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Abstract 

The formation of various aromatic fluorinated vinylphosphonates, geminal and vicinal bisphosphonates and trisphosphonates by the Wittig- 
Homer-Emmons reaction and Michael addition is presented. The regiospecific direction of Michael addition under basic catalysis is largely 
dependent on the substitution pattern of the vinylphosphonates. The pentafluorophenyl-substituted vinylphosphonate 8d and diethyl phosphite 
react to yield the novel trisphosphonate 5. This reaction sequence substitutes thepura-fluorine atom of the C,F, unit by nucleophilic substitution 
while a simultaneous nucleophilic addition of the phosphonate group to the vinylic double bond takes place. Explicit NMR studies are 
described. 
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1. Introduction 

Geminal bisphosphonates have attracted considerable 
attention in chemistry, biochemistry and medicine. This 
important class of drugs is characterized by a P-C-P structure 
designed for diagnostic and therapeutic use in various dis- 
eases of bone and calcium metabolisms [ 11. Technetium- 
99m-labelled bisphosphonates [ 21, important radiophar- 
maceuticals for practical bone scintigraphy, are used for the 
imaging of skeletal disorders. In addition, geminal bisphos- 
phonates are physiological inhibitors of calcification and 
bone resorption. Vicinal bisphosphonates bearing the P-C- 
C-P unit have shown less biochemical activity, a fact which 
might be due to a lower capacity for the hydroxyapatite of 
mammalian tissue [3]. But other investigations have 
revealed that the vicinal bisphosphonates are useful corrosion 
inhibitors [ 41. In further biochemical studies [ 51, haloge- 
nated geminal bisphosphonates have shown additionally the 
inhibition of virus-induced enzymes in infected cells by coor- 
dinating with metal ions at their active sites. Recent synthetic 
studies are aimed at target specific complexation of tailor- 
made ligands. Bearing these facts in mind, we wish to intro- 
duce strongly polarizing substituents, like fluorinated 
aliphatic and aromatic units, into the skeleton of phosphonic 
acid derivatives. 

’ Part of forthcoming dissertation of R. Classen. 
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In previous work, we have report@ the synthesis of various 
non-fluorinated aromatic and aliphatic bis- and tris-phos- 
phonates [ 61. Particular interest in our group has been paid 
towards the introduction of fluorinated substituents in phos- 
phonic acid chemistry, which will give rise to an apparent 
enhancement of the acidity in P(0) (OH), functions. This 
fact and the multiperspective concepts of biochemical activity 
with metal-chelating agents encouraged us to study the prep- 
aration of the novel aromatic fluorinated phosphonates l-4 
( Scheme 1) . 

Additionally, we synthesized the tetrafluorophenyl-substi- 
tuted trisphosphonates 5 and 6 (Schemes 2 and 3) which 
were identified by ‘H, 19F and 31P{ ‘H) NMR investigations. 
The cyclohexylammonium salt 6 represents a stable storage 
form for the corresponding acid. 

2. Results and discussion 

The general Wittig-Horner-Emmons olefination [ 7 1 of 
fluorinated benzaldehydes or fluoroaryl-substituted a-keto 
esters with carbanions derived from methylenebisphosphonic 
acid tetraalkyl esters provides the vinylphosphonates 7 and 
8, precursors for the preparation of the bis- and tris-phos- 
phonates 1-6. The reactions of a-keto esters with tetraethyl 
metbylenebisphosphonate carbanions lead to mixtures of 
E- and Z-isomers with E/Z ratios: 7a (6:94), 7b (7:93), 7c 
( 12:88), 7d (83: 17)) as determined by 19F NMR integration. 
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The Wittig-Horner-Emmon reaction with the benzaldehydes 
follow a highly stereospecific course [ 81: in practice, only 
the trans isomers of vinylphosphonates 8 are isolated 
(Scheme 4). 

A number of non-fluorinated phosphonocarboxylic acid 
esters have been prepared by base-CatalyzedMichael addition 
of P-H acidic esters to activated double bonds [9]. In a 
similar step, the fluoroaryl-substituted vinylphosphonates 7 
react with diethyl phosphite under basic catalysis to yield the 
geminal bisphosphonic acid esters 2. Here a 1 M solution of 
sodium diethyl phosphite in THF was used as the catalyst. 
The nucleophilic attack of the diethyl phosphite anion is 
directed at a-C-vinylic atom of the corresponding P-alkoxy- 
carbonyl phosphonic ester (Scheme 5). 

The reaction of the vinylphosphonates 8a-c with diethyl 
phosphite under identical conditions reveals a totally different 
regiospecific course. The phosphoryl group adds to the P-C- 
vinylic atom of the vinylphosphonates 8a-c and consequently 
the vicinal bisphosphonic acid esters 4a-c are obtained in 
good yield (Scheme 6). 

The pentafluorophenyl-substituted vinylphosphonate Sd, 
diethyl phosphite and catalytic amounts of the diethyl phos- 
phite sodium salt do not react under the standard conditions 
of a base-catalyzed Michael addition. But if an equimolar 
mixture of diethyl phosphite and sodium diethyl phosphite is 
used, the trisphosphonate 5 is obtained as the main product. 
The vicinal bisphosphonate 4d is formed as a byproduct in 
low yield only. Two versions of the consequent addition- 
substitution reactions can be suggested to explain the for- 
mation of the final product: at the first stage, the nucleophilic 
addition of diethyl phosphite to the double bond takes place, 
and then the diethyl phosphite anion of the sodium salt sub- 
stitutes the para-fluorine atom of the pentafluorophenyl unit 
(S NAr mechanism) ; an inverse reaction sequence might also 
be possible as shown in Scheme 7. 

The 31P{ ‘H}, 19F and ‘H NMR spectra of the reaction 
mixture and different fractions have shown evidence for the 
formation of the intermediate product A. Small amounts of 
compound A were isolated together with the vicinal bisphos- 
phonate 4d and other hitherto unidentified byproducts by 
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vacuum distillation. Hitherto no NMR spectroscopic evi- 
dence for the formation of intermediate B was deduced. 

The esters 2 and 4, respectively, are cleaved by concen- 
trated hydrochloric acid leading to the parent acids 1 and 3. 
After drying in vacua, the acids are isolated as colourless 
hygroscopic solids (Scheme 8). 

However, the hydrolysis of hexaethyl ester 5 with hydroch- 
loric acid is accompanied by its partial decomposition and 
the acid obtained is contaminated by unidentified byproducts. 
In this case the ethyl ester groups have been cleaved with 
bromotrimethylsilane and distilled water. The free acid is 
precipitated with cyclohexylamine as the corresponding tris- 
cyclohexylammonium salt 6 (Scheme 9). 

