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Abstract. A facile method for preparing I,1 -d~fluoroalkylphosphonates has heen developed that features 
radical dcoxygenatlon of thianocarhonatcs derived from the adducts fotmcd upon addltmn of 9 to aldehydes. 

Replaccmcnt of a phosphate tunctional group with d phosphonate moiety m h~olog~ally unportant molecules 

constltutcs an atttactlve strategic d&cc for the design of non-hydroly/ahle \uh\tratc analogucs as inhlhitors or 

alternative suhstratcs for enzymes that process naturally-occumng phosphates 1 Although a phosphonate motety has 

been frequently employed as an i+ostenc replacement for a phosphate group, it has been proposed that the 

corresponding I,l-d~fluoroalkylphosphonatc should bc a superior replaccmcnt \mcc: this surrogate should more 

accurately tnlmic the stenc and polar ch;uacter of the phasphatc function,2 To cvJu& this hypothesis, a numhel of 

itudlcc have heen conducted to cxammc the eflicacy of I ~I-dlfluoroalkylphosphon,ltes as analagues of natural 

phosphates.?%4 and in some casts thcsc dltluoropho~phonates offered s~gmticant advdntapt: over their nonfluorinatcd 

countcrpalts as enLyme mtnbitor5 or as altern& subctrdtes 4 

Members of the phosphohpa<e C (PLC) family of cnqmes cleave the phosphoduzter bond of phospholiplds 

1 to afford a diacyl glycerol 2 and an orgamc phosphate 3 (Schcmc I), and s,clcLtcd lsoenfymes of ttns class play 

pivotal holes m trans-membrane slgnalhng proccssc\ and mtracclluldr flgnal transductmn 5 Dunng the course of 

current investigations to probe the mcLham\h~ features dnd mode of action of Icprcscntative PLC isoenlymes, we 

had occasion to prcparc a senes of I, I -dltluoroalkylphosphonates rclatcd to 4 as potcntlal mhlbltors of phosphatidyl 

cholme and phoaphatidyl mosltol sprcific PLC’s We cnvlsioncd that dltluorophosphonates 4 would be acces?lhle 

tram optically pure dlol 5 by Ftlaghtforward O-acylatmn and Loupling with the rrqu~s~~e head group R*OH. 
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The synthesis ot the racemtc diol 5 has been reported, 4a but the route was somewhat inefficient. Although 

we developed an alternative and improved approach to racemic 5 from epichlorohydrin,e tmplemcntation of either of 

these procedures to the facile synthesis of quarttitles of optically pure 5 that were required for our enzymatic stud& 

appeared problematic. Consequently, WC set to the task of developing a general entry to functtonaltzcd l,l-dtfluoro 

alkylphosphonates and have discovcrcd a novel and efficient protocol for their synthcsts that we disclose herein. 

A number of approaches to 1,l -dttluoroalkylphosphonates have been devised.?C+4&7 One common tactic for 

their preparation features the dtsplaccmcnt of a lcavmg group from a suitably reactive substrate hy various 

organometalhc spectcs dertved from 7 and X. Indeed, 9, which 1s thermally unstable, undergoes reaction with a 

number of prtmary and secondary alkyl bromtdes. Based upon these previous accounts, it occurred to us that the 

reaction of a glyctdyl halide 6 with 9 might provide a useful route to 10 and thence to enantiomerrcally pure 5. 

However, attempts to effect such a transformatton were umformly unsuccessful, and we turned to the exploratton of 

other avenues.6” 
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l‘he reactton of 9 with carbonyl compounds had hccn reported to give 1,l~difluoroalkcncs or l.l-difluoro-2- 

hydroxy alkylphosphonatcs depending upon the conditions. 7h This obscrvatlon sttmulatcd us to cxammc an 

altcmattvc route to l,l-dlfluoroalkylphosphonatcs that involved radtcal dcoxygcnatton of a suitable dcrivativc of l,l- 

dtlluoro-2-hydroxy alkylphosphonates (Scheme 2). Thus, metallation of X with hthtum dnsopropylamtde at -7X ‘C 

followed by reactton of the 9 thus produced wtth a scrics of aldehydes lla-g afforded tntcrmediate alkoxide 

adducts that wcrc trapped in SITU wtth phcnyl chlorothtonoformate to give the thtonocacbonates 12a-g tn 71-W% 

yields x Subsequent Barton dcoxygcnatton” of 12a-g proceeded smoothly upon treatment wtth tri-n-butyltm 

hydride in the presence of AIBN in refluxmg tolucnc to dcltvcr the d&-cd l,l-dtfluoroalkylphosphonatcs 13a-g in 

Xl-X%% yields (Table 1).x 
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General Experimental Procedure for the Conversion of lla-g into 13a-g. To a solutton of 

lithium dtisopropylamtdc (7 14 mmol) m THF/hexane (15 mL, 2.1) at -7X “C was added vlu cannula over 5 mm a 

solution of dtcthyl difluoromethylphosphonate (8)7b (1 27 g, 6.75 mmol) in THF (5 0 mL) that had also been prc- 

cooled to -7X “C The lemon yellow solution was stirred at -7X “C for an additional 45 min. whereupon a soluuon of 
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of novel dlfluorophosphonates as lqostcrx and isopolar rnlmlcs of biologically Important phosphates and the use of 

these substances as mhlbltors of PLC and other phosphate processing enzymes will he reported m due course 
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