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internal standard with CDCl; and D,O as solvents. Infrared
spectra were obtained with a Beckmann Acculab 4 spectrometer
with carbon tetrachloride and KBr disks.

3-Alkyl(or Aryl)-4-amino-Dj-trishomocubanes 8a-h
General Procedure. Concentrated sulfuric acid (12 mL was
added slowly to a well-stirred nitrile (40 mL) (Table I) at 0 °C.
The stirred mixture was cooled to —10 °C and the tertiary alcohol
5 (0.5 g) was added slowly to keep the reaction temperature at
-10 °C. The reaction mixture was allowed to reach room tem-
perature, stirred for another 3 h, and then poured onto ice,
whereupon the mixture was mde alkaline with aqueous sodium
hydroxide (10%). Precipitated amide 7 was filtered, dried, and
either hydrolyzed or reduced without further purification. The
amide was reduced with LiAlH in anhydrous ether under reflux
for 2 h to the desired 4-amino-Dj-trishomocubane 8c—h. The
excess LiAlH, was decomposed with ice-cold water, and the amine
was extracted with ether (3 X 50 mL). The organic layer was dried
(sodium sulfate) and evaporated (20 mbar), yielding 4-amino-
Dy-trishomocubanes 8c-H. The amine was dissolved in anhydrous
ether, and hydrogen chloride was bubbled through the solution,
whereupon the hydrochloride salts of the 4-amino-Dj-trishomo-
cubanes (Table I) crystallized. Amide 7 was hydrolyzed under
reflux conditions in concentrated hydrochloric acid (72 h) to yield
the corresponding primary 4-amino-Dj-trishomocubane 8a,b. The
reaction mixture was made alkaline, whereupon the amine was
extracted with ether (3 X 50 mL). The organic layer was then
treated as described above, yielding the hydrochloride salt of the
primary 4-amino-D;-trishomocubane 8a,b (Table I).

Pharmacology. Irwin Dose-Range Study/Acute Toxicity
in Mice, Male CD-1 mice were deprived of food for 18 h prior
to the experiment, but water was available ad libitum except
during the observation period. The test compounds were prepared
in 1% tragacanth and administered orally to groups of four mice.
The test compound were tested at 1000, 464, 214, and 100 mg/kg;

the dose volume remained constant at 10 mL/kg. The animals
were observed daily for 7 days postdose and any mortalities noted.
The LDy, values were estimated by using the method of Horn.?®

Anti-Oxotremorine Test in Mice. Male CD-1 mice were
deprived of food for 18 h prior to the experiment, but water was
available ad libitum except during the observation period. The
test compounds were prepared in 1% tragacanth and administered
orally to groups of 10 mice. The test compounds were tested at
doses of 100, 30, and 10 mg/kg at a constant dose volume of 10
mL/kg. Thirty minutes after administration of the test com-
pound, vehicle, or reference standard, the mouse received an
intraperitoneal injection of oxotremorine (0.4 mg/kg). The in-
tensity of salivation and tremor was scored for all mice on a 0-3
scale, at 10, 20, and 30 min post-oxotremorine. Only the con-
centrations of the test compounds exhibiting the most promising
anti-oxotremorine activity appear in Table IIL

Antagonism of Reserpine-Induced Catalepsy in Mice.
Male CD-1 mice were deprived of food for 18 h prior to the
experiment, but water was available ad libitum except during the
observation period. The test compounds were prepared in 1%
tragacanth and administered orally to groups of five mice. Four
hours prior to the administration of the test compounds or vehicle,
each mouse received an intraperitoneal dose of reserpine (5
mg/kg). Forty-five minutes after the administration of the test
compounds or vehicle, each mouse was placed with its forepaws
on a 5-cm high cork, in order to assess the presence or absence
of catalepsy. Mice which remain in this position for 5 min were
considered cataleptic. The EDg; (i.e. the dose of the test compound
causing a reduction of the catalepsy score to 50% of that of the
control group) values were determined. Each test compound was
tested at doses 100, 30, and 10 mg/kg. A constant dose volume
of 10 mL/kg was employed.

(28) Horn, H. J. Biometrics 1956, 12, 311.
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The 118-methoxy, 113-ethoxy, and 7a-methyl derivatives of the isomeric (17a,20E)- and (17,202)- (iodovinyl)estradiols
3 and 6, and their no-carrier-added [*?I)iodovinyl analogues, were evaluated for their relative target-tissue retention
and binding affinity for the estrogen receptor. The isomeric iodovinyl and [!#1]iodovinyl derivatives were prepared
via destannylation of the corresponding tributylstannyl precursors in the presence of H,O, or chloroamine-T, with
retention of configuration. The 20Z isomers 6 exhibited slightly higher receptor binding affinities than the 20E
isomers 3, with all eight isomeric products giving relative binding affinity values in the 20-50 range. The 118- and
Ta-substituted (iodovinyl)estradiols gave substantially higher estrogen receptor-mediated uterus uptake as compared
to the nonsubstituted parent molecule. Synergism between the effect of 118- or 7a-substituents and the configuration
of the iodovinyl group was evident from the in vivo distribution pattern of [125I]-3 and -6. The best uterus uptake
was observed, at 2 h postinjection, with the 20E isomer of 118-methoxy derivative 3b. However, at 5 h postinjection
the 20Z isomer 6b reached higher uterus concentrations than the 20F isomer 3b, and furthermore, these values are
now comparable to those observed with the 20Z isomer of the 118-ethoxy derivative 6c. In the case of the 7a-methyl
derivatives the differences in in vivo stability between the 20E and 20Z isomers was less pronounced, whereas the

20Z isomer 6d reached somewhat higher uterus to blood as well as nontarget ratios.

A radiolabeled estrogen analogue with high binding
affinity for estrogen receptors could play an important role
in the characterization, delineation, as well as management
of breast cancer. Among the many radiolabeled estrogens
advanced to this end,! the 17a-iodovinyl derivatives of
substituted estradiols are particularly promising.? Com-
parative studies with such derivatives in transplanted tu-
mors containing various concentration of receptor proteins
suggested that their level of tissue uptake qualitatively
relates to the estrogen receptor concentration.®* The

tPresented in part at the 1989 International Chemical Congress
of Pacific Basin Societies, Honolulu, Hawaii, December 17-22,
1989.
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3-methyl ether derivatives (e.g. 3b) have also been sug-
gested as a potential imaging agents;? however, their in-
significant receptor-binding affinity and high lipid solu-
bility render these derivatives unsuitable for imaging of
small receptor-containing tumors.® Most studies to data

