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The oral dose of drug required to produce a 50 mmHg reduction 
in systolic blood pressure was calculated by regression 
analysis. The data in Table IV are presented as ED-*p (mg/kg, 
PO) with 95% fiducial limits. 

&,-Adrenergic Antagonist Activity. The potency of these 
compounds as a,-adrenergic antagonists was determined by using 
the following procedure: adult male SHR or mongrel dogs were 
anesthetized and bilaterally vagotomized. A carotid artery and 
jugular vein were cannulated for monitoring mean arterial blood 
pressure and drug administration, respectively. The percent 
inhibition of al-adrenergic receptor activation was quantified by 
measuring pressor responses to  phenylephrine before and after 
antagonist treatment. The dose of antagonist required to produce 
a 50% inhibition of the phenylephrine pressor response (ED,; 
rats) or a 20-fold rightward shift in the dose-response curve ( D h ;  
dogs) was calculated by regression analysis. The data in Table 
VI1 are presented as EDso or DRzo values (pg/kg, iv) with 95% 
fiducial limits. 
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Three 1-P-D-arabinofuranosylcytosine 5‘-diphosphate-1,2-dipalmitins from L-, D-, and DL-a-dipalmitoylphosphatidic 
acids have been synthesized and their antitumor activity against two ara-C2 resistant L1210 lymphoid leukemia 
sublines in mice were evaluated. These new prodrugs of ara-C include ara-CDP-L-dipalmitin (I), ara-CDP-D-dipalmitin 
(2), and ara-CDP-DL-dipalmitin (3). The L and DL isomers produced significant increase in life span (>400%) and 
four to five long-term survivors (>45 days) out of six animals bearing ip implanted partially ara-C resistant L1210 
subline [L1210/ara-C (I)], while the D isomer displayed a marginal activity (ILS 100-121%). In contrast, the L isomer 
was completely ineffective against deoxycytidine kinase deficient ara-C resistant L1210 subline [L1210/ara-C (II)]. 
However, the results demonstrate that  the L and DL isomers of ara-CDP-dipalmitin are promising new prodrugs 
of ara-C with improved efficacy. 

1-P-D-Arabinofuranosylcytosine 5’-diphosphate-~-1,2- 
dipalmitin (ara-CDP-L-dipalmitin, 1)2 (Figure 1) is an 
ara-C conjugate of phospholipid that has demonstrated a 

superior antitumor activity over ara-C independent of the 
treatment  schedule^.^^ The DL racemic mixture, ara- 
CDP-DL-diplamitin (3), has also shown promising thera- 
peutic To determine stereochemical significance 

Presented, in part, at  the National Meeting of the American 
Chemical Society, Washington, DC, September 1983, MEDI 
59. 
The abbreviations used are: ara-C, 1-@-D-arabinofuranosyl- 
cytosine; ara-CMP, 1-8-D-arabinofuranosylcytosine 5’-mOnO- 
phosphate; ara-CDP-L-(D or DL)-dipalmitin; 1-P-D-arabino- 
furanosylcytosine 5’-diphosphate-~-(~ or DL)-1,2-dipalmitin; 
ribo-CDP-L-dipalmitin, cytidine 5’-diphosphate-~-1,2-dipal- 
mitin; ara-CMP-morpholidate, l-P-D-arabinofuranosylcytosine 
5’-monophosphoromorpholidate 4-morpholine-N,N’-dicyclo- 
hexylcarboxamidinium salt. 
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Table I. Ara-CDP-dipalmitins 

'H NMR 
compd mp, OC yield, % [alZzD: deg formulab neutral" acidd basee dataf 2-CH 

1 195-1988 42 +40.0 (C 0.31) CuH,gN3015PZ*2N*HzOh 273 (8.82) 283 (12.6) 273 (9.03) 5.26 (m) 
2 195-198 39 +25.1 (c 0.39) CuH,9N3016P2,2Na.6CH30H 273 (9.05) 283 (13.4) 273 (10.2) 5.19 (m) 
3 197-199 48 +25.8 (c 0.24) CuH,gN30,,Pz+2Na.0.5HzOL 273 (9.68) 282 (14.1) 273 (9.93) 5.23 (m) 

"Solvent: CHCl,-MeOH-H,O (2:3:1). bAnalyses for C, H, N, and P for all compounds. cCHC13-MeOH-Hz0 (2:3:1). dCHC13-MeOH-0.6 
N HCl (2:3:1). 'CHCl8-MeOH4.6 N NaOH (2:3:1). fAll shifts of the sn-2-methine proton measured in 6 from Me4Si. 8Literature3 mp 
185-189 OC. *N: calcd, 4.14; found, 3.56. 'N: calcd, 4.17; found, 3.55. 

UV,,, nm (e  x 
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HO 
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Figure 1. Structures of ara-CDP-dipalmitins. 

of the l,%-dipalmitin moiety, we have now synthesized the 
D isomer, ara-CDP-D-dipahitin (2), and also improved the 
synthetic procedures of the L isomer (1) and the DL racemic 
mixture (3). 

This paper describes the scale-up synthetic procedures 
of these ara-CDP-dipalmitins (1-3) and their antitumor 
effects against L1210 lymphoid leukemia in mice. 

