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Intramolecular Lewis or Bronsted acid-catalyzed cyclization
reactions of steroid arylimines 6 yielded either tetrahydro-
quinolines condensed to the estrane skeleton 9 or N-

arylamino-D-homosteroids 12-16,
substituent of the arylimino group.

depending on the

Introduction

Alkaloids such as solanidine 1, tomatidine and batracho-
toxine are N-containing steroids which are usually found in
higher plants and in animals.!"! They show a pronounced
biological activity; thus, batrachotoxine is one of the most
toxic nonpeptide compounds. The majority of the natural
steroid alkaloids are derived from the C-skeleton of choles-
terol.

Figure 1. Steroid alkaloid solanidine

It was our goal to synthesize novel analogues of steroid
alkaloids using domino reactions. Some time ago we pre-
pared several heterocyclic and D-homosteroids using the
cycloaddition of intermediately formed 1,3-buta-1-oxadi-
enes. Thus, the reaction of the estrone derivative 2 with
Meldrum’s acid 3 led to 4 in a highly efficient domino reac-
tion?! with excellent selectivity and yield.’] For the forma-
tion of the steroid alkaloid analogues from the aldehyde
2,14 the appropriate imines 6 were expected to undergo a
hetero Diels—Alder reaction™ on treatment with a Lewis
or a Brensted acid via the corresponding iminium ion 7.

The hetero Diels— Alder reaction of N-aryl imines for the
synthesis of 1,2,3,4-tetrahydroisoquinoline derivatives is a
well-known procedure.!® A wide variety of electron-rich
compounds, such as dihydrofurans,[”l enol ethers,® enam-
inesP! and ketenes! %% as well as ketene acetals!!'%?! were
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Scheme 1. Synthesis of b-homosteroids and proposed formation of
iminium salts from the estrone derivative 2

used as dienophiles. In addition, several other N-hetero-
cyclic compounds, including polycyclic ring systems!®! and
octahydroacridines''! were synthesized using this ap-
proach.

However, in contrast to the normal Diels—Alder reac-
tion, the cycloaddition of aryl imines such as 2-aza-1,3-
butadienes generally follows a two-step mechanism. First, a
carbocation is formed by reaction of the iminium ion with
the dienophile moiety;['? this is succeeded by a Friedel—
Crafts alkylation to give the cycloadduct. We antici-
pated that the Friedel—Crafts alkylation depended on the
electron density of the aryl moiety; thus, using anilines with
electron-withdrawing groups would decrease the rate of the
electrophilic aromatic substitution and consequently new
reaction channels for the iminium ion would be opened.
This is indeed the case and several new reactions have been
observed for the iminium ions 7. In this manuscript, we
describe the reaction of the estrone derivative 2 with differ-
ent anilines 5a—k, which led to novel steroid alkaloid ana-
logues with structures depending on the character of the
substituent R in 5.[13
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Results and Discussion

Reaction of 2 and 5a gave the imine 6a which was identi-
fied by NMR spectroscopy but was not isolated due to its
instability.['¥ Thus, the crude imine was treated with
BF;-OEt, to give the two cyclic products 9a and 12a in 38
and 35% isolated yield, respectively; other compounds were
not found. Although 9a is the formal Diels—Alder adduct,
we believe that the compound is obtained in a two-step
mechanism from the initially formed iminium ion 7a via
the cation 8a as an intermediate. 8a can then undergo an
electrophilic aromatic substitution to give 9a. On the other
hand, the iminium ion in 7 might also react with the alkene
moiety to afford the cation 11 which could be further trans-
formed either by the addition of a nucleophile or by the
elimination of a proton. Thus, addition of a fluoride anion
to 11a would explain the formation of 12a in the reaction
of 2 and 5a in the presence of BF;-OEt,. The formation
of an alkene was noticed only in one case, namely in the
transformation of 2 and 5h to give 2% of 17. An intramol-
ecular electrophilic substitution of 11 to give a bridged
compound was not observed, probably due to steric reasons
and the instability of the possible products.

It must be assumed that the two intermediately formed
cations 8 and 11 are in equilibrium with each other, and
that the ratio of the obtained products is determined by the
rate of the addition of a nucleophile and the Friedel—Crafts
alkylation. This is clearly demonstrated by reaction of 2
with a twofold excess of aniline 5a; in this transformation,
the pD-homosteroid 16a is the only product because of the
higher nucleophilicity of aniline compared to the fluoride
anion; both, the nucleophilic addition and the Friedel—
Crafts alkylation seem to be irreversible under the reac-
tion conditions.

On the other hand, as already mentioned, the rate of the
Friedel—Crafts alkylation of 8 should strongly depend on
the electron density of the aryl moiety. It would be en-
hanced by having electron-donating groups such as Me and
OMe, and decreased by having electron-withdrawing groups
such as Br or NO, at the aryl moiety. Thus, in the first case,
the reaction channel yielding the steroid alkaloids 9 should
dominate, whereas in the second case the D-homosteroids
12—16 should be formed exclusively or as the main prod-
ucts. In addition, the position of the substituent R in 8
should also have some influence. This assumption is in
complete agreement with the experimental results. Reaction
of 2 with 5¢ and 5f gave exclusively 9¢ and 9f in 87% and
95% yield, respectively. In the reaction with 5b, in addition
to 9b a considerable amount of the corresponding D-homo-
steroid 12b was found. Here, it must be assumed that the
electrophilic substitution is hampered by the ortho substitu-
ent due to steric reasons. In the reaction of 2 with the ani-
lines 5d and 5g containing a meta substituent, two regioiso-
mers could be formed. However, the 5'-substituted com-
pounds 9d and 9g were the only products.

The formation of 9 proceeds in a highly stereoselective
manner; in all transformations, only one diastereomer was
found. This can be explained by the addition of the alkene

3014
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Scheme 2. Synthesis of steroid alkaloid analogues 9—17 from the
estrone derivative 2 and 5

moiety to the iminium ion from the Re-face anti to the
angular methyl group in 7 to give in an anti fashion the
trans products.

The reaction of 2 with 5k containing a p-NO, group, in
the presence of BF;-OEt, afforded the p-homosteroid 12k
as the only product. Using the anilines Sh—5j substituted
with the weaker electron-withdrawing group Br, the picture
changed slightly. With the o-bromoaniline 5h, the D-homo-
steroid 12h was formed nearly exclusively, whereas with the
other bromoanilines, some of the steroid alkaloids 9 were
also obtained. In addition, two novel unusual bridged ster-
oid alkaloid analogues 10i and 10j were found in smaller
amounts. The formation of these compounds can be ex-
plained by a 1,5-hydride shift of the iminium ion 7 to give
18 containing a secondary amine moiety and a carbocation.
Subsequent addition of the amine to the carbocation in 18
yields 10. This transformation can be the main reaction
channel if one reduces the double bond in 2.1

The substituent Z in 12 could be varied by using different
Lewis or Brensted acids. This has been confirmed for the
reaction of 2 with 5k. In the presence of equimolar amounts
of the Lewis acids SnCl, and ZnBr,, the pD-homosteroids
13k and 14k, respectively, were the main products, whereas
in the presence of p-toluenesulfonic acid, 15k was obtained
in 84% yield.
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Scheme 3. Formation of 10 from 7

As was the case for 9, in the formation of 12—16 only
one diastereomer was found in each case. The stercoselec-
tive formation of the intermediate cation 11 from 7 can
again easily be explained by an addition of the alkene moi-
ety to the iminium ion anti to the angular methyl group in
7 as already pointed out for the synthesis of 9. However,
the stereoselective addition of the nucleophile to the cation
11 is quite surprising, since it takes place syn to the angular
methyl group. Here, it can be postulated that the reaction
proceeds in an intramolecular fashion with the formation
of the corresponding ammonium salt as an intermediate.

The absolute configuration of the obtained enantiomer-
ically pure compounds 9, 10 and 12—17 is derived from the
initial estrone derivative, of which the stereochemistry was
known. The relative configuration of the products was
mainly determined by 'H NMR spectroscopy and X-ray
analysis. Thus, the X-ray crystal structure analysis of 9f
shows the trans annulation of the rings D and E and an a-
orientation of the substituent at C-16.1'") Since the NMR
spectra of 9f are in good agreement with the other steroid
alkaloids 9, it can be assumed that they all have the same
relative configuration. In the case of 9a four signals, and in
that of 9b—g three signals for the aromatic protons are
found at 8 = 6.2—7.1. The hydrogen of the CHN group
resonates at & = 2.7 as a doublet with J = 10.2 Hz. The
structures of 10il!71 and 12k were also confirmed by X-
ray analysis. In the '3C NMR spectra of 10i and 10j, signals
at & = 58 and & = 61 are found, which is in agreement with
a substituted aniline moiety.

