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Abstract

Acid-catalyzed reaction of the steroidal A'-unsaturated 3p,5f3-epoxyimino compound 2 and A’-unsaturated 1pB,5p-
cpoxyimino products 3 and 7, results in intramolecular rearrangement involving the N-CH, group to give the
corresponding perhydro-3,1-oxazine derivatives 9-11. Under similar reaction conditions, the saturated analogues
4, 6 and 8 remain unchanged. The difference in reactivity between the unsaturated and saturated compounds is

studied and elucidated by the semiempirical molecular orbital MNDO-PM3 method. © 1999 Elsevier Science Ltd. All
rights reserved.

Keywords: isoxazolidines; perhydro-oxazines; seco steroids; molecular rearrangement.

In a preliminary communication [1] we described briefly a new type of acid-catalyzed
rearrangement of the steroidal isoxazolidines, i.e., N-methyl-3[,5-epoxyimino-5f3-cholest-1-ene
(2), N-methyl-1p,5-epoxyimino-5B-cholest-3-ene (3) (Scheme 1) and N-methyl-1,5-epoxyimino-
19-nor-5B-androst-3-en-17f-yl acetate (7) (Scheme 2) to the corresponding perhydro-3,1-oxazine
derivatives 9-11, wSpcuwt:ly (Scheme 3). In the ¢ present paper we wish to report more extensiv my
on the observed transformation of these A'- and A’-unsaturated substrates and also on the
behaviour of the respective saturated analogues (compounds 4, 6 and 8, Schemes | and 2), when

subjected to similar acid-catalyzed conditions.
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Scheme 1

(7)-3B-acetoxy-5,10-secocholest-1(10)-en-5-one (1) with N-methylhydroxylamine hydrochloride
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norandrost-3-ene analogue 7 (Scheme 2) was obtained (in 43% yield) under similar conditions
starting from (Z)-3p,17p-diacetoxy-19-nor-5,10-secoandrost-1(10)-en-5-one (5); the minor
product of the latter reaction being the saturated 3(3-acetoxy isoxazolidine 6 (isolated in 29% yield)
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A*-Unsaturated isoxazolidines 3 and 7 are formed by an intramolecular, 1,3-dipolar
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acetic acid elimination from the (Z)-5,10-secosteroidal ketones 1 and 5), while A'-isoxazolidine
2 arises from an intramolecular process in which the C(5)-nitrone function and both the A''”- and
A3-double bond are involved (for details see Ref. 4). On the other hand, isoxazo
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product of transannular C(5)-nitrone 1,3 dlpolar cycloaddition to the A''"”-bond of 5 which takes
place without acetic acid elimination.

Acid-catalyzed reactivity of N-methylisoxazolidines 2-4 and 6-8
Acid-catalyzed reaction of isoxazolidines 2, 3 and 7 was carried out in boiling toluene solution

(~6 mM) with p-toluenesuifonic acid (~20 moi%) for 48 h. Under these conditions ali three
substrates underwent an intramolecular rearrangement involving their N-CH, group, to give
(Scheme 3) the perhydro-3,1-oxazine derivative 9-11 (in 42-54% yield); the remainder being the

recovered thtmo material (17-20%) and a ¢ omp plex mixture

28 28
\CH_Z/NH 0 (42%) CH,—NH 11 (54%)
CHy
u A CgHyz 4,6 and 8 —— no reaction
' CHy
3 2., o + SM a. H'foluene, 48 h
ZBIQ/A\/ o S.M. starting material
CH,

10 (51%)
Scheme 3
The structure of the obtained products 9-11 was established as follows. In their 'H-NMR spectra
the original N-CHj; group (singlet at 6~-2.60 ppm) was missing. Instead, two doublets appeared
between & 4.18-4.32 ppm and 6 4. 65 4.82 ppm, respectively, assignable to the -CH,- group
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group appeared in the IR spectra of compounds 9-11 as a new absorption at ~3300 cm™'. Besides,
the number of the primary, secondary, tertiary and H-free C-atoms detectable in the DEPT "C-
NMR-spectra of these compounds [for 9 and 10, 5 CH,, 11 CH,, 9 CH (of which 2 olefinic and 1

