation of the 7-hydroxy-5.6-epoxy-diene 10.
Triplet sensitization of 10 (acetone, A >280nm; 70%
conversion) gave the photoisomers 11 (17%), 12 (8%), 13
(5%). 14 (9%), 15 (16%) and 16 (16%)+* (Scheme 2).

The cyclopéntanols 11-13 are formed via the diradical
d in an analogous manner to the rearrangement a—7,
whereas the formation of the aldehyde 14 corresponds to

/The product distribution was determined by 'H NMR-analysis
and the weight of the {ractions obtained from column chromato-
graphy (“flash™ chromatography?).

#Yields are calculated on the basis of converted starting
material.

*The akdehyde 27 (Scheme 4) ( ~ 2%) was also detected; it was
shown that 27 is a product of a thermal rearrangement of 18.

‘The fact that the novel photoproduct 15 thermally rearranges to
27 (Scheme 4) suggests that the mechanism for the formation of
the aldehyde $ from 1 (Scheme 1) may be analogous to the
sequence 10—+15-+27.

the transformation 14, and can result from the 1.4
diradical e via the undetected aliphatic aldehyde 17 (see
discussion in Ref. 3d).

The detection of 18 and 16 as the main photoproducts
supports the hypothesis for the intermediacy of 17
because they could be cyclization products of 17 arising
from bond formation between C(3) and C(7), and be-
tween C(4) and C(8)' (Scheme 2).

Irradiation of the 7-acetoxy-S.6-epoxy-diene 18
Triplet sensitization of 18 (acetone, A >280nm; 74%
conversion) gave the photoproducts 19 (15%), 28 (16%),
21(32%). 22 (6%), 23 (7%) (Scheme 3) and 6% of an
isomer (C,sH,,0,) of undetermined structure. In a man-
ner similar to the hydroxy compound 10, 'T-sensitization
of the acetate 18 shows C(5),0 bond cleava,e to the
intermediate diradical {. By a known process,” t under-
goes addition of the alkoxy radical to C(3) of the diene to
give the dihydrofurane 19, or a 1,2-Me shift to yield the
cyclohexanones 20 and 21.

However, in contrast to the photolysis of 16, irradia-
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tion of the acetate 18 does not afford products arising
from C@6), C(7) bond cleavage. An alternative
and hitherto unobserved sequence of reactions leads to
the cyclopropane compound 22. This novel product can
arise from y-H-abstraction by the alkoxy radical at the
C(10)-Me group ({ +g). Recombination of the 1,3-diradi-
cal g yields the isomer 22. On further irradiation, 22 is
isomerized to 23 via the diradical b.**

Structure of the products

Cyclopentanols 11-13 (Scheme 2). The structures of
these products were elucidated by comparison of their
spectra with those of the corresponding enones 7
(Scheme 1). Catalytic hydrogenation (Pd/C) of 11 and 12
gave 25, hydrogenation (Pd/C) of 13 afforded 24. The
assignment of the stereochemistry of 24 and 25 is based
on the presence of an associated OH absorption in the IR
spectra of 28, even in very dilute solution. This can be
attributed to an intramolecular H-bond with the acetyl
CO oxygen, which is unlikely for 24. Furthermore, the
NMR spectrum of 25 shows a multiplet at 4.00-4.22 ppm
for the proton geminal to the OH group, whereas in 24
this signal is shifted to 4.50-4.74 ppm by an anisotropic
effect of the acetyl group. Finally, 24 and 25 were
oxidized by the method of Brown’ to the cyclopentanone
26 (Scheme 4).

Aldehyde 14 (Scheme 2). This structure was assigned
by comparison of the spectra of 14 with those of 4
(Scheme 1). The unstable aldehyde 14 could not be
isolated in pure form and was therefore characterized
after oxidation and esterification in form of the cor-
responding methyl ester (see the interpretation of the
data in the experimental).

Bicyclic alcohols 15 and 16 (Scheme 2). The structures
of 15 and 16 were deduced from their NMR data (see
assignments in the experimental). At 110°, 15 undergoes a
1,5-sigmatropic H-shift giving the aldehyde 27 (Scheme
4), whereas the alcohol 16 is stable. This evidence sup-
ports the assigned configuration of 15 and 16 (Scheme 2).
Both alcohols were converted to the cyclobutanone
derivative 28 (Scheme 4) by catalytic hydrogenation

! Analogous interconversion of vinyl-cyclopropanes is com.
monly observed.*

*On recxamination of the 'n.z°*-photolysis of the epoxyenone
comresponding to 18’ the cyclopropyl-enones analogous to 22
and 23 were isolated in only 2% yield.

