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Abstract 
glycol 

- The preparatton of dzfluorometh 
tat rntermedrates, 

lenephosphonate analogues of the 

descrz ed i 
glycerol-3-phosp ate and 3-phosphoglycerate are x 

Attempts to pre are the correspondan 
phosphate faaled due the scale elamanataon of P f 

analogue of drhydrozyacetone 
ydrogen fluorade from the 

target molecule. Fanally the synthesas of a dafluoromethylenephosphonate 
possessang anhabatory actavaty agaanst RNA transcraptase from the anfluenza 
varus as descrabed 

The dlfluoromethylenephosphonate moiety has attracted much attention2 in recent years 

largely due to a series of preliminary investigations on analogues of pyro- and 

trl-phosphates where the bridging oxygen atoms were replaced by a CFn group Notably the 
investigations by Blackburna and co workers on CFn analogues of ATP and Poulter and 

co-workers4 on CF2 analogies of geranyl pyrophosphate indicate a closely analogous sterlc 
and electronic profile to that of the parent functionality There are wide implications of 
a potential, readily available, phosphate ‘mimic’ and we are beginning to study the 

enzymatic activity of a variety dlfluoromethylenephosphonates as lsosterlc and 
isoelectronic analogues of monophosphates as part of a wider programme of explorations on 
the effects of fluorine incorporation on enzymic actlvlty 

The glycolytlc phosphates are suitable targets for investigation since these 
molecules are key metabolltes and the enzymes of the glycolytlc pathway are accessible 
from commercial sources The synthetic challenge 1s considerable as fee, efficient methods5 
evlst for the introduction of the dlfluoromethylenephosphonate moiety into organic 
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R,=Br, R2 = OAc (9a) 
RI =OAc ,R2 =Br (9b) 

_- 

R D CHAMBERS et al 

Ip 

CF2 y-0 - 

b 
I 

WWWt), 

(11) Me3S10/tWWE1)2 

c 

A 

I (14) 

9 
CF2WWOW2 1 

OH (12) 

I 

..SlOE 
CF2P(0)(OSAle3)2 

d (15) 

OH 

+ 

B h 
CF2P- 0 - I 

OH Hi HOK CF2P(O)(OH), 

CWP)Wth 

(18) 

m 
1 

CF2P(O)(OEt)2 

0 I 
+NHsW% 

(18) 

(13) I 
I 

H”sP(0)(OEt)2 

HW (21) 
HO A.0 CF2P(O)(OH)2 

d 
(3) I 

I 

-02q I i? 
H”u[-o_ 

Ho&‘cF2 r-0 - 
o- 

(17) 
3 (+NHs%HII) 

Reagents and Conditions 

a 4itWcMWIcOH. 1 c?C/Bh. b KOH.CHJOH, le*Ciah. c S%HCVDMSO (2 I). d 

OH 

+“%CsHt, 

(22) 

8 O~.CHJOH.CH&I, then DMS, 1. Me_&CN,18-crown-BMCN(cat ). g Me3SBr, h 3N HCI, 30°C/24h, 
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systems We have described the scope of dlethyl dlfluoromethylphosphonylcadmlum bromide, 

a reagent first reported617 by Burton and co-workers Although this organocadmlum reagent 

has llmltatlons we favour it over the equivalent organollthlum derivative, due to the 

inherent lnstablllty of the latter and In the present paper we describe full details of 

our synthetic procedures for the synthesis of dlfluoromethylenephosphonate analogues of 

the glycolytlc Intermediates’ using this approach 

Analogues (1) and (3) of glycerol-3-phosphate (2) and 3-phosphoglycerate (4) 

respectively, have been successfully prepared but, to date, we are unable to isolate the 
analogue (5), of dlhydroxyacetone phosphate (6) without ellmlnatlon of hydrogen fluoride, 

giving rise only to the fluorovlnylphosphonate (7) Our routes to all of the analogues 

start from ally1 phosphonate (8) (Scheme 1) which can be obtained In 64% yield after 
treatment of ally1 bromide with dlethyl dlfluoromethylphosphonylcadmlum bromide in TflF l 

As a consequence of the synthetic manlpulatlons which can be carried out on (8), this 

ally1 phosphonate occupies a pivotal role in the preparation of the target analogues In 

particular treatment of (8) with mercuric acetate and bromine gave rise to a 47 53 mlvture 
of the lsomerlc bromo-acetates (9a and 9b) as the first transformation towards analogue 

