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Synthesis of Phospholiponucleosides

Fausto RAMIREZ*, Sukhendu B, MANDAL, James F. MARECEK

Department of Chemistry, State University of New York at Stony
Brook, Stony Brock, New York 11794, U.S.A.

The term liponucleotides hus been applied 10 certain coen-
zymes, e.g. cytidine diphosphate 1,2-diacyl-sn-glycerol,
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SYNTHESIS

I(R'O)HO)P,(O)OP.(ONOH)O R, R'= 1,2~d1§1cyl~sn—51);ce-
ryl-3; R*=cytidyl-5'). These coenzymes are obhgatpry inter-
mediates in the biosynthesis of important phos;l)hohpld corr;
ponents of biological membranes, e.g. phosphaudylglycirol
[(R'OXR*0)P(O)OH, R'=1,2-diacyl-sn-glyceryl-3: R =s-
glyceryl-1]. The phospholipids result from a nucleophilic dnsl~
placement by the corresponding polar head group alcohol,
e.g. glycerol (R*OH), at one of the two pho§phqrus atoms (_P,,)
of the pyrophosphate coenzyme, \jvnh elxml‘natlon of cytidine
S'-monophosphate under enzymatic catalysis.

The present communication describes the nonenzymatic syn-
thesis of two phosphatidylnucleosides, 1 and 2. Th{ese com-
pounds have the function (R'OYR*O)P(O)OH [R ’"1’2““?‘
acyl-sn-glyceryl-3; R*=2'-deoxythymidyl-3' or 2'-de:oxythym1-
dyl-5]1, respectively, and are therefore, phospholiponucleo-
sides or liponucleotides properly. To our knowledge, com-
pounds of this type, which are functionally related to the
phospholipids rather than to the coenzymes, have n.ot‘been
previously described’. The phase transition ct.larzTcterlstlcs of
aqueous dispersions of 1 and 2, and the possibility t.hat they
may form bilayers and vesicles®, are under investigation.

—0—CO—

0-CO-R
R o R—co—ot{’Hc 0
H4C 3 H
oL
A oo NS0
R—CO—0~ N0 M®So-p=o
HO—~ _O 04 0
0
—0-P-0 HO
|

0® m®
@ ® @
Ta R =iy, M®= 1C,H),NH 2a Rz CiHyy. M® = (CHg1NH

®
b R = CyHyy MO 05ca2® b R = CyHyy, M® - 05 cal

The synthesis of the phosphatidyl-3‘-nucleoside 1 is shown in
Scheme A. The cyclic enediol pyrophosphate* 3 establishes
both P—O bonds of the phosphotriester 8 without the need
for additional activation. Removal of the protective group
(R) at position C-5' of the triester 8 leads to triester 9, which
is the first intermediate subject to purification. Removal of the
protective group (acetoinyl = 3-0x0-2-butyl) at the phosphate
ester function of 9 yields the desired liponucleotide in the
form of its triethylammonium salt, 1a. This salt is converted
into calcium salt, b, for phase transition studies®,

The synthesis of the phosphatidyl-5'-nucleoside 2 is shown in
Scheme B, and involves a different strategy. Now the first
P—O bond is established at the diglyceride stage, and the sec-
ond P—O is formed at the unprotected nucleoside stage. This
scheme takes advantage of the selective attack by a primary
alcohol (C-5—OH of 11) on the cyclic phosphotriester 10, in
the presence of an unprotected secondary alcohol (C-3'—0OH
of 11). The triester 12 is the first intermediate subject to puri-
fication in this scheme. This step is followed by removal of the
phosphate-protective group to give the desired liponucleotide

as triethylammonium salt 2a, and from it, the corresponding
calcium salt, 2b,

Synthesis of Phospholiponucleosides:

All reactions involving enediol cyclophosphoryl derivatives are carried
out under anhydrous conditions. The nucleosides, 4 and 11, are dehy-
drated by repeated evaporations from dry pyridine. Triethylamine and
dichloromethane are distilled from sodium and phosphorus pentox-
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@ dichloromethane solution (1 ml) of 6 containing 2 mol-equivalents of
i ami at 25°C inat 25°C, 16 h at 0°C,
R'=H co—< :)—c- triethylamine (0.28 ml), at 25°C. After 10 min ‘%t s -
’ and 2 h at 25°C, the solution is evaporated to give 8. A solution of 8
@ (1.00 g, 0.86 mmol) in dichloromethane (150 ml) is cooled to 0°C, and
Acnz—CH-C~CH is added to a stirred 0.026 molar dichloromethane solution of
(': g ? trifluoroacetic acid (650 ml) at 0 °C. After 30 min at 0°C, this solution
s is treated with pyridine (18 ml) in dichloromethane (60 ml). Product 9
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ide, respectively. The progress of all reactions is followed by analytical
T.L.C. on precoated silica gel plates (0.25 mm thick; HPTLC 60F-254,
Merck Cat. No. 5760). Purifications are carried out by preparative
T.L.C. on 20 x 20 cm precoated silica gel plates (2 mm thick, PLC 60F-
254, Merck Cat. No. 5766). Solvents: A, chloroform/methanol, 9/1; B,
chloroform/methanol, 4/1; C, chloroform/methanol/conc. NH,OH,
30/15/1; D, ethyl acetate/acetone/water, 7/3/1; (v/v). Samples are
dried for 18 h at 20°C/0.2 torr prior to microanalyses. All evapora-
tions are performed under vacuum. The esters and triethylammonium
salts prepared are too hygroscopic for microanalyses.

