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Platelet Activating Factor Antagonists: Synthesis and Structure-Activity Studies
of Novel PAF Analogues Modified in the Phosphorylcholine Moiety!
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New analogues of platelet activating factor (PAF), in which the phosphate and trimethylammonium moieties were
replaced with an acylcarbamoyl moiety and a quaternary cyclic ammonium group, were synthesized. Their biological
activities as PAF antagonists were evaluated by the inhibition of PAF-induced rabbit platelet aggregation in vitro
and protective effects on PAF-induced hypotension in rats and PAF-induced death in mice. Investigation of
structure—activity relationships revealed that PAF antagonist activity is strongly influenced by the acyl substituent
of the nitrogen atom on the carbamoyl group and the nature of the polar head group at the 3-position of the glycerin
backbone. Among the compounds tested, 2-[[N-acetyl-N-[[2-methoxy-3-[(octadecylcarbamoyl)oxy]propoxy]-
carbonyl]amino]methyl]-1-ethylpyridinium chloride (21, CV-6209) was one of the most potent compounds in the
in vitro assay (ICs, = 7.5 X 10 M) and the most potent and long-lasting in the in vivo assays. (R)-(-)-21 and (S)-(+)-21
were also synthesized, and no significant differences were observed in PAF antagonist activity in vitro and an inhibitory
effect on PAF induced hypotension in vivo between (RS)-21 and its enantiomers.

Platelet activating factor (PAF), a phospholipid medi-
ator released from rabbit basophils through an IgE-de-
pendent mechanism,?? has been identified as 1-O-alkyl-
2-0-acetyl-sn-glycero-3-phosphocholine*® (1). This com-
pound exerts diverse biological actions such as platelet
aggregation, hypotension, bronchoconstriction, and in-
crease of vascular permeability;® however, its precise pa-
thophysiological roles remain to be clarified. In this re-
spect, PAF specific antagonists might represent important
tools in the investigation of the role of PAF in various
pathophysiological conditions.” In 1983, we reported the
first PAF specific antagonist, CV-3988 (2),f which selec-
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tively inhibited biological actions of PAF in vitro and in
vivo. Recent studies utilizing CV-3988 have suggested that
PAF might play important roles in various diseases such
as endotoxin shock,? anaphylactic shock,!® and dissemi-
nated intravascular coagulation.!!

In a continuation of our effort to prepare more potent
PAF antagonists, we were interested in the compounds in
which the charged phosphate moiety of PAF was replaced
with other functional groups.!? As a part of this program,
the synthesis of the carbamoyl analogue 9 was undertaken
(Scheme I). Acetylation of compound 4 gave the diacetyl
compound 5, which was then converted to the quaternary
derivative 6 by the reaction with methyl iodide. Com-
pound 6 was found to have more potent PAF antagonist
activity in vitro than that of CV-3988. The corresponding
carbamoyl derivative 9 showed PAF antagonist activity in
vitro, but was less potent than 6. On the basis of this
finding, a study was carried out to elucidate the struc-
ture-activity profile of the PAF analogues replaced with
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an acylcarbamoyl group as the PAF specific antagonists.
In this paper, we report the synthesis and biological
evaluation of a novel series of PAF antagonists.
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Chemistry

PAF analogues 6 and 9 were prepared as outlined in
Scheme I. Reaction of 2-O-benzyl-1-O-octadecylglycerol
(3)'3 with phenyl chloroformate in the presence of pyridine
followed by coupling with N,N-dimethylethylenediamine
and hydrogenolysis of the benzyl group on Pd/C gave
compound 4. Acetylation of 4 with acetic anhydride and
triethylamine in chloroform at room temperature yielded
the diacetyl derivative 5, which was subsequently treated
with methyl iodide to give compound 6. The other PAF
analogue 9 was prepared in a different manner. Reaction
of 3 with phenyl chloroformate in the presence of pyridine
followed by coupling with ethanolamine gave the alcohol
7, which was then converted to compound 8 in a two-step
process involving tosylation of the hydroxy group of 7 with
p-toluenesulfonyl chloride in triethylamine followed by
bromination with lithium bromide. Compound 8 was
converted to 9 by hydrogenolysis of the benzyl group on
Pd/C followed by acetylation with acetic anhydride in
triethylamine and treatment with trimethylamine in tol-
uene.

The different types of PAF analogues modified in the
phosphate moiety were synthesized by the method shown
in Scheme II. Reaction of 10'* with phenyl chloroformate
in the presence of pyridine gave carbonate 11, which was
converted to 12a by heating with N,N-dimethylethylene-
diamine at 70 °C. Acetylation of 12a with acetic anhydride
in chloroform in the presence of triethylamine (method A)
or in pyridine (method B) at room temperature gave the
acetyl derivative 16a, which was treated with methyl iodide
to afford 17a. To confirm the contribution of the acetyl
group on the carbamoyl moiety to PAF antagonist activity,
compound 12a was converted to the quaternary derivative
14 with methyl iodide. To examine the effect of the dis-

(13) Arnold, D.; Weltzien, H. U.; Westphal, O. Liebigs Ann. Chem.
1967, 709, 234.

(14) Tsushima, S.; Yoshioka, Y.; Tanida, S.; Nomura, H.; Nojima,
S.; Hozumi, M. Chem. Pharm. Bull. 1984, 32, 2700.
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¢(a) CICO,Ph, pyridine; (b) RNH(CH,),NMe,; (¢) CH;l; (d)
(R’C0),0/pyridine or R"COCl/pyridine; (e) (1) CICO,Ph/pyridine,
(2) HNMe, or pyrrolidine or n-PrNH,. R’: a,b, Me; ¢, Et; d, n-Pr;
e, OMe; f, NMe,; g, pyrrolidino; h, NH-n-Pr.

Table I. N-Acetylation of the Carbamoyl Group at the
3-Position with Acetic Anhydride in Pyridine

CH,OCONHC 1gH37 CHZOCONHC13H37
CHOMe 229 _ chome
pyridine

CH,OCONHCH »=A CH,OCONCH,-A

Ac
compd A reactn condit  yield,® %
12a CH,NMe, RTt6h 95
12b CH,CH,NMe, RT® NRe¢
100 °C, 24 h 29
18a CHzN(:‘ RT,6 h 89
18¢ /N RT?® NRe¢
A 100 °C, 24 h 43
18e 7~ 110°C,72 h 80
|

®Yields were not optimized. *RT = room temperature. °NR =
no reaction.

tance between the N-acetylcarbamoyl group and the polar
head moiety, 17b was synthesized from 11 by the reaction
with 3-(dimethylamino)propylamine followed by acetyla-
tion with acetic anhydride in pyridine at 100 °C and
treatment with methyl iodide.

To investigate the effects of the N-substituent on the
carbamoyl moiety at the 3-position, the acetyl group was
replaced with methyl, propionyl, butyryl, methoxy-
carbonyl, and some carbamoyl groups (Table II). The
alkyl derivative 15 was obtained by the reaction of 11 with
N,N,N’trimethylethylenediamine followed by treatment
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Table II. Inhibitory Activity on PAF-Induced Rabbit Platelet Aggregation

