I Serb. Chem. Soc. 59(12)909-914(1994) UDC 547.924:661.852.712
JISCS-2044 Original scientific paper

The lead tetraacetate oxidation of 5,10c-epoxyimino-5(10—1)abeo-
15(H)-5x-cholestan-343-yl acetate”

MILAN DABOVIC, IVAN JURANIC, LIUBINKA LORENC and MIHAILO LJ. Ml IAILOVIC

Faculty of Chemisuy, University of Belgrade, Studentski rg 16, P.O. Box. 550, YU-11001 Belgrade and In-
stituee of Chemiswry, Technology and Metallurgy, Belgrade, Yugoslavia

(Received 8 September 1994)

The lead tetraacetate oxidation of steroidal isoxazolidine 2 results in oxidative cleav-

age of the epoxymino bridge to give the nitro dirivatives 4 and 5 and the azoxy compounds 6

and 7. A plausible mechanistic course for the observed oxidative processes involving inter-

mediate formation of nitroso species is presented.

The lead tetraacetate (LTA) oxidations of various nitrogen-containing com-
pounds (such as amines, amides, hydrazines, oximes, hlydroxylarnin(:s,t unsubstituted
isoxazolidine? and others) have been hitherto described. The results obtained have
shown that the reaction course of these oxidations is particularly sensitive Lo the
structure of the substrate and the reaction conditions used.

In the present paper we investigated the reactivity of a steroidal isoxazolidine
(which in contrast to unsubstituted isoxazolidine is devoid of ¢-hydrogen with respect
to the nitrogen atom), ie., Sa-epoxyimino-5(10->1)abeo-18(H)-5a-cholestan-3(3-yl
acetate (2), when subjected to LTA oxidation under various experimental conditions.
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The steroidal 15{)Xd?()11dme 2 was prepared by heating (E)-38-acetoxy-5,10-
secocholest-1(10)-en-5-one (l) with hydroxylamine in the presence of a proton donor
catalyst (Sheme 1).

RESULTS AND DISCUSSION

The lead tetraacetate oxidation of isoxazolidine 2 was carried out in benzene
solution at room temperature (in the presence of air, or under nitrogen, with stirring)
using different substrate-to-oxidant mole ratios and different ways of their mixing
(Table I). It was found that under these conditions isoxazolidine 2 underwent oxidative
cleavage of the epoxyimino bridge to give (Sheme 2), in addition to a "non-polar
fraction" 3 (which was not fully characterized), the nitro derivatives 4 and § and the
azoxy compounds 6 and 7. The yields of these products were dependent upon the
oxidation conditions used (Table I). Thus, the best yields of the azoxy compounds 6
and 7 were obtained when an excess of the isoxazolidine 2 was present in the reaction
mixture (experiment (iii)). Slow addition of LTA 10 isoxazolidine 2 had a similar effect
(experiment (ii)"). On the other hand, with an excess of LTA the preferential product
was the nitro derivative 4 (experiments (iv) and (v)). Besides, experiments (iiia) and
(iva) carried out under nitrogen indicated that the absence of oxygen in the reaction
media had practically no influence on product distribution. (However, it is important
lo point out that in these experiments the work-up procedure and separation of the
products by column chromatography on SiO2 was carried out without protection from

air oxygen).

TABLE 1. Products obtained by the lead tetraacetate oxidation of the isoxazolidine 2 in benzene solution.

Yields (%) of reaction products”

I\‘;(?(]::r;}:o Conditions” 3 p % = 3
1:1 (i) Mixed and stirred for 2 h 13 13 1 5 12
1:1 (ii) L'TA slowly added to 2 (5 h) 5 10 1 11 21
211 (iii) Mixed and stirred for 5 h 6 11 1 16 28

(iiia) As above under nitrogen 10 10 1 12 23
1:2 (iv) Mixed and stirred for 10 h 12 31 3 traces®

(iva) As above under nitrogen 14 285 2 traces®
1:3 (v) 2 slowly added to LTA (5 h) 5 63 35 traces®

“All yields (average of at least 3 experiments) refer to crude products, separated by column chromatography
on silica gel [ylelds after recrystallization or rechromatography yere 10-20% lower). "For more details see
Fixperimental, “The presence of these products was detected by "H-NMR,

The structures of compounds 4-7 were deduced from their spectral charac-
teristics (IR and 'H-NMR spectra). They revealed that these LTA oxidation products
were identical 10 those produced in the non-sensitized photooxygenation of the same
isoxazolidine 2.°

This finding indicated that the reaction courses of these two different oxidative
processes could take place via the same intermediate. Namely, the photooxygenation

*  Actually, under these conditions most of the reactions took place with isoxazolidine in excess.
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of isoxazolidine 2 was considered 1o involve (Scheme 3) an initial electron transler from
substrate to molecular oxygen 10 give the exciplex A, which upon internal proton-trans-
fer was tranformed to the isoxazolidine radical B (and hydroperoxide radical).

