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CHOLESTEROL ANALOGUES WITH OXA- AND OXA-AZA SIDE CHAIN

A NOVEL CLASS OF INHIBITORS OF CHOLESTEROL BIOSYNTHESIS

Klaus Irmscher, Josef M. Kraemer and Herbert Halpaap

Research Laboratories of E. Merck AG, Darmstadt

Revision received May 4, 1966

The synthesis of neutral and basic monoethers

of pregn-5-en-33,20a-diol, androst-5-en-3%3,178-
diol, androst-5-en-383,168-diol, and of 20-aza-
2h_-oxacholesterol is described. Saturated and
chlorosubstituted derivatives of some of these
compounds were prepared. 22-0Oxa-25-azacholesterol
and 20-oxa-2l-nor-25-azacholesterol are potent
inhibitors of cholesterol synthesis.

The cholesterol synthesis in the liver of men and
mammals is known to be inhibited by exogenous cholesterol in a
feedback mechanism. This gave rise to the idea of synthesizing
compounds simulating the presence of cholesterol in the blood
stream. The cholesterol analogues prepared by Counsell and
1'3, where one or two C-atoms of the side chain in the
17-position are replaced by nitrogen, actually showed hypocholester-
olemic activity. In addition to the deslred inhibition of 3-hydroxy-
Z-methyl-glutaryl-coenzyme A reductase, which leads to a decrease
in cholesterol synthesis, it was also found that the mono- and
diazacholesterols prepared by the Searle group possess an inhibit-
ing effect on desmosterol reductase 3'5.

coworkers
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For this reason we wanted to investigate a number of
cholesterol analogues where one side chain C-atom is replaced
by oxygen and, if desired, another one by nitrogen. It was uncertain
whether in this case also the hydrogenation of the 24-double bond
would be inhibited.

Starting material of the synthesis of 22-oxa compounds
was the 3B8-hydroxypregn-5-en-20-one 3-tetrahydropyranyl ether (I)
described by Ott and coworkers 6. Reduction with sodium/ethanol
produced a mixture of the alcohols epimeric in C-20 which were
separated by chromatography. In analogy to the corresponding
*-monoacetates the desired 20c-hydroxy compound II was found to
be the more polar one of the eplmers.

Etherification of II was achileved by reaction of the
corresponding alcoholate accessible by the action of potassium
amide in liquid ammonia with 2-chloroethyl-dimethylamine in
boiling dioxane. After cleavage of the tetrahydropyranyl ether
IIIa in aqueous-alcoholic hydrochloric acid 22-oxa-25-azacholesterol
(IVa) was obtained, the hydroxy group of which could be substitut-
ed by chlorine (IVb) with thionyl chloride.

Recently Cross and coworkers 8 have described the synthesis
of a 22-oxa-25-azacholesterol. In this product the ether side
chain is in the 20R-position, while the isohexyl residue of the
cholesterol side chain is known to correspond sterically to a

9

residue of a pregnane derivative in the 20a-position. The product
of the Syntex group therefore is to be considered as a 20-iso-
22-0oxa-25-azacholesterol, while our compound IVa, which differs

in its physical data from that of Cross, corresponds to the

natural stereochemistry of cholestercl in C-20 and therefore is

the actual 22-oxa-25-azacholesterol.

The neutral ethers IIIb and ¢ were obtained by reaction
of IT with isoamyl bromide or isobutyl bromide in the presence
of sodium hydride. Addition of triethylamine proved to be use-
ful. Acid hydrolysis produced 22-oxacholesterol IVec, or 22-oxa-
2h-norcholesterol IVd, respectively.
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Similarly 3B8-hydroxy-Ha-pregnan-20-one 3-tetrahydro-
pyranyl ether (V) 10 Las recuced in 20-position. The 20a-

N

hydroxy product VI separated by chromatography differed in
its physical data from the reduction product with a 208-
hydroxy group obtained by Sondheilmer and coworkers 10 from
V by reduction with sodiuwm borohydricde. Reaction of VI with
2-chloroethyl-dimethylamine and subsequent splitting of the
tetrahydropyranyl ether produced 22-oxa-25-azacholestan-383-
ol VIT,

o
N~

HO H VII

The alkali resistent tetrahydropyranyl ether was used
as a protective group for the 3-hydroxy group also for the
preparation of the 20-oxa-2l-norcholesterol derivatives.
Catalytical reduction of the 17-keto group of the dehydro-
epiandrosterone derivative in the presence of Raney-nickel
with hydrogen yielded the known 6 3-tetrahydropyranyl ether
of androst-5-en-38,178-diol (VIII). The etherification with
3-bromopropyl-dimethylamine was accomplished by reacting its
hydrobromide 11 with VIII in the presence of an excess of
sodium hydride. After cleavage of the tetrahydropyranyl ether
20-oxa-21l-nor-25-azacholesterol (IXa) resulted.

Several N-alkylated derivatives of the 20-oxa-2l-nor-
24-aza series were prepared. Thus, the reaction of VIII, which
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in these cases was converted into the alcoholate by the potassium
amide process, with 2-chloroethyl-methyl-isopropylamine 12
vielded the tetrahydropyranyl ether of 20-oxa-2l-nor-24%-methyl-

2l -azacholesterol, while the use of 2-chloroethyl-ethyl-isopropyl-
amine 13 yielded the corresponding N-ethyl derivative. Hydrolysis
produced IXb or IXc, respectively. Similarly 20-o0xa-21,27-bisnor-
2h-ethyl-24-azacholesterol (IXd) was produced from VIII with

2-chlorotriethylamine

Derivatives with abbreviated side chain were synthesized
by reaction of VIII with 2-chloroethyl-dimethylamine, isocamyl
bromide or isobutyl bromide. After hydrolysis 20-oxa-21,24-bisnor-
25-azacholesterocl (IXe), 20-oxa-21,24-bisnorcholestercl (IXf) or
20-oxa-21,23,24-trisnorcholesterol (IXg) resulted.