CH,0- Ry

CHO-R,

CH,OCON(CH )N (CHg)g X~

R3

compd R, R, R, X m  platelet ICy,° uM formula® anal.®
2 (CV-3988) 7.8 (n = 6)¢
6 C18H37 Ac Ac I 2 0.88 (n = 2) C31H61N2061 (1-5H20) C, H, N, I¢
9 C,sHs; Ac H Br 2 84 (n=2) CyHN,05Br (0.5H,0) C,H, N, Br
14 CONHCzHy;, Me H I 2 14 (n =2 CaoHeN;0s1 (1.5H,0) C.H.N
15 CONHCgH3, Me Me I 2 82(n=2) CaoHgN3OsI (H20) C,H, N
17a CONHC,gHj, Me Ac I 2 1.5 (n = 2) Ca1HgaN30qI (H;0) C,H N,I
17b CONHC,Hy, Me  Ac I 3 85 (n = 2) CaaHeN;O4l (0.5H,0) C.H, N
17¢ CONHC18H37 Me COEt I 2 5.6 (n = 2) CazHuNaOsI (2.6H20) C, H, N
17d CONHCHy; Me  COnPr I 2 78 (n = 2) CasHeeN3OgI (H;0) C.H.N, I
17 CONHC;Hy, Me  COMe I 2 23(n =2  CyHeuNsO.I (15H;0) C.H N
17f CONHC18H37 Me CONMez I 2 5.8 (n = 2) C37H65N4OGI (2H20) C, H, N
17g CONHCjHy;  Me °°"<] I 2 86 (n = 2) C3HgN,04l (2H,0) C,H, N
17h CONHCjHy; Me  CONH-n-Pr I 2 >30(n=2) C3sHgN,O4l (2.5H,0) C,H, N

¢ Micromolar concentration of a test compound for 50% inhibition of rabbit platelet aggregation induced by PAF. The n values are the
number of experiments in which a dose-response curve was determined from two to six replicates per dose level. ®Parentheses contain the
moles of water of hydration. °Analytical results are with £0.4% of theoretical values unless indicated otherwise. ?Reference 7. ¢I: caled,

17.83; found, 17.09.
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¢ (a) H,NCH,-A; (b) Ac,0; (c) RX; (d) ion exchange. A: a, pyr-
rolidinomethyl; b, piperidinomethyl; ¢, morpholinomethyl; d, 2-
pyrrolidinyl; e, 2-pyridyl; f, 2-thiazolyl; g, 4-thiazolyl.

with methyl iodide. The acyl derivatives 17¢,d were ob-
tained by the acylation of 12a with propionyl chloride and
butyric anhydride in pyridine, respectively, followed by
the reaction with methyl iodide. The alkoxycarbonyl de-
rivative 17e was obtained by the reaction of 12a with
methyl chloroformate in the presence of triethylamine
followed by treatment with methyl iodide. The carbamoyl
derivatives 17f,g h were obtained in a three-step process
involving the conversion of 12a to a phenyl carbonate
derivative with phenyl chloroformate and pyridine in
methylene chloride followed by treatment with an ap-
propriate amine (dimethylamine, pyrrolidine, and n-
propylamine) and the reaction with methyl iodide.

To evaluate the effects of the polar head base on PAF
antagonist activity, compounds possessing a cyclic am-
monium moiety as the polar head group were synthesized
as shown in Scheme III. The reaction of 11 with an
appropriate diamine (H,NCH,A; A = a-g, Scheme III)
gave a series of amines 18a—g. These were then converted
to the acetylcarbamoyl derivatives by the reaction with
acetic anhydride in pyridine (19a,¢), or in chloroform in
the presence of triethylamine at reflux (19b,d), or in tol-
uene in the presence of 4-(dimethylamino)pyridine at 80

Scheme IV*
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d
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CH,0CHZPh CH,0H
32: Ry =0OMe;Ry=H (§)-(-)-10: Ry =0OMe: Rz =H

33: R, = H: R, =OMe  (A)-(+)-10: Ry = H, Ry = OMe

¢(a) CH3l/KOH/DMSO; (b) 80% AcOH/H,0; (¢) CigHyN=
C=0/pyridine; (d) Hy, Pd/C. Tr = trityl.

°C (19f,g2). The reaction of 19a-g with methyl iodide
(followed by treatment with ion-exchange resin in the case
of 19e) gave a series of the quaternary ammonium deriv-
atives 20a-g.

To investigate the effects of the substituent on the ni-
trogen atom of the pyridinium moiety, compounds 21-23
were prepared by the reaction of 19e with ethyl iodide,
n-propyl iodide, and n-butyl iodide, respectively, followed
by treatment with ion-exchange resin. The thiazolium
derivatives 24 and 25 which were substituted with an ethyl
group at the nitrogen atom of the polar head moiety were
also synthesized by the reaction of 19f,g with ethyl iodide
followed by treatment with ion-exchange resin (in the case
of 19g).

In order to examine the enantiospecificity at the 2-
position in PAF antagonist activities, (R)-(-)-21 and
(S)-(+)-21 were synthesized from (S)-(-)-10 and (R)-(+)-10,
which were prepared as outlined in Scheme IV. Alkylation
of 3-O-benzyl-1-O-trityl-sn-glycerol!® (26) with methyl
iodide and sodium hydroxide in DMSO gave compound
28. Deprotection of the trityl group of 28 with acetic acid
gave 30, which was treated with octadecyl isocyanate to
afford 32. Hydrogenolysis of the benzyl group in the

(15) Hirth, G.; Barner, R. Helv. Chim. Acta 1982, 65, 1059.
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Table III. Inhibitory Activity of PAF-Induced Rabbit Platelet Aggregation
CH,OCONHC gH3;

CHOMe

CH,OCONCH, AR X~

Ac
compd A*-R X platelet ICsy,° uM formula® anal.’
20a Te I 11(n=2) Ca3HeiN3061 (H;0) CHNI
CHzN@
20b ”I“ I 5.4 (n=2) C34HeeN3 061 (0.5H,0) C,H,N, 1
CHgN + >
20¢ M;j I 92 (n =2 C33sHgyN3O,1 (0.5H,0) C,H, N
CHpN+ O
/
20d I 0.67 (n = 2) CssHgsN3OgI (0.5H,0) C,H,N
A2
/ N\
E1 Me
20e @ Cl 020 (n=2) C33H5sN304Cl (H,0) C,H, N, Cl
SN
|
Me

¢ Micromolar concentration of a test compound for 50% inhibition of rabbit platelet aggregation induced by PAF. The n values are the
number of experiments in which a dose-response curve was determined from two to six replicates per dose level. ® Parentheses contain the
moles of water of hydration. °Analytical results are within £0.4% of theoretical values unless indicated otherwise.

presence of 5% Pd-C catalyst gave (S)-(-)-10. In an
identical manner, (R)-(+)-10 was prepared from 1-O-
benzyl-3-O-trityl-sn-glycerol (27) via compounds 29, 31,
and 33. The chiral purity of (S)-(-)-10 and (R)-(+)-10 was
examined by 1®)C NMR with the Mosher’s ester deriva-
tives!® of both enantiomers and estimated to be greater
than 97% (see the Experimental Section). Preparations
of (R)-(-)-21 and (S)-(+)-21 from (S)-(-)-10 and (R)-(+)-10
were accomplished by the same procedure with (RS)-21.

Results and Discussion

The mechanism of acetylation on the carbamoyl group
at the 3-position was not further investigated; however, it
was revealed that the reaction rate was strongly affected
by the nature of the amino group, the basicity of the
tertiary amine, and the distance between the carbamoyl
group and the amino group (Table I). Thus the acetylation
of compounds 18¢,e bearing a weakly basic amino group
as the polar head moiety required considerably longer
reaction time and higher reaction temperature than that
of compounds 12a and 18a, which possess a more basic
amino group. The reaction rate of the (dimethylamino)-
ethyl derivative 12a was much faster than that of the
(dimethylamino)propyl derivative 12b. In the case of
acetylation of 12a,b and 18a-g, the carbamoyl group at
the 1-position was not acetylated under each reaction
condition. From these results, the mechanism of this
acetylation reaction might be explained as shown in
Scheme V. The tertiary amino group of A is acetylated
with acetic anhydride to afford the quaternary ammonium
salt (B) and then the acetyl group is transferred to the
carbamoyl group by an intramolecular rearrangement to
give the acetylcarbamoyl derivative (C). A similar rear-
rangement reaction of quaternary ammonium salt has been
reported.!”

The inhibitory effect of the compounds on PAF-induced
rabbit platelet aggregation in vitro was examined as a first

(16) Dale, J. A.; Mosher, H. S. J. Am. Chem. Soc. 1973, 95, 512.
(17) Willstatter, R. Ber. 1902, 35, 584.

