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Abstract - We have synthesized a pair of diastereoisomers of 
1,3,4-trihydroxybutyl-l-phosphonic acid. Both bear the same absolute 
configuration as sn-glycerol 3-phasphate at the 3-position, but differ in 
configuration at the site adjacent to phosphorus. These have been 
synthesized by the regiospecific and stereospecific reaction of a chiral. 
hydrobora~ing agent with a B-substituted vinylphosphon~te. 

We have for some time worked toward the 

synthesis of analogues of natural 

metabolites. 
2 
These enalogues bea 

phosphate 

ase. ’ Different enzymes , catalyzing reactions r a carbon- 

phosphorus linkage in place of the normal 

phosphate ester linkage. The intent of such a 

involving the same substrate, recognize 

different sites tin the substrate. For the 

design of drugs* the problem becomes one of replacement is to preclude phosphorus elfsfon 

from the mo1ecul.e while maintaining normal deducing the point of recognitfon speci- 

reactivity at other sites. The use of ficity and synthesizing the proper 

phosphonic acids isosteric with the natural structural substitute. 

phosphate metabolites has been successful for Corcparing characteristics of natural 

the regulstion phos- 

phonic acid analogues , one notes two points 

Hovever, in sume situations the simple of difference, There is a difference in the 

isosteric phosphonfc acid analogues of the second pKa of the phosphorus acid site, about 

0.5-1.5 pKa unit, the phosphonic acid being 
A 

the less acidi~,~ and there is a lack of 

natural phosphate metabolites were incapable 

of substftutgng for them in enzymatic 

processes. For example, (SI-3,4-dihydroxy- non-bonded electrons at the site adjacent to 

butyl~l-phosphonic acid, the simple analog~~ phosphorus in the analogue. 

Blackburn has noted recently 
10 

that the of E--Rlycerol 3-phosphate, 
4 

substitutes quite 

efficiently as a substrate for JJ. coli CIP- 

diacyI.glycerol:sn-glycerol 3-phosphate phos- - 

second pKa of a phosphoric acid may be low- 

ered by the introduction of an electronega- 

phatidyl transferase' and rabbit muscXe ?Wl- tive group at the site adjacent to phosphor~a, 

Zte solution dissociation characteristfcs can 

be made virtually identical with those of the 

linked glycerol 3-phosphate dehydrogenase,6 

and as an inhibitor of g. coli glycerol 

3-phosphate:MDfP) oxidoreductase,' but is not corresponding phosphate. Work by Cooperman 

and Chiu"' demonstrated that a hydroxyl recognfzed by the acyl CoA:sn-glycerol - 

I&-phosphate scyltransferase from E. coli.' 

This is intriguing in that the would-be 

function on the carbon of ~ethylenediphoa- 

phonic add , an analogue of pyrophoephate, 
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significantly changes its biological activity, 

The unsubstituted molecule is not recognized by 

a variety of pyrophosphatases, but the hydroxy- 

methylenediphosphonic acid is a potent inhibit- 

or of them. 

These efforts suggest the hydroxyl group to 

be a prime candidate to overcome these diffi- 

culties, and that 1,3,4-trihydroxybutyl-l- 

phosphonic acid should be a suitable analogue 

for sn-glycerol 3-phosphate. Prior work in this - 

laboratory4 produced a mixture of diastereoiso- 

mers of this fundamental structure. These 

compounds could be separated partially by 

chrclmatography, and preliminary biological 

results were encouraging.lL A more efficient 

and stereospecific route for the preparation of 

the 1,3,4-trihydroxybutyl-1-phosphonic acids 

was sought, along with routes for the prepar- 

ation of other analogues. 