'Investigation of the selective 'S-excitation of 10 and 18 is in
progress.
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(Pd/C) followed by oxidation with pyridinium di-
chromate. This result indicates that compounds 15 and 16
differ only in the relative configuration of their hydroxy
functions.

Dihydrofurane 19 and cyclohexanones 20 and 21
(Scheme 3). The structures of compounds 19-21 were
elucidated by comparison of their spectra with those of
the corresponding photoproducts obtained in the enone
series.™

Cyclopropanes 22 and 23 (Scheme 3). The structures
of these products were deduced from their NMR spectra
(see interpretation of the data in the experimental). The
assigned stereochemistry at C(5) and C(10) is based on
the observation that in the 'H NMR, isomer 22 shows
one cyclopropyl H-atom at 0.54ppm and due to an
anisotropic effect of the acetoxy and of the OH group in
the cis-position, the second cyclopropyl hydrogen is
shifted downfield. In contrast, the cyclopropy! H-atoms
of 23 give an AB-system at 0.54ppm (65 =0.40, 55 =
0.69).

CONCLLUSION

On irradiation of 5,6-epoxy-1,3-dienes, the presence of
a 7-OH group has the same profound effect on the
character of the photoproducts as did the ¢-OH function
in the corresponding y.5-epoxy enones. The structure of
the photoproducts 14-16 reflects the influence of the OH
function on the process associated with fragmentation
between C(6) and C(7). Acetylation of the OH function
affords the substrate 18 which behaves similarly to C(7)
unsubstituted 5.6-epoxy-1,3-dienes.’ Finally, the detec-
tion of the photoproducts 11-16 (and 27) on acetone
sensitization of 10 provides convincing evidence that
compounds 4, 7 (and 8) arise from a 'T-excited state of the
enone 1.

EXPERIMENTAL

General. Sce Ref. 8. 'H NMR: 300 MHz spectra were taken on
a Bruker spectrometer model WM 300.

Preparation of 10 and 18

Epoxydiene 10. To a soln of 16.3g (72.7 mmol) of 1>* in 400 m|
dry ether were added 250ml of a 045M soln of methylene
triphenyl phosphorane in dry ether (prepared from 40.4g
(113.1 mmol) methy! triphenyl phosphonium bromide and NaNH,
in liq. NH,) at 0° under argon. After stirring for 1 hr, the mixture
was filtered throogh SiO; and the solvent was evaporated at
reduced pressure. To remove the remaining triphenyl phosphine
oxide the residue was suspended in pentane and filtered. Dis-
tillation at 120°/0.01 mm afforded 15.8 g (97%) of 10.

o - X — By
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Scheme 4.



31342

(IR®, 2R®, 35%) - 3 - [(B) - 3' - Methyl - I' 3’ - butadienyl] - 23-
epaxy - 24,4 - trimethyl - cyclohexanol (18). M.P. 52-53.5°. UV:
232 (26500). IR: 3570 m, 3485 br.w, 3085 w, 3040 w, 29705, 1610 m,
892 s. '"H NMR: 092, 1.03 (2 s, 2 HyC-C(4); 1.21 (s, HyC-C(2));
1.0-18 (m, 2H-C(5), 2H-C(6)); 181 (s, H,C-C(3)); 201 (d,) = 11,
H-0); 3.63 (m, H-C(1)); 493 (br.s, w,; = 4, 2H-C(4)); 5.96 (AB-
sysiem, J = 16, v, = $.68, »y = 6.24, H-C(1), H-C(2)). "C NMR:
17.7,18.6, 25.5, 26.1 (4qa, 2 H,CC(4), H,CC(2), H,CC(3)); 27.),
32.6 (21, C(5), C(6)); 116.9 (t, C(47); 69.4 (d, C(1)); 124.1,136.0 (2,
C(1.C(2); 33.5 (s, C(4)); 67.8,73.4 (25, C(2), C(3)); 140.8 (s, C(3").
MS: 222 (28, M*), 207 (72), 123 (39), 43 (100). (Pound: C 75.65, H
9.93. Cale. for C, [Hp0y: C 75.63, H 9.97%).

Acetylation of 10. A soin of 2.01 g (9.04 mmol) of 10 in 10 ml

dry pyridioe and Sml Ac,0 was stirred at rt for 16 he. After
adding ice~water, the mixture was stirved for | hr, extracted with
EtOAc and the organic phase was worked up. Crystallization
from petroleum ether gave 2.01 g (88%) of 18.
(IR*, 2R®,35%) - 23 - Epoxy - 3 - [(E) - 3' - methyl - 1’3" -
butadienyl) - 24,4 - trimethyl - 1 - cyclokexyl - acetate (18). M.P.
51-52. UV: 232 (27850). IR: 3080w, 2960m, 17355, 1235s,
£90m. 'H NMR: 0.80-1.70 (m, 2H-C(S), 2H-C(6)); 0.94, 1.04, 1.08
(3s, H,CC(2), 2 H,C-C(4)); 18] (m, w3 =3, H,C-C(3); 2.03 (s,
H,C-CO); 4.85-5.05 (m, 2H-C(4), H-C(1)); 5.96 (AB-system, ] =
17, #a = 5.69, vy = 6.2, H-C(1), H-C(2)). MS: 264 (3, M?), 249
(16), 123 (91), 43 (100). (Found: C 72.74, H 9.08. Calc. for
CiH0y: C 7269, H 9.15%).

