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The enzyme steroid 5R-reductase (E. C. 1.3.99.5) is a
system of two NADPH-dependent membrane bound
isoenzymes (5RR-1 and 5RR-2) that catalyzes the conver-
sion of testosterone (T) to dihydrotestosterone (DHT) in
many androgen-sensitive cells.2 DHT has an established
role in the development of human benign prostatic
hyperplasia (BPH),3 whose incidence in the aging male
population is very high. Male pattern baldness,4 acne,5
alopecia in man,6 and hirsutism in woman7 are also
related to DHT formation. Thus, in the past decade,
great efforts have been made toward the synthesis of 5R-
reductase inhibitors, which by reducing the level of DHT
in the target tissues, could be used as drugs for the
pharmacological treatment of the above androgen-de-
pendent disorders.3b,8 This work has led to the discovery,
among the others, of two classes of inhibitors based on
the steroidal structure of testosterone modified through
the introduction of a nitrogen atom in the A (4-azaster-
oids) or B ring (6-azasteroids).3b,8,9
Recently, we have reported on the synthesis and

biological evaluation of a novel class of potent azaster-

oidal inhibitors (19-nor-10-azasteroids) having as a new
feature a bridgehead nitrogen atom at position 10 of the
steroidal skeleton.1 We based the synthesis of these
compounds on the sequential rearrangement-cyclization
of isoxazoline-5-spirocyclopropanes, a methodology well
established in our laboratory, which allows the incorpo-
ration of a 4-pyridone moiety in a polycyclic system.1a,10
However, the preparation of the suitably functionalized
isoxazolines required several synthetic steps, and more-
over, the final thermal rearrangements always gave the
azasteroids in low yield and in mixture with other
products. Therefore, owing to the need of a more efficient
procedure for the preparation of 10-azasteroids, we
planned a new strategy based on the tandemN-(acyloxy)-
iminium ion-Michael addition reaction, recently de-
scribed by Pilli and co-workers for the synthesis of bicyclic
N-bridgehead alkaloids,11 which should provide the 19-
nor-10-azasteroidal skeleton in only six steps from com-
mercially available (+)-3-[(3aS)-(3aR,4R,7aâ)-1,5-dioxo-
7a-methyloctahydro-(1H)-inden-4-yl]propionic acid (1).12
The key step of the retrosynthesis (Scheme 1) is the
construction of the A ring of the azasteroid, which could
be formed by reaction of theN-(acyloxy)iminium ion with
a silyloxy diene in the presence of a Lewis acid. The use
of Danishefsky’s diene (X ) OMe)13 should directly lead
to a compound having an unsaturation in the A ring.14
The iminium ion can be generated in situ through the
action of a Lewis acid on theN-t-Boc-3-alkoxy-substituted
precursor. Acid 1, which is obtained from the microbial
degradation of sterols present in the soya bean, maintains
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the steroidal configuration of the C and D rings, and
therefore, it appeared to us as the ideal starting material
for the preparation of the 3-alkoxy carbamate compound.
To ascertain if this strategy could represent a new

general method for the preparation of 19-nor-10-azas-
teroids, we applied the above reaction sequence to the
synthesis, reported herein, of enantiopure (+)-17â-hy-
droxy-10-azaestr-4-en-3-one [or (+)-19-nor-10-azatest-
osterone] (11)15 and (+)-17â-(acetyloxy)-(5â)-10-azaestr-
1-en-3-one (8) (Scheme 2).
The first step of the synthesis was a Leuckart reaction

on keto acid 1, which, in analogy to the results reported
by Bertin et al.,15 should provide as a main product
saturated lactam 2a (Figure 1), with the correct trans
fusion of the C-4a, C-9b ring junction, in mixture with
its 4aâ isomer 2b. However, when compound 1 was

heated at 120 °C in a mixture of NH4HCO3 and formic
acid, only enelactam 3 (74%, as a 19:1 mixture of 3a and
3b, respectively) was obtained (Scheme 2) instead of the
expected saturated compounds 2a,b. This was probably
due to the insolubility of 3 in hot formic acid, which
prevented, even prolonging the reaction time, the sub-
sequent reduction process to give 2.
Since it has been observed that acidic hydride reduc-

tion of steroidal enelactams to lactams occurs with R
selectivity,16 the reduction of the double bond in 3a,
obtained in pure form by recrystallization frommethanol,
was performed by treating the enelactam with NaBH3-
CN in MeOH at pH 1.5-2. After 48 h, the reduction was
complete, affording known alcohol 415 having 4aR ster-
eochemistry (Scheme 2). The same result was obtained
using the 19:1 mixture of 3a and 3b, which therefore,
can be used directly for the reduction step without
separation of the isomers. Monitoring the reaction, the
R reduction of the carbonyl group readily occurred,
whereas the enelactam reduction was slower. The con-
trol of pH was crucial in this reaction, since a slight
increase up to pH 3 reduced the reduction rate consider-
ably.
Protection of the 7â-OH group in 4 as acetate was