Scheme V
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H }‘a—c CHs—ﬁ
] o
B c

screening using the method of Born'® (Tables II-IV). The
carbamoyl derivatives of PAF (9 and 14) showed compa-
rable PAF antagonist activity in vitro to that of CV-3988.
It was evident that introduction of an acetyl group into
the carbamoyl moiety at the 3-position resulted in a large
increase in potency in blocking PAF-induced platelet ag-
gregation in vitro (6 and 17a, compared with 9 and 14,
respectively). Since variation of the substituents R, and
R, did not cause marked change in inhibitory activity in
comparison of 17a with 6, modification of the substituent
at the 3-position was explored with use of the same sub-
stituent pattern at the 1- and 2-positions with CV-3988 in
subsequent studies.

Increasing the distance between the acetylcarbamoyl
group and the polar head moiety (compound 17b) resulted
in a decrease of PAF-induced platelet aggregation in vitro,
compared to 17a.

Replacement of the acetyl group on the carbamoyl
moiety by methyl, propionyl, butyryl, methoxycarbonyl,
and some carbamoyl groups resulted in a decrease in PAF
antagonist potency. Especially, introduction of methyl or
larger acyl substituents such as butyryl, pyrrolidino-
carbonyl, and n-propylcarbamoyl led to greater decreases

(18) Born, G. V. R. Nature (London) 1962, 194, 927.
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Table IV, Inhibitory Activity of PAF-Induced Rabbit Platelet Aggregation and PAF-Induced Hypotension in Rats

CH20CONHC1gH37 CH,O0CONHC gH3; CH,0CONHC,gHg,
CHOMe CHOMe CHOMe
| ~ l S | s
CH,OCONCH l CH,OCONCH 4_\> CH OCONCH ()
2 2\ 2 - 2 2Q . 2 2
l N# x ' N# x +
Ac ' Ac l Ac l
R R R
20e, 21-~-23 20f, 24 209, 25
inhibition of PAF hypotension,® %
dose,
compd R X platelet ICs,° tM  mg/kg 5 min 60 min 120 min formula® anal.?
20e Me Cl 020(m=2 10(n=2 82 39 33 CasHssN3O5Cl (H,0) C,H N, Cl
21 Et Cl 0075(n=8 0l(n=5 100 55 34 CaHeoNsOCl (LH,0)  C, H, N, Cl
(R)-(0)-2 Et Cl 0084(n=2 01(n=3) 100 36 20 CssHgoN5O4Cl (2H,0) C,H,N
(S)- (+) Et Cl 0091(n=2 0l(n=2) 100 54 17 Ca4HgoN304Cl (2H,0) C,H, N
22 nPr  Cl 0094(n=2 0l(n=2) 45 0 CysHgNyOCl (L5H,0)  C, H, N; Cle
23 nBu Cl 01l(rn=2 10(rn=2 100 0 CyeHeN304C1 (H,0) C,H, N, Cl
20f Me I 04l(n=2 1.0(=1 100 100 30 CyHyeNgOoSI (0.5H,0) C,H N, S
01 (n=2) 43 6 0
24 Et I 009%(nr=2 0l(m=2 100 3 0 CyHNsOgSi (05H,0)  C, H, N, S
20g Me I 010(r=2 10(n=2) 92 29 4 CyHegNsOGSI (L5H,0) C, H N, S
25 Et Cl 0092(r=2 0l(m=2 100 40 14 CaHegN304Cl (H,0) G, HN,S

¢ Micromolar concentration of a test compound for 50% inhibition of rabbit platelet aggregation induced by PAF. The n values are the
number of experiments in which a dose-response curve was determined from two to six replicates per dose level. *PAF (0.3 ug/kg, iv) was
first injected twice at an interval of 20 min. Twenty minutes after the second injection, test compounds (one dose per rat for one compound)
were given iv and PAF was injected 5, 60, and 120 min after the compound. The hypotension induced by the second injection of PAF (about
50 mmHg) was defined as 100 and the percent inhibition of the PAF-induced hypotension by test compounds was estimated. The n values
are the number of experiments. The standard deviation of the mean of these results less than 5%. °Parentheses contain the moles of water
of hydration. ¢ Analytical results are with in £0.4% of theoretical values unless indicated. ¢Cl: caled, 5.19; found, 5.61.

in potency (15, 17d, and 17h).

The effects of the polar head base on PAF antagonist
activity were shown in Tables III and IV. Compounds
20d,e in which the nitrogen atom of the polar head was
incorporated into the ring system showed more potent PAF
antagonist activity than the trimethylammonium deriva-
tive 17a. Especially, the pyridinium methyl derivative 20e
was 10 times more potent than 17a (Table III). Since the
thiazolium group was the best polar head base for PAF
antagonist activity in the case of CV-3988, the thiazolium
derivatives 20f and 20g were synthesized. These com-
pounds showed approximately equivalent potency to the
corresponding pyridinium derivative 20e. Modification of
the substituent on the nitrogen atom of the pyridinium
moiety resulted in an increase in reducing PAF-induced
platelet aggregation (21-23) and the ethyl group appeared
to be optimal. Similarly, the thiazolium derivatives sub-
stituted with an ethyl group at the nitrogen atom also had
strong PAF antagonist activity (24, 25) (Table IV).

Compounds with strong PAF antagonist activity in vitro
were further evaluated by measuring the inhibitory effect
on PAF-induced hypotension in rats. As shown in Table
IV, compounds 21, 24, and 25 completely inhibited PAF-
induced hypotension at a dose of 0.1 mg/kg after 5 min.
It was noteworthy that these N-ethyl derivatives were
about 10 times more potent than that of the corresponding
N-methyl derivatives. Consequently, compounds 21 and
25 were selected for further evaluation of the protecting
effect on PAF-induced sudden death in mice. Since a
long-lasting effect is desirable for pharmaceutical usage,
the duration of action was evaluated in this assay. As
shown in Table V, the duration of action of the pyridinium
derivative 21 was longer than that of the thiazolium de-
rivative 25. The protective effect of 21 at a dose of 1
mg/kg continued even after 24 h.

No significant differences were observed in PAF an-
tagonist activity in vitro and an inhibitory effect on
PAF-induced hypotension in vivo between (RS)-21 and its
stereoisomers (R)-(-)-21 and (S)-(+)-21. Similar results

Table V. Time Course of Protecting Effect of 21 and 25 on
PAF-Induced Death in Mice

survival rate,’® %

compd dose, mg/kg 8h 24 h
21 1 100+ # 69**
25 1 T5** 25

¢ Test compounds were given iv 8 and 24 h before the injection
of PAF (50 ng/kg, iv). Numbers of mice were 142 (control) and 16
(21 and 25). The survival rate was recorded 60 min after the in-
jection of PAF and was 22% for control. ®(**) p < 0.01, x2 test: vs
the value of the control.

have been reported on PAF antagonists SRI 63-072 and
SRI 63-119.%

From the results of biological evaluation, 2-[[ N-acetyl-
N-[[2-methoxy-3-[(octadecylcarbamoyl)oxy]propoxy]-
carbonyl]amino]methyl]-1-ethylpyridinium chloride (21)
(CV-6209) was selected for further pharmacological
characterization.1?

Experimental Section

Melting points were determined on a Yanaco micro-melting
apparatus and are uncorrected. 'H NMR spectra were taken with
a Varian EM-390 or a Varian T-60 spectrometer, while 13C NMR
spectra were determined with a JEOL GX-400 spectrometer in
CDCl; with tetramethylsilane as an internal standard. Unless
otherwise indicated, 'TH NMR spectra were measured at 90 MHz.
Infrared spectra were recorded on a Hitachi 215 spectrometer.
Where analyses are indicated by symbols of elements, the ana-
lytical results were within £0.4% of the theoretical values. Column
chromatography was carried out on silica gel (E. Merck, particle
size 70-230 mesh).

