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Abstract—3-Aminoestrone, a non-natural C-18 steroid, was synthesized by the classical and by a new efficient pathway, the latter
using benzophenone imine as an ammonia equivalent in the palladium(0)-catalysed amination of estrone-triflate. This methodol-
ogy circumvents the problems encountered when applying the classical pathway, the poor yield, high reactional temperature and

weak purity. © 2002 Elsevier Science Ltd. All rights reserved.

3-Aminoestrone (3) is a versatile precursor of a number
of biologically active compounds used for the treatment
of hormono-sensitive diseases such as prostate and
breast cancers.'* The first report of the biological activ-
ity of 3-aminoestrone (3), 3-aminoestradiol® (4) and
their derivatives was made by Schwenk and Gold*®
who found a large spectrum of activity, such as antian-
drogenic, antigonadotropic, estrogenic and pituitary
gonadotropin inhibitory activities. Lately, Li and Selcer
reported®’ and patented®'® a new class of non-estro-
genic estrone sulfatase inhibitors, composed of the
mono and bis trifluoromethyl-sulphonamide, trifluoro-
acetamide or carbamoyl-amide derivatives of 3-
aminoestrone. At the same time, Potter and Woo!!
reported the synthesis, and biological properties of
estrone-3-sulphamide as an inhibitor of estrone sulfa-
tase. Moreover, 3-aminoestrone has also been used as a
steroidal synthon in the preparation of inhibitors of
certain steroidogenic enzymes, type 3 and type 5 of
17B-hydroxysteroid dehydrogenases,'?> and in the syn-
thesis of 3-selenocyanato estrone, a potential estrogen
receptor scanning agent.'* Unfortunately, compounds 3
and 4 are not commercially available, and the classical
synthesis method has some disadvantages. So it is desir-
able to have a simple and efficient method for the
preparation of 3. In addition to a slightly improved
classical pathway, we now report a new pathway for an
efficient and simple synthesis of 3-aminoestrone, start-
ing from commercially available estrone (Scheme 1).
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The classical pathway

This already known sequence involves three steps using
the general phenols conversion procedure to the corre-
sponding anilines.'*!” In the first step, the 4-aryloxy-2-
phenyl-quinazoline (1) was obtained in high yield (98%)
by the condensation of a deprotonated estrone with the
commercially available 4-chloro-2-phenylquinazoline
(AM-ex-OL®) in diglyme. It is also possible to use
K,CO; in acetone,'” but the reaction time and the
workup are much longer. The second and the key step
of this pathway is a thermally induced rearrangement
of quinazoline 1 to a 3-aryl-2-phenyl-4(3 H)-quinazoli-
none (2). In our case, the thermal rearrangement
involved a C-18 steroid moiety migrating from an
oxygen to a nitrogen atom. This type of rearrangement
was first observed by Tschitschibabin and Jeletzky'®
and bears a formal resemblance to the Chapman rear-
rangement of aryl-N-arylbenzimidates to N,N-diaryl-
benzamides.!® This mechanism of thermal rearrange-
ment involves an intramolecular nucleophilic displace-
ment of the incipient oxygen by the imine nitrogen in a
four-membered transition state. We optimized the
parameters of this thermal rearrangement and the best
yield (91%) was obtained at 350°C and 5 h of heating
time. The third and the last step is a basic hydrolysis of
quinazolinone 2, which forms an amidine intermediate.
This one is considerably more resistant to further
hydrolysis. Acidic hydrolysis of this intermediate
amidine forms the hydrochloride salt of 3-aminoestrone
(3) in 48% yield and 2-phenyl-4H-3,1-benzoxazin-4-one
as a by-product. Unfortunately, the overall yield for
these three steps is only 43%, and the purity of 3-
aminoestrone (3) is low (generally near 70%), the major
impurity being 3-aminoestradiol (4). Furthermore,
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Scheme 1. The classical (A) and the new pathway (B) for the synthesis of 3-aminoestrone (3) from estrone. Reagents and
conditions: (a) NaH, 4-chloro-2-phenylquinazoline, diglyme, reflux (98%); (b) 350°C, heavy mineral oil (91%); (c) i. 10% NaOH
sol. in EtOH-H,0, 4:1, reflux, ii. HCI conc., reflux, iii. NaOH conc. (48%), overall yield for the three steps 43%; iv. purification
by Girard T reagent; (d) Tf,O, 2,6-lutidine, DMAP, CH,Cl,, 0°C to rt (93%); (e) benzophenone imine, Pd,(dba);, S-(-)-BINAP,

Cs,CO;, toluene, Schlenk tube, 120°C (74%); (f) cat. HCI, wet THF, rt, (87%); overall yield for the three steps 60%.

because the synthesis was performed in medium scale
(15 g product per batch), the purification of the crude
product by chromatographic methods was inconve-
nient. Thus, we applied a very simple and efficient
classical chemical method for the purification of 3-
aminoestrone, using the commercially available Girard
T reagent ((carboxymethyl)trimethylammonium chlo-
ride hydrazide).?**' By this rapid procedure the purity
of the crude 3-aminoestrone was increased from 67 to
96%, as determined by the HPLC method.?