Photolysis experiments

Irradiation of 10 in acetone at A >280nm. A soln of 20g
(9.0 mmol) of 10 in 250 m) acetone was irradiated (pyrex, lamp B,
usder argon; 70% conversion). Chromatography (SiO,. pen-
tane/DME 10:1) gave mixed fractionas which were analyzed by
NMR spectroscopy. Analytical samples of the photoproducts
were obtained by repeated chromatography on Si0,. Product
distribution’: 179 11, 8% 12, 5% 13, 9% 14, 16% 18, 16% 16 and
~2% 1.

(IR®, 5S*) - (1 - ((Z) - ¥ - Methyl - 1' Y - butadienyl) - § -
hydroxy - 22 - dimethylcyclopentyl) methyl ketone (12). B.p.
90°/0.05 mm. UV: 225 (5800), 290 (97). IR: 3480 m, 3080 w, 2965 s,
16873, 1635 m, 910s. '"H NMR: 1.13, 1.16 (2s, 2 H,C-CQ); 1.78
(m, w,; =4, H,C-C(37), 1.98 (s, H,C-CO); 1.0-2.2 (m, 2H-C(3),
2H-C(4)); 4.34-4.48 (m, HC(5)); 4.66 (m, w5 =4, H-O0); 482,
498 2m, w,, = 4, 2H-C(4)); 5.69 (AB-system, J = 13, », = 5.52,
r = 586, H-C(1), H-C(2)). "'C NMR. (contaminated by ~15%
of 2M): 233, 264, 27.6, 30.5 (4qa, 4 CHy); 316, 389 (2, C(3),
C(4)); 1169 (1, C(47); 82.3 (d, C(5); 1302, 133.3 (24, C(1), CD:
45.1 (s, C(2)); 61.7 (s, C(1)); 140.0 (s, C(3D); 214.6 (3, H,C-CO).
MS: 222 (7, M*), 207 (41), 147 (62), 43 (100), (Found: C 75.79. H
10.00. Calk. for C,HuOy: C 75.63, H 9.97%).

(IR, 5S%) - (1 - [(B) - 3' - Methyl - 1'Y - butadienyl) - § -
Aydroxy - 2.2 - dimethyicyclopentyl) methyl ketome (11). B.p.
90°/0.05 mm. UV: 236 (19700), 302 (245). IR: 3570 m, 3090w,
29704, 1688 5, 1608 w, 893 5. 'H NMR: 0.90, 1.05 (28, 2 H,C-C(2));
188 (m, w3 =3, H,C-C(37); 2.02 (s, H,C-CO); 12-2.3 (m, 2H-
C(3), 2H-C(4)); 2.48 (d, ] = 10, H-0); 4.20-4.48 (m, H-C(5)); 4.96
(m, wip =5, 2H-C(4)); 6.15 (AB-system, J = 16, v, = S84, 1y =
6.45, HC(1), H-C(27). C NMR. (~90% pure): 18.6, 25.7, 26.4,
32.0 (4qa, 4 CH,); 31.8, 37.4 (21, C(3), C(4)); 116.7 (1, C(4)); 1.3
(d, C(9); 1288, 134.2 (2, C(1), C(27); 44.8 (s, C(2)); 69.0 (s,
C(1)); 141.5 (s, C(3Y); 2123 (s, H,CCO). MS: 222 (2, M), 147
(72), 123 (38), €3 (100). (Found: C 75.51, H 10.09. Calc. for
C1HpnOy: C 75.63, H 9.97%).

(IR*, SR®) - (1 - ((E)- 3' - Methyl - I' 3' - butadienyl) - § - hydroxy
-2.2 - dimethylcyclopentyl) methy! ketone (13). B.p. 95°/0.05 mm.
UV: 236 (22800), 290 (168). IR: 3590 m. 3080 m, 3030 w, 2960 s,
16903, 890 m. 'H NMR: 092, 1.17 (25, 2 H,C-CQ)); 186 (m,
w,n =3, HC-C(3): 2.10 (s, HyCCO); 08-2.3 (m, 2H-C(3), 2H-
C(4), H-0); 4.50-4.76 (m, H-C(5)); 4.90 (@, w,, =4, 2H-C4));
5.0 (AB-system, J = 16, v, = 5.54, »y = 585, H-C(1), HC(2)).
MS: 222 (2, M*), 147 (30), 123 (51), &3 (100).