The diamines required for the preparation of 18a—e are com-
mercially available; however, the diamines needed for compounds
18f and 18g were prepared in a manner similar to that described
in the literature.?®

(19) Terashita, Z-i.; Imura, Y.; Takatani, M.; Tsushima, S.; Nishi-
kawa, K. J. Pharmacol. Exp. Ther. 1987, 242, 263.
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3-0O-[[2-(Dimethylamino)ethyl]carbamoyl]-1-O-octa-
decylglycerol (4). To a solution of 2-O-benzyl-1-O-octadecyl-
glycerol (3)!% (1.88 g, 4.33 mmol) and pyridine (0.68 g, 8.65 mmol)
in 12 mL of methylene chloride was added phenyl chloroformate
(0.75 g, 4.76 mmol) with stirring at 0 °C. After stirring for 1.5
h, the mixture was washed with 1% NaHCOj; solution and dried
(MgS80,). Solvent was removed at reduced pressure, giving the
crude carbonate as an oil which was used in the next step without
additional purification: NMR (CDCl;) 6 0.86 (3 H, s), 1.27 (30
H,s), 1.4-1.7 (2 H, m), 343 (2H, t,J = 6 Hz), 355 (2 H,d, J
=5 Hz), 3.84 (1 H, m), 4.40 (2 H, m), 4.70 (2 H, s), 7.08-7.57 (10
H, m); IR (neat) 1760, 1235, 1210 cm™.

This carbonate was heated at 70 °C with N,N-dimethyl-
ethylenediamine for 5 h. After cooling, the reaction mixture was
chromatographed on silica gel, with CHCl;-MeOH (19:1) as eluent,
to give 2.37 g (100%) of 2-O-benzyl-3-0-[[2-(dimethylamino)-
ethyl]carbamoyl]-1-O-octadecylglycerol as an oil that solidified
on cooling: NMR (CDCl) 6 0.87 (3 H, br t, J = 7 Hz), 1.28 (30
H,s), 1.4-1.7 (2H, m), 2.20 (6 H, s), 2.37 (2 H, t, J = 6 Hz), 3.23
(2H,q,J =6Hz),3.42(2H,t,J =6 Hz),353(2H,d,J =5
Hz), 3.76 (1 H, quint, J = 5 Hz), 4.20 (2 H, m), 4.68 (2 H, s), 5.27
(1H, br), 7.32 (5 H, s); IR (neat) 1725 cm™l. This free base was
converted to the HCl salt by treatment with HCl/ether for ele-
mental analysis. Anal. (C33Hg N,0,CI-H,0) C, H, N.

A solution of 1.10 g (2 mmol) of the above free base in 5 mL
of 90% AcOH and 5 mL of EtOH containing 250 mg of 10% Pd/C
catalyst was subjected to hydrogenolysis for 14 h. The catalyst
was removed by filtration and the solvent was removed at reduced
pressure. The residue was chromatographed on silica gel, with
CHCl;-MeOH (6:1) as eluent, to afford 816 mg (89%) of 4 as a
colorless wax: NMR (CDCl;) 6 0.87 (3 H, t,J = 7 Hz), 1.27 (30
H,s), 1.4-1.7 (2 H, m), 2.24 (6 H, s), 2.40 (2 H, t, J = 6 Hz), 2.99
(1 H, br), 3.27 (2 H, q,J = 6 Hz), 3.45 (4 H, m), 3.97 (1 H, m),
4.14 (2 H, m), 5.48 (1 H, br); IR (neat) 3290, 1700, 1525, 1465 cm™.
Anal. (CyHN,0O,) C, N; H: caled, 11.87; found, 11.08.

2-0-Acetyl-3-O-[N-acetyl-N-[2-(dimethylamino)ethyl]-
carbamoyl]-1-O-octadecylglycerol (5). To a solution of 4 (1.417
g, 3.09 mmol) and 31 mL of triethylamine in CHCl; (15 mL) was
added 4.6 mL (48.75 mmol) of acetic anhydride. The mixture
was allowed to stand at room temperature for 21 h and concen-
trated at reduced pressure. The residue was diluted with CHClq
and washed with 5% NaHCOj; solution. The organic layer was
dried (MgSO,) and the solvent was removed. The residue was
chromatographed on silica gel, with AcOEt-acetone (2:1) as eluent,
to afford 1.608 g (96 %) of 5 as a colorless oil: NMR (CDCly) é
0.88 (3 H, brt,J = 7Hz), 1.27 (30 H, s), 1.4-1.7 (2 H, m), 2.10
(3H,s),223(6H,s),2.40 (2H,t,J =7 Hz), 2.50 (3 H, s), 3.46
(2H,t,J =6Hz),3.58(2H,d,J =5Hz),3.85(2H,t, J=7Hz),
4.42 (2 H, m), 5.29 (1 H, m); IR (neat) 1745, 1710, 1234 em™.. This
free base was converted to the HCl salt by treatment with
HCl/ether for elemental analysis. Anal. (C3HgN,04CL-H,;0) C,
H, N.
2-[N-Acetyl-N-[[2-methoxy-3-(octadecyloxy)propoxy]-
carbonyl]amino]-N,N,N-trimethyl-1-ethanaminium Iodide
(6). To a solution of 5 (1.10 g, 2.03 mmol) in 45 mL of ether was
added 623 mg (4.37 mmol) of methyl iodide. The mixture was
allowed to stand at room temperature for 72 h in the dark, and
1.22 g (88%) of 6 was collected by filtration as a white powder
with no well-defined melting point (73-76 °C): NMR (CDCly)
§0.87(3H,brt,J = 7 Hz), 1.27 (30 H, 5), 1.4-1.7 (2 H, m), 2.12
(3H,s),252 (3 H,s), 3.33-3.7 (13 H, m), 3.80 (2 H, m), 4.22 (2
H, br t,J = 7 Hz), 4.561 (2 H, m), 5.42 (1 H, m); IR (KBr) 1740,
1680 (br) cm™l. Anal. (C5HgN,Ogl'1.56H,0) C, H, N; I: caled,
17.88; found, 17.09.

In a similar manner, compounds 14, 15, 17a-h, 20a-d were
prepared.

2-0-Benzy!-3-0-[(2-hydroxyethyl)carbamoyl]-1-O-octa-
decylglycerol (7). The crude carbonate, prepared by a procedure
identical with that described in the synthesis of 4 from 1.74 g (4
mmol) of 2-0-benzyl-1-O-octadecylglycerol, 632 mg (8 mmol) of
pyridine, and 689 mg (4.4 mmol) of phenyl chloroformate, was
dissolved in 10 mL of CHCl; and stirred with 293 mg (4.8 mmol)

(20) Berlin, A. Y.; Bronovitskaya, V. P. Zh. Obshch. Khim. 1961,
31, 1356.
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of ethanolamine at reflux for 21 h. The reaction mixture was
concentrated at reduced pressure. The residue was chromato-
graphed on silica gel, with n-hexane-AcOEt (1:1) as eluent, to
afford 1.94 g (93%) of 7 as a white powder: mp 45-46 °C; NMR
(CDCly) 50.89 (3H, br t,J = 7 Hz), 1.27 (30 H, 5), 1.4-1.7 (2 H,
m), 2.82 (L H, brt, J = 6 Hz), 3.15-3.91 (9 H, m), 4.22 (2 H, m),
468 (2H,s),537(1 H, brt,J =6 Hz), 7.33 (6 H, s); IR (KBr)
3335, 1700 cm™. Anal. (C4HsNOs) C, H, N.

