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Abstract: The high yield synthesis of 2-fluoropodophyllotoxin is presented. This

preparation represents the first example of a 100% diastereospecific electrophilic
fluorination. © 1999 Elsevier Science Ltd. All rights reserved.

Podophyllum pelatum L. (commonly known as the American mandrake or May apple) (also
Podophyllum emodi L.) is the source of the natural product podophyllotoxin (1), which is used
clinically for the treatment of angogenital warts.2 Two semisynthetic derivatives, etoposide (2)

and teniposide (3), are clinically useful against various neoplasms, including germ-cell
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Figure 1. Structure of Podophyllotoxin and its Derivatives.
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malignancies, small-cell lung cancer, non-Hodgkin's lymphomas, leukemias, Kaposi's sarcoma,
neuroblastoma, and sofi-tissue sarcomas.” Recently, a water-soluble pro-drug of etoposide,
Etopophos™ (4), was approved for clinical use.® Another semi-synthetic derivative, GL331
(5), prepared in our laboratory and licensed to Genelabs Technologies, Inc., is currently
undergoing Phase II clinical trials against several forms of cancer, including gastric carcinoma,
colon cancer, non-small cell carcinoma, and etoposide-resistant malignancies.’

Because of the rich biological activity associated with podophyllotoxin and its derivatives,
its metabolism has also been extensively examined. Three non-conjugative hydrolytic

metabolites, all involving the D ring lactone, have been observed in the metabolic inactivation
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Figure 2. The Metabolism of Podophyllotoxin and its Derivatives.

and clearance of the drug: the cis-lactone, the trans-hydroxy acid, and the cis-hydroxy acid
(Figure 2). All three metabolites are inactive as anti-neoplastic and anti-viral agents.®
Podophyllotoxin and etoposide also epimerize to the inactive cis-lactone when exposed to
very mild base (piperidine in t-butyl alcohol).” The standard free-energy for this equilibrium
was determined to be —2.18 kcal/mol at 31°C, translating to a 97.5:2.5 ratio favoring the
inactive cis-lactone. These two problems have prompted extensive work into the preparation of
nonenolizable podophyllotoxin derivatives. Many different approaches have been taken,
including replacing the D-ring lactone with furan, thiolane, thiolanyl sulfone, and cyclopentane
rings.® Derivatives substituted at the 2-position have also been prepared.” Glinski, e al., were
able to prepare the 2-methyl, 2-chloro, 2-bromo, and 2-hydroxy derivatives of 1. In their
attempt to prepare the 2-fluoro derivative using LDA/FCIO; at —78°C, they reported ‘a violent

explosion, causing serious injury.’
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Using a newly developed electrophilic fluorinating agent, we were able to successfully
prepare 2-fluoropodophyllotoxin in excellent yield as shown in Scheme 1. Thus, using Corey’s
procedure, the secondary alcohol was protected as the TBDMS ether in 90% yield to give 6,'°!
which was fluorinated, using a combination of the procedures of Davis'> and Differding,>'*"
to give 7. This reaction was completely diastereospecific; only the correct isomer was evinced
by NMR. The fluorine coupling constants, 36.1 Hz with H-3 and 10.9 Hz with H-1, confirmed
the stereochemistry at the C/D ring junction as frans. Although others have obtained excellent
diastereoselectivities in the fluorination of enolates,'® to the best of our knowledge this reaction

is the first example of a completely diastereospecific electrophilic fluorination. Deprotection of

7 with TBAF gave 2-fluoropodophyllotoxin (8) in 84.6% yield over three steps. v
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Scheme 1. Synthesis of 2-Fluoropodophyllotoxin.

This family of compounds has exhibited excellent activity in both anti-viral and anti-
neoplastic assays. The preparation and biological testing of related derivatives is underway and
will be reported when it becomes available. The synthetic route outlined above provides an
extremely efficient route for the preparation of 2-fluoropodophyllotoxin, and this methodology

is being used to prepared 4f-anilino derivatives related to GL331.
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