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1
ADAMANTOYL AND ADAMANTYL (ALKYL)
GLYCEROPHOSPHORYL (AND
PHOSPHONYL)ETHANOLAMINES

2

R; and Rq are hydrogen or lower alkyl;
R;islower alkyl and
X is a pharmaceutically acceptable anion, preferably

This invention relates to adamantyl substituted 5 hydroxy or halogen.

glycerophosphoryl(and phosphonyl)ethanolamines.

The compounds of this invention have renin inhibito-
ry activity. Renin is an enzyme which is released from
the kidney into the bloodstream where it acts upon a
substrate, an @-2-globulin, in-blood plasma to form a
decapeptide, angiotensin I. A converting enzyme acts
upon this substance to produce angiotensin I which is a
very potent pressor substance. A renin inhibitor is
therefore useful in reducing blood pressure of renal
hypertension.

The activity of the compounds of this invention as
renin inhibitors is demonstrated at about 2 to 10
mg./ml. in a rat bioassay procedure as described by
Pickens et al.,, Circulation Research 17:438-448
(1965). Briefly, according to this procedure, the com-
pound to be tested, renin and renin substrate are al-
lowed to react in vitro and the angiotensin I formed
during the in vitro procedure is measured by its pressor
effects in anesthetized rats.

Antihypertensive activity of compounds of this in-
vention is also demonstrated, for example, by adminis-
tration to metacorticoid hypertensive rats at doses of
about 40 mg./kg. orally.

The compounds of this invention are represented by
the following formula:

Formula I
CH:—O0—R;
CH—O0—R;

|
CH;—R:

in which:

R, is 1-adamantoyl; 1-adamantyl-(CH,),; alkyl hav-
ing one to 26 carbon atoms; alkenyl having four to 26
carbon atoms with from one to three non-conjugated
carbon-carbon double bonds; alkanoyl having two to
26 carbon atoms; or alkenoyl having four to 26 carbon
atoms with from one to three non-conjugated carbon-
carbon double bonds;

R, is 1-adamantoyl; 1-adamantyl-(CH,),; hydrogen;
alkyl having one to 16 carbon atoms; alkenyl having
four to 16 carbon atoms with from one to three non-
conjugated carbon-carbon double bonds; alkanoyl hav-
ing two to 16 carbon atoms; or alkenoyl having four to
16 carbon atoms with from one to three non-conju-
gated carbon-carbon double bonds, at least one of R,
and R, being 1-adamantoyl or 1-adamantyl-(CH,),;

nis0to2;

0O [¢]
R:is —0—P—0—CH,CH:Ry, —O—P—CH:CH;Ry 0r
OH OH
9}
—P—0—CH:CH:Rg
OH
R: .
Ryis .\'< or §Z(R7)3X6;
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Advantageous compounds of this invention are
represented by Formula I in which R, is 1-adamantoyl
or 1-adamantyl-(CH,),..

Preferred compounds of this invention are
represented by Formula I in which R, is 1-adamantoyl;
R, is 1-adamantoyl or hydrogen and Rg is

"0 0
i i L@ 1=}
Q=P —O—~CH,CHyNI; or —0-— P —0—CILCILN (CHysOH

!
(l) 54 OH

- The compounds of this invention are prepared by the
following procedures:

Formula II Formula III

CH,—OH CH»—0—Ry CH,—0-—R;
CI)H——OH E— !CH——O—R’ —— CH—0—R:
ErR CH—Ry’ EH—R:

The terms R,, R, and R; are as previously defined; R’
is R, as previously defined except that R’ is not
hydrogen; Ry is hydroxy, 2,2,2-trichloroethoxycarbon-
yloxy, benzyloxy or iodo; and Ry’ is hydroxy when Rg is
hydroxy, 2,2,2-trichloroethoxycarbonyloxy or
benzyloxy, or iodo when Rg is iodo.

The adamanty] substituted intermediates of Formula
Il are prepared by incorporating 1-adamantoyl or 1-
adamantyl-(CH,),-on one or two hydroxy groups of a
glycerol starting material of Formula II. Other hydroxy
groups may be protected during the reaction by, for ex-
ample, 2,2,2-trichloroethoxycarbonyl, benzyl, 1,2-
isopropylidene or 1,3-benzylidene groups. The hydroxy
protecting groups are then removed to give the inter-
mediates of Formula III. The preparation of the inter-
mediates of Formula HI is carried out generally by
methods known to the art for preparing O-substituted
glycerol compounds, for example as follows:

A

CH—O0H

¢H—OH
CH—0COCHLCCL,

(9]
(V]

CH—0—t—Ad
i 0

CHy—-0—C-2Ad

0
CH—0=(—Ad —— CH—0—C—Ad
CH—0COCILCCY  CH—OH ’

0

According to procedure A, glycerol 3-(2,2,2-
trichloroethyl)carbonate is reacted with I-adamantoyl
chloride and the trichloroethoxycarbonyl group is

removed from the resulting 1,2-di( 1-adamantoyl) com-
pound with acid.

1.

CH—01I CHL,—0—R/’ 2 CH.—0—Ry
) i S—Cl

CH—0OH - R/Cl —o CH—0l 25 dH—o—Ry
CH—I CHy—I CHy—I
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According to procedure B, glycerol-1-iodohydrin is
reacted with an acyl chloride (R;’Cl) and the resulting
1-acylglycerol-3-iodohydrin is. reacted with an acyl
chloride (C,’Cl) to give a 1,2-diacylglycerol-3-
iodohydrin in which the acyl groups may be the same or
different. .

.

Cliy-OH
!

GH--01f

(l,' Hy- 0 0 u,-—/ - D

-+ Ad—(CHp)'—0—~80;CHy ——

CH;—0—(CHy)o'—Ad
~—— CH—OQO—(CHj)p'—Ad
Hy—O0H

According to procedure C, a 1-benzylglycerol is
reacted with a 1-adamantyl-(CH,), methylsulfonate

5

10

15

and the benzyl group is removed from the resulting in- .

termediate by hydrogenation using a catalyst such as
palladium in a solvent such as ethyl acetate or acetic
acid. : : Lo

To prepare 1,2-di(1-adamantyl)glycerol, a 1-benzyl-
glycerol is reacted with .two molar equivalents of
toluene-sulfonyl  chloride, the .resulting  1,2-
di(toluenesulfonyl)-3-benzylglycerol is reacted with
two molar equivalents of the sodium salt of 1-adaman-
tanol (prepared by reacting 1-adamantanol with sodi-
um hydride in dimethylsulfoxide ) and the benzyl group
is removed from the resulting intermediate by
hydrogenation.
.

CH,—OH CH;—OH CHp~0—Ry'’
(CH:CO |
CH—0l ——"" 5 CH—0 CHy —~> H—O\ /CHa
i .
CH—0H C c
VRN /N
CH;—-0 CH3 CH:—O CH;
CH—O0—Ry CH;—O0—Ry"’ CH;—O—Ry"”’
| Ry—Cl | .
CH—0—Ry’ ¢— ——— CH—OH — CH-OH

|
(‘)I-Iz—on CH;—0—C(CeHs)s

According to procedure D, glycerol is reacted with
acetone, the resulting 1,2-isopropylideneglycerol is
reacted with a methylsulfonate or a lower alkyl iodide
and the resulting 1-R,’’-2,3-isopropylideneglycerol is
treated with acid to give the 1-R,’’ substituted glycerol.
The 1-R,” substituted glycerol is reacted with trityl
chloride and then the resulting 3-trityl compound is
treated with an acyl chloride (R,’-Cl) and the trityl
group is removed using boric acid to give the glycerol
having an ether group in the 1-position and an ester
group in the 2-position.,

To prepare 1-(1-adamantyl) compounds, 1,2-
isopropylideneglycerol is reacted with toluenesulfonyl
chloride, the resulting 1-toluenesulfonyl-2,3-isopropy-
lideneglycerol is reacted with the sodium salt of 1-ada-
mantanol and the resulting 1-(1-adamantyl)-2,3-
isopropylideneglycerol is treated with acid to give 1-(1-
adamantyl)glycerol. An ester group is incorporated in
the 2-position by the procedure described above. Alter-
natively, a 1-adamantyl group is incorporated in the 2-
position by treating 1-(1-adamantyl)glycerol with trityl
chloride, then reacting the resulting 1-( 1-adamantyl)-2
-toluenesulfonyl-3-tritylglycerol with the sodium salt of
I-adamantanol and then removing the trityl group by
acid hydrolysis to give 1,2-di(1-adamantyl)glycerol.