(1) Ozonolysls of (8) afforded aldehyde (10) In high yield which opened up routes to the 
remalnlng two analogues (3) and (5) 

The mixture of bromo-acetates (9a and 9b) after treatment with methanollc EOH 
afforded epoxlde (ll), which was converted efflclently to the dlol (12) under acid 
catalysed condltlons. The dlethyl phosphonate ester (12) was then hydrolysed by addltlon 
of bromotrlmethylsllanes and neutrallsed to provide (13)) the cyclohevylammonlum salt of 

(1) 
Aldehyde (10) was transformed smoothly into the protected cyanohydrln (14) after 

treatment with trlmethylsllyl cyanide 9 Phosphate ester hydrolysis afforded the 
trlsllylated intermediate (15) and then treatment with 3N hydrochloric acid gave (16), 
contaminated with (3) the product of the nitrile hydrolysis The nitrile was then 

completely hydrolysed in 6N HCl to give the 3-phosphoglycerate analogue (3) khlch was 
isolated after neutrallsation as the tricyclohevylammonlum salt (17) 

Our route to (5)) the dlfluoromethylenephosphonate analogue of dlhydrouyacetone 
phosphate (6)) lnvol\ed generatin g the carbo\yllc acid (18) by ould~sln$‘J ally1 
phosphonate (8) with RuOa (RuC13, hIO4, ~1 Ccl., 113CCX 11~0,l 1 2) This could be 
accomplished dlrectl} ~1 moderate yield (45%) ,l or more efficiently (YZ overall) after 
o\ldatlon of aldebyde (10) hlth RuOq under slmllar conditions Compound (18) has easily 
converted vltb thlonyl cblorlde into the co1 respondin g acid clilol ide (13) kbich gave, 
after treatment klth dlazomethane, the dlazohetone (20) Subsequent con\ers~on into the 
hydro\~hetone under a vrt~ lcty of acidic condltlons proved problematic In acidic methane 

l A preliminary account relatln g to the synthesis of (3) has been communxated7 
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for example no Identifiable products were isolated The smoothest transformation was 

accomplished using Dowex ‘II+’ form however, concomitant hydrogen fluoride elimination 

resulted affording fluorovinylphosphonate (21) as the only product. This compound was 

hydrolysed and isolated as the cyclohexylammonium salt (22). 
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A 

N2&;(o)(,,, 
- (21) 

(204 

The carboxylic acid (18) was also hydrolysed and converted into its 

dlcyclohexylammonlum salt (23) Unlihe the transformation of (20) into (21), the 

conversron of (18) into (23) proceeded without competing elimination The ability of (20) 

to enolrse to (2Oa) under acidic conditions presumably increases its capacity to eliminate 
hydrogen fluoride when compared to (1s). Although not an analogue of a glycolytic 
metabolite this compound (23) has potential as an antiviral agent11 acting as an analogue 

of inorganic pyrophosphate Indeed preliminary investigations indicate inhibitory 
activity against RNA transcriptase from the influenza virus but at half the level of 

activity of phosphonoformic acid (24), the most successful of the series, (IDso 6 of 75pm 
and 35pm respectively) 

The salt of the difluorophosphonate (18) is a much more potent lnhlbitor of the 
enzyme than the corresponding methylene analogue (25) (IDsu>500fim) This can be contrasted 
hith the analogous modification in the phosphonoacetic acid series where the opposite 

effect is apparent, i e (27) is a more effective inhibitor against Herpes Simplex Virus 

than (26) *b,zc 

P 
HO-_P---CqH ’ jloH H”-rx 

OH OH 

HO--p AoH 

OH ’ 

(24) X = CFa (18) X = CF2 (26) 
X - CH2 (25) X = CH2 (27) 