Chemistry 
A major problem for synthesis of conjugates 1-3 has 

been the availability of pure phosphatidic acids 7-9 (Figure 
2). Previously, L-a-dipalmitoylphosphatidic acid (7) was 
prepared by enzymatic hydrolysis of L-cu-dipalmitoyl- 
phosphatidylcholine with phospholipase D5 or purchased 
commercially. This was not suitable for the scale-up 
synthesis. Thus, we improved the chemical procedures for 
the preparation of dipalmitins 4-61*12 and phosphatidic 

ora-CDP-D, L-DIPALMITIN,3 

(7) Raetz, C. R. H.; Chu, M. Y.; Srivastava, S. P.; Turcotte, J. G. 
Science (Washington, D.C.) 1977, 196, 303. 

(8) Turcotte, J. G.; Srivastava, S. P.; Meresak, W. A.; Rizkalla, B. 
A., Louzen, F.; Wunz, T. P. Biochim. Biophys. Acta 1980,619, 
604. 

(9) Turcotte, J. G.; Srivastava, S. P.; Steim, J. M.; Calabresi, P.; 
Tibbetts, L. M.; Chu, M. Y. Biochim. Biophys. Acta 1980,619, 
619. 
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Figure 2. Structures of dipalmitins and a-dipalmitoyl- 
phosphatidic acids. 

acids 7-9.8J3 1,2-0-Isopropylidene-sn-glycerol was pre- 
pared from D-mannitol according to the method published 
previ0us1y.l~ This was then reacted with benzyl chloride 
in the presence of NaNH,, and the isopropylidene group 
of 1,2-isopropylidene-3-O-benzyl-sn-glycerol was removed 
by refluxing in aqueous AcOH. The resulting 3-0- 
benzyl-sn-glycerol was acylated with palmitoyl chloride in 
the presence of pyridine and 1,2-0-dipalmitoyl-3-0- 
benzyl-sn-glycerol was purified by crystallization from a 
large amount of boiling 95% EtOH. The benzyl group of 
this compound was removed by catalytic hydrogenolysis 
with 10% Pd/C, and L-dipalmitin (4) was obtained in good 
yield (51 % based on 1,2-0-isopropylidene-sn-glycerol). 
Compound 4 was phosphorylated with P0Cl3 and Et,N 
at 0.5 "C as reported earlieP with some modification of 
solvent and purification.16 Compound 7 was purified by 
successive crystallization from hexanes and Et,O, and the 
final yield was 76%. The DL-phosphatidic acid (9) was 
prepared in an analogous manner from 1,2-O-iso- 
propylidene-ruc-glycerol. The D isomer (8) was prepared 
by the following procedure. 1,2-0-Isopropylidene-sn- 
glycerol was first acylated with palmitoyl chloride, and the 
isopropylidene group was removed with 80% HOAc at 90 
"C. 3-0-Palmitoyl-sn-glycerol was tritylated with trityl 
chloride and pyridine, and the resulting l-O-trityl-3-0- 
palmitoyl-sn-glycerol was acylated with palmitoyl chloride 
in the presence of pyridine. l-O-Trity1-2,3-0-di- 
palmitoyl-sn-glycerol was then detritylated by a column 
of 10% boric acid impregnated silica gel to give D-dipal- 
mitin ( 5 )  in 72% yield. Compound 5 was then phospho- 

(10) Sowden. J. C.; Fischer, H. 0. L. J.  Am. Chem. SOC. 1941, 63, 
3244. 
Gronowitz, S.; Herslof, B.; Ohlson, R.; Toregand, B. Chem. 
Phys. Lipids 1975, 14, 174. 
Baer, E.; Buchnea, D. J.  Biol. Chem. 1958,230, 447. 
Uhlenbroek, J. H.; VerKade, P. E. Recl. Trav. Chim. Pays-Bas 
1953, 72, 395. 
Eibl, H. Chem. Phys. Lipids 1981, 28, 1. 
Eibl, H. Proc. Natl. Acad. Sci. U.S.A. 1978, 75, 4074. 
Hong, C. I.; An, S.-H.; Buchheit, D. J.; Nechaev, A.; Kirisits, 
A. J.; West, C. R.; Berdel, W. E. J .  Med. Chem. 1986,29, 2038. 
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pharmacology of ara-CDP-L-dipalmitin is under investi- 
gation. 
Discussion 

Results obtained in this study and the previous works 
with ara-CDP-dipalmitins (1-3)6 and other lipophilic ara-C 
conjugates% have demonstrated that the conjugates of this 
type require that the possible carrier moiety is not only 
lipophilic but also naturally occurring. In fact, ara-CDP- 
L-dipalmitin is the 2' epimer of ribo-CDP-L-dipalmitin, 
which is one of naturally occurring ribo-CDP-L-diacyl- 
glycerols containing mostly different fatty acyl chains 
esterified to respective sn-1 and sn-2 positions. The 
ribo-CDP-L-diacylglycerols are the immediate biosynthetic 
precursors to phosphatidylinositol,zl~zz which is now rec- 
ognized as the source of second messengers in receptor- 
mediated Ca2+ m o b i l i z a t i ~ n ~ ~ ~ ~ ~  and protein kinase C ac- 
t i v a t i ~ n . ~ ~ @  Thus, the conjugate retains its affinity to the 
serum protein, cell surface, and plasma membrane, and 
it would be hydrolyzed enzymatically to give ara-CMP and 
phosphatidylinositol or phospholipid.' However, lack of 
the activity against deoxycytidine kinase deficient 
Ll2lO/ara-C (11) suggests that ara-CDP-L-dipalmitin may 
be hydrolyzed enzymatically in the membrane,27 and the 
resulting ara-CMP is converted back to ara-C by mem- 
brane-bound 5'-nucleotidase and other phosphatases. 
Further work on the biochemical study of the conjugate 
will be necessary to confirm this. Some favorable prop- 
erties found to ara-CDP-L-dipalmitin are (1) superior an- 
titumor activity, independent of the treatment schedule, 
sustained release form, (2) resistance to hydrolysis by cy- 
tidine deaminase: (3) rapid interaction with serum lipo- 
protein,% which would have a possible role in the transport 
of the conjugate, and (4) solution by sonication. These 
results along with previous data,44,9J6 demonstrate that 
the ara-C conjugates of phospholipids have the potential 
interest in cancer chemotherapy. 
Experimental Section 

