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Abstract - The synthesis of an isoateric phoaphonic acid analogue of 
IJpUpU has been accomplished. In this analogue each of the normal 
3'-phosphate eateric oxygen atoms has bean replaced with a methylene 
group. The synthesis began with diacetone-D-glucose whlc 

1 
vaa 

converted in a series of reactions to a 3'-deony-3'-dlhy ronyphoaphin- 
ylmethyluridine derivative, vhich bore protection as a 3_benaoylpropion- 
ate at the 5'-hydroxyl and as an acetate at the 2'-hydroryl. Tbia 
critical intermediate (A) vas condensed with 2',3'-0-lsopropylidene 
uridine to generate a protected analogue of a dinucleoaide phosphate. 
Selective removal of the 3-benroylproplonate followed by condensation 
with another unit of (A) yielded the protected ollgonucleotide. 
Deprotection vas accomplished in two steps. 

For sOme years there has existed afgnifl- 

cant interest in the application of isoateric 

phoaphonic acid (or phoaphonate) analoguea of 

nucleotidea for the study of biological pro- 

ceases. 1 Such analoguea involve the structural 

modification of the phosphate eateric linkage, 

replacing the normal eateric oxygen atom with 

a methylene group. This modification provides 

an analogue of the natural material bearing 

virtually the same size and shape as the 

natural phosphate but with modified biochem- 

ical capabilities at a particular site. At the 

same time the fundamental possibilities of re- 

activity at other sites is maintained. 

The nucleoaide 5'-phosphates have received 

to date the greater share of attention as 

regards nucleotide aualogue synthesis and use. 

Several syntheses of the 5'-deoxy-5'-dihydr- 

oxyphosphinylmethylnucleoaides have been 

reported.2-g There has been reported further a 

route to produce analoguea bearing a polar 

functionality (hydroxyl, cyauo) at the carbon 

atom present in place of the normal eateric 

onygen.g*10 The compounds synthesized in these 

efforts have been used In a variety of biochem- 

ical Investigations and further analogue 

synthesis.' 

Leas attention has been given to the aynth- 

eeia of analoguea of nucleoaide 3'-phosphates. 

The primary reason for this la that there is 

relatively little interest la these materials 

aa simple phosphates. Eovever. analoguea of 
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these materials are of greater interest when 

considered as components of oligonucleotides. 

An oligonucleotide bearing a methylene group 

in place of the normal 3'-phosphate esteric 

oxygens would be anticipated to bear resist- 

ance to hydrolysis not present in the natural 

material and to be of use in mechanistic in- 

vestigations related to protein biosynthesis. 

A routine for the preparation of isosteric 

phosphonic acid analogues of nucleoside 3'- 

phosphates has been reported by the Syntex 

group. 
11-13 

This effort led also to the synth- 

esis of phosphonate analogues of 3',5'-cyclic 

AWP and dinucleoside phosphates bearing a 

methylene group in place of the 3'-phosphate 

esteric oxygen atom.14 

We here report the synthesis of an oligo- 

nucleotide (UpUpU) analogue wherein both of 

the 3'-phosphate esteric oxygen atoms have 

been replaced with methylene groups. This rep- 

resents the first analogue of this type 

including three nucleoside units, and bears 

capabilitites for study not available with 

smaller species. An interesting biological 

application for this substance involves phos- 

phorylation of the free 5'-hydroxyl to yield a 

material suitable for investigation of binding 

of an analogue with Phe-t-RNA. This work is 

continuing in this laboratory. 

RESULTS AND DISCUSSION 

The synthesis of the bis-phosphonate 

analogue of UpUpU was begun with the readily 

available diacetone-D-glucose as shown in 

Scheme 1. Several methods for the oxidation of 

this material to the ketone (1) have been re- 

ported.15*16 We found that this reaction pro- 

ceeded in highest yield when the mixture of 

dimethyl sulfoxide (DMSO) and acetic anhydride 

was allowed to stand for one hour at room 

temperature prior to addition of the diacet- 

one-D-glucose. Immediate addition of the alco- 

hol to the oxidizing medium resulted in the 

formation of a large smount of acetylated 

material. This suggests that formation of an 

oxidizing complex is relatively slow, and 

acetylation of the alcohol competes with it. 

