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Abstract: A versatile synthesis of 2-mtthoxyestradiol (7) is described. Potmylation of estradiol (1) 

with hexamethylenetetramine gave 2-formylestradiol (3). Benzylation of the two hydroxyl groups of 3 

under basic conditions with benzyl bromide afforded the dibenzyl ether 4. 2-Methoxyestradiol(7) was 

then obtained from 4 by Baeyer-Villiger oxidation, methylation of the phenol, and debenzylaion. 

Hydroxylation of estradiol by hepatic cytochrome P-450 enzymes followed by 0-methylation with 

catechol 0-methyltransferase leads to 2-methoxyestradiol(7). an endogenous metabolite of estradiol which has 

been detected in human urin~.~*~ 2-Methoxyestradiol is also a metabolite of 17a-ethynylestradiol, a synthetic 

estrogen present in many oral contraceptives. 3 Current interest in 2methoxyestradiol has been stimulated by its 

cytotoxicity in several cancer cell cultures. ds This cytotoxic effect is associated with abnormal chromosome 

distribution, faulty spindle formation, inhibition of mitosis, and an increase in abnormal metaphases. Recently it 

has been discovered that 2-methoxyestradiol either inhibits tubulin polymerization or results in polymer with 

altered stability properties and morphology, depending on the reaction conditions, by binding to the colchicine 

binding sik6 This identification of a natural ligand for the colchicine binding site of tubulin indicates that 2- 

methoxyestradiol or a closely related metabolite could possibly be functioning as a natural regulator of tubulin 

polymerization and function. 

The cytotoxicity of 2-methoxyestradiol in cancer cell cultures and its antitubulin activity raise the 

possibility that it could serve as a lead compound for the design and synthesis of a new series of anticancer agents. 

Current in vitro studies have indicated that 2methoxyestradiol inhibits angiogenesis (the creation of new blood 

vessels), which is essential for the growth of solid tumors. 7-9 When investigated in vivo, 2-methoxyestradiol 

was found to be a potent inhibitor of neovascularization of solid tumors and to inhibit their growth when 

administered orally in mice? In view of these exciting results, we have sought to develop a short and versatile 

synthesis of this metabolite which could also setve for the preparation of a variety of related compounds of 

potential value in the investigatiou of the structural parameters associated with the antitumor and antitubulin 
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activity of 2methoxyestradiol. This might also result in the eventual preparation of new compounds with mom 

favorable biological properties for potential therapeutic use as anticancer agents. Although a number of 2- 

methoxyestracliol syntheses have been reported, they are not suitable for the present purposes either because they 

are either too long and inefficient or are lacking in sufficient versatility to suit our needs for analog 

development.10-13 

Formylation of estradiol(1) with two equivalents of hexamethylenetetramine in refluxing trifluoroacetic 

acid for 4 hours gave 4-fonuylestradiol(2) in 13% yield and 2-formylestradiol(3) as a white crystalline material, 

mp 230-232 Oc (ethanol) (litI 231-233 Oc), in 25% yield: 1~ NMR (CDC13.300 MHz) 6 10.79 (s, 1 H), 9.82 

(s, 1 H). 7.41 (s, 1 H), 6.71 (s. 1 H), 4.90 (t, J= 7.8 Hz, 1 H), 2.91 (m, 2 H), 2.34 (m, 3 H). 1.95 (m. 2 H), 

1.78 (m. 3 H), 1.52 (m, 6 H), 0.90 (s, 3 II); LRCIMS m/z (isobutane) 301 (MH+, 5.71), 283 (MH-H20, 100). 

Treatment of 3 with 10 equivalents of NaH and a catalytic amount of tetrabutylammonium iodide in 

anhydrous DMF yielded a dianion which was treated with 7.1 equivalents of benzyl bromide to afford 

intermediate 4 as a white solid, mp 124-125 Oc (chloroform-hexane), in 64% yield:lH NMR (CDCl3.300 MHz) 

6 10.49 (s, 1 H), 7.79 (s, 1 H). 7.38 (m, 10 H), 6.75 (s, 1 H), 5.15 (s, 2 H), 4.58 (s, 2 H), 3.51 (t, J = 8.4 Hz, 

1 H), 2.88 (m, 2 H), 2.36 (m, 1 H), 2.09 (m, 4 H), 1.87 (m, 1 H), 1.41 (m. 7 H). 0.87 (s, 3 H); LRCIMS 

(isobutane) m/Z 481 @@I+, 34). Anal. dcd for c33&jo3: C. 82.46; H, 7.55. Found: C, 82.16; II, 7.74. 

Baeyer-Villiger oxidation of 4 with 1.2 equivalents of MCPBA and a catalytic amount of TsOH in 

CH$l2 for 3 hours gave the phenol 5 as a colorless oil in 58% yield: IH NMR (CDCl3.300 MHz) 6 7.36 (m, 10 

I-I), 6.90 (s, 1 H), 6.64 (s. 1 II). 5.45 (s, 1 H), 5.06 (s, 2 H). 4.57 (s, 2 H), 3.50 (t. J = 8.0 Hz, 1 H), 2.76 (m, 

2 H), 2.11 (m, 3 H), 1.43 (m, 10 H), 0.87 (s. 3 H). D20 exchanged 1H NMR showed that the peak at 8 5.45 

ppm was exchangeable. LRCIMS (&butane) m/z 469 (MH+. 100). 

Treatment of the phenol 5 with 10 equivalents of anhydmus K2CO3 and a catalytic amount of 

tetrabutylammonium iodide in DMF provided an anion which was alkylated with excess methyl iodide to affotd 

the intermediate 6 in 80% yield, also obtained as a colorless oil: *H NMR (CDC13,300 MHz) 6 7.36 (m, 10 H), 

6.85 (s, 1 H), 6.63 (s. 1 H). 5.11 (s. 2 H), 4.58 (s, 2 H). 3.87 (s, 3 H), 3.51 (t. J = 8.0 Hz, 1 H). 2.74 (m, 2 

I-I). 2.12 (m, 4 H), 1.83 (m, 1 H). 1.44 (m, 8 H), 0.88 (s, 3 H); LRCIMS (isobutane) m/z 483 (MH+. 100). 

Hydrogenolysis of the two benzyl groups of 6 over 10% palladium on charcoal in THF gave 2- 

methoxyestradiol (7) in 83% yield as a white solid. Recrystallization of this solid from acetone under argon 

atmosphere gave 2-methoxyestradiol(7) as colorless blades, mp 188-190 cC (lit.‘O mp 188-190 Oc): [ag +990, 

CHC13, c = 0.5, (lit.‘O [al: +looO, CHC13, c = 0.5). 1H NMR (CDC13, 300 MHz) 6 6.81 (s. 1 II). 6.65 (s, 1 

H), 5.43 (s, br, 1 H). 3.87 (s, 3 H), 3.75 (t, J = 8.5 Hz, 1 H), 2.77 (m, 2 H), 2.20 (m. 3 H), 1.99 (m, 1 H), 

1.87 (m, 1 II), 1.69 (m, 1 H), 1.35 (m, 8 H), 0.80 (s, 3 H); LRCIMS (isobutane) m/z 303 (MH+, 7). 302 (M+, 

100). 

A variety of 2-methoxyestradiol congeners are being prepared by utilization of the versatile intermediates 

3,4 and 5 in Scheme I. 



Synthesis of 2-methoxyestradiol 

sthtmt I 
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