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Abz&ract-When treated with hy~oxyl~ine or N-methy~yd~xyi~ine, in the presence of proton 
donor catalysts, Irans-AJ(lD’-unsaturated 5-oxo-5,10-sect-steroids, such as 3 (but not the corresponding 
diastereomeric &compounds), are converted stereospecifically and in good yield to isoxazohdine 
derivatives (e.g. 4 and 13), resulting from transannular 1,3-dipolar addition of the intermediately 
formed oximes and nitrones to the r~~n~~oubie bond in the cyclodecene ring moiety of the sect 
steroid system. Reactions are described and physical evidence is presented which establish the 
constitution and inaction of the isox~lidi~-~ontai~ng cyclo~dition products, and the mechan- 
istic and steric course of this tmnsannuiar ring closure process is discussed. 

In one of our previous communjcat~ons~ on the the presence of a 0.6 molar equivalent of pyridine 
reactivity of the I(lO)-cyclodecen-5-01~ ring sys- (with respect to NH@H.HCI) converted cis-3P_ 
tern in 5,10-sec~~mpounds prepared by the lead hydroxy-5, 1 O-seco-cholest- I( IO)_enJ-one acetate 
tetraacetate fragmentation of Mydroxysteroids, it (I) into a mixture of syn- and unti-oximes 2 
was reported (in ~re~rnin~ form) that in refiuxing (Scheme I). With the co~es~nding ~~~~s-diaster- 
ethanolic solution, hydroxylamine hydrochloride in eomeric ketone 3 it reacted, under the same con- 

ditions, to give an int~mole~ul~ cychzation pro- 

*Correspondence to: Department of Chemistry, duct 4 (isomer& with the oxime), in nearly quanti- 
Faculty of Sciences, Studentski trg 16, P. 0. Box 550, tative yield. 
11001 Belgrade, Yugoslavia. For compound 4 four possible structures may be 

NH@H+KI 
+ 0.6 squiv pyridinc 

AC 

syn + anti 
(not separated) 

2 (> 90%) 

AC 

NHCIH_HCI 
+0.6e@v pyridine l Cyclization product 

Gd-hOJ’O 
4(> 96%) 
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c D(S4) 

SCHEME 2 

envisaged (Scheme 2, R = CH(Me)CH,CH,CH,- 
CHMezf, two of which (A and B) were considered 
in our previous paper.2 

In the light of additional data we have now re- 
examined the reaction of 3 with hydroxylamine in 
more detail, in order to prove the constitution and 
configuration of the cycliiation product 4, and to 
study the mechanistic and steric course of this 
transannular addition process. 

*For a-, /3- and @kyl protons in simple amino com- 
pounds hi3 values of (+0.7)-f+ 1+2)ppm, (+0*3)- 
(+O-5) ppm and +0.05 ppm, respectively, have been 
observed for the downfield signal displacement in acidic 
solution.So.b 

REWLTS AND DISCUSSION 

From NMR spectral data of product 4, gjven in 
Table 1, and parGcularly from the downfield signal 
displacement of several protons (at C- 1, C-3, C-4 
and C-19) in acidic solution, it is possible to make a 
tentative choice between structures A, B, C and D 
(Scheme 2) for product 4. 

The paramagnetic signal displacement of the 
methyl protons at C- 19 in acidic solution by only 
f0.15 ppm suggests that these hydrogens (like 
the proton at C-3 which shows the same signal dis- 
placement of +O-15 ppm) should be on carbon 
which is separated by two atoms (rather than one 
atom) from the amino-nitrogen,* thus making 
structure B improbable. 

Table 1. NMR data (at 100 MHz) of oroducts 4 and 17 

Protons 

Chemical shift (S ppm)O 
Displacement 

Compound CDCI, CDC& + CF,COOH (AS ppm) 

H-C(l)” 4 
17 

;‘E (9) 

Ace-C(3) (Bf 4 2.06 (s) 

H-C(3y I:; 
17 2.04 

(B) If 
5.23 (nr) 
5.22 

Me(19) 4 
17 

Me(l8) 4 
17 

Me(2 1) 4 
Me(%)\ 17 

C 4 
Me(27)/ 17 

H,-C(4) 4e - 2 (m) 
17 - 1.7 

1.21 (s) 
1.23 
0.72 (s) 
o-70 
0.87 (d) 
0.89 
0.84 (d) 
0.85 

3.19 
3.02 
2.17 
2.14 
5.38 
5.33 
2.84 
2.40 
l-36 
1.40 
0.72 
0.70 
0.87 
0%9 
0.84 
0.85 

+ 0.35 
+0.37 
+0.11 
+o-10 
+0.15 
+0.11 

- 3-0.84 
- +0*7 

+0*15 
+0*17 

0 

: 
0 
0 
0 

*Abbreviations: s singlet, ddoublet, t triplet, q quartet, m multiplet. 
“In both compounds 4 and 17 the H-C(l) proton is coupled to the two H-C(2) 

protons (J = 7-11 Hz), while the H-C(3) proton is coupled to the two H-C(2) 
and the two H-C(4) protons (J = I- 1 I Hz). 