The ketone (1) was converted to the olefin 

(2) via a Wittig reaction performed as previous- 

ly rirted.17 The olefin (2) was then convert- 

ed stereospecifically to the (alpha) 3-hydroxy- 

methyl-substituted material (3) v& hydrobor- 

ation-oxidation using borane-dimethyl sulfide 

followed by treatment with hydrogen peroxide.'* 

Initial difficulty was encountered in the 

conversion of alcohol (3) to bromide (4). &ly 

low yields (ca. 10%) were obtained upon treat- 

ment of (3) with N-bromosuccinimide (NBS) and 

triphenylphosphine in dimethylformamide (DWP) 

according to the reported procedure of Ariatti 

and Zemlicke.lg A significant amount of the 

reactant was diverted to by-product through UBr 

induced cleavage of the 5,6-0-isopropylidene 

function. To eliminate this difficulty scrup- 

ulously dried DMP was used along with a molar 

equivalent of dry pyridine. Yields of 75% of the 

desired (4) could be obtained under these con- 

ditions. 

The 3-deoxy-3-bromomethyl-1,2:5.6-di-O-iso- 

propylidene-a-D-glucofuranose (4) was hydrolyzed 

selectively to generate the 5,6-diol (5). A 

homogeneous solution of chloroform, methanol and 

1.6% sulfuric acid was used. The resultant diol 

was not isolated, but was immediately subjected 

to cleavage with sodium meta-periodate followed 

by reduction of the resultant aldehyde with 

sodium borohydride. l3 The primary bromide 
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x=0 (I) x = OH (3) (5) 
= CH2 (2) = Br (4) 

I 

(II) X= Br (9) 

X = Bp (13) 
= H (14) 

HO OH 

Bp =w 

0 

(15) (16) 

Scheme I 

remained undisturbed under these conditions, 

yielding 3-deoxy-3-bromomethyl-l,Z-O-isopro- 

pylidene-a-D-ribofuranose (6). 

At this stage protecting functions were 

introduced which would allow the required 

selective transformations to be performed at 

several tiositions. The protecting group chosen 

for the S-hydroxyl group was the 3-beneoyl- 

propionate function. This group was expected to 

be secure to the moderately acidic reaction 
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conditions necessary for several of the 

following transformations, but could be 

rammed by the action of either hydrasine or 

ammonia. Thus (6) was treated with 3-benzoyl- 

propionic acid and dicyclohexylcarbodiimide 

(DCC) in pyridiue to give the protected 

material (7).*' 

It was noted that the use of an axcess of 

3-benzoylpropionic acid resulted in the intro- 

duction of a second 3-benzoylpropionate 

function Into the molecule, along with a loss 

of bromide. With the primary bromide present a 

displacement reaction is occurring under the 

reaction conditions which precludes the use of 

an excess of the reagent. In the absence of 

the primary bromide, such as with the related 

3-methylene compound (8), a large excess of 

3-bensoylpropionic acid provides no difficult- 

ies in the performance of the reaction. 

imidine and stannous chloride in acetonltrlle 

according to the procedure of Vorbruggen, et 

al *' This generated an amorphous waterial -* 

which appeared to have undergone polymeriz- 

ation with bromide loss. It was then decided 

that the phosphonate function should be intro- 

duced prior to attachment of the nucleoside 

base unit. 

The phosphonate diester (10) was generated 

successfully by treatment of (9) with triiso- 

propyl phosphite under standard Arbuaov 

reaction conditions. Heating at 160-180' for 

severalhours did not disturb other function- 

alities present. An attempt was made to perform 

the Arbuzov reaction using tris(trimethylsily1) 

phosphite according to the procedure described 

by Rosenthal, et al. 
22 

This would have allowed -- 

ismediate isolation of the free phosphonic acid 

after treatment with water or alcohol. Unfortun- 

HO 3-benzoylpropionic acid 

DCC , pyridine 

The 1,2-diacetate (9) was generated from 

(7) in two steps. This involved first the hy- 

drolysis of the isopropylidene function using 

80% acetic acid followed by acetylation with 

acetic anhydride in pyridine. The resultant 

material (9) bears a pattern of hydroxyl pro- 

tection which allows selective transformations 

leading to: 1) introduction of the uracil base 

at C-l, 2) introduction of the phosphonate 

function in place of the primary bromide, 3) 

selective deprotection of the 5'-hydroxyl, and 

4) coupling to another nucleoside unit. 

