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Summary-17a-Iodo-vinyl oestradiol binds with high affinity to the oestrogen receptor, is 
metabolically stable and has been shown to accumulate in oestrogen sensitive tissues of 
rodents. We have synthesised this compound and its 3-acetate, labelled with carrier free ‘2sI 
and shown the accumulation of both compounds in rat uterus. 17a-Iodo-vinyl oestradiol-3- 
acetate was prepared labelled with carrier free 13’1 and administered to twelve patients with 
suspected breast cancer, approximately 1 h before surgical removal of the primary tumour 
mass. At the time of surgery a sample of the tumour and a peripheral blood sample were taken. 
The ratio of radioactivity in the tumour to blood was determined. All tumours accumulated 
radioactivity and ratios ranged from 1.5 : 1 to 3.7 : 1. There was no correlation between the 
degree of accumulation and either cytosolic oestrogen or progesterone receptor concentration 
in the tumour. Analysis of blood revealed a single circulating species, 17a-iodo-vinyl 
oestradiol. The results show that 17a-iodo-vinyl oestradiol is metabolically stable and 
accumulates in breast tumours though this accumulation is not sufficient to permit imaging. 

INTRODUCTION 

A number of studies in rats have indicated that 
receptor binding halogenated oestrogens are accumu- 
lated in oestrogen target ti’ssues [14]. By analogy 
these compounds should accumulate in oestrogen 
receptor positive breast tumours and suitably labelled 
with a gamma emitting isotope enable the imaging of 
these tissues by non-invasive external gamma scin- 
tigraphy. The ideal radiopharmaceutical should have 
high affinity and specificity for the oestrogen recep- 
tor, rapid clearance from and stability in the blood, 
and since selective uptake is mediated by the low 
capacity receptor must be prepared at very high 
specific activity [4-6]. Suitable radioisotopes include 
“‘I and ‘231. 

We have recently prepared 13’ I-labelled 16a-iodo 
oestradiol and tested this compound as a potential 
radiopharmaceutical for breast tumour imaging [7]. 
Images obtained in two receptor positive tumours 
were very faint and no images could be obtained in 
a further three receptor positive tumours. Consider- 
able accumulation of the compound was detected 
in the gut and extensive conversion of the injected 
compound, to what we suspect was 16~1-iodo 
oestrone, was demonstrated. The preparation of the 

*Correspondence should be addressed to: Dr Elizabeth K. 
Symes, Division of Molecular Endocrinology, Hammer- 
smith Hospital, Du Cane Road, Londori W12 OHS, 
England. 

“‘I-labelled compound was a slow and inefficient 
exchange reaction brought about by the heating 
of 16fl-bromo oestradiol with 13’ I-labelled sodium 
iodide in butanone. Heating for sixteen hours was 
required to obtain a reasonable yield of the 13’1- 
labelled 16a -iodo oestradiol. These conditions were 
therefore inappropriate for the synthesis of the com- 
pound labelled with an isotope of shorter half life 
such as lz31 (t,,* 12 h). 

E-17a -iodo-vinyl oestradiol has been reported to 
bind avidly to the oestrogen receptor and accumulate 
in oestrogen dependent target tissues of the rat [3,4]. 
This compound is metabolically stable. The iodine 
derivative can be very rapidly prepared in good 
yield from the boronic acid of ethynyl oestradiol with 
chloramine T and sodium iodide, so that this 
compound could be labelled with an isotope of short 
half life such as ‘231. This compound therefore offers 
advantages over 160:-iodo oestradiol as a receptor 
seeking radiopharmaceutical. We have prepared this 
compound labelled with ‘-“I and conducted pre- 
liminary tests for its accumulation in breast tumours. 

EXPERIMENTAL 

All reagents were of analar grade. Radioisotopes 
were purchased from Amersham International. The 
[’ H]NMR spectra were recorded on a Jeol-200 MHz 
instrument with tetramethylchlorosilane as the inter- 
nal standard. The i.r. spectra were determined for 
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KBr discs using a Perkin Elmer 237 spectrophoto- 
meter. m.p.s were done on a Reichert melting point 
microscope. TLC was carried out on Kieselgel 
60PF z54 ,_ .166. Tetrahydrofuran was distilled over 
lithium aluminium hydride before use. Petroleum 
ether refers to the fraction of boiling range 60-8O’C. 