2.1. The *‘F( ‘H} and “P{ ‘H} NMR spectroscopic 
investigation of compound 4c 

All the fluoroaryl-substituted vicinal bisphosphonates 3 
and 4 are readily identified by i9F{ ‘H) and 3’P{ ‘H) NMR 

spectroscopy. Here we wish to introduce the NMR investi- 
gation and analysis of compound 4c which is a typical rep- 
resentative for this class of vicinal bisphosphonates. 

The 19F( ‘H) and the 3’P{ ‘H) NMR spectra of 4c exhibit 
an ABXY spin system (see Scheme 10). 

The fluorine atoms A and B from the aromatic ring system 
and the phosphorus nucleus Y show long-range couplings 
‘JPF and 6.lpF, respectively. Corresponding 6JpF and 7.lpF cou- 
plings between the phosphorus X and the lluorine nuclei A 
and B were not resolved. The ABXY spectrum was iterated 
with WIN-DAISY [lo] and the results are listed in Table 1. In 
the i9F{ ‘H} NMR spectrum of 4c (Fig. 1) the AB part of the 
ABXY spin system is easily recognized. At low field 
( vA = 4605.80 Hz, 8, = 24.46 ppm), the A multiplet exhibits 
the 2JFF and ‘JpF coupling constants. At high field 
( Ye = 4255.76 Hz, S, = 22.60 ppm) , the B multiplet shows 
the 2JFF and 6JpF couplings. As shown in Fig. 2, the phospho- 
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rus atoms X and Y represent the XY part of the ABXY spin 
system with resonance frequencies ox= 2299.55 Hz 
(&=28.38 ppm) and v,=2159.93 Hz (S,=26.66 ppm). 
The X and Y multiplets give access to 3Jpp but only Y provides 
additionally the long-range phosphorus-fluorine couplings 
5JpF and 6JpF. 

2.2. The 19F and “P( ‘H) NMR spectroscopic investigation 
of compound 5 

The “F and 3’P{ ‘H) NMR. spectra of the aromatic sub- 
stituent in the trisphosphonate 5 reveal an [ AB ] *X-type spin 
system (see Scheme 11) 

In a forthcoming publication, we will report the details of This [ AB] ZX five-spin system has been analyzed and iter- 
the more complex spin analysis for the aromatic and aliphatic ated with WIN-DAISY. The “F and 3*P NMR chemical shifts, 
systems of the vicinal bisphosphonates 3 and 4 where the ‘H resonance frequencies and the coupling constants for the aro- 
and “F NMR spectra exhibit a strong second-order character. matic system in 5 are given in Table 2. The experimental and 
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simulated sub-spectra of the [AB],X-type spin system are 
presented in Figs. 3-5. 

3. Experimental details 

3. I. General 

NMR spectra were recorded on a Bruker AM 200 SY 
spectrometer operating at 200 MHz for protons. CDC&, D20 
and 1 N D20/NaOH were used as internal locks. References: 

Table 1 
NMR data for compound 4c (R,= 3,4-F,) a 

NMR characteristics Nucleus.1 
coupling constants 

Magnitude Error 

Chemical shifrs 

SA ‘?( ‘H) 24.46 

&z ‘v{‘H) 22.60 
6x 19P{ ‘H) 28.38 

8Y “P( ‘H) 26.66 

Resonance frequencies 

VA ‘v( ‘H} 4605.802 f 0.002 

VB ‘v( ‘H} 4255.758 * 0.001 

VX 3’P( ‘H) 2299.555 f 0.001 

VY 3’P[‘H) 2159.937 f 0.001 

Coupling constants 
J AB ‘JFF -21.257 f 0.002 

JAX 6JPF 0.590 f 0.004 
J AY 5JPF 1.914 f 0.002 

JBX ?JPF - 1.237 f 0.003 

JBY 6JPF 5.511 f 0.002 

JXY ?IPP 80.358 f 0.002 

a Resonance frequencies v, in Hz, chemical shifts S, in ppm and coupling 
constants “JO in Hz. 3’P( ‘H) NMR: 8 1,015 MHz, 5% in CDCl,, 85% H,PO, 
ext. ‘TI’H] NMR: 188, 282 MHz, 2% in CDC13. &F6 int. NMR data 
simulated and iterated with WIN-DAISY (final sum of squares = 29.356 409, 
number of spectral points = 10 408, degrees of freedom = 10 400, standard 
deviation of measurements = 0.053 129, R-factor = 0.325 377). 

Table 2 
NMR data for compound 5 ’ 

NMR characteristics Nucleus/ 
coupling constants 

Magnitude Error 

Chemical shifts 

6, ‘9 28.648 

8, ‘9 21.272 

6x “P( ‘H) 5.808 

Resonance frequencies 

VA ‘w( ‘H} 5393.986 f 0.003 

VB ‘v( ‘H] 4005.145 f 0.004 

VX 31P[ ‘H) 470.559 f 0.006 

Coupling constants 
JAX 3JPF - 3.587 f 0.004 

Jsx 4JPF 8.639 *0.010 
J AB jJFF - 22.563 f 0.005 
J AB’ 5JFF 13.587 f 0.005 

JA.4’ 4JFF 0.431 *0.014 

JEW 4JFF - 5.565 + 0.007 

’ Resonance frequencies vi in Hz, chemical shifts 8, in ppm and coupling 
constants “JO in Hz. 3’P( ‘H} NMR: 81,015 MHz, 5% in CDCl,, 85% H,PO, 
ext. ‘v NMR: 188,282 MHz, 2% in CDCl,. &Feint. NMR data simulated 
and iterated with WIN-DAISY (final sum of squares = 29.038 276, number of 
spectral points=2392, degrees of freedom= 2382, standard deviation of 
measurements =O.llO 412, R factor = 0.543 173). 

“F NMR spectra in CDCl,: internal C,F,, in D20: external 
C,F,. ‘H NMR spectra in CDCI,: internal TMS, in D,O: 
internal 34rimethylsilylpropionic acid-d, sodium salt. 
31P{ ‘H) NMR spectra: external 85% H,P04. The concentra- 
tions employed were 2% for ‘H and “F NMR spectra and 
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Fig. 1. (top) Experimental ‘v( ‘H} NMR spectrum of 4c. AB part of the ABXY system. (bottom) Simulation of WIN-DAISY results, 4 15W700 Hz. 
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Fig. 2. (top) Experimental 3’P{ ‘H) NMR spectrum of 4c. XY part of the ABXY system. (bottom) Simulation of WIN-DAISY results, 2050-2450 Hz. 
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Fig. 3. (top) Experimental ‘9 NMR spectrum of 5. A part of the [AB] zX system. (bottom) Simulation of the WIN-DAISY results, 5320-5460 Hz 

10% for 31P NMR spectra. All measurements were performed 
in non-degassed, unsealed, open samples (5mm NMR 
tubes). Elemental analyses were determined on a C-H-N 

Analyzer 263 Perkin-Elmer (Institute of Pharmacy, Hein- 
rich-Heine University, Diisseldorf) . Melting points were 
determined using a Biichi 5 10 apparatus and were not cor- 
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Fig. 4. (top) Experimental I’? NMR spectrum of 5. B part of the [AB12X system. (bottom) Simulation of WIN-DAISY results, 4080-3920 Hz 
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Fig. 5. (top) Experimental 3’P( ‘H) NMR spectrum of 5. X part of the [AB],X system. (bottom) Simulation of WIN-DAISY results, 500-440 Hz. 

rected. Syntheses were performed with commercial chemi- 
cals from Aldrich, Jansen, Merck and Riedelde Ha&n. All 
liquid educts and solvents were purified by distillation. THF 
was dried with 97% sodium hydride under reflux. The solvent 
was stored under dry N2 in a pressure bottle. All reactions 
were performed under nitrogen atmosphere. 

