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Many methods have been developed for phosphorylating
nucleosides. The main types are condensations brought
about by dialkylcarbodiimides and direct use of phospho-
rus oxychloride or its suitably activated derivatives, such as
the phosphorochloridates.! The direct use of phosphorus
oxychloride in trialkyl phosphate solvent has been shown
to yield nucleotides in good yield.2 A widely used method?3
is that of Tener,* who effected phosphorylation of blocked
nucleosides with hydracrylonitrile dihydrogen phosphate
and dicyclohexylearbodiimide (DCC) in dry pyridine. The
present study offers a convenient alternative to the latter
procedure.

Acyclic organophosphodiesters generally undergo hy-
drolysis and other displacement reactions more slowly than
phosphomonoesters and triesters containing similar sub-
stituents.>-7 This behavior is particularly important when
considering synthetic routes to nucleotides involving hy-
drolytic cleavage of ester blocking groups.8® Simple alkyl
and aryl substituted phosphorylating agents are rarely used
in nucleotide preparations.l9 Even p-nitrophenyl nucleo-
tide diesters require strong alkaline hydrolysis to remove
the blocking group.!! A notable advance was made by in-
troduction of the 2-cyanoethyl blocking group!? and its ap-
plication to nucleotide syntheses.? The 2-cyanoethyl group
is very sensitive to alkaline treatment, with 2-cyanoethyl
phosphodiesters being more labile than hydracrylonitrile
dihydrogen phosphate.

The cyclopropylmethyl blocking group has been em-
ployed in the synthesis of phosphomonoesters and nucleo-
tides.!® Facile hydrolytic removal of the cyclopropylmethyl
group from phosphate esters was anticipated, similar to the
rapid solvolyses of cyclopropylmethyl benzenesulfonatel416
and chloromethyleyclopropane.l® Bis(cyclopropylmethyl)
phosphorochloridate has been used to prepare bis(cyclo-
propylmethyl) nucleoside phosphates.’® However, condi-
tions necessary for hydrolysis of both blocking groups to
give nucleotides produced considerable glycosidic cleavage.
Rearrangement to less reactive cyclobutyl esters was shown
to interfere with facile hydrolysis.!3 Therefore, attention
was focused on Tener’s method, but utilizing the cyclopro-
pylmethyl blocking group instead of the 2-cyanoethyl
group.

In this study phosphorylations of blocked nucleosides
with cyclopropylmethyl dihydrogen phosphate (1) were
carried out in a manner similar to those involving hydra-
crylonitrile dihydrogen phosphate. Preparation of 1 ac-
cording to the methods used for hydracrylonitrile dihydro-
gen phosphate appeared unattractive, however, owing to
the aqueous work-ups required.* Phosphomonoesters have
been prepared directly from an alcohol, orthophosphate,
and DCC.417%18 However, the monoesters initially formed
underwent further reaction with DCC and gave diesters.!?
The route chosen for the preparation of 1 is shown below.
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Commercial dibenzyl phosphonate was converted with N-
chlorosuccinimide!? to bis(benzyl) phosphorochloridate
and the product esterified with cyclopropanemethanol,
which provided dibenzyl cyclopropylmethyl phosphate (2).
Catalytic hydrogenolysis of 2 using 10% palladium on char-
coal in ethyl acetate or ethanol, followed by filtration and
treatment with pyridine, yielded the pyridinium salt of 1.
Addition of gaseous ammonia to a solution of 1 in ethyl ac-
etate gave the crystalline ammonium salt of 1. Since 1 de-
composed slowly at room temperature, it was best prepared
just before it was to be used in a phosphorylation reaction.
Also, it was best converted to the pyridinium salt immedi-
ately after the hydrogenolysis reaction.

As illustrations of the use of 1 in nucleotide syntheses,
2/,3-O-isopropylideneuridine, 2’,3’-O-isopropylideneade-
nosine, and 2’,3’-O-isopropylideneguanocsine were convert-
ed to uridine 5 -phosphate (UMP), adenosine 5-phosphate
(AMP), and guanosine 5’-phosphate (GMP). As observed
in the case of hydracrylonitrile dihydrogen phosphate,* the
blocked adenosine nucleoside required a fourfold excess of
1 to give extensive phosphorylation. Hydrolysis of the cy-
clopropylmethyl and isopropylidene blocking groups was
accomplished in refluxing water at pH 2.5-2.8. Data show-
ing yields of nucleotides and reaction conditions are sum-
marized in Table I. The purine nucleotides were hydro-
lyzed for shorter periods in order to avoid extensive glycos-
yl cleavage.

Table I
Nucleotides from Cyclopropylmethyl
Dihydrogen Phosphate
 Phosphodi-
ester hydro-
Nucleo-  Yield, lysis
Nucleoside precursor Registry no. tide % time, hr
27,3’ -0-Isopropyl- 362-43-6 UMP 61 3.0
ideneuridine
2/,3'-0-Isopropyl- 362-75-4 AMP 36 1.5
ideneadenosine
2/,3'-0-Isopropyl-  362-76-5 GMP 35 1.6
ideneguanosine

The main advantage of the present method, compared
with Tener’s method,? is that the reagent 1 used in the
phosphorylations is readily synthesized from 2 in an anhy-
drous condition. Storage of 2 for over 1 year at room tem-
perature gave little decomposition. If only acid-labile
blocking groups are employed, all blocking groups may be
removed in a single hydrolysis step.
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Experimental Section

NMR spectra were obtained using a Bruker HX-60 spectrome-
ter. All peak positions are in é (parts per million) from internal tet-
ramethylsilane reference. Pyridine was dried over calcium hydride
before use. All evaporations were performed under vacuum below
40°.