quantitatively achieved by treatment with Ac2O in py-
ridine at room temperature, and following the strategy
depicted in Scheme 1, protection of the N atom as N-t-
Boc was accomplished by refluxing in CH2Cl2 a mixture
of 5, di-tert-butyl dicarbonate (Boc2O), and Et3N in the
presence of a catalytic amount of 4-(N,N-dimethylamino)-
pyridine (DMAP), providing after 13 h compound 6 in
96% yield.17
3-Ethoxy carbamate 7 was obtained as a single epimer

in 84% yield by treatment of N-t-Boc-amide 6 with 2
equiv of LiEt3BH (Super-Hydride) in THF at -78 °C,
followed by the addition of a 2 N HCl anhydrous solution
in EtOH up to pH 4.18 This procedure provided 7 in
higher yield than that obtained by reduction of 6 with
NaBH4/HCl in cold ethanol11 and, moreover, overreduc-
tion of the N-t-Boc amide did not take place. In the 1H
NMR spectrum of 7, the proton on C-3 resonates at 5.41
ppm as a broad doublet (J ) 9.0 Hz) reasonably due to a
major trans diaxial coupling constant with one of the
protons on C-2. The other vicinal J of 3-H is instead close
to zero, suggesting an axial-equatorial relationship.
These data are therefore consistent with the equatorial
position of the ethoxy group.
The construction of the A ring was performed by the

tandem N-(acyloxy)iminium ion-Michael reaction11 of
ethoxy derivative 7 with the appropriate silyloxy diene.
For the synthesis of unsaturated compound 8 (Scheme
2), trimethylsilyl triflate (TMSOTf) was added to a
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Scheme 2a

aKey: (a) HCOOH, NH4HCO3, 120 °C, 1 h; 3a:3b ) 19:1; (b)
NaBH3CN, MeOH, pH 1.5-2, 48 h; (c) Ac2O, pyridine, 25 °C, 48
h; (d) Boc2O, Et3N, 0.1 equiv of DMAP, CH2Cl2, reflux, 13 h; (e)
LiEt3BH, THF, -78 °C, 15 min; then 2 N HCl, EtOH, -78 f 0
°C, 30 min; (f) 1-methoxy-3-[(trimethylsilyl)oxy]-1,3-butadiene,
Et3N, TMSOTf, CH2Cl2, 0 f 25 °C, 45 min; then NaHCO3, 25 °C,
36 h; (g) methyl vinyl ketone, TMSOTf, Et3N, CH2Cl2, 0 °C, 30
min; then 7, TMSOTf, 0 f 25 °C, 45 min; then NaHCO3, 25 °C,
36 h; (h) Hg(OAc)2, EDTA tetrasodium salt, 20% AcOH, 90 °C, 2
h; (i) KOH, MeOH-H2O, 25 °C, 5 h.

Figure 1.
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mixture of 1-methoxy-3-[(trimethylsilyl)oxy]-1,3-butadi-
ene (Danishefsky’s diene), Et3N, and 7 at 0 °C in CH2-
Cl2, leading, after a 36 h NaHCO3 treatment, to azas-
teroid 8 (39%)19 as a single diastereoisomer. Since the
enaminone moiety in the A ring of 19-nor-10-azasteroids
is a planar system, with the N atom having a strong sp2
character,1b the attribution of the R or â orientation to
the proton on C-5 is the only stereochemical problem
concerning compound 8. The comparison of the 1H and
13C NMR spectra of 8 with those of the corresponding
17-oxo-substituted ∆1(2)-19-nor-10-azasteroid1a having 5R-H
stereochemistry led to the observation that while 5-H in
the latter compound resonates below 3.0 ppm and C-5
at 65.8 ppm, in compound 8 the same proton is found at
3.75 ppm and C-5 resonates at 53.1 ppm. These results
can be explained only by assuming the opposite stereo-
chemistry for 5-H in the two compounds. The 5â stere-
ochemistry of 8 was definitively confirmed by a NOESY
experiment, which did not show any correlation between
5-H and 9R-H.
For the synthesis of azasteroid 9, 2-[(trimethylsily-

l)oxy]-1,3-butadiene was generated in situ by treating
methyl vinyl ketone with TMSOTf in CH2Cl2 and in the
presence of Et3N. Then, the addition of 7, and a further
amount of TMSOTf to promote the N-(acyloxy)iminium
ion formation, followed by the usual NaHCO3 treatment,
completed the reaction. This provided azasteroid 9 (58%
yield after chromatography) as a mixture of two diaste-
reoisomers differing by the A/B ring fusion and in 1.2:1
ratio (the same ratio was measured by 1H NMR in the
crude reaction mixture).
The separation by chromatography of the two isomers