The stereochemistry at C-16 and C-17a in ring D of the
D-homosteroids 12—16 follows from the coupling constants
J = 11.2 Hz, 10.8 Hz, 5.8 Hz and 5.3 Hz of the signal at
& = 4.6 for 16-H and of J = 11.2 Hz of the signal for 17a-
H at § = 3.3.

Experimental Section

The melting points were determined on a Kofler block and are
uncorrected. — Specific rotation was measured in chloroform (¢ =
1; CHCl) at 20°C with Polamat-A and Perkin—Elmer 241 polar-
imeters. — The IR spectra were recorded in KBr pellets with a
Bruker IFS 25 spectrometer. — Mass spectra were obtained on a
Varian MAT 311A and a Varian 731 (high resolution) spec-
trometer. — 'H NMR spectra were obtained at 200 MHz (Varian
VXR 200), at 300 MHz (Bruker AMX 300) or at 500 MHz (Varian
VXR 500), and the '3C NMR spectra at 50, 75, or 125 MHz on
the same instruments. Chemical shifts are reported relative to TMS.
13C NMR spectra are '"H-decoupled. For the determination of the
multiplicities, the APT pulse sequence was used. — Elemental
analysis was carried out in the analytical laboratory of the Univer-
sity of Szeged. — All solvents were distilled prior to use. The reac-
tions were monitored by TLC on Kieselgel-G (Merck Si 254 F)
layers (0.25 mm thickness). The spots were detected by spraying
with 5% phosphomolybdic acid in 50% aqueous phosphoric acid.
The R; values were determined for the spots observed by illumi-
nation with UV light at 254 and 365 nm.

General Procedure: A solution of 2 (298 mg, 1.00 mmol) and freshly
distilled aniline (5a) or substituted anilines (5b—k, 1.00 mmol) in
CH,Cl, (10 mL) in the presence of molecular sieves (4 A; 150 mg)
was heated under a nitrogen atmosphere for 4 h at 40°C. The sieves
were removed by filtration and 48% BF;:OEt, (1.00 mmol) or other
Lewis or Brensted acids (SnCly; ZnBr,; p-toluenesulfonic acid, 1.00
mmol), was added slowly in two portions at room temperature.
After adding half of the Lewis acid, the mixture was stirred over-
night. After adding the other half of the acid the reaction was car-
ried out until complete conversion (TLC) was achieved. NaOH
(1 N, 30 mL) was added and the mixture was extracted with CH,Cl,
(3 X 30 mL). The combined organic layers were washed with brine,
dried over Na,SO,, concentrated in vacuo and the crude product
was purified by flash chromatography.

Table 1. Products of the reactions of 2 and 5 in the presence of different Lewis and Brensted acids!!

Entry Substrates Acid Overall yield [%] Product(s) Ratio

1 2+5a BF;-OEt, 73 9a+12a 38:35
o 2+5a BF,-OEt, 7 16a -

3 2+5b BF;-OEt, 80 9b+12b 52:28

4 2+5¢ BF,-OEt, 87 9¢ -

5 2+5d BF,-OFt, 74 9d -

6 2+5e BF,-OFt, 68 9e -

7 2+5f BF;-OEt, 95 of -

8 2+5g BF,-OFt, 75 9g -

9 2+5h BF;-OEt, 67 12h+17 65:2

10 2+5i BF;-OEt, 77 9i+10i+12i 28:14:35
11 2+5i SnCly 65 13i -

12 2+5i BFOEt, 70 9j+10j+12 20:8:42
13 2+5k BE;-OEt, 93 12k -

14 2+5k SnCly 85 13k -

15 2+5Kk ZnBry 82 14k -

16 2+5k pTsOH 84 15k -

[al' A ratio of 2/5 = 1:1 applies in all reactions except entry 2. — [°l A Ratio of 2a/5a = 1:2.
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Cyclization of 2 and Aniline: According to the General Procedure,
compound 2 (298 mg, 1.00 mmol), aniline (5a, 0.093 mL, 1.00
mmol) and BF;-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00
mmol) were allowed to react.

Quinoline Derivative 9a: The crude product was purified by column
chromatography (silica gel, CHCl;) to give 142 mg (38%) of pure
9a as a light brown solid. — M.p. 210-213°C. — [a]p = +143.8
(¢ = 1, CHCly); Ry (benzene) = 0.32. — 'H NMR (CDCl;): § =
0.87 (s, 3 H, 18-H3), 1.15—1.97 (m, 15 H), 2.73—2.95 (m, 5 H, 6-
H,, 16a-H,, 17-H), 3.77 (s, 3 H, 3-OMe), 6.59-6.69 and 6.96—7.03
(m,3Hand m, 2 H,4-Hand d, 1 H, J = 2.6 Hz, 3'-H, 4'-H, 5'-
H and 6'-H), 6.71 (dd, 1 H, J = 8.6 Hz, J = 2.6 Hz, 2-H), 7.21 (d,
1 H, J = 8.6 Hz, 1-H). — 3C NMR (CDCl;): § = 12.3 (C-18),
26.2, 27.6, 28.1, 29.8, 35.6, 36.6, 37.3, 38.4, 42.3, 44.5, 51.7, 55.2
(3-OMe), 68.9 (C-17), 111.5 (C-2), 113.8 (C-4), 116.2, 118.1, 123.9
(C-2"), 126.2, 126.6, 130.4, 132.6 (C-10), 138.0 (C-5), 146.5 (C-1"),
157.4 (C-3). — MS (70 eV); m/z (%): 373 (97) [M™*], 298 (28), 257
(23), 144 (100), 130 (22). — C56H3NO (373.54): calcd. C 83.60, H
8.36, N 3.75; found C 83.52, H 8.41, N 3.90.

D-Homosteroid 12a: The crude product was purified by column
chromatography (silica gel, CHCIls) to give 138 mg (35%) of pure
12a as a yellowish solid. — M.p. 124—127°C. — [o]p = +31.5(c =
1, CHCI). — Ry (benzene) = 0.48. — '"H NMR (CDCl;): 6 = 0.94
(s, 3 H, 18-H3), 1.08—2.38 (m, 13 H), 2.86 (m, 2 H, 6-H,), 3.10 (d,
1 H, J = 11.5 Hz, 17a-H), 3.41 (br. s, | H, N—H), 3.78 (s, 3 H, 3-
OMe), 4.58 (doublet like multiplet, 1 H, J = 48.2 Hz, 16-H), 6.63
(m, 3 H, 4-H, 2'-H and 6’-H), 6.69 (m, 1 H, 4'-H), 6.72 (dd, 1 H,
J =8.6Hz J = 28 Hz, 2-H), 7.17 (m, 2 H, 3’-H and 5’-H), 7.20
(d, 1 H, J = 8.6 Hz, 1-H). — *C NMR (CDCls): § = 12.0 (C-18),
26.0 (C-11), 26.7 (C-7), 30.1 (C-6), 30.3 (d, J = 17.9 Hz, C-15),
35.1 (d, J = 16.8 Hz, C-17), 37.9 (C-12), 38.3 (C-13), 38.6 (C-8),
43.7 (C-9),45.9 (d, J = 10.5 Hz, C-14), 55.2 (3-OMe), 59.7 (d, J =
13.6 Hz, C-17a), 90.5 (d, J = 173.2 Hz, C-16) 111.7 (C-2), 113.3
(C-4), 113.5 (2 C, C-2’' and C-6"), 117.0 (C-4"), 126.3 (C-1), 129.4
(2 C, C-3" and C-5'), 132.5 (C-10), 137.7 (C-5), 148.0 (C-1"), 157.6
(C-3). — MS (70 eV); mlz (%): 393 (74) [M*], 227 (18), 106 (56),
78 (100). — C,sH3,FNO (393.54): caled. C 79.35, H 8.20, N 3.56;
found C 79.48, H 8.15, N 3.45.

D-Homosteroid 16a: According to the General Procedure, 2 (298
mg, 1.00 mmol), aniline (5a, 0.186 mL, 2.00 mmol) and BF5-OEt,
(48% solution in diethyl ether, 0.29 mL, 1.00 mmol) was reacted.
Purification of the crude product by column chromatography (silica
gel, CHCl;) afforded 336 mg (72%) of pure 16a as a yellowish oil.
— [a]lp = +35.3 (¢ = 1, CHCl3). — '"H NMR (CDCls): 6 = 0.91
(s, 3 H, 18-H3), 0.92—2.39 (m, 13 H), 2.83 (m, 2 H, 6-H,), 3.20
(dd, 1 H, J = 11.7 Hz, J = 3.7 Hz, 17a-H), 3.42 (m, 1 H, 16-H),
3.77 (s, 3 H, 3-OMe), 6.57—6.70 (m, 7 H, 2’-H, 2"-H, 4-H, 4'-H,
4"-H, 6’-H and 6"-H), 6.72 (dd, 1 H, J = 8.7 Hz, J = 2.6 Hz, 2-
H), 7.10—7.26 (m, 5 H, 1-H, 3’-H, 3"-H, 5'-H and 5"-H). — 3C
NMR (CDCly): 6 = 12.3 (C-18), 26.2 (C-11), 26.8 (C-7), 30.2 (C-
6), 31.0 (C-15), 35.9, 38.2, 38.9, 39.0, 43.8 (C-9), 48.2 (C-14), 51.4
(C-16), 55.4 (3-OMe), 61.0 (C-17a), 111.8 (C-2), 113.3 (2 C) and
1134 (2 C, C-2', C-6', C-2" and C-6"), 113.6 (C-4), 117.2 and 117.6
(C-4" and C-4"), 126.4 (C-1), 129.4 (2 C) and 129.5 (2 C, C-3', C-
5', C-3" and C-5"), 133.0 (C-10), 137.9 (C-5), 147.1 and 148.4 (C-
1" and C-1"), 157.7 (C-3). — C3,H33N,0 (466.66): caled. C 82.36,
H 8.21, N 6.00; found C 82.15, H 8.14, N 6.10.