In the LTA oxidation, this isoxazolidine radical B could be produced by homolysis
of the N — Pb bond in the initialy formed N-lead triacetate! C (Scheme 4). The further fate
of this species could be as follows. Its rearrangement 1o the more stable 5-nitroso C(10)
radical D followed by one-clectron oxidation (by acetate radical) and proton climination
results in the formation of the nitroso intermediate E, from which all the products isolated
can be derived. Thus the nitroso group can undergo (Scheme 5) (a) either oxidation (by
air oxygen and/or LTA) to give the nitro derivatives 4 and §, or (b) coupling with the
isoxazolidine 2 (when present in excess) 1O give azoxy derivatives 6 and 7.
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Scheme 5.

Although the nitroso intermediate E (either in monomeric or dimeric form) has
not been isolated in the pure state, its presence (probably in the "non-polar fraction”
3) is substantiated by the following observations: (1) upon treatment of the
isoxazolidine 2 with LTA in benzene, the mixture rapidly turned blue (duc to the
appearance of nitroso compounds.®). The blue colour gradully faded in the course of
the reaction or upon exposure to air. (2) The blue coloured solution showed an
dhwurplmn maximum at 682 nm (characteristic for nitroso monomers 7). (3) When the

"non-polar fraction" 3, immediately after elution from the column, was mixed with an
equimolar amount of isoxazolidine 2 in benzene (containing a catalytic amount of
acetic acid) and the mixture was stirred at room temperature for 24 h, it gave (upon
column chromatography on SiO3) the nitro compounds 4 and 5 (in a total yield of 187)
and the azoxy derivatives 6 and 7 (in 6.5% and 11% yield, respectively).

Finally, the difference in product distribution observed in differently performed
experiments (Table ) can also be explained in terms of the above mechanistic scheme.
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The coupling reaction of E to the azoxy compounds 6 and 7 which requires the
participation of unreacted isoxazolidine molecules (as in experiments (ii) and (iii)), is
favoured when an excess of isoxazolidine 2 is present in the reaction mixture. On the
contrary, in the presence of an excess of LTA (as in experiments (iv) and (v)), the
concentration of unreacted isoxazolidine molecules is considerably lowered; therefore,
the coupling reaction is suppressed and the competing oxidation to the nitro derivative
3 becomes the main process.

Acknowledgement. The authors wish 1o thank the Serbian Academy of Sciences and Arts, and the
Ministry of Sciences and Technology of Serbia for financial support,

EXPERIMENTAL

General. Removal of solvents was carried out under reduced pressure. Preparative column
chromatography: silica gel 0.063-0.200 mm. TLC: control of reactions and separation of products on silici
gel G (Stahl) with benzene/E1OAe 9:1 or 7:3, detection with 50% aqueous 11,80, M. ps. uncorrected,
Absorption spectrum: Super Sean 3, [R spectra: Perkin Elmer 337 spectrophotometer. 'H-NMR spectra at
100 MHz: Varian AH 100 spectrometer. Light petroleum refers to the fraction boiling at 40-60 °C.

Lead wetraacetate oxidations of isoxazolidine 2. — (i) To a solution of 2 (460 mg, | mmol) in dry
benzene (100 ml) was added LTA (490 mg, 1 mmol + 10% excess) and the mixture was stirred al room
temperature for 2 h,

(if) To a stirred solution of 2 (460 mg, 1 mmol) in dry benzene (30 ml), a suspension of LTA (490 mg,
I mmol + 10% excess) in dry benzene (90 ml) was gradually added through a dropping funnel at room
temperature for 3 h and stirring continued for another 2 h.

(i) A mixture of 2 (460 mg, 1 mmol) and LTA (245 mg, 0.5 mmol + 10% excess) in drv benzene
(100 ml) was stirred at room temperature for 5 h.

(iiia) To a stirred solution of 2 (460 mg, 1 mmol) in dry benzene (100 ml) through which nitrogen was
bubbled was added 1.TA (245 mg, 0.5 mmol + 10% excess) and the mixture was stirred under nitrogen for 5 h.