Chemical synthesis of 17% -iodo -cinyl oestradiol and its 
3-acetate 

(17x, 2OE)-3,17-dihydroq -19~norpregna- 1,3,5(10),- 
20-tetraene-2/-~~1 boronic acid (1). Ethynyl oestradiol 
(300 mg, 0.1 mmol) was stirred with catecholborane 
(0.6 ml, 7.56 mmol) at 70’C for 4 h under nitrogen. 
After cooling to room temperature, water was 
added slowly and the reaction mixture left stirring 
overnight. The pale yellow solid formed was filtered 
and washed thoroughly with ice-cold water. The 
crude material was dried, dissolved in tetrahydro- 
furan, from which it was precipitated with petroleum 
ether (yield 37%. 125 mg). The material was not 
further purified as it was found to be unstable to heat 
and chromatography on Kieselgel. 

i.r.“,_ 3500-3090, 2960-2840. 1610cm~~‘; 
[‘H]NMR (CD,),SO, fi 0.83 (s, 18-H,), 4.44 (s, OH), 
5.43 (d, J = 18 Hz, = CHB(OH)& 6.43 (broad s, 
4-H), 6.49 (d, J = 9 Hz, 2-H), 650 (s, OH), 6.69 (d, 
J = 18 Hz, -CH = CHB (OH),), 7.01 (d, J = 9 Hz, 
I-H), 7.50 (s, OH) and 8.94 (s, OH); R, value on TLC 
0.25 (chloroform : methanol; 95 : 5). 

(172, 2OE)-3-(aceto.q~)- 17-hydroq-19-norpregna- 
1,3.5(10),20-tetraene-21-_yI boronic acid (2). The 
boronic acid (1) (20 mg, 0.06 mmol) was dissolved in 
pyridine (0. IO ml) and treated with acetic anhydride 
(0.10 ml) at room temperature overnight. The mix- 
ture was poured into iced water. The precipitate was 
filtered, washed with water and dried (21 mg). Due to 
the instability of the boronic acid group to heat and 
chromatographic procedures the material was not 
further purified. 

m.p. of the crude product 200-210-C: i.r.max 
3400-3220, 2920. 1750, 1620, 1370, 1230(sh), 
1200 and 1OlOcm~‘; [‘H]NMR ((CD,),SO), 60.84 
(s. 18-H,), 2.23 (s, 3-OAc), 4.48 (s,OH), 5.44 
(d. J = 17.8 Hz, =CHB(OH):), 6.69 (d, J = 7.8 Hz, 
I-H) and 7.53 (s, OH); R, value on TLC 0.21 
(petroleum ether: chloroform: methanol; 7 : 3 : 1). 

(I 7x, ZOE)- 3- (acetoxy)-21- iodo- 19-norpregna- 
t,3.5(10).20-tetraene-17-01 (3). Chloramine-T (2.92 
mg. 0.01 nmol) was added to a mixture of (2) (4 mg, 
0.01 mmol), tetrahydrofuran (0.08 ml), 0.066 M 
phosphate buffer (pH 7.0, 0.08 ml) and 1.0 M Nal 
(0.01 ml. 0.01 mmol). The reaction mixture was left 
at room temperature for 2 h in the dark with 
occasional agitation. The mixture was poured into 
water and the product extracted into ether. The 
ethereal layer was washed with 5% sodium thio- 
sulphate, water and dried over magnesium sulphate. 
Evaporation of the ether under reduced pressure gave 
a pale yellow solid. The crude product was purified 
by TLC. 

m.p. 102-107. (dec); i.r.maX 3500~-3400. 2920. 1745. 
1595, 1365, 1200, 1010.945 and 930cm-‘; [‘H]NMR 
(CDCl,), 6 0.92 (s. 18-H,). 2.28 (s, 3-OAc), 6.30 
(d, J = 14 Hz, HC = CHI), 6.70-6.90 (m. 2-H and 
4-H), 6.78 (d, J = 14 Hz. HC = CHI), and 7.26 
(d, J = 8 Hz, 1-H); R, value on TLC 0.33 (petroleum 
ether:chloroform:methanol: 7: 3: I). 