“In compound 4 proton H,,, attached to C-4 is coupled to H,---C(3) by about 
6 Hz (as shown by double resonance), and exhibits also a geminal coupling of 18 HZ. 
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It was shown by double resonance technique 
that the proton exposed to the strongest paramag- 
netic influence in acidic solution (and exhibiting a 
signal displacement of about + 0.8 ppm) is coupled 
to the proton at C-3 and represents one of the C-4 
hydrogens, whereby it should be located on carbon 
which is p with respect to nitrogen,* i.e. incor- 
porated in the partial structure 

OAc H 

and, in addition, in a specific steric orientation 
allowing direct field infiuence of the amino- 
nitrogen.?+ All three structures A, C and D con- 
tain such a grouping, but in A carbon C-l is directly 
bound to nitrogen and one would expect its proton 
to exhibit a larger downfield displacement of chemi- 
cal shift in acidic solution than actuahy observed 
(AS = +0*35ppm).* Therefore structure A is 
improbable, and cyclization product 4 should have 
one of the remaining isoxazolidine structures C or 
D, in which the C,--H grouping is separated by one 
atom from nitrogen. 

From the facts that the signal position of the 
methyl protons at C-19 (6 = l-21 ppm) is charac- 
teristic for methyl groups attached to a saturated 
carbon atom bearing an oxygen,3a and that the 
proton at C- 1 has a signal value (of 2.84 ppm) in the 
region where one observes chemical shifts for such 
C-l protons in other 5 (10 -+ 1 )abeo-steroid sys- 

*See footnote* on preceding page. 
Which would account for the rather large paramag- 

netic disptacement of a proton attached to a &carbon. 
SActually, this hydrogen at C-4 is u-oriented (quasi- 

equatorial; see Fig 1). 

NH 

tems,2*4 it appears that the polycyciic structure D 
(Scheme 2) for product 4, in which the isoxazoh- 
dine ring is incorporated in the 5( 10 -+ I)&+ 
cholestane system, is in better agreement with 
NMR data and therefore more probable than 
structure C. 

That constitution D (and not C) corresponds to 
compound 4 was confirmed by the chemical 
t~sfo~ations shown on Scheme 3. 

The keto-carbonyl band at 1754 cm-’ in the IR 
spectrum of compound 7 indicates the presence of a 
five-membered rather than a six-membered cyclic 
ketone.s On the other hand, hydrogenolysis (either 
catalytic or with zinc and acetic acid) of 4 opens the 
isoxazolidine ring to give an amino-alcohol 8 which 
was converted to its N-acetyl derivative 9. When 
treated with Kiliani’s solution (chromic acid in 
acetone) this product (9) remained unchanged, thus 
indicating that compounds 8 and 9 contained a 
tertiary hydroxyl group. (Structure C for product 4 
would give a secondary alcohol and, upon oxidation, 
a 2-keto-derivative.) 

When the fruns-se~~kelone 3 (Scheme 4) was 
treated with hydroxylamine hydrochloride and a 
large excess of pyridine in refluxing ethanol, the 
major reaction products, obtained in about 80% 
yield, were the syn- and anti-oximes 10 (which 
were separated but not Con~u~tionalIy defined), 
whereas the isoxazolidine derivative 4 was formed 
in minor amount (lo- 15%). 

Either of these stereoisomeric oximes (Hht or 
Mb), upon reftuxing in ethanolic solution in the 
presence of hydroxyl~ine hydr~hIo~de + pyri- 
dine (molar ratio 1 :O-4), were quantitatively iso- 
merized to the isoxazolidine derivative 4 (Scheme 
4), and the same conversion was also achieved by 
using other acid catalysts, such as hydroxylamine 
hydrochloride alone, pyridine hydrochloride alone, 
ammonium chloride (requires longer heating) or 