(iv) A mixture of 2 (460 mg, I mmol) and LTA (980 mg, 2 mmol + 10% excess) in dry benzene (100
ml) was stirred at room temperature for 10 h. Excess LTA was destroyed with cthylene glycol,

(iva) To astirred solution of 2 (460 mg, 1 mmol) in dry benzene (100 ml) through which nitrogen was
bubbled for 20 min was added L'TA (980 mg, 2 mmol + 10% excess) and the mixture was stirred for 10 h,
Iixcess LTA was destroyed with ethylene glycol.

(v) To a stirred suspension of LTA (1.47 g, 3 mmol + 10% excess) in dry benzene (50 ml), o solution
0r2 (460 mg, 1 mmol) was gradually added through a dropping funnel at room temperature for 3 hand stirring
continued for another 2 h. Excess LTA was destroyed with ethylene glycol.

General work-up and separation procedures

The above reaction mixtures were diluted with diethyt cther, washed with water, saturated aq.
NaHCOj solution and water, dried and evaporated to dryness.

"The resulting mixtures were separated by column chromatography using benzeneflight petroleum
(7:3), benzene, and benzene/I11O; (in various proportions) as eluents. Benzene/light petroleum (7:3) eluted
the “non-polar fraction” 3. Benzene eluted the nitro derivatives 4 and 5. Elution with benzene/E1,0 (99:1)
alforded the azoxy compound 6. Benzenc/Ii,0 (96:4) eluted the azoxy product 7. More polar fractions
contrained unresolvable complex mixtures which were not investigated further.

"Non-polar fraction” 3. Oil. A, 682 nm,

5-Nitro-5(10-1yabeo-15(H)-Sa-cholest-10( 19)-en-3f-yl acetate (4). M.p 143 °C (from MeO1) (Ret.
3.m.p. 143 °C), The IR and 'H-NMR spectra were identical 1o those reported in Ref 5.

5-Nitro-5(10->1abeo-3a-cholest-9fandjor 1(10))-en-3B-yl acetate (5). Oil (Ref. 5, oil). Spectral data
identical to those reported in Ref. 5.

S[3B-Acetoxy-5(10-1)jabeo-1 PB(H)-5c-cholest-9(andfor 1(10)})-en-5-ON N-azoxy |- 1 Oc-hyelroxy-
3(10=1)abeo-1(H)-cholestan-3f-yl acerate (6). M.p. 172-173 °C (from acctone) (Ref. 5, m.p. 173 °C), The
IR and '1I-NMR spectra were identical to those reported in Ref, 5




914 DABOVIC e al.

S38-Acetoxy-5(10-1)abeo-13{11)-5e-cholest-10(19)-en-3- ONN-azoxy -1 Oc-fivdroxy-5( 101 jubeo-
16(H }-cholestan-3f-vl acetate (7). M.p. 112-114 °C (from MeOH) (Rel. 5, m.p. [14°C). The IR and "H-NMR
spectra were indentical to those reported in Rel. 5,

Reaction of "non-polar fraction” 3 with isoxazolidine 2. - I'raction 3 immediately alter elution from
the column (70 mg) and isoxazolidine 2 (70 mg) were dissolved in benzene (30 ml) 1o which two drops of
acetic acid were added and the mixture was stirred at room temperature for 24 h. 'The usual work-up and
column chromatography alforded a mixture of nitro derivatives 4 and 5 (13 mg. 18%). azoxv compound 6 (Y
mg, 6.5%) and azoxy product 7 (15 mg, 117%).

nipoja

QJIOBO-TETPAATIETATHA OKCHJIATIHIA 5,10e-FITOKCUMMMHO-5( 10-= 1jabea-15(11) -5 -
XOJECTAH-33-MILALIETATA

MMITAHN JIABOBI B, HBAH JYPAHITH, JLYEHHEA JTOPEHL w MUNXAIIO L MUNAITOBH R

Nemujers akyarer, YissepsereT ¥ beorpany, Crymenrens Tpr 16, map, 550, 11001 Beorpat i TIIETHTyT 50 Xesin ]y, Texueiol Hiy
H METANYPrHjY, Beorpat

JlejeTRoM 0J0B0-TCTPAALCTATA HA CTEPOMIITH HI0KCATOJM/IHE 2 BPUIH Ce OKCHIETHRED pPic-
KUAILE THETOBOT EMOKCHUMHHD MOCTE, TP YEMY CC IPA/IC HHTPO-AEPHBATH 4 U 5, M 430KCH- JeHILCThA
6 1 7.V paay je npuKRazaH Moryhu MeXanMeTHYKH TOK 3af@KeHHX OKCHIATHBUKX 1poLeca ¥ KoMe
YHECTHY]E HUTPO30 HHTEPMe/jep.

([pnmierno 8 centeaopa [H94)
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