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Racemic [fluoro(hydroxyphenylphosphinyl)methyl]phosphonic acid (1) and its individual enan-
tiomers [(+), 98% ee; ( - ) , 67% ee] were previously shown to inhibit Na+-gradient-dependent 
Na + -phospha te cotransport across renal brush border membrane, without measurable 
stereospecificity. Resolution of 1 was effected by fractional recrystallization of its (-)-quinine 
salts. The more levorotatory, diquinine product 2, corresponding to (+)-l , has now been 
analyzed by X-ray crystallography and found to be composed of the S enantiomer of 1. This 
result confirms the absence of stereochemical preference in inhibition of the cotransporter by 
the enantiomers of 1 and provides the first absolute configuration assignment of an asym
metrical a-halomethylene pyrophosphate analogue. 

Introduction 

Biophosphate analogues containing a halomethylene 
function in place of the bridging oxygen of pyrophos
phate were first exemplified by achiral methane-
diphosphonates.1-3 a-Halogenated pyrophosphate ana
logues possessing a chiral a-carbon, such as a-mono-
halo- or mixed a,a-dihalophosphonoacetates, have pre
viously been synthesized and evaluated for antiviral or 
other biological activities as racemates.2,4-6 The pos
sible influence of stereoisomerism on the interactions 
of these types of compounds with enzymes or other 
chiral receptor sites has not received much attention. 
In fact, examples of resolved enantiomers of such 
inhibitors have not been previously described.5-7 

(Phosphinylmethyl)phosphonates, differing from meth-
anediphosphonates only in the replacement of a P-OH 
by a P-R group (where R = aryl or alkyl), have a 
prochiral a-carbon atom. Recently, the pyridinium salt 
of racemic [fluoro(hydroxyphenylphosphinyl)methyl]-
phosphonic acid (1) was shown to be a competitive 
inhibitor of Na+-phosphate (Na+-Pi) cotransport in rat 
renal brush border membrane.8'9 In the nonstereo-
specific synthesis of a-halogenated [(hydroxyphenylphos-
phinyl)methyl]phosphonates,9 it was noted that the 
triethyl esters of monohalo compounds such as 1 were 
obtained as mixtures of diastereomers (due to the 
presence of a second chiral center, the phenylphosphinyl 
P atom) which could be distinguished spectroscopically 
by 13C, 31P, and (where applicable) 19F NMR. This led 
to attempted resolution of racemic 1 by classical frac
tional crystallization of its diastereomeric (—)-quinine 
salts, with stereochemical product analysis by 31P and 
19F NMR in a nondissociating solvent (CDCI3).9 The 
head crop, a monoquinine salt by elemental analysis, 
manifested only partial resolution by NMR. However 
the tail crop, by analysis a diquinine salt, 2, was 98% 
diastereomerically pure by both 31P and 19F NMR 
analysis. 
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We have now determined the X-ray structure of a 
single crystal of 2. The results confirm its composition 
as a 2:1 (—)-quinine:l salt, verify its diastereomeric 
purity to be consistent with the NMR analysis, and 
reveal that the stereoisomeric form of 1 present is the 
S enantiomer. 

Results and Discussion 

In a previous study of seven a,a-dihalo- and racemic 
a-monohalo[(phenylphosphinyl)methyl]phosphonatesas 
inhibitors of N a + - P ; cotransport in rat renal BBM, a 
small range of activity variation with a-halogen (22-
44% at 1 mM inhibitor, 0.1 mM P;) was found.9 The 
most active compound was racemic 1, which is a 
competitive inhibitor of the cotransporter with a K (0.36 
mM) slightly larger than the reference inhibitor PFA 
(Ki = 0.27 mM, both K determined at I = 1 mM).9 

Fractional crystallization of (-)-quinine salts of 1 
produced a tail crop which was recrystallized to constant 
[a]25D, corresponding to 2. 31P and 19F NMR analysis 
revealed only a single fluoromethylene phosphono-
phenylphosphinate species in CDCI3, whereas the head 
crop, with a different mp and [O.]25D, showed two species 
in a ratio of 2:1. Elemental analysis indicated that the 
former, more levorotatory salt contained two molecules 
of quinine, whereas the latter salt contained only one 
quinine. The data were interpreted in terms of dia
stereomeric quininium salts of the individual (+)/(-)-l 
enantiomers, one being completely resolved (diquinine 
salt) and the other partially resolved (monoquinine salt) 
on the basis of NMR integration. 