OX.{‘.ZI“S nxvnen) and 3 H-free C-atoms. and 11 D20H. R CH. R CH (aof which 2

~ RATRIwWN N TARUILLS, ullu ior e Noi 23y U a9, U oz \ T wWhich 2

olefinic and 1 bearing oxazine oxygen) and 3 H-free C-atoms] are consistent with the proposed
structures. For additional spectral characteristics confirming the structures 9-11 see Experimental.
The results obtained with the unsaturated 1soxazolidines 2, 3 and 7 prompted us to investigate

the synthetic possibilities of the described transformation using as substrates the corresponding
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saturated analogues, i.e., N-methyl-1[,5-epoxyimino-5B-cholestane (4) (obtained by diimide
radnrtinn Af tha Al-ilﬂﬂﬂ'llfﬂfgl‘l Aarivativa DY Crhama 1) andd A’_ma'kxl‘ 1R _ﬂf\nv‘l‘m;ﬁn_10 e Taty
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5B-androstane-3[,17B-diyl diacetate (6), as well as the corresponding 3B,17B-dihydroxy derivative
(8) (obtained from 6 by alkaline hydrolysis, Scheme 2). However, when 4, 6 and 8, respectively,
were subjected to similar acid-catalyzed conditions as above, i.e., heating with p-toluenesulfonic
acid in boiling toluene for 48 h, neither of these compounds was transformed to the expected
perhydro-1,3-oxazine (recovery of the starting material being 68-74% (see Experimental), while
the remainder was a complex mixture). This indicated that the presence of the olefinic A'- or A’-
double bond in the steroid ring A is indispensable for the reaction to occur.
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The general course of the investigated transformation is presented in Scheme 4. It was
anticipated 111 that the reaction is initiated by protonation of the oxveen® in the epoxvimino bridee
anticipated | 1] that the reaction 1s initiated by p yg pOoXy g

(to give oxonium ion B), followed by cleavage o
subsequent proton elimination involving, as the final step, intramolecular cyclization in which
participate the imine function of the obtained intermediate D and the newly formed hydroxyl

group
In an attemnt tn oat a mechanictic exnlanation of the obhgerved difference in reactivitv hetween
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Figure 1. Structures of model compounds as computed by semiempirical MO calculations

' As reported in Ref. 1, protonation of the nitrogen in the epoxyimino bridge of 1[3,5B-isoxazolidines 3 and 7 results in
climination of the CH,;NH, fragment and formation of the unsaturated 1-oxo derivatives.
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derivatives I-1V (Figure 1) were selected.
Method of calculation

molecular properties of molecules and ions [5-17]. We used the MOPAC program package,
Version 7.01. The geometries of all molecular species correspond to the energy minima in a
vacuum and were optimized by the PM3 method. The transition states for all the reactions were
found using the corresponding MOPAC facilities (TS, SADDLE). When needed, the obtained

routine - NLLSQ), and transition states were further proved by vibrational analysis showing oniy
one negative vibration. The influence of the solvent on the cations was not studied, because all

the studied reactions were experimentally done in a non polar solvent.

Results and discussion
In calculations the following intuitive modeis have been considered:
(i) Bond strain imposed on the isoxazolidine ring upon introduction of the olefinic double bond
into the steroid ring A. In the saturated systems the epoxyimino bridge is attached to the diaxial
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B-oriented bonds next to the dou
(a”) orientation. Therefore, in unsaturated substrates the epoxyimino bridge should be connected
to the spatially more distant a’,a-3f3,5B- (in 2) and a,a’-1B3,5B-positions (in 3 and 7), thus

weakening their O-N bond.
(i) Competition between the oxygen and nitrogen of epoxyimino bridge to attract a proton; as
shown in Scheme 4, only protonated oxygen can initiate reaction proceeding in the right direction.

