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OBJECTIVE

The objective of the work is to conduct the necessary studies

required to evaluate the efficacy, potential benefit and
role of Bromine-77 labelled steroids in the detection

and evaluation of treatment for ho_vnone-dependent tumors.

TAS',<L TO BE PERFORMED BY THE CONTRACTOR

1) An initial investigation will concentrate on the radio-
bromination at Carbon 6 in selected simple steroids uti-

li"Jn_] t_e nuclides of Bromine-82 nad Bromine-77.

2) Conduct analytical spectroscopy of radiolabelled com-

pounds.

3) Investigate the biodistribution, toxicology and tumor

affinity of labelled agents.

PROGRESS

The progress for tasks (above) 1 and 2 are outlined as
fol lows.

This work has been performed by Dr. Mark Hylarides who is

the ._;ynthetic biochemist hired under the terms of the
Contract. ]{is work has been conducted predominantly

at the University of New Mexico, altl_ough there have been

coo!,crative efforts with Dr. Scott Wilbur at the Los
Alamo,; p/_diochemistry Division (CNC-3) .
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OrQanic Synthesis"

The syntheticgoals of the projectare to prepareestradiol

derivatives which • are labeled with 77Br at specific positions in

. the steroidnucleus. Substitutionin the B and C rings is favor,'-

able since binding affinities of the resultant adducts will be.
, Q

similarto that of unsubstitutedestradiol. In order to intro-

duce 77Br at these positions "protected" 4 6,7 estradiol l, J,8 '

estradiol 2, and _9'llestradiol. 3 are the necessary precursors.
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In order to eliminatethe possibilityof labelingin the A ring

the phenolic hydrogen has to be protected, preferably with an

acetate or ben_.o_te.

The key step for the introduction fo.the 77Br label would

involveaddition across the double bondwith an electrophilic

bromide (Br+). Br+ can be prepared in .situ by a variety of rae.thods,

including the formation of BrOCH3. This reagent is easily prepared
by the reaction of N-chlorosuccinimide with NaBr in methanol.
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lhe _,iqhly reactive BrOCH3 readily adds across double bonds to
- form t,rc:;;o-,_:ethoxy adducts"
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The regiosl_lectivqty of the Br can be determined by the
u

relative stability of the intermediate carbocation that is formed.

Therefore, the reaction of 1 with BrOCH3 should genera_,e predomi-
nately the 7-bromo adduct. 2 would be used to prepare the 8-bromo

adduct and 3 the ]l-bromo adduct.

The initial problem involved the synthesis of the desired pre-

cursors. A6'7-estradiol-3-benzoate(andacetate)6 was prepared.N,

from the readily available 6-dehydroestrone 4. Selective reduction

of 4 with lithiumtri-tert-butoxyaluminumhydridegave 6-dehydro-

estradiol 5 in high chemical and stereochemical yield. The phenol

was then protectedas the benzoate6 and later the acetate. The

acetate proved mere beneficial as a protecting group due to its

ease of removal with weak base.
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The reactionof "cold"Br'OCH3 with&6'7estradiol-3-acetate6.
showedrapid incorporationof bromine into the steroidnucleus.

Productformationwas eas%lyfollowedby high performanceliqui_

chromatography. Subsequentadditionof base (Na2C03)to the mixture
, showed dissappearanceof the initialproduct peaks fol.lowedby for-

• , ,

marion of new mo_e polar adducts"

, OH OH
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BrOC____
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Polar products

Tl_ereaction of carrier-free77Br with.&6'7estradiol 3-acetate 6

,showeddefiniteradioincorporationintothe steroidnucleus. Attempts

to remove the acetate group With base resulted in loss of all acti,-

,f vity. We propose that deprotection was accompanied bydehydrohalo-

genation (-HBr) which generated the methoxy adducts 7,

OH OH
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lt was concludedthat this positionwas too labiledue to the

acidityof the benzylichydrogen It is also probable,that a

similar.dehydrohalogenationwould occur in biologicalsystemst#ius.
' /

renderingthe adduct.useless.for bindingaffinitystudies.Furthe_

bromine incorporationStudieswere.performedon the.A7'8 and A9,11

estradiol-3-ace_sa'tes(and benzoates)....