Cyclization of 2 and o-Methylaniline: According to the General Pro-
cedure, 2 (298 mg, 1.00 mmol), o-methylaniline (5b, 0.107 mL, 1.00
mmol) and BF5-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00
mmol) was reacted.

3016

Quinoline Derivative 9b: Purification of the crude product by col-
umn chromatography (silica gel, fert-butyl methyl ether/PE 5:95)
afforded 264 mg (68%) of pure 9b. The yellowish solid obtained
was recrystallized from acetone. — M.p. 176—179°C. — [u]p =
+157.9 (¢ = 1, CHCl;). — Ry (CHCl3) = 0.81. — '"H NMR
(CDCl3): 6 = 0.90 (s, 3 H, 18-H3), 1.30—2.03 (m, 9 H), 2.12 (s, 3
H, 6'-CHj), 2.18—2.42 (m, 3 H), 2.74—2.92 (m, 5 H, 6-H,, 16a-H,
and 17-H), 3.64 (br. s, | H, N—H), 3.77 (s, 3 H, 3-OMe), 6.61 (t,
1 H,J=74Hz 4-H), 6.63 (d, | H, J = 2.7 Hz, 4-H), 6.71 (dd,
1 H,J=28.6Hz J=2.7Hz 2-H), 690 (d,2 H, J = 7.4 Hz, 3'-
Hand 5'-H), 7.21 (d, 1 H, J = 8.6 Hz, 1-H). — '*C NMR (CDCl,):
8 = 12.3 (C-18), 17.5 (6'-CH3), 26.2, 27.7, 28.0, 29.9 (C-6), 35.9,
36.5, 37.1, 38.5, 42.4 (C-13), 44.5 (C-9), 51.9, 55.2 (3-OMe), 69.1
(C-17), 111.5 (C-2), 113.9 (C-4), 117.5 (C-4"), 123.1 and 123.4 (C-
2" and C-6'), 126.2 (C-1), 127.9 and 128.2 (C-3’ and C-5'), 132.7
(C-10), 138.0 (C-5), 144.6 (C-1"), 157.5 (C-3). — MS (70 eV); mlz
(%): 387 (84) [M*], 159 (13), 158 (100), 144 (22). — C,;H33NO
(387.57): caled. C 83.68, H 8.58, N 3.61; found C 83.51, H 8.65,
N 3.85.

D-Homosteroid 12b: The crude product was purified by column
chromatography (silica gel, zert-butyl methyl ether/PE 5:95) to give
114 mg (28%) of pure 12b. The white solid obtained was recrys-
tallized from CHCI;/PE. — M.p. 180—183°C. — [a]p = +74.8 (¢ =
1, CHCl;). — R; (CHCl;) = 0.87. — 'H NMR (CDCl;): 5 = 0.98
(s, 3 H, 18-H3), 1.09-2.14 (m, 9 H), 2.15 (s, 3 H, 2’-CHj),
2.21-2.44 (m, 4 H), 2.88 (m, 2 H, 6-H,), 3.19 (d, 1 H, J = 11.2
Hz, 17a-H), 3.35 (br. s, 1 H, N—H), 3.77 (s, 3 H, 3-OMe), 4.62 (d-
like m, 1 H, J = 48.3 Hz, 16-H), 6.63 (t-like m, 1 H, 4'-H), 6.64
(d, 1 H, J = 2.6 Hz, 4-H), 6.67 (d-like m, 1 H, 6'-H), 6.71 (dd, 1
H, J = 8.6 Hz, J = 2.6 Hz, 2-H), 7.06 (d-like m, 1 H, 3'-H), 7.11
(t-like m, 1 H, 5'-H), 7.18 (d, 1 H, J = 8.6 Hz, 1-H). — 13C NMR
(CDCly): 6 = 12.1 (C-18), 17.6 (2'-CHs;), 26.0 (C-11), 26.6 (C-7),
30.0 (C-6), 30.3 (d, J = 17.9 Hz, C-15), 35.2 (d, J = 16.8 Hz, C-
17), 37.8 (C-12), 38.3 (C-13), 38.6 (C-8), 43.6 (C-9), 459 (d, J =
10.6 Hz, C-14), 55.2 (3-OMe), 59.2 (d, J = 12.6 Hz, C-17a), 90.5
(d, J = 173.1 Hz, C-16), 110.0 (C-6), 111.7 (C-2), 113.4 (C-4),
116.6 (C-4"), 121.8 (C-2"), 126.2 (C-1), 127.2 (C-5"), 130.4 (C-3),
132.4 (C-10), 137.6 (C-5), 145.6 (C-1"), 157.6 (C-3). — MS (70 eV);
miz (%): 407 (100%) [M*], 227 (12), 120 (86), 118 (32). —
C,;H34FNO (407.57): caled. C 79.57, H 8.41, N 3.44; found C
79.65, H 8.52, N 3.25.

Quinoline Derivative 9c: According to the General Procedure, 2
(298 mg, 1.00 mmol), p-methylaniline (5¢, 107 mg, 1.00 mmol) and
BF;-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00 mmol) was
reacted. Purification of the crude product by column chromatogra-
phy (silica gel, tert-butyl methyl ether/PE 5:95) afforded 337 mg
(87%) of 9¢. The yellowish solid obtained was recrystallized from
acetone. — M.p. 194—197°C. — [a]p = +150.2 (¢ = 1, CHCl;). —
R; (CHCl3) = 0.59. — 'H NMR (CDCl;): § = 0.88 (s, 3 H, 18-
Hs), 1.31-2.06 (m, 9 H), 2.22 (s, 3 H, 4’-CH;), 2.22—2.43 (m, 3
H), 2.71-2.94 (m, 5 H, 6-H,, 16a-H, and 17-H), 3.77 (s, 3 H, 3-
OMe), 6.63 (overlapping m and d, 2 H, J = 2.6 Hz, 6'-H and 4-
H), 6.71 (dd, 1 H, J = 8.6 Hz, J = 2.6 Hz, 2-H), 6.82 (m, 2 H, 3'-
H and 5'-H), 7.20 (d, 1 H, J = 8.6 Hz, 1-H). — '3C NMR (CDCl;):
8§ = 12.4 (C-18), 20.4 (4'-CH3), 26.2, 27.6, 28.1, 29.8 (C-6), 35.6,
36.6, 37.3, 38.4, 42.3 (C-13), 44.4 (C-9), 51.7, 55.2 (3-OMe), 69.3
(C-17), 111.5 (C-2), 113.8 (C-4), 116.3 (C-6"), 123.9 and 127.3 (C-
2" and C-4'), 126.2 (C-1), 127.2 (C-5"), 130.8 (C-3"), 132.7 (C-10),
138.0 (C-5), 144.1 (C-1"), 157.4 (C-3). — MS (70 eV); m/z (%): 387
(77) [M*], 159 (13), 158 (100), 144 (23). — C,;H33NO (387.57):
caled. C 83.68, H 8.58, N 3.61; found C 83.49, H 8.48, N 3.70.