was not possible. However, the major diastereoisomer
9a was recovered in part unreacted after the next
oxidative step of the mixture, and thus, homo- and
heteronuclear correlation NMR experiments allowed the
unambiguous assignments of the 1H and 13C NMR
signals. The upfield shifted signal of the proton on C-9
(2.43 ppm), which has an established axial R orientation,
can be accounted for by assuming a â orientation for the
N lone pair.20 Since the signal of 5-H is downfield shifted
(3.36 ppm), this proton should be on the same side of the
N lone pair,20 consistent with the cis fusion of the A/B
ring juncture in 9a. This stereochemistry was confirmed
by converting (5â)-10-azasteroid 8 into 9a (Scheme 3).
In fact, hydrogenation of the enone moiety over 5% Pd/C
to give alcohol 12, followed by Jones oxidation of the 3R-
hydroxy group,21 provided a 3-oxo compound having
spectroscopic and analytical data identical to those of 9a.
The stereochemistry of isomer 9b was assigned by

NMR analysis of the 9a and 9b mixture. The proton
resonance at 3.56 ppm (the only one for 9b in the 3-4
ppm region of the 1H NMR spectrum) and the 13C NMR

signals at 68.4 (C-9) and 62.9 (C-5) ppm are indicative
of the A/B ring trans fusion in 9b, since 10-azasteroids
(as, for example, the corresponding 17-keto derivative1a)
that possess an established 5R stereochemistry display
almost identical resonances.1a The stereochemistry of 9b
was definitively assigned preparing a pure sample of this
isomer by hydrogenation of 10 followed by Jones oxida-
tion of the 3-hydroxy derivative (not isolated from the
crude reaction mixture), as described above. Since
hydrogenation of the 4-en-3-one moiety in 10-azasteroids
occurs with R facial selectivity,1a this sequence gave a
5R-H compound with NMR data identical to those of 9b
(from the mixture with 9a) and melting point (78-79 °C)
very close to that reported (81 °C) for the same compound
prepared by a different strategy.15
Concerning the stereochemical outcome observed in the

A ring construction of azasteroids 8 and 9, although
definitive mechanistic evidence is lacking, the reaction
of 2-(silyloxy)-1,3-butadiene (X ) H) with theN-(acyloxy)-
iminium ion (Scheme 1) should occur through a tandem
Mannich-Michael mechanism,11 in which the nucleo-
philic attack of the diene on the activated CdN bond is
almost equally probable on both the R and â face of the
iminum ion. This leads, after N conjugate addition, to a
mixture of cis- and trans-fused azasteroidal compounds
(9a and 9b). Instead, in the reaction of Danishefsky’s
diene (X ) OMe) with the same N-(acyloxy)iminium ion
leading to 8, a hetero Diels-Alder reaction occurring with
high R selectivity cannot be excluded, since the mecha-
nism of Lewis acid-mediated reaction of imines with this
electron-rich diene seems to vary with the structure of
the heteroanalogous carbonyl compound employed.22
The oxidation of the 9a and 9b mixture by Hg(OAc)2

and the tetrasodium salt of EDTA in 20% AcOH at 90
°C1a,15,23 gave after chromatography 17â-O-acetyl (+)-19-
nor-10-azatestosterone (10) (40%), whose spectroscopic
and analytical data agree with those reported by Bertin
et al.15 As already mentioned, a small amount of pure
9a (10%) was recovered unreacted after the oxidative
step, whereas no traces of 9b were detected in the crude
reaction mixture or found in any of the chromatographic
fractions. This result can be explained on the basis of
the reported oxidative mechanism,23 since, after coordi-
nation of the N atom to the Hg2+ cation, elimination of a
trans proton adjacent to the N-Hg bond with formation
of an iminium ion is favored. This should determine a
lower reactivity of cis-fused compound 9a with respect
to trans-fused isomer 9b and, therefore, the recovery of
some unreacted 9a after 2 h of heating under the above

(19) The crude reaction mixture contained a certain amount of
unidentified decomposition products. Repeated purifications by chro-
matography were necessary to obtain pure 8.
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shielded: (a) Crabb, T. A.; Newton, R. F.; Jackson, D. Chem. Rev. 1971,
71, 109-126. (b) Wilson S. R.; Sawicki, R. A. J. Org. Chem. 1979, 44,
330-336. (c) King, F. D. J. Chem. Soc., Perkin Trans. 1 1986, 447-
453. (d) Sonnet, P. E.; Netzel, D. A.; Mendoza, R. J. Heterocycl. Chem.
1979, 16, 1041-1047. (e) Bohlmann, F.; Shumann, D. In The Alkaloids;
Manske, R. H. F., Ed.; Academic Press: New York, 1967; Vol. IX,
Chapter 5.
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Chem. Soc. 1955, 77, 439-444.