2-0-Benzyl-3-O-[(2-bromoethyl)carbamoyl]-1-O-octa-
decylglycerol (8). To a solution of 1.84 g (3.53 mmol) of 7 in
10 mL of triethylamine was added 0.88 g (4.59 mmol) of p-
toluenesulfonyl chloride with stirring at 0 °C. After the mixture
was stirred for 18 h at room temperature, 5% HCI solution (100
mL) was added slowly and the mixture was extracted with CHCl,.
The organic layer was dried (MgSO,) and the solvent was removed
at reduced pressure. The residue was chromatographed on silica
gel, with n-hexane-AcOEt (2.5:1) as eluent, to give 2.36 g (99%)
of 2-O-benzyl-1-O-octadecyl-3-0-[[2-[(p-tolylsulfonyl)oxy]-
ethyl]carbamoyl]glycerol as a colorless oil: NMR (CDCl;) 6 0.88
(3H, brt,J =7Hz),1.23 (30 H,s), 1.4-1.7 (2 H, m), 2.41 (3 H,
s), 3.28-3.58 (6 H, m), 3.72 (1 H, quint, J = 5 Hz), 3.97-4.37 (4
H, m), 4.64 (2 H, s), 5.02 (1 H, br), 7.22-7.42 (7 H, m), 7.79 (2
H, d, J = 8 Hz); IR (neat) 1728, 1600 cm™.

This compound (2.36 g, 3.49 mmol) was dissolved in 22 mL of
DMF and 0.73 g (6.98 mmol) of lithium bromide was added. The
mixture was heated for 2 h at 60 °C and cooled to room tem-
perature. Water was added and the mixture was extracted with
ether. The organic layer was dried (MgSO,) and the solvent was
removed. The residue was chromatographed on silica gel, with
n-hexane-AcOEt (4:1) as eluent, to give 1.86 g (91%) of 8 as an
oil that crystallized on standing: mp 50-51 °C; NMR (CDCly)
60.87(3H, m), 1.26 (30 H, s), 1.4-1.7 (2 H, m), 3.29-3.92 (9 H,
m), 4.22 (2 H, m), 4.66 (2 H, s), 5.06 (1 H, br), 7.30 (5 H, s); IR
(KBr) 1720 cm™. Anal. (C3H;NO,Br) C, H, N.

2-[[[2-Acetoxy-3-(octadecyloxy)propoxy]carbonyl]-
amino]-N,N,N-trimethyl-1-ethanaminium Bromide (9). A
solution of 8 (349 mg, 1.62 mmol) in 40 mL of 90% AcOH-H,0
containing 250 mg of 10% Pd/C catalyst was subjected to hy-
drogenolysis for 2 h. The catalyst was removed by filtration, and
the solvent was evaporated to give 785 mg (98%) of the alcohol
as a white powder which was used in the next step without ad-
ditional purification: mp 65-66 °C; NMR (CDCly) 6 0.88 (3 H,
br t,J = 7 Hz), 1.24 (30 H, s), 1.4-1.7 (2 H, m), 2.85 (1 H, br),
3.31-3.72 (8 H, m), 4.00 (1 H, m), 4.17 (2 H, m), 5.33 (1 H, br);
IR (KBr) 3415, 3305, 1698 em™.. Anal. (Cy,H,NO,Br) C, H, N.

This compound (124 mg, 0.25 mmol) was dissolved in 3 mL
of CHClg, and 2.5 mL of pyridine and 0.4 mL of acetic anhydride
were added. The mixture was allowed to stand for 13 h at room
temperature and 50 mL of ether was added. The mixture was
washed with 5% NaHCOj; and 5% HCI solution, and the organic
layer was dried (MgS0,) and concentrated at reduced pressure.
The residue was chromatographed on silica gel, with n-hexane-
AcOEt (4:1) as eluent, to give 117 mg (87%) of the acetate as a
colorless syrup: NMR (CDCly) 6 0.89 (3 H, br t, J = 7 Hz), 1.27
(30H,s), 1.4-1.7(2H, m), 2.08 (3 H, s), 3.35-3.73 (8 H, m), 4.28
(2 H, m), 5.04-5.41 (2 H, m); IR (neat) 1735, 1700, 1225 cm™.

The acetate (115 mg, 0.21 mmol) was dissolved in toluene and
4 mL of 20% trimethylamine-toluene solution was added. The
mixture was allowed to stand at room temperature for 48 h and
the solvent was removed at reduced pressure. The residue was
triturated with CHCly—ether to afford 120 mg (94%) of 9 as a white
powder: mp 6162 °C; NMR (CDCl;) 6 0.87 (3H, brt,J = 7 Hz),
1.25 (30 H, s), 1.4-1.7 (2 H, m), 2.08 (3 H, s), 3.32-3.97 (17 H, m),
4.30 (2 H, m), 5.20 (1 H, m), 6.82 (1 H, m); IR (KBr) 1730, 1265,
1240 em™. Anal. (CyHsN,0;Br-0.5H,0) C, H, N, Br.

2-0-Methyl-1-O-(octadecylcarbamoyl)-3-O -(phenoxy-
carbonyl)glycerol (11). To a solution of 2-O-methyl-1-O-(oc-
tadecylcarbamoyl)glycerol!* (40.16 g, 0.1 mol) and pyridine (16.18
mL, 0.2 mol) in 300 mL of methylene chloride was added phenyl
chloroformate (15.06 g, 0.12 mol) at 0 °C. After the mixture was
stirred at room temperature for 30 min, 5% NaHCQ; solution
(150 mL) was added. The organic layer was separated and the
aqueous layer was extracted with methylene chloride. The-com-
bined organic layer was dried (MgSO,) and the solvent was re-
moved. The residue was recrystallized from n-hexane to give 47.51
g (91%) of 11 as colorless fine needles: mp 59.5-60.5 °C; NMR
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(CDCl3) 6 0.86 (3 H, brt, J = 7 Hz), 1.26 (30 H, s), 1.4-1.7 (2 H,
m), 3.15 (2 H, q, J = 6 Hz), 3.48 (3 H, s), 3.67 (1 H, m), 4.22 (2
H,d,J =5Hz),433(2H,dd, J = 3,5 Hz),4.73 (1 H, br), 7.10-7.53
(5 H, m); IR (KBr) 3330, 1762, 1695, 1275, 1250, 1205 cm™!. Anal.
(C4H51NOg) C, H, N.

3-O-[[2-(Dimethylamino)ethyl]carbamoyl]-2-O-methyl-
1-O-(octadecylcarbamoyl)glycerol (12a). The mixture of 11
(2.09 g, 4 mmol) and N,N-dimethylethylenediamine (445 mg, 4.8
mmol) was heated at 70 °C for 5 h. After cooling, the reaction
mixture was chromatographed on silica gel, with CHCl;-MeOH
(10:1) as eluent, to give 1.90 g (92% of 12a as a colorless solid:
mp 42-43 °C; NMR (CDCl;) 6 0.88 (8 H, brt, J = 7 Hz), 1.27 (30
H,s), 1.4-1.7 (2 H, m), 2.20 (6 H, s), 2.39 (2 H, t, J = 6 Hz),
3.02-3.34 (4 H, m), 3.43 (3 H, s), 3.568 (1 H, quint, J = 5 Hz), 4.16
(4H,brd,J =5Hz),5.00 (1 H, br); IR (KBr) 3330, 1695 cm™!.
Anal. (CyHgN3O5) C, H, N

In a similar manner, compounds 12b, 13, 18a-d,f,g were pre-
pared from appropriate diamines.

2-0-Methyl-3-O-[N-(2-pyridylmethyl)carbamoy!]-1-O-
(octadecylcarbamoyl)glycerol (18e). The mixture of 11 (10.43
g, 20 mmol) and 2-(aminomethyl)pyridine (3.05 mL, 30 mmol)
was heated at 90 °C for 1 h. After cooling, the mixture was diluted
with methylene chloride and washed with 5% KOH solution. The
organic layer was dried (K,CO;) and the solvent was removed.
The residue was recrystallized from n-hexane-methylene chloride
(10:1) to give 10.70 g (100%) of 18e as colorless fine needles: mp
66.5-67.0 °C; NMR (CDCl;) 6 0.86 (3 H, br t,J = 7 Hz), 1.25 (30
H,s), 1.4-1.7 (2H, m), 3.15 (2 H, q, J = 6 Hz), 3.44 (3 H, 5), 3.59
(1 H, quint, J = 5 Hz), 4.18 (4 H, m,), 4.50 (2 H, d, J = 6 Hz),
4.80 (1 H, br), 5.90 (1 H, br), 7.10-7.40 (2 H, m), 7.67 (1 H, dt,
J =2,8Hz),856 (1 H,brd,J =5 Hz); IR (KBr) 3320, 1695 cm™.
Anal, (030H53N305) C, H, N.