Results given in Table 1 indicate that the lengths of the N-O bond in the O-protonated
intermediates (of type B, Scheme 4) in saturated and unsaturated 3p,50- and 1P,5p-isoxazolidines
are very similar. Moreover, stretchmg of the N-O bond in saturated %y@tems 1s somewhat greater
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acid-catalyzed conditions.

Table 1.
N-O Bond lenghts for the species protonated at oxygen

Protonated isoxazolidine 3,5-saturated 1 1,5-saturated TI A'-3,5-unsaturated TIT A*-1,5-unsaturated IV

Distance N-O [A] 1.814 1.816 1.781 1.807
Besides, Table 2 (in which the calcul h f formation of various reaction intermediates

are given) shows that in all investigated cases, O-protonated intermediates have considerably



6686 M. M. Rajkovic et al. / Tetrahedron 55 (1999

higher energies ( () kcal/m 1an the corre: ¢

F= o N 2 NWRSa R | e SO RTEL { > L2 i
mendiinte Aftha lattae temtnrmaadintac trara mat dntantad T 6l concmm st PP . ST
PIUUULL UL LT 1alcl HIICHICUIatcd wIc HOL UCiceicd Hl Uie 1espeCuve reacuon mixuures

Therefore, in order to explain the acid-catalyzed reactivity of unsaturated compounds, some
other factors had to be also considered. Namely, it can be safely assumed that the olefinic bond
present in the molecules 2, 3, and 7, is directly involved in the rearrangement process, by

interaction with the electrophilic N atom in the intermediate C.

Table 2.
¢ calculated C."-Qr"ics (A in [koallmallY af ~reodecaline teavazanlidinae T _TW and thair rocmactive
11iC VS Lap i P Rba VL) UL Lo -Ulld v idUAAZUNUHICS 1 - 1 ¥ alil glchi FICSPTluve
reaction intermediates leading to the imino form D
1 Saturated protonated
3,5-isoxazolidine atN atO, B open, C imino form, D
-26.048 123.874 148.408 147987 96.339
TY  Coatiivnsad nrotonated
il Saiuraied . protonaice
1.5-isoxazolidine at N atO, B open, C imino form, D
_ID A&A 170 AQt 148 QL8 1A7 741 0L 119
Ld T 147.401 190.7U0 147741 F0.00<L
nnnnnnnnnn pa 1
. o protonaica
III A'- 3,5-isoxazolidine ———
atN ato, B’ open, C’  pyrrolidine form  imino form, D’
-0.655 151.405 i69.217 170.900 i65.190 121.492
. ) o protonated
IV A’ 1,5-isoxazolidine - —————- - T
at N atOQ, B”  open, C” aziridine form imino form, D"
2.116 153.343 170.363 175.391 163.342 119.973
218.17 §
3 > 2" SR
o i o Amie L . ~
£ 169.217 kcal/mol
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Figure 2. Potential energy surfaces of interconversions among various structures in A'-3,5-isoxazolidine. III. On the bottom of the figure
the optimized geometries are shown, that correspond to the minima on the potential energy surface.
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To establish what kind of stabilization by the olefinic double bond in the model compounds ITI
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been done. As reaction coordinates were chosen the N-O distance in the course of transformation
B to C, and the distance between nitrogen and one of the carbons on the double bond in the course
of formation D.