An initial attempt to introduce the uracil 

base at this stage failed. The material (9) 

was treated with 1,2-bis(trimethylsiloxy)pyr- 

ately, the use of tris(trimethylsily1) phosphite 

led to the cleavage of the 3-bensoylpropionate 

linkage without the introduction of phosphorus 

at the desired site. 

The nucleoside base could now be introduced 

without undesired side reaction. The phosphon- 

ate (10) was treated with 1,2-bis(trimethylsi- 

lorry) pyrimidine and stannoua chloride in dry 

acetonitrile for 24 hours at room temperature 

to generate the protected nucleotide (11). 

There now rewained to be performed the 

seriea'of selective deprotections and couplings 

to the remaining nucleoside (nucleotide) units. 

The first step in this procedure involved the 

cleavage of the phosphonate esters. This was 
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accomplished by treatment of (11) with an 

excess of trimethylbromosilane at room temp- 

erature." The bromide is found to be prefer- 

able to both the chloride and iodide in this 

process; it provides a reaction of suitable 

rate at room temperature without undesirable 

iodide contamination. The pyridinium salt of 

the phosphonic acid (12) was isolated upon 

treatment of the silyl phosphonate ester with 

a water-pyridine mixture. 

The phosphonic acid salt (12) was then con- 

densed with a second nucleoside unit. Treat- 

ment of (12) with 2',3'-0-isopropylidene 

uridine and DCC in dry pyridlne in the 

presence of DOWIIX 50 (pyridinimn form)24 

yielded the protected dinucleoside phosphate 

analogue (13). 

In order to attach the third nucleoside unit 

selective cleavage of the 3-benaoylpropionate 

from (13) was necessary. This was accomplished 

by treatment with hydraaine hydrate in acetic 

acid-pyridine buffer. Treatment of the result- 

ant material with another equivalent of (12) 

under similar coupling conditions @CC, 

pyridine) accomplished the generation of the 

protected oligonucleotide analogue (15). 

Final deprotection was accomplished in two 

stages. Treatment with methanolic -nia 

removed both the acetate and 3+enzoylpropion- 

ate functions. This was followed by treatment 

with 80% acetic acid to remove the remaining 

isopropylideae function and generate the 

oligonucleotide analogue (16). Overall, (16) 

was generated from diacetone-D-glucose in 

fifteen steps of average yield of 73%. 

EXPERIKgNTAL 

General methods - Solvents were purified 
according to the following procedures: DU80, 
tetrahydrofuran and pyridine were distilled 
over calcirrm hydride; DMP was mixed with 

banaene and distillstl, the fraction boiling 
90-100' being collected and shaken with freshly 

dried activated alunina. The decanted DHP was 
then distilled at reduced pressure. Acetonitrile 
and chloroform mere distilled over phosphorus 
pentoxide. 

2.4-Bis(trimathylsilyloxy)pyrimidine was 
prepared by refluxing dry uracil with an excess 
of hexamethyldisilazane until all material had 
dissolved. The desired material was isolated 
in 91% yield by distillation at 123. (18 Torr). 

Thin layer chromatography was performed using 
KODAK 13179 silica gel plates. Columo chromatog- 
raphy was performed using Baker 60-200 mash 
silica gel. 

NMR spectra were measured using Varian EM-360 
and IBM-Bruker UP-2008T iwtruments. IX spectra 
were measured using a Perkin-Elmer 598 instru- 
ment, and optical rotations were measured at 
589 nm using a JA8CO DIP-140 instrument. 