CH—~OH
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E. :
CH:—OH —CHO OHw—0 -
CH—OH ——n ., CH—OH JCu-- N ey,
: P
CH-OH CHr—0
?Hz —0 i
—_— - 1
i,
CHj~—0 s
CHy—O—Ry CH,—OH
| R/—Cl |
OH—0—R{ — OH—0-R:"
l . .
-CH,—OH CH:—OH -

According to procedure E, glycerol is reacted with
benzaldehyde to give 1,3-benzylideneglycerol which is
reacted with a methylsulfonate or a lower alkyl iodide
and the resulting. 2-R,'’-1,3-benzylideneglycerol is
treated with acid to give the 2-R,"" substituted glycerol.
The 2-R,"’ substituted glycerol is reacted with an acyl
chloride (R,’-Cl) to give the glycerol having an ester
group in the 1-position and an ether group in the 2-
position. ,

To prepare 2-(1-adamantyl) compounds, 1,3-benzy-
lidene-glycerol is reacted with toluenesulfonyl
chloride,  the resulting 2-toluenesulfonyl-1,3-benzy-
lideneglycerol is reacted with the sodium salt of 1-ada-
mantanol and the resulting 2-(1-adamantyl)-1,3-benzy-
lideneglycerol is treated with acid. By the procedure
described above, an ester group is incorporated in the
1-position.

Procedures D and E above may also be used to
prepare glycerols having two ether groups, the same or
different, in the 1 and 2 positions by using a methylsul-
fonate or a lower alkyl iodide in place of R,’-Cl in
procedure D to give a 2-R,’’ substituted glycerol and in
place of R,’-Cl in procedure E to give a 1-R,’’ sub-
stituted glycerol.

In the above procedures A to-E, the terms R, and
R,’ are 1-adamantoyl, alkanoyl or. alkenoyl; R,’’ and
R,’"are 1-adamantyl-(CH,), , alkyl or alkenyl, at least
one of R,’ and R,’ and one of R,”’ and R,'" being 1-
adamantoyl or 1-adamantyl-(CH,),, ; n' is 1 or 2; and
Ad is 1-adamantyl.

The intermediates of Formula III are converted to
the phosphoryl(and phosphonyl)ethanolamines by the.
following procedures: :

CH;—0—Ry [¢] L.
CH—O0—R’ + (CI)Q{L'—O—CHZCH2NI'ICOOCH20013 —_—

CH,~0H
CH;—0—R;

— J}H—O——R’

[0}

|
CHg—O—lI’—OCHgCHgNH 2

OH

According to procedure I, an adamantyl substituted
glycerol intermediate is reacted with dichloro N-(2,2,2-
trichloro—ethoxycarbonyl)-2-aminoethyl phosphate in
the presence of a base such as pyridine and the result-
ing intermediate is treated with zinc in acetic acid to
give the adamantyl substituted glycero-phosphor-
ylethanolamine.
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1L
CH;—0—R; o)
CH—O—Ry" + AgO—:lkl’——O——CHQCHgNHCOOC(CHs)s —_
(I,‘Hywj O—C(CHa)s
CH,—0—R;
—— CH—O0—R;
0]
CH:—O—iI’—-O CH,CH;NH;
om

By the method of procedure II, an adamantyl sub-
stituted glycerol-3-iodohydrin is reacted with silver t-
butyl (N-t-butyloxycarbonyl-2-aminoethyl) phosphate
and the resulting intermediate is treated with acid to
give the adamantyl substituted glycerophosphor-
ylethanolamine.
110
Cllh—0—R;
(I:n—o—n'+ (Ul)z]”’-—(}ﬂzCHzN(00)200}14 _

0

CH;—O0H
CH;—0—R

H—0—R’
o
_c,Hz—o—u—c,Hgomm
bm

R —

According to procedure I, an adamantyl substituted
glycerol intermediate is reacted with dichloro
phthalimidoethyl-phosphonic acid and the resulting in-
termediate is treated with hydrazine to give the ada-
mantyl  substituted  propyl ester of @ 2-
aminoethylphosphonic acid.

v.

Clly—0~—Ry CHy—0O—Ry CH;—0—Ry
ci—-0—R' ——> -——> CH—0—R’ —— CH—O0—R'

|
CH;—OH

(|? (@)
I
CH,—P—OH CHQ—IXD——O CH:CH»R4
OH OH

According to procedure IV, an adamantyl sub-
stituted glycerol intermediate is treated with
toluenesulfonyl chioride and the resulting 3-toluenesul-
fonyl glycerol is treated with sodium -diethyl
phosphonate and the resulting glycerophosphonate is
treated with base to give the adamantyl substituted
glycerophosphonic acid which is then converted to the
optionally N-substituted aminoethyl or quaternary am-
monium ethyl ester.
V.

CH—0—T 0 CHy—O0—R;
Sl + (C\)A‘)-(O)mcmcmm —— CH—O—R

(l‘r[h—()ll ¢
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According to procedure V, an adamantyl substituted
glycerol intermediate is reacted with a dichloro 2-.
bromoethyl phosphate or phosphonic acid and the
resulting intermediate is reacted with an optionally N-
substituted amine to give the optionally N-substituted
aminoethyl or quaternary-ammonium ethyl ester of an
adamantoyl substituted glycerophosphoric acid or an
adamantyl substituted propyl ester of the optionally N-
substituted amino-ethyl(or quaternary ammonium
ethyl)phosphonic acid. '

In the above procedures I to. V, the terms R,, R, and
R, are as previously defined; R’ is R, as previously
defined except R’ is not hydrogen; and R;'"’ is R’ as
defined above or t-butyl.

The compounds of this invention (Formula I) in
which R, is hydrogen are alternatively prepared by
treating a compound of Formula I in which R, is al-
kanoyl or alkenoy! with phospholipase “A”.

As indicated in the following-examples. the inter-
mediates and the products of this invention may be pu-
rified by chromatography using adsorbents such. as
Florisil (magnesium-silica gel), silica gel, alumina or
Super-Cel (infusorial earth).

The term “‘phosphatidyl” is used herein to refer to
diacyl glycerophosphoryl. , ,

The following examples are not limiting but are illus-
trative of the compounds of this invention and methods
of preparing them.

EXAMPLE 1

A solution of 28.2 g. of 1-adamantoyl chloride in 100
ml. of dry chloroform is added dropwise to a solution of
20 g. of sn-glycerol 3-(2,2,2-trichloroethyl)carbonate,
14 ml. of pyridine and 100 ml. of chloroform. The solu-
tion is stirred overnight and then diluted with 800 ml.
of ether and washed with dilute hydrochloric acid,

water, 5 percent aqueous sodium bicarbonate solution
and then water. The solution is dried over scdium
sulfate and concentrated. The residue is crystallized
from methanol to give 1,2-di(1-adamantoyl)-sn-
glycerol 3-(2,2,2-trichloroethyl )carbonate.