In a similar manner, (R)-(-)-18e and (S)-(+)-18e were prepared
from (S)-(-)-10 and (R)-(+)-10 with phenyl chloroformate and
pyridine followed by 2-(aminomethyl)pyridine, respectively. The
compounds were identical (IR, NMR, TLC) with racemic 18e.
(R)-(-)-18e: mp 74-75 °C (from n-hexane—ether (4:1)); [a]%p —0.2°
(c 1, CHCly). Anal. (C4HgN4O5) C, H, N. (S)-(+)-18e: mp 75-76
°C (from n-hexane-ether (4:1)); [«]%; +0.83° (c 1, CHCl;). Anal.
(C4H53N305) C, H, N.

3-O-[N-Acetyl-N-[2-(dimethylamino)ethyl]carbamoyl]-
2-0-methyl-1-O-(octadecylcarbamoyl)glycerol (16a). Me-
thod A. To a solution of 12a (202 mg, 0.39 mmol) and tri-
ethylamine (4.4 mL) in 15 mL of CHCI; was added 0.4 mL (4.24
mmol) of acetic anhydride with strirring. The mixture was allowed
to stand at room temperature for 19 h and concentrated. The
residue was dissolved in CHCl; and washed with 1% NaHCO;
solution. The organic layer was dried (K,CO;) and the solvent
was removed. The residue was chromatographed on silica gel,
with AcOEt-acetone (1:1) as eluent, to give 206 mg (94%) of 16a
as an oil: NMR (CDCl;) 60.89 (3H, brt,J =7 Hz), 1.25 (30 H,
s), 1.4-1.7 (2H, m), 2.25 (6 H, s), 2.43 (2H, m), 2.48 (3 H, ), 3.13
(2H, q,J = 6 Hz), 343 (3 H, s), 3.62 (1 H, br quint, J = 5 Hz),
3.86 (2H,t,J = 8Hz),4.20 2 H, d, J = 5 Hz), 4.30 (2 H, dd,
J = 2,5 Hz), 5.61 (1 H, br); IR (neat) 1738, 1710, 1690 cm™.

In a similar manner, compounds 19b,d were prepared except
the reactions were allowed to proceed at reflux for 24 h.

Method B. The mixture of 12a (200 mg, 0.39 mmol), acetic
anhydride (4 mL, 42.4 mmol), and pyridine (8 mL) was allowed
to stand at room temperature for 6 h and concentrated under
reduced pressure. Workup was the same as in method A and the
yield of 16a was 95%.

In a similar manner, compound 19a was prepared. Compounds
16b, 16d, and 19¢ were also prepared by method B except that
the reactions were allowed to proceed at 100 °C for 24 h.

3-O-[N-[2-(Dimethylamino)ethyl]-N-propionyl-
carbamoyl]-2-O-methyl-1-O-(octadecylcarbamoyl)glycerol
(16¢). To a solution of 12a (516 mg, 1 mmol) and pyridine (395
mg, 5 mmol) in a 10 mL of methylene chloride was added 185
mg (2 mmol) of propionyl chloride at 0 °C. The mixture was
allowed to stand at room temperature for 24 h and washed with
5% NaHCOj; solution. The organic layer was dried (Na,SO,) and
the solvent was removed. The residue was chromatographed on
silica gel, with CHCl;-MeOH (19:1) as eluent, to give 560 mg
(98%) of 16¢ as a colorless oil: NMR (60 MHz, CDCly) 4 0.90
(3 H, m), 1.17 (3 H, m), 1.25 (32 H, s), 2.28 (6 H, s), 2.43 (2 H,
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t,J = 6 Hz), 2.66 (2 H, q, J = 8 Hz), 3.08 (2 H, m), 3.43 (3 H,

$),3.72(1H,m),392(2H,t,J =6Hz),4.18 (2H, d,J = 6 Hz),
430 (2H,d, J = 6 Hz), 5.33 (1 H, br); IR (neat) 1735, 1705, 1675
cm™L

3-O -[N-[2-(Dimethylamino)ethyl]-N-(methoxy-
carbonyl)carbamoyl]-2-O -methyl-1-O -(octadecyl-
carbamoyl)glycerol (16e). To a solution of 12a (500 mg, 0.97
mmol) and triethylamine (1 mL, 7.17 mmol) was added methyl
chloroformate (0.5 g, 5.29 mmol) at 0 °C. The mixture was stirred
for 10 min, diluted with 20 mL of ether, and then washed with
5% NaHCO; solution. The organic layer was dried (Na,SO,) and
the solvent was removed. The residue was chromatographed on
silica gel, with CHCl;-MeOH (19:1) as eluent, to give 350 mg
(63%) of 16e as a colorless oil: NMR (60 MHz, CDCly) 6 0.88 (3
H, m), 1.25 (32 H, s), 2.25 (6 H, 5), 248 (2 H, t, J = 6 Hz), 3.10
(2H, m), 3.45 (3 H, ), 3.67 (1 H,m), 3.75 (2 H, t,J = 6 Hz), 3.82
(3H,s),420(2H,d,J =5Hz),4.30(2H, d,J =5 Hz), 5.03 (1
H, br); IR (neat) 1790, 1750, 1725, 1705 cm™.

3-O-[N-[2-(Dimethylamino)ethyl]-N-(pyrrolidino-
carbonyl)carbamoyl]-2-0O -methyl-1-0O -(octadecyl-
carbamoyl)glycerol (16g). To a solution of 12a (1.03 g, 2 mmol)
and pyridine (633 mg, 8 mmol) in 20 mL of methylene chloride
was added phenyl chloroformate (470 mg, 3 mmol) at 0 °C. The
mixture was stirred at room temperature for 4 h and washed with
2.5% NaHCO; solution. The organic layer was dried (Na,SO,)
and the solvent was removed at reduced pressure to give 1.27 g
(100%) of 3-O-[N-[2-(dimethylamino)ethyl]-N-(phenoxy-
carbonyl)carbamoyl]-2-O-methyl-1-O-(octadecylecarbamoyl)glycerol
as a colorless oil which was used in the next step without additional
purification.

This compound (636 mg, 1 mmol) was heated with pyrrolidine
(0.5 mL, 6.0 mmol) at 70 °C for 5 h. After cooling, the mixture
was concentrated and the residue was chromatographed on silica
gel, with CHCl3-MeOH (19:1) as eluent, to give 613 mg (100%)
of 16g as a colorless oil: NMR (60 MHz, CDCl,) 6 0.91 (3 H, m),
1.27(32H,s),1.88(4H,m),2.21 (6 H, s), 245 (2H, t,J = 6 Hz),
3.08 (2 H, m), 3.42 (3 H, s), 3.563 (1 H, m), 3.66 (6 H, m), 4.17 (2
H,d,J =5Hz),4.23 (2H, d, J = 5 Hz), 5.05 (1 H, br); IR (neat)
1725, 1675 cm™L.

In a similar manner, compounds 16f,h were prepared.

