This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

S PR} ] e e g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
| Design and Synthesis of Organophosphorus Compounds with Antiviral
B |y and Other Bioactivities
1 C. E. Mckenna?; T. -G. Ye™; J. N. Levy™; P. Pham® T. Wen?; J. -P. Bongartz*; M. C. Starnes%; Y. -C.
Cheng®

* Department of Chemistry, University of Southern California, Los Angeles, CA, U.S.A. > Wenzhou

Institute of Pesticide Research, Huigiaopu, Wenzhou, Zhejiang, China © University of California

Universitywide Task Force on AIDS Postdoctoral Fellow, ¢ Department of Pharmacology and

Medicine, School of Medicine, University of North Carolina, Chapel Hill, NC, U.S.A. ¢ Department of
Fie o Sk @z | Pharmacology, School of Medicine, Yale University, New Haven, CT, U.S.A.

To cite this Article Mckenna, C. E., Ye, T. -G. , Levy, J. N., Pham, P. , Wen, T., Bongartz, J. -P., Starnes, M. C. and
Cheng, Y. -C.(1990) 'Design and Synthesis of Organophosphorus Compounds with Antiviral and Other Bioactivities',
Phosphorus, Sulfur, and Silicon and the Related Elements, 49: 1, 183 — 186

To link to this Article: DOI: 10.1080/10426509008038936
URL: http://dx.doi.org/10.1080/10426509008038936

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or dammges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509008038936
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 02 29 January 2011

Downl oaded At:

Phosphorus. Sulfur, and Silicon, 1990, Vols. 49/50, pp. 183-186  © 1990 Gordon and Breach Science Publishers, Inc.
Reprints available directly from the publisher Printed in the United Kingdom
Photocopying permitted by license only
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Abstract Investigations of phosphonates and related biophosphate
analogues as inhibitors of wviral nucleic acid polymerases are
summarized. General syntheses of a-halo phosphonoacetic acid (PAA)
and methanediphosphonic acid (MDP) derivatives have been extended
to preparation of seven a-halo phenyl(phosphonomethyl)phosphinates
(PhMpP). Two phosphonates containing potentially reactive a-keto
groups, oxophosphonoacetate (phosphonoglyoxalate, COPAA) and oxome-
thanediphosphonate (carbonyldiphosphonate, COMDP) are discussed. A
convenient, two-step synthesis of trisodium thiophosphonoformate
(TPFA) from trimethyl phosphonoformate (Me3PFA) [via Me3TPFA) is
presented. TPFA selectively inhibits HIV-1 reverse transcriptase
(RT) relative to both human DNA polymerase a (pol a) and four
herpesvirus DNA polymerases. The significance of membrane Na‘t/Pi
cotransport inhibition by phosphonates is briefly addressed.

INTRODUCTION

There is growing interest in phosphonate analogues of biophosphates as
probes of enzymes or biological systems and as potential anti-viral
agents. Ultimate understanding of why particular analogues exhibit
potency and specificity as inhibitors requires detailed structural
knowledge of the active site involved in binding the inhibitor. In the
absence of such information, correlations of inhibitor structure with
accessible biochemical properties such as binding affinities are of
value. At present, the effects of structural variation on the ability
of phosphono analogues of pyrophosphate (I) to inhibit viral nucleic
acid polymerases are poorly understood. This paper summarizes part of

our research in this area, including some recent work.
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a-Halo Phosphonates

A range of combined polar and steric modifications can be produced by
systematic halogen substitution at the a-carbon of PAA (II, X = COgH: Y,
Z=H, F, Cl, Br, CH3) and MDP (II, X = PO3Hp; Y, Z =~ H, F, Cl1, Br).l
The compounds are easily made from the corresponding esters2,3 via
hydrolysis using HCl or BTMS/H20.3‘5 With dihalo (Y, Z = Cl, Br) PAA,
HCl hydrolysis conditions must be adjusted to minimize product decar-
boxylation to the corresponding dihalomethylphosphonic acid. BrPAA is
converted to ClPAA in refluxing HC1l, but in this case HBr is a good
alternative to BTMS.6

