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Abstract: Diethyl I-fluoromethylphosphonocarboxylic esters 4, bearing a variety of ester groups (alkyl, 
aryl), have been conveniently prepared in a one-pot process, by reaction of chloroformates with I-lithio- 
1-fluoro-l-(trimethylsilyl)methylphosphonate 2 derived from 1,1-dibromo-I-fluoromethylphosphonate 
1. The overall yields generally range from 80 to 91%. Reaction of 2 with CO2 leads to a novel efficient 
synthesis of diethyl 1-fluoromethylphosphonocarboxylic acid 7 in 86% yield. 
© 1997 Elsevier Science Ltd. 

I N T R O D U C T I O N  

A variety of monofluoro compounds exhibit remarkable biological activities 1 and the compounds are in 

ever increasing demand from medical and biological sciences. Biologically active molecules containing a 

vinylic fluorine atom are of special interest, 2 as this moiety is present in a number of enzyme inhibitors. 3 

1-Fluoromethylphosphonocarboxylic acid derivatives are currently being explored and evaluated as general 

precursors of ~-fluoro-~,[3-unsaturated esters by the Wittig-Horner reaction which provides an efficient and 

convenient synthesis of fluoroacrylates of defined geometry. 4 The potential value of these fluoroacrylates in 

biology and as synthetic building blocks has stimulated much interest in their synthesis. During recent decades 

research into convenient and efficient methods for the development of syntheses of a-f luoroacrylic  acid 

derivatives has been systematically pursued with the aim of studying the properties and applications of 

fluoropolymers based on monomers of this class. 5 It has now been well established that, in many respects, 

poly(methyl c~-fluoroacrylates) are considerably superior to poly(methyl methacrylate) as regards their 

physicomechanical properties. A large number of ot-fluoroacrylic acid derivatives (e.g. halides, amides, 

nitriles, alkyl and aryl esters) have been synthesized and the preparation of most of these derivatives has been 

carried out in order to obtain polymers with valuable properties. In this paper, we exploit earlier work from 

this laboratory which suggests that the 1-1ithio-l-fluoro-l-(trimethylsilyl)methylphosphonate carbanion 2, 

readily prepared by a double halogen-metal exchange in the presence of chlorotrimethylsilane from 

dibromofluoromethylphosphonate !,  should have great synthetic potential. 6 In view of this we decided to 

explore in detail the reaction between our carbanion 2 and several chloroformates (CI-C(O)O-R) in order to 

prepare a variety of 1-fluoromethylphosphonocarboxylates containing different ester groups. While there are a 

number of reports in the literature relating the synthesis of diethyl 1-fluoromethylphosphonocarboxylic 

methyl, ethyl or t-butyl esters, 7 we are unaware of any reports relating to the synthesis of other diethyl 

l-fluoromethylphosphonocarboxylic alkyl or aryl esters. 

a E-mai l :  dcph@poly .poly technique . f r  
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RESULTS AND DISCUSSION 

The current synthetic approach to l-fluoromethylphosphonocarboxylates exploits a thermal Michaelis- 

Arbuzov reaction employing methyl or ethyl 1-bromo-1-fluoroacetate and triethylphosphite (Scheme 1 ).2a,7b,8 

However the alkyl 1-bromo-1-fluoroacetates are not trivial starting materials (several preparations of these 

compounds have been described in the literature) 8b and the yield of the Michaelis-Arbuzov reaction is at best 

65-71% (4a,c). In addition, it is easy to modify the ester groups of the phosphite but any modification of the 

carboxylic ester group requires access to new 1-bromo-l-fluoroacetates. 

F F 
I I 

(EtO)3P + Br-CH--C-ORII " (EtO)2P-CH--C-OR 

O O O 
R = Me, Et 

S c h e m e  I. 

4a,c  

The Michaelis-Becker reaction between diethyl sodiophosphite and the methyl or ethyl l-chloro- 

1-fluoroacetates in benzene has also been described (Scheme 2). 7c 

F F 
I I 

(EtO)2P-Na + CI--CH-C-ORII D (EtO)2P-CH--C-ORtl II 
O O O O 

R = Me, Et 

S c h e m e  2. 