3-((B)-3 - Methy - 1'Y - butadienyl) - 2 - Aydroxy - 2,44 -
trimethyl - 1 - cyclopentanecarboxaldehyde (14) ( ~ 80% pure).
IR: 3620 m, 3550 be.m, 3085 w, 2960 s, 2730 m, 1715 s, 1608 m,
890s. '"H NMR. 0.9, 1.04 (21, 2 H,C-C(4)); 1.25 (s, HyC-C(2));
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1.85 (m, w, = 4, H,C-C(3)); 15-2.3 (m, 2H-C(5), HC(3), H-O);
2.4-2.7 (m, HC(1)); 4.34 (m, w,; = 4, 2H-C(4)); 5.85 (AB-system,
J=16, v, =5.66, split into d, ] =9, H-C(1", »y = 6.04, H-C(2));
9.72(d, ) =2, HCO). MS: 222 (< 1, NI*), 161 (86), 43 (100).

(6 - Hydroxy - 33 - dimethyl - 1 - [ - propeayl] - bicy-
clo[3.2.012 - heptyl)methyl ketome, isomer I (15) (contaminated
with ~15% of 27). IR: 3600-3400be.w, 1708 s, 1645 m. '"H NMR
(300 MHz, CDCY,): 0.78, 1.31 (2s, 2 H,C-C(3)); 1.66 (dxd, J, = 13,
Jy= 1.5, HC@); 1.78 (m, w,, = 3, 3H-C(37); 188 (dxd, J, = 13,
J; =85, HC@4)); 196 (d, ] =8.5, H-0); 2.14 (s, H,C-CO); 2.41-
2.56 (m, H-C(5)); 2.62 (d, J =7, H-C(2)); 2.84-291 (m, H-C(N);
3.21-331 (m, H-C(1)), 4.04-4.14 (m, H-C(6)); 492, 5.12 (2m,
win=5, 2HC(1)). C NMR: 233,283, 31.6 (4ga, 2ga a1 23.3, 4
CH,); 48.3 (1, C(4)); 112.0 (1, C(1"); 40.3, 45.8, 52.2, 69.7, 73.2 (5d,
S CH); 48.6 (s, C(3)); 143.2 (s, C(2)); 209.0 (s, H,C-CO). MS: 222
(18, M*), 151 (100), 43 (%8).

(6 - Hydroxy - 3,3 - dimethyl - 7 - (2 - propemyl] - bicy-
clof3.20R2 - heptyymethyl ketome, isomer I (16). B.p.
100°/0.0S mm. IR: 3620 m, 3550-3400be.w, 17085, 164Sm. 'H
NMR (300 MHz, CDCY,): 0.78, 1.40 (23, 2 H,C-C(3)); 1.58 (dxd,
Ji =125, I, =8, HCW@); 1.71 (m, w;p=3, JHC): L9 (d,
J=55, H-0), 2.04 (dxd, J, =125, J; =105, HC@4)); 2.15 (s,
HyC-CO); 2.45-2.54 (m, H-C(N): 2.67 (d, I = 4.5, HCQ2)); 2.60-
2.78 (m, HC(1)); 2.82-2.96 (m, H-C(5)); 4.04-4.14 (m, H-C(6));
472,475 (2m, wiy = 5, 2H-C(1"). "*C NMR: 20.7, 23.6, 28.8, 31.4
(4qa, 4 CH)); 423 (1, C(4)); 108.6 (t, C(1)); 37.4, 41.6, 599, 67.4,
71.1 (5, S CH); 47.8 (s, C(3)); 145.4 (s, C(2)); 209.7 (s,H,C-CO).
MS: 222 (11, M*), 151 (100), 43 (72). (Found: C 75.55, H 9.99.
Cak. for C,;Hp0,: C 75.63, H 9.97%).

Irradiation of 18 in acetome at A >200am. A soln of 200g
(7.58 mmol) of 18 in 250 ml acetone was iradiated (pyrex, lamp
B, under argon; 74% coavension). Chromatography (SiO;; bex-
ane/EtOAc 50:1 to 2:1) aflorded 219 mg (15%) of 19, 42 mg
(16%) of 20, 480 mg (32%) of 21, 84 mg (6%) of 22, 101 mg (7%) of
23 and 89mg (6%) of an isomer (C,HyOy) of undetermined
structure.