(1) (a) Counsell, R. E.; Klausmeier, W. J. In Principles of Radio-
pharmacology; Colombetti, L. G., Ed.; CRC Press: Boca Ra-
ton, FL 1979; Vol. II, pp 59-91. (b) Eckelman, W. C.; Reba,
R. C. In Radiopharmaceuticals: Structure—Activity Rela-
tionships; Spencer, R. P, Ed.; Grune and Stratton: New York,
1981; pp 449-458. (c) Katzenellenbogen, J. A.; Heiman, D. F;
Carlson, K. E,; et al. In Receptor-Binding Radiotracers; Eck-
elman, W. C., Ed.; CRC Press: Boca Raton, FL 1982; Vol. I,
pp 93-126.
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with 17«-(iodovinyl)estradiol derivatives were concerned
with the 20F isomers. We recently reported that the 202
isomer of 17a-(iodovinyl)estradiol localizes better in es-
trogen receptor rich rat uterus as compared to the 20E
isomer.® Introduction of the 118-substituent in estrogens
increases the stability of the estrogen receptor complex’
and in the case of the (17«,20E)-(iodovinyl)estradiol ad-
dition of the 113-methoxy dramatically enhances recep-
tor-mediated tissue localization of the radioiodinated
analogue.? Likewise, introduction of a 7a-methyl group
results in increased estrogenic activity and higher affinity
for the estrogen receptor.8? Attachment of long, linear
chains at the 7a-position of estradiol, although useful for
the preparation of affinity columns for receptor purifica-
tion,!% did not give a product with appreciable affinity for
the estrogen receptor.!! Introduction of a combination
of a 7a- and 118-substituent onto the same estradiol
molecule leads to a compound with little affinity for the
estrogen receptor.® In this paper we have studied a pos-
sible synergism between the iodovinyl configuration of
(17«,20E/ Z)- (iodovinyl)estradiol and substituents which
are known to enhance target specificity, i.e. the 118-

(2) (a) Hanson, R. N,; Franke, L. A. J. Nucle. Med. 1984, 25, 998.
(b) Jagoda, E. M.; Gibson, R. E.; Goodgold, H.; Ferreira, N.;
Francis, B. E.; Reba, R. C.; Rzeszotarski, W. J.; Eckelman, W.
C. J. Nucl. Med. 1984, 25, 472. (c) Nakatsuka, I.; Ferreira, N.
L.; Eckelman, W. C.; Francis, B. E.; Rzeszotarski, W. J.; Gib-
son, R. E.; Jagoda, E. M.; Reba, R. C. J. Med. Chem. 1984, 27,
1287. (d) Franke, L. A.; Hanson, R. N. J. Nucl. Med. 1984, 25,
1116.

(3) McManaway, M. E,; Jagoda, E. M.; Kasid, A.; Eckelman, W.
C.; Francis, B. E.; Larson, S. M.; Gibson, R. C.; Reba, R. C.;
Lippman, M. E. Cancer Res. 1987, 47, 2945,

(4) Hanson, R. N.; Franke, L. A.; Kaplan, M. Nuci. Med. Biol.
1990, 17, 239

(5) Merrick, M. V.; Corrie, J. E. T.; Millar, A. M.; Hawkins, R. A.
Nucl. Med. Biol. 1988, 15, 327.

(6) Ali, H.; Rousseau, J.; Ghaffari, M. A.; van Lier, J. E. J. Med.
Chem. 1988, 31, 1946.

(7) Raynaud, J. P.; Ojasoo, T. In Innovative Approaches in Drug
Research; Harms, A. F., Ed.; Elsevier Science: Amsterdam,
1986; pp 47-72.

(8) Raynaud, J. P.; Ojasso, T.; Bonton, M. M,; et al. In Estrogen
in the Environment; McLachlan, J. A., Ed.; Elsevier Science:
Amsterdam, 1985; pp 24—42.

(9) Kalvoda, J.; Krahenbuhl, Ch.; Desaulles, P. A.; et al. Helv.
Chim. Acta 1967, 50, 281,

(10) Bucourt, R.; Vignau, M.; Torelli, V.; Richard-Foy, H.; Geynet,
C.; Secco-Millet, C.; Redeuilh, G.; Baulieu, E. E. J. Biol. Chem.
1978, 253, 8221.
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methoxy, 118-ethoxy, and 7a-methyl groups.
Chemistry. 17«-Ethynylestradiol derivatives (1b—d)
were treated for 4 h with tri-n-butyltin hydride in toluene
at 90-100 °C, in the presence of azobisisobutyronitrile as
a catalyst, to yield (17«,20E)-[2-(tributylstannyl)vinyl]-
estradiols 2 as major products in up to 75% yield. Sub-
stitution of toluene for a polar solvent (e.g. hexamethyl-
phosphoric triamide), omission of catalyst, and lowering
of the reaction temperature to 65-70 °C favored formation
of the 20Z isomers 4 (Scheme I). The products required
chromatographic purification to separate the starting
material and unwanted products. The tin intermediates
gave weak molecular ions in the mass spectrum. Addition
of a solution of iodine in chloroform to these intermediates
(2 and 4) gave the (iodovinyl)estradiol derivatives (3 and
6), with retention of configuration, in 50-80% yield.
Compounds 3 and 6 gave the appropriate molecular ions
in the mass spectrum and their configurations were es-
tablished by 1H and 13C NMR. The assigned stereochem-
istry of the iodine on C-21 was based on the coupling
constants of the two vinylic protons at C-20 and C-21 in
the 'H NMR spectrum and the chemical shifts of the
carbon signals in the 1*C NMR. Thus in the !H NMR
spectrum two doublets centered at & = 6.12-6.22 for the
protons at C-20 and at é = 6.63-6.68 for the proton at C-21
with J = 14 Hz are indicative of trans (E) incorporated
iodine (3) while the two doublets centered at § = 6.22-6.39
and é = 6.62-6.84 with J = 8 Hz are indicative of the cis
(Z) configuration. Signals centered at § = 72.96-74.02 for
C-21 and at 6 = 150.8-151.16 for C-20 in the 3C NMR
spectrum correspond to the E configuration while in the
case of Z isomers the C-21 signal was shifted downfield and
appeared at & 75.7-77.51. The C-20 signals were shifted
upfield and appeared centered at 6 = 143.5-143.73. The
remaining carbon signals were unaffected by the configu-
ration about C-20 and appeared at almost the same pos-
ition in both isomeric products. The 20Z isomers were less
stable than the 20F isomers and they also exhibited dif-
ferent solubility. The E and Z tin intermediates were well
separated on silica gel TLC in mixtures of EtOAc and
hexane as well as on C-18 reverse-phase HPLC columns
using a mixture of water and methanol, while the iodo
derivatives 3 and 6 were difficult to separate.
Radiochemistry. The stannyl intermediates 2 and 4
were converted to the radioiodinated products ['%51]-3 and
-6 by using different reaction conditions for each isomer.
The 20E isomers [125]-3 were readily obtained by treat-
ment of the corresponding 2 with ['%I]Nal in the presence
of Hy0,,'? while for the preparation of the 20Z isomers
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Table I. Relative Binding Affinities of the Various Steroids for
Murine Cytoplasmic Estrogen Receptors

compd RBA (SD) compd RBA (SD)
1b (mexestrol) 15.3 (0.5) 5b 13.5 (4.1)
lc 21.0 (1.9)
1d 73.1 (12.2) 5d 58.1 (10.6)

Iodinated Products

3a (E) 32.8% 6a (7) 46.7°

3b (E) 27.7 (2.9) 6b (Z) 32.0 (6.6)
3¢ (E) 21.6 (0.3) be (Z) 30.8 (1.1)
3d (E) 43.2 (7.5) 6d (Z) 44.9 (0.9)

aCompetitive binding between 109 M [*H]estradiol and 2 x
10°%-2 x 1072 M unlabeled estradiol and the derivatives 1, 5, 3,
and 6 was plotted and the concentration required for 50% compe-
tition was used to calculate the RBA values (mean of three exper-
iments). ?Datum taken from the literature.®

[1%°1]-6, we used ['?*I]Nal and chloroamine-T in EtOH.
After solvent extraction and chromatographic purification
on a reverse-phase HPLC system the '%I-labeled products
were obtained in 75-80% overall yield. The identity of
the labeled material was confirmed by coinjection with the
authentic iodinated products on HPLC. During the HPLC
purification, eluting ®*I-labeled 3 or 6 could not be de-
tected by the UV monitor and it is consequently assumed
that their specific activities were in the same range as that
of the starting ['%I]Nal, e.g. up to 2200 Ci/mmol.