4a,c  

More recently the triethyl phosphonocarboxylate has been fluorinated in THF with N-fluoro- 

o-benzenedisulfonimide (NFOBS) via the sodium enolate at -78°C to give 4c in 78% yield (Scheme 3). TM 

F 
C6H4(SO2)2NF i 

(EtO)2.P .-,, CH 2- C-,, OEt ,, (EtO)2P- C H -  C-tt OEt 
O O NaHMDS, THF O O 

S c h e m e  3. 

4c 

NFOBS, introduced by Davis and Han, is stable, easily prepared, and is the reagent of choice for the 

selective electrophilic monofluorination of enolates and carbanions (for a review of fluorination procedures 

see refs. 10 & 11). However, as a consequence of the enhanced acidity of the ~-fluoro protons in the 

fluorocarboxylates, difluorination often competes with monofluorination. High temperatures and potassium 

enolates also promote difluorination (Scheme 4). 

O 

R . . . ~  Z 1) Base 

Z = R ,  OR 2) NFOBS 

0 0 

R ~ Z  + R ' ~ Z  

F F F 

S c h e m e  4. 
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We have developed a much simpler  and equal ly general  procedure for obta in ing  

l - f luoromethylphosphonocarboxyla tes  4, in a one-pot sequence, by treating the 1-1ithio-l-fluoro- 

l-(trimethylsilyl)methylphosphonate 2 with readily available alkyl or aryl chloroformates CI-C(O)O-R 

(Scheme 5). 

F 
I 

(E tO)2P-C-Br  
II I 
O Br 

Me3SiCI 

2 n-BuLi 
THF / -78°C 

F 
I 

(EtO)2P-C-SiMe s + 2 n-BuBr 
H / 

O Li 

2 
C I - - C - O - R  

II 
O 

F 1) EtOH F 
(EtO)21PI - C H - C - O -  R II ,i (EtO)2p- IC- ICI- O - R  

O O 2) 2MHC1 O Si O 
Me 3 

4 3 

S c h e m e  5. 

Preparative details, and spectroscopic evidence for the structure assignments for the carbanion 2 have 

been presented elsewhere. 6b, 6c After formation at low temperature, 2 was reacted at the same temperature 

with freshly distilled chloroformates. We found that carbanion 2 reacted relatively slowly with chloroformates 

in THF at low temperature. Use of 1 eq. of chloroformate gave poor yields of adducts and substantial 

quantities of diethyl l-fluoropentylphosphonate resulting from alkylation of 2 with butylbromide (2 eq.) 

generated in the reaction medium by the double halogen-metal exchange reaction. Under the latter conditions, 

formation of l-fluoro-l-(trimethylsilyl)methylphosphonocarboxylates 3 competed to some extent with the- 

direct alkylation of carbanion 2 by butylbromide. We discovered that carbanion 2 reacts with alkyl 

chloroformates much more readily than aryl chloroformates. Thus, to obtain complete conversion of carbanion 

2 into l-fluoro- 1-(trimethylsilyl)methylphosphonocarboxylates 3, it is imperative to treat 2 with a large excess 

of chloroformate. Thus, 2 mol. eq. of alkyl chloroformates (primary or secondary) in THF at -78°C for 30 min 

were necessary, and 2.5 mol. eq. of vinyl or aryl chloroformates. The reaction failed in four cases, with 

trichloromethylchloroformate, trichloroethylchloroformate, ~-chloroallylchloroformate and adamantyl- 

chloroformate. The halogenated reagents were not compatible with the basic reaction conditions used, as a 

ha logen-meta l  exchange reaction occurs and the formation of diethyl l - ch lo ro - l - f luo ro -  

l-(trimethylsilyl)methylphosphonate was observed as the major product (Scheme 6). 

F 1) CICO2(CH2)nCCI 3 F 
(EtO)2P- C-  SiMe 3 ~ (EtO)~P--C--  SiMe 3 

II I ~11 I " 
O Li 2) EtOH O CI 

3) 2MHCI n = 0 , 1  

S c h e m e  6. 