Activated zinc (48 g.) is added to a solution of 23.2
g. of - 1,2-di(1-adamantoyl)-sn-glycerol  3-(2,2,2-
trichloroethyl)carbonate in 150 ml. of 80% acetic acid
and 200 ml. of ether and the suspension is stirred
vigorously for three hours, then filtered. The filtrate is

il
Hp—O0—P—(0)m CHCH,Br

OH

|

Cll—0—Ry
‘J‘ll-- O-—-R’

O

|
Ml O- l'—-—(()).n(‘Ilu(illzltn

|
Qll

“misOorl

washed with saturated aqueous sodium bicarbonate
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solution to pH 7, then dried over sodium sulfate and
concentrated. The residue is erystallized from hexane
to give 1,2-di( 1-adamantoyl)-sn-glycerol. '

A solution of 4.17 g. of 1,2-di( 1-adamantoyl )-sn-
glycerol in- 3.5 ml. of dry pyridine and 15 ml. of dry
chloroform is added dropwise to an ice cold solution of
4.2 g. of dichloro N-( 2,2,2-trichloroethoxycarbonyl)-2-
aminoethyl phosphate in 15 ml. of dry chloroform with
stirring for 2 hours. After standing overnight at 25° C.,
the mixture is concentrated at 25° C. and then dis-
solved in 200 m!. of ether. The ether solution is washed
with dilute hydrochloric acid, water, 5 percent aqueous
sodium bicarbonate solution and water, then dried over
sodium sulfate and concentrated. To the residue is

8

evaporated in vacuo and the residue is dissolved in 50
ml. of 4:2:1 ether-ethanol-water and put through a
column containing a weakly basic arion exchange resin
(hydroxyl form) to give 1-(1-adamantoyl)-2-(7-pal-
mitoleoyl)-3-sn-phosphatidylethanolamine. This
-material ‘is further purified by chromatography on 2
mm. silica gel preparative plates using 65:25:4
chloroform-methanol-water as the moving phase.

10 EXAMPLE 3

A mixture of 10 mg. of 1-(1-adamantoyl)-2-(7-pal-
mitoleoyl)-3-sn-phosphatidylethanolamine (prepared
as in Example 2), 2 mg of phospholipase “A”

added 25 ml. of 95 percent acetic acid and 25 ml. of 13 [lypholized venom from Eastern diamondback rat-

ether. Activated zinc (10 g.)'is added and the suspen-
sion is stirred at 25° C. overnight. The mixture is fil-
tered and concentrated at 25° C. The residue is chro-
matographed using a 2:1 silica gel - Super-Cel column
and eluting with chloroform-methano! mixtures. Con-
centrating in vacuo and recrystallizing the residue from
chloroform-petroleum ether gives 1,2-di(1-adaman-
_toyl)-3-sn-phosphatidylethanolamine.

EXAMPLE 2

A solution of 29.0 g. of 1-adamantoyl chloride in 75
ml. of dry chloroform is added dropwise to a solution of
35 g. of glycerol-L-1-iodohydrin, 13.25 ml. of dry
pyridine and 100 ml. of dry chloroform, cooled and
stirred at 0° C. The solution is then stirred overnight at
room temperature in the dark, diluted with ether,
washed with ice cold sulfuric acid, water, 10 percent
aqueous sodium bisulfite solution, water, 5 percent
aqueous sodium bicarbonate solution and water, dried
over sodium sulfate and concentrated. The residue is
chromatographed on 1,500 g. of Florisil and eluted
with 4:1 petroleum ether-ether and ether. Fractions
11-25 are recrystallized from cyclohexane-petroleum
ether to  give 1-(1-adamantoyl)glycerol-L-3-
iodohydrin.

A solution of 7.8 g. of 7-palmitoleoyl chloride in 30
ml. of dry chloroform is added dropwise to a solution of
14.05 g. of 1-(1-adamantoyl)glycerol—L-3-iodohydrin,
2.39 ml. of pyridine and 30 ml. of dry chloroform,
stirred and cooled at 0° C. The solution is stirred at
room temperature under nitrogen in the dark for 2
days, diluted with ether, washed with cold 0.5N sulfuric
acid, water, 10 percent aqueous sodium bisulfite soly-
tion, water, 5 percent aqueous sodium bicarbonate
solution and water. The mixture is dried over sodium
sulfate and concentrated. The residue is chromatog-
raphed on an alumina column and eluted with petrole-
um ether and ether to give 1-(1-adamantoyl)-2-( 7-pal-
mitoleoyl)glycerol-L-3-iodohydrin.

A mixture of 1.75 g. of 1-(adamantoyl)-2-(7-pal-
mitoleoyl)glycerol-L-3-iodohydrin and 200 ml. of dry
benzene is azeotroped to 150 ml., then cooled slighty.
Silver  t-butyl (N-t-butoxycarbonyl-2-aminoethyl)
phosphate (1.24 g.) is added. Another 50 ml. of
benzene is azeotroped and removed. The mixture is
then refluxed in absence of light for 1.5 to 2 hours. The
mixture is filtered using ether. The filtrate is washed
with aqueous sodium bicarbonate solution and water,
then dried over sodium sulfate and dissolved in about
250 ml. of dry ether. Dry hydrogen chloride is bubbled
into the solution for about two hours. The mixture is

60

tlesnake (Crotalus adamanteus)], 2 ml. of tris(hydrox-
ymethyl)aminomethane buffer. (pH 7.2) containing a
few drops of 2.5 X 10M- aqueous calcium chloride
solution and 2 ml. of ether is stirred under nitrogen at

2025° to 37° C. overnight. The mixture is diluted with

chloroform, dried over magnesium sulfate and filtered.
The filtrate is concentrated to give 1-(1-adamantoyl)-3
-glycerophosphorylethanolamine.

25 ‘ EXAMPLE 4

A solution of 2.02 g. of 10-undecenoyl chloride in 20
ml. of dry chloroform is added dropwise to a solution of
3.64 g. of 1-(1-adamantoyl)glycerol-L-3-iodohydrin

0 (prepared as in Example 2), 50 ml. of dry chloroform

and 0.62 ml. of dry pyridine, cooled and stirred at 0° C.
The mixture is stirred at room temperature for 2 days
under nitrogen in the dark. The solution is then diluted
with ether, washed with ice cold 0.5N sulfuric acid,

35 water, 10 percent aqueous sodium bisulfite solution,

water, 5 percent aqueous sodium bicarbonate solution
and water, dried over sodium sulfate and concentrated.
The residue is chromatographed, using an alumina
column and petroleum ether and ether as eluants, to

40 give 1-(1-adamantoyl)-2-(10-undecenoyl)-glycerol-L-

3-iodohydrin.

1-(1-Adamantoyl)-2-( 10-undecenoyl)glycerol-L-3-
iodohydrin (1.19 g.)-is azeotroped with dry benzene.
Dry benzene (125 ml.) and 1 g. of silver t-butyl (N-t-

45 butyloxy-carbonyl-2-aminoethyl) phosphate are added

and the mixture is refluxed for 2.5 hours under nitrogen
in the dark. The hot reaction mixture is filtered through
Super-Cel, washed with 5 percent aqueous sodium car-
bonate solution and water, dried over sodium sulfate

50 and concentrated. The residue is dissolved in 100 ml. of

dry ether. The solution is ice cooled and dry gaseous
hydrogen chloride is bubbled in for 2 hours. The sol-
vents are concentrated and the residue chromatog-
raphed on 25 g. of a weakly basic anion exchange resin

33 (hydroxyl form) eluting with 200 ml. of 4:2:1 ether-

ethanol-water. The eluate is concentrated and the
residue chromatographed on thin-layer chromatog-
raphy plates (silica gel) in 65:25:4 chloroform-
methanol-water. The major component is located
under ultraviolet, cut out, eluted with 2:1 chloroform-
methanol and recrystallized from chloroform-acetone
to give 1-(1-adamantoyl)-2-(10 -undecenoyl)-3-sn-
phosphatidylethanolamine.