3.2. Vinylphosphonates 7 and 8 

In a 250 ml three-necked flask fitted with a magnetic stirrer, 
reflux condenser, dropping funnel and nitrogen bubbler, 
14.41 g (0.05 mol) of methylenebisphosphonic acid tetra- 
ethyl ester were added dropwise to a stirred suspension of 
1.24 g of sodium hydride (97% NaH) (0.05 mol) in 50 ml 
of THF. The reaction mixture was stirred until hydrogen 
formation had ceased ( 1 h), Then, a solution of the corre- 
sponding benzaldehyde or cr-keto ester (0.05 mol) in THF 
(5 ml) was added in several portions under nitrogen to the 
THF solution of sodium methylenebisphosphonate. After the 
exothermic reaction was completed, the reaction mixture was 
refluxed for 1 h, then cooled to ambient temperature, diluted 

with 50 ml of water and the organic layer separated. The 
aqueous layer was extracted with diethyl ether and the organic 
layer concentrated under reduced pressure. The residue was 
combined with the etheral extract and dried over Na2S04 and 
then concentrated to give a liquid which was purified by 
distillation in vacua (oil pump). 

3-Phosphono-2- (3-fluorophenyl) acrylic acid triethyl ester 
(7a): Yield 44%; b.p. 133-135 “C/O.001 Torr. ‘H NMR 
(CDCl,; TMS int.) &, “J+ E-isomer: 1.15 (t, 3JHH = 7.1 Hz, 
6H, CH,) ; 1.29 (t, 3JHH = 7.1 Hz, 3H, CH,); 3.82-3.97 (m, 
4H, CH,); 4.26 (q, 3JHH = 7.1 Hz, 2H, CH,); 7.00 (d, 
2JPH= - 15.0 Hz, lH, =CH-); 7.10-7.39 (m, 4H,,,,, 3-F- 
C&-) ppm. Z-isomer: 1.35 (t, 3JHH =7.1 Hz, 6H, CH,) ; 
1.38 (t, 3JHH= 7.2 Hz, 3H, CH,) ; 4.074.24 (m, 4H, CH,) ; 
4.40 (q, 3JHH = 7.2H~,2H,CH,);6.14(d,~J,,=-12.1Hz, 
lH, =CH-); 7.10-7.39 (m, 4H,,,, 3-F-&H,-) ppm. 
3LP( ‘H) NMR (CDCl,; 85% H,PO, ext.) &: E-isomer: 
13.59 (s) ppm. Z-isomer: 14.09 (s) ppm. 19F NMR (CDCl,; 
CsF, int.) &: E-isomer: 48.26-48.38 (m, lF,,,,) ppm. Z- 
isomer: 50.01-50.13 (m, lF,,) ppm. Analysis: Calc. for 
CISH,OSPF: C, 54.54; H, 6.12%. Found: C, 54.36; H, 6.05%. 
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3-Phosphono-2- (4-fluorophenyl) acrylic acid triethyl ester 
(7b): Yield 76%; b.p. 147-148 “C/O.001 Torr. ‘H NMR 
(CDCl,; TMS int.) &: E-isomer: 1.17 (t, 3JHH = 7.2 Hz, 6H, 
CH,); 1.31 (t, 3JHH= 7.0 Hz, 3H, CH,); 3.84-3.96 (m, 4H, 
CH2); 4.28 (q, 3JHH= 7.0 Hz, 2H, CH,) ; 6.99 (d, 
‘JpH= - 15.2 Hz, lH, =CH-) ; 7.04-7.16 (m, 2H,,,, 4-F- 
&&--); 7.38-7.54 (m, 2H,,,,,, 4-F-C&-) ppm. Z-isomer: 
1.37 (t,3J,,=7.2Hz,6H,CH3); 1.40(t,3J,,=7.1 Hz,3H, 
CH,);4.10-4.25 (m,4H,CH,);4.42 (q,3J,,=7.1 Hz,2H, 
CH,); 6.09 (d, *JpH= - 12.1 Hz, lH, =CH-); 7.04-7.16 
Cm, 2J3,,,a, 4-F-C&-); 7.44-7.54 (m, 2Honh,, 4-F- 
&H,-) ppm. 31P{ ‘H) NMR (CDCl,; 85% H3P04 ext.) 4: 
E-isomer: 14.01 (s) ppm.Z-isomer: 14.55 (s) ppm. “FNMR 
(CDCl,; C,F, int.) &: E-isomer: 49.52-49.67 (m, lF,,,,) 
ppm. Z-isomer: 51.89-52.03 (m, lF,,,) ppm. Analysis: 
Calc. for CISH,O,PF: C, 54.54; H, 6.12%. Found: C, 54.30; 
H, 6.20%. 

3-Phosphono-Z( 3,4-difluorophenyl) acrylic acid triethyl 
ester (7~) : Yield78%; b.p. 141-146 “C/O.001 Torr. ‘H NMR 
(CDCl,; TMS int.) &: E-isomer: 1.20 (t, 3JHH = 7.1 Hz, 6H, 
CH,); 1.31 (t, 3JHH= 7.0 Hz, 3H, CH,); 3.84-4.01 (m, 4H, 
CH,); 4.28 (q, 3JHH= 7.0 Hz, 2H, CH,); 7.02 (d, 
*Jpw= - 14.9 Hz, lH, =CH-); 7.13-7.38 (m, 3H,,,,, 3,4- 
F-Ca3-) ppm; Z-isomer: 1.38 (t, 3JHH = 7.2 Hz, 6H, CH,); 
1.39 (t, 3JHH=7.2 Hz, 3H, CH,); 4.10-4.25 (m, 4H, CH,); 
4.41 (q,3J,,=7.2Hz,2H,CH,);6.10(d,2JpH= -11.8Hz, 
lH, =CH-); 7.13-7.38 (m, 3H,,,,, 3,4-F&H,-) ppm. 
“P{ ‘H) NMR (CDCl,; 85% H,PO, ext.) &: E-isomer: 
13.39 (s) ppm. Z-isomer: 13.84 (s) ppm. “F( ‘H} NMR 
(CDCl,; C6F, int.) &: E-isomer: 25.88,27.49 (AB system, 
JAB=3JFF=21.1 Hz) ppm. Z-isomer: 23.75,24.90 (AB sys- 
tem, JAB = 3JFF= 21.4 Hz) ppm. 19F NMR (CDCl,; C,F6 
int.) &: E-isomer: 23.66-23.87 (m, lF,,,); 24.81-24.96 
(m, lF,,,,a) ppm. Z-isomer: 25.00-25.99 (m, lF,,,,); 27.41- 
27.64 (m, lF,,=) ppm. Analysis: Calc. for &H,,O,PF,: C, 
51.72; H, 5.51%. Found: C, 51.54; H, 5.71%. 