HO- Cto, 

H 

3 

NH* 
AC 

8 9 

SCHEME 3 
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NH@WHCI 

+ pwine (exccssf 
AcO 

,A~~~~- Agog ~~ 

12 
13 4: R’ = AC 

11: R’ = H 
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hydrochloric acid.* However, in the absence of oximes to double and triple bonds in which one or 
these acid catalysts, oximes 10 remained un- 
changed upon heating in ethanol for four to ten 

both reacting centres are activated by adjacent 
groups take place ~erm~ly without the aid of 

hours. The oximes 2 of the cis-seco-ketone 1 catalysts.s.7 In contrast, the present transannular 
(Scheme 1) do not undergo intramolecular cycliza- oxime addition to a non-activated rruns-ethylenic 
tion (and remain unchanged) when treated with linkage in a ten-membered ring requires the pres- 
three acid catalysts. ence of a proton donating catalyst, probably be- 

Similar results were also observed in the andro- cause it facilitates intramolecular 1,3-dipolar 
stane series. Thus, with hydroxylamine c&S&I 7p- cycloaddition by protonating the nitrogen of the 
dihydroxy-5, IO-seco-androst- 1 (lo)-en-S-one di- oxime grouping (E). This then reacts as a meso- 
acetate gives always and only the corresponding merit polar species, either in the 0-protonated (F) 
syn- and anti-oximes, whereas the truns-diastereo- or more probably in the free nitronic form (G).g.7 

>c=N++-H . ..Z!L >(=rj-0-H l -H+ -t ,\=$j-_O 

E d I! 

F G 

merit ketone, depending upon reaction conditions, 
atfords either the oxime or the bridged 5,10- 
iminooxy-5 (IO + 1 )abeo-androstane derivative 
with structure D (Scheme 2, R = OAcf. 

Inter- and intramolecular 1,3-dipolar additions of 

*With hydrochloric acid as catalyst, intemai cycle 
addition took place in 88% yield, but with simultaneous 
hydrolysis of the 3-acetate group, affording the 3& 
hydroxy-isoxazoiidine derivative 11: 

tWhen ketone 3 was treated with free N-methvlhy- 
droxylamine, under conditions often applied for effecting 
int~ol~ul~ nitrone-olefin cycloadditioas,T-lo it re- 
mained either unchanged (in boiling ether or in ethanol at 
room temperature) or underwent thermal intramolecular 
cyclization4 to the previously described SflO --* i@H) 
abeo-5a-cholest-lO( 19J-ene-3p.5-dioi 3-acetate2.’ (in 
refluxing ethanol or toluene). 

The presence of an acid-containing catalyst in the above 
mentioned reaction with N-methyihydroxylamine is 
probably necessary in order to facilitate, in the first step, 
the fo~ation of the (intermediates nitrone 12. 

N-Me~yihydroxyl~ine, in the form of its 
hydrochloride and in the presence of excess pyri- 
dine (i.e. under conditions used for preparing the 
oximes 10 from 3), also reacts (in refluxing ethanol) 
with the rruns-sect-ketone 3 (but not with the cis- 
ketone 1) to give the non-isolable nitrone 12 
(Scheme 4) as intermediate, which undergoes 
spontaneous transannular cycloaddition of the 
intramolecular nitrone-olefin type,‘-‘” with forma- 
tion of the N-methylisox~olidine derivative 13 in 
over 60% yield. t The constitutional and configura- 
tional identity of the isoxazolidine ring system in 
both compounds 4 and 13 was established by treat- 
ing 4 with methyl p-toluenesulfonate, whereby the 
N-methyl derivative 13 was obtained (Scheme 4). 

As to the stereochemistry of these transannular 
cycloadditions, it should be noted that in the isoxa- 
zolidine compounds with constitution D(Scheme 2), 
such as products 4 and 13 (and also 17, Scheme 6), 
the five-membered A-nor-ring must be 1,5-truns- 
fused to the seven-membered B-homo-ring in 
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order to permit bridging of carbons C-S and C-10 
by the iminooxy (-NR*-0-) grouping with 
mi~mum strain. (The co~es~nding isoxazolidine 
structures with a cis A-nor/B-homo 1 ,hing junc- 
tion would be too strained to be formed under these 
reactions conditions.) Hence, only two stable con- 
@.u-ations for the isoxazolidine products of type D 
(4, 13, 17, etc.) ate possible (Scheme 5), one in 
which the 5,10-imino~xy (-NRz--0-) bridge is 
Q- (i.e. under the general plane of the A-nor-B- 
homo-bicyclic system) and the hydrogen at C-l 
p-oriented (H), and the other with a p-oriented 

H I 

4: R2 = H. RS = &OAc 
13: R2 = Me, R3 = &OAc Cholestane series 
17: R2 = H, RS = a-OAc 

25: R9 = H, R3 = p-OAc} Androstane series 

SCHEME 5 

$1~iminooxy (-NR2-O-) bridge and a- 
hydrogen at C- 1 (I). 

