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Letters
One-pot synthesis of 1-hydroxymethylene-1,1-bisphosphonate
partial esters
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Abstract—A selective one-pot procedure of synthesis of 1-hydroxymethylene-1,1-bisphosphonic partial trimethylesters and P,P-,
P,P0-diesters was described.
� 2004 Elsevier Ltd. All rights reserved.
OMeOMe
1-Hydroxymethylene-1,1-bisphosphonates (HMBP) are
an important class of drugs used in the treatment of
bone diseases involving excessive bone destruction or
resorption such as Paget’s disease, osteoporosis and
bone metastases.1;2 They are structural analogues of
naturally pyrophosphates and are completely resistant
to enzymatic hydrolysis. More recently, bisphospho-
nates have been used for treatment of metastatic can-
cer.3 It has been shown that these compounds were able
to inhibit bone metastases proliferation in prostate or
breast cancer.4–6 Unfortunately, the bioavailability of
these derivatives is very poor because of their strong
hydrophilicity and powerful complexation of divalent
metal cations. In fact, only 3–7% of the drug is meta-
bolised.7 A prodrug strategy should be a satisfying
solution to increase the gastrointestinal absorption. Few
studies about the design of bisphosphonate prodrugs
have been reported in the literature.8;9 Ezra et al. have
shown that the introduction of a dipeptide as the side
chain in bisphosphonate increased the efficiency of the
drug significatively.10 Another interesting approach is
the modification of the phosphonic acid function it-self,
by introducing an ester group. The presence of suitable
hydrophobic groups should be able to decrease the
hydrophilicity of the drug and consequently increase its
bioavailability. The best choice seems to synthesise
HMBP tetraesters. Unfortunately, these derivatives are
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not stable at physiologic pH as they rearrange them-
selves into phosphonophosphate pentaesters.11

This problem should be minimized by using partial
esters. Only one method has been described to prepare
such HMBP partial esters. The procedure first requires
the synthesis of HMBP tetraesters, which are regio-
selectively dealkylated by different metal halides or
trimethylsilyliodide.12

In this letter, we reported a new one-pot procedure to
introduce one or several methyl group(s) on each acid
function of the two phosphonic acid groups. This work
is based on a previous publication demonstrating the
efficiency of the reaction of tris(trimethylsilyl) phosphite
and acid chlorides for the synthesis of HMBP tetraac-
ids.13 The same strategy was used to prepare HMBP
P,P0-diesters 2 where one methyl group can be posi-
tioned on each phosphorus atom. Thus, the treatment of
an acid chloride at room temperature with 2 equiv of
methyl bis(trimethylsilyl) phosphite (synthesised using
the procedure described by Sekine et al.14), followed by
methanolysis during 1 h leaded to HMBP P,P0-diesters 2
(Scheme 1).
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Table 1. HMBP partial esters 2 produced according to Scheme 1

Entry R Solvent T �C HMBP partial esters Yield % 31P {1H} NMR (D2O) ppm

1 Me –– 25 2a 90 23.9

2 Pr –– 25 2b 90 24.0

3 i-Pr –– 25 2c 95 24.1

4 Bn –– 25 2d 90 20.8

5 Ph –– 25 2e 90 18.5

6 p-Br–C6H4 THF 25 2f 90 17.3

7 p-H3C–C6H4 THF 25 2g 90 17.0

8 p-H3CO–C6H4 THF 25 2h 90 17.8

9 p-O2N–C6H4 THF )70 2i 84 15.6
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As shown in Table 1, this procedure was very efficient in
aliphatic or aromatic series. The treatment of the acid
chloride 1 with 2 equiv of methyl bis(trimethylsilyl)
phosphite at room temperature leaded to the dimethyl
bis(trimethylsilyl) ester of 1-trimethylsiloxymethylene-
1,1-bisphosphonic acid in a single step within few min-
utes. This synthesis was based on an Arbuzov reaction
to give a methyl trimethylsilyl a-ketophosphonate fol-
lowed by an immediate addition of a second equivalent
of methyl bis(trimethylsilyl) phosphite. The reaction was
strongly exothermic and no side reaction could be
detected by 31P {1H} NMR. In particular, for the benzyl
acetyl chloride, it has been shown that the Arbuzov
reaction from this substrate and trimethyl phosphite did
not lead to the a-ketophosphonate but to the enol form
instead.15 After 1 h of methanolysis, HMBP P,P0-diest-
ers 2a–e were obtained in very good yields and purity.
Note that the solid acid chlorides (entries 6–9) were first
solubilized in THF. The reaction was carried out at
room temperature except for substrate 2i. In that case, it
was necessary to work at )70 �C due to the high reac-
tivity of p-nitrobenzoyl chloride that leaded to the
phosphonophosphonate rearrangement at room tem-
perature. 31P {1H} NMR spectroscopy was used
throughout to follow the progress of the reaction and to
analyze the purity of the products. The multiplicity of
31P {1H} NMR signals offered an unambiguous method
to assign the amounts and the type of substituents on
each phosphorus atom. In decoupled 31P spectroscopy,
symmetrical HMBP P,P0-diesters 2 were easily identified
by a single line at 20–25 ppm for aliphatic compounds
(entries 1–4) and at 15–19 ppm for aromatic compounds
(entries 5–9).