All these intermediates 3 were obtained as single products and assigned on the basis of their 31 p NMR spectra 

and of the observed coupling constants. Typically, the carbanion 2 displayed a signal as a doublet in the 31p 
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NMR at 5 (THF) + 52.8 ppm, 2j PF 67.2 Hz, whilst the signal of the intermediate 3 appeared at ~ (THF) + 14.2 

ppm, 2j PF 67.4 Hz. 

Compounds 3 were not isolated but converted directly in THF solution into l-fluoromethyl- 

phosphonocarboxylates 4. The conditions of removal of the TMS protecting group are not trivial and failure to 

follow the procedure herein resulted in low yields or destruction of the compounds. We have already described 

a procedure for the removal of the TMS group in 1-fluoro-l-(trimethylsilyl)methyl-phosphonates with EtOLi / 

EtOH. 6c With the presence on the same carbon of a fluorine, phosphoryl and carboxylate groups, there was a 

serious risk that the product 3 would undergo fragmentation by nucleophilic attack at phosphorus. Indeed, 

under these conditions, our chloroformate adducts underwent cleavage of the C-P bond to give phosphates 

exclusively 5(THF) 31p -1.1 ppm. On the other hand, attempts to remove the TMS protecting group by direct 

acidic quenching of the THF solution with 5M HC1 at 0°C was no more effective and gave a mixture of by- 

products containing silylated and non silylated moieties. 

Table  1 .1 -F luoromethyiphosphonoearboxylates  4 

Compound 4 R chloroformate amount 
(mol. eq.) Yield (%) 

a Me 2 91 

b -CH2C1 2 85 

e Et 2 90 

d -CH2CH2C1 2 84 

e n-C8F13H4 2 90 

f -CH2-CH=CH2 2 87 

g i-Bu 2 86 

h neo-pent 2 87 

i i-Pr 2 85 

j -CH(CH2CI)2 2 80 

k -CH=CH2 2.5 82 

I Ph 2.5 82 
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We now describe a much simpler and more effective procedure for the desilylation of the 

chloroformate analogues. This involved treating the intermediates 3 with anhydrous ethanol at -78°C and 

subsequent warming to 0°C for 30 min. In this way, after acidic quenching (2M HCI) the desired 

1-fluoromethylphosphonocarboxylates 4 were obtained and isolated after distillation as colorless liquids in 

very good overall yield (approx. 85%) for the three steps starting from 1. The products 4 were found to be 

thermically stable and thus are easily purified by distillation at high temperatures (up to 200°C) without 

decomposition. 

In order to prepare the free l-fluoromethyl(diethylphosphono)carboxylic acid 7 we attempted to 

hydrolyse the methyl ester 4a under acidic conditions (5M HCI) rather than under basic conditions which 

generally results in fragmentation of products. Under our conditions only unchanged methyl ester 4a was 

recovered from the reaction mixture. By another route, we anticipated that treatment of the carbanion 2 with 

CO2, followed by acidic work up would provide access to 7 in a one-pot operation. Thus, a solution of the 

carbanion 2 in THF at -60°C was treated with excess anhydrous CO2 until the exothermic reaction ceased. The 

~-silylated intermediate 5 undergoes a [1,3]-migration on warming to give the silyloxy enolate 6 and then 

hydrolysis of the reaction medium with 3M HC1 at 20°C, gave 7 in high yield (86% overall) as a crystalline 

white solid after ethereal extraction (Scheme 7). This reaction has been proved to be a reliable, novel synthesis 

of the carboxylic acid 7 which is a valuable reagent for the preparation of c~-fluoro-c~,~-unsaturated acids. 9, 10 

F 
I 

(EtO)2P- C-  SiMe 3 
II I 
O Li 

2 

CO 2 

F 
I 3M HCI 

(EtO)2P- C -  C- OH 
II I II 
O H O 

S c h e m e  7. 