Elemental analyses were performed by MicAnal 
of Tucson. A%. 
1,2:5.6-Di-O-iaopropylidene-o-D-ribo-hexo- 
furanose-3-ulose (1). A solution of DES0 
(620 mL) and acetic anhydride (410 mL) was 
allowed to stand at room temperature for two 
hours after which there was dissolved in it 
1,2:5,6-di-Wisopropylidene-D-glucofuranose 
(52.1 g, 0.200 mol) and stirred overnight. The 
solvent was removed at reduced pressure (0.5 
Torr) and the residue distilled at 115' (0.3 
Torr) to yield 41.8 g (80.9%) of the desired 
material which exhibited spectra and analyses 
in accord with prior reports. 
3-Deoxy-3-methyiene-1,2;5,6-di-O-isopropylid- 
ene-a-D-ribo-hexofurase (2). Sodium hydride 
(10.8 x. 0.225 mol) in 50% oil suspension was 
dissolved in DM80 (415 mL) under a-nitrogen 
atmosphere. The resulting solution was cooled to 
20° and methyltriphenylphoaphonium bromide 
(88.5 g, 0.225 mol) was added. After stirring 
for 30 min, a solution of 1,2:5,6-di-O-lsopro- 
pylidene-a-D-ribo-hexofuranose-3-ulose (19.4 g, 
0.0752 mol) in DIG0 (180 mL) was added maintain- 
ing the temperature at 20'. After 3 hrs there 
was added 2.5 L water snd the resultant mixture 
was extracted with ether (5 x 400 mL). The 
extracts were washed with water (2 x 150 mL), 
dried over sodium sulfate, and evaporated under 
reduced pressure to a amall volume. The material 
was filtered and the remainder of the solvent 
evaporated. The residue was chromatographed on a 
silica gel colllrm (45 x 3.5 cm) using toluene 
(500 mL) followed by 3:l toluene:ethyl acetate 
(500 mL). The desired product was isolated in 
the mixed solvent elution in 73.2% yield 
(13.4 g). NMIt WDC13; 6) L~BO-L.70 (12&i M3x4), 
4.00-4.80 (48, I, C4R, C5H, C6g), 4.90 (HI, d, 

Jl = 3Iiz, C II), 
IR%x14, F-1 

5.80 (1E. d, J = 382, C1I.I); 
) 2895, 2930, 1450+~380, 1360, 

1210, 1157; Calc. for C13g2005: C, 60.92; H, 
7.86. Found: C, 60.78: 8, 7.84%. 
3-Deoxy-3-hydroxymethvl-1,2:5,6-di-O-isopropyl- 
idene-u-D-allofuranoae (3). To a solution of (2) 
(11.0 g, 0.0430 mol) in dry THF (95 mL) at 0' 
under a nitrogen atmosphere vaa added a 10.0 g 
solution of borane in dimethyl sulfide (13 IL). 
The resultant solution was stirred for 24 hrs at 
0'. Maintaining the cooling, the reaction 
mixture was treated successively with 1:l 
'iTiF:water (45 mL), 2 g NaOH (132 IL) and 30% 
aqueous hydrogen peroxide (75 mL). The mixture 
was allowed to warm to room temperature with 
stirring for a period of 2 hrs. IIvaporation of 
the solvent under reduced pressure afforded a 
white solid which was dissolved in water (500 
mL) and the solution extracted with ether 
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(5 x 100 mL). The extract was dried with 
magnesium sulfate and evaporated to yield an 
oil which was chromatographed on a silica gel 
column (45 x 3.5 cm) eluting with 3:2 toluene: 
ethyl axetate to yield 9.14 g (81.1%) of the 
desired pure product. NM8 (CDC13, 6) 1.40 (12H, 
m, CH3 x 4), 3.25 (lH, m, CqH), 3.60-4.20 (6H, 
m. C(WH2, C3H. C5H, C6H2), 4.75 (1H. m, C2H), 
5.75 (lH, t, .ll,2= 3Hx, ClH); Calc. for 
Cl3H2206: C, 56.92; H, 5.83. Found: C, 57.18; 
H, 5.83%. 
3-Deoxy-3-bromomethyl-l,2:5,6-di-0-isopropyl- 
idene-a-I+allofuranose (4). To a solution of 
N-bromosuccinimide (3.94 a. 0.0210 mol) in drv 
DMF (55 mL) was added triphenylphosphine 

-a 

(6.36 g, 0.0243 ~1). A strongly exothermic 
reaction ensued and the temperature rose to 
65O. The solution was cooled to 0' and there 
was added dropwise a solution of (3) (5.48 g, 
0.200 mol) with pyridine (1.62 mL) and DMF 
(27 mL). Over a period of one hour the 
reaction was allowed to warm to room tempera- 
ture and was then heated at 60' for 3 hrs. The 
solvent was then evaporated under reduced 
pressure and the residue was chromatographed 
on a silica gel calm (45 x 3.5 cm) using 
toluene:ethyl acetate (8:l). Evaporation of 
the solvent gave the desired product as an oil 
(5.12 g, 73.8%) which exhibited a single spot 
on TLC (toluene:ethyl acetate 8:l) of Rf'0.50. 
NMR (CDC13, 6) 1.40 (12H, m, CH3 x 4), 
3.30-4.30 (7H, m, C3H, 
4.75 (lH, t, J1,2=J2 3- 