The pKa values of the fin,>1 deprotonatiou of the tko glycolytic analogues (1) and (3) 
here found to be 5 61 and 5 44 respectively This can be contrasted with pha values of 
6 45 and 6 25 for the parent phosphate compounds (2)‘s and (4) I4 The increased acldlty of 
the phosphonates lnevltably weakens the electlonlc slmllarlty to the phosphate group 
However 111 enzyme transfolmatlons where the phosphate 1s bound III the dlanlonlc form this 
may not amount to a sevcle devlatlon h’e have 111 fact demonstrated7 that (13) is a 
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substrate for glycerol-a-phosphate dehydrogenase and further work on the enzymology 1s 

proceeding 
EXPERIMENTAL 

IR spectra were recorded on a Perkln Elmer 257 S ectrometer Mass spectra were 
recorded on a VC-7070E instrument NMR spectra were o tanned on a Bruker AC-250 and a g 
Varlan E1360L 60 MHz instruments in CD& or DzO. Chemical shifts are quoted relative to 
TM for ‘II- and *SC- NMR spectra, 
to fluorotrlchloromethane and 

*gF chemical shifts are quoted as negative and relative 
31P chemical shifts relative to phosphoric acid Cadmium 

powder-100 mesh, 99.57, was obtained from Aldrich Chemicals and vacuum dried prior to use 

6 
70°C, 0 01 mmBg) Ally1 bromide was freshly distilled and solvents were dried and 
lstllled prior to use Reactions requiring anhydrous condltlons were carried out under an 

atmosphere of nitrogen 

Dzeth 1 1 l-da lsoro-3. 4f 

A solution of (9a 
solution of potassium h 

and (9b)’ (9 54 g, 26 mmol 
ydroxlde (3 02 g, 53 9 mmol 

in methanol was added dropwlse to a 

reaction has slightly exothermlc and warmed 
in methanol (25 ml) at 18OC The 

lnltla ly and was stirred for 8 h by which 
time a precipitate of potassium bromide had formed Water (25 ml) was added and the 
epoxlde extracted into ether (4 x 25 ml) The organic extracts were combined and dried 
over IIGII and the solvent removed under reduced pressure The clear 011 was dlstllled 
(60-64%, 0 01 mmIfg) to afford 111) (1 8 i, 7 8 mmol), 30’1, yield 
l H-NMR (CDC13) * 1 39 
ChOCH), 2 87 (lB, m, (! 

68, t, 7[2, C&cl11 ), 2.1-2 42 (211, m, C&CF2 
ll~OCjl>, 4 32 (411, p, CH3CH20) ‘SF-NJIR (CDC13 

JF-P = 105 76 Hz, JF_ H = 20 Hz) 31P-NIIR (CDC13) : 5 37 (t) . 

Dzethttl 1 l-dafl?~nro-J.d-dzhrdro~itbt~~itl~~~osvhofl~~e (12) 

A solution of (11) (0 3 g, 1 22 mmol) in DBISO (1 ml) and 5’/, aqueous BCl (2 ml) was 
stirred for 20 h at 18OC The solvents were removed at reduced pressure and the dlol was 
used without further purlf lcat ion 

2.15-2 26 (2H, m, C&CF2), 2 54 (2H, m, 01, 
CHOH), 3 88-3 95 

f 

211, 
d t, JF-p = 105 21 liz, 

m, C&011), 
F-H = 18 9 11~) 

C~~clohexl~lnnrmana~~m 1 I-dzfllloro-3 4-82Aitdrox9brtvlohosvhon~te (131 
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‘A-NMR (CDCls) : 0 35 
C&CF2), 4 13 (4H, p, & 

9H, s, (C&)aS1); 1.18 (6H, 
H3C&O , 4 87 t, 7.4H2, = 18 6 k z) 31P-NJIR (lH, (CDC13) . 

t, 7 1 ; 
Jr-p = 102.9 HZ, Jr-n 4 C@N) 72 

Hz C&CH20 k 2 43 
‘BF-NMR (t) (C Cla) 

(2H, t.t, 
-112 51 (d t, 

(3 
Bromotrlmethyls1lane (5 8 g, 37 9 mmol) was added drogw1se over 15 m1n to (14) 

25 g, 9 87 mmol) and the mixture stirred for 20 h at 20 C, then for 2 h at 35OC. Excess 
bromotrlmethyls1lane was removed under reduced pressure to leave the trlsilylated product 

I’:” &&~;) b 
9.8 mmol) as au 011 1n quantitative yield. 

: 0 42 (18H s 2x (CA 
CbCF2); 4 96 (lH, t, 5.5&, $CN). 