On the basis of these co~~tion~ conditions 
for the isoxazolidine products and from inspection 
of Dreiding models it follows that there are only 
two possible conformational types (J and K, Fig 1) 
for the @arts-cyclodecene ring of the 5.10~seco- 
steroid substrate undergoing internal cyclization, 
in which the reacting sites, i.e. the n&one grouping 
at C-5 and the trans-A’(lo’-carbon-carbon double 
bond, are suitably disposed to undergo transannu- 
lar 1 ,Edipolar cycloaddition* (whether synchron- 
ously as a supra-supra-facial 14 -t 21-process”-” or, 
less likely, as a two-step combination uiu a dipolar 
inte~ediate with positive charge at the tertiary 
C-10 carbon), whereby the more stable conforma- 
tion J would lead to the product with the LX- 
oriented iminooxy bridge H, and conformation K 
would afford the corresponding p-oriented stereo- 
isomer I. 

That in the isox~olidine compound 4, and 
therefore also in products 13 and 17, the imino-oxy 
bridge has the 5a,lOo-stereochemistry (H, Scheme 
5 and Fig. l), which results from stereospecific 
int~olecul~ cyclo~dition involving, at least in 

R3,H 
Ii 

K 

R’= H or Me 
R3=fl- or o-OAc 

(see scheme 51 

Fig 1. 

*This also implies the additional prerequisite of an the transition state, a conformation of type J, was 
anri-stereoisomeric amtngement of the established on ground of the following chemical 

=<;; 
and physical evidence. 

When the N-acetyl 3-ketone 7, obtained by oxi- 

(R2 = H or Me) system in the course of reaction (corres- 
dation of the corresponding 3p-01 6 (Scheme 31, 

pending to the axon of the oxime group in anti-10 
was reduced with sodium borohydride (Scheme 6), 

and the t&one group in 12). However, under the reaction it afforded as sole product the epimeric 3~01 14, 

conditions employed, it appears that the syn # anti inter- thus indicating that the hydride ion attacks the 

conversion of such systems is rapid,‘* since, as described 3-keto group from the less hindered B-side, i.e. that 
above, both geometrical forms (a and b) of the oxime 10 the S,lO-iminoiixy bridge (which prevents ap- 
ate readily converted, by transannular cycloaddition, to preach of the reducing agent) must be a-oriented. 
the same isoxazolidine product 4 (Scheme 4). The same 3a-hydtoxy-isoxazolidine compound I4 
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N-AC 
7 (Scheme 3) 14 18 

9 (Scheme 3) 19 20 

SCHEME 7 

was also synthesized by the oxime-oie~ trans- 
annular cycloaddition, starting from trans-3cr- 
hydroxy-5,10-seco-cholest-l( lo)-en-j-one acetate 
(15) and by the reaction sequence shown on Scheme 
6. The cycloaddition product 17 has similar NMR 
characteristics (Table 1) to those of its 3P-epimer 4. 

Conclusive evidence in favour of configuration H 
for product 4 (and therefore also for 13 and 17) was 
obtained from CD measurements (Table 2) per- 
formed on the 3-ketone 7 (Schemes 3 and 6) and its 
hydrogenolysis derivative, the 3-ketone 20, which 
was prepared by the reactions shown on Scheme 7. 

Table 2. CD data of ketones 7 and 20 (in acetonitrile) 

Compound A(nm) @a,.,) 

7 312 sh (+ l-33), 301 (+2*72), 291 (t3.12). 
285(+2~68),245(-7.0),217(+17.1) 

20 3 1 1 (+ 260), 302 (i 4*57), 293 (+ 4-68), 
283 sh (+ 3.53), 228 (- 1+4), 203 (+ 8.5) 

*The weaker positive CD vahte at 300 nm for ketone 7 
may be attributed to the fact that the -NH-O- bridge 
either deforms somewhat the A-nor-cyclopentanone ring 
or has some (possibly “anti-octant”) inffuence on the 
3-ketocarbonyl group. 

The strong CD baud at 245 nm found for ketone 7 
appears to arise from the presence of th% N-acetyl imino- 
iixy grouping, -N(Ac)-0--, since it was also observed 
for the N-acetyl-iminoijxy-38-01 6 (A = 242 nm, AE,, = 
-&2P), but not for products X&l3 and 4. 

Both compounds should have the same conRgura- 
tions at C- 1, C-5 and C-IO, whereby in ketone ‘7 the 
A-nor-B-homo system, because of additional 
bridging, is more rigid and strained than in ketone 
20. 

As can be seen from Table 2, the CD of the ke- 
tone band at about 300 nm is strongly positive for 
20, somewhat weaker and positive for ketone 7, 
indicating that in both cases the A-nor-cyclo- 
pentanone ring has P-heiicity (IJ.4** This is pas- 

L 

sible only if the heterocyclic ring is formed under 
the steroid system, namely when the 5,10-iminijxy 
bridge has the o-contiguration, as shown by H 
(Scheme 5 and Fig 1). 