CBrH2, C4H, C5H, C H2), 
3Ha, C2H), 5.72 (PH. 

d, Jl,2= 3Hz, ClH); talc. for Cl3H2105Br: C, 
46.30; H, 6.28. Found: C, 46.18; H, 6.31%. 
3-Deoxy-3-bromomethyl-122~C-isopropylidene-a- 
D-allofuranose (5). A solution consisting of 
(4) (3.37 g, 0.00971mol). methanol (49 mL), 
chloroform (16 mL) and 1.6% sulfuric acid 
(7.8 mL) was stirred at room temperature for 
3 days. After this time the solution was treat- 
ed with sodium bicarbonate (2 g) and evaporated 
to dryness. The residue wan partitioned between 
water (20 mL) and chloroform (5 x 20 mL). The 
combined chloroform solutions were dried over 
sodium sulfate and evaporated to give the 
desired product as an oil (2.72 g, 91.2%) which 
exhibited a single spot on TLC (toluene:ethyl 
acetate 1:l) of Rf= 0.35. NMR (CDC13, 6) 1.47 
(6H. d. CH3 x 2), 2.50 (lH, m; C H), 2.90-4.00 
(6R. m, CBrH2, a .80 (la, t, 

;;fi$:J:A3;Cg;; 

C4H, C5H, C6H2), 

zr; :;o"; (~;O;S2&;=1~;: 

1385, 1375, 1240, 1167. [n;g2 - 99.5' (CHCl,, 
O.lg). Calc. for C10H170gBr: C, 40.42; H, 5.77. 
Found: C. 40.15; A. 5.60 . 
3-Deoxy -3-bromomethyl-1.2~O-isopropylidene-n- 
I+ribofuranose (6). A solution of (5) (2.86 g, 
10.0 mmol) in ethanol (113 mu) and water 
(80 mL) was placed in a flask-shielded with 
light-reflecting foil. To this solution was 
added a solution of sodium meta-periodate 
(2.22 g, 10.3 mmol) in water (42 mL) followed 
by sodium bicarbonate (1.0 g). This reaction 
mixture was stirred at ambient temperature for 
3 hrs. At this time sodium borohydride (1.93 g, 
82.4 mmol) was added in small portions while 
the temperature was maintained below 25'. The 
mixture was stirred overnight and the excess 
sodium borohydride was decomposed by the 
addition of 50% acetic acid until the pH 
reached 5. The solution wa.v titrated with 
10% aqueous sodium bisulfite until colorless 
and was extracted with chloroform (5 x 50 mL). 
The extracts were dried over sodium sulfate 
and the solvent evaporated. The residue was 

chromatographed on a silica gel column 

(48 x 2.7 cm) being eluted with toluene:ethyl 
acetate (55:45). The desired product was 
isolated from the 100-400 mL eluant as an oil 
(1.93 g, 74.8X0 which exhibited a single spot 
on TLC (toluene:ethyl acetate 55:45) of 
Rf- 0.45. MlR (CDC13, 6) 1.37 (3H, e, CH3). 
1.53 (3H, s, CH3), 2.50 (lH, m, C H. 2.80-4.10 

(7H, m, OH, CBrH2, C4H, C H ), 4. 
3Hz. C H) 5.81 &II d 

3 0 (1H. t. 

5~2-32 3’ 
J - 3h, C H). :R iCC1 
3$ 2950, 3890, 'i 

, aa+ ;600, 3500, 
1450, 385, 1375, 1260, 1170. 

[a], - 106.8' (O.M_, CHC13). Calc. for 
CgHl50 Br: C, 40.47; H, 5.66. Found: C, 40.41; 
H, z 5.7 X. 
5-0-(3-benxoylpropionyl)-3-deoxy-3-bromomethyl- 
1,2-0-isopropylidene-oI+ribofuranose (7). A 
solution of (6) (2.86 g, 10.0 mmol), 3-benzoyl- 
propionic acid (2.18 g, 10.0 mmol) and DCC 
(10.83 g, 52.0 mmol) in dry pyridine (100 mL) 
was stored at ambient temperature for 24 hrs. 
The excess of DCC was destroyed by the addition 
of water (20 mL) and the precipitate was 
filtered. The solvent was removed from the 
filtrate by evaporation with the repeated 
addition of toluene. The residue was chromat- 
ographed on a silica gel column (48 x 2.7 cm) 
eluting with hexane:ethyl acetate 3:l. The 
desired material was isolated from the 200- 
500 mL eluant as an oil (2.29 g, 53.5%) which 
exhibited a single spot on TLC (hexane:ethyl 
acetate 3:l) of Rf - 0.40. RMR (CDC13, 6) 
1.31 (3H, 8, CH3), 1.52 (3H, 8, CH3), 2.40 
(1H. m, C3H), 2.80 (2H, t, J - ~Hz, CH COO), 
3.10-3.40 (48, m, COCH2, CBrH2), 3.80- .40 f 