3'-0-(1,2-Di-O-myristoyl-sn-glycero-3-phosphoryl)-2'-deoxythymidine
(1):

A solution of 5'-O-p-methoxytritylthymidine® (4; 0.514 g, 1 mmol) in
dichloromethane (2 ml) is added to a stirred dichloromethane solution
(1 ml) of bis[2-butene-2,3-diyl] pyrophosphate® (3; 0.282 g, 1 mmol),
containing triethylamine (0.14 ml) at 25°C. After 2 h at 25°C, the so-
lution is evaporated to give 6. A solution of 1,2-di-O- -myristoyl-sn-gly-
cerol® (7; 0.512 g, | mmol) in dichloromethane (2 ml) is added to a

tion with solvent 4] followed by preparative T.L.C. [elution with sol-
vent D; extraction from the silica by solvent B]; yield: 52% (based on
nucleoside 4); R;: 0.63 (solvent D).

Compound 9 (0.320 g, 0.36 mmol) is mixed with pyridine (4 ml), water
(4 ml). and triethylamine (0.25 ml) at 25 °C. The mixture is stirred for
48 h at 25°C and is freeze-dried. Product la is obtained in pure form
by preparative T.L.C. [elution with solvent B; extraction with chloro-
form/methanol, 2/1; precipitation as free-{lowing powder from mini-
mum of chloroform upon addition of acetone]; yield: 60% (based on
triester 9); m.p. 195-196°C (shrinks at ~160°C); R,: 0.65 (solvent
Q).

The conversion of the triethylammonium salt, la, into the calcium
salt, 1b, is performed as follows. A solution of 1a (0.116 g) in chloro-
form/methanol, 2/1 (30 ml) is mixed with chloroform/methanol/2
molar aqueous calcium chloride, 3/48/47 (20 ml). The upper phase is
discarded, and the procedure is repeated two additional times with the
lower phase. The final lower phase is washed twice with chloroform/
methanol/water, 3/48/47 (20 ml), and evaporated. The residue is kept
for 18 h/0.2 torr to give 1b; yield: 0.098 g (94% based on la):
[aliy: +8.5° (¢ 491, chloroform/methanol, 2/1).
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CyoHy0Ca0. NgP:-2H.0  cale. CS5766 HR73  Calds
{1708.1) found 57.69 8.68 2.47
U.V. (chloro: yrm/methanol, 2/1): 4,.., =268 nm (£=18£00).

5'-0-(1,2-Di- )-myristoyl-sn-glycero-3-phosphoryl)-2'-deoxythymidine
(2):

A dichlorom thane sofution (2 ml) of 1.2-di-O-myristoyl-sn-glycerol
(7; 0.512 g, 1 mmol) is added to a stirred dichloromethane solution (1
ml) of bis[2-t 1tene-2,3-diyljpyrophosphate” (33 0.232 g. 1 mmoly, con-
taining trieth lamine (0.14 ml), at 25°C. After 2 h at 25°(, the solu-
tion is evapo ted to give 10. A solution of compound §0 (0.644 g. 1.0
mmol) in dic loromethane (4.5 ml), containing triethylamine (0.28 ml)
is added to 1 solution of thymidine (11; 0.242 g. 1.0 mmol) in
dimethylform umide (1 ml), at 25°C. After 10 min at 25°C, 15 h at
0°C, and 4 t at 25°C, the solution is evaporated to give product 12.
Compound 1} is obtained in pure form by preparative T.L.C. [elution
with solvent . '; extraction with solvent B]; yield: 40% (based on digly-
ceride 7); R; 0.65 (solvent D).

Compound 1 (0.250 g, 0.3 mmol) is mixed with pyridine (4 ml), water
(4 ml), and t1 2thylamine (0.25 ml) at 25°C. The mixture is stirred for
48 h at 25°C nd is fresze-dried. Product 2a is obtained in pure form
by preparativ - T.L.C. [elution with solvent B; extraction with chloro-
form,/methar » 2/1; precipitation as free-flowing powder from mini-
mum of chlo >form upon addition of acetone]; yield: 70% (based on
triester 12); 1 .p. 200-292°C (sinters at ~ 120°C): R,z 0.23 (solvent B),
0.55 (solvent ).

The conversic a of the triethylammonium salt, 2a, into the calcium salt
2b is perforr ed as before; yield: 90%; [2iy: +5.7° (¢ 4.41, caloro-
form/methar Hl, 2/1).

Ce:HuCa0; NyP,-2H,0  cale. €s57.66 HETY Calls
(1708.1) found 57.98 8.85 233

U.V. (chlorot :rm/methanol, 2/1): A, =268 nm (£ = 139500).
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Note adde in proof: The synthesis of adenosine 5'-octadecyl hy-

drogen phe sphate by means of the CEP-method has just been re-

ported: J. : mrt, S. Eynie, Coflect. Czech. Chem. Commun. 45, 927
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