Quinoline Derivative 9d: According to the General Procedure, 2
(298 mg, 1.00 mmol), m-methylaniline (5d, 0.108 mL, 1.00 mmol)

Eur. J. Org. Chem. 1999, 3013—3020



Novel Steroid Alkaloids by Cyclization of Arylimines from Estrone

FULL PAPER

and BF;-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00 mmol)
was reacted. The crude product was purified by column chromatog-
raphy (silica gel, rert-butyl methyl ether/PE 5:95) yielding 287 mg
(74%) of pure 9d. The yellowish solid obtained was recrystallized
from acetone. — M.p. 187—190°C. — [o]p = +115.7 (¢ = 1,
CHCl3). — R; (CHCl;) = 0.68. — '"H NMR (CDCl;): 3 = 0.86 (s,
3 H, 18-Hj), 1.20—1.96 (m, 9 H), 2.22 (s, 3 H, 5'-CHs), 2.24—2.46
(m, 3 H), 2.71-2.92 (m, 5 H, 6-H,, 16a-H, and 17-H), 3.77 (s, 3
H, 3-OMe), 6.45 (br. s, 1 H, 6'-H), 6.50 (d, | H, J = 7.8 Hz, 4'-
H), 6.63 (d, 1 H, J = 2.6 Hz, 4-H), 6.71 (dd, 1 H, J = 8.6 Hz, J =
2.6 Hz, 2-H), 6.89 (d, 1 H, J = 7.8 Hz, 3'-H), 7.20 (d, 1 H, J =
8.6 Hz, 1-H). — 3C NMR (CDCl;): § = 12.3 (C-18), 21.0 (5'-
CH;), 26.2, 27.6, 28.1, 29.8 (C-6), 35.2, 36.6, 37.5, 38.4, 42.2 (C-
13), 44.5 (C-9), 51.7, 55.2 (3-OMe), 69.0 (C-17), 111.5 (C-2), 113.7
(C-4), 116.7 (C-6), 119.1 (C-4"), 120.9 (C-2"), 126.2 (C-1), 130.2
(C-3"), 132.7 (C-10), 136.3 (C-5"), 138.0 (C-5), 146.3 (C-1), 157.4
(C-3). — MS (70 eV); mlz (%): 387 (77) [M*], 159 (12), 158 (100),
144 (20). — C,;H33NO (387.57): caled. C 83.68, H 8.58, N 3.61;
found C 83.74, H 8.49, N 3.75.

Quinoline Derivative 9e: According to the General Procedure, 2
(298 mg, 1.00 mmol), o-anisidine (5e, 0.113 mL, 1.00 mmol) and
BF;-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00 mmol) was
reacted. The crude product was chromatographed on column (silica
gel, tert-butyl methyl ether/PE 5:95) yielding 274 mg (68%) of pure
9e as a white solid. — M.p. 212—215°C. — [a]p = +146.3 (¢ = 1,
CHCl3). — R; (CHCl;) = 0.65. — 'H NMR (CDCl;): § = 0.91 (s,
3 H, 18-H3), 1.24-2.39 (m, 12 H), 2.71 (d, 1l H, J = 10.2 Hz, 17-
H), 2.72-2.91 (m, 4 H, 6-H, and 16a-H,), 3.78 (s, 3 H, 3-OMe),
3.84 (s, 3 H, 6'-OMe), 4.29 (br. s, | H, N—H), 6.60—6.69 (m, 4 H,
4-H, 3'-H, 4'-H and 5'-H), 6.71 (dd, 1l H, J = 8.6 Hz, J = 2.7 Hz,
2-H), 7.21 (d, 1 H, J = 8.6 Hz, 1-H). — '3C NMR (CDCl5): § =
12.4 (C-18), 26.2, 27.7, 28.2, 29.9 (C-6), 35.5, 36.6, 37.2, 38.4, 42.3
(C-13), 44.5 (C-9), 51.8, 55.2 and 55.3 (3-OMe and 6’-OMe), 68.7
(C-17), 107.4 (C-5"), 111.5 (C-2), 113.8 (C-4), 117.1 (C-4'), 1224
(C-3"), 124.0 (C-2"), 126.2 (C-1), 132.7 (C-10), 136.3 (C-1"), 138.0
(C-5), 147.5 (C-6'), 157.4 (C-3). — MS (70 eV); mlz (%): 403 (88)
[M*], 174 (100), 160 (30). — C,;H33NO, (403.56): caled. C 80.36,
H 8.24, N 3.47; found C 80.47, H 8.39, N 3.62.

Quinoline Derivative 9f: According to the General Procedure, 2 (298
mg, 1.00 mmol), p-anisidine (5f, 123 mg, 1.00 mmol) and BF;-OEt,
(48% solution in diethyl ether, 0.29 mL, 1.00 mmol) was reacted.
The crude product was purified by column chromatography (silica
gel, tert-butyl methyl ether/PE 5:95) yielding 383 mg (95%) of 9f.
The white solid obtained was recrystallized from acetone. — M.p.
223-225°C. — [a]p = +180.4 (¢ = 1, CHCl3). — R; (CHClL;) =
0.30. — '"H NMR (CDCly): & = 0.87 (s, 3 H, 18-H3), 1.28—2.38
(m, 12 H), 2.71 (d, 1 H, J = 10.2 Hz, 17-H), 2.72—2.94 (m, 4 H,
6-H, and 16a-H,), 3.64 (br. s, | H, N—H), 3.73 (s, 3 H, 4’-OMe),
3.78 (s, 3 H, 3-OMe), 6.60 (m, 3 H, 3’-H, 5'-H and 6’-H), 6.64 (d,
1 H,J = 2.6 Hz, 4-H), 6.72 (dd, 1 H, J = 8.6 Hz, J = 2.6 Hz, 2-
H), 7.21 (d, 1 H, J = 8.6 Hz, 1-H). — 3C NMR (CDCl,): § =
12.5 (C-18), 26.4, 27.8, 28.3, 30.0 (C-6), 36.1 (C-16a), 36.8, 37.5,
38.6, 42.5 (C-13), 44.6 (C-9), 51.9, 55.4 and 55.9 (3-OMe and 4'-
OMe), 69.7 (C-17), 111.6 (C-2), 113.0, 115.7 and 117.4 (C-3', C-5'
and C-6'), 114.0 (C-4), 1254 (C-2'), 126.4 (C-1), 132.9 (C-10),
138.2 (C-5), 140.6 (C-1"), 152.6 (C-4'), 157.6 (C-3). — MS (70 eV);
miz (%): 403 (100) [M*], 175 (15), 174 (97), 160 (37). — C57H33NO,
(403.56): caled. C 80.36, H 8.24, N 3.47, found C 80.27, H 8.39,
N 3.61.

Quinoline Derivative 9g: According to the General Procedure, 2
(298 mg, 1.00 mmol), p-anisidine (5g, 0.112 mL, 1.00 mmol) and
BF;-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00 mmol) was
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reacted. Purification of the crude product by column chromatogra-
phy (silica gel, tert-butyl methyl ether/PE 5:95) afforded 303 mg
(75%) of pure 9g. The white solid obtained was recrystallized from
acetone. — M.p. 193—195°C. — [o]p = 211.8 (¢ = 1, CHClL;). —
R; (CHCI3) = 0.40. — '"H NMR (CDCl;): 8 = 0.87 (s, 3 H, 18-
Hs), 1.24-2.39 (m, 12 H), 2.66—2.89 (m, 5 H, 6-H,, 16a-H, and
17-H), 3.74 (s, 3 H, 5'-OMe), 3.78 (s, 3 H, 3-OMe), 6.19 (d, 1 H,
J =23 Hz, 6-H), 6.28 (dd, | H, J = 8.4 Hz, J = 2.3 Hz, 4'-H),
6.64 (d, 1 H, J = 2.6 Hz, 4-H), 6.72 (dd, 1 H, J = 8.6 Hz, J = 2.6
Hz, 2-H), 6.90 (d, 1 H, J = 8.4 Hz, 3'-H), 7.21 (d, 1 H, J = 8.6
Hz, 1-H). — 3C NMR (CDCl): § = 12.3 (C-18), 26.2, 27.6, 28.0,
29.8 (C-6), 34.9, 36.6, 37.6, 38.4, 42.3 (C-13), 44.5 (C-9), 51.8, 55.2
(2 C, 3-OMe and 5'-OMe), 68.9 (C-17), 101.2 (C-6"), 104.4 (C-4"),
111.5 (C-2), 113.8 (C-4), 115.5 and 116.5 (C-1" and C-2'), 126.2
(C-1), 130.9 (C-3"), 132.6 (C-10), 138.0 (C-5), 157.4 (C-3), 158.7
(C-5"). = MS (70 eV); mlz (%): 403 (100) [M*], 174 (78), 160 (24).
— C,7H33NO; (403.56): caled. C 80.36, H 8.24, N 3.47; found C
80.12, H 8.37, N 3.61.

Cyclization of 2 and o-Bromoaniline: According to the General Pro-
cedure, 2 (298 mg, 1.00 mmol), o-bromoaniline (5h, 172 mg, 1.00
mmol) and BF5-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00
mmol) was reacted.