3 -Phosphono -2- (2,3,4,5,6-pentafluorophenyl)acrylic 
acid triethyl ester (7d): Yield 55%; b.p. 104-106 “C/O.001 
Torr. ‘H NMR (CDCl,; TMS int.) &: E-isomer: 1.32 (t, 
3JH,=7.1 Hz,9H,CH3);4.02A.42 (m,6H,CH,);7.35 (d, 
*JpH = - 12.4 Hz, lH, =CH-) ppm. Z-isomer: 1.40 (t, 
3J ““=7.1 Hz,9H,CH3);4.02A.42 (m,6H,CH,);6.40 (d, 
*JpH= - ll.OHz, lH, =CH-) ppm. 31P(‘H] NMR (CDCl,; 
85% H3P04 ext.) i&: E-isomer: 10.58 (s) ppm. Z-isomer: 
10.84 (s) ppm. 19F NMR (CDCl,; C,F, int.) &: E-isomer: 
-0.85 to -0.55 (m, 2F,,,); 8.67-8.91 (m, lF,,,); 22.50- 
22.69 (m, 2F,,.& ppm. Z-isomer: 0.75-1.05 (m, lF,,,O) ; 
10.35-10.60 (m, lF,,,); 22.30-22.48 (m, 2F,,,h0) ppm. 
Analysis: Calc. for C15H1605PFS: C, 44.78; H, 4.02%. Found: 
C, 44.67; H, 4.01%. 

l-( 3-Fluorophenyl) ethylene-Zphosphonic acid diethyl 
ester (8a) : Yield 67%; b.p. 106-107 “C/O.001 Torr. ‘H NMR 
(CDCl,; TMS int.) &: 1.36 (t, 3JHH = 7.1 Hz, 6H, CH,); 
4.15 (5 lines, 4H, CH,), 6.28,7.46 (AB part of ABX system, 
JAB = 3JHH = 17.3 Hz, JAx = ‘JpH = - 22.2 Hz, JBx = 
3J PH= 17.2 Hz, 2H, -CH=CH-P); 7.02-7.42 (m, 

4H,,,., 3-F-C,&-) ppm. 31P( ‘H} NMR (CDCl,; 85% 
H3P04 ext.) &: 19.17 (d, 6JpF= 0.9 Hz) ppm. 19F NMR 
(CDCl,; C6F, int.) $: 49.2949.41 (m, lF,,,) ppm. Anal- 
ysis: Calc. for C12H1603PF: C, 55.81; H, 6.26%. Found: C, 
55.96; H, 6.29%. 

1-(4-Fluorophenyl)ethylene-2-phosphonic acid diethyl 
ester (8b): Yield67%;b.p. 110-113 “C/O.001 Torr. ‘HNMR 
(CDCl,; TMS int.) &: 1.36 (t, 3JHH = 7.1 Hz, 6H, CH,); 
4.14 (5 lines, 4H, CH,), 6.19,7.47 (AB part of ABX system, 
JAB = 3JHH = 17.2 Hz, JAx = 2JpH = - 22.4 Hz, JBx = 
3JpH= 17.3 Hz, 2H, -CH=CK-P); 7.04-7.14 (m, 2H,,,, 4- 
F-C,&) ; 7.46-7.53 (m, 2Honh0, 4-F-C&,-) ppm. 31P( ‘H} 
NMR (CDCl,; 85% H3P04ext.) 4: 19.85 (d, 7JpF= 1.3 Hz) 
ppm. 19F NMR (CDC13; C6F, int.) &: 51.98-52.13 (m, 
lF,,,) ppm. Analysis: Calc. for C,,H,,O,PF: C, 55.81; H, 
6.26%. Found: C, 55.61; H, 6.42%. 

l- ( 3,4 -Difluorophenyl) ethylene-2-phosphonic acid di- 
ethyl ester (SC): Yield75%; b.p. 117-l 18 “C/O.001 Torr. ‘H 
NMR (CDCl,; TMS int.) &: 1.37 (t, 3JHN = 7.1 Hz, 6H, 
CH,) ; 4.15 (5 lines, 4H, CH,), 6.20,7.42 ( AB part of ABX 
system, JABc3JHH= 17.2 HZ, JAx = 2JpH= - 22.3 HZ, 
JBx= 3JpH = 17.0 Hz, 2H, -CH=CH-P); 7.12-7.35 (m, 

3Hx0m.T 3,4-F,C6H,-) ppm. 31P{1H} NMR (CDCl,; 85% 
H3P04 ext.) &: 18.96 (X part of ABX system, 
JA,=7Jp,=1.3 Hz, JB,=6Jp,=0.9 Hz) ppm. 19F{‘H} 
NMR (CDCl,; C,F, int.) &: 25.24, 27.46 (AB part of 
ABX system, JAB = 3JFF=20.8 Hz, JAx=7JpF= 1.3 Hz, 
JBx = 6JpF = 0.9 Hz) ppm. 19F NMR (CDCl,; C6F, int.) &: 
25.07-25.27 (m, lF,,,); 27.28-27.51 (m, lF,,,a) ppm. 
Analysis: Calc. for C12H1503PF2: C, 52.17; H, 5.48%. Found: 
C, 51.67; H, 5.51%. 

1-(2,3,4,5,6-Pentafluorophenyl)ethylene-2-phosphonic 
acid diethyl ester (8d): Yield 60%; b.p. 129-131 “C/O.001 
Torr. ‘H NMR (CDCl,; TMS int.) &: 1.38 (t, 3JHH = 7.1 
Hz, 6H, CH,) ; 4.17 (5 lines, 4H, CH,) ; 6.65,7.44 (AB part 
of ABX system, JAB =3JHH= 17.8 Hz, JAx=*JpH= -24.2 
HZ, Jsx=3JpH= 17.5 HZ, 2H, -CH=CH-P) ppm. 31P( ‘H} 
NMR (CDCl,; 85% H3P0, ext.) &: 16.95-16.98 (m) ppm. 
19F NMR (CDCl,; C6F, int.) &: 0.07-0.37 (m, 2F,,,,a) ; 
10.45-10.70 (m, lF,,,); 21.01-21.23 (m; 2F,,.& ppm. 
Analysis: Calc. forC,,H,,O,PF,: C, 43.64; H, 3.67%. Found: 
C, 43.78; H, 3.62%. 

