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A wide variety of derivatives of phospholipids related to natural phosphatidylethanolamines were prepared

and evaluated as potential renin inhibitors in two in vitro assays.

Lysophosphatidylethanolamines and 2-desoxy-

lysophosphatidylethanolamines were also synthesized and evaluated. None of the new compounds were more
active than a phospholipid mixture isolated from hog kidney but two compounds, 6g and 6j, which contain the 1-

adamantyl moiety, showed comparable activity in both assays.

In this series the lyso and 2-desoxy derivatives

were generally active at comparable concentrations regardless of the hydrophobic group. General procedures for
the preparation of ethanolamine derivatives are also described.

A phospholipid isolated from dog,! hog,! rat,? and
human®* was reported to be a natural precursor of a
renin inhibitor. This inhibitor was said to repress the
action of renin ¢n vitro,! inhibit the in vitro response to
injected renin in bilaterally nephrectomized rats,®
and reduce the blood pressure of rats with acute and
chronic renal hypertension by 70-130 mm when dosed
daily (from 4 to 12 days) by im (3.5 mg/kg), oral (150
mg per 250-350 g rat), or infusion (5 mg/kg) routes.®
The phospholipid had no effect on the blood pressure
of normotensive rats. The ‘“‘active’” inhibitor was
derived from the phospholipid by phospholipase hy-
drolysis and was provisionally identified as a lysophos-
phatidyl amino acid derivative.! A later report? sug-
gested that the preinhibitor, isolated from different
species and different tissue, was a phosphatidylethanol-
amine with a unique fatty acid complement.

Our interest in phospholipids’ and their involvement
in enzymatie reactions® led us to investigate the poten-
tial for development of a phospholipid renin inhibitor
as an effective mediator of the renin-angiotensin—
aldosterone system. We isolated a phospholipid from
hog kidney, according to the published procedure,!
which, as reported, inhibited the conversion of renin
substrate to angiotensin I in two in vitro assays. This
substance was found to be a mixture of many molecular
species of phosphatidylethanolamine esterified with a
relatively high proportion of polyunsaturated fatty
acids. Stearate, oleate, and linoleate were esterified
predominately at the primary hydroxyl, and almost
half of the ester at the secondary hydroxyl was arachi-
donate with lesser amounts of long-chain polyunsatu-
rated fatty acids.®

For this study, a series of synthetic phospholipids
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and phospholipid-like derivatives were prepared and
their renin-inhibitory activity evaluated in two in vitro
test systems. It was anticipated that once structure—
activity relationships had been investigated, inhibitory
phospholipids could be prepared which would be stable
to natural hydrolytic enzymes and thus be potentially
useful for ¢n vivo studies. Potential inhibitors have
been prepared including the phosphatidylethanol-
amine derivatives 6, lysophosphatidylethanolamines 7,
2-desoxylysophosphatidylethanolamines 11 and 13, and
other related compounds.

Chemistry.—Compounds 6 were prepared either by
the condensation of the Ag salt of the phosphate 21°
with the I derivatives 1 (Scheme I, method A), or by
the phosphorylation of a 1,2-diglyceride 3 with the
dichlorophosphate 47 (method B). Successive acyla-
tions!! of 3-iodopropane-1,2-diol with the appropriate
acid chlorides gave compounds 1 (Table I). Com-
pounds 3 were synthesized by a simplified method which
is applicable to the preparation of optically active, un-
saturated 1,2-diglycerides® (Scheme II, Tables II and
IIT). The protected intermediates 5a and 5b were not
isolated; treatment of 5a at 0° with dry HCI* or reac-
tion of 5b with Zn in AcOH’ afforded the synthetic
phosphatidylethanolamines 6 (Table IV). Enzymatic
hydrolysis of 6 with phospholipase A from snake
venom!'? gave the lysophosphatidylethanolamines 7
which were not purified, but were used directly in the
assays.

As activity resided in the lyso derivatives 7 (com-
pounds 6 were generally inactive—see Biological Eval-
uation below) it was of interest to prepare the 2-des-
oxylysophosphatidylethanolamine derivatives, the es-
ters 11 and ethers 13, which are related to 7 but are
devoid of the 2-OH group. Previously, it was shown
that other desoxyphospholipids were active in certain
test systems. Desoxylysophosphatidyl choline deriv-
atives have anticlotting activity'® and are cleaved by
lipase and phospholipase preparations.* Desoxylyso-
phosphatidyl glycerols exhibited some activity in the

(10) F.J. M. Daeman, Chem. Phys. Lipids, 1, 476 (1967).