F 
I 

(EtO)2P- C -  C-  OLi 
II I II 
O S i O  

5 Me3 

-60 to 
20°C 

F~__~OSiMe 3 

(EtO)2~ O 

O '~ Li 
6 

CONCLUSION 

This article has further demonstrated the synthetic potential of the l- l i thio-l-fluoro- 

1-(trimethylsilyl)methylphosphonate 2. Novel 1-fluoromethyl-phosphonocarboxylates 4 have been 

synthesized. We believe that the results described provide the basis for a simple and efficient large-scale, one- 

pot procedure for the high yield synthesis, starting from chloroformates, of l-fluoromethylphosphono- 

carboxylates 4 which could be difficult to obtain by other means. It should find a wide application in their 

conversion into the corresponding fluoroacrylates. Additionally the new synthetic methodology described 
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herein for the preparation of the free 1-fluoromethyl(diethylphosphono)carboxylic acid 7 will also be relevant 

and open new routes to tx-fluoro-~,~-unsaturated acids which are currently being evaluated. 

EXPERIMENTAL SECTION 

NMR spectra were recorded on a Bruker AC 200 spectrometer operating at 200 MHz for proton, 

50.3 MHz for carbon and 81.01 MHz for phosphorus. 3 Ip downfield shifts (8) are expressed with a positive 

sign, in ppm, relative to external 85% H3PO 4 in H20. IH and 13C chemical shifts (5) are reported in ppm 

relative to CDCI3 as internal standard. Coupling constants (J) are given in Hz. The following abbreviations are 

used: s, d, t, q, m for singlet, doublet, triplet, quadruplet and multiplet respectively. Organic solvents were 

purified by standard procedures. THF was distilled under an inert atmosphere from purple solutions of 

sodium-benzophenone ketyl. The synthesis of all compounds were carried out under dry nitrogen. 

Diethyl 1,1-dibromo-l-fluoromethylphosphonate (1). see references. 6b, 6c 

General procedure for the synthesis of diethyl alkyl or aryl 1-fluoromethylphosphonocarboxylate (4) : 

To a solution of n-BuLi (6.6 mL of a 1.6 M solution in hexane, 10.5 mmol) in THF (10 mL) cooled to -78°C is 

added dropwise a mixture of diethyl 1,1-dibromo-l-fluoromethylphosphonate 1 (1.64 g, 5 mmol) and TMSCI 

(0.54 g, 5 mmol) in THF (10 mL) via a dropping funnel maintaining the temperature at -78°C. The reaction 

mixture was stirred at this temperature for 5 rain and then the chloroformate (10 mmol) in THF (10 mL) was 

added dropwise. The reaction mixture was again left to stir at -78°C for 30 min before hydrolysis with 

absolute ethanol (10 mL). The reaction mixture was allowed to warm to 0°C within 30 min and then poured 

into a beaker of HCI (20 mL of 2 M solution), dichloromethane (20 mL) and ice. The phases were separated 

and the aqueous phase was extracted with dichloromethane (3 x 20 mL). The combined organic phases were 

dried over MgSO4 filtered and evaporated to yield the crude product which on bulb-to-bulb distillation give 

the title product 4a-I as colorless liquids. 

Diethyl methyl 1-fluoromethylphosphonocarboxylate (4a) : CTH14OsPF (M=228) 

NMR 31p (CDCI3) +10.0 (d, 2JpF=71.4). / IH (CDCI3) 1.32 (tm, 6H, 3JHH=7.1, C_~3CH20), 3.83 (s, 3H, 

CO2CH3), 4.21 (dqd, 4H, 3JHp=8.2, 3JHH=7.1, 5JHF=3.3, CH3CH20), 5.20 (dd, 1H, 2JHF/p=46.9, 12.6, 

PCHF). / 13C (CDCI3) 16.1 (d, 3Jcp=5.0, ..C_H3CH20), 52.8 (s, CO2CH3), 64.1 (dd, 2Jcp/4JCF=6.2, 3.4, 

CH3CH20), 84.8 (dd, 1JcF/P= 195.4, 158.0, PCHF), 165.2 (d, 2JCF or CP =22.0, PCHF-CO2)./m/z (El) 229 

(M++I, 2 %), 213 (10), 197 (8), 183 (11). 