63 EXAMPLE 5

A solution of 1.81 g. of 1-adamantoyl chloride in 80
ml. of dry chloroform is added dropwise to a solution of
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4.23 g. of 1-oleoylglycerol-L-3-iodohydrin (prepared
from glycerol-L-1-iodohydrin and oleoyl chloride by
the procedure described for the preparation of 1-ada-
mantoyiglycerol-L-3-iodohydrin in Example 2), 0.742
ml. of dry pyridine and 75 ml. of dry chloroform,
cooled and stirred under nitrogen. The reaction mix-
ture is stirred in the dark under nitrogen for 2 days and
then heated at 40°-45° C. for 18 hours, diluted with
ether and washed -with ice cold 0.5N sulfuric acid,
water, 10 percent aqueous sodium bisulfite solution,
water, 5 percent aqueous sodium bicarbonate solution
and then water. The mixture is dried over sodium
sulfate and concentrated. The residue is chromatog-
raphed on a Florisil column eluting with 20:1 petrole-
um ether-ether to give 1-oleoyl-2-(1-adaman-
toyl)glycerol-L-3-iodohydrin.

A solution of 2.2 g. of 1-oleoyl-2-(1-adamantoyl)-
glycerol-L-3-iodohydrin in 200 ml. of dry benzene is
azeotroped in dry glassware. About 75 ml. of benzene
is removed and 1.55 g. of silver t-butyl (N-t-butylox-
ycarbonyl-2-aminoethyl) phosphate (dried at 40° C. for
18 hours) is added. The mixture is stirred and refluxed
in the dark for 1.5 hours, then filtered with ether. The
filtrate is washed with dilute aqueous sodium. bicar-
bonate solution and water, then dried and concen-
trated. The residue is dissolved in 150 ml. of dry ether.
At 0° C. (ice bath) dry hydrogen chloride is introduced
into the solution for 1.5 hours.

—
Lh

20

25

} 30
The solvents are evaporated off at 30° C. and the

residue is perculated through a column containing a
weakly basic anion exchange resin (hydroxyl form)
using about 400 ml. of 4:2:1 ether-ethanol-water as
eluant. The eluate is concentrated and then azeotroped
with ethanol and then benzene to give 1-oleoyl-2-(1-
adamantoyl)-3-sn-phosphatidylethanolamine.

EXAMPLE 6

A solution of 1.78 g. of 1-adamantoy! chloride in 80
ml. of dry chloroform is added dropwise to a solution of
4.68 g. of 1-stearoylglycerol-L-3-iodohydrin (prepared
from glycerol-L-1-iodohydrin and stearoyl chloride by
the procedure described for the preparation of 1-ada-
mantoylglycerol-L-3-iodohydrin in Example 2), 0.77
ml. of dry pyridine and 80 ml. of dry chloroform,
cooled and stirred under nitrogen. The reaction mix-
ture is stirred in the dark for 2 days and heated at
40°-45 C. for 18 hours. Working up as in Example 5
gives 1-stearoyl-2-(1-adamantoyl)glycerol-L-3-
iodohydrin.

According to the procedure of Example 5, the above
prepared 1-stearoyl-2-( 1-adamantoyl)glycerol-L-3-
iodohydrin is reacted with silver t-butyl (N-t-butylox-
ycarbonyl-2-aminoethyl) phosphate and the resulting
intermediate is dissolved in dry ether and treated with
dry hydrogen chloride and then passed through a
weakly basic anion exchange resin column (hydroxyl
form) to give 1-stearoyl-2-(1-adamantoyl)-3-sn-
phosphatidyl-ethanolamine.

EXAMPLE 7

A solution of 1.72 g. of 1-adamantoyl chloride in 50
ml. of dry chloroform is added dropwise to a solution of
11 g. of 1-linolenoylglycerol-L-3-iodohydrin (prepared
from glycerol-L-1-iodohydrin and linolenoyl chloride
by the procedure described for the preparation of. 1-

35
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10
adamantoylglycerol-L-3-iodohydrin in Example 2),
0.77 ml. of dry pyridine and 50 ml. of dry chloroform,
stirred and cooled at 0° C. under nitrogen. The mixture
is then stirred at room temperature for 5 days under
nitrogen in.the dark, diluted with ether, washed with
ice cold dilute hydrochloric acid, water, 10 percent
aqueous sodium bisulfite solution, water, 5 percent
aqueous sodium bicarbonate solution and water, dried
over sodium sulfate and concentrated. The residue is
chromatographed on 175 g. of Florisil and eluted with
4:1 petroleum ether-ether to give 1-linolenoyl-2-(1-
adamantoyl)glycerol-L-3-iodohydrin.

By the procedure of Example 6, the above prepared
1-linolenoyl-2-(1-adamantoyl )glycerol-L-3-iodohydrin
is treated with silver t-butyl (N-t-butyloxycarbonyl-2-
aminoethyl) phosphate and the resulting intermediate
is dissolved in dry ether and treated with dry hydrogen
chloride and then passed through a weakly basic anion
exchange resin column (hydroxyl form) to give 1-
linolenoyl-2-(1-adamantoyl)-3-sn-phosphatidyl-
ethanolamme

EXAMPLE 8

- By the procedure of Example 2 using. decanoyl
chloride in place of 7-palmitoleoyl chloride, “the
product is 1-(1-adamantoyl)-2-decanoyl-3-sn-
phosphatidylethanolamine.

Similarly, using 5,9-decadienoy! chloride in place of

7-palmitoleoyl! chloride, the product is 1- (l—adaman-
toyl)-2-(5,9-decadienoyl)-3-sn-
phosphatidylethanolamine.

EXAMPLE 9

By the procedure of Example 2 using 6,10,14-hex-
adecatrienoyl chloride (prepared by reacting 6,10,14-
hexadecatrienoic acid with oxalyl chloride) in place of
7-palmitoleoyl chloride, the product is 1-(1-adaman-
toyl)-2-(6,10,14-hexadecatrienoyl)-3-sn-
phosphatidylethanolamine..

EXAMPLE 10

By the procedure of Example 2 using 5,8,9-
trimethyl-2,5,8-decatrienoyl chloride  (prepared by
reacting 5,8,9-trimethyl-2,5,8-decatrienoic acid with
oxalyl chloride) in place of 7-palmitoleoyl chloride, the
product is 1-(1-adamantoyl)-2~(5,8,9-trimethyl-2,5 8-
decatrienoyl)-3-sn-phosphatidyl-ethanolamine.

EXAMPLE 11

11.95 Grams of a 60.2 percent mineral oil dispersion
of sodium hydride is suspended in 300 ml. of dry
dimethyl-sulfoxide. The mixture is heated in an oil bath
at 65°-70° C. for 2 hours under nitrogen. 1-Benzyl-
glycerol (54.6 g.) in 50 ml. of dry dimethylsulfoxide is
added dropwise to the hot solution and the mixture is
heated and stirred for two hours. A solution of 146.4 g.
of 1-adamantylmethyl methylsulfonate (prepared from
1-adamantylmethanol and mesy!l chloride in pyridine)
in 100 ml. of dry dimethylsulfoxide is added and the
mixture is heated at 95° for 3 days.

The reaction mixture is poured into ice water,. ex-
tracted with ethyl acetate and washed with water. The
extract is dried over sodium sulfate, concentrated and
chromatographed on Florisil eluting with petroleum
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ether, petroleum ether-ether and ether to give 1,2-di(1-
adamantyl-methyl)-3-benzylglycerol.

The above prepared glycerol in ethyl acetate is
hydrogenated in the presence of palladium at 25° C. for
24 hours to give after filtering and removing the solvent
in vacuo 1,2-di(1-adamantylmethyl)glycerol.

According to the procedure of Example 1, 1,2-(1-
adamantylmethyl)glycerol is reacted with dichloro N-
(2,2,2-trichloroethoxycarbonyl)-2-aminoethyl
phosphate and the resulting intermediate is treated
with zinc and acetic acid to give 1,2-di(1-adamantyl-
methyl)-3-glycerophosphorylethanolamine.