D-Homosteroid 12h: Purification of the crude product by column
chromatography (silica gel, tert-butyl methyl ether/PE 5: 95) af-
forded 307 mg (65%) of pure 12h as a white solid. — M.p.
142—144°C. — [a]p = +75.7 (¢ = 1, CHCl;). — Ry (benzene) =
0.63. — '"H NMR (CDCl;): § = 1.00 (s, 3 H, 18-H3), 1.05-2.39
(m, 13 H), 2.87 (m, 2 H, 6-H,), 3.15 (m, 1 H, 17a-H), 3.77 (s, 3 H,
3-OMe), 4.26 (m, 1 H, N—H), 4.58 (doublet like multiplet, 1 H,
J = 48.4 Hz, 16-H), 6.54 (t like m, 1 H, 4'-H), 6.63 (d, 1 H, J =
2.5 Hz, 4-H), 6.69 (d like m, 1 H, 6’-H), 6.72 (dd, 1 H, J = 8.7
Hz, J = 2.5 Hz, 2-H), 7.16 (t like m, 1 H, 5’-H), 7.18 (d, l H, J =
8.7 Hz, 1-H), 7.41 (m, 1 H, 3’-H). — *C NMR (CDCls): § = 12.1
(C-18), 26.0 (C-11), 26.6 (C-7), 30.0 (C-6), 30.3 (d, J = 17.8 Hz,
C-15), 35.0 (d, J = 17.9 Hz, C-17), 37.8 (C-12), 38.4 (C-13), 38.6
(C-8), 43.6 (C-9), 46.0 (d, J = 10.4 Hz, C-14), 55.2 (3-OMe), 59.8
(d, J = 12.9 Hz, C-17a), 90.3 (d, J = 174.0 Hz, C-16), 110.2 (C-
2", 111.7 (C-2), 113.4 (C-4), 117.3 and 117.6 (C-4' and C-6'), 126.2
(C-1), 128.4 (C-5'), 132.3 (C-10), 132.6 (C-3'), 137.6 (C-5), 144.5
(C-1"), 157.6 (C-3). — MS (70 eV); m/z (%): 473 (100) [M*], 471
(98), 227 (75), 186 (86), 184 (97), 174 (43), 147 (38), 118 (35), 91
(31). — Cy¢H;3BrFNO (472.44): calcd. C 66.10, H 6.61, N 2.96;
found C 65.96, H 6.75, N 3.05.

Unsaturated D-Homosteroid 17: Purification of the crude product
by column chromatography (silica gel, zert-butyl methyl ether/PE
5: 95) afforded 9 mg (2%) of pure 17 as a white solid. Ry (ben-
zene) = 0.70. — '"H NMR (CDCls): § = 0.97 (s, 3 H, 18-H3, 2.86
(m, 2 H, 6-H,), 3.77 (s, 3 H, 3-OMe), 3.85 (d, | H, J = 9.5 Hz,
17a-H), 4.59 (d, 1 H, J = 9.5 Hz, NH), 5.44 (d. 1 H, J = 10.4 Hz,
17-H), 5.81 (m, 1 H, 16-H), 6.54 (t, 1 H, J = 7.7 Hz, 4'-H), 6.63
(d, 1 H, J = 2.5 Hz, 4-H), 6.72 (m, 2 H, 2-H and 6’-H), 7.14—7.24
(m, 2 H, 1-H and 5'-H), 7.42 (d, 1 H, J = 7.7 Hz, 3’-H). 3*C NMR
(CDCly): & = 12.2 (C-18),26.2 (2 C), 27.2, 30.2, 37.1 (C-13), 38.3,
40.1, 43.0, 45.3, 55.2 (3-OMe), 61.3 (C-17a), 111.6 (C-2), 112.1 (C-
2"), 113.5 (C-4), 115.6, 117.4, 126.3 (C-1), 128.0, 128.3, 128.4 (2 C),
132.6 (C-3"), 137.8 (C-10), 144.9 (C-5), 157.5 (C-3). — MS (70 eV),
miz (%): 453 (24) and 451 (23): [M "], 225 (98), 223 (100), 144 (27).
— CysH30BrNO (452.44): caled. C 69.01, H 6.68, N 3.10; found C
69.21, H 6.57, N 3.45.

Cyclization of 2 and p-Bromoaniline: According to the General Pro-
cedure, 2 (298 mg, 1.00 mmol), p-bromoaniline (5i, 172 mg, 1.00
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mmol) and BF;-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00
mmol) was reacted.

Quinoline Derivative 9i: The crude product was purified by column
chromatography (silica gel, PE/benzene 25:75) to give 127 mg (28%)
of pure 9i as a white solid. — M.p. 233—235°C. — [o]p = +125.1
(¢ = 1, CHCl;). — Ry (benzene) = 0.42. — '"H NMR (CDCls): § =
0.86 (s, 3 H, 18-H3), 1.22—2.48 (m, 14 H), 2.72 (d, 1 H, J = 10.0
Hz, 17-H), 2.86 (m, 2 H, 6-H,), 3.78 (s, 3 H, 3-OMe), 3.87 (br. s,
1 H,N-H), 649 (d, 1 H, J = 8.3 Hz, 5'-H), 6.64 (d, 1 H, J = 2.8
Hz, 4-H), 6.72 (dd, 1 H, J = 8.5 Hz, J = 2.8 Hz, 2-H), 7.06 (dd,
1H,J=283Hz J=23Hz 6-H),7.11 (d, 1 H, J = 2.3 Hz, 3'-
H), 7.21 (d, 1 H, J = 8.5 Hz, 1-H). — 3C NMR (CDCl,): § =
12.3 (C-18), 26.2, 27.6, 27.9, 29.8, 35.4, 36.5, 37.0, 38.4, 42.2, 44.5,
51.8, 55.2 (3-OMe), 68.8 (C-17), 109.7 (C-4), 111.5 (C-2), 113.8 (C-
4), 117.6 (C-6"), 126.0 (C-2'), 126.2 (C-1), 129.3 (C-5"), 132.6 (C-
10), 132.8 (C-3"), 138.0 (C-5), 145.7 (C-1"), 157.5 (C-3). — MS (70
eV); mlz (%): 453 (70) [M '], 451 (68), 224 (98), 222 (100), 210 (23),
208 (23), 44 (33). — Cy6H3oBrNO (452.43): caled. C 69.02, H 6.68,
N 3.10; found C 69.30, H 6.52, N 3.37.

Bridged Steroid Alkaloid Analogue 10i: The crude product was puri-
fied by column chromatography (silica gel, zert-butyl methyl ether/
PE 5:95) to give 63 mg (14%) of pure 10i. The yellowish solid ob-
tained was recrystallized from acetone. — M.p. 108—110°C. —
[o]lp = +369.0 (¢ = 1, CHCl3). — R; (benzene) = 0.82. — '"H NMR
(CDCls): 6 = 0.95 (s, 3 H, 18-H3), 1.22—2.53 (m, 10 H), 2.83 (m,
2 H, 6-H,), 2.87 and 3.48 (dd, 1 H, J = 9.5 Hz, J = 3.0 Hz and d,
1 H,J =9.5Hz N-CH,), 3.77 (s, 3 H, 3-OMe), 5.00 (d, 1 H, J =
10.0 Hz, 16a-H,, H,;), 5.07 (d, 1 H, J = 17.0 Hz, 16a-H,, H,,.,.,),
591 (m, 1 H, 16-H), 6.13 (d, 2 H, J = 9.0 Hz, 2'-H and 6'-H),
6.54 (dd, 1 H, J = 8.6 Hz, J = 2.7 Hz, 2-H), 6.64 (d, 1 H, J = 2.7
Hz, 4-H), 6.83 (d, | H, J = 8.6 Hz, 1-H), 6.92 (d, 2 H, J = 9.0
Hz, 3’-H and 5'-H). — '3C NMR (CDCl5): § = 23.6 (C-18), 25.7,
28.5, 30.3, 34.4, 35.0, 35.6, 46.4, 47.5, 55.1 (3-OMe), 57.9 (C-9),
61.4 (N—CH,), 108.9 (C-4'), 112.2 (C-2), 113.4 (C-4), 1154 (C-
16a), 119.2 ( 2 C, C-2" and C-6"), 130.1 (C-1), 130.2 ( 2 C, C-3’
and C-5'), 130.9 (C-10), 138.5 (C-16), 138.8 (C-5), 147.9 (C-1"),
158.3 (C-3). — MS (70 eV); m/z (%): 453 (49) [M™*], 451 (50), 412
(97), 410 (100), 225 (45), 212 (53), 186 (43), 184 (49), 44 (52). —
Cy6H3oBrNO (452.43): caled. C 69.02, H 6.68, N 3.10; found C
68.95, H 6.71, N 3.25.