Figure 2 shows the potential energy surface for conversion of A'-3,5-isoxazolidine, I1I, to the
imine D’. The primarily formed O-protonated intermediate of structure B’ is transformed via the
completely opened intermediate C’ to the most stable intermediate for which the pyrrolidine
structure has been computed. The latter specu:s after proton elimination from the N-methyl group

formeg imine n’ Activatin ener

raom R? fn F’ and tn
AVJAAERS  LilKIKIW A ll\aLAVuLLUll i LU

111 AF aiiu
pyrrolidine intermediate are very iow (about 2-3 kcai/moi).

Very similar results are obtained for A'-3,5-isoxazolidine, IV (shown in Fig.3). Primarily
formed, O-protonated intermediate (structure B "), after complete opening of the isoxazolidine ring

gives intermediate structure C”°, which is stabilized by participation of the A*-double bond to form
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Figure 3. Potential energy surface for interconversions of various structures in A*-1,5-isoxazolidine, IV. On the bottom of the figure
the Oplimjlcd geometries are shown, that corre kpnnrl to the minima on the "“[‘3!]1!3! energy s surface.
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These resul ggest that stabilization due to formation of the pyrrolidine structure (for III),
and the aziridine structure (for IV) makes feasible the observed isomerization of unsaturated

isoxazolidines leading to the corresponding imine intermediates, and further to the perhydro-1,3-
-oxazine derivatives. Asshown by experiment, the saturated systems, in which such a stabilization
is not possible, do not react under similar acid-catalyzed conditions.

Experimental
General.

Removal of solvents was carried out under reduced pressure. Prep. column chromatography: silica gel 0.063-
0.200 mm. TLC: control of reactions and separation of products on silica gcl G (Stahl) with benzene/AcOEt 9:1
and 7.3, toluene/AcOEL 9:1, 8:2 and 7:3 or toluene/EtOEt 9:1 and 8:2, detection with 50% aq.H,SO, soln. M. ps.
uncorrected. IR spectra: Perkin-Elmer-337 spectrophotometer; v in cm™. NMR spectra: Brucker AM-360 or Varian
Gemini 200 ('H at 360 or 200 MHz, "*C at 90.55 or 50.28 MHz ); CDCI, soln. at r. t., TMS as internal standard;
chemical shifts in ppm as 0 values, J in Hz. Mass spectra: Finnigan-MAT 8230. Light petroleum: fraction boiling
at 40-60 °C.

Preparation of starting materials:

N-Methyl-isoxazolidines 2, 3, 6-8 were prepared according to the reported procedures [1, 2]
N-Methyl- i’ﬁ’ 5-¢ pnnlmmn-‘;f)"/‘hn/pﬁnrw (4). -Toastirred sus

1 N
stane ( Tos 1sion of hy yimino ho
ene (2) (0.2 g, 0.481 mmol) and potassium azodicarboxylate [18] (0.8 g, 4.12 mmol) in methanol (10 ml, distilled
o . M - M sAd N KD 1 Q 0K
over NaBH,) and dry methylene chloride (10 ml) cooled in an ice bath, a solution of acetic acid (0.52 ml, 8.25

nAdA e

e ~ ) P PR | L
llCl-lllCtll)’lC 1€ Crornac. 1nc Ul\’d.lll(, ld)’L] Wadd

........... PR S,

O,, and evaporated to urync‘:SS. The residue was
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-cholestane 4 (0.176 g, 87.5%) as a white solid,
m.p. 65 °C. [a],"=-4.7 (c—l CHCI,). IR (KBr) 1470, 1450, 1435, 1380, 1370, 945, 930 ‘H-NMR (360 MHz):
0.67 (s, CH,(18)), 0.88 (2d, j=6, CH,(26), CH4(27)), 0.91 (d, J=6, CH,(21)), 0.97 (s, CH,(19)), 2.01 (fd, J=12.5,