EXAMPLE 12

Sodium hydride (11.95 g.) in a 60 percent suspen-
sion in mineral oil is suspended in 300 ml. of dry
dimethylsulfoxide and the mixture is heated at 65°-70°
C. for two hours. To the solution is added 39.6 g. of
1,2-isopropylideneglycerol. The mixture is stirred at
room temperature for 2 hours and then a solution of
122 g of l-adamantylmethyl methylsulfonate
(prepared by reducing 1-adamantanecarboxylic acid
with lithium aluminum hydride in ether and treating the
* resulting intermediate with mesyl chloride) in 60 ml. of
dimethylsulfoxide is added. The mixture is heated at
50°-95 C. for 48 hours, then poured into water and ex-
tracted with ethyl acetate. The extract is washed with
water and chromatographed over Florisil eluting with
ether-petroleum ether mixtures to give 1-(1-adaman-
tyl-methyl)-2,3-isopropylideneglycerol.

The above prepared 1-(1-adamantylmethyl)-2,3-
isopropylideneglycerol is stirred with 3N hydrochloric
acid in 2:1 ether-methanol at room temperature to give
1-(1-adamantylmethyl)glycerol.

A mixture of 4.56 g. of 1-(1-adamantylmethyl)-
glycerol, 5.58 g. of trityl chloride, 2 ml. of pyridine and
35 ml. of chloroform is allowed to stand overnight at
room temperature to give, after washing with dilute
hydrochloric acid, dilute aqueous sodium bicarbonate
solution and water, 1-(1-adamantylmethyl)-3-trityl-
glycerol. '

A mixture of 1-(1-adamantylmethyl)-3-tritylglycerol
and palmityl methylsulfonate (prepared from 1-hex-
adecanol and mesyl chloride in pyridine) in dimethyl-
sulfoxide is stirred at 50° C. for 24 hours, then water is
added and the mixture is extracted with ethyl acetate.
The extract is chromatographed on Florisil to give 1-
(1-adamantylmethyl)-2-palmityl-3-trityl-glycerol.

A mixture of 3 g. of 1-(1-adamantylmethyl)-2-pal-
mityl-3-tritylglycerol, 5 g. of boric acid and 25 ml. of
trimethyl borate is heated for 30 minutes. The mixture
is concentrated in vacuo and the residue is partitioned
between ethyl acetate and water. The ethyl acetate ex-
tract is washed with water and chromatographed to
give 1-(1-adamantylmethyl)-2-palmitylglycerol.

By the procedure of Example 1, 1-(1-adamantyl-
methyl)-2-palmitylglycerol is reacted with dichloro N-
(2,2,2-trichloro-ethoxycarbonyl)-2—amin0ethyl
phosphate and the resulting intermediate is treated
with zinc and acetic acid to give. 1-(1-adamantyl-
methyl)-2-palmityl-3-glycerophosphorylethanolamine.

EXAMPLE 13

A mixture of 1-(1-adamantylmethyl)-3-trityl-
glycerol, prepared as in Example 12, and an equimolar
amount of palmitoyl chloride in chloroform containing

12 _

pyridine is stirred at room temperature for 18 hours.
The mixture is diluted with ether, washed with dilute
hydrochloric acid, water, aqueous sodium bicarbonate
solution and water and then dried and concentrated to
give 1-(1-adamantylmethyl)-2-palmitoyl-3-trityl-

* glycerol. The trityl group is removed by heating with
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boric acid and trimethyl borate by the procedure of Ex-
ample 12 to give 1-(1-adamantylmethyl)-2-palmitoyl-
glycerol which is purified by chromatography on acid-
washed Florisil containing 10-15 percent boric acid
and eluting with ether-hexane mixtures.

By the procedure of Example 1, 1-(1-adamantyl-
methyl)-2-palmitoylglycerol is reacted with dichloro N-
(2,2,2-trichloro-ethoxycarbonyl)-2-aminoethyl
phosphate and the resulting intermediate is . treated
with zinc and acetic acid to give 1-(1-adamantyl-
methyl)-2-palmitoyl-3-glycerophosphor-
ylethanolamine.

EXAMPLE 14

According to the procedure of Example 3, 1-(1-ada-
mantylmethyl)-2-palmitoyl-3-glycerophosphor-
ylethanolamine, prepared as in Example 13, is treated
with phospholipase “A”" to give 1-(1-adamantyl-
methyl)-3-glycerophosphorylethanolamine.

EXAMPLE 15

Sodium hydride (11.95 g.) in a 60 percent suspen-
sion in mineral oil is suspended in 300 ml. of dry
dimethylsulfoxide and the mixture is heated at 65°-70°
C. for 2 hours. To the solution is added 54 g. of 1,3-
benzylideneglycerol. The mixture is stirred at room

5 temperature for 2 hours and then a solution of 23.2 g.
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of B-1-adamantylethyl methylsulfonate in 75 ml. of
dimethylsulfoxide is added. The mixture is stirred at
room temperature and worked up as in Example 12 to
give 2-(f-1-adamantylethyl)-1,3-benzylideneglycerol.

The above prepared 2-(B-1-adamantylethyl)-1,3-
benzylideneglycerol is heated at reflux with 50 ml. of
methanol and 3 ml. of concentrated hydrochloric acid
for one hour. The mixture is diluted with water and ex-
tracted with ether. The ether extract is concentrated to
give 2-(B-1-adamantylethyl)-glycerol.

A mixture of 2-(8-1-adamantylethyl)glycerol and
nine-tenths of a molar equivalent of stearoyl chloride in
chloroform with pyridine as an acid acceptor is stirred
at room temperature for 24 hours. The mixture is
diluted with ether, washed with dilute hydrochloric
acid, water, 5 percent aqueous sodium bicarbonate
solution and water, then dried, concentrated and chro-
matographed to give 1-stearoyl-2-(8-1-adaman-

55 tylethyl)-glycerol.

By the procedure of Example 1, 1-stearoyl-2-(3-1-
adamantylethyl)glycerol is reacted with dichloro N-
(2,2,2-trichloroethoxycarbonyl)-2-aminoethyl
phosphate and the resulting intermediate is treated

60 with zinc and acetic acid to give 1-stearoyl-2-(8-1-ada-

mantylethyl)-3-glycerophosphoryl-ethanolamine.

EXAMPLE 16
Sodium hydride (11.95 g.) in a 60% suspension in

5 mineral oil is suspended in 300 ml. of dry dimethylsul-

foxide and the mixture is heated at 65°-70° C. for 2
hours. To the solution is added 38.1 g. of 2-(8-1-ada-
mantylethyl)glycerol, prepared as in Example 15, and
the resulting mixture is stirred at room temperature for
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2 hours. A solution of 26.2 g. of stearyl methylsulfonate
in 100 ml. of dimethylsulfoxide is added. The mixture is
stirred at room temperature and worked up as in Exam-
ple 12 to give l-stearyl-2-($-1-adamantylethyl)-
glycerol.

By the procedure of Example 1, 1-stearyl-2-(B-1-
adamantylethyl)glycerol is converted to 1-stearyl-2-(8-
1-adamantylethyl)-3-glycerophosphorylethanolamine.

EXAMPLE 17

Sodium hydride (7.2 g.) in a 60 percent suspension
in mineral oil is suspended in 200 ml. of dry dimethyl-
sulfoxide. The mixture is heated at 65°-70° C. for two
hours. 1-Adamantanol (46.3 g.) is added and the
resulting mixture is stirred at room temperature for 30
minutes. To the mixture is -added 75.8 g. of 1-p-
toluenesulfonyl-2,3-isopropylideneglycerol (prepared
by reacting 1,2-isopropylideneglycerol with p-toluene-
sulfonyl chloride) in 100 ml. of dimethylsulfoxide. The
resulting mixture is heated with stirring at 65° C. for 2
hours, then poured into water and extracted with ethyl
acetate. The extract is washed with water and chro-
matographed over Florisil eluting with ether—petroleum
ether mixtures to give 1-(1-adamantyl)-2,3- 1sopropy—
lideneglycerol.