Scheme 3a

aKey: (a) H2, 5% Pd/C, 25 °C, 24 h; (b) Jones oxidation, acetone,
0 °C.
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reaction conditions. Finally, the hydrolysis of the O-
acetyl group in 10, performed as reported,15 afforded (+)-
19-nor-10-azatestosterone (11)1a,15 in quantitative yield.
In conclusion, we have described a new route for the

synthesis of 19-nor-10-azasteroids, based on a tandem
N-(acyloxy)iminium-Michael addition reaction for the
construction of the A ring, which provided azasteroidal
compounds in only six steps and in fair overall yields
(21-31%). The present methodology is shorter and more
efficient with respect to the other reported methods for
the synthesis of 10-azasteroids:1a,15,24 the yield in com-
pound 11 is much higher (12%) than that obtained by
Bertin et al. (0.1% after 11 steps)15 or by us with the
isoxazoline-5-spirocyclopropane rearrangement method-
ology (1% after 14 steps),1a while Huisman’s short
synthesis of 10-azasteroids furnishes racemic com-
pounds.24 Furthermore, our new route has the advantage
that azasteroids with different A ring substitution pat-
terns could be easily obtained by using 1-, 3-, or 4-sub-
stituted 2-(silyloxy)-1,3-butadienes for the tandem reac-
tion. The synthesis of ∆1(2) unsaturated compound 8 is
a first example of such an application.

Experimental Section1a

(+)-3-[(3aS)-(3aR,4R,7aâ)-1,5-dioxo-7a-methyloctahydro-(1H)-
inden-4-yl]propionic acid (1)12 was purchased from Pharmacia
& Upjohn (Brussels, Belgium).
(+)-1,2,4,6,6a,7,8,9,9ar,9bâ-Decahydro-6aâ-methyl-(3H)-

cyclopenta[f]quinoline-3,7-dione (3a). Acid 1 (30 g, 126
mmol) was added to a solution of NH4HCO3 (75 g, 0.95 mol) in
HCOOH (60 mL, 1.59 mol) warmed at 100 °C and the resulting
solution warmed at 120 °C for 1 h. After the solution was cooled
to room temperature, the product was filtered and washed with
MeOH, obtaining 3 as a 19:1 mixture of 3a and 3b (20.4 g, 74%).
Recrystallization from MeOH afforded pure 3a (16.2 g, 59%):
mp 241-243 °C; [R]25D +294.0 (c 0.476, CHCl3); 1H NMR (CDCl3)
δ 8.70 (br s, 1 H), 4.93 (m, 1 H), 2.62-2.34 (m, 3 H), 2.28-1.96
(m, 6 H), 1.80-1.35 (m, 3 H), 0.92 (s, 3 H); 13C NMR (CDCl3) δ
220.2 (s), 170.4 (s), 135.5 (s), 102.3 (d), 46.7 (s), 46.2 (d), 36.0 (t),
35.1 (d), 31.5 (t), 30.9 (t), 24.1 (t), 21.9 (t), 14.6 (q); MS m/z 219
(M+, 89), 204 (93), 162 (77), 148 (78), 55 (100); IR (CDCl3) 3393,
1735, 1670 cm-1. Anal. Calcd for C13H17NO2: C, 71.21; H, 7.81;
N, 6.39. Found: C, 70.95; H, 7.92; N, 6.12. 3b (main signals):
1H NMR (CDCl3) δ 7.65 (br s, 1 H), 0.87 (s, 3 H); 13C NMR
(CDCl3) δ 217.1 (s), 139.5 (s), 112.0 (s).
(+)-1,2,4,4ar,5,6,6a,7,8,9,9ar,9bâ-Dodecahydro-7â-hydroxy-

6aâ-methyl-(3H)-cyclopenta[f]quinolin-3-one (4). Enelac-
tam 3 (as the 19:1 mixture of 3a and 3b, 14.0 g, 63.9 mmol) was
suspended in MeOH (700 mL), and 2 N HCl in MeOH was added
until pH 1.5-2 was reached. NaBH3CN (15 g, 238.4 mmol) was
slowly added, and the resulting solution was stirred 48 h at room
temperature, maintaining the pH over the 1.5-2 range by
adding 2 N HCl in MeOH. The mixture was poured into water
(1 L), NaOH (satd) was added up to pH 10, and the product was
extracted with CH2Cl2 (3 × 500 mL). The organic layer was
dried over Na2SO4, filtered, and evaporated, obtaining 4 (12.8
g, 90%) as a white solid in sufficiently pure form to be used in
the next step without purification: mp 248-249 °C (lit.15 mp
249-250 °C); [R]25D +27.2 (c 1.00, CHCl3); 1H NMR (CDCl3) δ
6.13 (br s, 1 H), 3.67 (t, J ) 8.4 Hz, 1 H), 2.86 (ddd, J ) 11.0,
9.5, 4.8 Hz, 1 H), 2.53-2.25 (m, 2 H), 2.16-2.05 (m, 1 H), 1.83-
1.07 (m, 12 H), 0.81 (s, 3 H); 13C NMR (CDCl3) δ 172.2 (s), 81.0
(d), 58.7 (d), 47.4 (d), 43.9 (s), 38.3 (d), 34.4 (t), 31.3 (t), 30.6 (t),
28.8 (t), 25.1 (t), 22.4 (t), 11.3 (q); MSm/z 223 (M+, 24), 164 (59),
123 (96), 110 (82), 55 (100); IR (CDCl3) 3396, 2933, 1653 cm-1.
Anal. Calcd for C13H21NO2: C, 69.92; H, 9.48; N, 6.27. Found:
C, 69.50; H, 9.49; N, 6.15.
(+)-1,2,4,4ar,5,6,6a,7,8,9,9ar,9bâ-Dodecahydro-7â-(acety-