EXPERIMENTAL 

Reagents. All commercial 
reagent quality and used 

chemicals were of 
without further pur- 

ification with the following exceptions: 
benzene,heptane, pentane and hexanes were 
dried over sodium ribbon; tetrahydrofuran 
(THF) was distilled over lithium~alttminum 
hydride; dimethylformamide (DKF) and methylene 
chloride were distilled and stored over 
molecular sieves prior to use. The 1,2:5,6-di- 
O_isopropylidene-D-maunitol and the g-isopro- 
pylidene-D-glyceraldehyde were prepared accor- 
ding to the methods described by Baer and 
Fischer,13 and the tetraisopropyl methylene- 
diphosphonate was prepared according to the 
method described by Roy.14 
Analytical. Thin layer- chromatography (Tic) 
was performed using Polygram Alex/N sheets 
purchased from Brinkamnn Instruments. Silica 
gel for preparative chromatography was from 
Baker (60-200 mesh). Infrared (IR) spectra 
were measured using Perkin-Elmer model 237-B 
and 598 spectrophotometers. Nuclear magnetic 
resonance (NMR) spectra were measured using a 
Varian model EM-360 instrument. Optical rota- 
tions were measured at 598 nm and 250 using a 
Perkin-Elmer model 141 polarimeter with a 1 dm 
cell. Elemental analyses were performed by 
Galbraith Laboratories of Knoxville, TN. 
Preparation of Diisopropyl (S)-(E)-3,4-O-ISO- 
Propylidene-3,4-dihydroxybut-l-enyl-l-phos- 
phonate (I). To tetraisoproz methylenedi- 
phosphonate (17.94g, 0.057mol) in dry heptane 
(200m.L) under a nitrogen atmospehere was added 
at room temperature butyllithium in hexane 
(38.5mL of 1.5M solution, 0.052~~01) and 
stirred for 2h. The reaction was cooled to Oo 
and O_isopropylidene-D-glyceraldehyde (6.78g, 
0.052mol) in dry heptane (25mL) was added. 
After completion of the addition the reaction 
was heated at reflux for 2h. It was quenched 
by the addition of water (5OOmL), the organic 
layer separated, and the aqueous layer was 
extracted with heptane (2xlOOmL). The combin- 
ed organic solutions were dried over 
magnesium sulfate, filtered, and concentrated 
under reduced pressure. The residue was vacuum 

distilled (110-115°/0.025 Torr) to yield 
14.57~ (96X) of the desired product as A 
colorless liquid. Analytical data: KKR (6) 
(CDCl ) l.O4(3H,s), 1.15(12H,d,J=6Hz), 1.18 
(3H,s?, 3.44(lH,m), 3.93(1H,m), 4.39(1H,m), 
4.43(2H,d-sept,J=6Hz,J'=5Hz), 5.60(1H,d-d, 
J=l8Hz,J'=2Hz), 6.01-6.88(lH,m); IR (cm-') 
(CC14) 3030-2800, 1670, 1450, 1375, 1245, 1150, 
1105, 990; [a] 25= +15.48o (0.32M, EtOH); 
Found: C. 53.58; H, 8.19. Calc. for 
Cl3H2505P: C, 53.42; H, 8.56X. 
Preparation of Diisopropyl (S)-3,4-O-IsoPro- 
Pvlidene-3,4zzihydroxybutyl-1-phosphonate (2). 
The olefin r (3O.OOg, 0.103mol) was hydrogen- 
ated over platinum oxide catalyst in absolute 
ethanol (2OOmL) at atmospheric pressure until 
no more hydrogen consumption could be observed. 
The material was filtered through Celite and 
the solvent was evaporated under reduced 
pressure to give in quantitative yield the 
desired material as a pale oil which required 
no further purification. Analytical data: Tic 
(CH2Cl2) Rf'O.55; NM-R (6) (CDC13) 1.20-1.58 
(18H,canplex), 1.74(4H,m), 3,59(1H,m), 4.04 
(lH,m), 4.50(1H,m), 4,60(2H,d-sept,J-6Hz, 
J'&Hzj; IR (cm-') (CC14) 3025-2!!0, 1450, 
1375, 1250, 1150, 1065, 975; [a],, - -1.15' 

(cm-i) (Ctii4) 3550-3110,‘ 302G2800, 1455, 
1375, 1245, 1105, 990; [a]i5- -2.43O (0.32M, 
EtOH); Found: C, 50.62; H, 9.07. Calc. for 
C13H2706P: C, 50.32; H, 8.772. 
Preparation of Diisopropyl (X,35)-3,4-C-Iso- 
propylidene-x3,4-trihydroxybutyl-l-phospho- 
nate (IIIb). The reaction was performed as 
noted forlIIa starting with L (6.OOg, 
0.0205mol)~ (+)-diisopinocampheylborane 
(0*0&n01).15 The crude product was vacuum 
distilled (120-130o/O.O025Torr) to give 3.30s 
(52.0%) of the desired product as a colorless 
liquid. Analytical data: TLC (CH2C12) 
Rf-0.28; NMR and IR (CDC13 and CC14 respect- 
ively) ar 