D-Homosteroid 12i: Purification of the crude product by column
chromatography (silica gel, zerz-butyl methyl ether/PE 5:95) af-
forded 165 mg (35%) of pure 12i as a white solid. — M.p.
170—171°C. — [a]p = +1.3 (¢ = 1, CHCl3). — R; (benzene) =
0.55. — '"H NMR (CDCls): § = 0.92 (s, 3 H, 18-H3), 1.02—2.38
(m, 13 H), 2.87 (m, 2 H, 6-H,), 3.04 (d, 1 H, J = 11.5 Hz, 17a-H),
345 (br. s, 1 H, N—H), 3.78 (s, 3 H, 3-OMe), 4.57 (doublet like
multiplet, 1 H, J = 47.2 Hz, 16-H), 6.51 (d, 2 H, J = 7.8 Hz, 2'-
H and 6'-H), 6.64 (d, 1 H, J = 2.7 Hz, 4-H), 6.72 (dd, 1 H, J =
8.5 Hz, J = 2.7 Hz, 2-H), 7.19 (d, 1 H, J = 8.5 Hz, 1-H), 7.23 (d,
2 H,J = 7.8 Hz, 3'-H and 5'-H). — 3C NMR (CDCls): § = 12.0
(C-18), 25.9 (C-11), 26.6 (C-7), 30.0 (C-6), 30.2 (d, J = 17.6 Hz,
C-15), 35.0 (d, J = 16.8 Hz, C-17), 37.9 (C-12), 38.3 (C-13), 38.6
(C-8), 43.6 (C-9), 45.8 (d, J = 10.9 Hz, C-14), 55.2 (3-OMe), 59.8
(d, J = 13.4 Hz, C-17a), 904 (d, J = 174.4 Hz, C-16), 108.6 (C-
4"), 111.7 (C-2), 113.4 (C-4), 114.7 (2 C, C-3' and C-0'), 126.2 (C-
1), 132.0 (2 C, C-3" and C-5'), 132.4 (C-10), 137.6 (C-5), 146.9 (C-
1"), 157.6 (C-3). — MS (70 eV); m/z (%): 473 (100) [M*], 471 (98),
453 (4) [M*-HF], 268 (15), 227 (65), 186 (62), 184 (66), 174 (18).
— Cy¢H;3BrFNO (472.44): caled. C 66.10, H 6.61, N 2.96; found
C 66.23, H 6.85, N 3.05.

D-Homosteroid 13i: According to the General Procedure, 2 (298
mg, 1.00 mmol), p-bromoaniline (5i, 172 mg, 1.00 mmol) and SnCl,
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(261 mg, 1.00 mmol) was reacted. The crude product was purified
by column chromatography (silica gel, zert-butyl methyl ether/PE
5:95) to give 318 mg (65%) of 13i as a white solid. — M.p.
211-214°C. — [o]p = +75.2 (¢ = 1, CHCl3). — Ry (benzene) =
0.66. — '"H NMR (CDCl3): § = 0.92 (s, 3 H, 18-H3), 1.11-2.40
(m, 13 H), 2.85 (m, 2 H, 6-H,), 3.03 (dd, 1 H, J = 11.5 Hz, J =
2.6 Hz, 17a-H), 3.55 (br. s, | H, N—H), 3.77 (s, 3 H, 3-OMe), 3.92
(m, 1 H, 16-H), 6.50 (d, 2 H, J = 8.6 Hz, 2'-H and 6'-H), 6.63 (d,
1 H, J = 2.6 Hz, 4-H), 6.71 (dd, 1 H, J = 8.6 Hz, J = 2.6 Hz, 2-
H), 7.18 (d, 1 H, J = 8.6 Hz, 1-H), 7.22 (d, 2 H, J = 8.6 Hz, 3'-
H and 5'-H). — '*C NMR (CDCl3): § = 12.1 (C-18), 26.0, 26.7,
30.1, 34.7, 37.9, 38.2, 38.7 (C-8), 39.1, 43.6 (C-9), 48.9 (C-14), 55.3
(3-OMe), 57.1 (C-16), 61.6 (C-17a), 108.8 (C-4"), 111.8 (C-2), 113.5
(C-4), 1149 (2 C, C-2" and C-6'), 126.3 (C-1), 132.1 (2 C, C-3’
and C-5), 132.5 (C-10), 137.7 (C-5), 147.0 (C-1"), 157.7 (C-3). —
MS (70 eV); m/z (%): 489 (8) [M*], 487 (5), 453 (21), 451 (19), 280
(24), 243 (100), 179 (76), 165 (29), 91 (32), 73 (42), 44 (57). —
Cy6H;3BrCINO (488.89): caled. C 63.88, H 6.39, N 2.86; found C
64.02, H 6.27, N 2.95.

Cyclization of 2 and m-Bromoaniline: According to the General Pro-
cedure, 2 (298 mg, 1.00 mmol), m-bromoaniline (5j, 0.108 mL, 1.00
mmol) and BF;-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00
mmol) was reacted.

Quinoline Derivative 9j: Purification of the crude product by col-
umn chromatography (silica gel, ferz-butyl methyl ether/PE 5:95)
afforded 90 mg (20%) of pure 9j as a white solid. — M.p.
198—200°C. — Ry (tert-butyl methyl ether/PE 10:90) = 0.51. — 'H
NMR (CDCl;): 8 = 0.85 (s, 3 H, 18-H3), 1.15-2.43 (m, 12 H),
2.62—2.97 (m, 5 H, 6-H,, 17-H and two others), 3.78 (s, 3 H, 3-
OMe), 3.92 (br. s, | H, N—H), 6.64 (d, 1 H, J = 2.6 Hz, 4-H), 6.72
(dd, 1 H, J = 8.5 Hz, J = 2.6 Hz, 2-H), 6.74—6.80 (m, 2 H, 4'-H
and 6'-H), 6.84 (d, 1 H, J = 8.5 Hz, 3’-H), 7.21 (d, 1 H, J/ = 8.5
Hz, 1-H). — 3C NMR (CDCl;): 6 = 12.3 (C-18), 26.2, 27.6, 27.9,
29.8, 35.1, 36.5, 37.1, 38.4, 42.2 (C-13), 44.5 (C-9), 51.8, 55.2 (3-
OMe), 68.5 (C-17), 111.5 (C-2), 113.9 (C-4), 118.5 (C-6), 119.9,
120.7 (C-4"), 122.7, 126.2 (C-1), 131.6 (C-3"), 132.6 (C-10), 137.9
(C-5), 147.9 (C-1"), 157.5 (C-3). — MS (70 eV); m/z (%): 453 (83)
[M™], 451 (81), 373 (11), 224 (98), 222 (100), 210 (22), 208 (21). —
CysH3oBrNO (452.43): caled. C 69.02, H 6.68, N 3.10; found C
68.95, H 6.72, N 3.31.

Bridged Steroid Alkaloid Analogue 10j: Purification of the crude
product by column chromatography (silica gel, zert-butyl methyl
ether/PE 5:95) afforded 36 mg (8%) of pure 10j as a yellow oil. —
R; (tert-butyl methyl ether/PE 10:90) = 0.60. — 'H NMR (CDCl;):
8 = 0.96 (s, 3 H, 18-H;), 1.17-2.57 (m, 10 H), 2.85 (m, 2 H, 6-
H,), 2.89(dd, 1 H,J = 9.5Hz,J =29 Hz)and 348 (d, | H, J =
9.5 Hz, N—CH,), 3.77 (s, 3 H, 3-OMe), 4.99 (d, 1 H, J = 9.9 Hz,
16a-H,, H.;), 5.07 (d, 1 H, J = 16.7 Hz, 16a-H,, H,,,,,), 5.90 (m,
1 H, 16-H), 6.02 (m, 1 H), 6.46 (s, 1 H) and 6.62 (m, 2 H, 2'-H,
4'-H, 5'-H and 6'-H), 6.56 (dd, 1 H, J = 8.7 Hz, J = 2.6 Hz, 2-
H), 6.65 (d, 1 H, J = 2.6 Hz, 4-H), 6.86 (d, 1l H, J = 8.7 Hz, 1-
H). — 3C NMR (CDCl;): § = 23.6 (C-18), 25.8, 28.4, 30.3, 34.4,
35.0, 35.7, 46.4, 47.5, 55.2 (3-OMe), 58.2 (C-9), 61.3 (N—CH,),
112.2 (C-2), 113.5 (C-4), 115.5 (C-16a), 116.1, 119.3 and 119.8 (C-
2’, C-4' and C-6'), 121.9 (C-3"), 128.4 (C-5"), 130.0 (C-1), 130.8
(C-10), 138.5 (C-16), 138.8 (C-5), 150.2 (C-1"), 158.5 (C-3). — MS
(70 eV); mlz (%): 453 (35) [M*], 451 (34), 412 (98), 410 (100), 280
(19), 239 (18), 225 (33), 186 (28), 184 (33). — CysH3oBrNO (452.43):
caled. C 69.02, H 6.68, N 3.10; found C 69.15, H 6.72, N 3.35.