17.3-Dihydroequilen-3-benzoate10was prepared by initialre- .

duc.tionof equilin8 with lithiumtri-tert,butoxyaluminumhydride

to form 17B-dihydroequilen9. "The3-benzoatel0 was subsequently

preparedby the reactionof 9 with benzoic'anhydridein pyridine.,_,.

....." LiAl(0tBu)'H
-

THF
t_0 , HO

OH
8 9

Bz20 / pyridine

BzO,

10

The reaction of "col_BrOCHa with l0 showed rapid and quan-
titative formation of a single product; however, the analogous

react ion with 77Br showed no incorporation of 77Br into the steroid

nucleus. The reactio n product was isolated and analyzed by IHNNR,

13C_CMRand MS. The data demonstrated that both the A and B rings

of tl_e steroid nucleus were aromatic, lt was concluded that the

addition of DrOCH3 was followed by a rapid double elimination

(-HBr and -CH30H) forming the stable equilenin system ll.

OH OH

o
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.Theproduct11 was confirmedto be 17B-dihydroequilenin-3-benzoate...-.

since removalof.thebenzoate with base produceda productiden=

tical to the productobtainedfromthe reductionof equilenin'l3,.
, _._

i.e. 178-dihydroequilenin12.
O
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Tilereactionsequencewas also performedon synthetically

availableequilen-3-benzoate14. Reactionof 14 with BrOCH3,fol-

lowed by removalof the.protectinggroup gave a )roductidenticalto

equilenin13 (IHNMR,13CNMRand MS).

0

B 0/ BrOCH3
BzO

14 13-v 4,

Tl_isreactionis of definite syntheticinterest; however, is not

applicablefor radiobromination.
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Present studies are concentrated on the reaction of BrOCH3Q l ' '
with .S' lestradiol-3-acetate 3. .Thisprecursor appears to be the

most promising since the corresponding product'(s)would not contain

an acidic benzylic.hydrogen. Consequently, dehydrohalogenation or.
b

double elimination is not favorable under mild basic conditions.

The predominate.[)roductis'expected to be the l]'bromo adduct 15.

EliF,,inationunder severe conditions would result in.loss of CH_OH

.thusgenerating the very stable vinyl bromide 16. This bromo-

substituted estradiol may be very effective in binding studies.

OH OH

' Br", - f

AcO BrOCH3AcO ---l weak

3 15 '_ baseOH strong
base (_H

r_"_ Br Br_jk._' _ <Ho. HOA%  ,j
16

Work is presently underway to prepare pure A9'llestradiol-3-

acetate 3. The synthetic scheme involves the reaction of estra-

diol ]7 with DDQ. ]HNMR of the crude product shows a 90% conversion

to L estradiol ]8. Separation of the product from startirtg ma-

terial is a difficult task, however,preparative 14PLCwill be uti-

lizeJ during the week of January 4-8 to obtain pure material,

Further acetylation of 18 by standard metllods will produce the

desired precursor 3.
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The reactionof 77Br with Z_9'llestradiol-3,17-diacetate19 has
....w

been investigatedby our group. Resultsshow a rapid incorporation

of the 77Br into the steroidnucleus. The subsequentadditionof

' base did not result in loss of radioactivity.The 3-acetatewas re-

moved; however,more severe basic conditionsare necessaryto remove
the 17-acetate.

OAc

' " ___,._1AcO A O

19
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Prelimi;lary results suggest that the A9'llestradiol-3-acetate 3 will

be very effective for the incorporation of 77Br. After isolation

and cr,aracterization of the adduct studies will be underway to de-

, ter; ine its binding affinity towards receptor sites.
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ANIMAL STUDY

At the present time animals are being maintained in the

Animal Research Facility 'at the UniVersity of New Mexico.

These'are rats carrying the following tumors lines H-35

hepatoma and _FT sarcoma (both obtained through the courtesy
of Dr. llubner, oak _idge National Laboratories}, 3M2N and
13762E mammary adenocarcinomas '. These latter two are

DMBA induced tumors, both of which are felt to be estrogen
sensitive. These tumors have been maintained and trans-

planted with excellent success for over five months at

the university of New Mexico.