for C H 0 Br:"C, 51.48;.H, 5.23. F&d: 
C 5113973H6 5 19% . . 
5k-(3-Bk~ylpropionyl)-3-deoxy-3-bromomethyl- 
l,L-di-0-acetyl-D-ribofuranose (9). The aceto- 
nide (7) (2.14 g. 10.0 mmol) was etirred at 80' 
in 80% acetic acid (100 u&-for 24 hrs. The 
solvent was evaporated under reduced pressure 
with repeated addition of toluene. After drying 
at 0.01 Torr overnight there was obtained a 
glassy residue which was dissolved in a mixture 
of dry pyridine (12 mL) and acetic anhydride 
(6 mL). The solution was stirred overnight at 
ambient temperature and the solvent was removed 
under reduced pressure with repeated addition 
of toluene. The residue was chromatographed on 
a silica gel column (45 x 3.5 cm) eluting with 
hexane:ethyl acetate (7:3). There was isolated 
from the 200-400 mL eluant the desired material 
as an oil (3.56 g. 74.0%) which exhibited a 
single spot on TLC (hexane:ethyl acetate, 7:3) 
of Rf - 0.60. NMR (CDCl 
2.80 (3H, m. CH2CO0, C3 ), a 

, 6) 2.05 (3H. 8. CH3), 
3.10-3.70 (4H. m, 

CCCH2, BrCH2), 4.31 (3H. s, C4H. C5H2), 5.23 
(lH, d, J2 3' 4Ha, C2H). 6.00 (la, 8, CIH), 
8.00 (SH, A, ArH). IR (CC1 
2855, 1745 
1165. [a$= 

1690, 1595, 14 0, 1375, 1235, !! 
, cm-l) 2980, 2955, 

8.47. (0.g. CHC13). Calc. for 
C20H2 0 Br: C. 50.97; H, 4.92. Found: C. 50.71; 
H. 4.358. 
5-(3-Benzoylpropionyl)-3-deoxy-3-diisopropoxy- 
phosphinylmethyl-142-di-0-acetyl-t+ribofuranose 
m. A solution of (9) (2.35 g, 4.89 -01) in 
triisopropylphosphite (15 mL) was heated at 
160-180' with exclusion of moisture for 3 days. 
Volatiles were removed under reduced pressure 
and the residue was purified by chromatography 
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on a silica gel colunm (48 x 2.7 cm) eluting 
vith chloroform:ethyl acetate (1:l). From the 
150-500 mL eluant there was isolated as an oil 
(1.73 g, 68.0%) the desired product which 
exhibited a single spot on TLC (chloroform: 
ethyl acetate, 1:l) of Rf = 0.50. NMR (CDC13. 
6) 1.30 (12H, d, .I = 8Hs, CH3), 2.05 (3H. o, 
COCH3), 2.10 (3H,.s, COCH3), 2.25 (2H. m, 
PCH,), 2.25-3.00 (3R. m, CH2COO. C3H), 3.30 
(2H, t, J = 6~2, CACHE), 4.00-5.00 (5H. m, 