D-Homosteroid 12j: The crude product was purified by column
chromatography (silica gel, zert-butyl methyl ether/PE 5:95) to give
198 mg (42%) of pure 12j. The white solid was recrystallized from
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acetone. — M.p. 214—-215°C. — [o]p = +16.2 (¢ = 1, CHCl;). —
Ry (tert-butyl methyl ether/PE 10:90) = 0.28 — '"H NMR (CDCls):
8 =091 (s, 3 H, 18-H3), 1.06—2.39 (m, 13 H), 2.87 (m, 2 H, 6-
H,), 3.05 (m, 1 H, 17a-H), 3.51 (m, 1 H, N—H), 3.77 (s, 3 H, 3-
OMe), 4.58 (doublet like multiplet, 1 H, J = 48.4 Hz, 16-H), 6.52
(dd like m, 1 H, 6’-H), 6.63 (d, 1 H, J = 2.7 Hz, 4-H), 6.71 (dd, 1
H, J = 8.6 Hz, J = 2.7 Hz, 2-H), 6.76 (t like m, 1 H, 2’-H), 6.78
(d like m, 1 H, 4'-H), 7.00 (t like m, 1 H, 5’-H), 7.19 (d, 1 H, J =
8.6 Hz, 1-H). — 13C NMR (CDCl;): & = 12.0 (C-18), 25.9 (C-11),
26.6 (C-7), 30.0 (C-6), 30.2 (d, J = 18.4 Hz, C-15), 35.0 (d, J =
17.1 Hz, C-17), 37.8 (C-12), 38.3 (C-13), 38.6 (C-8), 43.6 (C-9),
45.8 (d, J = 10.7 Hz, C-14), 55.2 (3-OMe), 59.5 (d, J = 12.4 Hz,
C-17a), 90.3 (d, J = 173.4 Hz, C-16), 111.7 (C-2), 111.9 (C-6"),
113.4 (C-4), 115.5 (C-2"), 120.0 (C-4"), 123.4 (C-3'), 126.2 (C-1),
130.6 (C-5"), 132.3 (C-10), 137.6 (C-5), 149.2 (C-1"), 157.6 (C-3).
— MS (70 eV); mlz (%): 473 (100) [M™*], 471 (98), 453 (37)
[M*—HF], 451 (38), 227 (95), 225 (79), 186 (83), 184 (94), 91 (75).
— Cy6H31BrFNO (472.44): calcd. C 66.10, H 6.61, N 2.96; found
C 66.25, H 6.51, N 3.05.

D-Homosteroid 12k: According to the General Procedure, 2 (298
mg, 1.00 mmol), p-nitroaniline (5k, 138 mg, 1.00 mmol) and SnCl,
(261 mg, 1.00 mmol) was reacted. Purification of the crude product
by column chromatography (silica gel, tert-butyl methyl ether/PE
5:95) afforded 408 mg (93%) of pure 12k. The orange solid ob-
tained was recrystallized from acetone. — M.p. 240—243°C. —
[a]lp = —91.2 (¢ = 1, CHCl3). — Ry (EtOAc/CHCI; 3:97) = 0.53 .
— 'H NMR (CDCl;): § = 0.97 (s, 3 H, 18-H3), 1.10—2.40 (m, 13
H), 2.88 (m, 2 H, 6-H,), 3.27 (m, 1 H, 17a-H), 3.78 (s, 3 H, 3-OMe),
432 (d, 1 H, J = 9.7 Hz, N—H), 4.63 (doublet like multiplet, 1
H, J = 48.3 Hz, 16-H), 6.58 (d, 2 H, J = 9.2 Hz, 2'-H and 6'-H),
6.64 (d, 1 H, J = 2.7 Hz, 4-H), 6.72 (dd, 1 H, J = 8.6 Hz, J = 2.7
Hz, 2-H), 7.18 (d, 1 H, J = 8.6 Hz, 1-H), 8.09 (d, 2 H, J = 9.2 Hz,
3’-H and 5'-H). — 3C NMR (CDCls): § = 12.0 (C-18), 25.8 (C-
11), 26.6 (C-7), 30.0 (C-6), 30.1 (d, J = 18.0 Hz, C-15), 34.8 (d,
J = 18.0 Hz, C-17), 37.8 (C-12), 38.5 (C-13), 38.6 (C-8), 43.5 (C-
9), 45.7 (d, J = 10.5 Hz, C-14), 55.2 (3-OMe), 59.0 (d, J = 13.1
Hz, C-17a), 89.9 (d, J = 174.0 Hz, C-16), 111.3 (2 C, C-2' and C-
6'), 111.7 (C-2), 113.5 (C-4), 126.2 (C-1), 126.6 (2 C, C-3' and C-
5"), 132.0 (C-10), 137.5 (C-5), 138.0 (C-4'), 152.9 (C-1"), 157.7 (C-
3). — MS (70 eV); m/z (%): 438 (100) [M*], 418 (44) [M*-HF], 228
(35), 227 (82), 190 (63), 151 (36), 147 (28), 91 (22). — C,sH3,FN,0;
(438.54): caled. C 71.21, H 7.13, N 6.39; found C 71.05, H 7.27,
N 6.51.

D-Homosteroid 13k: According to the General Procedure, 2 (298
mg, 1.00 mmol), p-nitroaniline (5k, 138 mg, 1.00 mmol) and
BF3-OEt, (48% solution in diethyl ether, 0.29 mL, 1.00 mmol) was
reacted. The crude product was purified by column chromatogra-
phy (silica gel, benzene) to give 387 mg (85%) of pure 13k. The
orange solid obtained was recrystallized from acetone. — M.p.
239-241°C. — [a]p = +20.7 (¢ = 1, CHCl;). — R; (EtOAc/CHCl;
3:97) = 0.57. — 'H NMR (CDCls): 8 = 0.97 (s, 3 H, 18-Hj3),
1.16—2.43 (m 13 H), 2.87 (m, 2 H, 6-H,), 3.27 (m, 1 H, 17a-H),
3.78 (s, 3 H, 3-OMe), 3.97 (m, 1 H, 16-H), 432 (d, 1 H, J = 9.8
Hz, N—H), 6.57 (d, 2 H, J = 9.1 Hz, 2'-H and 6'-H), 6.63 (d, 1
H, J = 2.5 Hz, 4-H), 6.71 (dd, | H, J = 8.6 Hz, J = 2.5 Hz, 2-H),
7.17(d, 1 H, J = 8.6 Hz, 1-H), 8.08 (d, 2 H, J = 9.1 Hz, 3'-H and
5'-H). — 3C NMR (CDCly): § = 12.1 (C-18), 25.8 (C-11), 26.6
(C-7), 29.9 (C-6), 34.5, 37.8, 38.3, 38.6 (C-8), 38.8, 43.4 (C-9), 48.6
(C-14), 55.2 (3-OMe), 56.3 (C-16), 60.7 (C-17a), 111.3 (2 C, C-2'
and C-6"), 111.7 (C-2), 113.5 (C-4), 126.2 (C-1), 126.6 (2 C, C-3'
and C-5'), 132.0 (C-10), 137.5 (C-5), 138.0 (C-4"), 152.8 (C-1"),
157.7 (C-3). — MS (70 eV); ml/z (%): 456 (37), 454 (100), 418 (86),
401 (44), 227 (42), 225 (86), 190 (52), 151 (34). — C,H3,CIN,O;

Eur. J. Org. Chem. 1999, 3013—3020

(455.00): caled. C 68.63, H 6.87, N 6.16; found C 68.92, H 6.68,
N 6.28.

D-Homosteroid 14k: According to the General Procedure, 2 (298
mg, 1.00 mmol), p-nitroaniline (5k, 138 mg, 1.00 mmol) and ZnBr,
(225 mg, 1.00 mmol) was reacted. The crude product was purified
by column chromatography (silica gel, CHCl3) to give 410 mg
(82%) of pure 14k. The yellow solid obtained was recrystallized
from MeOH/CHCl;. — M.p. 206—209°C. — [a]p = +114.0 (¢ =
1, CHCl;). — Ry (EtOAc/CHCIl; 3:97) = 0.58. — 'H NMR
(CDClL;): 6 = 0.98 (s, 3 H, 18-H3), 1.17—-2.52 (m, 13 H), 2.86 (m,
2 H, 6-H,), 3.26 (m, 1 H, 17a-H), 3.77 (s, 3 H, 3-OMe), 4.08 (m, 1
H, 16-H), 435 (d, 1 H, J = 9.7 Hz, N—H), 6.56 (d, 2 H, J = 9.2
Hz, 2'-H and 6’-H), 6.63 (d, 1 H, J = 2.6 Hz, 4-H), 6.71 (dd, 1 H,
J=28.6Hz,J=2.6Hz 2-H),7.16 (d, 1 H, J = 8.6 Hz, 1-H), 8.07
(d, 2 H, J = 9.2 Hz, 3’-H and 5'-H). — 3C NMR (CDCly): § =
12.1 (C-18), 25.7 (C-11), 26.5 (C-7), 29.9 (C-6), 35.4, 37.8, 38.3,
38.6, 39.6,43.4 (C-9), 47.3 and 49.7 (C-14 and C-16), 55.2 (3-OMe),
61.3 (C-17a), 111.3 (2 C, C-2" and C-6'), 111.7 (C-2), 113.4 (C-4),
126.1 (C-1), 126.5 (2 C, C-3' and C-5'), 132.0 (C-10), 137.5 (C-5),
138.0 (C-4"), 152.9 (C-1"), 157.6 (C-3). — MS (70 eV); m/z (%): 500
(38) [M*], 498 (38), 419 (100), 280 (18), 225 (16), 151 (22), 147
(15). — CyH;3BrN,O; (499.45): caled. C 62.53, H 6.26, N 5.61;
found C 62.71, H 6.15, N 5.79.

