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Photooxygenation of «,f(13,17)- and B,y(12,13)-unsaturated morpholine enamines (I and II) in 17-(I-
formylethyl)etiojervanes by singlet oxygen was carried out under irradiation with fluorescent bulbs. Oxidation
of the former (I) afforded the corresponding a,f-unsaturated ketone (III) as the only product which could be
isolated, while that of the latter gave two products, one (IV) being a normally oxidized f,y-unsaturated ketone
and the other (VIII) an «,f-unsaturated ketone with the D-ring contracted. Compound (VIII) was not ob-
tained by treatment of IV under the same photooxygenation conditions as for II, indicating that the formation of

VIII would not involve IV as an intermediate.

The photooxygenation of enamines by singlet oxygen
has been demonstrated to be useful for synthesis.?
We describe further examples which involve transforma-
tion of the enamines (I) and (II) into the corresponding
unsaturated ketones. These «,8-3 and f,y-unsaturated
ketones® (III and IV) are not readily obtainable by
the standard chemical procedures.5

The enamines (I) and (II) were prepared as follows.
17-(1-Formylethyl)-5a,12«-etiojerv-13(17)-en-3p-01® (V)
was converted into the acetate (Va), oil, which was
treated with morpholine® to give the «,f-unsaturated
morpholine enamine (I), oil, in good yield; NMR,
6 1.68 and 1.74 (each 3H, s, 21- and 18-C;H or vice
persa). On the other hand, 17a-(1-formylethyl)etio-
jerva-5,12-dien-3g-0l¥ (VI) was transformed uvia a
three-step process (acetalization of the formyl group,
the Oppenauer oxidation and deacetalization) into
the corresponding A44-3-ketone (VII), oil, in good
yield; UV, 4,,, 238 ng (¢ 10500), which smoothly
formed the morpholine®20-enamine (II), oil, in the
same manner as Va; NMR, 6 1.46 and 1.50 (each
3H, s, 18- and 21-CHj, or vice versa).

I R=CH(NC,H;0), R'=Ac
III R=0, R'=Ac

V R=H, CHO, R'=H
Va R=H, CHO, R’=Ac

II R=CH(NC,H,0)
IV R=0
V1 R=H, CHO

| JL P

VI R=H, CHO VIII
IX R=0

Photooxygenation of the «,f-unsaturated enamine
(I) in benzene with Rose Bengal as a sensitizer was
carried out in a Pyrex tube irradiated .externally with
four 15-watt fluorescent bulbs at room temperature
for 7.5 h, when all the starting enamine had been
brought to reaction. The resulting tarry product

was purified by preparative tlc to give 13, 17-unsa-
turated 20-ketone (III), oil, in 409, yield as the only
main product which could be isolated; Mass, 358
(M*) and 255; UV, A,,, 249nm (¢ 13000); IR,
Voex 1730, 1674, 1612, 1255, and 1210 cm™'; NMR,
8 0.78, 1.89, 2.04, and 2.25 (each 3H, s, 19-, 18-, ace-
toxy, and 21-CH,), and 4.71 (1H, br Wyz=21 Hz,
H at C;). Since «,p-unsaturated enamines have
been reported to undergo autooxidation and form the
cooresponding 1,4-diones,”) photooxygenation is practi-
cable, since ketone (III) had not been obtained by
hydrolysis of the corresponding oxime® even under
mild conditions. The «,8-(13,17)-unsaturated 20-ke-
tone (IITI) was found to be very unstable as compared
with the other «,8-(16,17)-unsaturated 20-ketone.®
Double bond migration%8) followed by hydrooxygena-
tion probably takes place under the conditions.
Photooxygenation of f,y-unsaturated enamine (II)