loxy)-6aâ-methyl-(3H)-cyclopenta[f]quinolin-3-one (5). To

a solution of 4 (11.6 g, 52.1 mmol) in pyridine (60 mL), cooled at
0 °C, was slowly added Ac2O (5.89 mL, 62.5 mmol), and the
resulting solution was stirred at room temperature for 48 h.
Water (50 mL) was added and the product extracted with CH2-
Cl2 (3 × 50 mL); the organic layer was washed with citric acid
(solution at 5%), NaHCO3 (satd), and brine and dried over Na2-
SO4. After filtration and evaporation of the solvent, crude 5 was
obtained. This was purified by recrystallization (water), afford-
ing pure 5 (13.8 g, 100%): mp 202-204 °C; [R]25D +13.0 (c 0.90,
CHCl3); 1H NMR (CDCl3) δ 5.60 (br s, 1 H), 4.61 (dd, J ) 8.8,
7.3 Hz, 1 H), 2.87 (td, J ) 9.1, 4.8 Hz, 1 H), 2.46-2.33 (m, 2 H),
2.32-2.08 (m, 1 H), 2.03 (s, 3 H), 1.86-1.06 (m, 12 H), 0.86 (s,
3 H); 13C NMR (CDCl3) δ 172.4 (s), 171.0 (s), 81.7 (d), 58.4 (d),
47.1 (d), 43.4 (s), 37.9 (d), 34.5 (t), 31.1 (t), 28.5 (t), 27.5 (t), 25.0
(t), 22.5 (t), 21.1 (q), 12.2 (q); MSm/z 265 (M+, 10), 205 (12), 176
(12), 166 (20), 43 (100); IR (CDCl3) 3395, 1727, 1655, 1250 cm-1.
Anal. Calcd for C15H23NO3: C, 67.89; H, 8.73; N, 5.28. Found:
C, 67.54; H, 8.72; N, 4.98.
(+)-1,2,4,4ar,5,6,6a,7,8,9,9ar,9bâ-Dodecahydro-4-N-(tert-

butoxycarbonyl)-7â-(acetyloxy)-6aâ-methyl-(3H)-cyclopen-
ta[f]quinolin-3-one (6). To a solution of 5 (13.8 g, 52.1 mmol)
in CH2Cl2 (313 mL) were added Et3N (8.0 mL, 57.3 mmol), Boc2O
(46.0 g, 208.4 mmol), and DMAP (637 mg, 5.21 mmol), and the
resulting solution was heated at reflux for 13 h. Water (300
mL) was added, and after separation of the phases, the aqueous
layer was extracted with CH2Cl2 (3 × 200 mL). The combined
organic extracts were washed with 1 M KHSO4 (300 mL),
NaHCO3 (satd) (300 mL), and brine (300 mL) and dried over
Na2SO4. After filtration and evaporation of the solvent, crude
6 was obtained. This was purified by chromatography, eluting
first with CH2Cl2 and then with CH2Cl2-MeOH, 25:1 (Rf ) 0.6),
affording pure 6 (18.3 g, 96%): [R]25D +23.0 (c 0.77, CHCl3); 1H
NMR (CDCl3) δ 4.60 (dd, J ) 8.8, 7.3 Hz, 1 H), 3.22 (td, J )
11.0, 4.0 Hz, 1 H), 2.64-2.30 (m, 2 H), 2.27-2.08 (m, 1 H), 2.00
(s, 3 H), 1.93-1.06 (m, 11 H), 1.49 (s, 9 H), 0.85 (s, 3 H); 13C
NMR (CDCl3) δ 171.0 (s), 170.5 (s), 153.8 (s), 83.8 (s), 81.7 (d),
62.5 (d), 47.5 (d), 43.0 (s), 37.7 (d), 34.7 (t), 33.2 (t), 27.7 (q, 3 C),
27.5 (t), 26.6 (t), 24.5 (t), 22.6 (t), 21.0 (q), 12.2 (q); MS m/z 310
(11), 309 (6), 266 (62), 206 (27), 57 (100); IR (CDCl3) 1728, 1659,
1249, 1146 cm-1. Anal. Calcd for C20H31NO5: C, 65.73; H, 8.55;
N, 3.83. Found: C, 65.77; H, 8.80; N, 3.52.
(+)-1,2,4,4ar,5,6,6a,7,8,9,9ar,9bâ-Dodecahydro-3â-ethoxy-