D-Homosteroid 15k: According to the General Procedure, 2 (298
mg, 1.00 mmol), p-nitroaniline (5k, 138 mg, 1.00 mmol) and p-
TsOH-H-O (190 mg, 1.00 mmol) was reacted. Purification of the
crude product by column chromatography (silica gel, EtOAc/ben-
zene 5:95) afforded 496 mg (84%) of 15k. The yellow solid obtained
was recrystallized from ters-butyl methyl ether/PE. — M.p.
170—171°C. — [a]p = +28.9 (¢ = 1, CHCl3). — Ry (EtOAc/CHCl,
3:97) = 0.37. — 'H NMR (CDCl3): § = 0.91 (s, 3 H, 18-Hj),
1.06—2.32 (m, 13 H), 2.45 (s, 3 H, 4'-CH;), 2.83 (m, 2 H, 6-H,),
3.22 (m, 1 H, 17a-H), 3.77 (s, 3 H, 3-OMe), 431 (d, 1 H, J = 9.7
Hz, N—H), 4.55 (m, 1 H, 16-H), 6.49 (d, 2 H, J = 9.1 Hz, 2"-H
and 6"-H), 6.62 (d, 1 H, J = 2.6 Hz, 4-H), 6.70 (dd, 1 H, J = 8.6
Hz, J = 2.6 Hz, 2-H), 7.14 (d, 1 H, J = 8.6 Hz, 1-H), 7.35 (d, 2
H, J = 8.1 Hz, 3'-H and 5’-H), 7.81 (d, 2 H, J = 8.2 Hz, 2’-H and
6’-H), 8.05 (d, 2 H, J = 9.1 Hz, 3"-H and 5-H). — 3C NMR
(CDCly): & = 11.9 (C-18), 21.7 (tosyl—CH3;), 25.7, 26.5, 29.9, 30.0,
34.3, 37.6, 38.3, 38.5 (C-8), 43.3 (C-9), 46.3 (C-14), 55.2 (3-OMe),
59.2 (C-17a), 78.9 (C-16), 111.3 (2 C, C-2"" and C-6"), 111.7 (C-
2), 113.4 (C-4), 126.1 (C-1), 126.5 ( 2 C, C-3" and C-5"), 127.6 ( 2
C, C-2" and C-6'), 129.9 (2 C, C-3" and C-5), 131.9 (C-10), 134.2
(C-4"), 137.5 (C-5), 137.9 (C-4"), 144.9 (C-1"), 152.8 (C-1"), 157.7
(C-3). — MS (70 eV); m/z (%): 418 (100), 228 (33), 190 (100), 151
(22), 91 (22). — C33H3sN,04S (590.73): caled. C 67.10, H 6.48, N
4.74; found C 67.25, H 6.37, N 4.85.

Acknowledgments

The work was supported by the Deutsche Forschungsgemeinschaft
(SFB 416) and the Fonds der Chemischen Industrie. The authors
thank for the Hungarian—German Intergovernmental S & T Co-
operation Program (No. UNG-061—-96) and for the OTKA Grants
No. T016122 and F016119.

1 Mal H, Rippberger, Alkaloids: Chem. Biol. Perspect. 1998, 12,
103—185. — Bl A U. Rahman, M. Igbal, Nat. Prod. Rep. 1997,
14, 191-203.

21 [2al 1. F. Tietze, Chem. Rev. 1996, 96, 139—148. — 2l L. F.
Tietze, U. Beifuss, Angew. Chem. 1993, 105, 137—170; Angew.
Chem. Int. Ed. Engl. 1993, 31, 131—164.

3019



FULL PAPER

J. Wolfling, E. Frank, G. Schneider, L. F. Tietze

Bl L. F. Tietze, J. Wolfling, Gy. Schneider, Chem. Ber. 1991, 124,
591—594.

41 G. Schneider, S. Bottka, L. Hackler, J. Wolfling, P. Sohar, Lie-
bigs. Ann. Chem. 1989, 263—267.

Bl BPal T F Tietze, G. Kettschau, J. A. Gewert, A. Schuffenhauer,
Curr. Org. Chem. 1998, 2, 19—62. — PP L. F. Tietze, G. Kett-
schau, Topics in Current Chemistry 1997, 189, 1—101. — 3¢ J,
M. Mellor, G. D. Merriman, Tetrahedron 1995, 51, 6115—6132.
— B P J. Gregoire, J. M. Mellor, G. D. Merriman, Tetrahedron
1995, 51, 6133—6144. — B¢I K. Wojciechowski, Tetrahedron
1993, 49, 7277—7286. — 1 D. Migneault, M. A. Bernstein, C.
K. Lau, Can. J. Chem. 1995, 73, 1506—1513. — el S, M. Wein-
reb, in Comprehensive Organic Synthesis, (Ed.: B. M. Trost), Per-
gamon Press, Oxford 1991, 5, 401—449. — BRI P. A Grieco, A.
Bahsas, Tetrahedron Lett. 1988, 29, 5855—5858. — Bl D. L.
Boger, S. N. Weinreb, Hetero Diels— Alder Methadolo%y_ in Or-
ganic Synthesis, Academic Press, New York 1987. — Bl D, L.
Boger, Chem. Rev. 1986, 86, 781—793.

o] L. S. Povarov, B. M. Mikhailov, Izv. Akad. Nauk. SSSR, Otd.
Khim. Nauk. 1963, 955—965.

7' V. Lucchini, M. Prato, G. Scorrano, M. Stivanello, G. Valle, J.

Chem. Soc., Perkin Trans. 2 1992, 259—266.

Ba] E F Elslager, D. E. Worth, J. Heterocycl. Chem. 1969, 6,

597—598. — 881'S_ C. Perricone, E. F. Elslager, D. F. Worth, J.

Heterocycl. Chem. 1970, 7, 135—138. — B<I'L. S, Trifonov, A.

S. Orohovats, Heterocycles 1984, 22, 355—364. — 341 [, Ojima,

S. 1. Inaba, K. Yoshida, Tetrahedron Lett. 1977, 17, 3643—3646.

— [8 T. Kametani, H. Takeda, Y. Suzuki, T. Honda, Synth.

Commun. 1985, 15, 499—505.

Pl Pal S Tomoda, Y. Takeuchi, Y. Nomura, Tetrahedron Lett. 1969,
9, 3549—3552. — 1 Y. Nomura, M. Kimura, Y. Takeuchi, S.

=

3020

Tomoda, Chem. Lett. 1978, 267—270. — 1 C. Goasdoue, M.
Gaudemar, Tetrahedron Lett. 1985, 26, 1015—1018.

(101 [10a] H_'W. Moore, G. Hughes, K. Srinivasachar, M. Fernandez,
N. V. Nguyen, D. Schoon, A. Tranne, J. Org. Chem. 1985, 50,
4231—4238. — [10PI R W. M. Aben, R. Smit, J. W. Scheeren, J.
Org. Chem. 1987, 52, 365—370.

11'S Laschat, J. Lauterwein, J. Org. Chem. 1993, 58, 2856—2861.

U2 1. F Tietze, J. Utecht, Chem. Ber. 1992, 125, 2259—2263.

131 A short communication has already been published: J.
Wolfling, E. Frank, Gy. Schneider, M. T. Bes, L. F. Tietze, Syn-
lett 1998, 1205—1206.

141 The structure of the imine 6i prepared from 2 and p-bromoani-
line 5i was characterized by on-line '"H NMR spectroscopy. The
ratio of 6i and 2 in the reaction mixture was 2.2:1. Besides a
weak singlet at 6 = 9.39 for the CHO group of 2, new reson-
ances were observed at 6 = 7.57 for the imine-H and at 6 =
6.86 and 6 = 7.40 as doublets for the protons of the disubsti-
tuted aryl group.

151 3. Wolfling, E. Frank, Gy. Schneider, L. F. Tietze, Angew. Chem.
1999, 111, 151—152; Angew. Chem. Int. Ed. 1999, 38, 200—201.

161 M. T. Bes, J. Wolfling, 1. Uson, S. Pelikan, L. F. Tietze, Gy.
Schneider, Acta Cryst. 1998, C54, 1341—1343.

17 Crystallographic data (excluding structure factors) for 10i have
been deposited with the Cambridge Crystallographic Data
Center as supplementary publication no. CCDC-102885. Cop-
ies of the data can be obtained free of charge on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax:
(internat) +44-1223/336033; E-mail: deposit@ccdc.cam.ac.uk).

18] M. Noltemeyer, L. F. Tietze, J. Wolfling, E. Frank, Gy. Schne-
ider, Acta Crystallogr. 1996, C52, 2258 —2259.

Received March 29, 1999
[099183]

Eur. J. Org. Chem. 1999, 3013—3020



