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oxadiazoline moiety has been determined by circular dichroism and X-ray diffraction methods. This heterocyclic
system adopts & cis fused structure in which the mean planes passing through the two rings form a dihedral angle

of 111°

In the course of a study on the reactions between nitrile-
oxides and unsaturated steroids,'** we investigated the
1-3 dipolar cycloaddition of benzonitrile-oxide to 3-
methylene-Sa-androstane-178-yl acetate.

From this reaction two mono-adducts were first
isolated, both having the steryl-isoxazolinic structure and
opposite configuration at the C; carbon of the steroidal
skeleton. Four other products derived from further reac-

tion of benzonitrile-oxide with the >O-N- isoxazolinic
group were also isolated. From each mono-adduct two
isomeric di-adducts were therefore obtained all having
the structure of isoxazolidine-oxadiazoline* (Chart 1).

For the four derivatives the structure of the isox-
azolidinic ring was therefore known, while, in the case of
the second oxadiazolinic ring, only the attack of the

nitrile-oxide-oxygen to the C atom of the >C-N— was

“This chromophoric system is similar to benzamidine,*
hwevertheprmneeof!heomunmwmevanmmn
the spectral characteristics.

Although there is little doubt about the long axis polarisation
of the 245 pm band, we have synthetized A’ S-methyl-
1,24-oxadiazoline’ as a possible model for the chromophore.
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20mm, ¢ 10,500, A max 27Sam, ¢« 5900 which seem to cor-
respond to the two transitions in the steroidal molecules at A 245
(€~10,000) and 275 infl. (¢ ~5000) respectively (Fig. 2). The
linear dichroism spectrem measured in a stretched polythene lim
is positive for the 220 am band.

Although the molecule does aot belong to C;, symmetry its
Mumﬁmnmwdﬁm.mm
a long axis polarisation can be inferred.®

certain, the ring configuration being still unassigned.

In this paper we solve this last problem by means of
circular and linear dichroism and by an X-ray diffraction
analysis of the isomer IIA ([a)p = +218, CHCl,).

Circular dichroism study

The possible structures of the four isomers are shown
in Chart 2, In all the isomers the two exocyclic benzene
rings are held in a dissymmetric arrangement by the
heterocyclic moiety of the molecule. In a system of this
type the CD spectrum is likely to be dominated by the
excnoncouphngofthelong-ampolanudbenzenold
transitions,* the rest of the molecule giving only negligi-
ble contributions to the dichroic absorption. If this is
true, the system should be considerably simplified by
elementary symmetry considerations. In fact, boldingthe
steroidal frame fixed, one can formally pass from isomer
AtolandtromCtonymplerotmonoflm'ofthe
heterocyclic moiety about an axis passing ap-
proximatively through the C, atom of the steroidal
skeleton and the N of the oxadiazolinic ring. Moreover
the heterocyclic moiety of A and C are mirror images as
are those of B and D. The CD spectra of the four isomers
shown in Fig. 1 fulfill these expectations.

In the first approximation these spectra are in fact
ldenucalandmmormammpam qloreovertheysbow
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that these CD maxima at ca. 215 nm correspond to the
'La (p) band of the benzeme ring bearing the less
perturbing substituent.

Non degenerate exciton coupling of these two long
axis polarized transitions should give positive CD at low
energy and negative at high energy for structures A and
B and vice versa for C and D. Hence we can assign the
structure A to IA, B to IIA, C to IIB and D to IB
respectively.

Quantitative calculations were performed on isomer
IIA, whose geometry is exactly known from the X-ray
study reported below, using the following expression:’

where R, is the rotational strength of the 0—+a tran-
sition, the summation over b refers to the excited states
.of the coupled chromophore, R, =(R;—R,) is the dis-
tance between the centres of the benzene rings which are
labelled 1 and 2; €10a, €200, are unit vectors in the direc-
tion of the electric dipole transition moments s0. and
M, voa a0d vo, are the frequencies of the coupled
transitions. Quantitative values for u’s and »'s were
taken from absorption spectra of toluene and of
compound IIA.

For the rotational strength of the transition at .ca.
ﬁommewoMnsmpbumomntcouphnp
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Stereochemistry of isomeric steroidal 3-spiro-isoxazolidine-{2,3-d}-oxadiazoline
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Fig. 1. The circular dichroism spectra of the isomers IA, IB, IIA,

IIB (methanot).
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Fig. 2. The absorption spectrum of the isomer IIA (methanol).

occur with the well studied benzene p and 8 bands which
are both at higher energy. For the 215nm rotational
strength only couplings with the lower energy transition

of the benzene ring bearing the >N—J:-N— substituent

was computed as data on other transitions of this
chromophore are not available. These results are repor-
ted in Table 1 and, as expected, the agreement for the
transition at ca. 250 nm is satisfactory.