(11) G. H.de Haasand L. L. M. van Deenen, Recl. Trav. Chim. Pays-Bas,
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Chem. Abstr., 62, 2951k (1965).
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ScuevE I
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TaBLE I
1,2-D1acYL-3-DESOXY-3-10D0-$7-GLY CEROLS
?HzOCOR
R1CO,CHCH.I
No. R® R Yield, % {]®D, deg (¢, %) Formula®
la CHg(CHg)le CH3=CH(CH7)3 784 +-) .1 (1 . 04) 032HSQIO4
ib CH,=CH(CH,); CH,=CH(CHa;)s 89 +4.7 (0.90) CasHyIOy
le 1-Adaniantyl CHy=CH (CH,); 65 +2.9(0.89) Cy:HieIO,4
1d 1-Adamantyl CH,;(CH,),CH=CH (CH.)-’ 72 +0.8(1.02) CayHsI10,
le CH;3(CH,);ClI==CH (CIH.);* 1-Adamantyl 41 +3.7 (0.88) Cs2His1O4
1f 1-Adaniantyl 1-Adamantyl 67¢ +0.7 (1.14) CasHas10;
g CH3(CH CH=CH(CH,)* CH3(CH,);CH=CH(CH,)* 61 +3.1(0.78) CseHnl1O,

« The l-acyl-3-desoxy-3-iodo precursors of 1y, 1¢, 1d, and le were prepd by reported procedures [see G. H. de Haas and L. L. M. van
Deenen, Iecl. Trav. Chim. Pays-Bas, 80, 951 (1961)]: l-octadecanoyl-3-desoxy-3-iodo-sn-glycerol, mp 64-66° (from Et,0-MeOH);
[]®p +1.62° (¢ 1.0, CHClL) [lits mp 65-66°; [«]¥p +1.8° (¢ 10, CHCL)]; 1-(1-adamantoyl)-3-desoxy-3-iodo-sn-glycerol, mp
63-65° (from cyclohexane-petr ether}; [a]%Dp 4+1.79° (¢ 1.14, CHCL] [Anal. (C;HalOs) C, H, I]; 1-(cis-8-octadecenoyl)-3-desoxy-3-
iodo-sn-glycerol, oil, [«]®p +1.653° (¢ 1.1, CHCly) [lit.* mp 33.4°; [a]®D +1.9° (¢ 10, CHCly). ® Optical rotations were detd in CHCls.
* All compds were anal. for C, H, I. 4 All compds are oils except 1a, mp 26-28° (from MeOH), and 1f, mp 108-110° (from Et,0-MeOH).
¢ Donble bond is trans. 4 Double bond is cis.

Tasre II
1,2-D1acYL-sn-GLYCEROL 3-(83,3,8-TRICHLOROETHYL) CARBONATES
CH,;O0COR
]
RCO.CH

éI{200020H2cclx
No. R Yield, 9% Recrystn solvent AMp. °C [e]%D, deg (c. %)° Formula®
ShY CHy(CHans 75 Et.:0-MeOH 56-57 —-1.7(1.05) C2HnCLO4
9b L-Adamantyl 81 MeOH 117-118.5 ~0.7(1.03) CasHyCLOy
9c 1-Adamantylmethyl 72 01l —-5.4(0.92) CyHaCL:0;
Odd Diliydrophytyl 34 Oil —1.4(0.54) CysHgsCl304

“ Optical rotations were detd in CHCL. * All compds were anal. for ¢, H, C1. ¢ Dihydrophytyl = 3, 7, 11, 15-tetramethylhexadecyl.
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TasLe IIT
1,2-D1ACYL-$n-GLYCEROLS
CH,OCOR
RCOz(JJH