Synthesis. Melting points were taken on a Mel-Temp capillary 
melting point apparatus and are uncorrected. Nuclear magnetic 
resonance ('H NMR) spectra were recorded on a Varian Associate 
EM-390 spectrometer. The chemical shift values are expressed 
in 6 values (ppm) relative to tetramethylsilane as an internal 
standard. W absorption spectra were recorded on a Perkin-Elmer 
Lambda 4A spectrophotometer. The optical rotations were 
measured on a Perkin-Elmer 241 polarimeter. AG1-XS (Bic-Rad), 
[ (diethylamino)ethyl]cellulose (DE-52, Whatman), Dowex 5OW-XS 
(Bio-Rad), and Amberlite CG-50 (Mallinckrodt) were used for 
column chromatography. Evaporations were carried out on a 
rotary evaporator under reduced pressure applied by a tap-water 
aspirator or a vacuum pump with a bath temperature of under 
30 "C. TLC was performed on glass plates coated with a 0.25-mm 
layer of silica gel PF-254 (Brinkman) and on polygram si1 G/UV 
254 (Brinkman) with use of the following solvent systems: (A) 
CHC13, (B) CHC13-MeOH (95:5), (C) CHC13-MeOH-HzO-HOAc 
(25:15:4:2), and (D) i-PrOH-HzO-concentrated NHIOH (7:2:1). 
UV-absorbing compounds were detected by visualization under 
a UV lamp (254 nm), and phosphorus-containing compounds were 

Table 11. Biochemical Properties of L1210 Lymphoid Leukemia 
Sublines 

ara-C uptake rate deoxycytidine kinase 
f SD, pmol of 
ara-C/min per phosphorylated/min 

activity, pmol of 

cell line lo6 viable cells per mg of protein 
L1210/0 3.78 f 1.07 (7)" 33.43 f 8.19 (3) 
L12lO/ara-C (I) 2.47 f 0.52 (3) 37.80 f 10.67 (3) 
L1210/ara-C (11) 0.105 f 0.018 (3) 0.82 f 0.30 (5) 

______~ 

a Number of determinations performed is given in parentheses. 

rylated with POCl, and Et3N at  0-5 "C to give the D- 
phosphatidic acid (8). 

Structural assignment of dipalmitins 4-6 and phos- 
phatidic acids 7-9 was confirmed by 'H NMR spectrom- 
etry and optical rotation. The sn-Zmethine proton of the 
1,2-dipalmitins (4-6) and their 3-phosphates (7-9) gave a 
first-order quintet a t  5.09-5.23 ppm, whereas it was a 
second-order multiplet a t  3.83-3.88 ppm in 3-0-benzyl- 
sn-glycerol and 3-0-palmitoyl-sn-glycerol. These values 
are in good agreement with those for isomeric lyso- 
phosphatidylcholines reported previously." Condensation 
of 7-9 with ara-CMP-morpholidate3 in pyridine gave 
conjugates 1-3 in an overall yield of 40-50%, and their 
structures were verified by elemental analysis and 'H 
NMR and UV spectrometry (Table I). 
Biological Results 

Three ara-CDP-dipalmitins (1-3) were evaluated for in 
vivo antitumor activity against three L1210 leukemia cell 
lines listed in Table 11. Antitumor results against L1210/0 
have been reported previously.6 Antitumor effects against 
ip implanted L1210/ara-C (I) and L1210/ara-C (11) lym- 
phoid leukemia in DBA/2J mice are shown in Table 111. 
L12lOlara-C (I) was found to be partially resistant to 
ara-C, when ara-C uptake and antitumor results were ob- 
served, while L1210/ara-C (11) was completely resistant 
to ara-C. L1210/-ara-C (I) produced a similar deoxy- 
cytidine kinase activity to L1210/0. However, the ara-C 
uptake rate was lower than that of L1210/0 (Table 11). 

In Table 111, the untreated mice died on days 8-11 after 
L12lOlara-C (I) cell implantation. Under a treatment 
regimen of daily ip injections of our optimum dose (60 mg, 
247 pmol/kg per day) of ara-C for 5 ,9 ,  and 15 days, the 
maximal ILS values obtained were 65,82, and 147%, re- 
spectively. In contrast, ara-CDP-L-dipalmitin (l), ad- 
ministered ip as a single dose, in three doses over a 9-day 
period, or in five doses over a 5-day period, produced ILS 
values of >374 to >400% with four to five 45-day survivors 
out of six animals. The DL mixture (3) also produced ILS 
values of 233 to >400% with two to four 45-day survivors 
with the three treatment schedules. However, the D isomer 
(2) showed less activity (ILS, 100-121%) than the L and 
the DL isomer. Mixtures of ara-CMP and the phosphatidic 
acid (7 or 8) at the same molar doses as the corresponding 
conjugates produced ILS values of 5-16%. The lipophilic 
prodrugs, 5'-O-palmit0yl-ara-C'~ and N4-palmitoy1-ara-Clg 
were also effective (ILS 139-14470). 