The new efficient pathway

Given the low yield and the poor purity of 3-
aminoestrone (3) obtained through the classical proce-
dure described above, we were interested in finding
another procedure, which could eliminate these disad-
vantages. We thus applied to estrone triflate the palla-
dium(0)-catalysed amination of the aryl-triflate.?>2* A
classical reaction of triflic anhydride with estrone gave
in 93% vyield estrone-triflate (5).* To introduce the
nitrogen atom at position C-3 of estrone, the commer-
cially available benzophenone imine served as a conve-
nient ammonia equivalent in the palladium(0)-catalysed

amination of the estrone-triflate (5). We optimized the
parameters of this amination reaction to increase the
conversion rate. Thus, our best ratio product 6:starting
material 5 (11:1) was obtained for 3 days of reaction
time at 120°C in a Schlenk tube. At lower temperatures
and shorter reaction times the conversion is much
poorer. The stable trisubstituted imine 6 was isolated in
pure form by silica gel flash chromatography and char-
acterized.?® In the last step, the trisubstituted diphenyl
ketimine 6 can be converted to the corresponding 3-
aminoestrone (3) under a variety of conditions, such as
acidic hydrolysis,?”**® hydrogenolysis with ammonium
formate catalysed by Pd/C,?* or a transamination reac-
tion with hydroxylamine.”® We applied the acidic
hydrolysis of trisubstituted ketimine 6, and the desired
3-aminoestrone (3) was obtained in a very good
yield (87%).3° The overall yield for the three steps is
60%, in comparison with 43% obtained in the classical
pathway, outlined in Scheme 1. Also, it should be
mentioned that through this new sequence, we obtained
a much purer product (92% purity, as determined by
HPLC),>*' without the presence of 3-aminoestradiol
(4), which was a major side product in the classical
pathway.
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In conclusion, we developed a novel strategy for the
synthesis of a C-18 aminosteroid. Distinct advantages
of our approach over the classical procedure are the
easy preparation of estrone-triflate as starting material,
and the absence of non-desirable secondary products in
its palladium(0)-catalysed amination reaction. The pro-
cedure is particularly useful because of its simplicity,
the readily available starting materials and ease of
reaction conditions, as well as its applicability to the
synthesis of other non-natural C-18 aminosteroids, in
addition to the biologically relevant 3-aminoestrone. To
our knowledge, to date there is no mention in the
literature of such an application of this type of palla-
dium(0)-catalysed amination reaction in the case of
C-18 steroid triflates.

Acknowledgements

We would like to thank FCAR (Fonds pour la Forma-
tion de Chercheurs et I’Aide a la Recherche) for the
scholarships of I.-.LR. We are also grateful to Dr.
Fernand Labrie and Endorecherche for providing
chemical and biological facilities.

References

1. Labrie, F.; Bélanger, A.; Cusan, L.; Labrie, C.; Simard,
J.; Luu-The, V.; Diamond, P.; Gomez, J.-L.; Candas, B.
Endocrine-Related Cancer 1996, 3, 243-278.

2. Singh, S. M.; Gauthier, S.; Labrie, F. Current Med.
Chem. 2000, 7, 211-247.

3. For the synthesis of 3-aminoestradiol by a Semmler-Wolf
rearrangement of 19-nor-testosterone oxime, see Smith,
W. B.; Sant, M. P. Org. Prep. Proc. Int. 1990, 22,
501-506.

4. Schwenk, E.; Gold, A. M. Worcester Foundation for
Experimental Biology: US 3,060,205, 1962.

5. Schwenk, E.; Gold, A. M. Worcester Foundation for
Experimental Biology: US 3,100,209, 1963.

6. Selcer, K. W.; Li, P.-K. J. Steriod Biochem. Mol. Biol.
1995, 52, 281-286.

7. Selcer, K. W.; Jagannathan, S.; Rhodes, M. E.; Li, P.-K.
J. Steroid Biochem. Mol. Biol. 1996, 59, 83-91.

8. Li, P.-K.; Selcer, K. W. Duquesne Univ. of the Holy
Ghost: US 5571933, 1996.

9. Li, P.-K.; Selcer, K. W. Duquesne Univ. of the Holy
Ghost: US 5677292, 1997.

10. Li, P.-K.; Selcer, K. W. Duquesne Univ. of the Holy
Ghost: US 5866603, 1999.

11. Woo, L. W. L.; Lightowler, M.; Purohit, A.; Reed, M. J.;
Potter, B. V. L. J. Steroid Biochem. Mol. Biol. 1996, 57,
79-88.

