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Absfract Masked hypophosphorous and methanephosphonous acid synthons have 
been developed which provide functional phosphonous esters after mild dcprotection. 

In contrnuation III our studies 1n thcsc lahoratorlcs almcd at the Isosteric replacement of a carboxylic 

acid functmn in biologIcally active molecules by a phosphorus acid WC now wish to report new synthons for 
lhc preparation of SLICII l~ulictlonal phosphonous acids. 

Our earlier report’ describes the preparation of n-amlnophosphonous acids, analogues of the protein 
ammo acids, from Schlff bases and IOW hypophosphtjrous acid. 

Later we dcscrlbed2,‘,4 the synthesis of a-, p-. and r-alnlnophosphonous acids based on the use of 

masked hypophosphorous acid synthons (la). (2a) ,md (3a) which have a protected form of hydrogen 
connected to phosphorus, I.C. a diethoxymerhyl group This latter functional group is stable to further 
transformations in the molecule and can ultimately be removed to liberate a phosphonous acid using dilute 
HCI at rcflux. 
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These synthons obviated problems often encountered in synthesis using hypophosphorous acid which 
contains two P-H bonds. In addltlon the use of the hazardous anhydrous hypophosphorous acid is 
avoidedh,9. They can be used therefore for the preparation of functional phosphonous acids which 
themselves are mtennedlates for conversion to phosphonlc’. phosphrnic”, and thiophosphonic acids”. 
Although these synthons arc choice reagents for the synthesis of many functional phosphonous acids they 
are not suitable for those which contain groups scnsltive to the vigorous acid conditions used in the 
subsequent removal of the protecting group. 
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We have l’o~~rtd. however, that by making a small change in the protecting group to a I,l-diethoxyethyl 

group, synthons (lb). (2b). and (3b) arc obtamcd which undergo the same typical P-C bond forming 
rcactrons to provtdc lunctronal phosphonous acids m a P-H protected form (4), where R is a functional 
group. 

Moreover. the removal of thts ketal protectmg group is achieved using very mild conditions. Thus, 
reactron of 4) with slightly more than one equivalent of trimethylsilyl chloride in commercial chloroform at 
ambient temperature gives the phosphinate ester (5) whereas corresponding acetal protection (6) is stable. 

ii ’ 
R-P-c- (OC,H,), ----+ R-P-H -&+- 

OC,H, OCA OCA 
141 1% (6) 

I) Trlmethylsllyl chloride chloroform. rt 1 hr >95% 

That thus mtld deprotectmn retains the phosphmate ester group is advantageous in cases where further 

reacttons of the P-H group are requtrcd. Carboxylatc esters in the group R are also stable’*. (lb) is readily 
prepared from 80.90% aqueous hypophosphorous acid, triethylorthoacetate and BFjetherate catalyst in 
good yield and high purity after distillation”. Silylation of ketal (lb) gives the new silylphosphonite (2b)’ 
which reacts as a P”’ nucleophtle. The synthon (3b) is readily prepared from methylphosphonous dichloride 
and tnethylorthoacctatc” 

Some rcactrona 01 the synthons (lb) (3b) are c~utltned below (Table I)13. A typical deprotection 
proccdurc IS carrted out by treating a ketal-protected phosphonous acid with l-2 equivalents of 
trtmethylsrlyl chlortde rn commercial grade chloroform containing up to 5% by weight of ethanol, under 
Argon and at room tcmpcrature for several hours. The reaction can be monitored by “P N.M.R. and on 
completion quenched wtth ethanol and the product Isolated. The yields are almost quantitative. 

Thus (lb) add\ to the 1.3.5hexahydrotria~inc to give (7) which after deprotection, provides the 
a-aininophosphlnate (8) which can bc further functronalised through the P-H group. 

Typrcal Michaclt+Beckcr reactmn of (lb) wtth ally1 bromide gives the unsaturated phosphinates (9) 
and (101 and wrth tx-chloro-N-(2,6-dIchlorophcnyl)-o-toluidine the phosphinate analogue of the 

non-sterordal ant]-lnllammatory agent Voltarol 12) ~‘r(, the intermediate (11). 
The Pm synthon I 2b) undergoes Michael addrtmn to ethyl acrylate to give (13) which on deprotection 

gives the phosphlno-succlnate having retained both estrr functions. 
Synthon (3b) IS rcadrly deprotonated and adds smoothly to 4-chloro-P-nitrostyrene to give (15) after 

reduction of the mtro gr-oup and (16) after dcprotectmn This simple three-step process to (16). an analogue 
of the muscle relaxant marketed as Lioresal @, demonstrates a reductive transformation in the presence of a 
protected phosphc~nou\ acrd followed by mild deprotectmn to the y-aminophosphinate. 

Further LW ot these synthons m the preparatton of more complex molecules of biological importance 
will be reported separ,ltely 
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a) Toluene 100” lh, 60%. b) Na, Toluene 5-20”. 3h. 80% c) Na, Toluene. O-20’, 3h. 60% 

d) THF 60” 3h. 95% 8) BULI THF. -78” --fO”, lh 60% 1) NI. H1. EtOH rl. 90% 
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