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An Efficient Synthesis of Aromatic 1-Hydroxymethylene-1,
1-bisphosphonates from Aldehydes
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Abstract: A simple and efficient procedure for synthesis of 1-hydroxymethylene-1,1-bisphos-
phoates from aldehydes is described.  This method was applied to the synthesis of novel catechol
substituted  bisphosphonates as the anti-osteoporosis agents.
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Bisphosphonates(BPs), as the stable analogues of pyrophosphate, contain two
phosphonate groups attached to a single carbon atom, forming a "P-C-P" structure that
are completely resistant to enzymatic hydrolysis.  The 1-hydroxymethylene-1,
1-bisphosphonatestHMBP) as the most effective compounds, are widely used in the
treatment of a number of diseases characterized by an abnormal calcium metabolism
such as Paget's disease of bone, myeloma, and osteoporosis™®>.  Recently, there has been
considerable interest on aromatic BPs because of their novel biological properties as
anti-inflammatory, anti-neoplastic and lipid lowering agents**.  However, more
surprisingly, we recently found some of catechol substituted HMBP not only inhibit
osteoclasts but also stimulate the proliferation of osteoblasts in vitro®. This result
suggests they might offer distinct advantage over currently available BPs to selectively
act on osteoblasts rather than other cell types.

Several methods have been reported for the synthesis of HMBP®. However, the
common method that involves the reaction of a carboxylic acid and phosphorus
trichloride was limited to only the compounds with alkyl substituent , not allowing the
synthesis of aromatic analogues’®. As described in the literatures®*®, aromatic HMBP
can be indirectly obtained from acid chlorides and trimethylphosphite. Unfortunately,
in this case, Michaelis-Arbuzov reaction of trialkyl phosphite and acid chlorideis carried
out in the harsh acidic conditions and the products need to be purified by distillation.
Consequently it is not suitable for the polyfunctional substrates. Furthermore, we have
failed to synthesize some catechol derivatives in which we are in particular interest by
this method. In this communication, we report a very mild and efficient method for the
preparation of aromatic HMBP from aldehydes (Scheme 1).
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As shown in Scheme 1, a-hydroxyphosphonate 2 can be easily obtained by the
addition of dimethylphosphite to adehydes in the presence of catalytic amount
di-n-butylamine based on Pudovik reaction. Treatment of 2 with 5 equiv of freshly
prepared active MnO, in CHCI; at room temperature led to a-ketophosphonate 3 within
24 h. Compound 3 does not need to be purified and reacts directly with dimethylphos-
phite and 10% equiv of di-n-butylamine to give the corresponding BPs derivatives in
good yields. Addition reaction was carried out in ether at -5-0°C for 1 h. The
products can be conveniently collected from the reaction mixture after precipitation and
allow an easy recrystallization to analytical purity.
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Bisphosphonate 4 is not stable thermically or under basic conditions due to the
rearrangement into the phosphonophosphate 5 (Scheme 2)*°.  The addition of dimethyl-
phosphite was strongly exothermic, but no side reaction was observed at 0°C except for
the substrate 1e. In this case, it was necessary to work at -5°C for good result.  In this
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reaction, the choice of solvent was found to be important since in chloroform, for
example, the *PNMR measurements indicated that the initially formed bisphosphonate 4
showed some tendency to rearrange even though at -5°C.  Fortunately, it was found that
the bisphosphonate 4 was only dlightly soluble in ether, so that in this solvent the product
precipitated as it formed thus preventing subsequent rearrangement.

Tablel HMBP derivatives4a-4j produced via Scheme 1

Entry? R Formula Yield® Elemental analysis(%)
(%) Calcd Found

C H C H

da 3,4-20CHj5 Ci3H2,09P; 36.5 40.63 5.73 4044 5.95
4b 3,4-CH:0; Ci12H1800P, 57.5 39.13 4.89 3944 495
4c 3-OCH3-4-OAc Ci4H2,010P; 39.0 40.78 534 40.39 5.65
4d 3,4-20Ac CisH220uP 412 4091 500 4058 4.95
de 2,3-20CH; CisH2:06P; 424 4063 573 4055 5.98
4f 3-Cl CuH1CIOP; 4922 36.82 474 3677 462
4g 4-OCHs CioH200sP; 52.2 4068 5.65 4054 555
4h H CuHiO7P; 61.3 4074 556 4071 5.66
4i 2-OCH3 Ci2H2008P; 435 40.68 5.65 4043 557
4 4-Cl CyuH17,CIO;P, 515 36.82 4.74 36.75 4.55

a) New compounds 4a-4e were confirmed by *HNMR, 'PNMR and EI%. b) Isolated yield.

As shown in Table 1, 5 catechol derivatives of HMBP were successfully prepared
in moderate yields by this method. In the other cases, it also gives good results. In
conclusion, the procedure described herein alowed to introduce the 1-hydro-
xymethylene-1,1-bisphosphonic groups from various aromatic aldehydes. To our
knowledge, synthesis of HMBP from aldehydes was carried out for the first time. The
hydrolyzed bisphosphonates have been tested in vitro for anti-osteoporosis activities and
the results will be reported el sewhere.
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Spectral data of compound 4a:  *H-NMR(CDClI5) 5 ppm: 3.60-3.81 (m, 12H, PO(OCH,),) ;

3.88-3.98(d, 6H, -OCH3); 4.35(s, 1H , -OH); 6.69-7.42§m, 3H, Ar-H). ¥PNMR(CDCl5) &:

19.6ppm. EI(m/z): 384(M™); 275(M*- PO(OCHy3),). 4b: "H-NMR(CDCI5) & ppm: 3.60-3.81

(m, 12H, PO(OCHs,),> ; 4.35(s, 1H , -OH); 5.29(s, 2H, -OCH,0-); 6.79(m, 1H, Ar-H);

7.22-7.31(m, 2H, Ar-H). ¥PNMR(CDCl5) &: 19.2ppm. El (m/z): 368 (M™) : 259 (M™-

PO(OCHa),) . 4c: *H-NMR(CDCl3) dppm: 2.55(s, 3H, -OCCHs); 3.62-3.85 (m, 12H, PO
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(OCHg),> ; 3.98 (d, 3H, -OCH3) ; 4.55(s, 1H , -OH); 6.69-7.42(m, 3H, Ar-H). 3PNMR

(CDCly) &: 19.4 ppm. El (m/z) :412 (M*) ;303 (M*- PO(OCHj),) . 4d:'H-NMR(CDCl3)

d ppm: 2.53-2.56(d, 6H, -OCCH5); 3.62-3.90 (m, 12H, PO(OCH),) ; 4.55(s, 1H , -OH);

6.67-7.45(m, 3H, Ar-H). 3'PNMR(CDCl3) &: 19.3 ppm. EI (m/z): 440 (M*) ; 331 (M™-
PO(OCHa),) . 4e: 'H-NMR(CDCl3) 5 ppm: 3.62-3.85 (m, 12H, PO(OCH5),) ; 3.89-3.96 (d,
6H, -OCH3) ;  4.40(s, 1H, -OH); 7.02-7.69(m, 3H, Ar-H). *lPNMR(CDCl5) &: 19.8ppm. El
(m/z): 384 (M*) ;275 (M*- PO(OCH3),)-

Received 1 April, 2002