12. Labrie, F.; Bélanger, A.; Gauthier, S.; Luu-The, V.;
Meérand, Y.; Poirier, D.; Provencher, L.; Singh, S. M.
Endorecherche, Inc., Canada: WO 9946279, 1999.

13. Sadek, A. S.; Shaw, S. M.; Kessler, W. V.; Wolf, G. C. J.
Org. Chem. 1981, 46, 3259-3262.

14. Scherrer, R. A.; Beatty, H. R. J. Org. Chem. 1972, 37,
1681-1686.

15. Morrow, D. F.; Butler, M. E. J. Org. Chem. 1964, 29,
1893-1895.

16.

17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

7619

Morrow, D. F.; Hofer, R. M. J. Med. Chem. 1966, 9,
249-251.

Conrow, R. B.; Bernstein, S. Steroids 1968, 11, 151-164.
Tschitschibabin, A. E.; Jeletzky, N. P. Chem. Ber. 1924,
57, 1158-1161.

Chapman, A. W. J. Chem. Soc. 1925, 127, 1992-1998.
Girard, A.; Sandulesco, G. Helv. Chim. Acta 1936, 19,
1095-1107.

Wheeler, O. H. Chem. Rev. 1962, 62, 205-221.
Reverse-phase C-18 Nova-Pak C18 column (100x40 mm
i.d.). Mixture of CH;CN:MeOH:H,0/40:35:25 as eluent
at a flow rate of 25 mL/min, UV detection at 205 nm.
Wolfe, J. P.; Ahman, J.; Sadighi, J. P.; Singer, R. A.;
Buchwald, S. L. Tetrahedron Lett. 1997, 38, 6367-6370.
Wolfe, J. P.; Tomori, H.; Sadighi, J. P.; Yin, J.; Buch-
wald, S. L. J. Org. Chem. 2000, 65, 1158-1174.
Kiesewetter, D. O.; Katzenellenbogen, J. A.; Kilbourn,
M. R.; Welch, M. 1. J. Org. Chem. 1984, 49, 4900-4905.
Procedure for the synthesis of 6: In a Schlenk tube purged
with argon, Pd,(dba); (27 mg, 3% mol), S-(-)-BINAP (28
mg, 4.5% mol), Cs,CO; (456 mg, 1.4 mmol) in 2 mL
toluene were added and stirring began. To the resulting
solution, 5 (403 mg, 1 mmol) and benzophenone imine
(201 pL, 1.2 mmol) were added and heated at 120°C for
3 days. The dark colour mixture was then cooled to room
temperature and diluted with 25 mL Et,O and filtered
over Celite and then evaporated under reduced pressure.
The crude solid was purified by silica gel flash chro-
matography using gradient elution with CH,Cl, to 3%
Et,0/CH,CI, to afford 32 mg (8%) of starting material 5
and 321 mg (74%) of imine 6 as a yellow solid. Mp
151-153°C. [o]p +88.80° (¢ 1.00, CHCl5). IR (KBr): 1739
(C=0); 1597 (C=N) cm~!. 'H NMR (300 MHz, CDCl,): §
0.90 (s, 18-CHj3); 1.30-1.67 (m, 6H); 1.88-2.26 (m, 5H);
2.27-2.38 (m, 1H); 2.50 (dd, J,=19.50 Hz, J,=28.45 Hz,
16B-CH); 2.72-2.81 (m, 6-CH,); 6.47 (dd, J,=8.20 Hz,
J,=1.70 Hz, 2-CH); 6.55 (s, 4-CH); 7.02 (d, J=8.20 Hz,
1-CH); 7.09-7.20 (m, 2H); 7.23-7.32 (m, 3H); 7.33-7.53
(m, 3H); 7.72 (d, J=7.14 Hz, 2H) ppm. '3*C NMR (75.5
MHz, CDCly): ¢ 13.86; 21.54; 25.65; 26.48; 29.25; 31.55;
35.82; 38.11; 44.09; 47.95; 50.47; 118.59; 121.86; 125.25;
127.93; 128.14; 129.58; 134.90; 136.56; 139.61; 148.09;
167.93; 220.90 ppm. MS for C;,H;,NO [M+H]*: 434.40
mjz.

Wessjohann, L.; McGaffin, G.; Meijere, A. Synthesis
1989, 359-363.

O’Donnell, M. J.; Boniece, J. M.; Earp, S. E. Tetrahedron
Lett. 1978, 30, 2641-2644.

Fasth, K.-J.; Antoni, G.; Langstrém, B. J. Chem. Soc.,
Perkin Trans. 1 1988, 3081-3084.
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Characteristics of 3-aminoestrone identical to those
reported in the literature (Ref. 11).
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