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THE PHOSPHONYLPHOSPHINYL DIANION: A CONVENIENT SYNTHON FOR THE PREPARATION OF 
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Arthur F. Scott Laboratory of Chemistry 
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Abstract: The formation of the (((diisopropyloxyphosphinyl)methyl)isopropylo~phosphinyl)me~hy~ dianion, 
(iPrO)2P(O)CH_P(O)(iPrO)CH2-, is reported and its application to rhe synthesis of phosphonylphosphinyl 
(P-C-P-C-) compounds, including analogs of biologically interesting diphosphates, is presented. 

The diphosphate functional group is prevalent in biochemical processes. Accordingly, it is of much interest to 

synthesize appropriate analogs’ of naturally occurring diphosphates, 1. Such compounds have potential to be used 

either therapeutically, or to serve as mechanistic probes, or both. One class of analogs which has only recently 

become available is the phosphonylphosphinyl (P-C-P-C-) class of compounds2, wherein both the bridging oxygen 

atom between the two phosphorus atoms of the diphosphate moiety and the oxygen ester atom are replaced by 

methylene groups, as in 2. 
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Recently it was demonstrated that this interesting class of compounds could be prepared via an Arbuzov 

reaction between the phosphonylphosphonite 3a and a suitable homoalkyl halide and that two such analogs were good 

inhibitors of the l’-4-condensation reaction between isopentenyl diphosphate and geranyl diphosphate catalyzed by 

avian liver famesyl diphosphate synthetasez. Similarly, Ftigton et a1.3, using a methylene bisphosphonite 3b, 

synthesized a P-C-P-C- compound designed to be a tetrahedral transition state analog which was found to be an 

effective inhibitor of glutamine synthetase. Although these previous methods arc functional, they rely upon the 

phosphonylphosphonite 3a (or the analogous methylene bisphosphonite 3b), a reagent which is both difficult to 

prepare and with which it is cumbersome to work. These facts, in combination with the positive results obtained from 

the enzymatic studies, prompted us to seek a more facile route to P-C-P-C- compounds. 

We reasoned that the dianion of a phosphonylphosphinate could serve as an efficient and effective synthon for 

P-C-P-C- compounds. Grieco and Pognowski4 (following the work originally of Wolfe et al.5, and later improved by 

Weiler6) provided precedent by showing that the dianion of R-keto phosphonates could be readily generated and 

alkylated with a variety of electrophiles. Accordingly, we were able to treat (((diisopropyloxyphosphinyl)methyl)iso - 

propyloxyphosphinyl)methane, 4a7, with an equivalent of sodium hydride iNaH) at room temperature in 
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tetrahydrofuran (THF) followed by the addition of an equivalent of n-butyllithium (nBuLi) at -78 eC to give the 

corresponding dianion 4b. 
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Treatment of 4b at -78 OC! with an equivalent of a number of electrophiles, followed by acidification, readily afforded 

the desired products Sa-f 8. Although yields have not been maximized, the alkylations occur in moderate to good 

yields (Table 1) with the exception of hindered halogen electrophiles such as isopropyl bromide and isobutyl bromide 

which were plagued by competing elimination. However, in those instances, we were able to suppress competing 

elimination through the use of the niflate ester leaving group 9. Replacement of the halide leaving group with a triflate 

resulted in a greater than three-fold increase in yield in the case of the isobutyl system (5f), and a greater than ten-fold 

increase in yield in the case of the isopropyl system (Sb). 
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Table 1: Reactions of (iOR)2P(O)CH_P(O)(iOF?)CH2- with various electrophileslO. 

Camp. RX Tin&(min)flemp % Yieldc GC/M.F M+ (Cal@ 

5a 
5b 
II 

Eti 20 / -78 oc 60 (63) 
(cH3)2wr b (0) 

(CH3)2cH b (<2) 

(CH3)2CHWQ,CF,* 20/-78% 21 W) 

(CH$+CHCH2Br 5 I -18 oc 78 (87) 

Gemyl Bmmide 20/-78% 53 (56) 
CgHgCH2Br 20 / -78 w 42 (53)d 

(CH,),CHCH2Br b 13 (14) 

(CH3,2CHCH20S(0),CF3* 10 / -78 oc 49 (51) 

328.15 (328.32) 

- (342.35) 

342.20 ” 

342.05 ” 

368.45 (368.38) 

436.55 (436.50) 

390.55 (390.39) 

356.40 (356.37) 

356.30 ” 

* CAUTION: Highly Toxic. a) Reactions were usually complete within 5 min. b) Allowed to wamt to room temperature after addition of 
elecaophiles at -78 ‘C. c) All of the compounds were isolated as cleat or pale yellow nib after purification by silica gel chromatography and 
were greater than 99% pure by GC/MS, except Sf. Yields in brackets are calculated by GC/MS. d) 1,2-Diphenyletbane was detected in 15% 
yield by GC/MS. e) Performed on an HP 5995 GC/MS equipped with a 10 meter cross-linked silicon gum capillary column. 

Verification that alkylation of 4b occurred in the desired manner was accomplished in several ways. Proton- 

proton correlation (COSY) experiments and proton-phosphorus (1H-31P HETCOR) correlation experiments performed 
on compound Sd revealed that the P-CH2-P methylene protons were isolated from the rest of the protons in the 

molecule. Further evidence was inferred from the absence of the three-proton doublet at 6 1.64 in all isolated 

products. Control experiments were also conducted wherein the treatment of the monoanion 4c with iodoethane at 

temperatures greater than -40 OC readily afforded the expected pair of diastereomers 6a-bll. These compounds, 






