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Abstract: 3-O-tert-Butyldimethylsilyl-170-(6-mesyloxyhexynyl)estradiol was converted to the azide in 60—
70% yield with NaNs/DMPU, then reduced to the corresponding amine (>95% yield). Acylation with the N-
hydroxysuccinimide esters of biotin, 5-carboxyfluorescein and  10-(3-sulfopropyl)-N-tosyl-N-(3-
carboxypropyl)acridinium-9-carboxamide gave the title conjugates. The Kps of the tracers with an estradiol
antibody ranged from 97-197 nM. © 1998 Elsevier Science Ltd. All rights reserved.

Estradiol (E,, 1) is a hormone which is necessary for development of secondary sexual characteristics
(e.g., hair, body shape, etc.) and function of the reproductive system in females. It also plays an important role
in the etiology of estrogen-dependent tumors and in other endocrinological disorders.”™ As such, many labeled
E: derivatives have been reported for probing estrogen binding proteins (i.e., estrogen rec::eptors4 or antibodies)

and for use in commercially important immunoassays for E,.”” The most straightforward way of preparing a
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labeled probe of estradiol is conjugation through the C3 or C17 hydroxyl groups,”‘ ** however, this
approach blocks those critical binding determinants, rendering them less than perfect mimics of estradiol
during binding to natural receptors or antibodies. An alternative strategy is to introduce the conjugate at a new

functional group, remote from these determinants which minimally perturbs the native structure of estradiol.
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To this end, reactive functional groups have been introduced at the C6 and C7°'™ positions of estradiol.

The C6 derivatives all issued from 6-oxoestradiol for which there was no efficient synthesis until recent]y.26

For all but one,” the syntheses of the C7 derivatives were complicated by using U. S. Drug Enforcement
Agency (DEA) controlled starting materials. Recently, several groups have made use of the facile
stereoselective addition of alkynyl lithium compounds to the 17-keto group of estrone (2) to generate 17c-
alkynyl estradiol derivatives bearing pendant hydroxy,ﬂ_m bromoacetoxyzs or sulfhydryl groups.zg This
approach allowed for the easy introduction of linking groups of variable length. Lacking though, was the
preparation of the corresponding amino derivatives. We now report the preparation of 170-(6-

aminohexynylestradiol (5) and its subsequent conversion to non-radioactive probes containing the desirable
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labels, biotin and fluorescein, along with a newly introduced chemiluminescent acridinium label. Preliminary

evaluation of their binding properties with an anti-E; monoclonal antibody is also reported.
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The recently reported mesylate 37 prepared from the corresponding alcohol that resulted from the
addition of dilithio-5-hexyn-1-ol to 3-O-fert-butyldimethylsilyl protected estrone, was reacted with an excess
of sodium azide in 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU)m over the course of 3-5 days
at ambient temperature to give the azide 4" (60-70%) with concomitant removal of the TBDMS protecting
group. Selective reduction of the azide™ to amine 5 (96% yield after silica gel chromatography) proceeded
smoothly, but slowly, over the course of 5 days in the presence of a 12-fold excess of 1,3-propanethiol and
triethylamine. 17a-(6-Aminohexynyl)estradiol (§) was conjugated to biotin,” 5—carboxyﬂuorescein,34 and 10-
(3-sulfopropyl)-N-tosyl—N-(3—carboxypropyl)—acridinium-9—carboxamide35'36 via the corresponding N-
hydroxysuccinimide (NHS) esters in DMF to produce the labeled estradiol probes 6-8 (74, 73, and 26% yield,
respectively, after purification by preparative reversed-phase HPLC.)

To assess their suitability as estradiol-mimetic probes in an immunoassay format, a preliminary
evaluation of the solution binding affinities of compounds 6-8 for an anti-estradiol-6-carboxymethyloxime
mAb was carried out. Binding studies were conducted using a competitive equilibrium assay on a BlAcore
2000 instrument.” 7a-(3’-Carboxypropyl)estradiol’' containing an ethylenediamine linker was immobilized
on a CM-5 sensor chip and served as the anti-estradiol-6-CMO mAb biosensor. The apparent affinity of anti-
estradiol-6-CMO mAb for this surface, determined in a direct equilibrium binding format, was 23 + 5.9 nM.
Solution binding affinities of compounds 6-8 for the anti-estradiol-6-CMO mAb were subsequently
determined from equilibrated mixtures of the tracer and antibody which were injected over the calibrated
biosensor matrix. After correction for bivalency of the mAb,“* equilibrium dissociation constants (K,) of
141.1 £ 18.8 nM, 97.3 £ 9.9 oM, and 197.5 = 32.2 were obtained for compounds 6-8, respectively. The
introduction of the 17a-alkynyl-label resulted in a 40 fold decrease in K, in comparison to unlabeled estradiol.
This binding affinity is, however, in a range suitable for competitive immunoassay. The type of label
incorporated into the tracer had a noticeable affect on its binding efficiency with the antibody. We have
observed this phenomena with other tracer/antibody combinations, but any trends are highly antibody
dependent, and not easily elucidated. One could speculate, though, that the differences indicate a secondary
binding interaction between the antibody and one of the several possible determinants on the label. Such
factors as the pi-system of the fluorescein or acridinium groups, the ionization state of the label, or its ability to

form hydrogen bonds, may play a part.
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