9H E—CHg-R
r/\j. \7 PR
Yy o T
0 N0~ TN _ N
—_— HO
VIII IX
a) R = -CH2—CH2—N(CH3)2
b) R = -CHg-y-CH(CHB)2
CHo
¢) R = -CH2-§-CH(CH3)2
02H5
d) R = —CHE-N(CEHB)E
e) R = —CH2-N(CH5)2
f) R = -CH2-CH(CH3)2
g) R = -CH(CHj)g
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Androstan-38,178-diol 3-tetrahydropyranyl ether (X) 15
prepared by catalytic hydrogenation from the corresponding
17-ketone, was reacted with 3-bromopropyl-dimethylamine to
produce a corresponding cholestane analogue, 20-oxa-21-nor-25-
azacholestan-3B8-0l1 (XI), after hydrolysis.

| OH » Q—CH?—C{?-CH2~N(CH3)2
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c 0 : HO |
H H
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20-Aza-2U-oxacholesterol was synthesized starting from
178-methylaminoandrost-5-en-38-0l1 (XII). The latter compound,
described by Counsell and coworkers 2, vas readlly prepared
according to the process used by Ciba 1€ in the pregnane series
by reaction of 3B-hydroxyandrost-5-en-17-one acetate with methyl-
amine in a sealed tube and reduction of the imine with sodium boro
hydride. Esterification of XII with isopropyloxyacetyl chloride 17
produced the diester XIII the reduction of which with lithium
aluminium hydride gave 20-aza-24-oxacholesterol (XIVa). The
3-hydroxy group could be substituted by chlorine (XIVb) with
thionyl chloride. XIVa was hydrogenated under pressure to
20-aza-24-oxacholestan-38-01 (XVa), which was converted into

X

the 3-chlero compound XVb by thionyl chloride

It was of interest fo determine whether the sterically
similar cholestercl analogues bearing the side chain at C-16
instead of C-17 would exhibit similar biological properties.
For the synthesis of these compounds 3B-hydroxyandrost-5-en-

18,

16-one 19 (XVIa) was protected as the tetrahydropyranyl

ether (XVIb), the keto group reduced with sodium borohydride,

x) Judging from the position of the hydrogen atom at C-3 the
chlorine probably possesses the 3a-configuration. For
comparison see: N.S. Bhacca and D.H. Williams, Applications
of NMR Spectroscopy in Organic Chemistry, Holden-Day, San
Francisco, 1964, p. 74, table 4-2.
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and XVII etherified with 2-chlorcethyl-dimethylamine or Z-chloro-
propyl-dimethylamine. Splitting of the resulting tetrahydro-
pyranyl ethers XVIIIa and b gave the basic ethers XIXa and XI¥bL.

The synthesized compounds were investigated during a
10-day assay in normal rats and rats fed with 6-propylthiouracil
at a dose of 10 mg daily for theilr effect of changing the serum
cholesterol level. letermination was made

a) by photometric measurement of the color reaction
according to Liebermann-Burchard of the chlcroform-
methanol extract obtained from the serum as compared

to cholesterol.

b) By gas-chromatographic determination of the relation
of cholesterol to desmosterol after previous saponi-
fication of the serum wilth alkali and isclation of
the total sterol by preparative layer czhr'oma’cogr'aphygo"21

on silica gel.

¢) By thin layer chromatographic evaluation of the total
sterol after previous saponification of the serum with
alkali on silica gel layers impregnated with silver
nitrate.

In all preparations investigated, including 20,25-diaza-
cholesterol, there was a parallilism between the photometri lower-
ing of the serum sterol level determined photometrically according
to a) and the desmosterocl portion found by gas chromatography. The
oxa-compounds where C-25 was replaced by nitrogen, in particular
compounds IVa, IXa, and XI, showed a desmosterol portion of more
than 50 per cent of the serum sterols. In the 20-oxa-2l-nor-24-
aza derivatives, especially compounds IXd and IXe, the desmosterol
portion was slightly lower, but still considerable. These findings
are parallel to those obtained in the mono-aza-cholesterol
series 3’22. Of these, the 25- and 24-aza-cholesterol also are
the most active compounds. Thus, our results demonstrate that
25- and 24-aza-cholesterols and related compounds are highly
potent hypocholesterolemic agents, regardless whether C-20 or
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C-22 are present as carbon atoms or whether they are replaced by
oxygen or nitrogen. These substances therefore produce an
absolute reduction of cholesterol, while the total sterol level
remains largely constant. The presumable lowering of total
sterols in the Liebermann-Burchard reaction is mainly due to

the remission values of desmosterol which are 60 per cent less
compared to cholesterol.

The animal experiments were conducted by Dr. Voege and
Dr. Freisberg, Medical Research Laboratories of E. Merck AG, the
gas-chromatographic determinations by Dr. Ripphahn, Chemical
Research Laboratories of E. Merck AG, Darmstadt.