H,-C(6)), 2.33 (d, J=12.5, H,-C(4)), 2.51 (s, CH;-N), 441 (¢, J= 5, H-C(3)). BC - NMR (90.55 MHz): 75.0 (d,
C(3)), 70.6 (s, C(5)), 56.9 (d, C(17)), 56.6 (d, C(14)), 44.8 (d, C(9)), 43.2 (s, C(13)), 42.5 (q, CH:-N), 41.3 (s,
C(10)), 40.7 (1, C(12)), 39.8 (1, C(24)), 37.3 (1, C(4)), 36.5 (1, C(22)), 36.1 (d, C(8)), 35.4 (d, C(20)), 29.6 (1, C(6)),
29.5 (1, C(2)), 28.7 (1, C(1)), 28.6 (¢, C(16)), 28.3 (d, C(25)), 27.9 (1, C(7)), 24.4 (1, C(23)), 24.1 (1, C(15)), 23.0 (g,
C(26)), 22.8 (g, C(27)), 22.8 (t, C(11)), 19.2 (g, C(19)), 18.9 (g, C(21)), 12.6 (g, C(18)). MS: m/z = 415 (M™,
100%), 369, 194, 165, 110, 97, 81, 57, 53. Anal. calc. for C,iH,, NO (415.707); C 80.90, H 11.88, N 3.37; found:
C80.59,H11.82,N3.18.

Acid-catalyvzed reactivity of N-methyl isoxazolidine derivatives 2-4 and 6-8:
Reaction of N-methyl-30 5-epoxyimino-5f-cholest-1-ene (2) with p-toluenesulfonic acid. - A solution of 2 (50 mg)
and p-toluenesultonic acid (5 mg) in toluene (20 ml) was refluxed for 48 h, then diluted with diethyl ether and

Thg reg.d_ug was (‘hrnmntnm'fmhpd on 2 g silica

g <) gave il
isoxazolidine 2 (10 1 ng 20%), identified by IR and ‘H—NMR spectra (whnch were 1denncalt those of an authentic
Qa
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investigated. Elution with benzene-diethyi ether (90:10) gave 3p,5- epoxymethyieneimino -3B-cholest-1-ene (9) (21
mg, 42%) as a white solid, m.p. 118 °C (from acetone-MeOH). [a], = +131 (¢=0.50, CHCL,); IR (KBr): 3290 (-
NH-), 1470, 1430, 1385, 1370, 1135, 965. 'H-NMR (360 MHz): 0.66 (s, CH, (18)), 0.86 (2d, J=6, CH,(26),
CH,(27)), 0.89 (d, J=6, CH,(21)), 1.10 (s, CH,(19)), 1.96 (dr, J=12, 5.4, H,-C(6)), 2.23 (fd, J=12, H,C(4)), 4.36
(m, H-C(3)), 4.18 and 4.65 (2d, J=11.4, H.C(28)), 5.53 (dd, J=11.4, 5.4, H-C(2)), 6.20 (d, J=11.4, H-C(1)); "*C-
NMR (90.55 MHz) (CDClL,): 144.1 (d, C(1)), 118.7 (d, C(2)), 68.8 (¢, C(28)), 66.0 (d, C(3)). 559 (d, C(17)), 55.6
(d, C(14)), 51.6 (5, C(5)), 49.4 (d, C(9)), 42.0 (5, C(13)), 41.2 (5, C(10)), 39.6 (¢, C(12)), 39.0 (t, C(24)), 37.1 (1,
C(22)), 35.7 (¢, C(4)), 35.7 (1, C(6)), 35.3 (d, C(20)), 34.8 (d, C(8)), 27.7 (1, C(16)), 27.6 (d, C(25)), 26.4 (1, C(7)),
23.8(1,C(15)),23.4 (¢, C(23)),22.4 (¢, C(27)), 22.1 (¢, C(26)), 21.6 (1, C(11)), 18.2 (¢, C(21)), 14.3 (g, C(19)), 11.5
(¢, C(18)); MS: m/z = 413 (M™), 412 (M™-1), 398, 384, 368, 344, 43 (100%); Anal. calc. for C,4H,,NO (413.691):
C 81.29,H 11.45, N 3.39; found: C 80.96, H 11.29, N 3.37.

Reaction of N-methyl-1( 5-epoxyimino-5 F-cholest-3-ene (3) with p-toluenesulfonic acid. - A solution of 3 (50 mg)

and p-toluenesulfonic acid (5 mg) in toluene (20 ml) was refluxed for 48 h and the mixture worked up as above.