Diethyl chloromethyl 1-fluoromethylphosphonocarboxylate (4b) : C7HI 3OsPFCI (M=262.5) 

NMR 31p (CDCI3) +8.3 (d, 2JpF=70.5). / 1H (CDCI3) 1.36 (tm, 6H, 3JI-IH=7.1, CH3CH20), 4.26 (dqd, 4H, 

3JHp=8.3, 3JHH=7.1, 5JHF=3.3, CH3C_H_20), 5.28 (dd, 1H, 2Jl-lF/p=46.6, 13.2, PCHF), 5.82 (d, 2H, 5JHF or 

Hp=2.3, CO2C_H_2). / 13C (CDCI3) 16.4 (d, 3Jcp=5.3 CH3CH20), 64.7 (d, 2Jcp=6.5, CH3CH20), 69.4 (s, 

CO2CH2), 84.9 (dd, 1JcF/p=196.8, 157.3, PC__HF), 163.5 (d, 2JCF or CP =22.7, PCHF-CO2). / m/z (EI) 263 

(M++ 1, 35C1, 10 %), 235 (35C1, 11), 207 (35C1, 22), 197 (44). 
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Diethyl ethyl l-fluoromethylphosphonocarboxylate (4e) : C8HI 6FO5P (M=242) 

NMR 31p (CDCI3) +10.6 (d, 2JpF=71.9). / 1H (CDC13) 1.33 (m, 9H, CH3CH2Ophosph. and ester), 4.26 (m, 6H, 

CH3CH2Ophosph. and ester), 5.19 (dd, 1H, 2JHF/p=47.0, 12.5, PCHF)./13C (CDCI3) 13.7 (s, CH3CH2Oester), 

16.0 (dd, 3Jcp/SJcF=5.8, 4.5, CH3CH2Ophosph.), 62.0 (s, CH3CH2Oester), 63.9 (dd, 2Jcp/4JCF=5.4, 2.7, 

CH3CH2Ophosph.), 84.7 (dd, IJcF/p= 195.0, 157.7, PCHF), 164.5 (d, 2Jr' F or CP =22.1, PCHF-CO2). / m/z (EI) 

243 (M++I, 8 %), 214 (18), 197 (39), 189 (53). 

Diethyl 2-chloroethyl l-fluoromethylphosphonocarboxylate (4d) : C8H 15FO5PCI (M=276.5) 

NMR 31p (CDCI3) +9.6 (d, 2JpF=71.9). / 1H (CDCI3) 1.36 (td, 6H, 3JHH=7.1, 4JHp=l.6, CH3CH20), 3.72 (t, 

2H, 3JHH=5.7, CH2CI), 4.25 (dqd, 4H, 3JHp=8.2, 3JHH=7.1, 5JHF=2.5, CH3CH20), 4.51 (t, 2H, 3JHH=5.7, 

CO2CH2), 5.25 (dd, IH, 2JHF/p=46.9, 12.7, PCHF). / 13C (CDCI3) 16.8 (d, 3Jcp=5.8, CH3CH20), 41.4 (s, 

CH2CI), 64.9 (t, 2Jcp=5.3, CH3CH20), 66.1 is, CO2C__H2), 85.4 (dd, JJCF/p=196.1, 158.6, PCHF), 165.1 (d, 

2JcF or CP =22.1, PCHF-CO2). / m/z (El) 277 (M++I, 35CI, 9 %), 249 (35C1, 24), 217 (35C1, 41), 213 (100). 

Diethyl tridecafluorooc~l 1 -fluoromethylphosphonocarboxylate (4e) : C 14H 15 05 PF14 (M=560) 

NMR 31p (CDCI3) +9.5 (d, 2JpF=71.9). / IH (CDCI3) 1.36 (t, 6H, 3JHH=7.0, CH3CH20), 2.95 (tt, 2H, 

3JHF=18.2 , 3JHH=6.5 , CO2CH2CH2CF2), 4.25 (m, 4H, CH3CH20), 4.57 (t, 2H, 3JHH=6.5, CO2CH2CH2), 

5.23 (dd, IH, 2JHF/p=46.8, 12.8, PCHF). / 13C (CDCI3) 16.7 (d, 3Jcp=5.8 CH3CH20), 30.9 (t, 2JcF=21.8, 

CO2CH2-CH2CF2), 58.5 (s, CO2CH2), 65.0 (t. 2Jcp=6.2, CH3CH20), 85.5 (dd, IJcF/p=I96.7, 158.7, PCHF), 

104.1-126.4 (mt, 2JcF=30.9-33.5, (CF2)5CF3), 165.2 (d, 2JCF or CP =22.1, PCHIz-CO2). / m/z (EI) 560 (M +, 

1%), 505 (11), 485 (7), 327 (10). 