(SR, 65°, 8S°) - S - Acetoxy - 8 - (2 - propenyl) - 7 - oxa -
22,6 - trimethyibicyclo(4.3.0]9 - norene (19). [R: 1740 s, 1650 m,
1370s. '"H NMR: 112, 1.20 (2s, 2 H,CCQ2)); 1.25-2.10 (m,
2HC(3), 2H-C(4)); 1.43 (s, H,C-C(6)); 1.65 (m, w\p =3, 3H-
C(3)). 1.94 (s, Hy,CCOy); 468 (m, w,p=5, HLC(9): 487 (m,
win=S$, H,C=C, H-C@®)); 530 (d, } =2, HC()). NS: 264 (2,
M?), 204 (100), 189 (78), 43 (89).

(2R®, 6S%) - 6 - Acetoxy - 2 - [(2) - 3 - methd - 1'Y -
butadienyl) - 233 - tnimethylcyclohexanome (21). M.p. 68-6%"
(from pentane). UV: endabsorption to 240nm: 293 (38). IR:
17505, 17255, 1620w, 1230s. 'H NMR: 0.93, 0.97 (2, 2 H\C-
C(3); 1.30-2.20 (m, 2H-C(4) and 2H-C(S)); 1.46 (s, HyC-CQ));
175 (m, w,p = 3, HyC-C(3D); 2.04 (s, H,C-CO,), 4.66, 4.78 (2m,
win =4, 2H-C(4); 5.20-5.40 (m, H-C(6)); 567 (AB-system, ] =
13, »o =5.39, g =593 (with fine structure), H-C(1), HC(2)).
C NMR: 17.7, 207, 239, 4.8 (5qa, 2ga at 239, S CH,); 2.0,
33.7 (1, C(4), C(5)); 114.2 (1, C(4Y); T29 (d, C(6)); 128.4, 134.2
(24, C(1Y, C2); 41.5 (s, C(3)); 38.4 (s, C(2)); 142.8 (s, C(3Y);
169.8 (s, H,C-CO,); 206.8 (s, C(1)). MS: 264 (9, M?), 222 (16), &3
(100). (Found: C 72.76, H 9.29. Cak. for C,(H,0,: C 72.69, H
9.15%).

(2R*, 6S°) - 6 - Acetoxy - 2 - [(B) - ¥ - methyl - 1'Y -
butadienyl) - 23,3 - trimethyl - cyclohexanone (20). M.p. 75-76°
(from pentane). UV: 229 (25600); 288 (S1). IR: 17503, 17283,
160S m, 1230s. '"H NMR: 0.86, 0.88 (2s, 2 H,C-C(3)); 1.20-2.30
(m, 2H-C(4), 2H-C(9)); 1.35 (s, H,CCQ): 187 (m, w3 =3,
H,CC(3); 2.04 (s, HyC-COy); 4.84 (m, w,, = 4, 2H-C(4)); 5.26-
$.48 (m, H-C(6)); 599 (s, H-C(1), HC(2)). In C(Dy: AB4system
at 6.16ppm (J = 17, v, = 6.04, »y =6.28, H-C(1), HC@)). *C
NMR: 174, 18.7, 20.7, 24.3, 24.4 (Sqa, S CHy); 28.1, 34.4 (21, C(4),
C(5): 115.8 (t, C(49); 73.2 (4, C(6)); 129.6, 133.1 (24, C(19), CQM:
41.4 (3, C(3)); 368 (s, C(D)); 1422 (s, C(37); 170.0 (s, H,CCOy),
207.3 (s. C(1)). MS: 264 (33, M*), 222 (11), 122 (109), 43 (99).
(Found: C 72.45, H 9.28. Calc. for C,¢H,/04: C 72.69, H 9.15%).

(IR®, 2R*, 35°, 6R®) - 3 - Acetoxy - 2,6 - dimethyl - | - ((B) - 3’
- methyl - 1'Y - butadienyl) - bicycio(4.1.012 - Aeptanol (23). M.p.
83.5-84.5° (from pentane). UV: 237 (20800). IR: 3600 m, 3500-
3300br.w, 1740's, 1640w, 1605Sm, 1235s. 'H NMR: 0.54 (AB-



Photochemistry of $.6-epoxy-1,3-dienes

system, J =6, v, = 0.40, »y = 0.69, 2H-C(7)); 0.98, 1.10 (2s, H,C-
CQ), H,CC6)); 1.30-2.00 (m, 2H-C4), 2HLOD; 1.53 (s, H-O),
L85 (m, w;p=2, HCCOW: 199 (s, H,C-COy); 432456 (m,
H-C(3)); 4.80 (m, w,y =3, 2H-C(4)); 6.01 (AB-system, J = 16,
ra =592, »y = 6.10, (H-C(17, H-C(2Y). PC NMR: 189,21.2, 3.2,
244 (4qa. 4 CHy); 209, 22.8, 30.0 (3t, Cd), C(5), COM: 1151 @1,
C&)); 157 d, CON: 1290, 1356 d, C(1D, C2)); 228 (s.
overlapped with 1, C(6)); 38.3 (s, C(1)); 701 (s, C(Q)); 1420 (s,
C(3); 1703 (s, Hy,CCO,). MS: 264 (3, MT), 204 (23), 43 (100).
(Found: C 2.1, H 9.22. Cak. for C,¢HyOy: C 72.69, H 9.15%).