Table I11 also shows effects of ara-C, ara-CDP-L-di- 
palmitin (l), and the lipophilic prodrugs on L12lO/ara-C 
(11). These results indicated that, like ara-C, ara-CDP-L- 
dipalmitin and the lipophilic prodrugs seemed to require 
deoxycytidine kinase to be effective. Further biochemical 

(17) Pluckthum, A.; Dennis, E. G. Biochemistry 1982, 22, 1743. 
(18) Gish, D. T.; Kelly, R. C.; Camiener, G .  W.; Wechter, W. J. J. 

Med. Chem. 1971, 14,  1159. 
(19) Akiyama, M.; Ohishi, J.; Shirai, T.; Akashi, K., Yoshida, K.; 

Nishikido, J.; Hayashi, H.; Usubuchi, Y.; Nishimura, D.; Itoh, 
H.; Shibuya, C.; Ishida, T. Chem. Pharm. Bull. 1978,26,981. 

(20) Hong, C. I.; Kirisits, A. J.; Nechaev, A.; Buchheit, D. J.; West, 

(21) Agranoff, B. W.; Bradley, R. M.; brady, R. 0. J .  Biol. Chem. 

(22) Paulus, H.; Kennedy, E. P. J. Biol. Chem. 1960, 235, 1303. 
(23) Berridge, M. J. Biochem. J. 1984, 220, 345. 
(24) Berridge, M. J.; Irvine, R. F. Nature (London) 1984,312,315. 
(25) Nishizuka, Y. Nature (London) 1984, 308, 693. 
(26) Nishizuka, Y. Science (Washington, D.C.) 1986, 233, 305. 
(27) Raetz, C. R. H.; Hirschberg, C. B.; Dowhan, W.; Wickner, W. 

T.; Kennedy, E. P. J. Biol. Chem. 1972,247, 2245. 
(28) MacCoss, M.; Edwards, J. J.; Logocki, P.; Rahman, Y.-E. Bio- 

chem. Biophys. Res. Commun. 1983,116, 308. 

C. R. J. Med. Chem. 1985,28, 171. 

1958,233, 1077. 
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detected with a modified Dittmer-Lester spray.29 The organic 
compounds were also detected by charring after spraying with 
the above reagent. Elemental analyses were performed by 
Galbraith Laboratories, Knoxville, TN. When analyses are re- 
ported only by the element symbols, results are within &0.4% 
of the theoretical values including given numbers of HzO of hy- 
drations or MeOH solvate unless noted otherwise. Presence of 
MeOH in compound 2 was confirmed by 'H NMR spectroscopy. 

Ara-CMP;O ara-CMP-morpholidate; and 1,2-isopropylidene- 
~n-glycerol'~ were prepared by a literature procedure. 

3-0 -Benzyl-sn -glycerol. This compound was prepared by 
a literature pr~cedure.~ '  To  a mixture of 1,2-isopropylidene- 
sn-glycerol14 (132 g, 1 mol) and benzene (250 mL) was added 
NaNH, (39 g, 1 mol) in small portions, and the mixture was 
refluxed for 1 h. Benzyl chloride (200 g, 1.2 mol) was added 
dropwise to the hot mxture within 1 h, and boiling was continued 
for 20 h. After being cooled to  room temperature, the mixture 
was extracted with 200 mL of HzO, and the organic layer was 
evaporated at 30 "C in vacuo followed by distillation a t  85-87 
"C (0.5 mmHg), which yielded 167 g (68%) of 1,2-iso- 
propylidene-3-0-benzyl-sn-glycerol; [aIz2D +20.45" (neat). This 
was dissolved in 220 mL of i-PrOH, 20 mL of HOAc, and 100 mL 
of HzO, and the solution was refluxed for 24 h. The solvent was 
evaporated in vacuo, and then the residue was distilled at  117-122 
"C (0.5 "Hg): yield of product, 106 g (91%); [ a l P D  +7.25" (neat) 
(lit.,, [.],OD +5.8"); 'H NMR (CDC1, 6 3.40 (2, t, 1-CH2, J = 5 
Hz), 3.50 (2 m, 3-CHz), 3.83 (1, quintet, J = 5 Hz, 2 CH), 4.42 
(2, S, C H ~ C B H ~ ) ,  7.20 (5 ,  9, C$I,). 