The above prepared 1-(1-adamantyl)-2,3-isopropy-
lidene-glycerol is stirred with 3N hydrochloric acid in

2:1 ether-methanol at room temperature to give 1-(1-
adamantyl)glycerol.
A  mixture of 1-(1-adamantyl)glycerol, trityl

chloride, pyridine and chloroform is allowed to stand
for 18 hours at room temperature to give, after working
up as in Example 12, 1-(1-adamantyl)-3-tritylglycerol.

A mixture of 1-(1-adamantyl)-3-tritylglycerol and an
equimolar amount of palmitoyl chloride is stirred at
room temperature for 18 hours. Working up as in Ex-
ample 13 and removing the trityl group using boric acid
and trimethyl borate by the procedure of Example 12
gives 1-(1-adamantyl)-2-palmitoylglycerol.

By the procedure of Example 1, 1-(1-adamantyl)-2-
palmitoylglycerol is reacted with N-(2,2,2-
trichloroethoxy-carbonyl )-2-aminoethyl phosphate
and the resulting intermediate is treated with zinc and
acetic acid to give 1-(1-adamantyl)-2-palmitoyl-3-
glycerophosphorylethanolamine.

EXAMPLE 18
By the procedure of Example 3, 1-(1-adamantyl)-2-
palmitoyl-3-glycerophosphorylethanolamine, prepared
as in Example 17, is treated with phospholipase “A” to

give 1-(1-adamantyl)-3-glycerophosphor-
ylethanolamine.
EXAMPLE 19
A suspension of 1.35 8. of  2-

phthalimidosthylphosphonic acid in 25 ml. of thionyl
chloride and three drops of dimethylformamide is
stirred at room temperature overnight. The excess thio-
nyl chloride is evaporated off and the residue is
azeotroped with dry benzene, then dissolved in 50 ml.
of dry chloroform and a solution of 2.0 g. of 1,2-di(1-
adamantoyl)-sn-glycerol (prepared as in Example 1),
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1.75 ml. of dry pyridine and 25 ml. of dry chloroform s -

added dropwise at 0° C. The mixture is stirred at room
temperature overnight, then diluted with 200 ml. of
ether, washed with dilute hydrochloric acid and brine,

14

dried over sodium sulfate and concentrated to give the
2,3-di(1-adamantoyloxy )propyl ester of 2-
phthalimidoethylphosphonic acid.

The above prepared phosphonic acid ester is dis-
solved in 50 ml. of 95 percent ethanol, treated with

"1.75 ml. of 50 percent aqueous hydrazine and stirred at

room temperature. overnight. The mixture is concen-
trated and the residue is stirred with chloroform and fil-
tered. The filtrate is concentrated, chromatographed
on 250 g. of 2:1 silica gel - Super-Cel and recrystallized
from chloroform-ether to give the 2,3-di(1-adaman-
toyloxy)propyl ester of 2-aminoethylphosphonic acid.

EXAMPLE 20

A solution of 14.5 g. of 1,2-diadamantoyl-sn-glycerol
(prepared as in Example 1) in 35 ml. of dry chloroform
and 21 ml. of dry triethylamine is added dropwise to a
solution of 25.5 g. of the 2-bromoethyl ester of dichloro
phosphoric acid in 14 ml. of dry chloroform at 0°-5° C.
with stirring. The mixture is allowed to stand overnight
in the refrigerator, then stirred for 2 hours and concen-
trated at room temperature. To the mixture 150 ml. of
0.1N aqueous potassium chloride solution and 40 ml.
of 10:1 ether-methanol are added at 0° C. with stirring
for one hour. The mixture is. diluted with 800 ml. of
ether and acidified with two drops of concentrated
hydrochloric acid to pH 2. The ether solution is- washed
with water, dried over sodium sulfate and concentrated
and the residue is azeotroped with benzene to give 1,2-
di( 1-adamantoyl )-3-sn-glycero-(2-
bromoethyl )phosphoric acid.

A solution of 20 g. of dry gaseous trimethylamine in
200 ml. of 2-butanone is added to 21 g. of 1,2-di(1-ada-
mantoyl)- 3-sn-glycero-(2 -bromoethyl)phosphoric acid
and the mixture is stirred at 50° C. for 18 hours, then
concentrated to one-half of its original volume,
refrigerated, filtered and dried in vacuo to give 2-[1,2-
di(1-adamantoyl)-3-sn-phosphatidyl]
ethyl(trimethyl)Jammonium bromide.

Silver carbonate (19 g.) is added to a solution of 13
g. of the above prepared phosphatidylethyl(trimethyl)-
ammonium bromide with stirring for three hours. The
mixture is filtered and’ perculated through a column
packed with a 1:1 mixture of weakly basic anion
exchange resin (hydroxyl form) and weakly acidic ca-
tion exchange resin, eluting with chloroform-methanol
to give, after removing the solvent in vacuo, a solid
product which is recrystallized from chloroform-2-bu-
tanone-absolute ethanol to give 1,2-di(1-adamantoyl)-
3-sn-phosphatidylcholine.

- EXAMPLE21

By the procedure of Example 20, 1,2-di(1-adaman-
toyl)-3-sn-glycero-(2-bromoethyl)phosphoric acid is
reacted with triethylamine to give 2-[1,2-di(1-adaman-
toyl)-3-sn-phosphatidyl Jethyl(triethyl )Jammonium bro-
mide which is then converted by the procedure of Ex-
ample 20 to 2-[1,2-di( 1-adamantoyl)-3-sn-
phosphatidylJethyl(triethyl Jammonium hydroxide.

By the same procedure, using tributylamine in place
of triethylamine, the product is 2-[1,2-di(1-adaman-
toyl)-3-sn-phosphatidyl Jethyl( tributyl Jammonium
hydroxide. _

EXAMPLE 22
A mixture of 1,2-di(1-adamantoyl)-3-sn-gtycero-(2-
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bromoethyl )phosphoric acid and methylamine in 2-bu-
tanone is stirred at 50° C. for 18 hours. Working up as
in Example 20 gives N-methyl-1,2-di( 1-adamantoyl)-3-
sn-phosphatidylethanol-amine. :

Similarly, using in place of methylamine the follow-
ing:

ethylamine

butylamine

dimethylamine

dipropylamine

dibutylamine
the products are, respectively:

N-ethyl-1,2-di( I-adamantoyl)-3-sn-phosphatidyl-
ethanolamine

N-butyl-1,2-di( 1-adamantoyl)-3-sn-phosphatidyl-
ethanolamine o

N,N-dimethyl-1,2-di( 1-adamantoy})-3-sn-
phosphatidyl-ethanolamine

N,N-dipropy!-1,2-di( 1-adamantoyl)-3-sn-
phosphatidyl-ethanolamine .

N,N-dibutyl-1,2-di( 1-adamantoyl )-3-sn-
phosphatidyl-ethanolamine.

EXAMPLE 23 .

A suspension of 3.67 g. of a 60.2 percent mineral oil
dispersion of sodium hydride in tetrahydrofuran is dis-
solved by the portionwise addition of 17.9 ml. of
diethyl phosphonate with stirring under reflux. To the
solution is added about 7.3 g. of 1,2-di( 1-adamantyl-
methyl)-3-(p-toluenesulfony!)-glycerol [prepared by
reacting 1,2-di(1-adamantylmethyl)-glycerol, prepared
as in Example 11, with p-toluenesulfonyl chloride in
pyridine] in 25 ml. of tetrahydrofuran. The mixture is
refluxed overnight. The reaction mixture is concen-
trated under reduced pressure and the residue is dis-
solved in ether and water and acidified with dilute
hydrochloric acid. The aqueous phase is extracted
twice with ether. The combined ether extracts are
washed with water, dried and concentrated to give the
diethyl ester of 2,3-di( 1-adamantylmethyloxy)-1-
propylphosphonic acid.