under the comparable conditions (22 h) afforded a tarry
mixture, from which two products (IV) and (VIII)
were isolated by preparative tl¢ in 11 and 229,
vields, respectively. (IV), mp 131—133 °C and [«],
+198°, showed the following spectra: Mass, m/e
312 (M*) and 269; UV, ... .238nm (¢ 11500);
IR, »,,.. 1700, 1655, and 1603 cm~'; NMR, 4 1.18,
1.57, and 2.14 (each 3H, s, 19-, 18-, and 21-CHj,)
and 5.78 (1H, s, H at C,). The assigned structure
of (IV) was consistent with these spectra and confirmed
by the Oppenauer oxidation of the corresponding
etiojerv-5-en-38-019 (IX) to IV. On the other hand,
(VIIT), mp 196—198 °C and [«], +110°, was identified
on the basis of the spectral data to be a,f-unsaturated
ketone with the D-ring contracted: Mass, mfe 284
(M+), 269(M+-CH,), 241 (M+-COCH,), and 161
{base); UV, A,.. 247 nm (e 20000); IR, »_,. 1654
and 1614 cm-!; NMR, 6 1.22 and 2.28 (each 3H,
s, 19-CH; and COCH,) and 5.79 (1H, s, H at GC,).
This ring-contracted product (VIII) was not obtained
by treatment of IV under the same oxygenation condi-
tions, most of the starting material being recovered
unchanged. Its formation might involve initial oxygen-
ation of the isolated 12,13-double bond?) followed by
the usual oxidation of the enamine double bond!®
and subsequent deacetylation (Norrish Type I and/or
II). The same reaction of II in methanol resulted
in the predominant formation of IV. Compounds IV

. and VIII were isolated in 24 and 39, yields. This

result was in good accord with the solvent dependency
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with respect to product formation in the photooxygena-
tion of enamines.!!)

Experimental

All the mps were uncorrected. The homogenity of each
compound was always checked by tlc on silica gel (Wakogel
B-5), various solvent systems being used, and the spots were
developed with ceric sulfate in dil sulfuric acid and/or iodine.
The optical rotations and UV, IR and NMR spectra were
measured in chloroform, ethanol, chloroform, and deuterio-
chloroform, respectively. The abbreviations *s, d, br, and
m” in the NMR spectra denote ‘‘singlet, doublet, broad,
and multiplet,” respectively.

o, f-Unsaturated  Enamine (1). 17-(1-Formylethyl)-5a,
12a-etiojerv-13(17)-en-38-ol*» (V, 240 mg) was treated with
acetic anhydride (5ml) and pyridine (5 ml) at room tem-
perature overnight. The mixture was diluted with chloro-
form, washed with 1 M hydrochloric acid and 5% aqueous
sodium bicarbonate, dried, and evaporated to leave an oily
residue (255 mg), which was purified by column chromato-
graphy (cc) over silica gel to give the 38-acetate (Va, 180 mg),
oil; Mass mfe 372 (M+) and 343 (M+—CHO); IR, v,y
1728, 1252, and 1208 cm—!'; NMR, ¢ 0.76, 1.72, and 2.05
(each 3H, s, 19-, 18-, and acetoxy-CH,), 1.14 (3H, d J=
7 Hz, 21-CH,), and 3.44 (1H, br Wx=21Hz, H at Gy),
and 9.52 (1H, s, CHO). This was used for the next reaction
without further purification.

‘A solution of Va (108 mg) in a mixture of benzene (20 ml)
and morpholine (0.1 ml) containing p-toluenesulfonic acid
(PTS, 1 mg) was refluxed under nitrogen for 6 h, water
being removed by means of a Dean-Stark apparatus. After
removal of the solvents below 30 °C, the residue was worked
up as usual to give o,f-unsaturated enamine (I, 119 mg), oil;
Mass, mfe 441 (M+), 426 (M+-CHj), and 398 (M+—COCH,);
IR, vmax 1720, 1644, 1256, and 1115 cm-!; NMR, § 0.81
(3H, s, 19-CHj;), 2.05 (3H, s, OCOCH,), and 2.84 and
3.70 (each 4H, m Wyx=13 Hz, NC,H,C,H,0O), and 470
(1H, br Wg=21 Hz, H at C;).

Oxygenation of I. A solution of I (108 mg) in benzene

(15 ml) containing Rose Bengal (5 mg) in a Pyrex tube was
bubbled with oxygen at room temperature under external
irradiation with four 15-watt fluorescent bulbs (standard desk
lamps) for 7.5 hr, when the starting material had disappeared
on tlc. After rémoval of benzene, the residue was treated
with water and chloroform. Thé chloroform extracts were
worked up as usual to leave tarry material (100 mg), which
was purified by preparative tlc over silica gel “(Wak'ogel
B-5)-with-a 1 : 1 mixture of benzene and ether to give a,f-
unsaturated ketone (III, 40 mg), oil, showing a single spot;
Mass, UV, IR and NMR are given-in the text.
.. Byy-Unsaturated Enamine (II). . To a methanol solution
(54 ml) of 17«-(1-formylethyl)etiojerva-5,12-dien-3p-0l¥ (VI
605 mg) was added boron trifluoride etherate (2.0 ml) under
cooling with ice, and the mixture was stirred at room tem-
perature for 62 h under nitrogen. The solution was neutraliz-
ed with 5%, aqueous sodium bicarbonate and evaporated to
leave an oily residue, which was worked up as usual to give
the 20-aldehyde dimethyl acetal (585 mg), oil; Mass, m/e
342 (M+—CH,OH), 310 (M+—2CH,OH), and 270 [base,
M+—CH(CH,)CH(OCH,),]; NMR, 6§ 0.68 (3H, d /=7 Hz,
21-CH,;) 0.98 and 1.53 (each 3H, s, 19- and 18-CH,), 3.34
(6H, s, OCH,), 4.24 (IH, d /=8 Hz, H at C,,), and 5.40
(IH, br Wg=9 Hz, H at Cg).