s5 
virtually identical with those for 

ra]D IIIa; - +2.82' (0.32M, EtOH); Found: 
C, 50.45; K, 9.12. Calc. for Cl3H2706P: 
c: 50.32: H. 8.77%. 
Preparation-of (lR,3S)-1,3,4_Trihydroxybut&- 
l-phosphonic%id (IVa). The ester ILIa 
(2.00n. 6.451muol) wrdissolved in zethyl- 
dromosilane (lO.Og, 64.5mmol) under nitrogen. 
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The reaction mixture was stirred at roan temp- 
erature overnight. Excess trimethylbromosilane 
and other volatiles were removed under reduced 
pressure and the residual oil was treated with 
95% EtOH (lOmL>. Volatile materials were 
removed under reduced pressure to give 1,@4g 
~86.7%) of pure IVa which exhibited a single 
spot on Tic. AnaGical data: NMR (6) CD201 
1.35-2.40(2R,br), 3.28-4,40(4H,br); KBr (cm-l) 
WR 

fal 
54 

3750-3040, 3000-28S0, 1650, 1435; 
= +2.65o (0,24M, EtOH); Found: C, 25.61; 

H, 8.02. Calc. for C4HlI~6P: C, 25.80; H, 
5.91%. 
Preparation of (lS,3s)-1,3,4-Trihydro~butyl~l- 
phosphonic Acid (TM). The reaction was per-- 
formed as nz fFTVa starting with XIIb 
(2.OOg, 6.45mmal) andtrimethylbromosilane 
(lO,Og, 64,5mmol). There resulted 0.96g (79.9%) 
of the pure IVb which exhibited a single spot 
on TIC. Analxcal data: NMR (D20) and IR (R&r) 

identical with those for IVa; 
= -10.23" (0.24N, EtOH); Found: C,25.80; 

for C4H1106P: C, 25.80; 

has been known for quite scme time. Heating a 

mixture of IIXa and IIXb with aqueous potaos- 

ium hydroxide Xberated (S)-1-oxoafsopro- 

pyfidenebutane-2,3-dio1.4 This reversion under 

basic conditions, well known frcm other 

studies, 17 confirms the orientation. 

The assignment of stereochemistry for the 

l-position in IIXa and XIIP is made using the 

reaction dynamfc analysis as previously descr- 

ibed,18 It is assumed that the bulky diiso- 

propoxyphosphoryl group would lie preferen- 

tially toward the "small" substituent rather 

than toward the ""medium" substituent of the 

chiral borane during the approach. On this 

basis it is expected that the (-)-difsopino- 

campheylborane would generate the product 

alcohol of & absolute configuration at the 

l-position and (+)~iisop~no~~pheylboran~ 

the product of 5 absolute configuration at 

the same site. Inspection of models for these 

systems supports this proposal, even with the 

presence of a chfral site already in the 

olefin substrate, Although no further con- 

firming studies of this assignment have been 

done, it should be noted that Tic data 

indicate that the reactions proceed stereo- 

specifically, 

Generation of the free phosphonic acids 

has been performed using tr~ethy~br~os~lane 

followed by hydrolysis with 95% ethanol.20-22 

Trimethyliodosilane gave rapid reaction but 

also nmerous side products which hindered 

purification. 

The introductfon of the hydroxyl group OL- 

to the phoaphon~c acid function has accom- 

plished the desired goal. Both IVa and IVb 

block bacterial growth and seTvc as 

inhibitors for the acyltransferase reaction, 

DetaLls of the biochemical activities of 

these materials will be presented in a 

separate report. 

The intermediate Lwhich served as a 

precursor to IVa and IVb has also been of use 

for several other purposes. The use of 2 

allows to be prepared 3,4-dihydroxybutyl-l- 

phosphonic acid of the same configurated as 

E-glycerol 3-phosphate and at the same time 

to bear a radioactive label at a non-labile 

position. Reduction of the oleftnic linkage 

is accomplished using tritium gas. On ester 

cleavage there is generated CS)-3,4-dfhydroxy- 

butyl-1-phosphonic acid bearing trftium at the 
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Scheme I 

,#Oi PrI2 
0 “JH2 

II V 

a: BuLi, Tstroisopropyl methylsnsbisphosphonofe 

b: H2 , Pt02 

c: (for 1110) I. (-)-diisopinocompheylborone, 2. H202, KOH , H20 

d: (for Illb) I.(+)-diisapinocamphsylborone, 2. H202, KOH, H20 
0: I. (CH3)3SiBr, 2. 95 % Ethanol 

I- and 2- posftions. 

Cleavage of the ester linkages of L .gener- 

ates the substituted vinylphosphonic acid 1. 

This material has been found to act as a weak 

antibacterial agent. 
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