Surprisingly and probably fortuitously also the
agreement for the 215 nm transition is rather good, even
if only a single coupling was considered.

The quantitative agreement found leaves little doubt
about the dominant contribution of the coupled oscillator
mechanism to the optical activity of this system, hence
to the correctness of the stereochemical assignments
given.
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X-ray study

The X-ray analysis has been carried out on the
compound TIA, which is resulted to be 3(R) - spiro - §' -
[3',6'(R) - diphenyl - 1'5’ - dioxa - 2,4’ - diaza - bicy-
¢lo(3,3,0) - 3’ - octene] - Sa - androstan - 178 - yl acetate.
The structure of this compound, containing the fused
heterocyclic system isoxazolidine-{2,3-d}-oxadiazoline, is
represented in Fig. 3. This shows also the numbering
system used to identify the atoms. Bond distances and
angles non-involving the H atoms are given in Tables 2
and 3. The structural parameters of the Sa-androstane
moiety are in good agreement with those found pre-
viously. All the rings of the steroidal nucleus are trans-
fused and the C/D ring junction has normal stereoche-
mistry. The hexane rings have chair conformations and
the pentane ring exhibits a shape intermediate between
the half chair and the B-envelope (A =22, ¢n,=49°").
The dibedral angles which the planar B-acetate group
forms with the mean planes through the pentane ring and
the steroid nucleus are 51.9 and 60.2° respectively. In
particular the X-ray analysis has allowed us to attribute
the configuration of the asymmetric C atom C(19) and
consequently of the tercovalent N atom N(1) of the
heteroc;'chc moiety. Since the R chirality of the C(16) is
known,” the absolute configuration of the C atom C(19) is
R and that of the N atom N(1) is S, as can be seen from
the Fig. 3, in agreement also with the results of the CD

analysis.

The heterocyclic system isoxazolidine-[2,3-d}-oxadi-
azoline is not planar, the dihedral angle between the
mean planes through the oxadiazolinic and the isox-
azolidinic rings being 111° (Fig. 4). While the oxadiazol-
inic ring is nearly planar (with a slight deformation of
N(1) towards an envelope shape), the isoxazolidinic ring
shows an a-envelope shape of O(1) with respect to the
plane of the steroidal nucleus. The dihedral angle be-
tween the spiro-isoxazolidine ring and the mean plane
through the steroidal nucleus is 78.9°.

The phenyl group C(25)-C(30) is nearly parallel to the
oxadiazolinic ring and nearly perpendicular to the isox-
azolidinic ring, the dihedral angles between the aromatic
ring and the mean planes through them being 14.7 and
96.7° respectively. The dihedral angle formed by the
phenyl group C(31)-C(35) with the oxadiazolinic and the
isoxazolidinic rings are 44.2 and 75.7° respectively.

The more significant planes and torsion angles in the
compound are reported in Tables 4 and 5 respectively.

EXPERIMENTAL
Prismatic crystals of the compound IIA were obtained from
MeOH, the one sclected for X-ray intensity measurements was
0.19%0.32 X 0.40 mm in the directions of a, b and ¢ respectively.
Cell data are summarized in Table 6. Cell dimensions were
determined by least-squares, minimizing the differences between
the observed and calculsted 20 values for 16 reflections
measured on a Siemens AED single-crystal diffractometer. The
mmﬂumentwmedlummtymumenu.bynm;
the Ni-filtered CuKa radiation and the w-20 scan technique. The
crystal was aligned with its [001) axis along the ¢ axis of the

Table 1. Experimental (methanol) and calculated values of the rotational strengths of derivative IA, [alp = +218

Transition nx1039(exp.) Cc.8.8,u, Rxlo39(calc.) c.8.8.U.
250 nm + 4.5 + 6.0
218 nm - 2,0 - 1.8
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Fig. 3. The structure of the dezivative TIA, determined by the X-ray sualysis.

