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(International Symposium of Homogeneous and Heterogeneous Catalysis,

ISHHC18)
Heterogeneous Cuprous Bromide-CuBr Catalyzed the Synthesis of

Difluorophosphonate and Analogous Neural Chemical Warfare Agent

Hou-Jen Tsai
Department of Chemical and Materials, Chung-Cheng Institute of Technology, National

Defense University, Daxi, Taoyuan, Taiwan 335

ABSTRACT

Fluorophosphonates have found applications as hyperlipidaemic drugs, hormone
substitutes, cancer chemotherapy and neural chemical warfare agent. However there

1s generally a conspicuous lack of methods for the preparation of difluorophos-

phonates. Ethyl difluoro(diethoxyphosphinyl)pyruvate (EtO)9P(0)CFyC(O)COoEt was
readily prepared in good yield at room temperature by the reaction of [(diethoxy-
phosphinyl) difluoromethyl]zinc bromide (EtO)9P(0)CFpZnBr with ethyl oxalyl

chloride CIC(0)COpEt, 1.5 % cuprous bromide and in the presence of cosolvent aceto-

nitrile. However, the absence of cosolvent CH3CN in the reaction mixture at room

temperature, a phosphrusfluorine-containing compound diethyl fluorophosphonate

(Et0)9P(0)F (DEFP) was observed in "FNMR spectrum. Diethyl fluorophosphonate acted

as a kind of analogous neural chemical warfare agent.

Keywords: Fluorophosphonate, Heterogeneous Catalyst, Cosolvent, Analogous Chemical

Agent.



1. Introduction

Fluorophosphonates have found applications as hyperlipidaemic drugs, hormone
substitutes, cancer chemotherapy and neural chemical warfare agent. However there
is generally a conspicuous lack of methods for the preparation of difluorophos-
phonates. Heterogeneous cuprous bromide-CuBr catalyzed the synthesis of difluoro-
phosphonates (Et0).P(0)CFR.C(0O)CO:Et 1 and analogous neural chemical warfare agent

diethyl fluorophosphonate (DEFP) (Et0):P(O)F 3 were discussed in this research.

2. Experimental

2.1 Synthesis of (Et0):P(0)CEBr :"F NMR: -62.0 ppm (d, J =90.3); P NMR: -0.65 ppm

(t, J =93.7); 'HNMR: 4.42 ppm (4H, q, J = 7.1), 1.42 ppm (6H, t, ] = 7.1).

2.2 Heterogeneous CuBr catalyzed the synthesis of difluorophosphonate (EtO).P(O)-
CF.C(0)CO:Et 1 and analogous neural chemical warfare agent diethyl fluorophos-

phonate (Et0).P(O)F 3.

Method A

A three-necked flask was charged with 15.0mL of a 2.0 M monoglyme (ethylene glycol
dimethyl ether, CH:OCH:CHOCHs) solution of (Et0):P(O)CF:ZnBr 2.42.0 mmols of
freshly distilled CIC(O)CO:Et was added and stirred at room temperature for 48
hours. The mixture was filtered, extracted with CH:Cl:, dried over anhydrous MgSO:,
concentrated by rotary evaporation and vacuum distilled at 94-95°C/0.15 mmHg to
give 54 % of (Et0):P(0)CF:.C(0)CO:Et 1 (100 % pure by GLPC analysis). 'HNMR : 1.40
(OH, t, T =7.1), 4.30 (6H, m, ] =7.1). "CNMR : 13.9 (s), 16.2 (d, ] =5), 63.5(s),
65.8 (d, ] =7), 115.5 (t, d, J =275, J =199), 158.5 (s),181.8 (t, d, ] =16).

"FNMR : -115 (d, J =95). "PNMR : 4.5 (t, ] = 95).
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Method B

7.5 mL dry CH:CN, 0.45 mmol CuBr and 42.0 mmols CIC(O)CO:Et were added to a 15.0 mL
of 2.0 M monoglyme solution of (EtO).P(O)CF.ZnBr 2. Stirred at room temperature for
0.5 hour. 58 % of (Et0):P(0O)CF.C(O)CO:Et 1 was afforded. (96-98°C/0.18 mmHg, 100 %

pure by GLPC analysis).