In conclusion it can be pointed out that the 
stereospecific oxime-olefin and nitrone-olefin 
transannuhu cycloadditions starting from trans- 
A1oO)-unsaturated 5-oxo-5,10-seco-steroids (e.g. 3 
and 15) are consistent with previously reported 
results, which show that the geometry of the frans- 
cyclodecenone ring in these modified steroid com- 
pounds is favourable to transannular reactions and 
that it corresponds preferably to conformations of 
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0.015 ml of 8N Kiliani’s chromic acid soltP at O”, only 
unchanged 9 (22mg) was isolated from the reaction 
mixture. 

Oximes 100 and lob (geometrical isomers of the syn- 
anti type) of bus-3~-hydroxy-5, IO-seco-cholest- i( IO)-err 
S-one acefate (3). A soln of 3 (700 mg) and NHsOH.HCl 
(700 mg) in EtOH (35 ml) and excess pyridine (35 ml) was 
refluxed for 2 h, and then poured into water. After cool- 
ing, the solid product was separated by filtration, washed 
thoroughly with water and recrystallized twice from 
MeOH and once from acetone, to give 372 mg of oxime 
108 (one geometrical form, anfi or syn), m.p. 154-156’; 
[alp = --26”* 1” (c = 0.69); IR (KBrj: vmsX =, 3280, 1725, 
1720, 124Ocm-r; NMR: 8 = 0.71 (Me-18,$, 0.85fMe-26 
and Me-27, d), 0.87 (Me-21, d), I.75 (Me-19, d), 2.03 
(AcO, s), about 5.20 (HC-I and HC-3, m), over 85 
(=N-OH. broad sianah. (Found: C. 75.77: H. 10.79: N. 
3.35. C,H,iO,N requires: ‘c, 7577; H, 10.74; N, 3.OS%j. 
From the combined mother liquors of the above crystal- 
lizations, after evaporation to dryness and chromato- 
graphy of the residue (about 350 mg) on 18 g silica gel 
using benzene-ether (95: 5) as eluent, an additional 
amount (106mg) of the same oxime 1Oa m.p. 154-1554 
was obtained (total yield: 478 mg, 66%). 

Further elution with benzene-ether (85 : IS) afforded the 
diastereomeric oxime lob (other geometrical form, syn or 
anti), which was recrystallized from MeOH (yield: 80 mg, 
1 i%), m.p. 146-148”~ [aIF = 0”*2”(c = 0~4i); IRfKBr): 
Y,., = 3300. 1728, 1250 cm-‘: NMR: S = 0.69 (Me-18 
$384 (Me-26 and Me-27, d), O-86 (Me-2 1, d), 1.70 (Me- 
19, s), 2.01 (AcO,s), about 5.10 (He-1 and HC-3, m), over 
8 (=N-OH, broad signal). (Found: C, 7559; H, 10.77; 
N, 3.39. C&,,O,N requires: C, 75.77; H, 10.74; N, 
3.05%). 

Finally, elution with ether gave 108 mg (15%) of the 
isoxazolidine product 4 (identified by m.p., mixed m.p. 
and IR). 

lsoxazolidine Droduct 4 (or 11) by internal cycloaddition 
of oximes IOP hnd lob. A soln of 10~ or iOb (70 mg), 
NH.OH.HCl (70mn) and uvridine (0.032 ml) (molar 
ratio of the latter two-reagents being 1 : 0.4) in S ml ‘EtOH 
was refluxed for S hr. Addition of water and cooling 
caused precipitation of product 4 in quantitative yield. 

Similar results with 10a or 10b (70 mtz) were obtained by 
using as proton donors: NH,6H.HCl (7Omg) alone 
(yield of 4: 75%); pyridine (0.15 ml)+HCl (0.15 ml) 
(yield of 4: 80%); NH&I (70 mg) (yield of 4 from 10~ after 
refluxing for 10 hr: about 50%): cone HCI (O-15 ml) which 
afforded (from 1Oa) 67% of Sa,lOa-iminobxy-5(10 --* 
lBHlabeo-5a-cholestan-3f3-ol fll), m.n. 176177” (from 
&edHf. This compound ill) was-com$red and found to 
be identical with authentic 11, prepared (in 82% yield) by 
hydrolysis of 4 (200 mg) with 10 ml of 5% methanolic 
KOH at room temp for 2 hr and recrystallization of the 
precipitate (obtained upon addition of a little water and 
cooling at 0’) from MeOH, m.p. 178-179”; [a]? = +76” 
-3” (c = 1.0); IR (KBr): v,,, = 3390, 3220, 1638 cm-r. 
(Found: C, 77.75; H, 1140; N, 3-55. C$,H,,O,N requires: 
C, 7764; H, 11.34; N, 3.35%). 