Diethyl allyl l-fluoromethylphosphonocarboxylate (4 f) : C9H 16OsPF (M=254) 

NMR 31p (CDCI3) +10.0 (d, 2JpF=71.9). / 11] (CDC13) 1.34 (tm, 6H, 3JHH=7.1, CH3CH20), 4.33 (dqd, 4H, 

3JHp=7.9, 3JHH=7.1, 5JHF=3.2, CH3CH20), 4.74 (dm, 2H, 3JHH=5.8, CO2CH2), 5.21 (dd, 1H, 2JHF/p=46.9, 

12.7, PCHF), 5.27 (dm, 1 H, 3JHHcis= 10.4, CO2CH2-CH=C_H_AHB), 5.38 (dm, 1H, 3JHHtrans=17.1, CO2CH2- 

CH=CHAHB), 5.91 (ddt, 1H, 3JHHB=17.1, 3JHHA=IO.4, 3JHH=5.8, CO2CH2-CH=CHAHB)./13C (CDCI3) 

16.7 (d, 3Jfp=5-O CH3CH20), 64.7 (dd, 2Jcp=6.1, 4JCF=2.9, CH3CH20), 67.1 (s, CO2CH2), 85.3 (dd, 

IJCF/p=195.6, 158.4, PCHF), 119.8 (s, CO2CH2-CH=CH2), 131.2 is, CO2CH2-CH=CH2), 164.9 (d, 2JCF or 

Cp=21.9, PCHF-CO2). / m/z (El) 255 (M++ 1, 11%), 227 (7), 197 (37), 170 i50). 

Diethyl isobutyl 1-17uoromethylphosphonocarboxylate (4g) : C I 0H20OsPF (M=270) 

NMR 31p (CDC13) +10.4 (d, 2JpF=72.3). / IH (CDCI3) 0.94 (d, 6H, 3JHH=6.7, CH(CH3)2), 1.34 (tm, 6H, 

3JHH=7.0, CH3CH20), 1.98 (m, 1H, 3JHH=6.7, CH(CH3)2), 4.03 (2d, 2H, 3JHH=6.7, A J=3.5, CO2CH2), 4.23 

(dqd, 4H, 3JHp=8.2, 3JHH=7.0, 5JHF=3.0, CH3C_H_20), 5.20 (dd, I H, 2JHF/p=47.0, 12.4, PCHF). / 13C (CDCI3) 

16.5 (d, 3Jcp=5.5, C__H3CH20), 19.1 (s, CH(CH3)2), 27.9 is, CH(CH3)2), 64.3 (t, 2Jcp=5.7, CH3C__H20), 72.3 

(s, CO2CH2), 85.1 (dd, IJcF/p=195.4, 158.6, PCHF), 165.1 (d, 2JcF or CP =22-0, PCHF-CO2)./m/z (El) 271 

(M++I, 4 %), 314 (30), 197 (23), 186 (56). 