Biological Properties. The relative binding affinities
(RBA) of 1, 3, 5, and 6 for estrogen receptors were de-
termined by competitive binding assays with [*H]estra-
diol." The concentration required for 50% competition
was used to calculate RBA values.® For all substituted and
nonsubstituted isomeric (iodovinyl)estradiols, the 20Z
isomers (6) exhibited somewhat higher RBA values than
the corresponding 20E isomers (3); however, only in the
case of the 113-ethoxy derivatives 3¢ (E) and 6¢ (Z) were
such differences found to be significant (Table I).

The biodistribution and uterus uptake of the ®I-labeled
estradiols was studied in immature Fischer female rats.
The animals were injected through the tail vein with 3 uCi
(111 kBq) of the HPLC-purified 1%5]-labeled steroid in 200
uL of a 9% ethanol-saline solution containing 1%
Tween-80. The animals were sacrificed at 1, 2, and 5 h
postinjection. In order to establish that the uterus uptake
of the labeled steroid was receptor mediated, some rats of
the 1 h group were coinjected with 60 ug of unlabeled
estradiol. The radioactivity concentration in the various
organs are presented in Table II. With the exception of
the blood, uterus, and thyroid, the distribution patterns
were similar for all isomeric (iodovinyl)estrogens: ']
uptake reaches a maximum within 1 h postinjection fol-
lowed by a continuous decrease in activity. Uterus con-
centrations (Table II) and uterus to blood and nontarget
ratios of the differently substituted [!%°I]-3 and ['?°I]-6
reached levels well in excess of what was previously ob-
served for the analogues '*I-labeled estrogens lacking 114-
or Ta-substitutents (Figure 1).5 Peak uterus radioactivity
concentrations occurred at 2 h postinjection. With the
exception of the uterus to nontarget tissue ratios of the
E and Z isomers of the 7o-methyl derivatives (3d and 6d),
which like the nonsubstituted analogues (3a and 6a) gave
the highest uptake ratios for the Z isomer, the highest
uterus uptake ratios were observed with the E isomers
(Figure 1). In vivo deiodination, as measured via the 1%
uptake by the thyroid, was consistently higher for the Z
isomers and, furthermore, strongly influenced by the na-

(12) Hanson, R. N.; Seitz, D. E; Bottaro, J. C. Int. J. Appl. Radiat.

Isot. 1984, 35, 810.
(13) Schneider, W.; Shyamala, G. Endocrinology 1982, 116, 2656.
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Figure 1. Uterus uptake in % [D/g (top), uterus to blood ratios
(middle), and target (uterus) to nontarget (lung, spleen, and
muscle) ratios (bottom) of 118- and 7a-substituted '**I-labeled
(178,20} Z)-(iodovinyl)estradiols in immature female Fischer rats.
The error bars represent the standard deviations.
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Figure 2. Percent deiodination of 113- and Ta-substituted
15T labeled (178,20E/Z)-(iodovinyl)estradiols at 1, 2, and 5 h
postinjection was calculated from the thyroid uptake. The
12%5.uptake at the same time interval after ['**]Nal injection was
taken as 100%. The error bars represent the standard deviation.

ture of the substituents (Figure 2). Particularly, addition
of the 113-ethoxy group, i.e. compound 6¢, drastically
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Table II. Tissue Distribution of 118- and 7a-Substituted *I-Labeled (178,20E/Z)-(Iodovinyl)estradiols in Immature Female Fischer

Rats
% ID/g (% CV)® % ID/g (% CV)
tissue 1h 1h (+Ey) 2h 5h tissue 1h 1h (+Ey) 2h 5h
['251]-3b (20E Isomer, 113-Methoxy) ['251]-6b (20Z Isomer, 118-Methoxy)
blood 043(23) 047 (14)  045(25)  0.23(15) blood 0.77(15) 083 (11)  0.73 (3) 0.68 (11)
uterus 1741 (25)  2.38(22)  30.02(13) 1502 (10) uterus 1749 (15) 187 (17) 2577 (12)  19.86 (19)
plasma 050 (24) 054 (13)  0.55(27)  0.28(16) plasma 0.87(15)  100(11)  0.87(5) 0.85 (9)
thyroid 5119 (12) 3891 (18)  52.97 (16) 66.68 (29) thyroid  108.06 (12) 177.28 (17) 199.33 (12) 517.77 (9)
muscle 1.46 (22) 1.63(13)  1.11(11) 047 (47 muscle 115(16) 132 (47)  1.04(13) 0.73 (15)
fat 502 (26)  4.75(15)  2.95(16) 096 (14) fat 2.68 (9) 3.19 (14) 147 (7) 1.07 (16)
brain 1.2 (29) 140 (14)  073(11)  0.25(16) brain 1.11 (43) 1.04(12)  0.52 (19) 0.37 (13)
kidneys 295(27)  2.16(19)  2.10 (6) 097 (17)  kidneys 340 (21) 177 (9) 3.01 (4) 2.94 (6)
spleen 0.76 (20) 1.13(11)  0.52 (33) spleen 0.83 (17)  1.32(26)  0.70 (26) 0.53 (17)
lungs 1.83(25)  1.66 (17) 1.30 (24) 052 (19) lungs 1.85 (11) 1.35 (13) 1.62 (12) 1.40 (11)
liver 563 (23) 538 (8) 503 (16)  2.97 (12) liver 373 (8) 430 (11)  2.64 (18) 2.49 (19)
[1251]-3¢ (20E Isomer, 113-Ethoxy)
blood 050(12)  052(17)  043(16) 046 (45) 0[7125”'2“ (20Z Tsomer, 115-Ethoxy)
uterus 1274 (21) 095 (32) 1438 13)  9.89 (19) Ploo 16 (14) 077 (27)  0.80 (8) 0.75 (33)
, terus 1838 (23)  145(22)  19.52 (29) 19.80 (13)
ovaries 4.76 (25) 2.00 (29) 5.14 (12) 3,93 (24) Uterv
672 (24)  2.88 (55)  6.57 (16) 5.65 (15)
adrenals  4.12(18)  4.17 (25 267 (31)  0.95 (44) OVAries
thyroid adrenals 4.83 (9) 3.18 (29) 3.07 (24) 1.43 (10)
yroi 11581 (21)  9812(5)  177.22 (41) 56161 (26) gy o
yroid ~ 241.28 (9)  207.21 (46) 472.28 (13) 1240.11 (16)
muscle 128 (39)  135(15)  096(25)  037(36) 0 1.24 (12) 178 (8) 1.06 (30) 0.78 (20)
fat 473 (15) 546 (29)  3.23 (23) 1.27 (20) g 485 (20 517 (4d 281 (o4 93 (18
brain 082(19) 090 (22)  045(19) 016 (23 &t -85 (20) 17 (44) 81 (24) 1.23 (18)
: brain 097 (15) 098 (34 0.0 (13) 0.37 (20)
kidneys 212 (14)  2.04(25)  1.65(20)  075(30)
kidneys 3.61 (14) 191 (32) 298 (11) 2.02 (17)
spleen 123 (10)  121(13)  121(20)  072(45) 9N 72 () 167 45) 196 (17) 167 (35)
lungs 143 (16)  149(26)  1.02(22) 048 (20) 5P ‘ : ‘ ‘
o 581 (10) 544015 4318 378 (1) lungs 1.88(18)  1.59 (28) 1.48 (19) 1.18 (16)
: : : ' liver 473 (11) 46317  3.65(13) 2.93 (16)
[125]]-3d (20F Isomer, 7a-Methyl)
blood 0.34 (14) 0.46 (27) 0.32 (35) 0.33 (25) [1251]-6d (20Z Isomer, 7e-Methyl)
uterus 7.30 (14) 1.14(33)  9.27(28)  8.26(18) blood 0.47 (29) 0.33 (7) 0.35 (21) 0.29 (14)
ovaries 4.35 (18) 3.78 (18) 4.15 (29) 291 (21)  uterus 7.92 (26) 0.51 (23) 9.08 (24) 7.66 (29)
adrenals  3.33 (11)  4.69(24) 249 (16) 1.57 (26)  ovaries 3.54 (22) 1.37(22)  2.57 (24) 2.24 (37)
thyroid  61.58 (14)  54.71 (35)  60.78 (30) 237.90 (14) adrenals  2.84 (27) 1.56 (8) 1.49 (22) 0.88 (10)
muscle 0.98 (5) 1.26 (26)  0.65(13)  0.65(31) thyroid  84.78(22) 8377(1) 185.08(9)  434.36 (6)
fat 5.03 (16)  6.57(14)  3.44(10)  259(23) muscle 1.13 (32) 0.53 (32)  0.59 (36) 0.31 (18)
brain 0.90 (9) 1.21(21)  061(29)  031(31) fat 4.51 (14) 2.40 (4) 1.69 (22) 0.84 (20)
kidneys 2.83 (8) 3.18 (19) 2.10 (29) 1.19 (23)  brain 0.77 (17) 0.53 (8) 0.24 (22) 0.10 (11)
spleen 1.23 (17) 1.47 (21) 109 (47) 064 (19)  kidneys 1.90 (18) 1.02 (9) 1.17 (23) 0.75 (12)
lungs 2.17 (13)  2.88 (24) 168 (21) 099 (29) spleen 1.29 (32) 2.04 (33) 1.13 (50) 0.59 (15)
liver 12.44 (5) 14.87 (19) 8.15 (25) 4.99 (20)  lungs 1.53 (22) 0.85 (21) 0.74 (24) 0.51 (11)
liver 3.60 (17) 2.13 (3) 1.63 (18) 1.10 (16)