Method C

0.45mmols CuBr and 42.0 mmols of CIC(O)CO:Et were added toa 15.0mL of 2.0 Mmonoglyme
solution of (Et0):P(0)CF:ZnBr 2, Stirred at rt for 24 hours. The "F NMR spectrum
indicated the presence of 12 % (Et0)P(0)CF.C(0)CO:Et 1, 18 % (E,Z)-(Et0).P(O)CF=CE-

P(0)(OEt)> 4 and 70 % (Et0).P(O)F 3.

3. Results & Discussion

Reaction of (C:HsO)sP with CF:Br: by means of a Michealis-Arbuzov reaction gave a 95
% 1solated yield of (C:HsO):P(O)CF:Br which reacted with acid washed zinc powder at

room temperature in the presence of glyme, (Et0):P(0)CFZnBr 2 1s obtained.

Et,0, RT
(C,Hs0);P + CF,Br, > (EtO),P(0)CF,ZnBr
Zn(0), MG 5

Addition of freshly distilled CIC(O)CO:Et to a MG solution of 2 at room temperature

for 48 hours gave a 54 % 1solated yield of (Et0):P(0)CF.C(O)CO:Et 1 (Method A).

()
]

0°C, 48hrs.
Method A: (EtO),P(O)CF,ZnBr + CIC(O)CO,Et » (EtO),P(O)CF,C(0O)CO,Et

o) 1 54%
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However, this situation can be easily ameliorated upon addition of a catalytic amount
of cuprous bromide and the addition of acetonitrile as cosolvent to the reaction
mixture. This reaction 1s completed within half hour to yield 1 in a 58 % yield,

b.p. = 96-98°C at 0.18 mmHg, 100 % pure by GLPC analysis (Method B).

RT, 30Min.
Method B: (EtO),P(O)CF,ZnBr + CIC(0)CO,Et > (EtO),P(O)CF,C(0)CO,Et

CuBr, CH;CN
2 1 58%

On the other hand, if the reaction is carried out in the presence of 1.5 % cuprous
bromide without the cosolvent acetonitrile, in addition to the formation of 12 %
of 1, a 18 % yield of a mixture of 1someric byproducts (E,Z)-(1,2-difluoroethyl-
enediyl)bisphosphonate (EtO).P(O)CF=CFP(O)(OEt): 4 and 70 % of analogous neural

chemical warfare agent (Et0):P(0)F 3 are observed in “F NMR spectrum (Method C).

RT, 24hrs.
Method C:(EtO),P(O)CF,ZnBr + CIC(O)CO,Et ———— (Et0),P(0)CF,C(0)CO,Et +

CuBr
1

(EtO),P(O)F + (Et0),P(0)CF=CFP(O)(OEt),
3 4

The most likely mechanism to achieve (EtO).P(O)CF=CFP(O)(OEt). 4 and analogous

neural chemical warfare agent (Et0):P(O)F 3 is 1llustrated in the following Scheme.
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(Et0),P(O)CF,ZnBr + CuBr — (E{0),P(0)C

2 N Cu----- Br

> (EtO),P(O)CF: + CuBr + ZnBrF
l(EtO)zP(O)CF : l (EtO),P(O)CF,ZnBr

(Et0),P(O)CF=CFP(0)(OC,Hs), 4 (EtO),P(O)F 3

4. Conclusions

(Et0):P(0)CF.C(O)CO:Et 1 was readily prepared by the acylation of (Et0):P(0)CF.ZnBr
2 with CIC(O)CO:Et in the presence of 1.5 % heterogeneous cuprous bromide-CuBr
catalyst, CH:\CN-cosolvent, monoglyme solvent. However, the absence of cosolvent CH:CN
in the reaction mixture, a diethyl fluorophosphonate compound (EtO).P(O)F 3 (DEFP)
was observed in "FNMR spectrum. Like GB (Sarin) and GD (Soman), DEFP acted as a kind

of neural chemical warfare agent.
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