-3 
1s k 

3SrOP); 0 52 (9H, s, 
-NllR (CDC13) : -111 I 

C&)3S1OC); 2.67 (2B, t.t, 
2 

Jr-n = 15 93 Hz) 3’P-NMR (CDC13) 3 75 (t) 
(d t, Jr-p = 104.48 HZ, 

1 4-Dzfluoro-2-hvdroxuvhosohonobutwzc actd /31 

3N HCl (60 ml) was added to a solution of (15) (4 08 g, 9 8 mmol) in ether and the 
b1phas1c reaction stirred at 30°C for 24 h. After cooling the aqueous layer was separated 
and the solvent removed under reduced pressure to afford a mixture of the nitrile (16) and 
the carboxyl1c acid (3). Further acidic hydrolysis with cont. HCl (101111) at 85OC for 20 h 
afforded an 011 after evaporation The product was washed by successive addition and then 
evaporation of three portions (10 ml) of dlstllled water to provide (3) (1.81 g, 9 mmol) 
as a clear 011 1n 681, overall yield from (10). 
‘H-NMR (Dzll) * 2 45 (2f1, t.t, C&CF2), 4 85 (lH, t, C&Xl) ‘V-NAIR (DzO/HzO) : 36 75 
$HDfI, J&F = 15 5 HZ), 64 68 (t, CHzCF2, J&F = 58.10 Hz), 122.10 (t.d, GFz, 

(t, 

J&r = 1 
271.2 Hz, J&p = 185 1 Hz) ‘SF-NBR * -96 26 slP NMR : (t) (d t, JF-p = 119.5 4 35 HZ, Jr-n = 18 5 Hz) 

D~c~~clohex~~lnmmona~~m 4 6-dafluoro-3-hvdroxvohosvhonobnt~~rate f17) 

Cyclohexylam1ne was added to a solution of (3) 
pfI 8 and then the mixture was stirred for 3 h at 200 d 

1.5 g, 7 35 mmol) 1n water (20 ml) to 
The solvent was removed at reduced 

solid recrystalllsed from methanol/acetone (l/5) to afford the 
(17) as a white amorphous powder (3 02 g, 5.84 mmol), 80X 

A 
, 3.42 (lH, III, C@B). ‘eF-NM (DzO) . -110.5 (IF, 
z), -111 4 (lF, d d m, Jr-F = 294 3 HZ, Jr-p = 87.5 

4 43 (t, Jr-p = 87 Hz). (Found + C, 51 21, H, 9 25, N, 8 36. 
C, 51 06, H, 8 89, N, 8 12X) 

Daethul 9 9-dzfluoro-9-ohosnhononrovzonac ncad 118) 

Potassium periodate 
(70 mg, d 

13 79 g, 60 mmol) and reuthenlum(II1) chloride tr1h drate 
0 26 mmol) were a ded to a b1phas1c solution of (10)’ (3 22 g, 15 mmo I ) 1n 

carbontetrachlorlde (20 ml) acetonitrlle (20 ml) and water (60 ml) and the entire mixture 
stirred 
f 1ltered 

vigorously for 6 h at 18OC D1chloromethane (150 ml has added and the solution 
b The organic phase was separated and dried over Mg 04 and the solvent removed at 

reduced pressure 
(3 05 

Purlflcat1on by silica el chromatographv (EtOAc WC19 
13 mmol) as a clear 011, S7% yiel ! (b p 96-lOlot/ 01 mmll~j -I 

4 1) gave 18 
II-N\IR (CDCla) 

1 3 (Sk t CB3CI12) 3 04 (211, d t, 18 $2 Dz, CIIlCF1). 4 19 (411, q. C&O), 7 37 (111, s 
011) 9 1JF-k\IR (CDCl;) 
3330, 1745, 1275 cm-l 

-111 16 (d t, 105 19 Dz), 31P-NWl (CDCla) . 4 93 t) 
d 

IR (neat) 
II, 5 38 

5 284) 
(Found C, 34 28, CiII13F?05P requires ) 34 14, II, 

Tb~onyl chloride (3 2G g, 3G 47 mmol) has added dropl,1se over 20 m1n to (1s) (3 5 g, 
14 58 mrnol) and the reactloll stirred at 606C for 12 11 Excess thlonyl chloride has removed 
b: distillation and the rema1alng traces here removed by addition and removal of benzene 
(20 nil) at reduced pressure After vacuum dqlw (0 01 m1111lg) 
recovered as a residual 011 111 quantitative y1e d and Las P use 6 

19) (3 8 
!? 

14 36 mmol) has 
without urther 
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