(I 7z, 2OE)-21-iodo- 19-norpregna- 1,3,5(10),2@tetra- 
ene-3,17-dial (4). The steroid (3) (9 mg, 0.017 mmol) 
was dissolved in tetrahydrofuran (0.9 ml) and ethanol 
(0.45 ml) and the solution cooled to IO’C. Sodium 
hydroxide (0.09 ml, 2.0 M) was added, causing a 
strong yellow colour to be discharged which persisted 
throughout the reaction. The temperature of the 
reaction was allowed to warm to room temperature 
and the reaction was monitored by TLC. The starting 
material had completely disappeared after 30 min. 
The mixture was poured into water, extracted with 
ether, dried over sodium sulphate and evaporated 
under reduced pressure. The crude product was 
purified by TLC. 

m.p. 91-96C (deck i.r.max 3410-3340, 2910, 1610. 
1450, 1230, 1000 and 950cm-‘; [‘H]NMR (CDCI,), 

6 0.92 (s, 18-H,), 6.29 (d, J = 14 Hz, HC = CHI). 
6.50-6.70 (m, 2-H and 4-H), 6.78 (d, J = 14%z, 

HC = CHI) and 7.13 (d. J = 8 Hz, 1-H); Rf value on 
TLC 0.39 (toluene:ethyl acetate; 8: 2) and 0.17 
(dichloromethane:methanol; 99: 1). 

Preparation qf I 7% -I’-” I]iodo -vinJ,l oestradiol-3- 
acetate ,for administration to patients 

Steroid (2) (1 mg) was dissolved in tetrahydrofuran 
(0.5 ml). 50 ~1 were added to 20 /tl tetrahydrofuran, 
35 ~1 phosphate buffer (pH 7.5, 0.1 M), and 5 mCi 
Na[“‘I]I as supplied in sodium hydroxide solution. 
To this mixture was added chloramine T (8~1 of 
solution of 100 mg in tetrahydrofuramwater, SO/SO. 
v/v). After 20 min aqueous sodium metabisulphite 
was added (10 ~1, 10 mg/ml, w/v). Radiolabelled 
17x -iodo-vinyl oestradiol-3-acetate was purified from 
the starting material by HPLC. The crude reaction 
mixture was applied to a 25 cm x 4.6 mm reverse 
phase (C,,) column (S5 ODS2, Phase Separations 
Ltd, Queensferry, Clwyd, Wales). Tetrahydrofuram 
water (l/l, v/v) was used as solvent at a flow rate 
of I ml/min. I ml fractions were collected and the 
desired product eluted 14-17 min. The identity of 
the radiolabelled material was confirmed by its 
co-chromatography with authentic unlabelled com- 
pound. The yield was 30% and the separation system 
excellent and reproducible. 

The iodinated product was extracted into ether 
which was dried under a stream of N, The iodinated 
material was taken up in ethanol (0.5 ml). Just prior 
to injection 1 .O ml of a sterile solution of Tween 80 
in water (1% v/v) was added and the mixture passed 
through a sterile filter (0.2 p) of regenerated cellulose 
(Type 11607 Sartorius Instruments Ltd, Belmont, 
Surrey, England) which was then washed with 1 .O ml 
sterile normal saline. The radioactivity was diluted 
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Table 1. Tissue distribution of radioactivity (cpm x IO-‘/g tissue) after i.v. 
injection of (a) 17a-[“JI]iodo-vinyl oestradiol and (b) 17a-(‘t’I]iodo-vinyl oestra- 

dial-3-acetate to immature female rats 
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Time (min) Uterus Liver Kidney Lung Blood Uterus/blood 

(a) I7a -[‘zslJodo-vinyl oestradiol 
15 11.6 56.7 15.2 11.3 2.4 4.8 
30 20.8 58.8 12.9 10.1 2.0 10.5 
45 17.6 30.4 10.7 9.1 1.6 10.9 
60 9.1 16.7 5.6 6.0 0.98 9.4 
90 6.2 IO.2 2.9 1.3 0.90 6.9 

120 4.3 8.9 2.9 1.3 0.69 6.3 
240 1.9 6.7 3.8 1.6 0.55 3.5 

@)I 7a -[‘25-‘lJiodo -vinyl oatradio/-3-acetate 

15 7.4 18.9 7.2 5.8 1.9 4.0 
30 12.5 36.4 14.4 10.8 1.3 9.2 
60 4.8 15.4 4.5 5.5 0.69 7.0 
90 8.3 17.4 5.2 4.5 0.95 8.7 

120 5.7 13.7 4.5 3.8 0.71 7.3 
240 2.9 6.5 1.9 4.7 0.60 3.4 

with sterile normal saline to a concentration of 
0.25 mCi in I ml. 