N-Methyl-Saf OaGninoiixy-5( 10 -----+ lflH)abeo-SIX- 
chofeszan-38-51 acetute (13) from ketone 3 (via nitrone 
12). A soln of 3 (400 mg) and MeNHOH.HClls (400 mg) 

*This ketone, m.p. 118-l 19”. [a]$ = + 13”-t2” (c= 
0*86), was obtained by treating cholestane-3a,5P_dioI 
3-acetate” with lead tetraacetate (to be published). 

in 20 ml EtOH and 20 ml pyridine was refluxed for 48 h, 
then poured into water and extracted with ether. The 
organic layer was repeatedly washed with water, dried 
over MgSO, and evaporated to dryness. The residue was 
c~omato~ph~ on 20 g silica gel. Elution with benzene- 
ether (98 : 2) and (95 : 5) gave starting 3 (12 mg. 3%) and 
5(10 + I~H)abeo-5acholest-10(l9)-ene-3#3,5crdiol 3- 
acetate (21 mg, S%), m.p. 109” (from MeOH) (previously 
described product, resulting from acid-catalyzed or 
thermal intramolecular cyclimtion of 3).2.4 

With benzene-ether (80: 20) as eluent, 278 mg (65%) of 
13 was obtained, which upon recrystallization from MeOH 
(yield 220 mg) melted at 104”; [a]g = -t 49.4” f 3” (c = 
0.85); IR: v,, = 1738, 1238cm+; NMR: 6 = 0.72 (Me- 
18, s), O-86 (Me-26 and Me-27, d), 0.89 (Me-21, d), 1.22 
(Me- 19, s), 2.05 (AcO, s), 2-58 (Me-N, s), 2.94 (HC-1, m), 
5.25 (HC-3, m). (Found: C, 76.34; H, 10.95; N, 3.32. 
CSoHs,OsN requires: C, 76.06; H, 10.85; N, 2.96%). 

N-Methyl-isoxazolidine product 13 by methylation of 4. 
A soln of 4 (9 18 mg, 2 mmoles) and methyl p-toluene- 
sulfonate (186 mg, 1 mmole) in 10 ml benzene was re- 
fluxed for 4 h. After cooling and addition of ether, the 
mixture was washed with aqNaHC0, and water, dried 
over MgSO, and evaporated. The residue (about 900 mg) 
was chromatographed on 45 g silicagel, whereby benzene- 
ether (80: 20) eluted 440 mg of product which was re- 
crystallized from MeOH to give 38Omg (80~3% yield 
b&ed on methyl tosylate) of 12, m.p. 104”;[a]g = + 51‘ 1” 
~3*(c = 090): IR and NMR identical to above. 

With benzene-ether (10: 10) as eluent, 380 mg of start- 
in8 4 was recovered. 

N-Ace@-Sa, 1 Oa-iminoiixy-5 ( 10 ----+ l/.?H)abeo-Sm 
cholestun-3a-ol (14) by sodium borohydride reduction of 
ketone 7. A soln of 7.(360 mg) in 2Sml MeOH was re- 
duced with 300 ma NaBH, at 10” for 45 mm. The usual 
work-up gave 14, & a semi-solid product (but which, ac- 
cording to TLC, was pure and f&e of its 3p-epimer 6); 
[a]b = +82”rt3” (c = 1.0); IR (CCL,): vrnpX = 3450, 1640 
cm-r; NMR: 6 = O-69 (Me-l 8, s), 086 (Me-26 and Me-27, 
d1.0#9 (Me-21. dj. 1.29 fMe-19. s1.2+4 (AC-N. ~1. 2.76 
&C-l, 4). 4.30.(&3, mj. (Found_ C, 75.61; H, 1086; 
N, 3.31. C29H1803N requires: C, 75.77; H, 10.74; N, 
3.05%). 