@ Average % ID/g for 4 or 5 rats. Each rat was injected iv with 3 xCi (111 kBq) of nca '®I-labeled steroid in the presence (+Es) or absence
of 60 ug coinjected estradiol. The incertitude is given in brackets as the % CV, e.g. the percent coefficient of variation corrected for smalil

sample size effect.?

lowers the in vivo stability of the (17«,20Z)-iodovinyl
substituents.

Discussion

The reaction sequences, workup, and radiochemical yield
of the 20F and 20Z isomers of the 118- and 7a-substituted
15]-labeled (17a,20E/Z)-(iodovinyl)estradiols 3b-d and
6b-d, is very similar to that reported for the analogous
isomeric products ['%I]-3a and ['%I]-6a lacking these
substituents.®

Our earlier biological studies® with the 20E and 20Z
isomers of (17«,20E/Z)-(iodovinyl)estradiol 3a and 6a
suggested that the 20Z configuration, although somewhat
less stable, provided for the best in vivo localization of the
isomeric 17a-(iodovinyl) steroids. All 7a-methyl deriva-
tives exhibited higher binding affinities for the estrogen
receptor than the 118-methoxy or -ethoxy derivatives
(Table I). All eight isomeric products 3a-d and 6a-d
exhibited RBA values, measured at 0-4 °C, in the 30-50
range (Table I). Among all four pairs of isomers, the Z
isomers exhibited slightly higher RBA values (Table I)
which is consistent with the higher uterus uptake of the
Z isomers at 1 h postinjection (Figure 1). In the case of
the isomeric 113-substituted derivatives 3b,c and 6b,c the
higher RBA's of the Z isomers parallel their prolonged
receptor-mediated uterus uptake (Figure 1). Uterus uptake

was significantly higher for all 1138- and 7a-substituted
estradiol derivatives tested, as compared to the 17a-(io-
dovinyl)estradiols lacking such substituents.8 This is in
agreement with earlier observations? on the 118-methoxy
20F isomer 3a and reflects the increased stability of the
estrogen-receptor complex as a result of the added sub-
stituents.” Uterus retention of the 20Z isomers [1%1]-6 is
somewhat more persistent as compared to that of the 20E
isomers [1251]-3 (Table II). However, uterus to blood or
nontarget ratios are more favorable for the 20E isomers
3b,c (Figure 1). This is most likely due to the higher
instability of the corresponding 20Z isomers, which is ev-
ident from the high thyroid %1 uptake (percent deiodi-
nation, Figure 2) and which may also be reflected in the
higher 1%1-blood levels of the 20Z isomers (Table I). The
in vivo stability of the isomeric [12°I]-3 and -6 are strongly
influenced by the nature of the substituents, and in par-
ticular, addition of the 118-ethoxy group renders the
(17«,20Z)-(iodovinyl)estradiol prone to deiodination
(Figure 2). Thus, contrary to our conclusion concerning
the isomeric (17«,20E/Z)-(iodovinyl)estradiols 3a and 6a,
where the higher instability of the 20Z isomer was com-

(14) Hanson, R. N.; Franke, L. A.; Kaplan, M. L. Int. J. Appl.
Instrumm. Part B, Nucl. Med. Biol. 1989, 16, 3.
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pensated for by its better tissue-localizing properties, the
20F isomers of 118- and 7a-substituted (17«,20E/Z)-(io-
dovinyl)estradiols (3) possess the advantageous configu-
ration for radiopharmaceutical applications due to their
higher in vivo stability. The influence of the 11-stereo-
chemistry in [125I]-3 has recently been addressed by
Hanson et al.,' confirming the essential 118-configuration
for optimal uterine localization. Among the isomeric
products tested in this study, the 20E isomer of the 113-
methoxy derivatives (3b) reached the highest target to
nontarget and target to blood ratios. Our uterus to blood
ratios and absolute uterus uptake values for 3b—d and 6b—d
are comparable to those reported for the analogous
(172,20E)- (iodovinyl)-113-ethylestradiol.’® These data
point at a possible synergism between 118/7a-substituents
and the configuration at C-20 in terms of in vivo (target
uptake, stability) and in vitro (RBA) properties. However
more derivatives will be required to fully exploit such a
relationship for the design of an improved radiopharma-
ceutical and work to this end is in progress in our labo-
ratory.

In summary, we have presented methods for the syn-
thesis of 20E,Z isomeric 17a-(iodovinyl)estradiols substi-
tuted at the 118- and 7a-positions and provided evidence
for the improved target localization of the radioiodinated
analogues. The labeling procedures can readily be used
with 1231 and only clinical trials with the %I-analogues will
be able to determine the usefulness of these isomeric ra-
diopharmaceuticals in the management of breast cancer.