3-O-[N-Acetyl-N-(2-pyridylmethyl)carbamoy!l]-2-O -
methyl-1-O-(octadecylcarbamoyl)glycerol (19e). The mixture
of 18e (5.36 g, 10 mmol), acetic anhydride (18.9 mL, 200 mmol),
and pyridine (100 mL) was heated at 110 °C for 72 h and evap-
orated in vacuo. The residue was diluted with CHCl; and washed
with 5% NaHCOj, solution. The organic layer was dried (Na,SO,)
and the solvent was removed. The residue was chromatographed
on silica gel, eluting with n-hexane-AcOEt (1:2), to give 4.62 g
(80%) of 19e as colorless fine needles: mp 63.0-63.5 °C (from
n-hexane); NMR (CDCl;) 6 0.86 (3 H, br t, J = 7 Hz), 1.27 (30
H,s),1.4-1.7 (2 H, m), 2.62 (3 H,s), 3.12 (2 H, q, J = 6 Hz), 3.30
(3 H, s), 346 (1 H, quint, J = 6 Hz), 3.99 (2 H, d, J = 5 Hz), 4.23
(2H,dd, J = 2,5 Hz), 487 (1 H, br), 5.09 (2 H, 5), 7.15 (2 H, m),
7.64 (2 H,dt,J = 2,8 Hz), 8.52 (1 H, m); IR (KBr) 3370, 1740,
1700 cm‘l. Anal. (032H55N306) C, H, N.

In an identical manner, (R)-(-)-19e and (S)-(+)-19e were
prepared from (R)-(-)-18e and (S)-(+)-18e, respectively. Each
isomer was identical (IR, NMR, TLC) with racemic 19e. (R)-
(-)-19e: mp 67-68 °C; [a]®p 3.1 (¢ 1, CHCly). Anal. (C3,HzN3Og)
C, H, N. (S)-(+)-19e: mp 69-69.5 °C; [«]®p +3.3° (¢ 1, CHCly).
Anal. (032H55N305) C, H, N.

3-O-[N-Acetyl-N-(2-thiazolylmethyl)carbamoyl]-2-0O-
methyl-1-O-(octadecylcarbamoyl)glycerol (19f). To a solution
of 18f (108 mg, 0.2 mmol) and 4-(dimethylamino)pyridine (122
mg, 1.0 mmol) in 0.5 mL of toluene was added 102 mg (1.0 mmol)
of acetic anhydride. The mixture was heated at 80 °C for 4 h
and concentrated at reduced pressure. The residue was chro-
matographed on silica gel, with CHCl;-MeOH (39:1) as eluent,
to give 110 mg (78%) of 19f as a pale yellow powder: mp 47.5-48.0
°C; NMR (60 MHz, CDClg) § 0.92 (3 H, m), 1.23 (32 H, s), 2.60
(3H,s),3.08(2H, m),3.37(3H,s),3.57(1 H,m), 4.10 2 H, d,
J =5Hz),4.27(2H,d,J =5 Hz), 4.90 (1 H, br), 5.27 (2 H, s),
7.23 (1 H,d,J = 3 Hz), 7.67 (1 H, d, J = 3 Hz); IR (KBr) 1745,
1715 em™, Anal. (CyH;s3N3OgS1/3H30) H, N, S; C: caled, 60.78;
found, 61.24.

In a similar manner, compound 19g was prepared.
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2-[[N-Acetyl-N-[[2-methoxy-3-[(octadecylcarbamoyl)-
oxy]propoxy]carbonyl]Jamino]methyl]-1-ethylpyridinium
Chloride (21). The mixture of 19e (5.78 g, 10 mmol) and ethyl
iodide (30 mL) was stirred at reflux for 39 h in the dark and
concentrated. The residue was dissolved in 70% MeOH/H,0 (150
mL) and passed through a column of Amberlite IRA-410 ion-
exchange resin (200 mL wet volume) to give 5,72 g (89%) of 21
as a white powder: mp 49.5-50.0 °C (from acetone); NMR (CDCl;)
60.88 (3 H, brt,J =7Hz),1.25(30H,s), 1.4-1.6 (2 H, m), 1.71
(3H,t,J =7Hz),265(3H,s),3.12 (2H, q,J = 6 Hz), 3.38 (3
H,s), 3.66 (1 H, quint, J = 5 Hz), 4.02 (2 H, br d, J = 5 Hz), 4.37
(2H, m),5.20 (2H, q,J =7 Hz), 5.31 (1 H, br), 5.48 (2 H, brs),
7.75 (1 H,brd,J = 7Hz),806 (1 H,brt,J =7Hz), 847 (1 H,
br t,J = 8 Hz), 10.00 (1 H, d, J = 6 Hz); IR (KBr) 1754, 1700
cm’!, Anal, (034H60N30601'H20), C, H, N.

In an identical manner, (R)-(-)-21 and (S)-(+)-21 were prepared.
Each isomer was identical (IR, NMR, TLC) with racemic 21.
(R)-(-)-21: mp 49-50 °C; [a]®®p -9.8° (¢ 1, CHCl;). Anal.
(Cg4HgoN3O¢CLFH,0). (S)-(+)-21: mp 49-50 °C; [a]®p +9.3° (¢
1, CHcla). Anal. (034H60N30601'2H20) C, H, N.

In a similar manner, compounds 20e-g, 21-24 were prepared.

4-[[N-Acetyl-N-[[2-methoxy-3-[(octadecylcarbamoyl)-
oxy]propoxy]carbonyl]amino]methyl]-3-ethylthiazolium
Chloride (25). The mixture of 19 g (3.0 g, 5.1 mmol) and ethyl
iodide (20 mL) was heated at 120 °C overnight in a sealed tube.
After cooling, the mixture was concentrated to give the iodide
salt of 19g (3.78 g, 100%). A solution of this compound (3.3 g,
4.46 mmol) in 150 mL of 70% MeOH-H,0 was passed through
a column of Amberlite IRA-410 ion-exchange resin (150 mL wet
volume) to give 2.8 g (97%) of 25 as a white powder after tritu-
ration from acetone—ether-n-hexane (1:1:10); mp 55-56 °C; NMR
(60 MHz, CDCl,) 6 0.87 (3 H, m), 1.23 (32 H, s), .72 3 H, t, J
=7 Hz), 2.60 (3 H, s), 3.08 (2 H, m), 3.45 (8 H, s), 3.79 (1 H, m),
414 (2H,d,J=5Hz),442(2H,d,J = 5Hz),487(2H, q,J
=7 Hz), 5.07 (1 H, br), 5.20 (2 H, s), 8.25 (1 H, d, J = 2 Hz), 10.80
(1H,d,J = 2Hz); IR (KBr) 1750, 1705 cm™.. Anal. (Cg,Hss-
N;O,SCI-H,0) C, H, N, S.

1-0-Benzyl-2-O-methyl-3-O-trityl-sn-glycerol (29). To
a solution of 1-O-benzyl-8-O-trityl-sn-glycerol (27)!% (10.7 g, 25
mmol) and methyl iodide (7.2 g, 50 mmol) in 54 mL of DMSO
was added 5.7 g (100 mmol) of powdered KOH. The mixture was
stirred at room temperature for 2 h, poured into water (450 mL),
neutralized with HCl solution, and extracted with ether (500 mL).
The organic layer was washed with water, dried (Na,SO,), and
concentrated. The residue was chromatographed on silica gel,
with n-hexane-AcOEt (9:1) as eluent, to give 9.51 g (87%) of 29
as a colorless oil: NMR (60 MHz, CDCly) 63.25 (2H,d,J =5
Hz), 3.42 (3 H, s), 3.62 (3 H, m), 4.53 (2 H, s), 7.30 (20 H, m); IR
(neat) 3060, 3025, 2930, 2870, 1495, 1450, 1210, 1090, 750, 700 cm™;
[a]22D +9.7° (C 1, CHCla). Anal. (CaoHaoOa) C, H.

In an identical manner, 3-O-benzyl-2-O-methyl-1-O-trityl-sn-
glycerol (28) was prepared from 3-O-benzyl-1-O-trityl-sn-glycerol:
mp 49-50 °C (crystalized on standing); [a]%*p -7.1° (¢ 1, CHCI,).