A mixture of 12 g. of the diethyl ester of 2,3-di(1-
adamantylmethyloxy)-1-propylphosphonic acid, 40 ml.
of ethanol and 40 ml. of 20 percent aqueous sodium
hydroxide is refluxed for 30 hours. The reaction mix-
ture is concentrated and the aqueous phase is extracted
with ether. The aqueous phase is acidified, extracted
with 4:1 ethyl acetate-chloroform and the organic ex-
tract is washed with brine, dried over sodium sulfate
and concentrated. The residue is dissolved in acetone
and treated with cyclohexylamine until basic, then
cooled to —30° C. overnight and filtered. To the solid
material is added 20 ml. of ethanol. The mixture is fil-
tered and the filtrate is concentrated to a small volume
and diluted with acetone containing 1 percent
cyclohexylamine. The solution is cooled and filtered.
The solid material js recrystallized from ethanol-
acetone-1 percent cyclohexylamine to give 2,3-di(1-
adamantylmethyloxy)-1 -propylphosphonic acid.

2,3-Di(1-adamantylmethyloxy)-1-propylphosphonic
acid (642 mg.) and 734 mg. of N-(2,2,2-
trichloroethoxycarbonyl)ethanolamine are dissolved in
20 ml. of pyridine and 4 ml. of trichloroacetonitrile.
The resulting mixture is heated at 50° C. for 30 hours,
then concentrated in vacuo. The residue is diluted with
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water and extracted with ether and the ether extract is
washed with water and then concentrated in vacuo.
The residue is stirred in 20 ml. of 95 percent acetic acid
with 2 g. of activated zinc for 24 hours. Solid sodium
bicarbonate (equimolar amount to the acetic acid) and
10 ml. of water are added and the mixture is stirred for
30 minutes, then diluted to 1 liter with chloroform,
dried over sodium sulfate, filtered, concentrated in
vacuo and then chromatographed on 2:1 silica gel -
Super-Cel, eluting with 9:1 to 7:3 chloroform-methanol
mixtures to give the 2-aminoethyl ester of 2,3-di(1-ada-
mantylmethyloxy)-1-propylphosphonic acid.

EXAMPLE 24

A suspension of 237 g of 2
phthalimidoethylphosphonic acid in 25 ml. of thionyl
chloride and three drops of dimethylformamide -is
stirred at room temperature overnight. The excess thio-
nyl chloride is evaporated: off and the residue is
azeotroped with dry benzene. The dichloro compound
is dissolved in 50 ml. of dry chloroform and a solution
of 3.5 g of 1,2-di(3-1-adamantylethyl)glycerol
(prepared by reacting 1-benzylglycerol with two molar
equivalents of g-1-adamantyl-ethyl methylsulfonate
which is prepared from 1-adamantane-ethanol and
mesyl chloride in pyridine), 2.65 ml. of dry pyridine
and 50 ml. of dry chloroform is added dropwise at 0°C.
The mixture is stirred at room temperature for 18
hours, diluted with ether, washed with dilute
hydrochloric acid and brine, dried. over sodium sulfate
and concentrated to give the 2,3-di(B-1-adaman-
tylethyloxy )propyl ester of 2-
phthalimidoethylphosphonic acid.

The above prepared phosphonic acid ester is dis-
solved in 50 ml. of 95 percent ethanol. To the ethanol
solution is added 2.43 ml. of 50 percent aqueous
hydrazine and the resulting mixture is stirred at room
temperature overnight, then concentrated. The residue
is stirred with chloroform, filtered and the filtrate is
concentrated. The residue is chromatographed on 250
g. of 2:1 silica gel - Super-Cel to give the 2,3-di(B-1-

adamantyl-ethyloxy )propyl ester of 2-
aminoethylphosphonic acid.
EXAMPLE 25

By the procedure of Example 2 using, in place of 7-
palmitoleoyl chloride, the following:

acetyl chloride
propionyl chloride

caproyl chloride
crotonoyl chloride
3-butenoyl chloride
5-hexenoyl chloride

4-hexenoyl chloride

the following products are obtained, respectively:
1-(1-adamantayl)-2-acetyl-3-sn-
phosphatidylethanolamine
1-(1-adamantoyl )-2-propionyl-3-sn-
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phosphatidylethanolamine
1-(1-adamantoyl)-2-caproyl-3-sn-
phosphatidylethanolamine
1-(1- adamantoyl)—Z-crotonoyl—3-sn-
phosphatldylethanolamme v 5
1-( 1-adamantoyl )-2-(3- butenoyl) 3-sn-
phosphatidylethanolamine
1-(1-adamantoyl)-2-(5- hexenoyl)-3-sn- -
phosphatidylethanolamine :
1-(1-adamantoyl)-2-(4-hexenoyl)-3-sn-
phosphatidylethanolamine.

EXAMPLE 26

_ By the procedure of Example 5 using, in place of 1-
oleoylglycerol-L-3-iodohydrin, the following 1-sub-
* stituted-glycerol-L-3-iodohydrins, prepared from the
atkanoyl or alkenoyl. chloride (which is prepared by
reacting the ‘alkanoic ‘or alkenoic acid with oxalyl ,,
chloride) and glycerol-L-1-iodohydrin by - the
procedure described for the preparation of 1-adaman-
toylglycerol-L-3-iodohydrin in Example 2:
1-hexacosanoylglycerol-L-3-iodohydrin

10
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1-(2-hexacosenoyl)glycerol-L-3-iodohydrin %
the following products are obtained, respectively:
1-hexacosanoyl-2-( 1-adamantoyl)-3-sn-
phosphatidyl-ethanolamine
1-(2-hexacosenoy!)-2-( 1-adamantoyl)-3-sn-
phosphatidylethanolamine.

EXAMPLE 27

A mixture of 48.3 g. of 1-(1-adamantylmethyl)-3-tri-
tylglycerol, 25 g. of silver oxide and 75 g. of methyl
iodide in 100 ml. of dimethylsulfoxide is stirred at 60°
C. for 2 hours. Water is added and the mixture is fil-
tered. The filtrate is extracted with benzene-ether and’
the extract is chromatographed on Florisil to give 1-(1-
adamantylmethyl)-2-methyl-3-tritylglycerol. The trityl
group is removed by the procedure of Example 12 to
give 1-(1-adamantylmethyl)-2-methylglycerol.

By the procedure of Example 1, 1-(1-adamantyl-
methyl)-2-methylglycerol is reacted with dichloro N-
(2,2,2-trichloro-ethoxycarbonyl )-2-aminoethyl
phosphate and the resulting intermediate is treated
with zinc and acetic acid to give 1-(1-adamantyl- 50
methyl)-2-methyl-3-glycerophosphorylethanol-amine.

Similarly, using in place of methyl iodide, the follow-
ing:
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ethyl iodide 35

propyl bromide
hexyl chlaride

60

4-chloro-1-butene
6-bromo-1-hexene
5-bromo-1-hexene 65

the following products are obtained, respectively:
1-(1-adamantylmethyl)-2-ethyl-3-glycerophosphor-
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ylethanola:mne

1 (l-adamantylmethyl)-Z-propyl— -glycerophospho-
rylethanolamme

1-(1-adamantylmethyl)-2-hexyl-3 -glycerophosphor-
ylethanolamine

1-(1-adamantylmethyl)-2-( 3-butenyl )-3-
glycerophosphorylethanolamine

1-(1-adamantylmethyl)-2-(5-hexeny!)-3-
glycerophosphorylethanolamine

1-(1-adamantylmethyl)-2-(4-hexeny!)-3-glycero-
phosphorylethanolamine.