Experimental Section

Melting points (mp) were determined on a Fisher-Johns ap-
paratus and are uncorrected. Spectral data (UV, Varian UV /vis
2200 spectrophotometer; 'H and *)C NMR, Bruker WM 25
Spectrometer, in CDCl; + DMSO-d; with Me,Si as an integral
standard; EIMS, Hewlett-Packard Model 5988A quadrupole in-
strument) were recorded. Microanalysis data were obtained by
Guelph Laboratories Ltd., Guelph, Ont., Canada. Silica gel
(60-200 mesh) was used for column chromatography. Silica gel
plates coated with fluorescent indicator (UV 254) were used for
analytical thin-layer chromatography (TLC) and the compounds
were located by their UV absorbance/or color response upon
spraying with H,SO,/EtOH and heating at 120 °C. The following
two solvent systems were used for TLC: system I, 3:7 EtOAc/
hexane; system II, 10:1 CHCl;/CH;CN. High-performance liquid
chromatography (HPLC) was performed on a reverse-phase
column (C-18, ODS-2 spherisorb, 5 um, 25 X 0.94 em, CSC,
Montreal, Canada) and the compounds were detected at 280 nm
and, where appropriate, by their v-radiation, which was registered
via a sodium iodide detector. All chemicals used are commercially
available and were of the highest chemical grade available; car-
rier-free (nca) ['2°1]Nal was purchased from Amersham Canada
Ltd. Steroids were purchased from Steraloids Inc. 17-(Ethyl-
enedioxy)estra-1,3,5(10)-triene-3,118-diol was synthesized ac-
cording to Baran!® which was converted to 113-methoxy or 118-
ethoxy 3-hydroxyestra-1,3,5(10)trien-17-one with methyl iodide
or ethyl iodide.'” The ketone derivatives were subsequently
converted to 1b,c by treatment with lithium acetylide—ethyl-
enediamine complex.!®

(172,20 E)-21-(Tributylstannyl)-118-methoxy-19-nor-
pregna-1,3,5(10),20-tetraene-3,17-diol (2b). A mixture of
118-methoxy-17«-ethynylestradiol (1b; 50 mg, 0.153 mmol) in 5
mL of toluene and 0.1 mL of tri-n-butyltin hydride (0.37 mmol)
was heated at 95-100 °C for 4 h in the presence of azobisiso-

(15) Hanson, R. N.; Rosenthal, C.; Ghoshal, M.; Murphy, F.; Gib-
son, R. E.; Sood, V.; Reba, R. C. J. Labelled Compds Radiop-
harm. 1989, 24, 104.

(16) Baran, J. S. J. Med. Chem. 1967, 10, 1188.

(17) Senderoff, S. G.; McElvany, K. D.; Carlson, K. E.; Heiman, D.
F.; Katzenellenbogen, J. A.; Welch, M. J. Int. J. Appl. Radiat.
1982, 33, 810.

(18) Huffman, J. W.; Arapakos, P. G. J. Org. Chem. 1965, 30, 1604.
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butyronitrile (5.3 mg, 0.34 mmol) under nitrogen. The solvent
was evaporated under reduced pressure and the residue was
chromatographed on a silica gel column. Elution with 10% EtOAc
in hexane gave 2b as a single major product (55 mg, 50%): mp
131 °C; TLC Ry (system I) 0.45, (system II) 0.44; HPLC, gradient
of 5% H,0 in MeOH to 100% MeOH (20 min) gave a single peak
at tg = 17 min; M8 m/z (relative intensity) 618 (M'*, 0.5), 617
(M'*, 1.5), 616 (M**, 0.7), 561 (100), 553 (3), 543 (7), 453 (5), 397
(11), 277 (23).

(17,20 E)-21-Todo-118-methoxy-19-norpregna-1,3,5(10),20-
tetraene-3,17-diol (3b). To compound 2b (31 mg, 0.05 mmol)
in CHC]; (3 mL) was gradually added at room temperature a 0.1
M solution of iodine in CHCI; until the color of iodine persisted.
This was followed sequentially by the addition of 0.2 mL of 1 M
KF in MeOH and 0.2 mL of 5% aqueous NaHSO;. The mixture
was then extracted with CHCl; (2 X 10 mL). The organic phase
was dried over MgSO, (anhydrous), filtered, and evaporated to
dryness. The residue was purified on a C-18 reverse-phase sem-
ipreparative HPLC column in 70:30 MeOH/H,0. The desired
compound 3b eluted after 32 min and was crystallized from MeOH
(18 mg, 79.2%): mp 125-135 °C (lit.>* mp 130-132 °C); TLC R
(system I) 0.28, (system II) 0.27; UV (EtOH) A, 280 nm; 'H NMI{
5 0.84 (s, 3 H, 18-CH,), 1.0-3.0 (br m, steroid nucleus), 3.14 (s,
3 H, 118-OCHj), 4.01 (m, 1 H, 11a-H), 6.22 (d, J = 14 Hz, 1 H,
=CH]I); 6.68 (d, J = 14 Hz, 1 H, —CH=), 6.38-6.82 (m, 2 H, 1-CH
and 4-CH), 7.0-7.12 (m, 1 H, 2-CH), 8.52 (3, 1 H, PhOH); 1*C NMR
6 14.2 (C-18), 22 (C-15), 26.4 (C-7), 28.6 (C-6), 31.4 (C-16), 33.8
(C-12), 34.9 (C-8), 45.9 (C-13), 47.9 (C-9), 49.1 (C-14), 54.9 (C-11),
78.05 (C-21), 75.5 (118-OCHy), 85.5 (C-17), 112.2 (C-2), 114.3 (C-4),
125.6 (C-1), 126.3 (C-10), 137.0 (C-5), 150.8 (C-20), 153.8 (C-3);
MS m/z (relative intensity) 454 (M'*, 20), 404 (4), 389 (8), 327
(27), 277 (45), 251 (14), 235 (14), 226 (58), 200 (49), 180 (20), 181
(81), 157 (100), 145 (90), 131 (80). Anal. (CyH,,I03) C, H, L

(17,20Z)-21-(Tributylstannyl)-118-methoxy-19-nor-
pregna-1,3,5(10),20-tetraene-3,17-diol (4b). A mixture of 1b
(70 mg, 0.214 mmol) and 0.1 mL (0.37 mmol) of tributyltinhydride
was stirred in 2 mL of hexamethylphosphoric triamide at 60-65
°C for 5 h. The reaction mixture was diluted with EtOAc (20 mL),
washed with water, dried over MgSO,, and concentrated under
reduced pressure. The residue was chromatographed over silica
gel. Elution with 10% EtOAc in hexane gave compound 4b (60
mg, 456.3%), TLC R; (system I) 0.64, (system II) 0.72; HPLC,
gradient of 5% H,0 and MeOH to 100% MeOH (20 min) tg =
26 min; mp 162-154 °C; MS m/z (relative intensity) 618 (M**,
0.3), 617 (M'*, 2), 616 (M'*, 3), 561 (23), 543 (69), 509 (20), 328
(30), 251 (50), 226 (97), 211 (100).

Further elution of the silica gel column with the same solvent
mixture gave 2 as a minor product. A final elution with 10%
EtOAc in hexane gave unreacted starting material.