1-O-Benzyl-2-O-methyl-sn-glycerol (31). Compound 29
(9.51 g, 21.7 mmol) in 80% AcOH-H,0 (200 mL) was stirred for
3 h at 60 °C. After removal of the solvent, the residue was
chromatographed on silica gel, with CHCl;-MeOH (97:3) as eluent,
to give 4.25 g (100%) of 31 as a colorless oil: NMR (60 MHz,
CDCly) 6 2.08 (1 H, br), 3.47 (3 H, s), 3.5-3.8 (5 H, m), 4.55 (2
H, s), 7.33 (5 H, s); IR (neat) 3450, 2940, 2870, 1450, 1360, 1080,
1030, 740, 700 cm™L; [a]?5 -19.6° (c 1, CHCl,). Anal. (C;;H;s0;)
H; C: caled, 67.32; found, 66.77.

In an identical manner, 3-O-benzyl-2-O-methyl-sn-glycerol (30)
was prepared from 28: [a]%p +20.3° (¢ 1, CHCl,).

1-0-Benzyl-2-O-methyl-3-O-(octadecylcarbamoyl)-sn -
glycerol (33). The mixture of 31 (1.96 g, 10 mmol), n-octadecyl
isocyanate (3.25 g, 11 mmol), pyridine (2 mL), and 25 mL of
methylene chloride were allowed to stand at room temperature
for 20 h and concentrated in vacuo. The residue was chroma-
tographed on silica gel, with n-hexane-AcOEt (9:1) as eluent, to
give 4.35 g (89%) of 33 as colorless needles: mp 46.5-47.5 °C (from
n-hexane); NMR (60 MHz, CDCl;) 6 0.93 (3 H, m), 1.23 (32 H,
s), 3.15(2H, m), 3.43 (3 H, s), 3.55 (8 H, s), 4.18 (2 H, m), 4.53
(2H,s),7.28 (56 H, s); IR (neat) 3320, 2930, 2850, 1690, 1540, 1465,
1270, 1110 em™L; [a]?2p -4.6° (¢ 1, CHCly). Anal. (C3Hz;NO,)
C,H, N.
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In an identical manner, 3-O-benzyl-2-O-methyl-1-O-(octa-
decylcarbamoyl)-sn-glycerol (32) was prepared from 30: mp 47-48
°C (from n-hexane); [«]®p +3.5° (c 1, CHCl;). Anal. (CHz;3NO,)
C,H, N.

2-0 -Methyl-3-O-(octadecylcarbamoyl)-sn-glycerol
((R)-(+)-10). A solution of 33 (4.25 g, 8.6 mmol) in 80% AcO-
H-H,0 (50 mL) containing 500 mg of 5% Pd/C catalyst was
subjected to hydrogenolysis for 2 h, The catalyst was removed
by filtration and the solvent was evaporated. The residue was
recrystallized from n-hexane to give 3.40 g (98%) of (R)-(+)-10
as colorless needles: mp 62-63 °C (racemic 1014 mp 55-56 °C);
[]®p +13.8° (¢ 1, CHCly). Anal. (C53H,;NO,) C, H, N. The
compound was identical with racemic 10 with respect to IR, NMR,
and TLC.

In an identical manner, 2-O-methyl-1-O-(octadecyl-
carbamoyl-sn-glycerol ((S)-(-)-10) was prepared from 32: mp
61-62 °C; [a]*p -13.6° (¢ 1, CHCL). Anal. (C,3H,;NO,) C, H,
N. The compound was identical (IR, NMR, TLC) with racemic
10 and (R)-(+)-10.

Chiral Purity of the Enantiomer of 10. The above enan-
tiomers of 10 were converted to the Mosher’s ester derivatives
by treatment with (+)-a-methoxy-a-(trifluoromethyl) phenylacetyl
chloride and pyridine according to the method described in the
literature® and were examined by !3C NMR in CDCl,;. The best
separation of signals was found for the methylene protons at the
3-position of the glycerin backbone, which occurred at 65.01 and
64.63 for (S)-(-)-10 and (R)-(+)-10, respectively. The chiral purity
was determined by integration and estimated to be greater than
97% for each isomers.

Inhibition of Platelet Aggregation in Vitro. Platelet ag-
gregation studies were done by the method of Born,1 using three
channel aggregometer (RIKADENKTI, Japan). Blood was collected
in 8.15% sodium citrate (1 mL for 9 mL of blood) by cardiac
puncture from conscious male white rabbits. The blood was then
centrifuged at room temperature at 800 rpm for 10 min to prepare
platelet-rich plasma (PRP). The remaining blood was further
centrifuged at 3000 rpm to obtain platelet-poor plasma (PPP)
to adjust the number of platelets to 4.5 X 10%/uL. This PRP (250
uL) was stirred at 37 °C for 3 min, and a test drug was added.
After the mixture was stirred for 2 min, PAF (1 X 108 M) was
added. The extent of aggregation was expressed by the maximum
change of light transmission expressed as a percentage, taking
the difference between light transmission for PRP and PPP as
100%.

Inhibitory Effect on PAF-Induced Hypotension in Rats.
Male Sprague-Dawley (Jcl) rats, 6-9 weeks old, weighing 300-450
g, were anesthetized with sodium pentobarbital (50 mg/kg, ip).
An additional dose was administered when required. The right
femoral artery and left femoral vein were cannulated for mea-
surement of mean arterial blood pressure and for injection of
drugs, respectively. Blood pressure was recorded from the femoral
artery through a cannula connected to a pressure transducer
(Nihon Kohden). PAF (0.3 ug/kg) and test drugs were given in
volumes of 0.2 and 0.4 mL/kg, respectively. Each agent was
completely flushed with 0.25 mL of saline for 25 s through the
cannula. To determine the inhibitory activity of test drugs, PAF
(one dose per rat) was first injected twice at an interval of 20 min.
Twenty minutes after the second injection, drugs were given iv
and after 5, 60, and 120 min, PAF was injected, and each blood
pressure drop was measured. Inhibition was calculated with use
of the second PAF-induced blood pressure drop as a control value.

Protective Effects on PAF-Induced Death. Conscious male
ICR-Jcl mice, 5-7 weeks old, were used. Saline (control) or drugs
dissolved in saline (0.1 mL/10 g) were delivered into the tail vein
8 or 24 h before the injection of PAF. At given times, PAF (50
ug/kg) was injected iv (0.1 mL/10 g). Death was defined by the
cessation of respiration, and the survival rates were recorded 60
min after the injection of PAF.
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Six model amine peroxides (4-9) were synthesized as targeted antimalarial oxidants. They were approximately 1
order of magnitude more potent than tert-butyl hydroperoxide (3) in vitro against Plasmodium falciparum, but
like 3, they were inactive in vivo against Plasmodium berghei.

Several peroxides have shown antimalarial activity. The
most notable of these is the complex endoperoxide ses-
quiterpene lactone artemisinin (1),1"® a clinically useful
antimalarial agent. However, simple peroxides such as
H,0, (2)* and tert-butyl hydroperoxide (3)%8 are also an-
timalarial albeit much less potent than 1. The efficacy of
1-3 may depend in part on the observation that malaria-
infected red cells are selectively damaged by oxidants.

This oxidant sensitivity of malaria-infected erythrocytes
may arise both from precedent damage by parasite-gen-
erated oxidants and from a weakening of oxidant defense
mechanisms of the erythrocyte.” The inhibition of in-
traerythrocytic growth of malaria parasites under supra-
physiologic concentrations of oxygen® and protection
against malaria infection by several red blood cell (RBC)
disorders that increase the susceptibility of RBCs to ox-
idative stress exemplify this oxidant sensitivity.>® Nu-
merous articles™"?* have summarized specific mechanisms
that may account for the susceptibility of malaria to ox-
idants.

Structure-activity studies demonstrate that the endo-
peroxide group in 1 and its analogues is absolutely essential
for antimalarial activity,?® suggestive of an oxidative mode
of action. A progressive increase in the potency of 1 with
increasing oxygen tensions ranging from 3 to 30% and a
significant reduction in the potency of 1 by coadminis-
tration of reducing agents?® support this hypothesis.

Present address: College of Pharmacy, University of Nebraska
Medical Center, 42nd and Dewey Avenue, Omaha, Nebraska
68105.
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Hydrogen peroxide (2) has antimalarial properties;
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