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Condensation of 178-acetoxy-2a-bromo-Sa-androstan-3-one with unsubstituted and substituted amino-
pyridines, gives the corresponding 178-acetoxy-5a-androstanimidazo[1,2-aJpyridines.

Treatment of 16a-bromo-3-aza-A-homo-4c-androsten-4,17-dione with 2-aminopyridine or methyl-2-amino-
pyridine produces the corresponding 3-aza-A-homo-4c-androsten(16,17:2",3 Timidazo[1,2-g]pyridines. Similar-
ly, from 2a-bromo-17B-acetamido-5a-androstan-3-one and methylaminopyridine the 178-acetamido-5a-an-
drostan[2,3:2',3'limidazo[1,2-ajmethylpyridine has been obtained.

The structure of the compounds was apparent from their chemical properties and spectral data (ir, uv and

nmr).
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Chemistry.

The reaction of a-haloketones with 2-aminopyridines is
known as the Chichibabin reaction [1]. Extension of this
reaction to steroidal 16a-bromo-17-ketones and the 21-bro-
mo-20-ketone with substituted 2-aminopyridines in xylene
gives the corresponding imidazopyridines [2-3]. Condensa-
tion of 178-acetoxy-2a-bromo-5c-androstan-3-one (I) with
unsubstituted and substituted 2-aminopyridine gives the
corresponding 178-acetoxy-Sa-androstanimidazo[l,2-a)-
pyridines II. The 178-acetoxy-Sa-androstan(2,3:2',3")imi-
dazo[1,2-g]pyridine has also been obtained by the action of
pyridine and hydroxylamine on the 1783-acetoxy-2a-bro-
mo-Sa-androstan-3-one according to the method of
Gaglioti and co-workers [4}.

The structure of II was confirmed by physical and spec-
tral data. The compounds prepared are reported in Table
I and their spectral data in Tables II, III and IV.

Given that steroidal lactams present specific biological
interest [5-6] and that no information exists on the synthe-
sis and pharmacological properties of homo-aza-steroidal
imidazopyridines, we decided to prepare some compounds
of this type with the hope that in the near future we will in-
vestigate their pharmacological action.

The indroduction of the heterocyclic nucleus in the

D-ring of the modified steroid can be effected by treating
16c-bromo-3-aza-A-homo-4a-androstene-4,17-dione (II1)
[7] with 2-aminopyridine or substituted 2-aminopyridine in
xylene.

Table I

178-Acetoxy-Sa-androstan(2,3:2',3"limidazo[1,2-alpyridines II

Compound R Formula M.p.°C  Recryst.
Ne. Solvent
Ila H C;H,,N.0, 221-223 CH,OH
IIb 6'-CH, C,,H,N,0, 243-245 CH,0H
Ic 7'.CH, C,,H,N.O, 242244 CH,OH-
CH,CO0OC,H,
11d 8'-CH, C,,H, N0, 260-261 CH,OH-

CH,COOC,H,

Analysis
Carbon Hydrogen Nitrogen
Caled. Found Calcd. Found Caled. Found
76.85 77.22 8.27 8.12 6.90 7.21
7711  76.95 8.63 8.62 6.66 6.82
77.11 77.15 8.63 8.58 6.66 6.62
7711 7131 8.63 8.71 6.66 6.38
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Table 11 Structure assignment of the compounds IV obtained

IR of 17B-Acetoxy-5c-androstan(2,3:2,3"limidazo[1,2-a]pyridines II was based on physical and spectral (ir, uv and nmr) data
which are reported in Tables V, VI, VII and VIIL.