(1R*, 28% 3R*, 6R*) - 3 - Acetoxy - 2.6 - dimethyl - | - [(E)- ¥
- methyl - 13 - butadienyl} - bicyclo(4.1.012 - heptanol (22). M.p.
62-63* (from pentane). UV: 234 (20100). IR: 3600 m, 3580-
3360be.w, 1740s, 1640w, 1605 m, 12355, 1230s. '"H NMR: 0.54
d, J =S, HC(N); 0.98, 119 (25, B,CLCQ), H,C-L6)); 1.20-2.00
(m, ZH-C(4), 2H-C(5), H-C(T); 1.47 (3, H-O); 1.80 (m, w)p = 3,
H,C-C(3M); 1.9 (s, HyCCOy); 434454 (m, HC(3); 584 (m,
Win =3, 2HCWA)); 591 (AB-system, I = 16, », = 5.72, = 6.10,
H-C(1), H-C(2)). "C NMR: 188, 213, 22.5, 26.9 (4ga, 4 CH));
183 (1, C(N); 22.5 (overlapped with qa), 296 (21, ), CON:
1154 (¢, CW@; 776 (4, COY; 130.1, 136.1 (24, (1N, CQ2N: B8
(s, C(6)); 36.6 (s, C(1)); 71.4 (s, C(2); 141.7 (s, C3M; 1703 (s,
HyC-CO,). MS: 264 (<1, M?), 204 (19), 43 (100). (Found: C
72.50, H, 9.12. Calc. for C, Hy0y: C T2.69, H 9.15%).

Isomer (CiHyu0)) of usdetermined struciure. Bp. 115-
120°/0.05 mm. IR: 3600 m, 3560-3300br.w, 17455, 1640w, 1235,
'H NMR: 114, 1.31 (25, 6H); 1.30-2.10 (m, 6H); 1.67 (m, w,, = 3,
IH); 1.98 (s, 3H); 2.06 (s. 1H, exchangeable); 3.30 (1, with fine
structure, J =8, 1H); 4.55-4.76 (m, 3H); $.%6 (d, J =2, 1H). °C
NMR: 20.5, 21.1, 24.9, 26.0 (4qu); 24.9 (overiapped with qa), 4.3,
50.2, 109.1 (&), 49.2, 778, 126.2 (3d); 46.5, 1.8, 148.4, 1539,
170.5 (Ss). MS: 264 (3, M*), 204 (27), 161 (100}, 43 (100). (Found:
C 7269, H 9.26. Calc. for Cy (Hyp,0y: C 7260, H 9.15%).

Irradiation of 22 in acetone at A >280nm. A soin of 36 mg
(0.13 mmol) of 22 was irradiated (pyrex, lamp B, under argon).
After 2hr the mixture was filtered through Si0, (ether/bexane
1:1) and evaporation of the solvent gave 31 mg of a 1:1 mixture
of 22 and 23 ('"H NMR analysis).

Additional experiments

Catalytic hydrogenation of 11, 12 and 13. (a) A mixture of
39 mg (0.18 mmol) of 12, S ml EtOH and 46 mg 10% Pd/C catalyst
was stirred for 7 br under H;. Suction Altration and evaporation
of the solvent gave 40 mg (100%) of 18.

(b} Catalytic bydrogenation of 32 mg (0.14 mmol) of 11 in Sml
EtOH with 43mg 10% Pd/C catalyst as described above gave
31 mg (95%) of 28 as a coloriess oi. An analytical sampie of 28
was oblained by chromatography (Si0,; ether/hexane 1:3) fol-
lowed by 3 KR-distillation (80°/0.05 mm).

(IR®, 58%) - (1 - (3’ - Methylbutyl) - 5 - hydroxy - 22 -
dimethylcyclopentylymethyl ketone (25). B.p. 80°/0.05 mm. UV:
292 (34). IR: 3510m, 2950, 168545, 16785, 'H NMR: 090 (d,
I=6, HyC-C(3'), JH-C(47); 1.06 (s, 2 H,C-C(Q); 1.1-2.0 (m,
2H-C(3), 2H-C(4), 2H-C(1'), 2H-C(29), H-C(3Y); 2.05 (s, H,C-COM:
344(d. ] =6, H-0); 4.00-4.22 (m, H-C(5)). MS: 26 (14, M*), 169
(100), 113 (90), 43 (66). (Found: C 74.43, H 11.53%. Cak. for
C;‘H'O;: CHB.H 11.58%).