3.3. Penta- and tetra-ethyl esters 2 and 4 

In a 100 ml three-necked flask fitted with a magnetic stirrer, 
reflux condenser and dropping funnel were placed 1.38 g 
(0.01 mol) of diethyl phosphite and (0.01 mol) of vinyl- 
phosphonate 7 or 8 in 5 ml of dry THF. This solution was 
stirred under nitrogen at room temperature and then several 
drops of a 1 M sodium diethyl phosphite THF solution were 
added. While the temperature rose to 50 “C, the colour of the 
mixture changed to deep yellow. After stirring for 2 h at reflux 
and then neutralizing the solution with several drops of half 
concentrated acetic acid, the THF phase was evaporated and 
5 ml of water was poured into the residue. The water phase 
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was extracted with 20 ml of CH,Cl, and the combined organic 
phases dried over Na$O,. After removal of the solvent, the 
crude product was distilled in vacua and compounds 2 and 4 
were obtained as highly viscous oils. 

3,3-Bisphosphono-2- (3-fluorophenyl)propionic acid pen- 
taethyl ester (2a) : Yield 72%; b.p. 164-165 “C/O.001 Torr. 
1H{31P} NMR (CDCl,; TMS int.) &: 1.15 (t, 3Jun=7.1 
Hz, 6H, CH,); 1.23 (t, 3Ju,=7.2 Hz, 3H, CH,); 1.37 (t, 
3J HH=7.0 Hz, 3H, CH,); 1.38 (t, 3J,,=7.1 Hz, 3H, CH,); 
3.54, 4.16 (AB system, JAB = 3Jnn = 10.6 Hz, -CH-CH-) ; 
3.674.32 (m, lOH, CH,); 6.94-7.35 (m, 4H,,,, 
3-F-C&-) ppm. 31P{ ‘H) NMR (CDCl,; 85% H,PO, ext.) 
&: 20.57,22.07 (XY system, Jx, = “Jr, = 3.4 Hz) ppm. 19F 
NMR (CDCl,; C6Fs int.) &: 48.1448.27 (m, lF,,,,) ppm. 
Analysis: Calc. for Ci9H3,0sP2F: C, 48.71; H, 6.68%. Found: 
C, 47.95; H, 6.74%. 

3,3-Bisphosphono-2-(4-fluorophenyl)propionic acidpen- 
taethyl ester (2b): Yield 74%; b.p. 164-169 “C/O.001 Torr. 
1H(31P) NMR (CDCl,; TMS int.) &,: 1.16 (t, 3J,,=7.1 
Hz, 3H, CH,); 1.21 (t, 3Ju,=7.1 Hz, 3H, U-J,); 1.22 (t, 
3J nn=7.1 Hz, 3H, CH,); 1.38 (t, 3Jn,=7.1 Hz, 3H, CH,); 
1.39 (t, 33 nn=7.1 Hz, 3H, CH,); 3.54, 4.49 (AB system, 
JAB = 3JHH = 10.6 Hz, -CH-CH-); 3.66-4.49 (m, lOH, 
CH,) ; 6.97-7.05 (m, 2H,,,, 4-F-&&); 7.39-7.47 (m, 
2Hon~zor 4-F-C&-) ppm. 31P(1H) NMR (CDCl,; 85% 
H,PO, ext.) &,: 20.77, 22.19 (XY system, Jxy = *Jpp = 3.3. 
Hz) ppm. 19F NMR (CDCl,; C,F, int.) &: 47.21-47.36 (m, 
lF,,,) ppm. Analysis: Calc. for Ci9H3,08P2F: C, 48.71; H, 
6.68%. Found: C, 48.58; H, 6.70%. 

3,3-Bisphosphono-2-( 3,4-difluorophenyl)propionic acid 
pentaethyl ester (2e): Yield 75%; b.p. 162-168 “C/O.001 
Tot-r. ‘H( “P} NMR (CDCl,; TMS int.) &: 1.16 (t, 
3J uH=7.1 Hz, 3H, CH,); 1.19 (t, 3J,,=7.0 Hz, 3H, CH,); 
1.21 (t, 3JHu=7.1 Hz, 3H,CH,); 1.34 (t, 3Juu=7.1 Hz, 3H, 
CH,); 1.35 (t, 3JH,=7.1 Hz, 3H, CH,); 3.48, 4.22 (AB 
system, JAB = 3Juu = 10.1 Hz, -C&C&) ; 3.744.27 (m, 
lOH, CH,); 7.01-7.34 (m, 3H,,., $4F,-C,H,-) ppm. 
31P( ‘H) NMR (CDCl,; 85% H3P04 ext.) 4: 20.52, 21.80 
(XY system, Jxy= 2J,,=3.7 Hz) ppm. 19F( ‘H) NMR 
(CDCl,; C,F, int.) &: 22.89, 23.67 (AB system, 
JAB = 3Ji+ = 21.2 Hz) ppm. ‘v NMR (CDCl,; CsFs int.) &: 
22.77-22.98 (m, lF,,); 23.00-23.79 (m, lF,& ppm. 
Analysis: Calc. for Cn,H3,,0sP2F2: C, 46.91; H, 6.23%. 
Found: C, 46.78; H, 6.32%. 

3,3-Bisphosphono- 2-(2,3,4,5,6-pentafluorophenyl) - 
propionic acid pentaethyl ester (&I) : Yield 63%; b.p. 144- 
148 “C/O.001 Torr. 1H(31P) NMR (CDCl,/TMS int.) i&: 
1.24 (t, 3Jm, = 7.1 Hz, 3H,CH,); 1.26 (t,3Juu=7.1 Hz,3H, 
CH,); 1.27 (t, 3JHH= 7.1 Hz, 3H, CH,); 1.40 (t, 3J,,=7.0 
Hz, 3H, CH,); 1.41 (t, 3Jn,=7.1 Hz, 3H, CH,); 3.77,4.58 
( AB system, JAB = 3JHH = 10.5 Hz, -C&C&-); 3.98-4.31 
(m, lOH, CH,) ppm. 31P( ‘H) NMR (CDCl,; 85% H,PO, 
ext.) &: 19.74,21.5 1 (XY system,J,, = ‘Jr, = 6.8 Hz) ppm. 
19F NMR (CDCl,; C6F6 int.) &: - 1.09 to -0.81 (m, 
2F,,,,,=); 7.68-7.93 (m, lF,,,); 24.05 (bs, 2F,,,) ppm. 