6398 R. WASCHBUSCH et al. 

Diethyl neopentyl 1-fluoromethylphosphonocarboxylate (4h) : C II H22OsPF (M=284) 

NMR 31p (CDCI3) +10.2 (d, 2JpF=72.7). / 1H (CDCI3) 1.25 (s, 9H, C(CH3)3), 1.33 (tm, 6H, 3JHH=7.1, 

C_H_3CH20), 3.88 (A part of AB system, 1H, 2JHHgem=10.5, CO2C_~_.AHB), 3.99 (B part of AB system, IH, 

2JHHgem=10.5, CO2CHAHB), 4.22 (dqd, 4H, 3JHp=8.3, 3JHH=7.1, 5JHF=2.6, CH3CH20), 5.20 (dd, IH, 

2JHF/p=46.9, 12.4, PCHF)./ 13C (CDCI3) 16.7 (d, 3JCF=5.7, CH3CH20), 26.6 (s, C(CH3)3), 31.9 (s, 

C(CH3)3), 64.5 (t, 2Jcp/4JCF=5.4, CH3CH20), 75.7 (s, CO2CH2), 85.2 (dd, IJCF/P=195.3, 158.6, PCHF), 

165.2 (d, 2JCF or CP =22.0, PCHF-CO2)./m/z (El) 285 (M++I, 1%), 269 (13), 241 (11), 228 (44). 

Diethyl isopropyl 1-fluoromethylphosphonocarboxylate (4i) : C9H 1805PF (M=256) 

NMR 31p (CDCI3) +9.7 (d, 2JpF=72.4). / 1H (CDCI3) 1.28 (dd, 6H, 3JHH=6.2, 1.0, CH(C_H_3)2), 1.33 (tm, 6H, 

3JHH=7.1, C_H_3CH20), 4.21 (dqd, 4H, 3JHp=8.2, 3JHH=7.1, 5JHF=3.0, CH3C_U20), 5.13 (dd, 1 H, 2JHF/p=47.1, 

12.4, PCHF), 5.16 (p, 1H, 3JHH=6.2, CH(CH3)2)./13C (CDCI3) 16.3 (d, 3Jcp=5.7, CH3CH20), 21.5 (d, 

J=7.8, CH(CH3)2), 64.0 (dd, 2Jcp/4JCF=6.1, 2.5, CH3CH20), 70.4 (s, CH(CH3)2), 84.9 (dd, 1JCF/p=I95.2, 

158.6, PCHF), 164.2 (d, 2JCF or Cp=21.8, PCHF-CO2)./m/z (EI) 257 (M++I, 4 %), 241 (2), 214 (38), 197 

(71). 

Diethyl 1,3-dichloroisopropyl l-fluoromethylphosphonocarboxylate (4j) : C9HI605PFCI2 (M=325) 

NMR 31p (CDC13) +10.5 (d, 2JpF=72.5). / IH (CDCI3) 1.37 (t, 6H, 3JHH=7.1, CH3CH20), 3.78 (d, 4H, 

3JHH=5.3 , CH(CH2C1)2), 4.26 (dqd, 4H, 3JHp=8.3, 3JHH=7.0, 5JHF=I.6, CH3CH20), 5.27 (dd, 1H, 

2JHF/p=46.8, 12.8, PCHF), 5.35 (p, 1H, 3JHH=5.3, CO2-CH). / 13C (CDCI3) 16.8 (d, 3Jcp=5.2, CH3CH20), 
42.3 (2s, AJ=13.9, CH(CH2CI)2), 64.9 (t, 2Jcp=6.3, CH3CH20), 74.1 (s, CO2-CH), 85.2 (dd, IJCF/p=196.4, 

158.5, PCHF), 164.5 (d, 2JCF or CP =22-6, PCHF-CO2)./m/z (El) 325 (M++I, 235C1, 6 %), 297 (235C1, 8), 261 

(135C1, 20), 197 (100). 

Diethyl vinyll-fluoromethylphosphonocarboxylate (4k) : C8H1405PF (M=240) 

NMR 31p (CDC13) +10.2 (d, 2JpF=71.9). / 11-I (CDCI3) 1.35 (tm, 6H, 3JHH=7.1, CH3CH20), 4.25 (dqd, 4H, 

3JHp=8.1, 3JHH=7.1, 5JHF=3.8, CH3C__H20), 4.74 (dd, 1 H, 3JHHcis=6.2, 2JHHgem=2.1, CO2CH=CH_AHB), 5.04 

(dd, I H, 3JHHtrans= 13.8, 2Jaagem=2.1, CO2CH=CHA_H_B), 5.28 (dd, 1H, 2JnF/p=46.7, 13.0, PCHF), 7.29 (dd, 