C, 56.45; H, 6.60%. 
5'-(3-Benzoylpropionyl)-3'-deoxy-3'-diisoprop- 
oxyphosphinylmethyl-2'-0-acetyl uridine (11). 
To a solution of (10) (2.50 g. 4.81 mmol) in 
dry acetonitrile (90 mL) at 0" was added 
bis(trimathylsilyl)uracil (1.25 g, 4.88 mmol) 
and stannous chloride (0.62 mL, 5.3 mmol). The 
solution was stirred at ambient temperature 
forZP4 hrs after the addition at which tima 
the reaction mixture was diluted with methyl- 
ene chloride (125 mL) and extracted with a 
saturated solution of aqueous sodium bicarb- 
onate (100 I&). The organic layer was dired 
with sodium sulfate and evaporated under 
reduced pressure. The residue was recrystall- 
ized from ether to yield the desired material 
(2.20 g, 80.0%) as a solid of Rf = 0.31 
(chlorofozwethyl acetate 1:l). N'MR (CDC13, 6) 
1.18 (12H. d, .J - 8Hs, CH3). 1.58-2.00 (2H, m, 
PCH2), 2.01 (3H, s, COCH3), 2.50-2.90 (3H, m, 
CH2CO0, C ,H), 3.23 (28, m, COCH2), 3.80-4.80 
(5H, ID, P&H, C5'H2, C41H). 5.64 (2H, m, C5H, 
C1,H), 5.98 (lH, m, C3eH), 7.00-&OO (6H. m, 
ArH, C6H), 9.58 (lH, 8, NH). [a] 
(O.lOM CHCl ) Calc. for C H 10 

= 55.16' 
P: 

C, 55:;6; H,36:13; N, 4.60.2fogdf 8: 54.91; 
H, 5.98; N. 4.43%. 
5'-(3-B&&ylpropionyl)-3'-deoxy-3'-dihydroxy- 
phosphinylmethyl-2'-eacetyl uridine (12). To 
a solution of (11) (2.10 g, 3.45 mol) in dry 
chloroform (25 mL) was added trimethylsilyl- 
bromide (5.2 mL). After 7 hrs the volatile 
materials were removed under reduced pressure. 
The residue was stirred with a mixture of 
water (35 mL) and pyridine (14 mL) for 1 hr, 
followed by extraction of the resulting 
solution with ether (10 mL). The aqueous layer 
was evaporated under reduced pressure and the 
residue was crystallized from an ethanol/ether 
mixture to yield the desired material in the 
pyridinium salt form (1.85 g, 94.6%) as a 
solid of Rf = 0.52 (CH3OH with AnasilRPF). NMR 
(CDC13, 6) 1.30-2.25 (5H, m, COCH , PCH2). 
2.46 (3H, m, CH,COO, C3H), 3.17 ($H, d, J= ~Hz, 
CGCH2), 3.52-4.18 (3H, m, C4'H. C51H), 5.22 
(lH , m, C2sa), 5.50 (2H, m. C5H, C *H), 7.00- 
9.00 (lOH, m, ArH, pyridine-H, C6H . + 
[a]g2= 44.5" (O.lB, CH3OH). Calc. for 

5'-0-(3-Bensoylpropionyl)-3'-deoxy-3'-dihydr- 
oxyphosphinylmethyl-2'-0-acetyl uridyl$l- 
(3'+5')-2',3'-0-isopropylidene uridine (13). 
A mixture of (12) (0.40 g. 0.66 awl). 2'.3'- 
0-isopropylidene urldine-i0.53 g, 1.b.mmoi) 
and mX 50 (pyridinium form) (1.52 g) was 
rendered anhydrous by repeated evaporation 
with snhydrous pyridine and dried in vacuum 
over phosphorus pentoxide. The residue was 
dissolved in dry pyridine (8 mL), the flask 
was covered with a light-reflecting foil, and 
DCC (1.8 g, 8.7 mmol) was added. The reaction 

mixture was allowed to stand at ambient 
temperature for 6 days after vhich time the 
excess DCC was destroyed by water addition 
(8 mL). The resulting precipitate was filter- 
ed and the filtrate extracted with ether 
(10 mL). The aqueous layer vas evaporated 
under reduced pressure and the residue was 
chromatographed on a silica gel column 
(30 x 2.7 cm) eluting with chloroform:etbanol 
(2O:l). The desired product vas obtained from 
the 100-300 mL eluant as an amorphous solid 
(0.45 g, 71%) of R 

f 
- 0.48 (CR OH, 

NMR (CD3OD. 6) -se ected signa s- 1.58 (3H. 8, 9 
AnasilRPF). 

KS;? 