Analysis: Calc. for C,,H,,OsP,F,: C, 42.23; H, 5.05%. 
Found: C, 42.10; H, 4.99%. 

l- ( 3-Fluorophenyl)ethane- 1,2-bisphosphonic acid tetra- 
ethyl ester (4a): Yield 70%; b.p. 139-142 “C/O.001 Torr. 
‘H( 31P) NMR (CDCl,; TMS int.) &: 1.06 (t, 3Jm, = 7.0 
I$, 3H, CH,); 1.11 (t, 3Jm,=6.9 Hz, 3H, CH,); 1.15 (t, 

uu=6.9 Hz, 3H, CH,); 1.35 (t, 3Jrn,=7.0Hz, 3H, CH,); 
2.41, 2.48, 3.45 (ABX system, JAB=*JuH= - 13.7 Hz, 
JAx = 3JHH = 4.3 Hz, Jnx = 3JnH = 11.4 Hz, -CH-CH,-) ; 
3.614.15 (m, 8H, CZf,); 6.92-7.35 (m, 4H,,,,, 
3-F-C&,-) ppm. 31P( ‘H) NMR (CDCl,; 85% H,PO, ext.) 
&: 26.88,28.55 (XY part of AXY system, Jxu = 3Jpp = 80.4 
Hz, JAx=6JpF= -0.2 Hz, JA,=5JP,=2.0 Hz) ppm. 19F 
NMR (CDCl,; C,F, int.) &: 48.7W8.90 (m, lF,,,) ppm. 
Analysis: Calc. forCieH2,0,P2F: C, 48.48; H, 6.88%. Found: 
C, 48.34; H, 6.78%. 

l- (4-Fluorophenyl) ethane- 1 ,Zbisphosphonic acid tetra- 
ethyl ester (4b): Yield 68%; b.p. 150-154 “C/O.001 Torr. 
1H(31P) NMR (CDCl,; TMS int.) &: 1.06 (t, 3JH,=7.1 
Hz, 3H, CH,); 1.11 (t, 3Jrni=7.1 Hz, 3H, CH,); 1.17 (t, 
3J HH=7.1 Hz, 3H, CH,); 1.32 (t, 3Jm,=7.1 Hz, 3H, CH,); 
2.42, 2.48, 3.46 (ABX system, JAB =*JHH= - 15.6 Hz, 
JAx = 3JHH = 1.9 Hz, JBx = 3JHH = 11.4 Hz, -CH-CH,-) ; 
3.60-4.15 (m, 8H, CH,); 6.99-7.08 (m, 2H,,,, 
4-F-C&-) ; 7.35-7.42 (m, 2Horrh0, 4-F-C&-) ppm. 
31P( ‘H) NMR (CDCl,; 85% H3P04 ext.) &: 27.28, 28.55 
(XY part of BXY system, Jxy = 3JPP= 80.4 Hz, 
JBx=‘JPF= -0.5 Hz, JBy =6JP,=5.2 Hz) ppm. 19F NMR 
(CDCl,; C6F6 int.) &: 46.94-47.11 (m, lFp,,) ppm. Anal- 
ysis: Calc. for Cl,H2,0sP2F: C, 48.48; H, 6.88%. Found: C, 
48.30; H, 7.11%. 

1 - (3,4 -Difluorophenyl) ethane- 1,2- bisphosphonic acid 
tetraethyl ester (4~): Yield 79%; b.p. 147-148 “C/O.001 
Torr. 1H(31P) NMR (CDCl,; TMS int.) &: 1.09 (t, 
3J HH=7.1 Hz, 3H,CH,); 1.15 (t, 3J,,=7.0Hz, 3H,CH,); 
1.18 (t,3J,,= 7.0 Hz, 3H, CH,); 1.32 (t, 3JHH = 7.1 Hz, 3H, 
CH,); 2.35, 2.46, 3.42 (ABX system, J,,=*J,,= - 15.6 
Hz, JAx = 3JHH = 2.2 Hz, Jsx= 3JHH = 12.6 Hz, -CH- 
CH,-);3.684.15 (m,8H,CH2);7.09-7.29 (m,3H,,,,,3,4- 

F2-Ca3-) em. 3’P( ‘H) and 19F( ‘H) NMR: NMR values 
are given in Table 1. 19F NMR (CDCl,; C6F6 int.) &: 22.48- 
22.73 (m, lF,,,); 24.31-24.62 (m, lF,,,) ppm. Analysis: 
Calc. for C16H2606P2F2: C, 46.37; H, 6.34%. Found: C, 
46.11; H, 6.51%. 

3.4. Bisphosphonic acids 1 and 3 

In a 50 ml flask fitted with a reflux condenser and magnetic 
stirrer (0.004 mol), bisphosphonic acid esters 2 or 4 were 
dissolved in 20 ml of hydrochloric acid. The reaction mixture 
was heated to reflux for 8 h. Afterwards, the hydrolysis solu- 
tion was concentrated under reduced pressure and the residue 
was diluted repeatedly with doubly distilled water and evap- 
orated again until compounds 1 and 3 were hydrochloric acid- 
free. Acids 1 and 3 are colourless, highly hygroscopic solids 
which were dried in vacua. 
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3,3 - Bisphosphono- 2- (3 - fluorophenyl) propionic acid 
(la): Yield 89%; m.p. 192 “C. ‘H NMR (D,O/NaOH, 
degree of titration r= 4; 3-trimethylsilylpropionic acid-d, 
sodium salt int.) &: 2.84,4.01 (AB part of ABMX system, 
JAB = 3JHH = 9.3 Hz, JAM = 3JpH = 8.2 Hz, JAX = 3JpH = 12.8 
Hz, JBM = JBX = *JPH = -21.3 Hz, -CH-CiW,); 6.88-7.31 
(m, 4H,,,, 3-F-C&,-) ppm. 31P( ‘H} NMR (in D,O/ 
NaOH, 7=4; 85%H3P04ext.) &: 17.89,19.33 (MXsystem, 
J,, = *JPP= 2.9 Hz) ppm. 19F NMR (D,O/NaOH, 7=4; 
C6F, ext.) 4: 52.27-52.44 (m, lF,,& ppm. Analysis: Calc. 
for C9Hl10aP2F~H20: C, 31.23; H, 3.79%. Found: C, 31.31; 
H, 3.43%. 