IH, 3JHHtrans=13.8, 3JHHcis=6.2, CO2-CH=). / 13C (CDC13) 16.7 (d, 3Jcp=5.2, CH3CH20), 64.9 (d, 2Jcp=6.6, 

CH3CH20), 85.0 (d, IJCF/P=196.3, 157.8, PCHF), 100.5 (s, CO2-CH=CH2), 140.7 (s, CO2-CH=CH2), 162.6 

(d, 2JCF or Cp=22.7, PCHF-CO2). / m/z (El) 241 (M++ 1, 2 %), 213 (1), 197 (100), 169 (39). 

Diethyl phenyl 1-fluoromethylphosphonocarboxylate (41) : C 12H 1605PF (M=290) 
NMR 31p (CDCI3) +8.9 (d, 2JpF=71.9 ). / 1H (CDCI3) 1.34 (t, 6H, 3JHH=7.1, C_H_3CH20), 4.27 (dqd, 4H, 

3JHp=8.1, 3JHH=7.1, 5JHF=I.5, CH3CH20), 5.43 (dd, 1H, 2JaF/p=46.9, 12.8, PCHF), 7.11 (dm, 2H, 

3JHH=7.4, Hortho de C6H5), 7.22 (tt, 1H, 3JHH=7.4, 4JHH=I.3, Hpara de C6H5), 7.36 (tm, 2H, 3JHH=7.4, Hmeta 
de C6H5)./ 13C (CDCI3) 16.8 (d, 3Jfp=5.2 CH3CH20), 65.0 (d, 2Jcp=6.4, CH3CH20), 85.5 (dd, 

IJcF/P=196.8, 158.3, PCHF), 121.6 (s, ~rtho de C6H5), 127.1 (s, Cpara de C6H5), 130.1 (s, Cmeta de C6H5), 
150.3 (s, Cipso de C6H5), 164.1 (d, 2JCF or Cp=22.7, PCHF-C__O2). / m/z (El) 290 (M +, 17 %), 245 (3), 217 
(10), 197 (100). 



Diethyl 1-fluoromethylphosphonocarboxylic ester derivatives 6399 

1-fluoromethyl(diethylphosphono)carboxylic acid (7) : To a solution of n-BuLi (8 mL of a 1.6 M 

solution in hexane, 13 mmol) in THF (15 mL) at -78°C is slowly added a mixture of TMSCI (0.66 g; 

6.1 mmol) and diethyl 1,1-dibromo-l-fluoromethylphosphonate (2 g, 6.1 mmol) in THF (15 mL) by means of 

a dropping funnel maintaining the temperature at -78°C. Stirring was continued for 10 min at this temperature 

before a source of dry CO2 gas was introduced into the rapidly stirred reaction mixture, an exothermic reaction 

takes place and the reaction is allowed to warm to -60°C. CO2 addition is continued for a further 15 rain at 

-60°C. The reaction mixture is slowly allowed to warm to 20°C and stirred for 10 rain at this temperature. The 

reaction mixture is then poured into a rapidly stirred mixture of dichloromethane (50 mL) and 3M HCI 

(50 mL) and ice (10 g). This mixture is stirred for a further 10 min before the phases are separated and the 

aqueous phase is extracted with dichloromethane (3 x 20 mL). The combined organic phases are dried over 

MgSO4 and then filtered and evaporated to yield the title compound 7 as a white crystalline solid (rap 70- 

74°C). 

NMR 31p (CDCt3) +11.03 (d, 2JpF=72.6). / IH (CDCI3) 1.24-1.50 (m, 6H, CH3CH20), 4.12-4.36 (m, 4H, 

CH3CH20), 5.75 (dd, 1H, 2JHF/P= 13.4, 47.1, PCHF), 10.85 (Sbroad, I H, COOH)./13C (CDCI3) 16.5-16.6 (m, 

CH3CH20), 65.4-65.7 (m, CH3CH20), 84.6 (dd, IJCF/p=I95.1, 159.9, PCHF), 166.4 (d, 2JCFor Cp=19, 

COOH). / m/z (El) 214 (M+). 
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