Distribution of 17~1 -iodo -vinyl oestradiol and its 
3-acetate in female rats 

‘251-labelled 17cr-iodo-vinyl oestradiol-3-acetate 
was prepared as described above for the j3’ I-labelled 
compound but for the substitution of 1 mCi Na 
[‘251]I. Deacetylation of this purified compound 
(as described for the unlabelled compound (4), 
NaOH/ethanol, 0.5 h) yielded 17a [‘251]iodo-vinyl 
oestradiol. No further purification of the product is 
required. Therefore, after neutralisation with dilute 
hydrochloric acid the ethanolic solution was diluted 
with normal saline and sterilised. Labelled 17a-iodo- 
vinyl oestradiol or the 3-acetate (1 PCi) were admin- 
istered to immature female Wistar rats. At various 
times after intravenous injection into the tail vein 
animals were killed by cervical dislocation, tissues 
were removed and the radioactivity in the tissues 
determined by direct gamma counting. 

Clinical studies 

Twelve patients undergoing surgery for the 
removal of a suspected primary breast tumour 
agreed to take part in the study. Each received 
250 PCi of 17a[13’ Iliodovinyl oestradiol-3-acetate by 
intravenous injection approximately 1 h before sur- 
gical removal of the tumour. The patients also took 
Lugols iodine (1 ml) to guard against possible liber- 
ation of radioactive iodine and its accumulation in 
the thyroid. Tumours removed at surgery were dis- 
sected to yield a peripheral portion (taken for patho- 
logical examination) and a central portion which was 
frozen as soon as possible in liquid nitrogen. At the 
same time as the tumour was removed, a peripheral 
blood sample was taken. The central tumour portion 
was taken for determination of radioactivity by 
direct gamma counting and for determination of 
cytosolic oestrogen and progesterone receptor con- 
centrations. Plasma was extracted into ether and 
the etheral extract analysed by thin-layer chroma- 
tography on silica gel (developed in petroleum 

ether: chloroform : methanol, 7 : 3 : 1) to identify the 
nature of the circulating radioactive species. 

RESULTS 

17a-Iodo-vinyl oestradiol and its 3-acetate were 
prepared rapidly in good yield as described. Distri- 
bution studies of ‘*‘I-labelled compounds in female 
rats (Table 1) indicated that both compounds were 
distributed similarly between tissues. Largest con- 
centrations were noted in the liver followed by the 
uterus, kidney, and lung. Concentrations in brain, 
heart, spleen and blood were similarly low. The 
relative accumulation of the compounds in uterus 
against blood were of the order of IO: 1 in the first 
hour and declined slowly thereafter. 

In view of the similar behaviour of the two com- 
pounds in rats the 3-acetate was selected for labelling 
with 13’ I and trial in patients as its synthesis involved 
few chemical manipulations. The results are given in 
Table 2. Pathological examination of the tumours 
removed at surgery confirmed infiltrating ductal car- 
cinomas in all but patient 9 whose lesion was benign. 
Ratios of radioactivity in the tumour: blood indicated 
that all tumours, but not the benign lesion, accumu- 
lated the injected radioactivity. The degree of accu- 
mulation varied from 3.7: 1 to 1.5: 1. There was no 
obvious correlation between the degree of accumu- 
lation and the concentration of oestrogen receptor 
nor with the concentration of progesterone receptor 
in the breast lesion (see Fig. 1). 

Analysis of the radioactivity in the plasma of each 
patient revealed a single circulating species which 
co-migrated with authentic l7a-iodo-vinyl oestradiol 
on silica gel chromatography. 

DISCUSSION 

The preparation of the boronic acid derivative of 
ethynyl oestradiol was readily accomplished. This 
compound was found to be unstable to heat and silica 
gel chromatography but could be partially purified by 
precipitation from solution in tetrahydrofuran with 
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Table 2. Accumulation of radioactivity and cytosolic receptor concentrations in 
breast turnours after iv. ink&ion of 250 tiCi 17a-r”’ Iliodo-vinvl oestradiol-3-acetate 

Tumour: blood Time 
ratio E2R ProgR post injection 

Patient radioactivity (fmo)/mg protein) Age (min) 