(17a,20Z)-21-1odo-118-methoxy-19-norpregna-1,3,5(10),20-
tetraene-3,17-diol (6b). To 4b (40 mg, 0.064 mmol) in CHCl;
(3 mL) was gradually added at room temperature a 0.1 M solution
of I, in CHCJ; until the color of iodine persisted. This was followed
sequentially by the addition of 0.2 mL of 1 M KF in MeOH and
0.2 mL of 5% aqueous NaHSQ,. The mixture was then extracted
with CHCl; (2 X 10 mL). The organic phase was worked up as
usual and the residue was purified by HPLC over a C-18 re-
verse-phase column with 70:30 MeOH/H,0. Compound 5b eluted
after 21 min as a minor product (6 mg, 28.56%): TLC R, (system
1) 0.21, (system II) 0.24; mp 125-135 °C; 'H NMR 4 0.93 (s, 3 H,
18-CHj), 1.0-3.0 (br m, steroid nucleus), 3.07 (s, 3 H, 113-OCHj),
3.96 (m, 1 H, 11a-H), 4.9-5.1 (m, 2 H, =CH,), 59 (m, 1 H,
—CH=), 6.26-6.8 (m, 2 H, 1-H and 4-H), 6.78 (m, 1 H, 2-H); 13C
NMR 6 14.2 (C-18), 21.9 (C-5), 26.3 (C-7), 28.5 (C-6), 31.10 (C-186),
33.6 (C-12), 84.5 (C-8), 45.4 (C-13), 48.5 (C-9,C-14), 54.7 (C-11),
75.30 (C-21), 75.50 (OCHjy), 82.5 (C-17), 112 (C-2), 114.2 (C-4),
125.5 (C-1), 126.4 (C-10), 137 (C-5), 142.9 (C-20), 153.5 (C-3); MS
m/z (relative intensity) 328 (M'*, 28), 310 (18), 298 (18), 278 (16),
252 (14), 251 (17), 241 (18), 227 (19), 226 (100). Anal. (C;Hy03)
Further elution with the same solvent mixture gave after 32
min compound 6b, which was crystallized from MeOH (15 mg,
51.5%); mp 221-223 °C; TLC R; (system I) 0.27, (system II) 0.36;
UV (EtOH) A\, 280 nm; 'H NMR 6 0.98 (s, 3 H, 18-CH3), 1.0-3.0
(br m, steroid nucleus), 3.04 (s, 3 H, 118-OCHj,), 3.96 (m, 1 H,
11«-H), 6.22 (d, J = 8 Hz, 1 H, =CHI), 6.63 (d, J = 8 Hz, 1 H,
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—CH=), 6.26-6.8 (m, 2 H, 1-H and 4-H), 6.82 (m, 1 H, 2-H); 3C
NMR 6 14.5 (C-18), 22.3 (C-15), 26.6 (C-7), 28.8 (C-6), 31.1 (C-186),
33.9 (C-12), 35.8 (C-8), 47.4 (C-13), 48 (C-19), 49.4 (C-14), 55.2
(C-11), 75.7 (C-21), 83.5 (C-17), 114.6 (C-2), 114.6 (C-4), 125.7 (C-1),
126.6 (C-10), 137.4 (C-5), 143.5 (C-20), 153.9 (C-3); MS m/z
(relative intensity) 454 (M'*, 13), 404 (16), 389 (40), 327 (15), 296
(4), 295 (25), 277 (5b), 251 (46), 211 (54), 160 (63), 157 (86), 145
(73), 127 (100)- Anal. (CZIH27IO3) C, H, I.

(17,20E)-21-(Tributylstannyl)-118-ethoxy-19-nor-
pregna-1,3,5(10),20-tetraene-3,17-diol (2¢). A mixture of
118-ethoxy-17a-ethynylestradiol (1e; 50 mg, 0.152 mmol) in 5 mL
of toluene and 0.1 mL of tri-n-butyltin hydride (0.37 mmol) was
heated at 60-65 °C for 5 h in the presence of azobisisobutyronitrile
(5.3 mg, 0.34 mmol) under nitrogen and worked up in a similar
manner as described above and chromatographed on a silica gel
column. Elution with 5% EtOAc in hexane gave 2¢ as a single
major product (55 mg, 58%): mp 112-113 °C; HPLC, gradient
of 5% H,0 in MeOH to 100% (20 min) tg = 14 min; 'H NMR
(CDCly) 6 0.80-2.8 (m, steroid nucleus plus n-Bug), 3.31-3.62 (q,
J =17Hz, 2 H, 118-OCH,CH,), 4.18 (m, 1 H, 11a-H), 6.15 (sextet,
2 H,J =2Hz, CH=CH), 6.52 (d, J = 2 H, 1 H, 4-H), 6.62 (dd,
J=2and 8Hz,1H, 2-H),698 (d,J =8Hz,1 H, 1-H); MS m/z
(relative intensity), 632 (M'*, 1), 631 (M'1+, 1), 575 (100), 574
(49), 571 (41), 557 (10), 519 (51), 489 (10), 397 (12), 342 (12), 315
(22).

(172,20E)-21-1odo-118-ethoxy-19-norpregna-1,3,5(10),20-
tetraene-3,17-diol (3c). To compound 2¢ (80 mg, 0.126 mmol)
in CHCI; (4 mL) at room temperature was added a 0.1 mL solution
of iodine in CHCI; as described above, extracted with CHCl,, and
worked up in the usual manner. The residue was purified on a
C-18 reverse-phase semipreparative HPLC colmn in 70:30
MeOH/H,0. The desired compound 3¢ eluted after 31 min and
was crystallized from methanol (50 mg, 84.8%): mp 126-129 °C;
'H NMR 6 0.89 (t, J = 7 Hz, 3 H, 113-OCH,CHj,), 0.97 (s, 3 H,
18-CH,), 3.14, 3.48 (q, J = 7 Hz, 2H, 1158-OCH,CHj), 4.07 (m, 1
H, 11«-H),6.12 (d,J = 14 Hz,1 H,=CHI), 6.40 (d,J =2 H, 1
H, 4-H), 6.48 (dd, J = 2 and 8 Hz, 1 H, 2-H), 6.63 (d, J = 14 Hz,
1 H, —CH=), 6.80 (d, J = 8 Hz, 1 H, 1-H); 3C NMR 6 14.89
(C-18), 15.16 (118-OCH,CHy), 22.86 (C-15), 27.30 (C-7), 29.34 (C-6),
33.22 (C-16), 33.45 (C-12), 36.01 (C-8), 48.66 (C-13), 50.02 (C-14),
63.46 (118-OCH,), 74.02 (C-21), 77.04 (C-11), 84.54 (C-17), 112.75
(C-2), 115.10 (C-4), 126.62 (C-1), 127.54 (C-10), 151.16 (C-20); MS
m/z (relative intensity) 468 (M'*, 7), 422 (3), 389 (11), 341 (21),
295 (45), 277 (42), 251 (21), 226 (59), 211 (62), 181 (54), 172 (32),
157 (100) Anal. (CZQH%IO;;) C, H, I

(172,202 )-21-(Tributylstannyl)-118-ethoxy-19-nor-
pregna-1,3,5(10),20-tetraene-3,17-diol (4¢). A mixture of
113-ethoxy-17a-ethynylestradiol (1e¢; 50 mg, 0.152 mmol) in 2 mL
of hexamethylphosphoric triamide and 0.1 mL of tri-n-butyltin
hydride (0.37 mmol) was heated at 60-65 °C for 5 h under nitrogen
and worked up in a similar manner as described above and
chromatographed on a silica gel column. Elution with 5% EtOAc
in hexane gave 4c as a major product (45 mg, 47%): 148-149 °C;
HPLC, gradient of 5% H,0 in MeOH to 100% MeOH (20 min)
tg = 20 min; 'H NMR (CDCly) 4 0.80-2.6 (m, steroid nucleus plus
n-Buy), 3.31-3.62 (q, J = 7 Hz, 2 H, 118-OCH,CHjy), 4.35 (m, 1
H, 11«-H), 5.86 (d, 1 H, J = 17 Hz, CH=CH), 6.52 (d,J = 2 H,
1H, 4-H),6.70 (dd, J = 2and 8 Hz, 1 H, 2-H), 6.99 (d, J = 8 Hz,
1 H, 1-H); MS m/z (relative intensity) 633 (M'*, 4) 632 (M'*, 3),
631 (M'*, 3), 575 (64), 573 (46), 571 (26), 557 (100), 553 (51), 509
(51), 461 (21), 415 (27), 413 (20), 395 (30) 313 (36).