3,3 - Bisphosphono - 2 - (4 - fluorophenyl) propionic acid 
( lb) : Yield 91%; m.p. 139 “C. ‘H NMR (D,O/NaOH, 7= 4; 
3-trimethylsilylpropionic acid-d, sodium salt int.) &: 2.82, 
3.92 (AB part of ABMX system, JAB=3JHH=9.9 Hz, 
J AM= 3JPH = 7.4 Hz, JAX = 3JPH = 11.2 Hz, Jshl = 
J,, = *JPH = - 21.2 Hz, -CH-CHp,) ; 6.90-6.99 (m, 2H,,,, 
4-F-C&J-) ; 7.42-7.49 (m, 2H,,,, 4-F-C&-) ppm. 
31P{ ‘H) NMR (D,O/NaOH, r=4; 85% H,PO, ext.) 4: 
18.73, 19.65 (MX system, JM,= ‘J,, = 2.8 Hz) ppm. r9F 
NMR (D*O/NaOH, r=4; C6;6 ext.) &: 49.06-49.21 (m, 
lFp,,) ppm. Analysis: Calc. for C9HI10sP2F. 2H20: C, 
29.68; H, 4.16%. Found: C, 29.73; H, 4.12%. 

3,3-Bisphosphono-2-( 3,4-difluorophenyl)propionic acid 
( lc) : Yield 98%; m.p. 128 “C. ‘H NMR (D,O/NaOH, T= 4; 
3-trimethylsilylpropionic acid-d, sodium salt int.) &,: 2.82, 
3.94 (AB part of ABMX system, JAB = 3JHH=9.9 HZ, 
JAM = 3JPH = 7.6 Hz, JAX = 3JPH = 11.4 Hz, JBM = JBX = 
*JPH = - 21 .l Hz, -CZ+CZ!ZP,); 7.02-7.38 (m, 3H,,,., 3,4- 
F,-C,iY,-) ppm. 31P{ ‘H) NMR (D,O/NaOH, 7=4; 85% 
H3P04 ext.) 4: 17.84, 19.19 (MX system, JMX=*JPP=3.2 
Hz) ppm. ‘v( ‘H) NMR (D,O/NaOH, r= 4; C6Fs ext.) &: 
24.94, 27.08 (AB system, JAB = 3JFF= 21.8 Hz) ppm. 19F 
NMR (D,O/NaOH, 7=4; CsF, ext.) &: 24.83-25.06 (m, 
lF,,,); 26.97-27.19 (m, lF,,,a) ppm. Analysis: Calc. for 
C,H,,0,P2F2~3H20: C, 27.01; H, 4.04%. Found: C, 27.11; 
H, 3.97%. 

3,3 - Bisphosphono- 2- (2,3,4,5,6 - pentafluorophenyl) - 
propionic acid (Id) : Yield 86%; very highly viscous oil. ‘H 
NMR (D,O/NaOH, T= 4; 3-trimethylsilylpropionic acid-d, 
sodium salt int.) &: 3.01,4.60 (AB part of ABMX system, 
JA,=3JHu=11.1 Hz,JAM= 3JPH = 3.5 Hz, JAX = 3JPH = 11.4 
Hz, JBM = J,, = *JPH = -20.3 Hz, -CH-CHp2) ppm. 
3’P( ‘H} NMR (D,O/NaOH, T= 4; 85% H,PO, ext.) 4: 
17.71, 19.27 (MX system) ppm. 19F NMR (D,O/NaOH, 
7=4; C6F6 ext.) &: 1.59-1.83 (m, 2F,,,=); 6.98-7.20 (3 
lines, lF,,,) ; 28.59 (bs, 2F,,.& ppm. Analysis: Calc. for 
C9H,0sP2F,. 2H,O: C, 24.79; H, 2.55%. Found: C, 24.70; 
H, 2.59%. 

l-( 3-Fluorophenyl)ethane- 1 ,Zbisphosphonic acid (3a) : 
Yield 91%; m.p. 193 “C. ‘H131P} NMR (D,O/NaOH, r= 3; 
3-trimethylsilylpropionic acid-d, sodium salt int.) &: 2.03, 
2.37, 3.23 (ABX system, JAB=*JHH= - 15.4 HZ, 
JAx = 3JHH = 6.5 Hz, JBX = 3JHH = 11.4 Hz, -CH-CH,-) ; 
6.96-7.39 (m, 4H,,,, 3-F-C&&-) ppm. 31P(1H} NMR 

(D,O/NaOH, 7= 3; 85% H,PO, ext.) &: 22.00,22.29 (XY 
part of AXY system, JXu = 3JPP = 58.7 Hz, JAX = 6JPF = - 0.9 
Hz, JAY = ‘JpF = 2.0 Hz) ppm. 19F NMR (D,O/NaOH, r= 3; 
C,F, ext.) &: 52.55-52.69 (m, lF,,) ppm. Analysis: Calc. 
for CsH,tO,P,F: C, 33.82; H, 3.91%. Found: C, 33.32; H, 
4.01%. 

l-( 4-Fluorophenyl) ethane- 1,2-bisphosphonic acid (3b) : 
Yield 88%; m.p. 199 “C. ‘H( 31P} NMR (D,O/NaOH, r= 3; 
3-trimethylsilylpropionic acid-d, sodium salt int.) &: 1.98, 
2.35, 3.19 (ABX system, JAB=*JHH= - 15.1 HZ, JAx= 
3JHH = 7.1 Hz, JB,=3JH,=6.9 Hz, -CH-CH,-); 7.01-7.10 
t m, 2Hm,,o, 4-F-C&-) ; 7.30-7.37 (m, 2H,,r,,0, 4-F- 

Cd&-) ppm. 31P{ ‘H} NMR (D,O/NaOH, r= 3; 85% 
H3P04 ext.) &: 22.55, 23.22 (XY part of BXY system, 
JXu = ‘JPP = 33.5 Hz, JBX = 7JPF = - 0.3 Hz, JBY = “.&, = 4.1 

Hz) wm. 19F NMR (D,O/NaOH, r=3; C,F, ext.) $: 
49.20-49.38 (m, lF,,,) ppm, Analysis: Calc. for 
CsH1,06P2F.2H20: C, 30.01; H, 4.73%. Found: C, 29.90; 
H, 4.76%. 

1- (3,4-Difluorophenyl)ethane-1,2-bisphosphonic acid 
(3~): Yield 89%; m.p. 89 “C. ‘H{ 31P} NMR (D,O/NaOH, 
r= 3; 3-trimethylsilylpropionic acid-d, sodium salt int.) &: 
2.03, 2.37, 3.21 (ABX system, JAB=*JHH= - 15.2 Hz, 
JAX = 3JHH = 6.5 Hz, JBX = “J,, = 7.6 Hz, -CH-CH,-) ; 
7.11-7.33 (m, 3H,,,, 3,4-F,-C,H3-) ppm. 31P( ‘H} NMR 
(D,O/NaOH, r= 3; 85% H,PO, ext.) 4: 21.78,23.04 (XY 
part of ABXY system, JXYz3JP,=37.7 HZ, JA,=6JpF= 
-0.1 Hz, JsX=7JPF= -0.2 Hz, JAY= 5JPF= 1.7 Hz, 
JBY=6JPF=4.8 Hz) ppm. 19F{ ‘H] NMR (D,O/NaOH, 
T= 3; C,F, ext.) &: 24.37,27.32 (AB part of ABXY system, 
JA,=3JF,=21.8 Hz) ppm. 19F NMR (D,O/NaOH, r= 3; 
C,F, ext.) & 24.24-24.50 (m, lF,,,); 27.40-27.63 (m, 
lF,,,) ppm. Analysis: Calc. for C,H,a06P2F2.2H20: C, 
28.41; H, 4.18%. Found: C, 28.43; H, 4.19%. 