The residue was chromatog

The residu ographed on 2 g silica gel. Elution with benzene-diethyl ether (90:10) gave starting
lSOvaOlidi'}e der;vnti\le 3 (Q 8 mo 199 identified hvmn mixedmn TR and NMR cnectra Renzena_diathyl

tvativ (9.5 mg, 19%), identified by m.p., mixed m.p., IR and NMR spectra. Benzene-diethyl
ether (85:15) and (80:20) eluted a complex mixture (8 mg, ca. 15%). Further elution with benzene-diethyl ether
QNI gavn 1R & am~vumathulanainsinn :R_nlnrx‘nnf 2 ama /TN MK & g 100N ac n wwhita calid saa v TAKL Of (€ nn
\OU.LU} BdVC 1}.1,‘) ClJUAylllCul_)’lbllClllull 'J CHUICOL-O-CILIC \IU) \LJ.J llls, J1/ } ad d WO SUILIU, il lJ 10 O \llUlll
b MAMITY [l 25 02 740N &N ALIAT Y TD (N 2210 7 NIIT A AT 1AAN 172778 178 1N 028 iy aman
aACClOne-1vicuri ). [(XJD = TOAC—ULOU, UL L)) IN\DDI)., DD1U\-INI-), [4/U, 144U, [D/0, 100, 1VULD, D0, INM-INIVIK
S ¥LMN R AT T N\ n ror 7. LFYET 7 YO\ ML iy I I___I Al Y /YL e B ivss ] AY £y vy 7 1 '__. raad | 1 NO 7 LY T /1AW 1 Nr
{360 MHZ): 1U.00 (s, CH5(18)), U.80 (24, /=0, Un,(20), Uk(27)), U0 (4, =06, T L.zs (s, Cii3{19)), 1.96

. 3 6 5, CH,
(dr, J=12, 6, H,-C(6)), 2.32 (m, H,-C(2)), 3.73 (br s, H-C(1
J=11.5,H-C(4)), 6.13 (dr, J=11.5, 5.5 H-C(3)). "C-N
C(1)), 70.5 (r, C(28)), 56.0 (d, C(14)),56.0 (d, C(17)), 53.2 (s, C(5)), 43.7 (d, C(9)), 42.6 (s, C(1 3)) 39.6 (1, C(12)),
39.4 (t, C(24)), 38.6 (s, C(10)), 36.0 (1, C(22)), 35.6 (d, C(20)), 35.0 (d, C(8)), 33.4 (1, C(6)), 29.4 (¢, C(2)), 28.0
(1, C(16)), 27.9 (d, C(25)), 27.7 (1, C(7)), 23.6 (¢, C(23)), 23.9 (¢, C(15)), 22.6 (¢, C(26)), 22.4 (¢, C(27)), 21.8 (4,
C(11)), 18.6 (g, C(21)), 13.8 (g, C(19)), 12.0 (g, C(18)). MS: m/z =413 (M™), 412 (M™-1), 398, 384, 368, 353, 43

(100%). Anal. calc. for C,,H,;NO (413.691): C 81.29, H 11.45, N 3.40; found: C 81.70, H 11.89, N 3.29.
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Reaction of N-methyl-1 3 5-epoxyimino-19-nor-5 ff-androst-3-en-17 -yl acetate (7) with p-toluenesulfonic acid -
A solution of 7 (67 mg) and p-toluenesulfonic acid (7 mg) in toluene (26.8 ml) was refluxed for 48 h and the
mixture worked up as above. The residue was chromatographed on 2 g silica gel. Elution with benzene-diethyl ether
(85:15) afforded starting isoxazolidine derivative 7 (11.4 mg, 17%), identified by m.p., mixed m.p., IR and NMR
spectra. Benzene-diethyl ether (85:15) and (80:20) eluted a complex mixture (10 mg, ~15%). Further elution with
benzene-diethyl ether (80:20) gave 10,5-epoxymethyleneimino-19-nor-53-androst-3-en-17B-yl acetate (11) (27 mg,
54%) as a white solid, m.p. 110 °C (from petrolether-acetone), [a],™ = + 6.5 (c=0.83, CHCI,). IR (KBr): 3286 (-
NH-), 1739, 1451, 1374, 1248, 1046, 795. 'H-NMR (200 MHz): 0.80 (s, CH,(18)), 2.04 (5. AcO-C(17)), 4.18 (br.s,