Table 2. Bond distances (A) for the non-hydrogen atoms with their estimated standard devistions
1.538(9)
1.477(8)
1.542(9)
1.485(9)
1.440(6)
1.426(8)
1.287(10)
1.426(8)
1.443(8)
1.514(9)
1.354(10)
1.382(10)
1,388(11)
1.388(15)
1,368(12)
1.402 (11)
1.345(9)
1.20309)
1.498(12)
1.478(9)
1.382(10)
1.96(11)
1.367(12)
1.360(11)

c(1)-c(5)
€(1).0(3)
€(1).c(2)
€(2).c(3)
C(3).C(4)
C(4)-C(5)
€(5)-C(23)
€(5)-c(6)
c(6)-C(7)
€(7).¢(8)
c(8)-C(9)
€(9)-c(4)
€(9)-¢(10)
¢(10)-c(11)
c(11).c{12)
€(12).¢(13)
€(13)-C(8)
C(13)-C(24)
€(13)-C(14)
€(14).c(15)
C(15)-C(16)
c(16)-C{17)
€(17)-c(12)
€(29)-C(30)
€(25)-C{30)

1.533(10)
1.468(9)

1.536(12)
1,538(12)
1.524(10)
1.556(11)
1.531(10)
1.528(10)
1.536(11)
1.540(9)

1,.568(10)
1,526(10)
1.528(12)
1,523(11)
1,506(11)
1.552(12)
1.550(10)
1.548(10)
1,527(11)
1.545(10)
1.517(9)

1.518(9)

1.546(10)
1,397(10)
1,388(10)

€(16)-C(18)
€(16)-0(1)
c(18)-C(19)
C(19)-N(1)
N(1)-0(1)
N(1)-C(20)
€(20)-N(2)
N(2)-0(2)
0(2).c(19)
C(19)-C(31)
C(31).c(36)
€(31)-c(32)
€(32)-C(33)
€(33)-C(34)
C(34)-C(35)
€(35)-C(36)
0(3)-c(21)
€(21)-0(4)
€(21)-c(22)
©(20)-C(25)
€(25)-C(26)
€(26)-c(27)
c(27)-c(28)
€(28)-C(29)




Stervochemistry of isomeric steroidal 3-spiro-isoxazolidise{2,3-d}-oxadiazoline

Table 3. Bond angles (*) for the non-hydrogen atoms with their estimated standard deviations

€(5)-C(1)-c(2)
€(5)-C(1)-0(3)
0(3)-¢(1)-C(2)
c(1)-c(2)-c(3)
€(2).C(3)-C(4)
€(3)-C(4)-CL5)
€(3)-C(4)-c(9)
€(5)-C(4)-C(9)
€(4)-C(5)-C(1)
C(4)-C(5)-C(6)
C(4)-C(5)-C(23)
€(1)-C(5)-Cc(23)
€(6)-C(5)-C(23)
€(1)-C(5)-C(6)
€(5)-C(6)-C(7)
C(6)-C(7)-C(8)
C(7)-C(8)-C(9)
€(7)-C(8)-C(13)
€(9)-C(8)-C(13)
C(8)-C(9)-C(4)

. €(4)-C(9)-C(10)
C(8)-C(3)-c(10)
C(9)-¢(10)-¢c(11)
€(10)-€(11)-C(12)
C{11)-C(12)-C(13)
€(11)-€(12)-c(17)
€{(13).c(12)-c(17)
€(12).c(13)-C(8)
C(12)-C(13)-C(14)
€(12).C(13)-C(24)
C(8)-C(13)-C(24)
C(14)-C(13)-C(24)
C(8)-¢(13)-C(14)
c(13)-C(14)-C(1S)
€(14).C(15)-C(16)
€(15)-C(16)-C(17)
C(15).c(16)-0(1)
C(15)-C(16)-C(13)
0{3)-C(21)-0(4)

105.0(7)
109.6(6)
114.0(6)
105.2(6)
104,2(7)
103.7(6)
120, 3(7)
112.7(6)
97.4(6)
108.6(6)
113.5(6)
110.6(6)
110.9(6)
115, 3(6)
111,6(6)
113.5(6)
111.2(5)
114.4(5)
113.1(6)
109.0(6)
111.2(¢7)
111.5(6)
112.4(6)
111.6(7)
113.5(7)
112.4(6)
112,3(6)
107.5(6)
107.4(6)
111.4(6)
111.1(6)
109.7(6)
109.7(6)
113.7(7)
112, 3(6)
111, 3(5)
104.5(5)
112,5(5)
124, 3(7)

€(17)-c(16)-0(1)
€(17)-C(16)-C(18)
C(18)-C(16)-0(1)
C(186)-C(12).C(12)
€116)-C(18)-Ct19)
€(18)-C(19).N(1)