3.5. Trisphosphonic acid hexaethyl ester 5 

A 50 ml round-bottomed flask was equipped with a reflux 
condenser, dropping funnel, Teflon-coated spin bar and nitro- 
gen bubbler. Under a nitrogen atmosphere, 0.02 mol of 
2-pentafluorophenylvinyl phosphonic acid diethyl ester (Sd) 
and 0.02 mol of diethyl phosphite were dissolved in 10 ml of 
dry THF. The mixture was stirred at room temperature and 
0.02 mol of the 1 M sodium diethyl phosphite THF was added 
dropwise. After addition of the base, the reaction mixture was 
refluxed for 8 h and the reaction solution neutralized with 
50% aq. acetic acid. The solid formed was filtrated. After- 
wards the solvent and byproducts were removed in vacua. A 
pale yellow brown, very highly viscous oil was isolated which 
could not be distilled under oil pump vacuum without decom- 
position. 

1 - (4 - Phosphono- 2,3,5,6- tetrafluorophenyl)ethane - 2,2- 
bisphosphonic acid hexaethyl ester (5) : Yield 46%; highly 
viscous oil. ‘H( 31P} NMR (CDCl,/TMS int.) &: 1.25 (t. 
3JHH = 7.1 Hz, 6H, CH,) ; 1.30 (t, 3JHH = 7.1 Hz, 6H, CN,) ; 
1.36 (t, 3JHH= 7.1Hz,6H,CH3);2.78 (t,3J,,=7.4Hz, lH, 
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-CH,-CH-); 3.35 (d,2H,-CH&H-);4.08-4.31 (m, 12H, 
CH,) ppm. 31P( ‘H} NMR (CDCl,; 85% H,PO, ext.) 4: 
5.8 1 (X part of aromatic [ AB] ZX system, coupling constants 
are given in Table 2.); 21.54 (s) ppm. 19F NMR (CDCl,; 
C,F, int.): NMR data listed in Table 2. Analysis: Calc. for 
C20H3309P3F4: C, 40.96; H, 5.68%. Found: C, 40.29; H, 
5.62%. 

(a) NMR spectroscopic evidence for the intermediate 
product A (a non-isolated byproduct) 

‘H( 31P} NMR (CDC&; TMS int.) &,: 1.28 (t, 3JrrH = 7.1 
Hz, 6H, CH,) ; 1.32 (t, 3Jmi = 7.1 Hz, 6H, CH,) ; 2.70 (t, 
3JH,=7.5 Hz, lH, -CH,-CH-); 3.30 (d, 2H, -C&-CH-); 
4.10-4.23 (m, SH, CH,) ppm. 31P{ ‘H) NMR (CDCl,; 85% 
H,PO, ext.) &: 21.68 (s) ppm. 19F NMR (CDCl,; C,F, 
ext.) &: - 1.47 to - 1.17 (m, 2F,& ; 5.03-5.26 (3 lines, 
lF,,,); 19.85-19.97 (m, 2F,,,) ppm. 

(6) NMR spectroscopic data of I-(2,3,4,5,6pentaJIuoro- 
phenyl)ethane-1,2-bisphosphonic acid tetraethyl ester (4d) 
(a non-isolated byproduct) 

31P{ ‘H} NMR (CDCl,; 85% H3P04 ext.) &: 27.25,23.48 
(XY part of [AB],MXY system, Jxy=3Jpp=76.7 Hz, 
JAx = ‘JpF = 1.1 Hz, JAY = 4Jpr = 6.0 Hz, Jay = ‘JPF = 2.2 Hz, 
JMy = 6JpF = 6.0 Hz) ppm. 19F NMR (CDCl,; C,F, ext.) &: 
- 0.89 to - 0.27 (m, 2F,,) ; 6.73-6.97 (m, lFPLIM) ; 24.65 

(bs, ~F,AJ ppm. 

3.6. Trisphosphonic acid triscyclohexylammonium salt 6 

The hexaethyl phosphonate ester 5 (2 mmol) and bromo- 
trimethylsilane (20 mmol) in dry CH,Cl, were stirred mag- 
netically under dry nitrogen in a 50 ml two-necked flask fitted 
with reflux condenser and nitrogen bubbler. This reaction 
mixture was heated to reflux for 3 h and stirred afterwards at 
ambient temperature overnight. The solvent was removed by 
distillation and the brownish residue treated with 5 ml of 
water. The water was evaporate in vacua and the crude acid 
dissolved in 5 ml of ethanol. The cyclohexylamine (8 mmol) 
was poured dropwise into the solution and the precipitated 
cyclohexylammonium salt 6 was filtrated. The white yellow 
solid was dried under an oil pump vacuum. 

1 - (4 - Phosphono- 2,3,5,6 -tetrafluorophenyl)ethane-2,2- 
bisphosphonic acid triscyclohexylammonium salt (6) : Yield 
80%; m.p. > 269 “C (dec.). ‘H13’P} NMR (D,O; 3-trime- 
thylsilylpropionic acid-d, sodium salt int.) &,: 1.14-l .97, 
3.14-3.26 (m, 42H, NH,+-Cd-I,,); 2.41 (t, 3.J,,=7.4 Hz, 
lH, -CH,-CH-); 3.65 (d, 2H, -CH,-CH-) ppm. 31P{ ‘H} 

NMR (D,O; 85% H3P04 ext.) $: 0.55 (X part of aromatic 
[AB12Xsystem); 18.66 (s) ppm. ‘9FNMR(D,0;C,F,ext.) 
&: 20.87, 27.39 ([AB], part of [AB],X system, JAx= 
3JpF = - 1.7 Hz, JBx = 4JpF = 6.9 Hz, JAB = 3JFF = - 23.9 Hz, 
J AB, = 5JFF = 13.2 Hz, JAA, = 4JFF = 2.4 Hz, Jnn, = 4JFF = 
-0.2 Hz) ppm. Analysis: Calc. for t&H4sN309P3F4: C, 
43.63; H, 6.78; N, 5.87%. Found: C, 43.55; H, 7.27; N, 
6.05%. 
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