4-N-(tert-butoxycarbonyl)-7â-(acetyloxy)-6aâ-methyl-(3H)-
cyclopenta[f]quinoline (7). A solution of amide 6 (1.5 g, 4.1
mmol) in THF (12 mL) was cooled to -78 °C, and a 1 M solution
of LiEt3BH in THF (8.2 mL, 8.2 mmol) was slowly added. After
15 min of stirring at -78 °C, 2 N HCl in anhydrous EtOH was
added dropwise until pH 3.5-4 was reached, immediately
followed by the addition of 18 mL of EtOH. The mixture was
allowed to warm to 0 °C and, after 30 min of stirring, was diluted
with CH2Cl2 (120 mL); the organic layer was washed with water
(120 mL), NaHCO3 (satd) (120 mL), and brine (120 mL) and
dried over Na2SO4. After filtration and evaporation of the
solvent, crude 7 was obtained as an oil. This was purified by
chromatography, eluting with petroleum ether-EtOAc, 6:1 (Rf
) 0.42), affording pure 7 as a colorless oil (1.36 g, 84%): [R]25D
+50.7 (c 0.76, CHCl3); 1H NMR (CDCl3) δ 5.41 (br d, J ) 9.0
Hz, 1 H), 4.59 (t, J ) 7.7 Hz, 1 H), 3.64-3.27 (m, 2 H), 3.01 (m,
1 H), 2.33-2.05 (m, 2 H), 2.01 (s, 3 H), 2.00-1.43 (m, 8 H), 1.43
(s, 9 H), 1.43-1.17 (m, 4 H), 1.17 (t, J ) 7.2 Hz, 3 H), 0.85 (s, 3
H); 13C NMR (CDCl3) δ 170.9 (s), 155.2 (s), 82.0 (d), 80.7 (d),
79.6 (s), 61.6 (t), 61.1 (d), 49.2 (d), 43.4 (s), 35.3 (t), 33.6 (d), 29.0
(t), 28.4 (t), 28.3 (q, 3 C), 27.7 (t), 22.6 (t), 21.5 (t), 21.0 (q), 15.1
(q), 12.6 (q); MS m/z 350 (M+-45, 7), 310 (43), 294 (100), 250
(58); IR (CDCl3) 2974, 1722, 1664 cm-1. Anal. Calcd for C22H37-
NO5: C, 66.81; H, 9.43; N, 3.54. Found: C, 67.15; H, 9.71; N,
3.30.
(+)-17â-(Acetyloxy)-(5â)-10-azaestr-1-en-3-one (8). To a

solution of 1-methoxy-3-[(trimethylsilyl)oxy]-1,3-butadiene (130
µL, 0.67 mmol), Et3N (158 µL, 1.1 mmol), and 7 (220 mg, 0.56
mmol) in CH2Cl2 (4 mL) cooled at 0 °C was added TMSOTf (171
µL, 0.88 mmol) dropwise; the mixture was allowed to warm to
room temperature and stirred for 45 min. Then NaHCO3 (satd)
(4 mL) was added and the resulting mixture stirred for 36 h at
room temperature. After separation of the phases, the product
was extracted with CH2Cl2 (3 × 15 mL), and the combined
organic layers were dried over Na2SO4. After filtration and

(24) Wille, H. J.; Pandit, U. K.; Huisman, H. O. Tetrahedron Lett.
1970, 4429-4432.
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evaporation of the solvent, crude 8 was obtained. This was
purified by repeated chromatographies, eluting with CH2Cl2-
MeOH, 30:1 (Rf ) 0.27), affording pure 8 (69 mg, 39%): yellowish
oil; [R]25D +56.3 (c 0.45, CHCl3); 1H NMR (CDCl3) δ 7.20 (d, J )
7.4 Hz, 1 H), 4.91 (d, J ) 7.4 Hz, 1 H), 4.58 (m, 1 H), 3.75 (m, 1
H), 3.19 (dt, J ) 10.3, 4.8 Hz, 1 H), 2.50-2.03 (m, 3 H), 2.02 (s,
3 H), 1.90-1.00 (m, 13 H), 0.81 (s, 3 H); 13C NMR (CDCl3) δ
191.3 (s), 173.0 (s), 149.6 (d), 96.7 (d), 81.6 (d), 59.7 (d), 53.1 (d),
50.2 (d), 42.5 (s), 42.4 (d), 35.3 (t), 34.8 (t), 29.6 (t), 27.8 (t), 25.6
(t), 23.6 (t), 22.6 (t), 21.1 (q), 12.1 (q); MS m/z 317 (M+, 29), 302
(10), 274 (37), 258 (59), 84 (100); IR (CDCl3) 1710, 1622, 1572,
1251 cm-1. Anal. Calcd for C19H27NO3: C, 71.89; H, 8.57; N,
4.41. Found: C, 71.72; H, 8.64; N, 4.12.
(+)-17â-(Acetyloxy)-10-azaestran-3-one (9). To a solution