Several a-halo PAA derivatives inhibit HSV-1 and other herpesvirus
DNA polymerases, whereas all the a-halo MDP derivatives are inactive.l
The viral polymerases tested differed significantly in their sensitivity
to these inhibitors.l.6 PAA, MDP and a selected group of their a-halo
derivatives fail to exhibit significant potency against HIV-1 RT.

a-Halo Phosphonophosphinates

The methods cited above were readily extended to prepare (via the ethyl
esters) seven a-halo phenyl-MpP derivatives: II, X = P(Ph)0OqH; Y, Z =
H,F; F,F; H,Cl; C1,Cl; H,Br; Br,Br; Cl,Br. As the starting material
used, Et3PhMpP, was racemic, racemic dihalo products and diastereomeric
monohalo racemate mixtures were obtained. The presence of the phenyl
group may improve membrane transport or affect other hydrophobic inter-
actions in these MDP-like analogues, Testing of the compounds as inhib-

itors of several enzymes is currently in progress.

Functionally Reactive Phosphonates

Examples of phosphonates containing a reactive functionality are the a-
keto phosphonates copPaA’ (III, W = COoH) and COMDP (III, W = PO3Hp).
These compounds have a (HO)2P(0)-C(0) fragment in common with phosphono-
formate (PFA). However, both have a l-carbon ’'spacer' between their

anionic groups as do PAA and MDP, and both are ketones capable of adding



18: 02 29 January 2011

Downl oaded At:

DESIGN AND SYNTHESIS OF ANTIVIRAL COMPOUNDS 185

nucleophiles; their keto electrophilicity varies inversely with anionic
charge and hence with pH.6-7

Both compounds appear to inhibit HIV-1 RT with significantly great-
er potency than their parent analogues, PAA and MDP, although neither is
as active as PFA.6

Thio ofo P

A convenient, two-step conversion of Me3jPFA into trisodium TPFA can be
accomplished by selective thiation of Me3PFA with Lawesson’s reagent,
giving thiono Me3TPFA in good yield, followed by direct (NaOH) or
indirect (ITMS/Na3C03) hydrolysis.

3~

cod l wal ] o
H3 HJ\ + ~N
—C—0CH; —— —C—0CHy —= Nag' —C—0
CHy0” ? c 3 > o7

Hy
Me;PAA Me;TPFA TPFA

The ester and salt were characterized by 31P, 13C, 1y (ester) NMR;
IR; UV (salt); elemental analysis; and high resolution MS (ester). The
existence of trisodium TPFA primarily in thiolo form in solution (D20)
is indicated by its 31p chemical shift (6 37.7 compared to § 64.8 for
the thiono ester). Of analytical note is the UV absorbance of TPFA
(€254 = 1 x 103 at pH 8, >20x greater than the €254 of PFA).

TABLE I Polymerase inhibition,

ICso__ (uM)
Enzyme TPFA PFA
Human DNA pol a >100 31
HIV-1 RT 1 0.7
HSV-1,2 DNA pol 12 0.7
EBV DNA pol 70 1
HV-6_DNA pol 70 1

TPFA 1s markedly less inhibitory than PFA to four herpesvirus DNA
polymerases tested, but is comparably potent against HIV RT; it is the
weaker inhibitor of human pol a (Table I). In an earlier report,8
similar HSV-1 DNA pol ICg5p values were found for PFA and TPFA. The
inhibition of HIV-1 replication in H9 cell culture by added TPFA, which
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approximates that of PFA (A. Bodner and R. Kilkuskie, unpublished), 1is

under investigation.

OTHER BIO v S

The use of phosphonates as bioprobes 1is not limited to nucleic acid
polymerase inhibition, as illustrated by Dousa’s recent discovery that
Nat/Pi cotransport in renal brush border cortical membrane is inhibited
by PFA and, to a lesser extent, PAA.9 Subsequent evaluation of our
complete a-halo PAA group has revealed that ClBrPAA blocks cotransport
4x more strongly than PFA.10 (C1BrPAA has little or no activity apainst
viral polymerasesl'6 but is also a significantly weaker human pol a
inhibitor than PFA,1 i.e. it is at once more potent and more selective

than PFA in this cross-system activity comparison.
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