Sa,lOa-f&no&y-5( 10 + l@f)abeo-Sa-cholestan-3a- 
01 acetate (17) from &arts-3a-hydroxy-5,10-seco-cholest- 
l(lO>en-5-one acetate (Is) (via oxime 16). A soln of SO0 
mg of 15* in 25 ml EtOH was treated with NH,OH*HCl 
(600 mg) + pyridine (0.35 ml) (molar ratio 1: O.S), and re- 
fluxed for 14 h. After addition of water, the mixture was 
extracted with ether, the organic phase was washed re- 
peatedly with water, dried over Na,SO, and evaporated in 
DUCUO, leaving a residue (about 500 mg) which was chro- 
matographed on I5 g silicagel. Elution with benzene-ether 
(95 : 5) gave the oxime 16 (140 mg, 27%). m.p. 204-205” 
(twice from MeOH); [a]? = +43’* 2” (c = 0.56); IR 
(KBr): Y,., = 3250, 1740, 1245 cm-‘; NMR: 8=0.68 
(M-18, s), 086 (Me-26 and Me-27, d), 0.87 (Me-21. d). 
i.65 (Me~19, d),‘2.10 (AcO, s), SlO(HC-1 and HC-3; mj, 
between 8 and 10 (=N-OH, broad signal). (Found: C, 
7555; H, 10.82; N, 3.37. C,&IH,,OsN requires: C, 75.77; 
H, 10.74; N, 3.05%). 

Elution with benzene-ether (80: 20) afforded first a 
complex mixture (40 mg) and then 200 mg (38.7%) of 17, 
m.p. 135- 136” (recrystallized twice from acetone-MeOH); 
[a]lp = + 76”r 2” (c = 0.4); IR (KBr): Y,, = 3260, 1730, 
1260cm-‘; NMR: see Table 1. (Found: C, 75.94; H, 
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1066; N, 3.35. CmH,OSN requires: C, 75,77; H, 10.74; 
N, 3.05%). 

N-Acetyl product 14 from 17 (via It?). A soln of 17 (100 
mg) in pyridine (0.5 ml) and AcpO (O-5 ml) was left 12 h 
at room temp. After dilution with MeOH and evaporation 
to dryness,. the residue was chromatographed on 5 g 
silica gel. Elution with benzene-ether (90 : 10) gave 9 1 mg 
(835%) of 18, as a semi-solid product (but, according to 
TLC, free of impurities); [a]F = + 73”? 3” (c = 062); IR 
(KBr): ymax = 1745, 1650, 1245cm-I; NMR: 6 =0.69 
(Me-18, s), 0.86 (Me-26 and Me-27, d), 0.89 (Me-21. d), 
1.28 (Me-19, s),~.OO(AC-N,s). 2.05 (AcO,s), 284(HC-1, 
o), 512 (HC-3, m). (Found: C, 74.32; H, 10.36; N, 2.89. 
C,,H,,O,N requires: C, 74.21; H, 10.25; N, 2.79%). 

A soln of 18 (80 ma1 in 2 ml of 2% meth~olic KOH 
was left 12 h at room-temp. After addition of water ex- 
traction with ether and usual work-up, 64 mg (87.6%) of 
14 was obtained, which was identical with the above 
described NaBH, reduction product of ketone 7; [a]? = 
+81”~3”(c=0*71). 

Oxidurion of4 to 7. A soln of 4 (48 mg) in 4 ml acetone 
(distilled over KMnO,) was treated at 0” with 0.1 ml of a 
8N Kiliani’s chromic acid soln.‘J After the usual work-up 
and crystallization from acetone-MeOH, 40 mg (83%) of 
7, m.p. 152- 154”, was obtained (identical with 7 prepared 
as described above from the 3p-016). 

N-Acetyl-Su-umino-lOa-hydroxy-5 (10 4 1pH)abeo 
Sa-cholestan-3-one (20)from 9 (uiu 19). A soln of 9 (200 
mg) in 5 ml of 3% methanolic KOH afforded, after stand- 
ing for 12 h at room temp and then cooling, a solid pro- 
duct (180 mg, 98%) which was filtered off and rect-ystal- 
lized from ether-light petroleum, to give 154 mg (84%) of 
19, m.p. 236”; [a]? = + 28”*2” (c = 0.5); IR (KBr): vmaX 
= 3440, 3350, 1660, 1545 cm-‘; NMR: 6 = 0.67 (Me-18, 
s), 0.86 (Me-26 and Me-27, d). 0.87 (Me-21, d), I.19 
(Me-19, s), 189 (AC-N, s), 3.15 (HC-1, y), 4.30 (HC-3, 
m). (Found: C, 75-31; H, 11.20, N, 3.22. C,,H,,O,N re- 
quires: C, 75-45; H, 11.15; N, 3.03%:). 