EXPERIMENTAL 27

3B8-Hydroxyandrost-5-en-16-one tetrahydropyranyl ether
(XVIb). -
A solution of 1.8 g. of 3B-hydroxyandrost-5-en-16-one (XVIa) in
26 ml. of dihydropyran was treated with a drop of concentrated
hydrochloric acid and refluxed for 90 min. After addition of a
potassium hydroxide pellet to the reaction mixture the solvent
was evaporated in vacuo, the reslidue dissolved in ether, and
filtered. Upon concentration 1.2 g. of the tetrahydropyranyl
ether (XVIb) crystallized, m.p. 177-178°.

Anal. Caled. for C,,H. 0. (372.6): C, T7.3; H, 9.7.
Found: C, 77.1; H, 9.8. 243673

Pregn-5-en-38,20a-diol 3-tetrahydropyranyl ether (II). -
To a solution of 43.5 g. of gB—hydroxypregn—S-en-20-one 5-tetra=
hydropyranyl ether (I) in 4.4 1. of boiling absolute ethanol
220 g. of sodium were added within 1.5 hr. in portions which
kept the solution refluxing. Then 1.5 1. of ethanol was distilled
off, the remaining part cooled, and poured into 8 1. of iced
water. The crude product obtained by following the usual work-up
with chloroform was combined with that of a second run of equal
size and chromatographed with petroleum ether/benzene (3:7) on
1.42 kg. of alumina. Elution with benzene and benzene/chloroform
(9:1) yielded 25.3 g. of a mixture of I with the 20B8-isomer of
I and 1little II. Benzene/chloroform (1l:1) eluted 37.1 g. of II
containing about 5 per cent of the 208-isomer and finally 11.3 g.
of II together with more polar products (3-hydroxy compounds). Re-
crystallization of the main fraction Sﬁom acStone gave 20.2 g.
of pure II (23 #), m.p. 143-147°; /a/2" - 46°; IR-band at
3500/cm (OH); no CO-band.
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Anal. Caled. for C. H,.0. (%02,6): C, 77.6; H, 10.5.
Found: C, 77.5: H, 10.4, 20 %4273

Another 5.9 g., m.p. 113-115°, crystallized from the
mother liquor.

Using the same procedure 38-hydroxy-5a-pregnan-20-one
3_tetrahydropyranyl ether (V) was reduced to 5a-pgegnan—38,20a—
diol 3-tetrahydropyranyl ether (VI), m.p. 135-147°. The yield
after one recrystallization of the chromatographically purified
fraction from acetone was 22 “. An analytical sample melted at
152-159°; /@/%O + 293 IR-band 3450/cm (OH); no CO-band; NMR:
4.7 (-0-CH-0-"); 1.25 and 1.15 (21); 0.8 (19); 0.65 (18).

Anal. Calecd. for C,.H),0, (404,6): C, 77.2; H, 11.0.
Found: C, 76.5; H, 10.7. 20 *°3

Androst-5-en-38,178-diol 3-tetrahydropyranyl ether (VIII).
38~-Hydroxyandrost-5-en-17-one J3-tetrahydropyranyl ether (72.5 g.)
was hydrogenated in 9 1. of methanol with 65 g. of methanol wet
Raney-nickel until the reaction came to a standstill. After
42 hr. 5.24 1. of hydrogen were consumed. After removal of the
catalyst and concentration of the filtrate 67 g. (92 7) of VIII
crystallized, m.p. 160-162°. An analytical sample melted at
162-164°, (0tt and coworkers © obtained the product after reduc-
tion with lithium aluminium hydride with a melting point of
161-162°, corr.). The mother liquor yielded additional 2.7 g.,
m.p. 150-1520,

Accordingly 3B8-hydroxyandrostan-17-one 3-tetrahydro=
pyranyl ether was reduced to ba-androstan-38,172-diol 3-tetra=
hydropyranyl ether (X) with a yield of 708 %, m.p. 164-10C°. A
pure samp.ie melted at 175-177°. (Marquet and coworkers 5 found
168-169.5°, corr., after reduction with potassium borohydride. )

Androst-5-en-38,168-dicl 3-tetrahydropyranyl ether (XVII).
The 16-keto compound Xvib (1.4 g.) was dissolved in 100 ml. of
dioxane, treated with sodium borohydride (1.4 g.) and ethylene=
diaminetetraacetic acid (0.4 g.; Titriplex II of E. Merck AG,
Darmstadt) and stirred for 45 min. at room temperature. The
reaction mixture was filtered, diluted with water, adjusted to
pH 7.2 with potassium sodium tartrate, and extractec with
ether. The extract yielded the crude 3.16-diol 3-tetrahydro=
pyranyl ether which crystallized from n-hexane with a melting
point of 131-133° (yield 1.1 g.).

22-0xa-25-azacholesterol 3-tetrahydropyranyl ether
IIIa). -

Liquid ammonia (100 ml.) was dried with metallic potassium,
then treated with a trace of ferric nitrate, and 1.6 g. of
finely cut potassium within 1 hr. After stirring at - 70° for
1 hr. a solution of 16.1 g. of pregn-5-en-383,20a-diol 3-tetra=
hydropyranyl ether (II) in 50 ml. of absolute tetrahgdrofurane
was added dropwise in 20 min. After stirring at - 10~ for
another hour the ammonia was evaporated by a stream of nitrogen
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through a drying tube. The remaining solvent was removed in
vacuo at room temperature. To the residue dissolved

in 50 ml. of absolute dioxane a solution of 8.5 g. freshly
distilled 2-chloroethyl-dimethylamine in 10 ml. of absolute
dioxane was added dropwise and refluxed for 2 hr. After the
addition of anothner 4.3 g. of 2-chloroethyl-dimethylamine in

