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Abstract: The title ~ompo~d, designed as a bone-seeking estrogen prodrug, was synthesized, characterized 
and shown to bind to hydroxylapatite, the mineral constituent of bone tissue. 

Introduction: Osteoporosis is the reduction of bone mass or the atrophy of skeletal tissue which can 

lead to debilitating hip fractures and vertebral compression fractures. It is one of the most common diseases of 

postmenopausal women, afflicting approximately 25% of this population 1. It is generally accepted that a 

reduction in estrogen levels after menopause is the primary cause of pos~n~opausal osteoporosis1T2. Bone 

loss can be arrested by the administration of exogenous estrogens3, and in fact this remains a preferred means 

to prevent this disease4. Unfortunately, there are a number of side effects associated with estrogen treatment, 

including a well-established correlation with endometrial cancers. 

The prevention of postmenopausal bone loss by estrogen treatment may be attributed to a direct effect 

of estrogen on bone6. Consequently, the selective delivery of estrogen to bone tissue could result in a decrease 

in the side effects of estrogen therapy for the t~atInent of osteoporosis, both by limiting systemic estrogen 

levels, and by reducing the dosage required to achieve effective therapeutic results7. Therefore, we have 

attempted to prepare a prodrug of estrogen that will target bone. 

There are certain compounds which are known to exhibit bone affinity, that is, which bind to bone 

mineral, and tend to accumulate and become incorporated in mineralizing bone. The tetracyclines and 

bisphosphonates {such as (1-hydroxyethy~idene)bisphosphoni~ acid or (l-aminohexylidene)bisphosphonic 

acid) are two such classes of compounds. Far the purpose of being a bone-seeking moiety of an estrogen 

conjugate, tetracycline has the advantage of being relatively non-toxic and of possessing comparatively little 

biological activity in bone*. 

It has been claimed that the carbonic anhydrase inhibitor acetazolamide was linked to tetracycline and 

that this conjugate had significant affinity for bone mineral, however, no compound was actually purified and 

ch~ac~~~9. Addition~ly, it has been reported that a number of hydroxy steroids have been conjugate to 

alkyl bisphosphonateslo. There has also been a report of the linkage of several bioactive compounds to a 

putative bone seeking moiety based upon polymalonic acid, which is proposed to mimic the poly-a-carboxy- 

ghttamic acid residues of the bone protein osteocalcin* 1. 
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We have succeeded in the synthesis and characterization of a potential bone-seeking estrogen conjugate, 

TE2, by linking P-estradiol-3-benzoate with tetracycline via a succinate ester. 

Synthetic Scheme 

4-DMAP 
THF 

reflux. 20 hrs 

1 ) oxalyl chloride 

benzene 

24 hrs 

2) tetracycline 
THF 

23 hrs 

25% TE2 

Chemistry: The preparation of TE2 is outlined in the scheme above. P-Estradiol-3-benzoate-17- 

hemisuccinatel” was synthesized by the reaction of P-estradiol-3-benzoate with excess succinic anhydride and 

4-DMAP in refluxing THF. After flash chromatography and recrystalization, pure material was obtained in 

89% yieldl3. The acid chloride of this material (prepared by treatment with oxalyl chloride) was allowed to 

react with dry tetracycline (TC) in THF under anhydrous conditions14. Following the reaction by HPLC it was 

determined that an initial kinetic product formed, and slowly decomposed as a second thermodynamic product 

appeared. The key to the successfill synthesis of this compound was the workup and purification. The reaction 

was filtered, and the filtrate concentrated to dryness on a rotary evaporator. This was then taken up in a small 

amount of THF and precipitated with ether. The solid was collected, rinsed, and the ether precipitation was 

repeated. Purification by preparative reverse phase HPLC, taking care to avoid excessively acidic conditions, 

gave the TFA salt of TE2 as a lyophilized powder in 25% yieldls. 
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The structure proposed for TE2 is based upon the evidence below. NMR assignments were made by 

comparison to those of TCt6. The TC 3- and 12-et.101 and lo-phenol protons ate clearly observed in the tH 

NMR spectrum of TE2. There is also a broad singlet at 5.09 ppm, which corresponds to the 4.9 ppm resonance 

in the tH NMR spectrum of TC. This 4.9 ppm peak has been previously assigned, although tentatively, as the 

6-OH proton, with the 12a-OH resonance being hidden tea. We believe that this assignment is correct, and that 

TE2 is a 12a ester of TC, for the following reasons: (1) Anhydrotetracycline16b and minocycline16e, that do 

not have a 6-OH group, have no peak in the 4.5-5.5 ppm region, and the 12a-OH is unobserved; (2) In 7- 

chlorotetracycline, the 4.9 ppm peak, as well as the 6-methyl resonance, are shifted downfield relative to those 

in TCt6a; (3) In the 1% NMR spectrum of TE2, the C-12a carbon is shifted downfield by 5.2 ppm relative to 

that in TC (the C-6 carbon is shifted upfield by 2.5 ppm), which is consistent with an alcohol to ester 

transformationt7; (4) There is chemical precedence for the acylation of the 12a-OH and not the 6-OH under 

equilibrium conditions (5-hydroxytetracycline is bis-acetylated at the 5- and 12a- hydroxyls by acetic anhydride 

at rt, 14 daysls); (5) TC can be silated to give tris(l0-0,12a-0,2-carboxamido)trimethylsilyltetracycline 

without silation of the 6-OHt6b; and (6) The inspection of 3D conformational models of TC clearly show that 

the 6-OH is more sterically hindered than the 12a-0Ht6e,19. 

Hydroxylapatite Binding: To test if the TE2 conjugate has the potential to retain the bone 

accumulation properties of tetracycline in vivo, it’s binding to hydroxylapatite, the mineral constituent of bone, 

was measured20. 3.0 mM THF solutions of TE2 and controls were prepared. The concentration of each 

compound in solution was measured before and after a lhr incubation with hydroxylapatite (100 mg/ml of 

solution) by integration of their HPLC chromatogram. The results summarized in the table below show that 

TE2 has significant affinity for bone mineral in organic solution. 

Hydroxylapatite Binding 

Tetracycline 

P-Estradiol-3-benzoate 

B-Estradiol 

TE2 

Percent Bound to Bone Mined 
>99 

Cl 

<l 

>99 

Summary: A tetracycline-estrogen conjugate was prepared which retains the bone mineral afBmity of 

tetracycline in vitro. This compound contains a potential biolabile linkage (ester) which may enable this 

compound to act as a bone-seeking prodrug of estrogen in vivo. 
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