EXAMPLE 28 _
By the procedure of Example 5 using, in place of 1-

oleoylglycerol-L—3-10dohydnn the following 1-sub-
stituted glycerol-L-3-iodohydrins prepared from the al-
kanoyl or alkenoyl
lodohydrm by the procedure described for the prepara-
tion of l-ada.mantoylglycerol-L—3-lodohydrm in Exam-
ple 2:

chloride and ' glycerol-L-1-

-acetylglycerol-L-3-1odohydrm 7
1-propionylglycerol-L-3-iodohydrin
1-butyrylglycerol-L-3-iodohydrin

1-hexanonylglycerol-L-3-iodohydrin
1-(3-butenoyl)glycerol-L-3-iodohydrin
1-(5-hexenoyl)glycerol-L-3-iodohydrin

1 (4-hexenoyl)glyéerol-l:f&-iodohydrin

the following products are obtained, respectlvely:
1-acetyl-2-(1 adamantoyl)-3 sn-
phosphatidylethanolamine
1-propionyl-2-( 1-adamantoyl)-3-sn-
phosphatidylethanolamine
1-butyryl-2-(1-adamantoyl)- 3-sn-
phosphatidylethanolamine .
1-hexanoyl-2-(1-adamantoyl)-3- sn-
phosphatldylethanolarrune
1-(3-butenoyl)-2-( l-adamantoyl )-3-sn-
phosphatidylethanolamine
1-(5-hexenoyl)-2-( 1-adamantoyl)-3-sn-
phosphatidylethanolamine
1-(4-hexenoyl)-2-(1-adamantoyl)-3-sn-
phosphatidylethanolamine.

EXAMPLE 29

2-(1-Adamantylmethyl)glycerol (prepared from 1,3-
benzylideneglycerol and 1-adamantylmethyl methylsul-
fonate by the procedure of Example 15) is heated with
an equimolar amount of methyl iodide with silver oxide
in dimethylsulfoxide at 60° C. for 2 hours and the mix-
ture is worked up by the procedure of Example 27 to
give 1-methyl-2-(1-adamantylmethyl)-glycerol.

By the procedure of Example 1, 1-methyl-2-(1-ada-
mantylmethyl)glycerol is converted to 1-methyl-2-(1-
adamantylmethyl)-3-glycerophosphorylethanolamine.

By the same procedure, using in place of methyl
iodide the following;

ethyl iodide
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butyl bromide

“hexyl chloride
4-chloro-1-butene
6-bromo- 1-hexene
5-bromo-1-hexene

the following products are obtained, respectively:

1-ethyl-2-( 1-adamantylmethyl)-3-glycerophosphor-
ylethanolamine

1-butyl-2-( 1-adamantylmethyl)-3-glycerophosphor-
ylethanolamine : ,

1-hexyl-2-(1-adamantylmethyl )-3-glycerophosphor-
ylethanolamine

1-(3-butenyl)-2-( 1-adamantylmethyl)-3-
glycerophosphorylethanolamine

1-(5-hexenyl)-2-( 1-adamantylmethyl)-3-
glycerophosphorylethanolamine.

1-(4-hexenyl)-2-(1-adamantylmethyl)-3-
glycerophosphorylethanolamine.

EXAMPLE30

By the procedure of Exampie 20, using dichloro 2-
bromoethylphosphonic acid in place of the 2-
bromoethyl ester of dichloro phosphoric acid, the
product is the 2,3-di(1-adamantoyloxy )propyl ester of
2-phosphonoethyl(trimethyl)-ammonium hydroxide.

By the same procedure, using in place of
trimethylamine the following:

methylamine
dimethylamine
ethylamine

dibutylamine

the products are, respectively:

the 2,3-di(1-adamantoyloxy)propyl ester of 2-(N-

methylamino)ethylphosphonic acid
- the 2,3-di( 1-adamantoyloxy )propyl ester of 2-(N,N-
dimethylamino )ethylphosphonic acid

the 2,3-di( 1-adamantoyloxy)propyl ester of 2-(N-
ethylamino)ethylphosphonic acid -

the 2,3-di( 1-adamantoyloxy)propyl ester of 2-(N,N-
dibutylamino)ethylphosphonic acid.

EXAMPLE 31

2,3-Di(1-adamantylmethyloxy)-1-propylphosphonic’
acid is reacted with 2-methylaminoethanol in the
presence of a 10 molar excess of trichloroacetonitrile
with pyridine (to make the mixture basic) in
acetonitrile with stirring at 50°-100° C. for 1 to 2 days.
Water is added and the mixture is acidified with dilute
hydrochloric acid, then extracted with ether. The ex-

‘tract is chromatographed on silica gel - Super-Cel to

give the 2-N-methylaminoethy! ester of 2,3-di(1-ada-
mantylmethyloxy)-1-propylphosphonic acid.

Similarly, using in place of 2-methylaminoethanol
the following:

2-dimethylaminoethanol
2-propylaminoethanol

2-dibutylaminoethanol
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the following products are obtained, respectively:
" the 2-(N,N-dimethylamino)ethyl ester of 2,3-di(1-
adamantylmethyloxy)-1-propylphosphonic acid

the 2-(N-propylamino)ethyl ester of 2,3-di(1-ada-

5 mantylmethyloxy)- 1-propylphosphonic acid

the 2-(N,N-dibutylamino)ethyl ester of 2,3-di(1-ada-
mantylmethyloxy)-1-propylphosphonic acid. _

In addition, by the same procedure, using choline in
place of 2-methylaminoethanol, the 2-(trimethylam-
monium hydroxide)ethyl ester of 2,3-di( 1-adamantyl-
methyloxy)- 1-propylphosphonic acid is obtained.

EXAMPLE 32

15 1-(1-Adamantyl)-3-tritylglycerol (prepared as in Ex-
ample 17) is reacted with p-toluenesulfonyl- chloride
and the resulting 1-(1-adamantyl)-2-p-toluenesulfonyl-
3-trityl-glycerol is reacted with the sodium salt of 1-
adamantanol by the procedure of Example 17. The

20 resulting.1,2-di(1-adamantyl)-3-tritylglycerol is stirred
with acetic acid on a steam bath for one hour. The mix-

- ture is then diluted with water and extracted with ether.
The extract is washed with aqueous sodium bicar-
bonate solution and chromatographed on Florisil to

25 give 1,2-di(1-adamantyl)glycerol:

By the procedure of Example 1, 1,2-di(1-adaman-
tyl)-glycerol is converted to 1,2-di(1-adamantyl)-3-
glycero-phosphorylethanolamine.

‘What is claimed is:

30 1. Acompound of the formula:

CH;—-0—R1

(|3H——0—R2

CHz—R3
in which: ‘ '

R, is 1-adamantoyl; I-adamantyl-(CHy),; alkyl hav-
ing one to 26 carbon atoms; or alkenyl having 4 to
26 carbon atoms with from one to three non-con-
jugated carbon-carbon double bonds;

R, is-1-adamantoyl; 1 -adamantyl-(CH,),; hydrogen;
alkyl having one to 16 carbon atoms; or atkenyl
having four to 16 carbon atoms with from 1 to 3
non-conjugated carbon-carbon double bonds, at
least one of R, and R, being 1-adamantoyl or 1-
adamantyl-(CH,),;

nisOto2;

40

45

0 0
Rsis —o—il—o—cmomm, —o—d_cmeomrior
50 b bx ‘
)
—{l—o—cmcmn.;
om
55 Rs
Ryis N/ or I%(Rmxe;
e WBe i
R; and Rg are hydrogen or lower alkyl;
R;is lower alkyl and
X is a pharmaceutically acceptable anion.
2. A compound according to claim 1 in which R, is 1-
adamantoyl; R, is 1-adamantoyl and R is

60
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—O—lﬂ—O—CHacHzNHz )
OH )
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3. A compound according to clai{n 1in whichR,is 1- 5. A compound according to claim 1 in which R, is 1-
adamantoyl; R, is hydrogen and Ry is adamantyl-(CH;),; R, is hydrogen; nis 1 or 2 andR;is
O
-0- lllr -0--CHCH;NH, 5

I
I . —0—P—O0—CH3;CH;NH;

O
: » OH
4. A compound according to claim 1 in which R, is 1-

adamantoyl; R, is 1-adamantoyl and Ry is 10 6. A compound according to claim 5 in which nis 1.

‘”’ ® 7. A compound according to claim § in which nis 2.
0 - 0 CILCILN(CHy): OHO

[$311 * % 0k Kk *
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