5 ml. of absolute dioxane the reaction mixture was refluxed
for 3 hr., then cooled, the potassium chloride filtered off,
and the solvent evaporated. Chromatography on 160 g. of

silica gel gave 9.65 g. of the starting material with benzene/
chloroform (1:1) as eluting agents; with chloroform/methanol/
triethylamine (100:10:1) 7.55 g. of IIIa were obtained. One
recrystallization from acetone yielded 4.94 g. of pure IIla,
m.p. 104°. The analytical sample melted at 106-108%. The IR-
spectrum showed no OH-band. NMR: 5.4%4 (6); 4.77 (-0-CH-0-);

6 protons next to O between 4.2 and 3.1; 2.49 (triplet, CH2—N);
2.29 (‘V(CHj)g); 1.2% and 1.13 (21); 1.03 (19); 0.67 (18).

Anal. Caled. for C}OHBlNOB (473,7): C, 76.1; H, 10.9;
N, 3.0. Found: C, 75.6; H, 10.9; N, 2.8.
Accordingly were prepared

22-0Oxa-25-azacholestan-38-0l1 3-tetranydropyranyl ether
by reacting VI with 8—chloroethyl-dimethylamine, m.p. 53-059
(from acetone); /a’2Y + 16°; NMR: L4.€5 (-0-CH-0-), 6 protons

next to O between HPZ and 3.0; 2.62 (triplet, CH2—N); 2.39
(—N(CHB)Q); 1.19 and 1.09 (21); 0.78 (19); 0.62 < (18).

Anal. Caled. for C}OH53N03 (475,8): C, 75.7; H, 11.2;
N, 2.9; 0, 10.1. Found: C, 75.2; H, 11.4%; N, 3.3;
0, 10.7.

20-0xa-21-nor-24-methyl-24%-azacholesterol 3-tetrahydro=
pyranyl ether by reacting VIII with 2-chlorgethyl-methyl-isopro
pylamine, m.p. 131-133° (from acetone); /a 20 _"36%; NMR: 5.4
(6); .77 (—O—CH—O—g; 2.58 Etriplet, CH,-N ? 2.27 (N—CHB); 1.06
and 0.95 (—CH(CI—I})2 ;5 1.02 (19); 0.77 (18).

Anal. Caled. for C30H51NO3 (473.7): C, 76.1; H, 10.9;
N, 3.0. Found: C, 76.2; H, 10.9; N, 2.9; 3.3.

20-0Oxa-21-nor-24-ethyl-24-azacholesterol 3-tetrahydro=
pyranyl ether by reacting VIII with 2-chlor88thyl—8thyl—isopro-
pylamine, m.p. 10%-107° (from acetone); [Q/D - 347 NMR: 5.4
(6); 4.78 (-0-CH-0-); 1.06 ancd 0.94 (—CH(CHE)?); 1.0% (19 and
triplet -CHg-CHB); 0.77 (18). -

Anal. Calecd. for 031H53N01 (487.8): ¢, 76.3; H, 11.0;
N, 2.9. Founda: C, 76.3; “H, 11.0; N, 3.2.

20-0xa-21,27-bisnor-24-ethyl-24-azacholesterol 3-tetras=
hydropyranyl ether by reacting VII] withOE-chlorotrietg lamine,
m.p. 100-1030 ({rom acetone); [a/22 - 29°. NMR: 5.42 (6); &.7h%

(-0-CH-0-)3 1.02 (19 and triplet 90H2-CH3); 0.75 (18).

Anal. Caled. for CiOH_lNOB (473,7): C, 76.1; H, 10.9;
¥, 3.0. Tound: C, 7(.6; Y2 H, 1C.9; N, 2.C.
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20-0xa-21.2k-visnor- zgeaaac wlesterol 3-tetrahydro=
pyranyl ether by reacting VIII w Eh 2~ chloroetnsl -dimethylamine,
rm.p. 9¢-102° (from acetone); Lq 31°9; NMR: 5.4 (6); ho7e
(-0-Cli~0-); 2.47 (triplet, CH.-ND; 2.27 (-N(c ) y; 1.01 (19),
0.7¢ (18). &

‘ Anal. Calcd. for b?nﬂuwmoj (44 ,Z) C, 75.5; H, 10.6;
N, 3.1. Foura: C, 75.0; 1, ;C.C; N, Z.3.

2C-0Oxa-2i-nor-25-azacholiesterol J-tetrahydropyrany.

ether. -

A spersicn of sodiwe hydricde (72 £.3 2C 7 in mineral oil)
01luted with 900 i:i. of absolute xylene was added to a solubtion
of 35 g. of VIII in 1.1 1. ¢of absclute xylene, and refluxed for
Q0 min. The cooled nmixture was ¢ S-Lromncs=

rrop“l—ulwe*kdIawnon‘“* romice, and refluxed fo
73 g. of a sodium hydride Ll“pe sion ciluted wi
absolute xylene was acded, ancd refluxing continued for another
period of 4 ar. After decomposing with iced water the reaction
mixture was worked up with chloroform ancd water as usually. The
crude product was chromatcgrarhecd in benzene on 350 g. of silica
gel. Elution with benzene/chloroform (8:2) gave an unpolar by-
product and starting material, with chloroforr/*ethanol’“rlethl-
amine (100:1:1) 38.5 g. of the desired comnoung. A sample was
recrystallized from acetone, r.p. 68—7lo° /a/2% - 389; NMR:

5.4% (€6); 4.76 (-0-CH-C-); 2.2% (-n(CH,),): 1.03 (19); 0.76
(183. 32

Y e
sol a r
rezted with 75 ¢. of
and for h
g £

Anal. Calecd. for u29q49h07 (459,7): ¢, 75.8; H, 10.7;
N, 3.1. Found: C, 75.7; H, 10.7; N, 2.G.