€(18)-Cc(19)-Ci31)

€(181-¢(19).0(2)
N(1).C(19)-0(2)
N(1)-C(19)-Cc(31)
0(2)-C(19)-C(31)
C(19)-8(1)-0(1)
€(19)-N(1).c(20)
0(1)-R(1)-c(20)
€(16)-0(1)-N(1)
€(19)-0(2)-N(2)
0(2)-N(2).c(20)

‘N(2)-C(20)-N(1)

N(2)-c(20)-C(25)
N(1)-C(20)-C(25)

'€(20)-€(25)-C{0)

€(20)-¢(25)-€(26)
€(26)-C(25).C(3%0)
€(25)-C(26)-€(27)
€(26)-C(27)-C(28)
€(27)-c(28)-c(29)
€(28)-€(29)-C(30)
€(29)-€(30)-C(25)
€(19)-C(31)-C(32)
€(19)-C(31)-C(36)
€{32)-c(31).€(36)
€(31)-C(32).C(33)
€(32)-€(33).C(3)
€(33)-c(3%).c(35)
C(34)-C(35)-C(36)
€(35)-C(36)-c(31)
€(21)-0(3)-c(1)
€(22).¢(21).0(¢3)
€(22)-€(21).0(4)

111.?(&)'

113.6(5)
103.2(5)
112.1(5)
105.6(5)
105.6(S)
113.6(2)
112.4(5)
103.7(4)
112,2(5)
108.9(4)
107.4(4)
103.3(S)
114.1(4)
107.9(4)
109.9(5)
106.4(6)
115.2(6)
122,8(6)
121.9(S)
121.8(6)
118.6(6)
119.7(6)
119.8(7)
119.9(7)
121.0(7)
120.0(7)
119.7(7)
121.7(6)

118.5(6).

119.8(7)
119.5(8)
121,1(8)
118.7(8)
120.1(8)
121,0(7)
116.0(6)
108.8(7)
126.9(7)

27
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Table 6. Crystal data

s = 12.604(8) &

t = 40.833(27)

e = 6.0075)

v o= 373 &2
Bpece group: P 212121

p, =122 &/on>

AW, = 568.76 (03 K

624"

20,)
z=4

o (UK, adiation)s 5.85 ot

from systematic absences

Fig. 4. Projection of the heterocycle isoxaxolidine-{2,3-d}-oxadi-
azoline along the C(19)-N(1) bood.

diffiractometer and all the reflections with 6<20 <130* were
collected. Of 3436 independent reflections measured, 2851 were
used in the analysis having I> 20(D). Corrections for Lorentz
and polarization factors were made in the usual way, but no

correction was applied for abeorption effect. Data were put on an
absolute scale by Wilson's method® and normafized structore

are 7 and 8. The atomic thermal parameters and a
list of calculated and observed structure factors are availabie
from the authors on request.

All the calculations were carvied out on & CDC Cyber 76 of
Centro di Calcolo Interuniversitario dell'Italin Nord-Orientale,
Casslecchio, Bologna.

Table 7. Fractional atomic coordinates (X 10°) for the non-hydrogen atoms with their estimated standsrd deviations in

-

.

X 4 x x Y x
o(1) 8073(3)  3486(1) s76(8) | c(16) Ne6(s)  3%89(1)  2592(10)
0(2) 2760(4) 2986(1) 4157(10) | c(17) 4840(3) 3632(1). 4224(11)
o(3) 10615(4) 4744(1) -1126(10) | c(18) 2863(8) 3584(2) 3488(11)
0(4) 11750(4)  4500(1) -3487(9) | c(19) 2662(5) 3241(1) 2508(11)
N(1) 3554(4) 3178(1) 967(11) | c(20) 4179(5) 2946(1) 2149(11)
N(2) 3733(S) 2817(2) 3861(12) | c(21) 1192(3) 4743(2) -2649(12)
c(1) 10158(6) 4424(2) -583(18) | €(22) 11716(8) 5089 (2) -3100(21)
€(2) 10834(6) 4218(2) 1009(17) | ¢(23) 9228(5) 4721(1) 2521(11)
c(3) 10042 (6) 4032(2) 2476(16) | c(24) 5277(3) 4332(1) 4485(11)
C(h) 8973(5) 4114(2) 16464(12) | c(25) 5230(S) 2844(1) 1348(11)
c(s) 9108(3) 4472(2) 634(12) | c(26) 5863(6) 2662(2) 2750(12)
c(6) 8172(6) 4558(2) -853(13) | c(27) 6863(6) 2565(2) 2045(13)
¢ 7119(6) 43505(2) 355€13) | c(28) 7214(8) 2652(2) ~23(195)
c(8) 6995(5) 4159(1) 1332(12) | c(29) 6596(6) 2828(2) ~1430(13)
c9) 7966(6) 4065(2) 2812(13) | c(0) 5595(S) 2929(2) -751(12)
¢(10) 7881(6) 3714(2) 3669(15) | c(31) 1605(3) 3208(1) £364(12)
c11) 6821(6) 3645(2) 4760(14) | c(32) 769(5) 3049 (2) 2366(14)
€(12) 5918(6) 3734(2) 3250(12) | c(33) -198(6) 3038(2) 1291(20)
€(13) $932(6) 4097(2) 2492(13) | c(38) -333(7) 3180(2) -788(18)
c(18) 5035(5) 4142(2) 827(14) | c(35) 498(6) 3339(2) -1745(18%)
c@1s) P47(6)  4038(2) 1735(15) | €(36) 1469(6)  3354(2) -639(13)