1,2-0 -Dipalmitoyl-sn -glycerol (L-Dipalmitin, 4). To a 
solution of 3-O-benzyl-sn-glycerol(l8.2 g, 0.1 mol), pyridine (16.75 
g, 0.212 mol), and 100 mL of benzene was added dropwise 55 g 
(0.2 mmol) of palmitoyl chloride for a period of 30 min a t  room 
temperature. The mixture was heated at  60-70 "C for 1 day. After 
being cooled to  room temperature, the mixture was mixed with 
EtzO (600 mL), and the organic phase was washed with HzO, 0.2 
N HzS04, saturated NaHC03, and H 2 0  (200 mL each). The 
organic layer was dried over Na2S04 and evaporated. The residue 
was crystallized from large volume of boiling 95% ethanol, which 
gave 55.3 g (84%) of 1,2-O-dipalmitoyl-3-O-benzyl-sn-glycerol: 
mp 42.0-42.5 "C; [a]22D +6.0° (c 8.5, CHCl,). This compound 
(20 g) was hydrogenated in the presence of 1 g of 10% Pd/C in 
250 mL of n-hexane a t  20-50 psi for 1 day. The mixture was 
warmed in a water bath, and the catalyst was removed by fil- 
tration. The product (4) was crystallized from n-hexane: yield 
16.8 g (97%); mp 66-68 "C (lit.'O mp 67-67.5 "C); -2.21" 
(c 9.9, CHCl,); 'H NMR (CDC13) 6 0.88 (6, t, J = 6 Hz, 2-CH3), 
1.22-1.73 (52 m, 2 (CHz)13), 2.33 (4, m, 2 CH2CO), 3.70 (2, t ,  J 
= 5 Hz, 3-CHz), 4.25 (2, d, J = 5 Hz, 1-CH2), 5.09 (1, quintet, J 
= 5 Hz, 2-CH). rac-1,2-O-Dipalmitoylglycero1 (DL-dipdmitin, 6) 
was prepared in an analogous manner from rac-3-0-benzylglycerol: 
yield 72%; mp 66-68 "C. 

L-a-Dipalmitoylphosphatidic Acid (7). To a mixture of 
POCl, (2.25 g, 15 mol), Et3N (1.5 g, 15 mmol), and n-hexane (15 
mL) was added dropwise 4 (5.69, 10 mmol) in toluene (40 mL) 
at 0-5 "C for 30 min, and then the mixture was stirred at room 
temperature overnight. Water ( 5  mL) was added to the mixture, 
and the suspension was stirred at room temperature for 1 h. The 
mixture was then partitioned between 300 mL of EtzO and 200 
mL of HzO. The organic layer was washed with H20  (2 X 50 mL) 
and dried over Na2S04. After being evaporated to dryness, the 
residue was crystallized from n-hexane: yield 4.9 g (76%), mp 
59-60 "C (lit.I3 62.5-63.5 "C); 
DL-a-Dipalmitoylphosphatidic acid (9) was prepared in an 

analogous manner from 6: yield 77%; mp 59-60 "C (lit.* mp 59-62 

(52, m, 2 (CH2)13), 2.37 (4, m, 2 cHzco) ,  4.26 (4, m, 1-cH2, 3-cH2), 
5.23 (1, quintet, J = 5 Hz, 2 - 0 .  

D-a-Dipalmitoylphosphatidic acid (8) was also prepared in an 
analogous manner from 5: yield 75% mp 60-62 "C; +0.1" 
(c 5.0, CHCl,). Anal. (C35HS908P) C, H, P. 

(29) Ryu, E. K.; MacCoss, M. J. Lipid Res. 1979,20, 561. 
(30) Hong, C. I. Nechaev, A.; West, C. R. J .  Med. Chem. 1979,22, 

1428. 
(31) Berchtold, R. Chem. Phys. Lipids 1982, 30, 389. 
(32) Buchnea, D. Lipids 1974, 9, 55. 

+4.0° (c, 10,O CHCl3). 

"C); 'H NMR (CDC13) 6 0.90 (6, t ,  J = 6 Hz, 2 CH,), 1.18-1.79 

Hong et al. 

3-0-Palmitoyl-sn -glycerol. To an ice-cold solution of 1,2- 
0-isopropylidene-sn-glycerol (4 g, 0.03 mol) in toluene (50 mL) 
and pyridine (3.1 mL) was added dropwise palmitoyl chloride (9.62 
g, 0.035 mol) in toluene (50 mL) for a period of 30 min. The 
reaction mixture was stirred 2 h at 0 "C and then stirred at  room 
temperature for 16 h. The mixture was filtered, and the filtrate 
was washed with 5% H2SO4, saturated NaHCO,, and H 2 0  (100 
mL each). After being dried over NaZSO4, the organic layer was 
evaporated to  dryness to give 1,2-O-isopropylidene-3-O-palmi- 
toyl-sn-glycerol in a quantitative yield. Without further puri- 
fication, the white residue was mixed with 100 mL of 80% HOAc 
and heated at  90 "C for 2 h and then stirred a t  room temperature 
for 16 h. The reaction mixture was evaporated to dryness, and 
the residue was triturated with MeOH (15 mL). The crude 
product was recrystallized from Me2C0 to give 7.4 g (yield 75%): 
mp 62-64 "C; 'H NMR (CDCl,) 6 0.87 (3, t ,  J = 6 Hz, CH3), 
1.21-1.60 (26, m, (CHz)13), 2.32 (2, t, J = 7 Hz, CHZCO), 3.60 (2, 
dd, J = 5.5 Hz, 3-CH2), 3.88 (1, quintet, J = 5.5 Hz, l-CHz). 

1-0-Trityl-3-0-palmitoyl-so -glycerol. A mixture of 3-0- 
palmitoyl-sn-glycerol (4.2 g, 13 mmol) and trityl chloride (4.1 g, 
14.9 mmol) in 40 mL of anhydrous pyridine was stirred a t  50 "C 
overnight. The reaction mixture was then poured into ice-water 
(500 mL), and the resulting precipitate was collected on a filter 
followed by drying in vacuo. The crude product was recrystallized 
from CHCl, and Et20: yield 6.8 g (91%); mp 93-95 "C. 