Accordingly were preparec
20~-0xa-21-nor-25-azacholestan-2l-0l 3-tetrahvdropvranyl

ether frog X. M.p. after recrystellization fron aceuoge €32-059;
7700 DO avm. kE I . LG G);
/a/g0 + &5 MeR: 467 (-0-CH-C-~); 2.33 (-‘(c‘i;g,, Cc.C1 (19),

Anal. Calcd. for cquiﬁrov‘(bél. Y: &, 7H.E; H, 11.2;
N, 3.0. Founc: C, 75.7; S S SE, 11k ow, 2.5 3.1,

Conipound AVII was reacted in the sare way. The okbtained
tetrahydropyranyl ethers XVIIIa (with c—chloroetny ~gimethyl=

mine) and XVIIIb (with 3 cnloroprop*l—c;:cthV“ mine ) were

purified chromatographically on basic zlumina but not isclatecd

crystalline. Refluxing with 5 [ agueous aicoholic hydrochloric
77 VT Vo Ak Ta N

acicé resulted in the crystalliine hydrochlcerides XIXa end ik,
respectively.

—(2’-DimethylamLAOGPFOYy)—-:droc*—ﬁ—cn—jm—oI
hydrochloride, m.p. 205-203Y {from methanol acetone).
Anai. Calcd. for Cny¥ ClH0, (512,1): C, $9.k; &, 10.1;
Ci, 8.S; N, 3.5. Found: - ¢, $9.1; H, 10.3; C1, G.f€;

"r ~
\ :
Ny « e
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168-(3’~Dimethylaminopropoxy)-androst-5-en-38-0l
hydrochloride, m.p. 253-2000 dec. (from acetone/chlorcform).

Anal. Calecd. for Cg5HuuC1N02 (42€6,1): c, €9.€; H, 10.3;
cl, 8.6; N, 3.4. Found: ' c, 69.5; H, 10.1; Cl, 9.0;
N, 3.9.

22-0xa-cholesterol (IVe). -
A solution of ©.0 g. of pregn-5-en-3B8,20a-diol 3-tetrahydropyranyl
ether (II) in 300 ml. of xylene was given into 35 g. of a 20 7
sodium hydride dispersion in mineral oil ané 160 ml. of xylene
and refluxed in a nitrogen atmosphere for 2 hr. Then a solution
of 45 g. of isoamylbromide and 32 ml. of triethylamine in
240 ml. of xylene was added, refluxed for another hour, and
poured into 1 1. of water. The organic phase was separated, the
aqueous layer extracted 3 times with 200 ml. portions of chloro-
form, and the combined organic phases washed twice with a little
water and dried over sodium sulfate. After evaporation of the
solvent the residue was dissolved in 20 ml. of chloroform,
applied as a band on 2 glass plates (1 m x 20 cm) covered with
a 2 mm layer of silica gel (E. Merck AG, PF25M+366)’ and
developed twice in chloroform and in a mixture of
petroleum ether/chloroform (40:60). Three bands were visible in
the UV light of 366 mu by brightening of the blue fluorescence.
The upper zone was identified as 22-oxacholesterol (IIIb), the
middle as a byproduct, 3B-hydroxy-pregn-5-en-20-one >-tetra=
hydropyranyl ether presumably, and the lower zone as nonreact-
ed starting material II. The upper and the lower kand was eluted
with a mixture of chloroform/methanol (90:10) to give 3.2 g. of
IITb and 2.0 g. of II. The crude 22-oxacholesterol 3-tetrahydro=
pyranyl ether (3.2 g., IIIb) was dissolved in 32 ml. of ether,
treated with 0.25 ml. of concentrated hydrochloric acid in
%2 ml. of methanol, and left 1 hr. at room temperature. After
addition of 320 ml. of ether the ethereal solution was washed
neutral with several portions of water, dried over sodium
sulfate, and evaporated. The residue was crystallized from
methanol to give 1.9 g. of 22-oxacholesterol (IVe) with a m.p.
at 140° after another recrystallization from methanol.
NMR: 5.33 (6g 4 hydrogens next to C between 3.9 and 2.9; 1.18
and 1.08 (21); 1.00 (19); 0.94 and 0.84 (26, 27); 0.66 (18).

Anal. Caled. for C,gHy)0, (388,6): c, 80.4; H, 11.4.
Found: C, 80.2; H, 11.3.

ws e

22-0xa-24-norcholesterol (IVd). -

The reactions were carried out under the conditions described
for the synthesis of 22-oxacholesterol (IVe) with 12.3 g. of
pregn-5-en-38,20a-diol 3-tetrahydropyranyl ether (I1) and

86 g. of isobutyl bromide as starting materials. After prepa-
rative layer chromatography 3 bands could be scraped off the
upper of which contained 22-oxa-24-norcholesterol Z-tetra=
hydropyranyl ether (2.7 g., IIIc), the middle a byproduct,
3B-hydroxypregn-5-en-20-one 3-tetrahydropyranyl ether
presumably, and the lower nonreacted starting material II
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(6.0 g.). Cleavage of the tetrahydropyranyl ether (IIIc)
and crystallization of the crude product from methanol
yielded 1.1 g. of 22-oxa-24-norcholesterol (IVd). The melt-
ing point was at 122° after a further recrystallization.
NMR: 5.3 (6); ¥ hydrogens next to O between 3.8 and 2.7;
1.18 and 1.08 (21); 1.00 (19); 0.9% and 0.83 (26, 27);

0.67 (18).