The HMBP P,P-diesters 4 and the HMBP triesters 5
were prepared by addition of the tris(trimethylsilyl)
phosphite or methyl bis(trimethylsilyl) phosphite on
a-ketophosphonate (prepared in situ via a standard
Arbuzov reaction) followed by methanolysis (Scheme 2).

As shown in Table 2, the synthesis of the HMBP P,P-
dimethyl esters 4 and the synthesis of the HMBP tri-
methyl esters 5 were also very efficient both in aliphatic
or aromatic series. The first Arbuzov reaction between
trimethylphosphite and acid chloride was carried out at
)10 �C and monitored by 31P {1H} NMR. After 2 h of
reaction, the 31P {1H} NMR spectrum showed the
apparition of a single peak ()5< d<0ppm) different
from the starting product (d ¼ 140 ppm), characteristic
of the a-ketophosphonate 3. The addition of tris(tri-
methylsilyl) phosphite or methyl bis(trimethylsilyl)
phosphite on the intermediate 3 for 30min furnished
after methanolysis (2 h), the HMBP P,P-dimethyl esters
4 or the HMBP trimethyl esters 5, respectively. After
vacuum evaporation of volatile fractions, the products 4
and 5 were obtained without need for purification; no
side products were observed. In reactions using mixed
phosphites such as methyl bis(trimethylsilyl) phosphite,
one of the trimethylsilyl groups was always lost prefer-
entially.

The 31P {1H} NMR spectra of compounds 4 and 5
showed the presence of two separate doublets with equal
2JP–P coupling constants. The 31P {1H} NMR chemical
shifts were very sensitive to the number of ester groups
on the phosphorus atoms and to substituents on the
central carbon. HMBP P,P-dimethyl esters 4 were easily
identified based on their 31P chemical shifts (entries 10–
15) because of a large difference (about 8–9 ppm) be-
tween the doublet of P(O)(OMe)2 and the doublet of
P(O)(OH)2. The use of the coupled 31P NMR spectro-
scopy allowed us to identify two different signals of
phosphorus atoms of HMBP P,P-dimethyl esters 4. The
chemical shift of phosphonic acid fragment was always
observed downfield.

In the case of HMBP trimethyl esters 5, the shift dif-
ferences were less important (lower than 3 ppm). As
previously, the 1H coupled 31P NMR spectroscopy
experiments allowed unambiguous attribution of phos-
phorus signals: the chemical shift of the phosphorus
having two methyl groups was always higher than the
chemical shift of the phosphorus bearing one methyl
group. Also, the 2JP–P coupling constants were again
very sensitive to the number of ester groups bonded to



Table 2. HMBP partial esters 4–5 produced via Scheme 2

Entry R Solvent T �C HMBP partial esters Yield % 31 P{1H} NMR (D2O) ppm

10 Me –– 25 4a 95 29.1, d; 19.9, d
2JP–P ¼ 36Hz

11 Pr –– 25 4b 95 28.4, d; 20.0, d
2JP–P ¼ 35Hz

12 i-Pr –– 25 4c 93 29.0, d; 19.4, d
2JP–P ¼ 35Hz

13 Ph –– 25 4d 91 23.6, d; 12.9, d
2JP–P ¼ 23Hz

14 p-Br–C6H4 –– 25 4e 92 23.2, d; 12.6, d
2JP–P ¼ 24Hz

15 p-H3C–C6H4 –– 25 4f 80 22.9, d; 14.1, d
2JP–P ¼ 25Hz

16 p-H3CO–C6H4 –– 25 4g 96 23.1, d; 13.7, d
2JP–P ¼ 23Hz

17 Me –– 25 5a 84 20.4, d; 18.6, d
2JP–P ¼ 47Hz

18 Pr –– 25 5b 81 21.0, d; 18.6, d
2JP–P ¼ 47Hz

19 i-Pr –– 25 5c 80 20.9, d; 19.5, d
2JP–P ¼ 47Hz

20 Ph –– 25 5d 90 16.7, d; 14.5, d
2JP–P ¼ 47Hz

21 p-Br–C6H4 –– 25 5e 93 15.9, d; 13.7, d
2JP–P ¼ 42Hz

22 p-H3C–C6H4 –– 25 5f 97 17.1, d; 13.7, d
2JP–P ¼ 48Hz
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phosphorus atoms. In all cases, the value of 2JP–P cou-
pling constants for HMBP P,P-dimethyl esters 4 are less
important than the value of 2JP–P coupling constants for
HMBP trimethyl esters 5. Moreover, the 2JC–P coupling
constants for the central carbon were sensitive to the
number of ester groups on the phosphorus atoms,
approximately 149Hz for P(O)(OMe)2, 140Hz for
P(O)(OMe)(OH) and 128Hz for P(O)(OH)2 groups.

In conclusion, we have developed a new and efficient
one-pot synthesis of HMBP partial esters from various
aromatic or aliphatic acid chlorides. This procedure
makes these very useful compounds readily accessible in
high yields and should find wide applications in bio-
logical fields.16
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