Within the last three weeks biodistribution studies with

tritiated estradiol and an estrogen sensitive mammary
adenocarcinoma have been conducted. The data ha_,e not

been analyzed yet but this should be done within the
ne'<t several Weeks.

The purpose of this was to assure that our techniques

for biodistribution studies were adequate and to serve

as a control basis for the synthetic studies, These
animals and tumor lines will continue to be maintained

in ordcz< to be ready for Bromine-77 labelled compounds.

]:,lAGIN(_ STUDIES

lt l_,Isbecome apparent that imaging of Bromine-77 with

the commercially available all-purpose collimators is

going to be extremely difficult. Under the direction of

Dr. James Christie and Dr. Charles Kelsey, work has
begun to establish the modulation transfer function and

observer performance of contrast and spatial resolution

with dJ ffering collimators° This work has only been under

way fay sevr:ral weeks, but clearly will be very important
if Bro,,_i;_e-77 itself is to be utilized as an imaging 'agent

in ],-,],cl]ed Compoundso To the best of our knowledge this

pa_-I lc,_]ar poi,-,t has net been addressed by any other inves-

%ig:_i,,,-:',. The second year of the study is expected to

fc,cu._:on the collimator more closely and perhaps include
d<".'_']olmlent of a specific and inexpensive collimator for
I{l't._rl]iIlO-77.

COOPERA'?IVE STUDI ES

After ',]]._cussion 'with Dr. Jeep Thiessen, two additional areas

c f cooperative effort have been established by myself and

Dr. <'_rist],z. lt was felt that both of the projects would



be of benefit to the Department of Energy and would not

require additional funding in order to be performed. Thee

first of these projects is: Biodistribution and Tumor

Imaging with Copper-67 citrate.

T]_ree :_llipments of Copper-67 citr_,te were obtained from Dr.
O'Brien frgm Los Alamos. Three separate biodistribution

studies were performed in Fischer 344 rats. These included

studies done examining the effect of carrier Copper, as well

as the effect of intraperitoneal and intravenous injections.
The results of these studies are indicated in the attached

graphs. The biological half-life of Copper-67 appears to

be approximately 36 hours with the effective half-life

being 24 hours. There is little difference in distribution

by route of injection and no significant difference was

obtained with a moderately large amount of carrier Copper

prosent. Biodistribution studies compare favorably with

those publish :d in the literature for Copper-64.

The possible value of copper-67 citrate as a tumor imaging

agent was evaluated with the H-35 hepatoma and the RFT

sarcoma. A comparison that was made with Gallium-67
c_trate and these tumors were chosen because of their

known affinity for Gallium and since they were used orig-
inally in the development of Gallium by the Oak Ridge

Group. Additionally, the mammary adenocarcinomas were

also utilized. The first two experiments indicated tumor

affinity for Copper-67 citrate. The best images were
obtained at approximately 48 to 72 hours and compared

very favorably with Gallium-67 citrate. In fact, by

utilizing the various photopeaks of Copper, the tumor

imaging obtained was subjectively as good as those obtained
with Gallium.

S_nce Copper-67 citrate appears to have approximately the

same tumor affinity as Gallium-67 citrate r an atte/npt was

madlc tn examine abscess affinity. Subcutaneous and intra. _

mu_-_cu]ar abscesses were developed utilizing Staph. Aureus
and liver homogenate. While the abscesses were clearly

_,n,_le,_,with Gallium-67 c:trate, there appeared to be no

al: i:,it" with the Copper-,67 citrate. Thus Copper_67 when

ut.i []zc.d as a citrate appears to be more tumor specific than

Ga]] _um-67 citrate. This wor:" will be submitted for publi-

cat i01] within the next several months and this Contract
wi] ] be credited.

].':.:,,::!:_.itie;_of the modulation transfc, r functions and collimater

pe._f-_llilance on ganu:la cameras is also b(:ing currently examined
as _.itll the Bromine-77.