Anal. Calcd. for 025H4202 (374,6): ¢, 80.2; H, 11.3.
Found: C, 80.2; H, 11.5.

20-0xa-21, 24 -bisnorcholesterol (IXf). -
Androst-5-en-38,178-diol 3-tetrahydropyranyl ether (15.0 g.,
VIII) was reacted with 120 g. of isoamyl bromide according
fo the procedure described for the preparation of IVe. Pre-
parative layer chromatography separated 3 compounds. After
elution 20-oxa-21,24-bisnorcholesterol 3-tetrahydropyranyl
ether (9.7 g.) was isolated from the upper band, 3B8-hydroxy=
androst-5-en-17-one 3-tetrahydropyranyl ether from the
middle identified by comparison of its melting point, TLC,
and IR-spectrum with an authentic specimen, and nonreacted
starting material (3.5 g., VIII) from the lower band. Removal
of the tetrahydropyranyl rest and crystallization of the
crude material from methanol gave 4.7 g. of gO—oxa—El,Qh—
bisnorcholesterol (IXf) having a m.p. at 128~ after another
recrystallization from the same solvent.
NMR: 5.56 (6); 3.56, 3.45, and 3.34 (22); 1.02 (19); 0.94
and 0.84 (26, 27); 0.7¢ (18).

Anal. Calcd. for C,yH) -0, (360,6): C, 79.9; H, 11l.2.
Found: C, 80.1; H, 11.2.

20-0xa-21,23,24-trisnorcholesterol (IXg). -
Reaction of 15.0 g. of androst-5-en-38,178-diol 3-tetrahydro=
pyranyl ether (VIII) with 112 g. of isobutyl bromide and
work-up as described for compound IVe yielded 20-oxa-21,23,24-
trisnorcholesterol 3-tetrahydropyranyl ether (3.0 g.),
3B-hydroxyandrost-5-en-17-one tetrahydropyranyl ether, and
starting material (11.0 g., VIII). 20-0xa-21,23,24-trisnor=
cholesterol (1.7 g., IXg) was obtained by cleaving its
tetrahydropyranyl ether and by two crystallizations from
methanol with a m.p. at 131°,
NMR: 5.3 (6); %.22 (22); 1.02 (19); 0.93 and 0.83 (26, 27);
0.76 (18).

Anal. Calcd. for C..H,o0,. (346,6): C, 79.7; H, 11.1.
Found: C. 75.6: H, 11.1. 2> 2672

22-0xa-25-azacholesterol (IVa). -
I1Ta (3.35 g.) was refluxed in ethanolic hydrochloric acid
(5 %, 67 ml.) for 3 hr., poured into water, treated with
3 ml. of a 7 % solution of sodium bicarbonate, and worked
up with chloroform. The crude product (2.7 g.) was crystalliz-
ed from acetone to give 2.35 g. IVa, m.p. 158-161°. An
analytical sample recrystallized from methanol,//acetone
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melted at 161-162°; /:]24 - 30%; NMR: 5.45 (6); 4 hydrogens
next to O between 4 and 2.9; 2 53 (triplet, CH, -N); 2.32
(-N(CH),)5 1.23 and 1.13 (21); 1.03 (19); 0.69 2(189.

Anal. Caled. for 02 Hujhog (389,6): ¢, 77.1; H, 11.1;
N, 3.6. Found: C, 76.6; 29 H, 10.8; N, 3.9; 3.0.

Accordingly were obtained from the corresponding
tetrahydropyranyl ethers :

22-0xa-25~azacholestan-38-01 (VII) double m.p.

135- 136o and 1FE-TH5Y (from acetone); /gD + 349,
NMR: 2.56 (triplet, CH2 -N); 2.32 (- N(CH )2); 1.19 and
1.09 (21) 0.79 (19) 0. 63 (18).

Anal. Caled. for 025
N, } 6 0, 8.2. Found:
0, ©.0.

H, NO, (391,7): C, 76.7; H, 11.6;
4520 7615 H, 1.7 N, b3

20-0xa-21l-nop-25- azacholesterol (IXa), m.p. 153-154°
(from acetone), {léﬁ) - 480, NMR: 5.4 éb), 3.50 (triplet,

0-CH,); 2.2k 1.0% (19) 6 (18)°

Anal. Calcd for 024H41NO (375 6): C, 76.8;
H, 11.0; N, %.7. Found: 76.2; H, 10.8; 11.2;
N, 3.6; 3.8

Hydrochloride, m.p. 282-285° (from methanol/acetone).

20~0xa-21-nor-24-methyl-24- azacholeqterol (IXb),

m.p. 117-119° (from acetone), /a/sVY - 51O NMR: 5.4 (0);
2.61 (triplet, CH,-N); 2.29  (-N-cH 5); 1.0 and 0. 98 (26,
27); 1.03 (19); ©0.77 (18).
Anal. Caled. for C,.H;,<NO (}89,6) C, 77.1;
25743772, 776 95 1, 11.53;

H, 11.1; N, 3.6. Found:
N’ 508.