Stereochemistry of isomeric steroidal 3-spiro-isoxazolidine-{2,3-d}-oxadiazoline

Table 8. Fractional atomic coordinates for hydrogen atoms (x10%) and isotropic thermal parameters (x10%)

X 2 i y_.
H(1) 998(3)  430(1)  -218(8)  69(12)
H(21)  1125(3)  43(1)  162(7)  58(12)
H(22)  1132(3)  407(1) 28(8)  66(12)

H(31) 1012(3)  411(1) 408(8) 70112)
H(32) 1019(3)  380(1) 258(8) 61(12)

H(&) 886(3)  397(1) 5(8) 71(14)
H(61) 818(3)  480(1)  -128(7) 68(12)
H(62) 814(3)  a42(1)  -229(7) 85(12)
H(71) 648(3)  458(1) ~76(8) 59(12)
H(72) 709(3)  466(1) 146(7) 48(12)
H(8) 705(3)  400(1) -5(8) 58(12)
H(9) 799(3)  422(1) 415(8) 48(12)

H(101) 796(3) 357(1) 235(7) 50(12)
H(102) 852(3) 363(1) 472(7) 92(12)
H(111) 675(3) 378(1) 611(8) 76(12)
R(112) 680(3) uo(1) 512(7) 72(12)

R(12) 603(3) 360(1) 188(7) 42(12)
H(141 515(3) 401(1) -79(8) 60(12)
H{142) 500(3) 437Q1) 28(7) 55(12)
H(151) 374(3) 418(1) 292(8) 63(12)
H(152) 340(3) 406(1) 36(8) 51(12)

H(171) 491(3)  341(1) 462(8) 43(12)
H(172) 466(3) 378(1) 565(8) 64(12)
H(181) 227(3)  376(1) 201(7) 61(12)
H(182) 291(3)  360(1) 511(7) 79(12)
H(221) ' 1234(8)  S09(1)  -411(8)  109(14)
H(222)  1195(3)  521(1)  -177(8) 94(13)
H(223) 1114(3) 523(1) <377(7) 103(12)
H(231) 857(3)  478(1) 329(8) 73(12)
H(232) 940(3)  494(1) 184(7)  103(12)
H(233) 980(3)  467(1) 339(8) 85(12)
H(241) $79(3)  458(1) 396(8) 77012)
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Table 8. (Contd)
X y z U

R(242) 506(3) 434(1) 530(8) 94(12)
H(243) 625(3)  433(1) 533(8) 58(12)
H(261) 566(3)  259(1) 443(7) 86(12)
H(271) 733(3)  244(1) 302(7) 84(12)

. H(281) 789(3)  260(1) -51(7) 74(12)
H(291) 686(3)  291(1)  -284(7) 60(12)
H(301) $19(3)  302(1)  -173(8) 64(14)
H(321) 86(3)  296(1) 373(8) 69(13)
H(331) -87(48)  291(1) 202(8) 91(13)
H(341)  -105(3)  317(1)  -165(7) 78(12)
H(351) 41(3) 367(1)  -344(8) 96(13)
H(361) 216(3)  W7(1)  -1572(7) 97(12)

CD spectra were recorded using a Jouan CDII dichrograph,
absorption spectra, using an Unicam Sp700 spectrophotometer.
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