The acetal (575 mg) was dissolved in a mixture of toluene
(72 ml) and cyclohexanone (3.9 ml); 30 ml of the toluene
was then distilled off to remove water, Aluminium iso-
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propoxide (530 mg) was added and, after removal of 10 ml
of the toluene by distillation, the mixture was refluxed for
2.5h and then distilled with steam to remove the organic
solvents. The residue was extracted with chloroform, and
the chloroform solution was washed with water, dried, and
evaporated to give the corresponding A44-3-ketone (569 mg),
0il; UV, Apax 238 nm (e 10500) ; IR, vy, 1666 and 1616 cm=?;
NMR, 6 0.69 (3H, d J=7 Hz, 21-CHj), 1.16, 1.54 (each 3H,
s, 19- and 18-CH,), 3.35 (6H, s, 20CHj,), 4.22 (lH d J=
8 Hz, H at C,,), and 5.80 (1H, s, H at G,).

A solution of the o,f-unsaturated ketone (569 mg) in a
mixture of acetone (170 ml) and water (30 ml) was refluxed
with PTS (117 mg) for 4h under stirring. After removal
of most of the acetone, the residue was extracted with chloro-
form, washed Wwith- water, dried and ‘evaporated to give
20-formyl-44-3-ketone (500 mg), oil; IR, vpax 1721, 1656,
and 1609 cm-!'; NMR, & 0.90 (3H, d J=7 Hz, 21-CH,)
1.16 and 1.60 (3H, s, 19- and 18-CHj,), 5.78 (1H, s, H at Cy),
9.68 and 9.73 (total 1H, each s, CHO). '

The 20-formyl-A12-3-ketone (84 mg) in benzene (10 ml)
and morpholine (0.1 ml) was treated with PTS (1 mg) in
the same manner as for Va to give the 20-morpholine enamine
(I1, 99 mg), oil; Mass, m/e 395 (M+),.380 (M+—-—CH3), 268
[M+—(H+17-side chain)], .and 127 [base, (H+17-side
chain)]; IR, vy, 1660, 1616, and 1116 cm~!; NMR, 6 1.16
(3H, s, 19-CH,), 2.66 and 3.76 (each 4H, m, Wy=12 Hz,
NC;H,C,H 4O), and 54-9 and 5.82 (each 1H, s, 2H at "Cyq
and C,).

Oxygenation of II. A solution of IT (337 mg) in benzene
(20 ml) was oxygenated in the same manner (60 watt, 22 h,
and room temperature) as for I. The reaction mixture was
worked up as usual to leave an oily residue (250 mg), showing
two main spots on tlc, which was separated; by cc over
silica gel with a 1 : 1 mixture of benzene and ether to give
two crystalline compounds (IV and VIII). The former
(IV, 27 mg), mp 131—133°C on recrystallization from
acetone-isopropyl ether, showed the spectra as described.
The compound (IV) was also obtained by treatment of the
corresponding etiojerv-5-en-3-01 (IX) under ‘the same
Oppenauer conditions as the acetal of VI. Found: C,
80.90; H, 9.15%,. Calcd for C,;Hye0,: 12 G, 80.73; H, 9.03%.
The latter (VIII, 52 mg) had mp 1967-198 °C (acetone~
isepropyl ether); Mass, UV, IR, and NMR, in the text.
Found: C, 80.36; H, 8.529%,. Cal'cd‘ for ('.!ii,H’“O2: C,
80.24; H,i8.51%. ' '

Compound IT (330'mg) was oxygenated in methandl (20 ml)
under almost the same conditions (60 watt, 3.5 h, and room
temperature) as for benzene and gave IV (63 mg), mp 129—
131 °C, and VIII (15mg), mp 189—I191 °C.
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