20-0xa-21-nor-24-ethyl-24-azacholesterol (IXc),

m.p. 87-89Y (from acetone); [Q/EU ~ 480,

Anal. Caled. for C,.H),.NO, (403,7): C, T7.4;
2645 20 70 H, 1.5

H, 11.2; N, 3.5. Found:
N, 3c8.

m.p. 100~ 03 rom acetone);
4 hydrogens next to 0 between 3.9 and 3. l
triplet -CH,- CH ); 0.76 (18)

Anal. Calcd for 025H43 (389.6): Cc, 77.1;
H, llél N, 3 . Found: C 76.5; H, 11.2;
N, 3.6.

20-0xa-21,24-bisnor~25-azacholesterol (IXe)

5.
1.0% (19 and

m.p. 158-1610 (from acetone); 7aJ; §4 = 500; WHR: 5.%8 (6);
2.57 gtrlplet, 0- CH2); 2.49 (triplet, CHQ—N); 2.27 (—N(CHB)Q);
1 19); 0.77 (18).
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Anal. Caled. for C,,H,,NO. (361,6): C, 76.4; H, 10.9;
N, 3.9. Found: C, 76.3; 2229 24, 11.2; N, 4.0; 3.7.

20-0xa-21l-nor-25-azacholestan-38-o0l (XI),
m.p. 137-1389 {from acetone]; /a7gV + 8°; NMR: 3.43 (triplet,
0-CH,); 2.%% (triplet, CH,-N); 2.18 (-N(CHx),); 0.80 (19);
0.73°(18). 2 >’

Anal. Caled. for 024H43N02 (377,€): C, 76.4; H, 11.5;
N, 3.7. Found: C, 76.%4; H, 11.7; N, 3.5.

17B8-Methyliminocandrost-5-en-38-0l1. -
A soiution of sodium methoxide prepared from 1.5 g. of sodium
and 25 ml., of absolute methanol was added tc the suspension of
33-acetoxyandrost-5-en-17-one (5 g.) in 50 ml. of absolute
methanol whereby the substance dissolved. After addition of
methylamine (7 ml.) at - 50° the solution was heated in a
sealed tube at 90° for 7 hr. The reaction mixture was poured
into water and extracted with chloroform. The washed and
dried extract was evaporated to dryness in vacuo and the
residue crystallized from ether to yield 5.5 g. of 17B8-methyl=
iminoandrost-5-en-38-0l, m.p. 221-223°,

Anal. Caled. for CQOHBINO (301,5): C, 79.6; H, 10.3;
N, 4.7. Found: C, 79.3; H, 10.1; N, 4.6.

178-Methylaminoandrost-5-en-38-0l (XT1). -
To a suspension of 5 g. of the foregoing imine in 150 ml. of
absolute ether 4% g. of sodium borohydride in 100 ml. of dry
tetrahydrofuran was added dropwise under stirring in 15 min.
After 1 hr. reflux methanol, water, and potassium sodium
tartrate were added and the mixture was well shaken. The
organic layer was separated and the aqueous phase extracted
with ether. The combined organic phases were washed neutral,
édried, and concentrated. 17B8-Methylaminoandrost-5-en-38-o0l
crystallizedofrom ether in a 95 % yield, m.p. 203%-204°;
/a/52 - 59.0".

Anal. Calcd. for 020H33No (303,5): C, 79.2; H, 10.9;
N, 4.6. Found: C, 79.2; H, 10.9; N, 4.5.

178-Methylaminoandrost-5-en-38-0l 3,17-di-(isopropyl=
oxyacetate) (XII1). -
XII (14.45 g.) was dissolved in 120 ml. of absolute benzene,
cooled with ice, then after addition of 12.2 g. of triethyl=
amine treated dropwise with a solution of 32.6 g. of isopropyl=
oxyacetyl chloride in 30 ml. of absolute benzene. The reaction
mixture was refluxed under exclusion of moisture, then cooled,
poured into 1.5 1. of a 5 % sodium bicarbonate solution, and
worked up with benzene and water as usually. The crude product
was chromatographed in benzene on 450 g. of silica gel. A mixture
of benzene/chloroform (8:2) eluted 0.3 g. of 3B-chloro-178-methyl=
aminoandrost-5-ene N-isopropyloxyacetate, m.p. 115-117° (from
ether); IR: 1650/cm (N-C=0); NMR: 5.38 (6); 4.5 (broad, 3); 4.18
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CO0-CH,-0); 2.95 (N-CH,); 1.26 and 1.16 C(CH 5 1.04 (19);
(oo-CH70); 2.95 (-Ci) (> c(ciy) ) (19)

Anal. Caled. for C,.H,.CINO, (421,1): Cl, 8.4; N, 3.3.
Found: CI, B.2; N, %.1. &> 2972

It was followed by a mixture (5 g.) of this substance
with 178-methylaminoandrost-5-en-38~0l1 3-chloroacetate-N-iso=
propyloxyacetate, then by 1.5 g. of the pure foregoing compound,
m.p. 201-203° (from acetone); IR: 1750 (ClCH2-C=O); 1660 and
1630/cm (N-C=0); NMR: 5.4 (6); 4.7 (broad, 3<); 4.19 and 4.04
(CO-CH,); 2.94% (N-CH;); 1.26 and 1.15 (> C{CHy).); 1.03 (19);
0.76 2(18). > >'e

Anal. Caled. for C27H41C1N04 (479.1): C, 67.7; H, 8.6;
Cl, 7.4; N, 2.9; 0, 13.4. Found: C, 67.5; H, 9.0;
cl, 7.4; N, 2.9; 0, 13.9.

The next eluted fraction (3 g.) contained the mixed
ester and the desired compound XIII, finally 9.7 g. cf pure
XIII. Crystallization from ether yielded 6.9 g. of XIII,
m.p. 120-122°. A £urther recrystallization raised the m.p.
to 124-126°; /a/3* - 102°.