Our initial efforts to verify the structure of 2 crystals 
by X-ray crystallography were unsuccessful. However, 
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Figure 1. Molecular plot of the [fluoro(hydroxyphenylphosphinyl)methyl]phosphonate anion in compound 2, showing the S absolute 
configuration about the a-carbon atom [C(8)]. Selected distances are as follows: P(l)-C(8) = 1.827(11) A, P(2)-C(8) = 1.860(11) 
A, P(l)-CUO) = 1.808(11) A, C(8)-F(9) = 1.425(13) A. The P(2)-0(3) distance [1.592(8) A] is significantly longer than the other 
four P - 0 distances [P(2)-0(4) = 1.473(9) A, P(2)-0(5) = 1.475(8) A, P(l)-0(6) = 1.503(9) A, P(l)-0(7) = 1.502(9) A], suggesting 
that atom 0(3) is probably protonated. Negative charges are thus assumed to be delocalized over the 0(4)-P(2)-0(5) and 0(6)-
P(l)—0(7) moieties. A full list of distances and angles for 2 is given in the supplementary material. 
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when a high-intensity X-ray source recently became 
available to us, it proved possible to obtain the crystal-
lographic structure of 2 with reasonable refinement. 
Several alternate solvate formulations giving similar R 
values were obtained, of which only one (R = 7.5%) was 
consistent with a 500 MHz 1H NMR analysis of the 
residual sample of 2 crystals (Experimental Section). 
As revealed in Figure 1, only a single enantiomer of 1 
is present in the crystal, confirming the structural 
conclusion reached from the 31P and 19F NMR work. The 
overall salt structure also contains two molecules of 
quinine (one is illustrated in Figure 2; for details, see 
supplemental material), validating the original, com
bustion analysis-based formulation. 

This quinine bis-salt composition of 2 is further 
supported by consideration of P—O bond lengths in its 
anion moiety (Figure 1). One (phosphonic acid) P—O 
bond is 0.09—0.12 A longer than the other four, consis
tent with ionization of two out of the three OH protons 
in the 1 enantiomer to form two conjugate base (quinine) 
cations. It was shown previously, that pKi and pKz for 
1 are 1.5-2.0 and 2.7, whereas pi?3 is 7.1 (the pKi and 
pî 2 of quinine are 5.1 and 9.7, respectively, at 18 °C).10a 

The absolute configuration of the [fluoro(hydroxy-
phenylphosphinyl)methyl]phosphonate anion in 2 was 
readily assigned as S (Figure 1) using its (—)-quinine 

counterions as known10 stereochemical references (Fig
ure 2). 

The salt 2 and its partly resolved diastereomer were 
converted to the corresponding [(+) and (-)] sodium 
salts by adjustment of the pH to 11 with dilute NaOH, 
in order to test for stereospecificity in inhibition by 1 
enantiomers.9 The two enantiomers were not signifi
cantly different in inhibitory potency with an SE of 
7—10% for their average inhibition activities,9 indicating 
a maximal stereospecificity in interaction with the BBM 
cotransporter of <10% when the 2:1 R:S ratio in the 
partially resolved enantiomer is taken into account.11 

This finding is consistent with the result that inhibition 
of Na+—Pi transport by racemic 1 differs little from that 
of the a,a-difluoro analogue. The absolute 1 stereo
isomer structure reported here is nevertheless of inter
est, both to confirm the NMR analysis and in view of 
the potential value of chiral fluorine compounds as NMR 
probes of asymmetric binding sites in enzymes or 
biological receptors. 