(-OCOCH,) (Ar)
Compound Stretching Stretching
No. Vibration (cm™') Vibration (cm™)
Ila 1728, 1240 750, 730
IIb 1730, 1250 795, 760
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Ile 1728, 1240 770, 740
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Table 111
UV of 17B-Acetoxy-5a-androstan[2,3:2',3limidazo[1,2-a]pyridines II
Compound No. A mp €
Ila 214, 228.1, 235.6, 269.4, 281.6 16444, 20355, 20266, 3733, 4133
ITb 215.1, 230.1, 2389, 273 284.1 22386, 23798, 24403, 4668, 4739
Ilc 215.6, 229.1, 235.1, 269.9, 282.2 19935, 24082, 19137, 5101, 5170
IId 215.2, 229.2, 2373, 272.1, 283.2 20676, 22338, 19846, 4784, 4915
Table IV
NMR of 178-Acetoxy-5a-androstan(2,3:2',3'limidazo{1,2-alpyridines (II)
Compound 5-H 6-H 7-H 8-H CHOCOCH, Ar-CH, ROCOCH, 19-CH, 18-CH,
No.
11 7.8 6.76 7.12 7.54 4.62 - 2.06 0.88 0.84
Ila 7.6 — 6.95 7.44 4.64 2.32 2.04 0.86 0.86
IIb 7.83 6.75 — 7.44 4.64 2.38 2.06 0.84 0.84
e 7.58 6.96 7.34 —_ 4.66 2.36 2.10 0.84 0.84
Table V
3.Aza-A-homo-4a-androsten[16,17:2',3'limidazo[1,2-a]pyridines IV
Recrystal- Analysis
Compound R Formula Yield Mp °C lization Carbon Hydrogen Nitrogen
No. %o Solvent  Caled. Found Caled. Found Caled. Found
v H C, H,,N,0 90 > 300 CH,OH 76.50  76.39 7.87 7.81 11.20 1095
Ivb 6'-CH, C,sH,,N,0 85 > 300 CH,OH 7712 7711 7.96 8.25 10.79  10.82
IVe 7'-CH, C, H,,N,0 87 > 300 CH,0H 7712 1745 7.96 8.20 10.79  10.51

Ivd 8'CH,  C,H,N,0 65 >300 CHOH 7712 7692 796 816 1079 1039
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An alternative method has been also used for the syn-
thesis of compound IVa, using as starting material
160-bromo-3-aza-A-homo-4a-androstene-4,17-dione in py-
ridine-hydroxylamine hydrochloride mixture.

Using as starting material 20-bromo-3-oxo-13a-amino-
13,17-seco-5a-androstan-17-0ic-13,17-lactam (V) and
2-amino-5-methylpyridine, we have obtained the 17a-aza-
D-homo-5a-androstan [2,3:2',3'limidazo[1,2-a]-6'-methyl-
pyridine (VI). :

Imidazopyridines
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Compound VI was also synthesized by an alternative
method using compound II as starting material. Specifi-
cally, compound II was hydrolyzed and its 178-OH group
was oxidized to the corresponding ketone. The ketone was
subsequently transformed to the corresponding oxime
which generated compound VI and the unsaturated nitrile
VII by Beckmann rearrangement. Compound VI and VII
were separated by column chromatography.

For biological purposes we have synthesized compound
VIII, which has the amide group out of the steroidal

OH skeleton, using as starting material 1783-acetamido-2a-bro-
" OH mo-5a-androstan-3-one and 2-amino-5-methylpyridine.
The synthesis of compound VIII could be also effected by
reduction of the oxime of Sa-androstan|2,3:2,3'limidazo-
[1,2-a)pyridin-17-one with t-butyl alcohol and sodium fol-
lowed by acetylation.
NHCOCH,
NOH
“ CamN CHs
S Vi + — t:,‘\l\_/(j:
NNy
Vil H
VIt v
Table VI
IR of 3-Aza-A-homo-4a-androsten[16,17:2',3limidazo[1,2-aJpyridines IV
Compound
No. (-NH.) Stretching Vibration (cm™) (-NHCO-) Stretching Vibration (cm™) (-Ar) Stretching Vibration (cm™)
IVa 3300 1625, 1590 750, 730
IVb 3300 1625, 1590 800, 750
IVe 3300 1625, 1590 775, 7120-740
Ivd 3300 1625, 1590 770, 740
Table VII
Uv of 3-Aza-A-homo-4a-androsten{16,17:2",3'limidazo]l,2-a}pyridines IV
Compound R A mp €
No.
IVa H 214.3, 230, 235.5, 229.5, 281.3 16298, 17770, 18575, 3271, 3349
IVb 6'-CH, 216.4, 230.5, 238.4, 275.5, 280.2 23735, 21498, 19739, 3404, 3696
Ve 7'-CH, 216, 228, 236, 271, 283 38400, 39882, 41485, 11828, 12342
1vd 8'-CH, 215, 228, 235, 269.8, 281.8 31298, 33640, 35008, 5591, 5996
Table VIII
NMR of 3-Aza-A-homo-4a-androsten[16,17:2',3"limidazo[2,3-alpyridines IV
Compound 5'-H 6-H 7-H 8-H -COCH-C- NHCO Ar-CH, 19-CH, 18-CH;,
No.
IVa 7.90 6.77 717 7.64 5.78 7.38 — 1.20 1.05
IVb 7.68 — 6.94 7.48 5.78 7.35 2.31 1.22 1.02
IVe 7.81 6.76 — 7.51 5.78 7.37 2.34 1.20 1.04
Ivd 7.74 6.75 6.85 —_ 5.78 7.40 2.33 1.22 1.06