Anal. Caled. for C,.H,,NO- (503,7): C, 71.5; H, 9.8;
N, 2.85 0, 15.9. Found: 20 %9 5¢,771.3; B, 9.8; N, 2.73
0, 15.6.

20-Aza-~-24k-oxacholesterol (XIva). -
To a cooled suspension of lithium aluminium hydride (1.56 g.)
in 70 ml. of absolute ether a solution of XIII (6.7 g.) in
absolute ether (100 ml.) was added dropwise. After 5 hr. reflux
the mixture was decomposed with water (20 ml.) and worked up
with ether. Concentration of the dried ethereal phase deposited
0.38 g. of a substance, m.p. 180-186°, raised to 198-201° by
recrystallization. The structure of 178-methylaminoandrost-5-
en-38-o0l N-isopropyloxyacetate was derived from the spectral
data. IR: 3400 (OH); 1640/cm (N-C=0); NMR: 5.37 (6;; 4,15
(CO-CH,-0); 2.93 (N-CH;); 1.24 and 1.14 (D> C(CHy),); 1.01 (19);
0.75 2(18). 2 52

The mother liquor was chromatographed in petroleum
ether/ether (3:2) on 150 g. of neutral alumina to give 3.6 g.
of XIVa recrystallized from petroleum ether (3.2 g.), m.p. 87-
8990; q/%e - 59°. The IR-spectrum showed no CO-band. NMR: 5.37
(6); hydrogens next to O between 4.0 and 3.0; 2.29 (N-CHy):;
1.19 and 1.09 (26, 27); 1.00 (19); 0.79 (18). 2

Anal. Caled. for C25H43NO2 (389.6): ¢, 77.1; H, 11.1;

N, 3.6. Found: C, 77.1; H, 11.1; N, 3.6.
20-Aza-24-oxacholestan-38-0l (XVa). -

XIVa (1.5 g.) was hydrogenated in glacial acetic geid (80 ml1.)

with platinum dioxide (0.5 g.) at 7 kg/cm@ and 62° until no more

hydrogen was taken up. The catalyst was filtered and the solvent

distilled off. Basic alumina (5 g.) was added to the crude

material dissolved in chloroform. Evaporation of the solvent
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left the adsorbate which was placed in petroleum ether on the
top of a column prepared from 45 g. of basic alumina. Elution
with getroleum ether yielded 270 mg. of XVa-3-acetate, m.p.
65-69° (from acetone). IR-bands at 1730, 1270, and 1245/cm,
no OH-band; NMR: 4.75 (3;; 3 hydrogens next to O between

4.0 and 3.1; 2.30 (N-CH;); 2.05 (COCHy); 1.21 and 1.11

(26, 27)3 0.82 (19); - 0.78 (18). 2

Further elution with mixtures of petroleum ether/ether
(4:1 to 2:3) produced 970 mg. of XVa, m.p. 103-105° (from
petroleum ether). NMR: 4 hydrogens next to O between 4.1 and
3.1; 2.27 (N-CHB); 1.19 and 1.09 (26, 27); 0.78 (18, 19).

3B-Chloro-22-oxa-25-azacholest-5-ene (IVb). -
A mixture of 2.35 g. of IVa and 2.35 g. of dry calcium
carbonate in 95 ml. of absolute ether and 47 ml. of absolute
tetrahydrofuran was treated dropwise with 47 ml. of thionyl=
chloride at 159, then stirred at room temperature for 4 hr.,
and filtered. The residue was washed with ether and the
combined filtrates were evaporated in vacuo to dryness. The
remainder was taken up in chloroform, the solution washed
with aqueous sodium bicarbonate and water, dried, filtered,
and concentrated. The crude product was purified by
chromatography on 110 g. of basic alumina with petroleum ether,
chloroform(2:1) to give 1.8 g. of IVb. After recrystallization
from acetone the melting point was at 97-98%; [QZDO - 229;
IR-spectrum without OH-band; NMR: 5.38 §6); 2.47 striplet,

CH -N); 2.27 (-N(CH ) ); 1.22 and 1.11 21); 1.03 19); 0.66
2(18). 5’2

Anal. Caled. for C
cl, 8.4; N, 3.4. Found:
cl, 8.4; N, 4.1,

CINO (408,1): C, 73.6; H, 10.4;

H
25 ke T3 7 75005 H, 710063

Accordingly were prepared

3q-Chloro-20-aza-24-oxacholestane (XVb) from XVa,
m.p. 65-670 (from acetone); /Ja/&0 + 199; NMR: #.47 (3); 2.27
(N-CH,); 1.18 and 1.09 (26, 57)% 0.77 (18, 19).

Anal. Caled. for 025H4401No (410,1): C, 73.2; H, 10.8;
c1, 8.7; N, 3.4. Found: C, 73.7; H, 10.8; Cc1, &.4;
N, 3.3.

3B-Chloro-20-aza-24-oxacholest-5-ene (XIVb) from XIVa.
The chromafographically purified product was converted into
its hydrochloride by adding ethereal hydrochloric acid to
the ethereal solution of XIVb. M.p. after Egcrystallization
from chloroform/ether was at 239-2400; /&7D - 330,

Anal. Caled. for C, H43012NO (444.6): ¢c, 67.6;
H, 9.8; TI, 16.0; N, 3.2. 22 Found: C, 67.5; H, 9.9;
cl, 16.0; N, 3.1.
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