of methyl vinyl ketone (256 µL, 3.03 mmol) in CH2Cl2 (6 mL)
cooled at 0 °C were added Et3N (778 µL, 5.54 mmol) and TMSOTf
(826 µL, 4.58 mmol). After 30 min of stirring, a solution of 7
(1.0 g, 2.53 mmol) in CH2Cl2 (6 mL) was first added and then
the remaining TMSOTf (469 µL, 2.59 mmol); the mixture was
allowed to warm to room temperature and stirred for 45 min.
Then NaHCO3 (satd) (12 mL) was added and the resulting
mixture stirred for 36 h at room temperature. After separation
of the phases, the product was extracted with CH2Cl2 (3 × 15
mL), and the combined organic layers were dried over Na2SO4.
After filtration and evaporation of the solvent, crude 9 was
obtained. This was purified by chromatography, eluting first
with CH2Cl2-MeOH 25:1 (1% Et3N) and then with CH2Cl2-
MeOH 25:2 (1% Et3N), affording 9 (469 mg, 58%) as a 1.2:1
mixture of 9a/9b diastereoisomers (Rf ) 0.44). A pure sample
of 9a was recovered in the next oxidative step: mp 133-135
°C; [R]25D +28.1 (c 0.44, CHCl3); 1H NMR (CDCl3) δ 4.60 (dd, J
) 9.2, 7.4 Hz, 1 H), 3.64 (ddd, J ) 14.3, 4.4, 2.4 Hz, 1 H), 3.36
(m, 1 H), 2.94-2.70 (m, 2 H), 2.43 (m, 1 H), 2.30-1.06 (m, 17
H), 2.02 (s, 3 H), 0.85 (s, 3 H); 13C NMR (CDCl3) δ 209.7 (s),
171.2 (s), 82.3 (d), 58.7 (d), 56.3 (d), 48.7 (t), 48.3 (d), 42.8 (s),
41.3 (t), 40.3 (d), 36.0 (t), 35.6 (t), 29.3 (t), 27.7 (t), 25.8 (t), 23.7
(t), 22.8 (t), 21.1 (q), 12.0 (q); MS m/z 319 (M+, 41), 260 (100),
177 (29), 151 (14); IR (CDCl3) 2935, 1714, 1247 cm-1. Anal.
Calcd for C19H29NO3: C, 71.44; H, 9.15; N, 4.38. Found: C,
71.37; H, 9.42; N, 4.11.
(+)-17â-(Acetyloxy)-10-azaestr-4-en-3-one (10). Com-

pound 9 (230 mg, 0.72 mmol) was dissolved in 3.6 mL of AcOH,
and water was added dropwise until a final volume of 18 mL
(corresponding to a 20% AcOH). EDTA tetrasodium salt (1.2 g,
2.88 mmol) and Hg(OAc)2 (918 mg, 2.88 mmol) were added, and
the resulting solution was heated for 2 h at 90-95 °C under
vigorous stirring. After being cooled to room temperature, the
solution was filtered on a Celite layer and Na2CO3 (satd) was
added up to pH 8. The product was extracted with CH2Cl2 (5 ×
25 mL) and the organic layer washed with brine and dried over
Na2SO4. After filtration and evaporation of the solvent, the
crude material was purified by chromatography, eluting with
acetone-petroleum ether, 1:1 (Rf ) 0.2), affording pure 10 (91
mg, 40%) as a pale yellow solid. A fraction containing unreacted
9a (22 mg, 10%) was also collected (Rf ) 0.31). 10: mp 142-
143 °C (lit.15 144 °C mp); [R]25D +182.7 (c 0.10, CHCl3) [lit.15
[R]25D +155 (c 0.5, CHCl3)]; 1H NMR (CDCl3) δ 4.92 (s, 1 H),
4.62 (t, J ) 7.3 Hz, 1 H), 3.69 (ddd, J ) 10.0, 6.0, 3.2 Hz, 1 H),
3.16 (ddd, J ) 15.6, 14.0, 5.2 Hz, 1 H), 2.65-2.05 (m, 5 H), 2.03
(s, 3 H), 1.85-1.14 (m, 12 H), 0.85 (s, 3 H); 13C NMR (CDCl3) δ
191.5 (s), 171.1 (s), 164.3 (s), 100.5 (d), 81.7 (d), 64.4 (d), 48.2
(d), 45.7 (s), 42.8 (t), 39.0 (d), 36.1 (t), 35.2 (t), 30.9 (t), 29.7 (t),
27.1 (t), 24.1 (t), 22.6 (t), 21.1 (q), 12.2 (q); MSm/z 317 (M+, 100),

258 (51), 175 (26), 149 (31); IR (CDCl3) 1721, 1611, 1539, 1242
cm-1. Anal. Calcd for C19H27NO3: C, 71.89; H, 8.57; N, 4.41.
Found: C, 71.65; H, 8.72; N, 4.00.
(+)-17â-Hydroxy-10-azaestr-4-en-3-one (11). Compound