1-0-Trityl-2,3-0-dipalmitoyl-sn -glycerol. To  an ice-cold 
solution of l-0-trityl-3-0-palmitoyl-sn-glycerol (7.1 g, 12 mmol) 
and pyridine (1.32 mL) in toluene (50 mL) was added dropwise 
a solution of palmitoyl chloride (3.85 g, 14 mmol) in toluene (30 
mL), and then the mixture was stirred at room temperature 
overnight. The precipitate was removed by filtration, and the 
filtrate was evaporated to a syrup. The residue was dissolved in 
E t20  (80 mL), and the solution was washed with 5% H$04 (50 
mL), saturated NaHCO, (2 X 5 mL), and HzO (3 X 50 mL). This 
was dried over Na2S04 and evaporated to dryness, which gave 
a quantitative yield: 'H NMR (CDCl,) 6 0.82 (6, m, 2 CH,), 
1.26-1.58 (52, m, 2 (CHz)13), 2.25 (4, m, 2 CHZCO), 3.20 (2, d, J 
= 5 Hz, 3-CHz), 4.22 (2, d, J = 5 Hz, l-CHz), 5.16 (1, quintet, J 
= 5 Hz, 2-CH), 7.12-7.38 (15, m, (C&Z6),). 

2,3-O-Dipalmitoyl-sn -glycerol (DDipalmitin, 5). A solution 
of l-0-trityl-2,3-0-dipalmitoyl-sn-glycerol (9.7 g, 12 mmol) in 50 
mL of petroluem ether (bp 30-60 "C) was applied to a column 
(2.5 x 40 cm) of 10% boric acid impregnated silica gel (100-200 
mesh).32 The column was eluted with petroleum ether (100 mL), 
petroleum ether-EhO (955) (650 mL), and petroleum ether-Eh0 
(3:l) (2250 mL). The latter eluate (2250 mL) was evaporated to 
dryness and the residue was crystallized from 95% EtOH: yield 
4.92 g (72%); mp 66-68 "C; [a]22D +1.4" (c 2.3, CHCl,). 

Ara-CDP-1,2- 0 -dipalmitoyl-sn -glycerol ( Ara-CDP-L-di- 
palmitin, 1). An anhydrous mixture of 7 (6.64 g, 10.23 mmol) 
and ara-CMP morpholidate3 (5.33 g, 7.77 mmol) in 600 mL of 
anhydrous pyridine was stirred at  room temperature for 6 1 0  days. 
The mixture was then evaporated to dryness, and the residual 
pyridine was removed by evaporation with toluene (20 mL). The 
residue was dissolved in 1000 mL of CHC1,-MeOH-HzO (2:3:1), 
and 100 mL of HOAc was added followed by stirring a t  room 
temperature for 30 min. The mixture was diluted with 150 mL 
of CHCl,, and the CHCl, layer was separated out. The aqueous 
layer was extracted with CHCl, (2 X 100 mL), and the combined 
CHC1, solution was evaporated to  dryness. The residue was 
dissolved in 500 mL of CHC1,-MeOH-H20 (2:3:1) (filter if nec- 
essary), and the clear solution was applied to a DE-52 (AcO-) 
column (2.5 X 50 cm, jacked, 5 "C) equilibrated with the same 
solvent. The column was fist washed with the solvent (loo0 mL) 
and then eluted with a linear gradient of 0-0.15 M NH40Ac in 
CHCl,-MeOH-H,O (2:3:1) (1.5 L each). The fractions (120C-ZOO0 
mL) containing the product as NH4 salt were evaporated to a small 
volume (30 mL). The solid was filtered and washed with H2O 
and Me,CO. This was dissolved in CHCl3-MeOH-HZO (2:3:1) 
(1 L), and the solution was passed through a CG-50 (Na+) column 
(2.5 X 8.0 cm). The column was eluted further with the same 
solvent, and the eluate containing the product was evaporated 
to dryness. The residue was recrystallized from CHC13-Me2C0. 
The product was dried in vacuo over PZO5: yield 3.23 g (42%); 
mp 195-198 "C; 'H NMR (CDC1,-CD30D-Dz0, 2:3:1) 6 0.90 (6, 
t, J = 7 Hz, 2 CH,), 1.30-1.60 (52, m, 2 (CHz)13), 2.32 (4, m, 2 
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Table 111. Antitumor Activity against Ip Implanted L1210/ara-C Lymphoid Leukemia in Mice" 
survival days treatment active dose range,b optimum dose,' wt changed 

schedule, mg (pmol)/kg mg (pmol)/kg (g/mouse) median 45-day 
cell line compound qd per day per day on day 8 range (T/W % I L g  survivors 

L12lO/ara-C (I) ara-C 

ara-CDP-L-dipalmitin 
(1) 

ara-CMP + 7h 

ara-CDP-D-dipalmitin 
(2) 

ara-CMP + 8" 

ara-CDP-m-dipalmitin 
(3) 

L12 

5'-O-palmitoyl-ara-C 
N4-palmitoyl-ara-C 

10/ara-C (11) ara-C 

ara-CDP-L-dipalmitin 
(1) 

5'-O-~almitovl-ara-C 

1 
1, 5, 9 
1-5 
1-9 
1-15 
1 

1, 5, 9 
1-5 
1 

1-5 

1 

1-5 
1 

1-5 

1 

1, 5, 9 
1-5 
1 
1 
1-5 

1 

1-5 
1 

100 (411)-133 (548) 
lO(41)-100 (411) 