1610 S. Nikolaropoulos and P. Catsoulacos

EXPERIMENTAL

Melting points were determined on a Fisher Johns melting point appa-
ratus and are uncorrected. The ir spectra were recorded with a Perkin-
Elmer 298 in solid phase potassium bromide. The uv spectra were deter-
mined with a Perkin-Elmer 551s in methanol. The nmr spectra were de-
termined with a Jeol FX900 and with a Varian Associates XL-100 instru-
ment using deuteriochloroform and TMS as the internal standards. Ele-
mental analyses were performed by the analytical laboratory of the
Chemistry Department **Demokritos’’.

17-Acetoxy-5a-adrostan(2,3:2',3 limidazo[1,2-a]pyridines IL.
Method A.

To a solution of 10 mmoles of 2a-brome-178-acetoxy-Sa-androstan-3-
one in 20 ml anhydrous xylene, 2.5 X 10 mmoles of 2-aminopyridine or
substituted 2-aminopyridine was added and the mixture was refluxed for
96 hours. After evaporation of the solvent under reduced pressure, the
remaining residue was dissolved in chloroform and the solution was
washed several times with water dried over sodium sulfate and evapo-
rated under reduced pressure to give a residue which was chromato-
graphed on a column of silica gel prepared with chloroform, the corre-
sponding imidazo[l,2-alpyridines were obtained. The compounds pre-
pared and their spectral data are reported in Tables I-IV.

Method B.

A solution of 1 mmole of 2c-bromo-173-acetoxy-5a-androstan-3-one in
30 m) of anhydrous pyridine was refluxed for 18 hours. To this solution
700 mg (2 mmoles) of hydroxylamine hydrochloride was added and the
mixture was refluxed for 24 hours. After this time the solvent was evap-
orated under reduced pressure and the residue was extracted several
times with chloroform. The solution was washed several times with water,
dried over sodium sulfate and evaporated under reduced pressure. The
residue was chromatographed on a column of silica gel prepared with
chloroform. By eluting with chloroform, the 178-acetoxy-Sa-androstan-
[2,3:2',3'Jimidazo[1,2-a]pyridine was obtained in 38% yield. Its melting
point and ir spectrum were identical to the compound prepared by
method A.

3-Aza-A-homo-4a-androsten[16,17:2',3limidazo[1,2-a]pyridines IV.
Method A.

Compounds IV were obtained under the same reaction conditions
used for the preparation of II. Using as starting material 16a-bromo-3-
aza-A-homo-4a-androstene-4,17-dione (III) [7] and substituted and un-
substituted 2-aminopyridine in xylene. The physical and spectral data are
reported in Tables V-VIIL

Method B.

Reaction of 16c-Bromo-3-aza-A-homo-4a-androstene-4,17-dione with Hy-
droxylamine in Pyridine Solution.

Under the same reaction conditions as for the synthesis of compound
Ila, 3-aza-A-homo-4a-androsten[16,17:2',3'Jimidazo[1,2-alpyridine (IVa)
was obtained in 38% yield. Its melting point and ir spectrum were iden-
tical to IVa prepared by method A.

17a-Aza-D-homo-5a-androstan[2,3:2',3'limidazo[1,2-a}-6-methylpyridin-
16-one (VI).

Method A. From 2¢-Bromo-17a-aza-D-homo-5a-androstane-3,17-dione
).

To a solution of 10 mmoles of 20-bromo-17a-aza-D-homo-5a-andro-
stane-3,17-dione (V) [7] in 30 ml of anhydrous xylene, 2.5 x 10 mmoles of
2-amino-5-methyl-pyridine was added. The mixture was heated under re-
flux for 144 hours.

