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Abstract:  2'-Deoxy-2'-methylenecytidine (DMDC, t ) and its 5-fluoro congener (5-F-DMDC, 2), 
potent antitumor nucleosides developed by us, were efficiently converted to their 5'-phosphatidyl 
derivatives bearing palmitoyl residues (3 and 4, respectively) as novel antitumor pbospholipids by 
phospholipase D-catalyzed trans-phosphatidylation. These phospholipids 3 and 4, administered i.p., 
remarkably prolonged the life-span of mice which were i.p.-inoculated with M5076 sarcoma, and the 
effects were clearly superior to that of DMDC. Compound 3 was a good substrate for phospholipase 
A2 from bovine pancreas as well as phospholipase D from Streptomyces, while it was slightly 
hydrolyzed by phospholipase C from Bacillus cereus. Copyright © 1996 Elsevier Science Ltd 

Conversion of antitumor nucleosides to their phospholipid derivatives has been extensively studied 

because of their possible advantages over their parent compounds. 2 We recently synthesized 5'- 

phosphatidyl derivatives of antitumor nucleosides with the same backbone as natural phospholipids, and 

these had more significant antitumor activities against various mouse tumors than the respective parent 

nucleosides. 3 We have also demonstrated that 5'-phosphatidylnucleosides given orally can be absorbed via 

the deacylation-reacylation cycle, a specific pathway for natural phospholipids, to be transported to the 

lymph. 3d This finding suggests that 5'-phosphatidylnucleosides can be used clinically in targeting 

chemotherapy for lymphoma or lymphatic metastases of certain tumors. 

NH2 

N O ~  1 (DMDC): X = N 
2 (5-F-DMDC): X = F 

CH3(CH2)146OO-- 1 ~x~HN 
CH3(CH2)'4CO0% 0_0 ILN ,,~ 0 

-6Na ~...~"-~'OV 3 x H 

H6 \\ 4;x---~ 
On the other hand, we have also performed synthetic studies of new antitumor nucleosides and found 

that 2'-deoxy-2'-methylenecytidine (DMDC, 1) and its 5-fluoro congener (5-F-DMDC, 2) are potent 
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antitumor nucleosides with a new mechanism of action, which potently inhibit the growth of various human 

tumor cells both in vitro and in rivo. 4 These findings suggested that it would be interesting to determine the 

biological effects of 5'-phosphatidyl derivatives of DMDC and 5-F-DMDC. In this communication, we 

describe the synthesis and antitumor effects of 5'-phosphatidyI-DMDC (3) and -5-F-DMDC (4), as well as 

their susceptibility to phospholipases which would modify their biological effects. 

We have developed an efficient enzymatic method for preparing 5'-phosphatidylnucleosides from a 

nucleoside and a 3-sn-phosphatidylcholine (PC) by a one-step reaction which uses phospholipase D- 

catalyzed transphosphatidylation, i.e., the regiospecific transfer of the phosphatidyl residue from PC to the 

5'-hydroxyl of a nucleoside. 3a,b,f Using this enzymatic method, 5'-phosphatidyl derivatives of  DMDC and 

5-F-DMDC were readily synthesized. 5 In the presence of 1.2 equiv of dipalmitoyl phosphatidylcholine 

(DPPC, 5), DMDC was treated with phospholipase D from Streptomyces sp. AA 586 (PLDP) in a two-phase 

system of chloroform and acetate buffer (pH 4.5) at 40 °C. After the usual work-up and treatment with a 

cation-exchange resin, the desired 5'-phosphatidyl-DMDC (3) was isolated as a sodium salt in a pure form. 6 

5'-Phosphatidyl-5-F-DMDC (4) was enzymatically synthesized in a similar manner. 7 
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Table I. Antitumor Activities of 3, 4, and DMDC (1) against i.p.-lmplanted LI210 Leukemia and 
M5076 Sarcoma in Mice 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L 1210 leukemia M5076 sarcoma 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Compound Dose a ILS b Dose c ILS 60-Day survivor 
(mmol/kg/day) (%) (mmol/kg/day) (%) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 0.125 64 0.125 121 1/4 
0.40 > 179 4/4 

4 0.125 96 0.125 > 179 3/4 
0.40 toxic 

1 (DMDC) 0.125 68 0.125 44 0/4 
0.40 I 16 0/4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

aCompounds were given p.o. on Days I-5. bpercent increase in life-span, cCompounds were given 
i.p. on Days 1-5. 
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We first evaluated the antitumor effects of 5'-phosphatidyl derivatives 3 and 4 with i.p.-implanted 

LI210 leukemia in mice. and compared these effects with that of DMDC. The compounds were 

administered p.o. on Days 1-5 at a dose 0.125 mmol/kg/day, and the results are summarized in Table I. 5'- 

PhosphatidyI-DMDC 3 had an excellent antileukemic effect (ILS 64%) which was comparable to that of 

DMDC (ILS 68%). The corresponding 5-fluoro derivative 4 increased the life-span of mice even more (ILS 

96%). 