{¢) To a soln of 77 mg (0.35 mmol} of 13 in Sl EtOH, S mg
10% Pd/C catalyst was added and the mixture was stirred for 7 hr
under H,. After suction filtration the solvent was evaporsied and
the residue was chromatographed (Si0;. ether/hexane 1:1) to
afford 41 mg (52%) of 4.

(IR®, SR®) - (1 - [3' - Methylbutyl] - § - hydroxy - 22 -
dimethyicyclopentylymethyl ketone (24). B.p. 90°/0.0S mm. UV:
283 (34). IR: 3630 m, 3595 m, 3490 br.w, 2955 s, 1685 s. 'H NMR:
086, 1.12 (25, 2 H,C-CQ)); 0.89 (d, ] =6, H,C-C(3), 3HLCW));
1.2-2.2 (m, 2H-C(3), 2H-C(4), 2HC(1), 2HC), HC(3), H-Ox
4.50-4.74 (m, H-C(5). MS: 226 (6, M*), 169 (64), 113 (74}, &
(100).

Oxidation of 4 and 28. (a) To a stirred soln of 41mg
(0.21 mmol) of 28 in 5 ml ether was added dropwise ~iml of a
Na;Cr,0,/H,SO, soln.” After stirring for 1S min at 0%, the mixture
was diluted with ~ 50 mi ether and worked up. Chwomatography
(S10,; ether/hexane 1:1) of the residue gave 33 mg (70%) of 26.
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(b) Treatment of 18 mg (0.08 mmol) of 24 in 2 ml ether with 0.5 m!
of 2 Na,Lr,0,7H,S0, soin’ as described above gave 12 mg (67%)
of 26.

2- Acetyl - 2- (3 - methylbutyl) - 33 - dimethylc yclopentanone
(26). B.p. 100°/0.08 enmm. UV: 303 (84). IR: 1730s, 1690s. 'H
NMR: 0.84, 0.86 (2d, ] = 6, 3H-C(4), H,C-C(3)), 0.96, 1.06 (23, 2
H,CC(3)); 2.09 (s, H,C-COY; 0.75-2.42 (m, 4 CH,, HC(3)). MS:
24 (2, M*), 182 (11), 167 (100). (Found: C 74.74, H 10.82. Calc.
for C . HaOy: C 7495, H 10.73%).

Thermolysis of 15 and 16. (3) A soin of 95 mg (0.43 mmol) of
15 io 4 m! toluenc was heated under reflux for | hr. Chromato-
paphy (Si0,; cther/hexane 1:3) gave 60mg (63%) of 27. (b)
Treatment of 16 mg (0.072 mmol) of 16 under the same conditions
as under (8) gave a quantitative recovery of the unchanged
starting material.

3. Acetyl - 4.4 - dimethyl - 2 - (2 - methyl - 1" - propenyl) - cyclo -
pentanecarboxaldekyde (IT). B.p. 90°/0.05 mm. IR: 2965 5, 2820 m,
2130 m, 1728, 1710 5. 'H NMR (300 MHz; CDCl;): 090, 130 (2s,
2 H,C-C(4)); 1.6] (dxd, ], =13, J, = 1.5, H-C(5)). 1.66, 1.70 (2m,
win = 3, HyCC(2), 3HC(3): 2.06 (dxd, J, = 13, ], =9, HC(S):
262 (4, ] =10, HCG); 3.08 (dxdxdxd, J, =10, ;;,=9. 1,=7. §
Jo= 2, H-C(1)): 3.82 (dxdxd, J, = J; = ], = 10, H-C(2)); 4.95 (dxm,
1 =10, win =5, HC(1); 9.64 (4, ] =2, H-CO). Imadiation at
495 ppm collapsed dxdxd at 3.82 ppm to dxd and the 2m at 1.66
and 170 to 2s. ')C NMR: 183, 24.1, 25.7, 294, 324 (5qa. 2
H,C-C4), H,C-CO, HyC-CN, C3M; 418 1, C5Y): 420, 519,
68.5, (3d. C(1), C2y, COY; 123.4 (d, CU1Y); 2036 (d, HCO), 2.2
(s, C(4)); 208.1 (s, H,C<CO). MS: 222 (12, M*). 181 (100), 43 (68).
(Found: C 75.25, H 10.10. Cak. for C, Hx0,: C 6563, H 9.97%).

