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Synthesis of a Difluoromethylenephosphonate Analogue of Glycerol-3-phosphate.
A Substrate for NADH Linked Glycerol-3-phosphate Dehydrogenase

Richard D. Chambers,* Rabih Jaouhari, and David O'Hagan
Department of Chemistry, University Science Laboratories, South Road, Durham DH1 3LE, U.K.

A synthesis of the cyclohexylammonium salt of (+)-1,1-difluoro-3,4-dihydroxybutylphosphonate (9) is described; (9)
is a substrate for NADH linked glycerol-3-phosphate dehydrogenase.

The use of fluorine as a biological tool is increasing and has
exciting possibilities; e.g. analogues of biologically signifi-
cant!.2 compounds can be prepared by replacing, H, OH, Me
etc. with fluorine without introducing dramatic conforma-
tional changes. The rationale for such a strategy would

become more convincing if the steric and electronic effects
could be manipulated in such a manner that they complement
each other to provide an analogue with isosteric and isoelec-
tronic properties.

Phosphonates have been widely studied® as phosphate
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Scheme 1. Reagents and conditions: i, THF, 65°C, 3h; ii,
CH,=CHCH,Br, Nal (cat.), room temp., 20h; iii, Hg(OAc),, Bry,
AcOH, 10°C, 8 h; iv, KOH, MeOH, room temp., 5h; v, HCI (cat.),
H,0/Me,SO (2:1); vi, Me;SiBr, Et,0, room temp., 20 h; vii, H,O;
viii, CéH;;,NHo.

analogues although their in vivo effects are compromised
because their electronic properties deviate significantly from
those of the phosphate group, but Blackburn and his
co-workers have recently4 shown that the composite steric and
electronic effects of fluorophosphonates impart a much closer
analogy to the parent phosphate. In order to explore the
potential of this refinement we aim to synthesise a number of
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difluoromethylenephosphonates as phosphate analogues and
test them in appropriate biological systems. We now describe
the synthesis of the first of these compounds, 1,1-difluoro-3,4-
dihydroxylbutylphosphonic acid (1) a structural analogue of
glycerol-3-phosphate (2). Our approach involved (see Scheme
1) preparing the key allyl phosphonate (5) using a modifica-
tion of the procedure> described by Burton and his co-
workers. A combination of cadmium and bromodifluoro-
methylphosphonate (3) generates (4) as the major species of
an organocadmium reagent. Reaction of (4) with allyl
bromide gave the required derivative (5) and then treatment
of (5) with bromine and mercuric acetate provided a 50: 50
mixture of bromo-acetates (6a and 6b). The oxirane (7) was
obtained in moderate yield when this mixture was stirred in
methanolic potassium hydroxide, acid-catalysed ring opening
afforded diol (8)6 which was treated with bromotrimethyl-
silane? for conversion into the corresponding di-trimethylsilyl
ester. Aqueous hydrolysis then provided the free acid which
was isolated after neutralisation as the cyclohexylammonium
salt (9).

L-Glycerol-3-phosphate plays a central role in metabol-
ism89 and the biological properties of this novel difluo-
romethylene analogue are now under investigation. Prelimi-
nary studies using the glycolytic enzyme NADH linked
glycerol-3-phosphate dehydrogenase show that (9) is turned
over by the enzyme at one sixth of the ratet when compared to
the natural substrate assuming conversion of only one
enantiomer. Further enzymic studies are in progress and
quantitative data will be described later.
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