The solvent was subsequently evaporated under reduced pressure and
the residue was dissolved in chloroform and washed several times with
water. The chloroform solution was dried over sodium sulfate and the

Vol. 25

solvent was evaporated under reduced pressure. The residue was chro-
matographed from a column of silica gel (1:200) prepared with chloro-
form. By eluting with chloroform-methanol (98:2), the 17c-aza-D-homo-
Sa-androstan(2,3:2',3limidazo[1,2-a}6"methylpyridine (VI) was ob-
tained in 55% yield. Recrystallization from ethyl acetate gave mp
>300°C; ir » max 3200-3250 (NH), 1665, 1635 (NHCO), 800, 740 cm™
(Ar); nmr: §, 7.62 (5-H), 7.00 (7"-H), 7.12 (8"-H), 7.52 (NHCO), 2.34
(6'-CH,); uv: A mu. 215 (22810), 228.8 (24030), 236.5 (24210), 272.7 (4780),
283.8 (4920).

Anal. Caled. for C,H,,N,0: C, 76.72; H, 8.44; N, 10.74. Found: C,
76.57; H, 8.42; N, 10.44.

Method B. From 178-Acetoxy-5a-androstan(2,3:2',3'limidazo[1,2-a}6'-
methylpyridine (IT).

To a solution of 7.2 g of 178-acetoxy-5a-androstan(2,3:2',3'limidazo-
[1,2-a}-6"-methylpyridine in 250 m] of methanol, 2 g of potassium hydrox-
ide was added. The mixture was heated under reflux for 2 hours. After
this time cold water was added and neutralized with acetic acid. The
resulted precipitate was collected by filtration and washed several times
with water. After drying over calcium chloride 6.2 g of 178-hydroxy-5a-
androstan(2,3:2',3'limidazo[1,2-a}-6'-methylpyridine was obtained, mp
288-290°; ir: » max 3330-3350 (OH), 795, 745 cm™ (—Ar).

5a-Androstan(2,3:2',3 limidazo(1,2-a}-6'-methylpyridine.

To a solution of 6.5 g of 178-bydroxy-5a-androstan(2,3:2,3"limidazo-
[1,2-a}-6"-methylpyridine in 1 ¢ of acetone, 15 ml of Jones reagent was
dropwise added with agitation. The mixture was agitated for 20 hours at
room temperature. The solvent was evaporated under reduced pressure.
Water was added to the residue and the solution was extracted several
times with chloroform. The chloroform solutions was washed with water,
dried and evaporated. The residue was chromatographed on a column of
silica gel (1:20). The desired compound was obtained in 57% yield by
eluting the column with benzene-ethyl acetate (1:2) mp 280-281° (metha-
nol); ir (potassium bromide): » max 1730 (CO), 798, 745 cm™ (— Ar).

Anal. Caled. for C,H,,N,0: C, 79.74; H, 8.56; N, 7.44. Found: C, 79.78;
H, 8.45; N, 7.39.

Beckmann Rearrangement of Sa-Androstan{2,3:2',3'limidazo[l,2-a}-
6'-methylpyridin-17-one Oxime.

To a solution of So-androstan(2,3:2',3'limidazo[l,2-a}6methyl-
pyridin-17-one (3 g) in a mixture of ethanol (16 ml) and pyridine (16 ml), 4
g of hydroxylamine hydrochloride was added and the mixture was heated
under reflux for 3.5 hours. Subsequently, the solution was added to cold
water and the precipitate collected by filtration, washed with water and
dried over calcium chloride to give the corresponding oxime in 85%
yield, mp 300°; ir: 3300-3320 (OH), 1640 (C=N), 800, 745 cm™ (—Ar).