Transformation of 18 and 16 into 28. () To a soin of 94 mg
(0.42mmol) of 16 in Smi EtOH was added $6mg 10% Pd/C
catalyst and the mixture was stirred under H, for 1.5hr. After
suction filtration through Celite, the solvent was evaporated.
Chromatography (Si0,; pentane/DME 10:1) of the residue gave
$2mg (55%) of dihydro-16. To a soln of 32 mg (0.14 mmol) of
dihydro-16 in 3ml dry CH,Cl, was added 370 mg pyndinium
dichromate and the mixture was stirred for 4.5 hr. The mixture was
diluted with ether, filtered through S0, and chromatography (Si0;;
etherfhexane 1:1) afforded 23mg (72%) of 28. (b) Catalytic
hydrogenstion of 198 mg (0.89 mmol) of 18 with 100 mg 10% Pd/C
catalystin $ ml EtOH for 2 hr as described for 16 gave 66 mg (33%)
of dihydro-15. Oxidation of 37 mg (0.17 mmol) of dihydro-15 with
420 mg of pyndinium dichromate as described under (a) afforded
27 mg (13%) of 28.

2 - Acetyl - 3.3 - dimethyl - 7 - (2 - propyl) - bicyclo{3.2.0 -
heptanone (28). B.p. 100°/0.05 mm. IR: 1770, 1705s. '"H NMR.
(300 MHz; CDCly): 0.86, 1.30 (25, 2 H,C-C(3)); 0.92, 0.98 (2d,
J=6, JHC(1), IHCOM 1.9 (AB-system, J=13, v, =172
(split to d, J = 9.5), vy = 1.86 (split to d. ] = 8.5), ZH-C(4)); 1.80-
1.96 (m, overtapped by AB-system at 1.79, H-C(2')); 2.66 (dxdxd,
1,=9, ;=45 J,=3, HCM), 272 (4. J =65, H-C(2): 3.08
(dxdxd, J, =9, J,=6.5, J, = 4.5, H-C(1)); 3.55 (dxdxdxd, J, = 9.5,
Jyw9, Jy=8S, J,=3, H-CS). "C NMR: 20.3, 23.2, 28.2, 2.0
(5qs, 2 qe overlapped at 20.3, 5 CH,); 44.3 (1, C(4)); 293, 37.2,
60.3. 700, 72.4 (34, 5 CH); 49.7 (s, C(3)); 208.1, 213.7 (2s. Ci6).
H,C-CO). MS: 222 (4, M*), 139 (19), 138 (32), 95 (100).

Oxidation and esterification of the crude misture obtained from
the photolysis of 18 at A > 280 nm in acetone. The crude material
obtained from the irradiation of 1.0g (4.5 mmol) of 18 in 200 m}
acetone at A > 280 nm as described above (conversion ~75%)
was dissolved in 25 m! ether. The stirred soln was cooled 10 0 and
8.5m) of a Na,Cr,0./H,SO, soln’ was added dropwise. After
stiering for 45 min at 0°, the mixture was diluted with 50 ml ether
and the organic phase was washed with 20 ml water. The organic
phase was then extracted with three 20 ml portions sat. Na,CO,
aq and the combined extracts were acidified to pH=~1 and
extracted with ether. The residue (227 mg) was dissoived in Sml
ether and was treated with Sml of a ~IM soln of CH;N; in
ether. After stirring the mixture overnight, the solvent was
evaporsted and chromatography (Si0;. ether/bexane 1:3)
afforded 46 mg (5%) of methyl 3 - ((E) - 3' - methyl - 1’3" -
butadienyl] - 2 - hydroxy - 2.4.4 - trimethyicyclopentanecarboxy-
Iate. B.p. 100°/0.0S mm. UV: 234 (23200). IR: 3605 m. 35403400
br.w, 1735 s, 1605w. 'H NMR: 0.98, 1.02, 1.10 (3s, 2 H,CC(4),
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H,CO2)), 1.49 (s, H-0); 1.77(4, ) = 9, 2HLC(S); 185 (m, wyy = 3,
H,C-C(3Y); 1.93(d,] = 9.5, H-C(3)): 2.96 (dxd, J; = J, = 9, HC(1));
3.62 (s, HyC-0); 4.85 (m, w5 =3, 2H-C(4)); 5.85 (AB-system,
J=1i yo= 562, split to d, ) =95, H-C(1), »y = 6.08, H-C(2)).
Irradiation a1 $.62 collapsed dat 1.93t0s. "C NMR: 18.8,23.5,26.3,
289 (4qn, 4 CH,); 51.5 (ga, H,C-0); €2.7 (1, C(5)); 115.5 (1, C(4);
$6.0, 64.0 (24, C(1), CQ)); 128.7, 1311 (24, C(1D), CQ; 417 (s,
CO4)); 82.8 (s, C()); 142.1 (s, C(3N: 174.8 (3, H,CO-CO). MS: 252
(7, M*), 234 (65), 171 (65), 111 (100).
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