1 3.3 --Ye -ve 12 65 
2 1.6 5 5 71 85 
3 2.4 II 10 60 70 
4 1.6 --VP -ve 5.5 5s 
5 3.7 --Ye 53 44 60 
6 I.5 59 9 37 75 
7 1.0-2.2 -ve 265/3l 82 60 
8 I .6-l .9 13 -ve 66 120 
9 0.5 8 -ve 74 4s 

10 1.9 --ve -ve 65 75 
II 2.5-x0 265 9 60 180 
12 1.3-2.2 382 69 68 135 

(a) Y = 13.579x + 60.359, R-squared: 6.214E-3 
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Fig. 1. Linear regression analysis between breast tumour: blood ratio of radioactivity after the injection 
of 250 /ICY 17a-[‘“Iliodo-vinyl oestradiol-3-acetate and turnour (a) oestrogen or(b) progesterone receptor 

concentration (fmol/mg protein). 
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petroleum ether. 17a-Iodo-vinyl oestradiol-3-acetate 
was prepared rapidly and in good yield by oxidative 
iodination of the boronic acid derivative of ethinyl 
oestradiol-3-acetate with cloramine T and NaI or 
Na[r2$I]I or Na[r3*I]I. The chemical synthesis we 
report is very similar to that described by Nakatsuka 
et af.[4] with the exception of the purification of the 
boronic acid derivatives. These authors were able to 
purify these compound on silica gel, whereas in our 
experience extensive breakdown took place during 
chromatography. We noted a decomposition tem- 
perature of 102-107°C similar to that reported [4]. 
However, deacetylation in our hands yielded a single 
compound as judged by thin-layer chromatography 
and [‘H]NMR with a decomposition temperature 
of 91-96°C. This is considerably lower than that 
reported [4]. This discrepancy is surprising but may 
be related to differences in the techniques employed 
for determining melting points i.e. rate of heating and 
length of exposure to high temperatures. The rapidity 
and efficiency of the iodination reaction would permit 
the preparation of 17a-iodo-vinyl oestradiol or its 
3-acetate labelled with a short lived isotope such 
as lz31. 

Analysis of the patients’ blood confirm the rapid 
hydrolysis of the injected acetate to and the metabolic 
stability of 17a-iodo-vinyl oestradiol. The results of 
the trial of this compound in patients confirm its 
accumulation in breast tumours but the degree of 
accumulation did not correlate with receptor status. 
Other studies in breast cancer patients with oestrogen 
receptor seeking radiopharmaceuticals [8,9] report 
correlation between accumulation in the tumour and 
oestrogen receptor status. These studies were based 
on in vivo imaging. In our study we sampled the 
central portion of the tumour. This tissue may be 
poorly supplied with blood, therefore the radio- 
activity measured in this part of the tumour may be 
lower than that in the peripheral region. Receptor 
measurements may also be low if this tissue were 
necrotic. Four tumour specimens in this study were 
sufficiently large to permit multiple measurements of 
radioactive content to be made. In each case vari- 
ability was encountered. As the receptor status was 
determined on only a small portion of the tissue, 
tumour heterogeneity may have contributed to the 
poor correlation. Endogeneous oestradiol is not 
likely to have contributed to the lack of correlation 
as most patients were post menopausal and one of the 
two premenopausal patient’s tumour gave the best 
tissue to background ratio. In three patients the 
time elapsed between injection and administration 
was 2-3 times greater than usual (due to delays in 
theatre). Better accumulation may have occurred if 
the tissue had been analysed 60min post injection. 
Studies in the rat and previous experience with 
16a-iodo oestradiol suggest that 1 h post injection is 
optimal for accumulation. 

Tissue to background ratios of at least 5: 1 are 
required for imaging[lO]. The maximum ratio ob- 

tained with this compound was 3.7: 1 and ratios of 
~3: 1 were obtained in two other tumours. These 
results are encouraging and perhaps could be im- 
proved with closer attention to the time of sampling. 
Further improvements might be brought about by 
the introduction of additional chemical modifications 
to 17a-iodo-vinyl oestradiol. Recent reports [4, 111 
suggest that modifications in the 11/I position im- 
proves accumulation in oestrogen sensitive tissues of 
rodents. Furthermore, Ali et al. [12] have demon- 
strated that the Z iodo-vinyl isomer is accumulated 
more avidly by oestrogen sensitive tissues of the 
rat than the E isomer. Clinical studies with these 
alternative compounds will be of interest. 
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