Further elution with the same solvent gave compound 2¢
(10-15%). Elution with 10% EtOAc in hexane gave unreacted
starting material (10%).

(170,20Z)-21-10odo-118-ethoxy-19-norpregna-1,3,5(10),20-
tetraene-3,17-diol (6¢). Compound 4¢ (63 mg, 0.1 mmol) in
CHC]; (4 mL) was treated at room temperature with 0.1 mL of
a solution of iodine in CHCI; until the color of iodine persisted
as described above, extracted with CHCl;, and worked up in the
usual manner. The residue was purified on a C-18 reverse-phase
semipreparative HPLC column in 70:30 MeOH/H,0. The com-
pound eluted at 17 min was identified as minor component 5¢
(4 mg, 11.7%): mp 220-222 °C; 'H NMR 4 0.69 (t,J = 7 Hz, 3
H, 118-OCH,CHj,), 0.79 (s, 3 H, 18-CHj), 3.29 (q, J = 7 Hz, 2 H,
118-OCH,CH,), 3.85 (m, 1 H, 11a-H), 4.72-4.88 (m, 2 H, =CH),),
5.69-5.80 (m, 1 H, —CH=), 6.18 (d, J =2 Hz, 1 H, 4-H), 6.25
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(dd, J = 2and 8 Hz, 1 H, 2-H), 6.6 (d,J = 8 Hz, 1 H, 1-H); MS
m/z (relative intensity) 342 (M'*, 18) 324 (18), 296 (16), 251 (34),
226 (100), 211 (82), 200 (65). Anal. (CyHy0,) C, H, L.

Further elution with the same solvent mixture gave after 28
min compound 6¢, which was crystallized from MeOH (30 mg,
64%): mp 214-215 °C; 'H NMR 4 0.89 (t,J = 1 Hz, 3 H, 118-
OCH,CHj;), 1.01 (s, 3 H, 18-CHj,), 3.14, 3.50 (q, J = 7 Hz, 2 H,
118-OCH,CH,), 4.10 (m, 1 H, 11«-H), 6.22 (d, J = 8 Hz, 1 H,
=CHI), 6.39 (d, J = 2 H, 1 H, 4-H), 6.52 (dd, J = 2 and 8 Hz,
1H,2-H),6.65(d,J =8 Hz, 1 H, —CH=), 6.80 (d, J = 8 Hz,
1 H, 1-H); *C NMR 6 14.91 (C-18), 15.23 (118-OCH,CHj,), 22.84
(C-15), 27.28 (C-7), 29.30 (C-6), 32.66 (C-16), 33.35 (C-12), 36.95
(C-8), 48.62 (C-13), 50.22 (C-14), 63.48 (118-OCH,), 74.04 (C-11),
77.51 (C-21), 84.54 (C-17), 112.71 (C-2), 115.06 (C-4), 126.53 (C-1),
127.53 (C-10), 143.73 (C-20); MS m/z (relative intensity) 469 (M'*,
10), 404 (9), 389 (11), 341 (25), 295 (41), 277 (40), 226 (78), 223
(21), 211 (64), 200 (49), 1181 (54), 157 (100). Anal. (CyHylO;)
C,H L

(172,20 E)-21-(Tributylstannyl)-7a-methyl-19-norpregna-
1,3,5(10),20-tetraene-3,178-diol (2d). A mixture of 7a-
methyl-17a-ethynylestradiol (1d, 100 mg, 0.323 mmol) in 5 mL
of toluene and 0.3 mL of tri-n-butyltin hydride (0.1 mmol) was
heated at 90 °C for 5 h in the presence of azobisisobutyronitrile
(16.6 mg, 1 mmol) under nitrogen. The solvent was evaporated
to dryness under reduced pressure and the residue was chro-
matographed on a silica gel column. Elution with 5~10% EtOAc
in hexane gave 2d as a single major product, which crystallized
out as a white solid from hexane (130 mg, 0.216 mmol, 67%): mp
105 °C; HPLC, gradient 5% H,0 in MeOH to 100% MeOH (20
min), tg = 21 min; 'H NMR (CDCl;) 6 0.8-2.4 (m, steroid nucleus
+ n-Buy), 2.8-3.1 (3 H), 5.6 (1 H), 6.08-6.7 (3 H), 6.9-7.2 (2 H);
MS m/z (relative intensity) 602 (M'*, 7.1), 598 (M'*, 17.8), 545
(28), 543 (35), 541 (17), 228 (100).

(17,20 F')-21-1odo-7a-methyl-19-norpregna-1,3,5(10),20-
tetraene-3,17-diol (3d). To compound 2d (120 mg, 0.2 mmol)
in 4 mL of CHCI; was gradually added at room temperature a
0.1 M solution of iodine in chloroform until the color of iodine
persisted. This was followed sequentially by 0.2 mL of 1 M KF
in MeOH and 0.2 mL of 5% NaHSO;. The mixture was then
extracted with EtOAc (2 X 10 mL). The organic phase was dried
over MgSO, (anhydrous), filtered, and evaporated to dryness. The
residue was purified on a reverse-phase HPLC column in 80:20
MeOH/H,0. The desired compound 3d eluted for 18 min and
was crystallized from MeOH (60 mg, 68.5%): mp 146-148 °C;
UV (EtOH) A, 280 nm; 'H NMR (CDCl; + DMSO-dg) § 0.82
(d,J =8 Hz, 3 H, 7a-CHj,), 0.88 (s, 3 H, 18-CHj), 1.0-3.0 (steroid
nucleus), 6.2 (d, J = 14 Hz, 1 H, =CHI), 6.74 (d J = 14 Hz, 1
H,HC=),6.6(d,1 H,J =2Hz4-H), 6.80 (dd, J = 2 and 8 Hz,
1H, 2-H), 7.08 (d,J = 8 Hz, 1 H, 1-H); 1*C NMR 6 11.82 (7a-CHjy),
13.19 (C-18), 21.61 (C-15), 26.05 (C-11), 26.57 (C-7), 31.75 (C-16),
35.08 (C-12), 36.05 (C-6), 37.12 (C-8), 40.92 (C-9), 45.11 (C-13),
46.24 (C-14), 72.96 (C-21), 85.53 (C-17), 112.11 (C-2), 115.08 (C-4),
125.64 (C-1), 128.92 (C-10), 135.37 (C-5), 150.98 (C-20), 154.03
(C-3); MS m/z (relative intensity) 438 (M'*, 65), 311 (34), 310
(52), 293 (10), 286 (17), 227 (100). Anal. (C;HxI0;) C, H, L

(17,20Z)-21-(Tributylstannyl)-7a-methyl-19-norpregna-
1,3,5(10),20-tetraene-3,17-diol (4d). Compound 1d (50 mg, 0.16
mmol) in 3 mL of hexamethylphosphoric triamide and 0.2 mL
of tri-n-butyltin hydride was heated at 65 °C under nitrogen for
50 h and worked up in the usual manner. The residue was purified
on a silica gel column. Elution with 5% EtOAc in hexane gave
a single major product (4d; 45 mg, 47% ) which failed to solidify:
HPLC, gradient of 5% H,0 in MeOH to 100% MeOH (20 min)
tg = 29 min; MS m/z (relative intensity) 602 (M'*, 1), 598 (M*,
1), 548 (8), 527 (23), 413 (6), 312 (23), 291 (6), 225 (8), 177 (10),
55 (100).