A soln of 19 (200 mg) in 30 ml acetone was oxidized at 
O”, with Kiliani’s chromic acid soln, as described above 
for 6+ 7, to give, after crystallization from ether-light 
petroleum, 179 mg (90%) of 20, m.p. 106”; [a]? = +48” 
~2” (c = 1.0); IR (KBr): Y,,, = 3370, 1760, 1660. 1530 
cm-‘; NMR: S = 0.69 (Me-!8,.r),O@(Me-26and Me-27, 
d), 0.89 (Me-21, d), 1.21 (Me-19, s), 1.93 (AC-N, s), 380 
(HC-1, q); CD: see Table 2. (Found: C, 75.62; H, l060; 
N, 3.24. C,,H,,O,N requires: C, 75.77; H, 10.74; N, 
3.05%). 

Oxime 22 ($ cis-5-oxo-S,IO-seco-androsr-I( IO)-ene- 
311,17B-dial diucelate (21). This oxime* 22 was obtained 
in 77:80% yield from the corresponding ketone+ 21 by the 
same procedures A* and B used for the preparation of 
oxime 2 from ketone 1 in the cholestane series (see above); 
m.p. 195” (from MeOH); [a]g = +59”? 1” fr = 066); IR 
(KBr): v,, = 3400, 1740, 1710, 124Ocm-I; NMR: 6= 
080 (Me-18, s), 168 (Me-19, d), 2.01 (two AcO, s), 466 
(HC-17, m), about 5.3 (HC-1 and HC-3, m), above 7.9 
(=N-OH). (Found: C, 6844; H, 8.86; N. 384. C,H,- 
0,N requires: C,68.15; H.8.81; N,3*47%). 

*According to NMR data probably a mixture of syn- 
and unfi-forms. 

tSeco-ketones 21 (&-I( IO)-unsaturated) and 23 (trans- 
I(1 O)-unsaturated) of the androstane series were obtained 
by the lead tetraacetate oxidation of androstane-3/3&x, 
17,&triol3.17-diacetate (to be published). 

Oxime 24 of trans-5-0x0-5, IO-seco-androsf- I( lo)-ene- 
3&17p-dial diacetate (23). This oxime* 24 was obtained 
in 85-90% yield from the corresponding ketonet 23 by the 
procedure (i.e. using an excess of pyridine) used for the 
preparation of ox& 10 from ketone 3 in the cholestane 
series (see above): m.n. 204-205” (from MeOH); f&? = 
- 37”i2” (c = O&); iR (KBr): v,,,, = 3450, 3260; 1730, 
1720,1248cm-*;NMR:~=O.82(Me-l8,~), 1_72(Me-19, 
d), 2.01 (two AcO, s), 4*58(HC-17, m). 5-13-5.4O(HC-1 
and HC-3, mulriplers), over 8.0 (=N-OH). (Found: C, 
68.21; H, 8.86; N, 3.80. C,H,,O,N requires: C, 68.15; H, 
8.81; N, 3.47%). 

Sa,lOa-lminoiixy-5( 10 + l@H)abeo-Sa-androslane- 
3& 1 7@dial diacetate (25) (structure D, R = OAc: con&. 
H. Rg = H, R” = @-OAc). (1 f. From the tmns-seco-ketone 
23. A soln of 23 (200 mg) in EtOH (10 ml) was treated 
with NH,OH.HCI (200 mg) + pyridine (0,13 ml) (molar 
ratio 1 :0.6), refluxed for 7 h, diluted with water, ex- 
tracted with ether and the organic layer worked up as 
usual. After removal of solvent, the resulting product 
(200 mg) was chromatographed on 10 g silica gel. Elution 
with benzene-EtOAc (7 : 3) afforded first 52 mg (25%) of 
oxime 24 (of the starting ketone 23) and then a (not 
further investigated) complex mixture (about 50 mg). 
With EtOAc as eluent, 105 mg (50%) of the cycloadduct 
25 was obtained, m.p. 142-143” (from light petroleum); 
Ial?? = + 47”~ 2” (c = 0.58); IR (KBr): v,.. = 3440,323O. 
1730, 1720, 1240cm-‘; NMR: 6 = O@(Me-18, s), 1.18 
(Me-19. st. 2@0 and 2.04 (AcO at C-3 and C-17, two 
&gfets), 2.82 (HC-1, (I), 4&l (HC-17, m), 5.23 (HC-3, 
m). (Found: C, 68.27; H, 8.81; N, 3.66. &HssOsN re- 
quires: G68.15; H, 8.81; N, 3.47%). 

(2) From the trans-seco-ketone oxime 24. A soln of 
oxime 24 (50 mg) in EtOH containing cone HCI (0.1 ml) + 
pyridine (0.1 ml) was tefluxed for 7 h, then cooled, 
poured into water and worked up as usual. The resulting 
oily product was chromatographed on silica gel, whereby 
benzene-EtOAc (7 : 3) eluted less polar com~unds (about 
11 mg) while EtOAc as eluent afforded the cycloadduct 25 
(37 mg, 71%). 
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