10 (40 mg, 0.13 mmol) dissolved in a MeOH-H2O solution (1.2:
1, 2 mL) was treated with KOH (11 mg, 0.195 mmol), and the
resulting mixture was stirred at room temperature for 5 h. After
neutralization with 5% HCl, the solution was in part concen-
trated and extracted with CH2Cl2 (3× 5 mL), washed with brine,
and dried over sodium sulfate. After evaporation of the solvent,
11 was obtained as a yellow solid (36 mg, 100%). Analytical
and spectroscopic data of 11 are identical to those reported.1a
(+)-17â-(Acetyloxy)-(5â)-10-azaestran-3r-ol (12). The hy-

drogenation of compound 8 (50 mg, 0.16 mmol) was performed
as reported for other 10-azasteroids.1a Chromatography of the
crude reaction mixture (CH2Cl2-MeOH, 7:1) gave 12 (41 mg,
80%) as a colorless oil (Rf ) 0.21) and 9a (5 mg, 10%) as a solid
(Rf ) 0.60). 12: [R]20D +23.2 (c 0.20, CHCl3); 1H NMR (CDCl3)
δ 4.58 (t, J ) 7.3 Hz, 1 H), 3.73 (m, 1 H), 3.39 (m, 1 H), 3.00 (m,
1 H), 2.55 (td, J ) 12.5, 3.3 Hz, 1 H), 2.38 (m, 1 H), 2.01 (s, 3 H),
2.20-1.00 (m, 20 H), 0.81 (s, 3 H); 13C NMR (CDCl3) δ 171.1 (s),
82.5 (d), 70.4 (d), 56.3 (d), 56.1 (d), 48.3 (d), 47.1 (t), 42.8 (s),
40.7 (d), 35.7 (t), 32.7 (t), 30.1 (t), 27.8 (t), 27.5 (t), 25.4 (t), 24.3
(t), 22.9 (t), 21.1 (q), 12.0 (q); MS m/z 321 (M+, 4), 262 (20), 179
(13), 153 (13), 86 (94), 84 (100); IR (CDCl3) 3610, 1720, 1260
cm-1. Anal. Calcd for C19H31NO3: C, 70.99; H, 9.72; N, 4.36.
Found: C, 70.90; H, 9.56; N, 4.09.
Oxidation of 12. A solution prepared by dissolving CrO3

(150 mg, 1.5 mmol) and 96% H2SO4 (0.28 mL) in water (2 mL)
was added dropwise and under stirring to a cooled (0 °C) solution
of 12 (40 mg, 0.12 mmol) in acetone (3 mL) until the color of the
reaction mixture turned orange. After a further 1 h of stirring,
the solution was diluted with water (5 mL) and, after addition
of a 0.1 M NaOH solution up to pH 10, extracted with CH2Cl2
(3 × 10 mL). The organic layer was dried over Na2SO4, filtered,
and evaporated to give 9a (34 mg, 89%).
Preparation of 9b from 10. Compound 10 (20 mg, 0.06

mmol) was submitted to hydrogenation as reported.1a After 18
h, the catalyst was filtered, the solvent evaporated, and the crude
reaction mixture directly treated with the Jones reagent as
described above. Chromatography (CH2Cl2-MeOH 10:1) gave
pure 9b (9 mg, 47%) as a yellowish solid (Rf 0.42): mp 78-79
°C (lit.15 mp 81 °C); [R]20D +30.4 (c 0.35, CHCl3); 1H NMR (CDCl3)
δ 4.58 (dd, J ) 9.2, 7.4 Hz, 1 H), 3.56 (ddd, J ) 11.3, 6.3, 2.4 Hz,
1 H), 2.65-2.45 (m, 1 H), 2.40-0.95 (m, 20 H), 2.01 (s, 3 H),
0.85 (s, 3 H); 13C NMR (CDCl3) δ 208.8 (s), 171.2 (s), 82.3 (d),
68.4 (d), 62.9 (d), 50.8 (t), 48.7 (t), 48.6 (d), 42.5 (s), 41.3 (t), 39.6
(d), 35.7 (t), 33.6 (t), 28.4 (t), 27.7 (t), 26.0 (t), 22.9 (t), 21.1 (q),
12.0 (q); MS m/z 319 (M+, 41), 260 (100), 177 (29), 151 (14); IR
(CDCl3) 2933, 2857, 2801, 1717, 1250 cm-1. Anal. Calcd for
C19H29NO3: C, 71.44; H, 9.15; N, 4.38. Found: C, 71.20; H, 9.37;
N, 4.06.
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thanks Università di Firenze for a two-year postdoctoral
fellowship. Mrs. Brunella Innocenti and Mr. Sandro
Papaleo are acknowledged for their technical assistance.

JO971917S

Notes J. Org. Chem., Vol. 63, No. 12, 1998 4115


