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ENAMINE-SINGLET OXYGEN REACTIONS.

a-DIKETONES FROM INTERMEDIATE AMINO DIOXETANES
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Among the types of reactions in which singlet oxygen takes part, the 1,2-addition to enamines
is of special interest in view of the widespread involvement of the enamine grouping in biologi-

cal systems. Thus far, studies on the photooxygenation of enamines have been limited to acyclic

systems, and have shown that the double bond undergoes cleavage to carbonyl fragments.l’2
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We now report that in the photooxygenations of the enamines of a series of cyclic ketones

the major reaction products are a-diketones or their enamine derivatives.?® As in the open chain

cases, dioxetanes are intermediates in these oxidations.3’4’5 The present work shows that these
dioxetanes may undergo cleavage of the 0-0O bond by a B-elimination mechanism.6
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In Scheme I are listed the enamines (I) investigated in the present work and the products
(II, IIT, IV and V) obtained in the photooxygenation. As is outlined below, the reactions
generally led directly to a-diketones (III} when conducted at room temperature in methanol. At
low temperatures (-78°) dioxetanes (IIb, IIc, IId) could be isolated, and these were shown to be
intermediates in the formation of products corresponding to IIT, IV and V. Details of the

procedures are given below.
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A solution of N-cyclohexenylmorpholine (Ib) (5 mmol) in methanol was photooxygenated at room
temperature using methylene blue as sensitizer and a Sylvania "Sun Gun' (625 w) light source.
One equivalent of oxygen was absorbed within 30 min,7 the reaction mixture treated with phenyl-
hydrazine in glacial acetic acid (10 mmol), and then allowed to stand overnight. Washing the
solution with bicarbonate, drying, evaporation of solvent and chromatography on silica gel

(methylene chloride elution) yielded the bis-phenylhydrazone of cyclohexane-1,2-dione, mp 152°
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In the analogous photooxidations of Ia, Ic, and Id the corresponding a-diketones were iso-
lated as bis-phenylhydrazones or bis-DNP's (30-50%), while a somewhat lower yield of product (12%)
was observed in the case of Ie. Photooxidation of 3-morpholino-cholest-2-ene (VII)8 in abso-
lute ether at -78° yielded (50%) (ratio e¢a 1:1) cholestan-2,3-dione (IX) mp 139-140° and 3-
morpholino —cholest-3-ene-2-one (VIII)} mp 176-177°. 4nal. Calcd. for C31 51NOZ(VIII): C, 79.26;
H, 10.94; N, 2.98. Found: C, 79.18; H, 11.12; N, 2.8l.

'(>2

VII L/ VIII

R-—CSH.17



No, 21 1737

When the photooxidations of Ib-d were carried out at low temperatures in dimethyl ether it
was possible to isolate dioxetane intermediates. N-Cyclohexenylmorpholine Ib (10 mmol) and bis-
acenaphthalenethiophene (10 mg) in methylene chloride were added to pre-cooled dimethyl ether and
photooxidized at -78° until one molar equivalent of oxygen was absorbed. As the reaction pro-
ceeded, a white crystalline product separated from the solution. Washing this solid with cold
dimethyl ether and removal of solvent at -78° (0.5 mm) for 20 hr yielded the crystalline dioxetane
IIb (55%).9 Anal.lo Calced. for C10H17N03: C, 60.28; H, 8.60; N, 7.03; mol wt 199. Found:

C, 59.92; H, 8.74; N, 6.88; mol wt (freezing pt of CHCl,) 249; ir peaks'! at 1155, 1100, 975

and 840 cm'l. The dioxetane could be stored at -78° under anhydrous conditions for several days
but underwent violent decomposition’ if allowed to warm up to room temperature.

When Ilc was dissolved in pre-cooled methanol at -60° and the solution brought to room temp-
erature, followed by removal of solvent iz vacuo, the keto aminal (IVc) was abtained as an
unstable oil; ir, 3450 and 1715 cm_l. An ethyl ether solution of this oil, passed through a
short column of silica gel, yielded 1,2-cycloheptanedione, while a benzene solution of IVc warmed
for one hr at reflux gave 2-morpholino-cyclohept-2-ene-l-one (Vc). Treatment of the dioxetane
I1Ib with sodium in liquid ammonia yielded a-diketone IIIb. With triphenylphosphine in methyl-
ene chloride, the a-ketol (VIb) could also be formed along with a-diketone.

Reactions of enamines of open-chain ketones under the above condi tions gave mixed results.
With the morpholino enamine of 1,3-diphenylpropanone, photooxygenation produced only cleavage of
the double bond, forming amide and ketone. On the other hand, the reaction of singlet oxygen
with the morpholino enamine of 3-pentanone at -78° in dry ether gave a significant amount of
a -diketone (28%) along with the usual cleavage products.

Further studies are in progress on the reactions of enamines of ketones and o,B-unsaturated
ketones with molecular oxygen.
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