We next examined the antitumor effect with M5076 mouse reticulum cell sarcoma implanted i.p., by 

the i.p.-administration of these compounds on Days I-5 in mice. M5076 cells are known to be sensitive to 

alkylating agents and nitrosoureas, but apparently are unresponsive to antimetabolites such as methotrexate 

and 5-fluorouracil. 8 Both of 5'-phosphatidyl derivatives 3 and 4 had remarkable antitumor activities against 

this tumor. Note that with 3 at a dose 0.40 mmol/kg/day, all of the mice survived for 60 days. Three of the 

four mice suvived for 60 days with compound 4 at a dose of 0.125 mmol/kg/day, while it was toxic (ILS < 

0%) at 0.40 mmol/kg/day. On the other hand, none of the mice survived for 60 days with either dose of 

DMDC. This result clearly demonstrates that the antitumor effects of the nucleosides can be improved by 

converting them to their corresponding 5'-phosphatidyl derivatives. 
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Figure I, Possible Pathways for Metabolism of 5'-Phosphatidyl-DMDC (3) by Phospholipases. 

Natural phospholipids are metabolized by phospholipase A2, C, R OTR O.1_O 

and D (PLA2, PLC, and PLD, respectively). Thus, the antitumor _ ._O/~ N+Me3 

effects of phospholipid derivatives could depend on their metabolism O" 
D O P C  (6): R = o l e o y l  

by phospholipases which recognize them as substrates. The possible 

metabolic pathways of 3 for regiospecific hydrolysis by phospholipases are shown in Figure I. We 

investigated the susceptibility of 3 to phospholipases, together with a natural phospholipid, diolcoyl- 

phosphatidylcholine (DOPC, 6), as a control. PLA2 from bovine pancreas, PLC from Bacil lus cereus, and 
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PLD from Streptomyces chromofuscus 9 were used in this study, 10 and the time courses of the reactions 

monitored by HPLC are shown in Figure II. 

First, the susceptibility to PLA2 was tested. It is very important to know whether or not 5'- 

phosphatidyl nucleosides can be recognized as a substrate by PLA2, especially when these compounds are 

administered p.o. because phospholipids are absorbed from the intestinal tract only after being digested by 

PLA2 in pancreatic juice. When the compounds (2.0 p.mol) Were incubated with PLA2 (0.1 unit) at 37 °C, l l 

5'-phosphatidyl-DMDC 3 was rapidly hydrolyzed by the enzyme to give the corresponding lyso-derivative 

7,12 as shown in Figure I1A. Note that its t 1/2 (15 rain) was shorter than that of the natural substrate 6 (20 

min), which suggests the efficient p.o.-absorption of 3. This supports our previous result that 5'- 

phosphatidyl nucleosides can be absorbed from the intestinal tract via deacylation by PLA2 and subsequent 

reacylation by acyltransferase, which is the specific absorption mechanism for natural phospholipids, 3d 
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Figure II. Hydrolysis of 3 and DOPC by PLA2 (A), PLC (0.1 units, B), PLC (5.0 units, C), and 
PLC (D): (A) 3, (O) DOPC. 
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Next, the compounds were treated with PLC. 13 DMDC is believed to show antitumor activity after 

metabolic conversion by deoxycytidine kinase to its 5'-phosphate derivatives in tumor cells. If 5'- 

phosphatidyI-DMDC is recognized as a substrate for hydrolysis by PLC, DMDC 5'-monophosphate can be 

produced, and it should be able to overcome resistance to DMDC, since tumors cells resistant to DMDC are 

deficient in deoxycytidine kinase activity.14 The compounds (2.0 ~mol) were incubated with Bacillus PLC 

at 37 °C. In the presence of 0.1 units of PLC, hydrolysis of 3 was not observed (Figure liB). DOPC was 

hydrolyzed effectively under these conditions (tl/2 = 12 min). However, when 5.0 units of the enzyme was 

used, hydrolysis of 3 was detected (Figure IIC). 

On the other hand, when 5'-phosphatidyI-DMDC 3 was treated with Streptomyces PLD, 15 it was 

effectively hydrolyzed to produce DMDC, as shown in Figure lID, 16 although the reaction rate was 

somewhat slower than that of DOPC. 

These results for the enzymatic hydrolysis of 3 may suggest its possible metabolic pathway: 3 may he 

hydrolyzed by PLA2 and/or PLD to give the lyso-derivative 7 and/or DMDC, while hydrolysis by PLC may 

be very slow. 14 

In conclusion, we enzymatically synthesized 5'-phosphatidyl derivatives of DMDC and 5-F-DMDC 

which had more significant antitumor effects than the parent compounds in mice. These results, together 

with our previous results, 4b,e.f suggest that the derivatization of antitumor nucleosides to the corresponding 

5'-phosphatidyl analogues would be an efficient method for improving the antitumor effects of the 

compounds. Although a preliminary investigation of the activation pathway of 5'-phosphatidyi nucleosides 

by phospholipases was performed in this study, fudher studies on the mode of action are needed. 
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