1.62 (3H, 8, CH,), 2.02 (3H. 8, COCH3). 
= 36.9' (O.l& CH30H). Calc. for 

C3gH4a016N5P (pyridinium salt): C, 51.64; 
H, 4. 8. Found: C. 51.95; H, 5.01%. 
3'-Daoxy-3'-dihydroxyphosphinylmethyl-2'-0- 
acetyl uridylyl-(3'~b5')-2',3'-0-isopropylidene 
uridine (14). A mixture of (13) (0.60 g. 0.82 
mmol) with 98% hydrazine hydrate (0.041 mL, 
0.84 mmol) in pyridine/acetic acid buffer (4:l) 
(2.5 mL) was stirred at ambient temperature for 
24 hrs. The solution was then evaporated 
several times with added 95% ethanol and the 
residue was chromatographed on a silica gel 
column (30 x 2.7 cm) eluting with chloroform: 
methanol (7:l). The desired material (0.25 g. 
50%) was isolated from the 100-200 mL eluant as 
an amorphous solid exhibiting a single spot on 
TLC (chloroform:methanol 7:l. AnasilRPF) of 
Rf = 0.39. NMR (CD30D, 6) -selected signals- 
1.25 (3H, s, CH3), 1.70 (3H. s, CH ), 2.02 
(3H 

blt2 
s, COCH$, 7.55-8.02 (2H, m, 3 H). 
= 54.1 (O.l& CH3OH). Calc. g or 

C29a36014N5P (pyridinium salt): C, 45.74; H, 
4.92. Found: C, 45.48; H, 4.90%. 
5'-0-(3-Benzoylpropionyl)-3'-deoxy-3'-dihydr- 
oxyphosphinylmethyl-2'-0-acetyl uridylyl- 
(3'--5')-3'-deoxy-3'-dihydroxyphosphinylmethyl- 
2'-0-acetyl uridylyl-(3'--5')-2'.3'-O-isopro- 
pylidene uridine (15). A mixture of (14) 
(0.18 g, 0.29 mol), (12) (0.22 g, 0.36 mmul) 
and DOWEX 50 (pyridinium form) (0.57 g) was 
rendered anhydrous by repeated evaporation with 
anhydrous pyridine under reduced pressure and 
storage over phosphorus pentoxide. To this 
mixture was added pyridine (2.5 mL) and DCC 
(0.60 g). The reaction flask was covered with a 
light-reflecting foil and kept for 6 days at 
ambient temperature. The mixture was then stir- 
red for 2 hrs with water (2.5 mL), after which 
the resultant precipitate was filtered and the 
filtrate extracted with chloroform (5 mL). The 
aqueous portion vas evaporated under reduced 
pressure and the residue subjected to chromat- 
ography on a silica gel colrnrm (20 x 2.7 cm) 
eluting with chloroform:methanol (1O:l). The 
desired material was isolated from the 80-200 
mL eluant (0.20 g, 62%) as an amorphous solid 
which exhibited a single spot on TLC (CH30H, 
AnasilRPF) of Rf = 0.24. NMR (CD30D, 6) 
-selected signals- 1.27 (3H, 8, C&), 1.59 (3H, 
8. CH3), 2.05 (3H. s, COCH3). [aID = 44.5' 
(O.l& CH30H). Calc. for C46H54024N P2: 
C, 48.60; H, 4.79; N, 7.39. Found: e , 48.24; 
H. 4.69: N. 7.48%. 
3i-Deox&3i-dihydroxyphosphinylmethyl uridylyl- 
(3'+5')-3'-deoxy-3'-dihydroxyphosphinylmethyl 
uridylyl-(3'~•5')-uridine (16). A solution of 
(15) (0.30 g, 0.26 mmol) in methanol saturated 
with amnia (10 mL) was stirred at smbient 
temperature for 24 hrs. The solvent was evap- 
orated under reduced pressure and the residue 
was dissolved in water (10 mL) and extracted 
with portions of ethyl acetate (5 I&) until the 
organic layer became colorless. The aqueous 
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I layer was then evaporated under reduced pres- 
sure and the residue was dissolved in 80% 
acetic acid (10 mL) and stirred at 80* for 24 
hrs. The solvents were evaporated under reduced 
pressure and the residue was crystallized from 
ethanol to give the desired product as an 
amorphous solid (0.15 g, 67%) which exhibited 
a single spot on two-dimensional TLC 
(AuasilRPF; first - chlorofonmaetbanol, 5:l; 
second - 2-propanol:axmonia:water, 6:3:1) with 
Rf: first - 0.05; second - 0.45. The NMR (D20) 
indicated all protecting groups had been cleav- 

H, 5.75; N, 8.d. $ound:%: 33.10; H; 5.78; N, 
ed. Calc. for C 9H 8020N P :(H20)11: C, 33.14; 

7.66%. Ihe water content was variable with 
exposure to air limiting the ability to obtain 
an accurate optical rotation on this material. 
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