200 (195)-400 (391) 

100 (98)-167 (163) 
20 (20)-60 (59) 

200 (195)-400 (391) 

40 (39)-80 (78) 

200 (195)-400 (391) 

67 (65)-133 (130) 
40 (39)-80 (78) 
50 (104)-300 (623) 
50 (104)-300 (623) 

200 (822) 
100 (411) 
60 (247) 
60 (247) 
60 (247) 
300 (293) 

133 (130) 
60 (59) 
95 and 190 

19 and 38 

400 (391) 

80 (78) 
95 and 190 

19 and 38 

400 (391) 

100 (98) 
60 (59) 
100 (208) 
300 (623) 
100 (411) 
200 (822) 
300 (293) 

60 (59) 
100 (208) 

(293 each) 

(59 each) 

(293 each) 

(59 each) 

+3.60 
+2.60 
-0.87 
-1.80 
-0.93 
-0.04 

-0.53 
-2.72 
-0.50 

-1.08 

+0.18 

-0.48 
-0.82 

-1.58 

-2.07 

-1.35 
-2.92 
-2.90 
-1.20 

-0.30 
-1.90 

9-12 10.5/9.5 
12-13 12.0/8.0 
13-15 14.0/8.5 
15-18 15.5/8.5 
17-21 21.0/8.5 
8->45 >45.0/9.0 

35->45 >45.0/9.5 
29->45 >45.0/9.0 
9-11 10.0/9.5 

7-14 11.0/9.5 

17-35 19.0/9.0 

17-29 21.0/9.5 
10 10.0/9.5 

11-12 11.0/9.5 

32->45 >45.0/9.0 

14->45 37.5/9.0 
15->45 30.0/9.0 
8->45 21.5/9.0 
16->45 22.0/9.0 
7-8 7.0/9.0 
7 7.0/9.0 
7-8 8.0/9.0 

8-9 8.0/9.0 
7-9 7.5/9.0 

17 
50 
65 
82 

147 
> 4 w  

>3748 
> 4 w  

5 

16 

100 

121 
5 

16 

>4w 

317 
233 
139 
144 
-22 
-22 
-11 

-11 
-17 

~ -pLmi toy i - a ra -~  1 300 (623) -4.30 8-9 8.Oj9.0 -11 
Each group of six DBA/2J mice (wt 20-30 g) received ip inoculation of 1 X lo5 cells on day 0. Treatment (ip) were initiated 24 h after tumor 

0 
0 
0 
0 
0 
4 

5 
5 
0 

0 

0 

0 
0 

0 

4 

2 
2 
2 
1 
0 
0 
0 

0 
0 
0 

inoculation. Animals were observed daily until death or 45 days. bDose producing an increase in life span 225% over the controls. 'Dose producing 
greatest increase in life span. Weight change for the control studies (24 mice)e averaged +1.14 f 2.55 (SD) g/mouse. eCalculated based on survivors 
according to the NCI protocols.35 Median survival day of 24 control animals was 9.13 f 0.25 (SD) days. 'Increase in life span: (T/C - 1) X 100. g As 
of day 45 (final day of observation). Mixture of ara-CMP and 7 or 8. 

CH,CO), 4.00-4.40 (9, m, H-2', H-3', H-4', H-5', 1-CH2, 3-CH2), 
5.26 (1, m, 2-CH), 6.06 (1, d, J = 7 Hz, cytosine H-5), 6.18 (1, d ,  
J = 5 Hz, H-l'), 7.96 (1, d, J = 7 Hz, cytosine H-6). 

ara-CDP-2,3-O-dipalmitoyl-sn-glycerol (2) and ara-CDP-rac- 
1,2-0-dipalmitoylglycerol (3) were prepared in an analogous 
manner. 

Biological Studies. Tumor Cells and Animals. L1210/0 
and L12lO/ara-C (I) lymphoid leukemia cells were purchased from 
Arthur D. Little, Inc. (Cambridge, MA) and L1210/ara-C (11) was 
obtained from Dr. Ralph J. Bernacki from Roswell Park Memorial 
Institute. The cells were routinely transplanted in DBA/2J mice, 
which were supplied by Roswell Park Memorial Institute. All 
operations were conducted a t  4 "C unless specified otherwise. 

Preparation of Cells. Ascites fluid from two animals bearing 
6-8 day old L1210/0, L1210/ara-C (I), or L1210/ara-C (11) was 
collected with 5 mL of 0.9% NaC1-0.04 M EDTA, pH 7.0 
(NaC1-EDTA) solution and centrifuged a t  1600 rpm (IEC B-20 
with IEC 870 rotor) for 5 min. This was repeated two more times. 
The cells were then suspended in NaCl-EDTA (total volume 3 
mL), and H 2 0  (18 mL) was added in order to facilitate the de- 
struction of erythrocytes and platelets. The cell suspension was 
cooled at  0 "C for 1 min, and then 3.6% NaCl(2 mL) was rapidly 
added. The cells were collected by centrifugation a t  2000 rpm 
for 10 min. The cells were then washed with 10 mL of NaCl- 
EDTA three times. 