Cyclopropanemethanol, obtained commercially (Aldrich Chemi-
cal Co.), was fractionated using a Vigreux column. The fraction
boiling at 125° was used for syntheses below. Microanalysis was by
Galbraith Laboratories, Knoxville, Tenn.

. Dibenzyl Cyclopropylmethyl Phosphate (2). Dibenzyl phos-
phonate was prepared according to the literature?® and was used
undistilled (but free of benzyl chloride) to prepare bis(benzyl)
phosphorochloridate by the N-chlorosuccinimide method.1® A so-
lution of 20.1 g of bis(benzyl) phosphorochloridate (68.6 mmol) in
75 ml of ether was added dropwise over a 15-min period to 5.44 g
(70 mmol) of cyclopropanemethanol and 5.93 (75 mmol) of pyri-
dine in 100 ml of ether at 0°. Pyridine hydrochloride precipitated
from the solution immediately. The mixture was stirred at room
temperature for 18 hr, Filtration of the pyridine hydrochloride and
evaporation of the ether left 19.9 g of a clear oil (88%): NMR
(CCly) 6 0.33 (m, 4 H, CHpCHy), 1.03 (m, 1 H, CH), 3.73 (dd, 2 H,
CHy), 4.97 (d, 4 H, ArCHy), 7.25 (s, 10 H, ArH). Attempted distil-
lation of 2 at reduced pressure resulted in decomposition.

Cyclopropylmethyl Dihydrogen Phosphate (1). A solution of
1.20 g (3.6 mmol) of 2 was dissolved in 30 ml of dry absolute etha-
nol and 0.5 g of 10% palladium on charcoal was added. The mix-
ture was hydrogenated for 30 min at 20-30 psi using a Parr hydro-
genator. The catalyst was filtered and the solvent evaporated, af-
fording 0.24 g of an oil (91%): NMR (MegS0-d¢) § 0.46 (m, 4 H,
CH.CHy), 1.17 (m, 1 H, CH), 3.77 (m, 2 H, CHy), 11.1 (broad s, 2
H, OH).

Treatment of the solution obtained after hydrogenolysis and fil-
tration followed by treatment with ammonia gave the ammonium
salt, mp 160-164°.

Anal. Caled for C4H12NO4P: C, 28.41; H, 7.15; N, 8.28; P, 18.32.
Found: C, 28.57; H, 7.33; N, 8.42; P, 18.40.

Uridine 5’-Phosphate.?! Cyclopropylmethyl dihydrogen phos-
phate (from 1.61 g of 2) was converted to the pyridinium salt by
addition of 5 ml of pyridine to the filtered ethanol solution from
above. The solution was evaporated and the residue dissolved in 10
ml of pyridine. After addition of 0.284 g (1.0 mmol) of 2/,3’-0-iso-
propylideneuridine, the solution was treated with 2.06 g (10 mmol)
of DCC. The mixture was kept at room temperature for 2 days, fol-
lowed by treatment with 2 ml of water. The mixture was allowed to
stand for an additional 1 hr. The solvents were evaporated and the
residue treated with 10 ml of water and evaporated to dryness. The
residue was treated with 75 ml of water and the mixture was fil-
tered. The filter cake was washed with 50 ml of water. The filtrate
and washings were poured through an Amberlite 120 H* column.
The column was washed with water until the effluent was neutral.
The final volume of solution was adjusted to 500 ml and the pH
was 2.6. The solution was refluxed for 3 hr. The cooled solution
was then reduced to a volume of 50 ml and the pH was adjusted to
7.5-8.0 with saturated barium hydroxide solution. The barium
phosphate was removed by centrifugation. The salt was washed
well with water and the filtrate and washings (150 ml) were treated
with 300 ml of ethanol to precipitate the barium salt of uridine 5’
phosphate. The solid was collected using a centrifuge, washed with
water—ethanol, 1:2 (v/v), ethanol, and ether, and dried over PsO5 at
0.1 mm for 4 hr. The dry powder was calculated to be the hexahy-
drate of UMP using uv analysis at 262 nm of a sample dissolved in
0.01 N HCI. The product weighed 0.345 g (61%). Chromatographic
analysis was performed as reported previously.!?

Registry No.—1, 56599-14-5; 1 NH3, 56599-15-6; 2, 56599-16-7;
UMP, 58-97-9; AMP, 61-19-8; GMP, 85-32-5; bis(benzyl) phospho-
rochloridate, 538-37-4; cyclopropanemethanol, 2516-33-8.
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Numerous arenecarboxylic hydrazides have been demon-
strated to be effective amino bases for papain-catalyzed re-
actions with N-blocked amino acids.! We have now focused
attention on the behavior of a few hydrazides which incor-
porate a heterocyclic nucleus and a single hydrazide func-
tion toward Z-amino acids under papain catalysis.2 A sub-
stantial number of such hydrazides have been prepared in
conjunction with a systematic investigation of their anti-
tuberculin activity.?

The first hydrazides used in the current study contained
a pyridine nucleus. These were picolinic hydrazide, nicotin-
ic hydrazide, and isonicotinic hydrazide. When subjected to
proper conditions for papain catalysis of reactions with N-
acylamino acids, all three failed to respond. With the con-
jecture that the difficulty might be attributed to the basic
nature of the heterocyclic nitrogen, this nitrogen was
blocked with oxygen. Picolinic N-oxide, nicotinic N-oxide,
and isonicotinic N-oxide hydrazides (I) were then exam-
ined. In addition, the study was extended to three com-
pounds with representative five-membered heterocycles,
namely, 2-furoic, 2-pyrrolecarboxylic, and 2-thiophenecar-
boxylic hydrazides (II).
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When Z-glycine was.the N-acylamino acid reactant, all
six hydrazides yielded the unsymmetrical, achiral N!,N2-