w/2=13.2, H-C(1)), 4.31 and 4.78 (2d, J= 10.8, H,-C(21)), 4.57 (dd, J=9,7.6 , H-C(17)), 5.33 (d, J=9.8, H-C(4)),
6.15 (dt, J=7. 3.1, H-C(3)). "C-NMR (50.28 MHz): 171.2 (s, MeCOO); 131.9 (d, C(3)); 128.9 (d, C(4)); 82.7 (d
el \REy v Iy Jedy RATNAV ) SCOTINIVARN \JVLLU0 AVARAL j. LT Rl Gy LW ~77 AT \&oy V7. \
C(17));70.6 (1, C(21)): 68.5 (d, C(1)); 50.9 (s, C(5)); 50.7 (d, C(10)); 49.3 (d, C(14)); 42.9 (5, C(13)), 41.0 (d. C(9)),
ANQ 7.1 /O Q7 (¢ L1V A K+ LU DQ T4y CUANY DT (e 1A DA Q (s (TN 24Q s £(1IN DYV iy
“GU.T WU, C(O0)), D0.7 \I, L\14£]), DU I, A\ 4)), £0.7 WUy, CA\U) ), £7.2 U, W1 U) ), LUF R, VAT )), £ 7 W, i 1)), &49.40 44,
FVVENY YT 1 L AN AN 1Oy RAQ. o QAL ANATY 1y QAL ANATY 0L A 1NNETY A nal anla Fan M 1T
CED}), 211\, (VIEXANRD ), 1LY, L 10)). IVID. IITL = O30 (vl T1 ), o032 (V1L ), 200 LIUU7C). Aldl. Ldlt. 1TUL oy 1l
NO, (345.4806): C 73.01, H 9.04, N 4.05; found: C73.14, H 9.13, N 4.27.
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Reaction of N-methyl- i 3, 5-epoxyimino-5 -cholestane (4) with p-toluenesulifonic acid.- A solution of 4 (52 mg) and
p-toluenesulifonic acid (5.2 mg) in toluene (20.4 mi) was refluxed for 48 h and the mixture worked up as above. The
residue was chromatographed on 2 g silica gel. Elution with toluene and toluene-ethyl acetate (95:5) gave a complex
mixture (9 mg, 18%). Further elution with toluene-ethyl acetate (95:5) atforded starting isoxazolidine 4 (34 mg,
68%), the IR and 'H-NMR spectra of which were identical to those obscrved for an authentic sample of 4.

Reaction of N-methyl-18,5-epoxyimino-19-nor-5 f-androstane-3 3,17 -diyl diacetate (6) with p-toluenesulfonic acid.
- A solution of 6 (200 mg) and p-toluenesulfonic acid (20 mg) in toluene (80 ml) was refluxed for 48 h and the
mixture worked up as above. The residue was chromatographed on 8 g silica gel. Elution with toluene-ethyl acetate
(80:20) and (75:25) gave a complex mixture (40 mg, 20%), which was not further investigated. Toluene-ethyl
acetate (70:30) eluted starting material 6 (134 mg, 67.5%), the IR and NMR spectra of which were identical to those

observed for a previously described sample 6 [3].

worked up as above. After evaporation, the residue was recrysta!hzed from acetone, giving the starting isoxazolidine
O A ——~ T2 OO/ Iocei -l hicy v v svatvad ma v amd covamtenl daena 121 TR i A 7S 1207
8 (34 mg, 73.9%), identified by m.p., mixed m.p., and spectral data {3]. The residue (6 mg, ~13%) was a complex

mixture.
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