Uptake of ara-C. The cells were incubated in RPMI-1640 with 
glutamine at 37 "C for 1 h to restore their high-energy metabolites. 
After the viable cells were counted by Trypan blue exclusion, the 
cells were incubated with [5-3H]ara-C (5 WCi, Amersham) in the 
medium (total volume 10 mL, 0.1 mM of ara-C) a t  37 "C for 60 
min. Aliquots (0.2 mL) of the incubating mixture a t  the appro- 
priate times were removed, and the radioactivity in the cells was 
measured as described p r e v i ~ u s l y . ~ ~  

(33) Schrecker, A. W.; Urshel, M. J. Cancer Res. 1968, 28, 793. 

Deoxycytidine Kinase Activity. This was determined by 
a modification of the reported procedure.N Each mixture (pH 
8.0) contained 0.5 mL of 48 mM TriwHCl, 10-20 mM MgCl,, 0.1 
mM dithiothreitol, 5-10 mM ATP, 1 mM [5-3H]deoxycytidine 
(4 rCi/pmol), 9 mM NaCl, 2.4 mM EDTA, and cell extract (0.1 
and 0.2 mL) was incubated a t  37 "C for 30 min. Aliquots (0.1 
mL) at  1, 15, and 30 min were mixed first with 95% EtOH (0.1 
mL) and then with H20 (4.8 mL). The nucleotides were absorbed 
in DE82 (C1-) circles, and the radioactivity in the circles was 
counted. 

Antitumor Activity in Vivo. DBA/2J mice in group of six 
(wt 20-30 g) were inoculated ip with 1 X lo5 L1210/ara-C (I) or 
L1210/ara-C (11) lymphoid and a sonicated solution6 
of the conjugates or suspension of the reference prodrugs of Table 
I11 in 0.9% NaCl containing 0.5% Tween 80 was given ip as 
reported earlier! Each drug was tested over a wide range of doses. 
The active dose ranges are those giving ILS values of 125%.  
Optimum doses are those producing the greatest increase in life 
span in the designated treatment schedule. 
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Synthesis and Antiviral Evaluation of 6’-Substituted Aristeromycins: Potential 
Mechanism-Based Inhibitors of S-Adenosylhomocysteine Hydrolase1p2 

G. V. Bindu M a d h a ~ a n , ~  Danny P. C. M c G ~ ~ , ~  Robert M. Rydzewski, Richard Boehme, John C. Martin,5 
and Ernest J. Prisbe* 

Syntex Research, Palo Alto, California 94304. Received December 9, 1987 

New carbocyclic adenosine analogues substituted at the 6’-position with fluorine, hydroxyl, methylene, or hydroxymethyl 
have been synthesized as potential mechanism-based inhibitors of S-adenosylhomocysteine (AdoHcy) hydrolase. 
The synthetic routes began with a functionalized (f)-azidocyclopentane 2, which was elaborated to  the adensoine 
analogue, or with functionalized cyclopentane epoxides 11, 20, and 27, which were opened directly with adenine 
in the presence of base. The 6’a-fluor0 (24), 6’P-fluor0 (lo), and 6’-methylene (30) carbocyclic adenosine analogues 
were potent inhibitors of AdoHcy hydrolase. None of the compounds displayed significant activity against herpes 
simplex virus type 1 or type 2, but several demonstrated potent inhibition of vaccinia virus replication. 

The antiviral activities of the carbocyclic adenosine 
analogues have been shown to be due, at least in part, to 
their inhibition of S-adenosylhomocysteine (AdoHcy) hy- 
drolasee6 For example, aristeromycin (the carbocyclic 
analogue of adenosine) shows activity against vaccinia 
virus’ and inhibits AdoHcy hydrolase with a Ki of 5 nM.8 
Neplanocin A also inhibits vaccinia virus and has a Ki of 
8 nM,9 while the carbocyclic analogue of 3-deazaadenosine 
inhibits the growth of reo, measles, parainfluenza, vesicular 
stomatitis, herpes simplex-1, and vaccinia viruseslOJ1 and 
displays a Ki value of 1 nM.’O This relationship can be 
ratonalized by the fact that many viruses rely upon S- 
adenosylmethionine-dependent methylations to provide 
the methylated 5’-cap structure on their mRNAs. Since 
S-adenosylhomocysteine is a product and feedback in- 
hibitor of these methylations, its accumulation via the 
inhibition of AdoHcy hydrolase will curtail viral mRNA 
capping. This, in turn, leads to inhibition of virus repli- 
cation.6b” 

The mechanism by which AdoHcy hydrolase catalyzes 
the hydrolysis of AdoHcy to adenosine and homocysteine 
has been elegantly elucidated.12-15 As shown in Scheme 
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Scheme I 
A A 

Scheme I1 

1 2 R = H  
3 R =  SO,CF, 

CI 

4 R = N 3  
5 R = NH, 

O x 0  
6 

1 R, =CI ,  R, =Bn 10 
8 R , = N H , ,  Rz=Bn 
9 R , = N H , , R , = H  

I, the first step involves oxidation of the 3’-hydroxyl group 
of AdoHcy by enzyme-bound NAD followed by 0-elimi- 

(12) Palmer, J. L.; Abeles, R. H. J. Biol. Chem. 1976, 251, 5817. 
(13) Palmer, J. L.; Abeles, R. H. J. Biol. Chem. 1979, 254, 1217. 
(14) Parry, R. J.; Askanas, L. J. J. Am. Chem. SOC. 1985,107,1417. 

0022-2623/88/l831-1798$01.50/0 0 1988 American Chemical Society 


