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Phospholipase D from Streptomyces effectively catalyzed the transfer

reaction of the alkylphosphoryl residue from alkylphosphorylcholines to the

5'-hydroxyl group of nucleosides regiospecifically in a two-phase system.

Thus,various nucleoside 5'-alkylphosphates could be readily prepared in high

yields.
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Some 5'-alkylphosphoryl derivatives of antitumor nucleoside analogues surpass the

parent compound in their potency as an antitumor agent.1) However,the 5'-alkylphosphoryl

derivatizations of antitumor nucleoside analogues often require multi-step reactions and

the overall yields were low.1)This is due to the unusual structures of antitumor nucleo-

side analogues.We wish to report here a facile one-step method for preparing nucleoside

5'-alkylphosphates,in which we used a novel enzymatic reaction,namely,the transfer

reaction of the alkylphosphoryl residue from alkylphosphorylcholines to primary alkanols

(trans-alkylphosphorylation).

It has been known that phospholipase D from cabbage leaves catalyzes transphosphati-

dylation,the transfer reaction of the phosphatidyl residue from glycerophospholipids such

as 3-sn-phosphatidylcholines(donor)to some primary lower alkanols(acceptor).2)A few

years ago,we found that phospholipase D from Streptomyces sp.AA 586(PLDP)3,4)was quite

an efficient catalyst of transphosphatidylation,since this enzyme catalyzed the trans-

phosphatidylation with a large variety of alkanols as acceptors.5)Thus,in recent years

we have been engaged in the synthesis of various phosphatidic acid esters of biological

interest,especially 5'-phosphatidylnucleosides,by PLDP-catalyzed transphosphatidyla-

tion.5)During these studies,we have recognized that PLDP is quite flexible in its recog-

nition of phosphatidylcholines as a substrate.6)This suggests the possibility that va-

rious types of phosphodiester compounds other than phosphatidic acid esters,might be

prepared using the PLDP-catalyzed reaction.Therefore,we planned to synthesize nucleo-

sides 5'-alkylphosphates by this enzymatic transfer reaction with alkylphosphorylcholines

(1)7)as donors and nucleosides as acceptors.

In the presence of PLDP,cytidine and stearylphosphorylcholine(1a,3eq)were stir-

red at 45•Ž for 6 h in a two-phase system of chloroform and sodium acetate buffer contai-

ning CaCl2(pH5.8).This afforded the desired cytidine 5'-stearylphosphate(2a)in 88%
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(acceptor)

(donor,1a-e)

2-10

a:R=stearyl

b:R=cetyl

c:R=myristyl

d:R=eicosyl

e:R=oleyl

2:R1=H,R2=OH,R3=H
3:R1=H,R2=H,R3=OH

4:R1=F,R2=OH
5:R1=F,R2=H
6:R1=CH3,R2=H

7: 8: 9: 10:

Table I.•@ The Preparation of Nucleoside 5'-Alkylphosphates and Alkyl-

phosphoryl Derivatives of Other Alkanols by PLDP-Catalyzed trans-

Alkylphosphorylation
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yield(Table I,Entry 1).The structure of this enzymatic reaction product(2a)was

confirmedfrom its physicalproperties.8)The absence of Ca++ cations(Entry 2)or a

reduction in the amount of alkylphosphorylcholine(Entry 3)somewhat lowered the yield of

2a.

The scope of this new trans-alkylphosphorylation reaction was examined by varying

both the acceptors(various nucleosides and some other multi-functional primary alkanols)

and the donors(alkylphosphorylcholines,1a-e)used,and the results are summarized in

Table I.9)Various nucleoside 5'-alkylphosphates could be readily prepared by this method

(Entry1-141.Althoughbiologically active  nucleosideanalogues,such as Ara C (1-ƒÀ-D-

arabinofuranosylcytosine), neplanocin A ((-)-9-(trans-2', trans-3'-dihydroxy -4'-(hydroxyme-

thyllcyclopent-4' -enyl]adenine)and bredinin ( 4-carbamoy1-1-ƒÀ-D-ribofuranosylimidazolium-

5-olate),are normally resistant to the usual chemical phosphorylation because of their

unique structures, 1,10) this reaction system could provide their 5'-alkylphosphoryl deri-

vatives(Entry 5, 12,13,14).

In phospholipase D-catalyzed transphosphatidylation,the use of a large excess of

alkanols(acceptor)to phosphatidylcholine(donor)has generally been required to promote

the reaction,and the donors have been limited to glycerophospholipids.2,5)Therefore,

the method has not been practical for deriving alkanols.However,the present procedure

can provide the nucleoside 5'-alkylphosphates in high yields based on the nucleoside used,

in which straight-chain alkylphosphorylcholines are used as donors in the transfer reac-

tion.

In this enzymatic reaction,a two-phase system containing a large excess of organic

phase(the volume ratio,Aq/Org<0.1)quite effectively promoted the transfer reaction

and prevented the hydrolysis of the alkylphosphorylcholines;phospholipase D is better

known for catalyzing the hydrolysis reaction.

Although the usefulness of enzymatic reactions is generally limited by the narrow

substrate specificity of the enzyme used,the present study showed that the use of phos-

pholipase D,which is not involved in nucleic acid metabolism,provides a general method

for the preparation of a wide spectrum of nucleoside 5'-alkylphosphates.

Thus,this enzymatic reaction is really a novel way to provide nucleoside phosphate

derivatives.Furthermore,the alkylphosphoryl derivatives of glucose or homoserine(9a and

10a,respectively)could also be prepared by this means(Entries 14 and 15).This result

shows that PLDP would catalyze the regiospecific trans-alkylphosphorylation to the primary

hydroxyl group of various types of multi-functional compounds.

Typical Procedure:A nucleoside(0.5mmol)and PLDP(15 mg,2780 units)were dissolved

in 1ml of 200mM sodium acetatebuffer containing 250mM of CaCl2(pH5.8).A CHCl3

solution(40ml)of alkylphosphorylcholine(1.5mmol)was then added,and the mixture was

stirred at 45•Ž for 6 h.Then aqueous HCl(0.5N,6ml)and MeOH(20ml)were added and

the mixture was shaken.The organic layer was washed twice with water and evaporated to

dryness,followed by silica gelflash chromatography (CHCl3:MeOH:AcOH=200:20:1 •¨ 200:40:1

→ 160:80:1). Fractions containing the desired product were evaporated,and the residue was

partitioned(CHCl3:MeOH:0.3 N HCl=20ml:10ml:6ml).The organic layer was washed twice

with water and then concentrated to afford the desired product.
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