Experimental Section 

Crystallization. The mother liquor from repeated MeOH/ 
acetone precipitation of the salt from racemic l9 and quinine 
was left standing partially covered in a fume hood for 4 days 
at room temperature, resulting in evaporation of about one-
half of the solvent and separation of crude 2. This was 
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Figure 2. Molecular plot of one of the two quinine cations in compound 2, showing an absolute configuration consistent with 
that reported in the literature.10 

dissolved in a small amount of hot MeOH. After 2-fold 
concentration and treatment with about 8 volumes of hot 
acetone, the resulting solution was allowed to stand for 2 days 
in a chamber kept saturated with acetone vapor, whereupon 
crystals of 2 separated. These crystals were recrystallized to 
a constant [a]26D.9 

X-ray Data. The diquinine salt of [fluoro(hydroxyphenyl-
phosphinyl)methyl]phosphonic acid (2) crystallizes as colorless 
prisms in the orthorhombic space group P2i2i2 (No. 18), with 
unit cell parameters a = 18.703(6) A, b = 25.152(8) A, c = 
11.006(3) A, V = 5177(3) A3, and Z = 4. Data were collected 
at room temperature on a Siemens P4/RA diffractometer with 
Cu Ka radiation at 12 kW. The structure was solved using 
direct methods13 and refined to final agreement factors of R 
= 7.5% and R(w) = 7.6% for 2528 nonzero reflections [F > 
4<KF)].14 

NMR Analysis. We originally formulated the salt sample 
2 with an alternative solvate composition on the basis of 
elemental analysis, specifically 2 MeOH.9 This result fits the 
X-ray data, however, with a slightly higher crystallographic 
R factor than three alternative solutions differing only in the 
interpretation of the solvent peaks (acetone, H2O, or MeOH). 
Of these, only one (1:1.5 acetone:H20) satisfies the previously 
obtained elemental (C,H) analysis, giving however agreement 
(C, +0.40%; H, -0.29%) less good than 2MeOH (C, +0.31%; 
H, -0.03%).9 To resolve this detail, we confirmed the absence 
of MeOH and the presence of H2O and acetone in the crystals 
used in this study by JH NMR (500.1 MHz) analysis. The 
remaining sample of 2 from X-ray crystallographic experi
ments (ca. 4 mg) was analyzed by 500.1 MHz 5H NMR analysis 
(Bruker AMX 500) in CDCI3 dried over powdered, activated 4 
A molecular sieves (99.8 atom % D; no H2O peak detectable). 
Peaks at d 2.15 and 1.85 (referenced to solvent CHCI3) were 
identified as acetone and H2O, respectively, by authentic 
compound spiking. Approximate integration ratios of 1:1 were 
measured for both these peaks (prespiking) relative to the 
quininium ion methoxy group (d 3.84), taken as reference (1 
acetone:1.5 H20:2 quinines gives a predicted integration ratio 
of 1:0.5:1). A peak at d 3.43 (MeOH) was not observed. The 
presence of H2O in this crystal may be attributed to the lengthy 

evaporation—crystallization procedure using hydrophilic sol
vent mixtures and possibly also to protracted (>2 years) crystal 
storage with intermittent exposure to air. 
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Supplementary Material Available: Atomic coordinates, 
bond lengths and angles, and thermal parameters for di-
quininium [fluoro(hydroxyphenylphosphinyl)methyl]phos-
phonate (acetone/1.5 water solvate) (2) in tabular form: Struc
ture Determination Summary (Table 1), Atomic Coordinates 
and Temperature Factors (Table 2), Bond Distances (Table 3), 
Bond Angles (Table 4), Anisotropic Displacement Coefficients 
(Table 5), and Hydrogen Atom Coordinates (Table 6) (10 
pages); a table of observed and calculated structure factors 
(Table 7) (11 pages). Ordering information is given on any 
current masthead page. 
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