Without further purification of the oxime, 1.5 g was dissolved in 20 ml
of dry dioxane and the solution was cooled at 0°. To this solution, a solu-
tion of 2 ml of fresh distilled thionyl chloride in 8 ml of dry dioxane was
added dropwise with agitation. The mixture was agitated for 5 hours at
room temperature. It was poured into ice-water and extracted several
times with chloroform. The solution was washed with water, dried over
magnesium sulfate and the solvent was distilled under reduced pressure
to give a residue of 1.2 g, which was chromatographed on a column of
silica gel (200 g). Elution with chloroform gave 300 mg of w-cyanoolefin
VI, mp 241-243° (methanol-n-hexane}; ir: » max 2250 cm™" (C = N); nmr:
7.75 (5'-H), 7.00 (7-H), 7.43 (8"-H), 4.84, 4.51 (C=CH,), 2.37 (6-CH,), 2.30
(CH,-C=CH,), 1.26 (19-CH,); uv: A\ my 216.5 (22906), 231.5 (24651), 237.5
(24046), 256.0 (21674), 275.0 (8837), 282.3 (8883).

Anal. Caled. for C,;H,,N,: C, 80.38; H, 8.36; N, 11.24. Found: C, 80.02;
H, 8.42; N, 10.98.

With further elution of the column with chloroform:methanol (98:2)
the 17c-aza-D-homo-5a-androstan[2,3:2’,3'limidazo[1,2-a)-6"-methyl-
pyridin-17-one (500 mg) was obtained which had the same ir and mp with
compound VII prepared before from V and 2-amino-6-methylpyridine.

17B8-Acetamido-Sa-androstan{2,3:2',3'limidazo[1,2-a]-6"-methylpyridine
Ix).
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Method A. From Sa-Androstan{2,3:2',3'limidazo[1,2-a}-6"-methylpyridin-
17-one Oxime.

To a solution of 1 g of 5a-androstan(2,3:2',3'limidazo{1,2-a}6"-methyl-
pyridin-17-one oxime in 150 ml of butanol, 4.5 g of sodium was added.
The mixture was heated under reflux for 3 hours and it was poured into
ice-water. Then, it was extracted with chloroform. The solution was wash-
ed with water, dried and the solvent was evaporated under reduced
pressure. The remaining residue was added in a mixture of pyridine (5
ml) and acetic anhydride, and allowed to stay at room temperature for 24
hours. Then, it was poured into ice-water and extracted with chloroform.
After drying, the solvent was evaporated and the residue was chromato-
graphed from silica gel (120 g), using chloroform:methanol (99:1) gave a
reacted oxime acetate as the first fraction. Further elution with chloro-
form:methanol (95:5) gave the desired imidazopyridine (550 mg). Recrys-
tallization from methanol-ethyl acetate brought mp >300°; ir: » max
3280 (NH), 1640, 1540 (— NHCO - ), 795, 745 cm™* (— Ar); uv A mp 214.9
(22310), 229.0 (23775), 236 (24330), 273.1 (4660), 283.8 (4710); "H nmr:
7.57 (5"-H), 6.90 (7-H), 7.40 (8"-H), 7.32 (NHCO), 2.32 (6’-CH,), 0.98
(19-CH,), 0.85 (18-CH,).

Anal, Calcd. for C,,H,,N,0: C, 77.32; H, 8.33; N, 10.02. Found: C,
77.12; H, 8.67; N, 9.85.

Method B. From 178-Acetamido-Sa-androstan-3-one.
Synthesis of 173-Acetamido-2a-bromo-5a-androstan-3-one (VIII).

To a solution of 178-acetamido-5a-androstan-3-one (5 g) in 350 ml of
glacial acetic 6.3 g of pyridinium bromide perbromide was added. The

Imidazopyridines 1611

mixture was agitated at room temperature for 15 hours. Subsequently, it
was poured into ice-water and the precipitate was collected by filtration,
washed with water and dried to produce bromoketone VIII in 78% yield,
mp 181-183° (methanol) ir: » max 3280 (NH), 1720 (CO), 1640, 1540 cm™
(NHCO).

Anal. Caled. for C; H.,BrNO,: C, 61.46; H, 7.80; N, 3.41. Found: C,
61.58; H, 7.90; N, 3.68.

17b-Acetamido-Sa-androstan(2,3:2',3'Jimidazo[1,2-¢}-6'-methylpyridine
IX).

To a solution of 10 X 2.5 mmoles of bromoketone VIII in 30 ml of an-
hydrousxylene, 10 X 2.5 mmoles of 2-amino-5-methylpyridine was added.
The mixture was treated as usually and compound IX was obtained in
70% yield. Its ir spectrum and melting point were identical with the com-
pound prepared by method A.
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