Continuous elution with 5% EtOAc in hexane gave 10-15%
of 2d, further elution with 10% EtOAc in hexane gave 15-20%
unreacted starting material.

(17,20Z)-21-10odo-7a-methyl-19-norpregna-1-3,5(10),20-
tetraene-3,17-diol (6d). Compound 4d (60 mg, 0.1 mmol) in
CHCI,; (4 mL) was treated at room temperature with 0.1 mL of
a soltion of iodine in CHCl;, analogous to the method described
above for the preparation of 3d. After extraction with CHCI, the
residue was purified on a C-18 reverse-phase semipreparative
HPLC olumn in 70:30 MeOH/H,0. The compound eluting at
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22 min as a minor component was identified as 5d (9 mg, 11%):
mp 75-85 °C; 'H NMR 4 0.69 (d, J = 7 Hz, 3 H, 7a-CH,), 0.80
(s, 3 H, 18-CHj), 4.96-5.08 (m, 2 H, =CH,), 5.93-6.04 (m, 1 H,
—CH=), 6.40 (d, J = 2 Hz, 1 H, 4-H), 6.50 (dd, J = 2 and 8 Hz,
1H,2-H),6.95 (d,J = 8 Hz, 1 H, 1-H); MS m/z (relative intensity)
312 (M'*, 31), 294 (8), 279 (5), 240 (230), 227 (94), 235 (25) 213
(Cl5), 200, (17), 185 (27), 174 (100), 157 (58). Anal. (CgHys05)
, H.

Further elution with the same solvent mixture gave after 32
min a major fraction identified as 6d, crystallized from MeOH
(35 mg, 80%): mp 108-112 °C; 'H NMR 5 0.83 (d, J = 7 Hz, 3
H, 7a-CHj), 0.96 (s, 3 H, 18-CH3), 6.39 (d, J = 8 Hz, 1 H, =CHI),
6.53 (d,J = 2H, 1H, 3-H), 6.63 (dd, J = 2 and 8 Hz, 1 H, 2-H),
6.84 (d,J = 8 Hz, 1 H, —CH=), 7.15 (d, J = 8 Hz, 1 H, 1-H);
13C NMR 4 12.16 (7a-CHj), 13.53 (C-18), 21.94 (C-15), 26.34 (C-11),
28.84 (C-7), 31.45 (C-16), 35.46 (C-12), 36.33 (C-6), 37.4 (C-8),41.4
(C-9), 41.54 (C-13), 47.74 (C-14), 75.90 (C-21), 83.6 (C-17), 112.39
(C-2),115.4 (C-4), 125.4 (C-1), 129.27 (C-10), 135.76 (C-5), 143.72
(C-20), 154.30 (C-3); MS m/z (relative intensity) 438 (M'*, 37),
420 (3), 311 (14), 254 (19), 227 (91), 181 (30), 174 (74), 171 (67),
174 (83), 55 (100). Anal. (CyHyI10,) C, H, L.

(17a,20E)-21-(['**1]Iodovinyl)estradiol Derivatives
(['*51]-3b-d). To a mixture of 2b, 2¢, or 2d (100 ug), and 50 xL
of a 5% (w/v) solution of NaOAc in glacial AcOH was added
[#I)Nal (500 uCi), followed by 50 uL of oxidant solution consisting
of a 2:1 mixture (v/v) of HyO, (30%)/AcOH. After stirring at
room temperature for 10 min, the reaction was terminated by the
addition of 25 uL of an aqueous 5% NaHSOQ; solution (w/v). The
mixture was extracted with CH,Cl, and dried under a stream of
nitrogen. The residue (450 uCi, 90%) was dissolved in MeOH
and purified on an analytical C-18 reverse-phase HPLC Altech
column operated at a flow rate of 1 mL/min. Elution with 70:30
MeOH/H,0 gave ['*1]-3b (350 uCi, 70%, tg = 18 min), ['*1]-3¢
(350 uCi, 70%, tg = 21 min), and ['%1]-3d (350-400 xCi, 70-80%,
tg = 15 min). The retention times of free iodine was 4 min.

(17a,10Z)-21-(['?*1]Todovinyl)estradiol Derivatives
(['2°1]-6b-d). To a solution of ['25I]Nal (500 Ci) in 0.5 mL in
H,0 was added 0.2 mg of chloroamine-T in 0.2 mL of H,0 and
of 2 mL of CHCl;. The reaction mixture was stirred for 5 min,
the CHClI; layer was allowed to separate, 100 ug of 4b, 4¢, and
4d in CHCI; (0.2 mL) was added to the iodine solution, and the
mixture was stirred at room temperature for 5-8 min. The re-
action was terminated by the addition of 25 uL of a 5% NaHSO,
solution in water. Products were purified in a similar manner
as described for ['%]]-3 and after HPLC were obtained in 60-70%
overall yield ([12]])-6b, tg= 21 min; ['%])-6¢, tg = 25 min; ['¥]]-6d,
tg = 15 min).

Estrogen Receptor Binding Assay. Affinity of the estradiol
derivatives for estrogen receptors was determined by a competitive
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binding assay'® and is expressed as the relative binding affinity.
The RBA is defined as 100 times the ratio between competitor
and the unlabeled estradiol concentrations required for 50%
competition to specific [*H]estradiol binding. Murine uterine
cytoplasmic extracts were incubated at 0-4 °C for 18 h with 20
nM of [®H]estradiol in the absence and presence of competitive
steroids ranging from 2 nM to 20 uM. The bound steroid was
separated from free steroid by Sephadex LH-20 chromatography.
The nonspecific binding (equivalent to that observed in the
presence of a 100-fold excess of unlabeled estradiol) was 3-4%
of the total binding which was subtracted from the total binding
to estimate the specific binding. The specific binding (average
of three experiments) in the receptor preparation was equivalent
to 6.3 nM.

In Vivo Studies. The animal experiments were conducted
in accordance with the recommendations of the Canadian Council
of Animal Care and of the in-house Ethic Committee for Animal
Experiments as previously described.® Briefly, immature female
Fischer rats (24 days old, 55-60 g, Charles River) were injected
with 200 uL of the 125I-labeled preparation (3 xCi, 111 KBq) via
the lateral tail vein. The animals were placed in retention cages
and therefore not anesthetized during the injection procedure.
The radiopharmaceutical was dissolved in ethanol and diluted
with sterile physiological saline (0.9% NaCl in H,0) containing
1% Tween-80, to give a final ethanol concentration of 9%. For
the receptor saturation studies 60 ug of unlabeled estradiol was
coinjected with the radiopharmaceutical. Prior to injection all
solutions were filtered over a 0.22-um filter. Animals were sac-
rificed under deep ether anesthesia by severing the axillary artery,
followed by chest opening.!® Blood was collected, tissues of
interest were removed, washed with 0.154 M KClI, and blotted
dry, and samples were weighted. The radioactivity was counted
in a Model 1282 Compugamma vy-counter (LKB Wallac, Finland)
and concentrations were expressed as percent of the injected dose
per gram of tissue (% ID/g). Statistical variations are presented
as the percent coefficient of variation corrected for small sample
size effect (% CV).%
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