H,OH
No. R Yield, % Recrystn solvent Mp, °C [a]#D, deg (¢, %)? Formula?
3a CH3(0H2)16 87 Hexané 74-74 . 5¢ —-2.6(1. 0) C39H7505
3b 1-Adamantyl 90 Hexane 98.5-100 —-0.4(1.1) Cy:H3505
3c 1-Adamantylmethyl 91 Oil —-0.7(0.9) CarH 4605
3d Dihydrophytyl¢ 82 0il —-1.5(1.2) Cy3HsiOs

e Optical rotations were detd in CHCl;. ¢ All compds anal. for C, H. ¢ J. C. Sowden and H. O. L. Fischer [J. Amer. Chem. Soc., 63,
3244 (1941)] reported mp 74-74.5°, [a]p —2.7° (¢ 6.18, CHCl;). 4 Seefootnote ¢ of Table II.

TaBLe IV
0-[1,2-D1ACYL-$N-GLYCERO-3-PHOSPHORYL] ETHANOLAMINES
CH,OCOR
RlcozEH
H,0PO,CH,CH.NH,
H
No. R R? Method® Yield? % Mp, °C* {«]®D, deg (¢, %)% Formula®
6a CH;(CHa2 s CH;(CHahs B 48 204/ +6.0 (1.0) CuyHs:NOgP?
6b CH3(CHazhs CHy;=CH (CH.,)s A 51 206-208 +7.1(1.0) CsHeNOGP
6c CHy=CH(CH,)s CH=CH (CH.,)s A 38 210-212 +14.8 (0.5) CxHiNOsP
6d 1-Adamantyl CH,=CH(CH,)s A 30 197-199 +7.8(0.3) CyHyiNOsPH
6e 1-Adamantyl CH,;(CH,)»CH=CH(CH,)- A 42 Wax +13.8 (1.0) CsHeNOsP?
6f CH,;(CH,),CH=CH(CH,) 1-Adamantyl A 33 Waxk +7.1(0.5) CuuHgNOgPe
6g 1-Adamantyl 1-Adamantyl A 41
B 36 207-210 +8.0(1.0) CuHiNOgP/

6h cHa(cH2)7CH=CH(CH2)7" CHa(CHz)-,CH:CH(CHz)-," A 24 196-198 +8.3(0.9) CyH7NOsP?
61 Dihydrophytyl? Dihydrophytyl B 25 Wax™ +7.6(0.8) CisHoNOSP
6j 1-Adamantylmethyl 1-Adamantylmethyl B 29 207-208 +10.1(0.8) CyHysNOsP/

¢ The symbols used in this column are explained in the text. ° Yields are based on chromatogd products. ¢ All compds were crystd
or pptd from CHCl;—Me,CO, except 6g (from CHCl;—petr ether) and 6j (2-butanone-MeCN). ¢ Optical rotations detd in CHCl;.
¢ All compds were anal. for C, H, N and were dried at 40° (1 mm) for 18 hr. / Reported mp 173-175°, [a]?p +6.0° [E. Baer, J.
Maurukas, and M. Russell, J. Amer. Chem. Soc., 74, 152 (1932)]. ¢ Hemihydrate. * Dihydrate. ¢ Hydrate. ¢ Sesquihydrate.
k Purified by thick-layer chromatography on Brinkmann silica gel GF 254 (1 mm) plates using 65:25:4 CHClL,-MeOH-H,O as the
eluent. ¢ See footnote ¢ of Table II. = Purified by column chromatogr on DEAE-cellulose according to the method of G. Rouser, G.
Kritchevsky, D. Heller, and E. Lieber, J. Amer. Oil Chem. Soc., 40,425 (1963). * Double bond is trans, ¢ Double bond is cis.

ScueME 11 An excess of propane-1,3-diol was acylated with an
CH,OH CH.OCOR acid chloride or treated with the appropriate mesylate
HO(‘JH RCoOCl RO 02(13H Zn 3 in DMSO to give, gfter chromatographic purification,
1 AcOH 10 and 12, respectively (Table V). Compounds 10

CH0OCO,CH.CCl, éHgOCOzCHzccla

TaBLE V
Wassermann assay.'s Several Il-acyldesoxylysoleci- MoNOACYL- (AND ALKYL)PROPANE-1,3-DIOLS
thins caused lysis of red cells. ¢ ROCH,CH,CH,OH
Yield,
CH.OX No. R® %  Formula®
éH2 10a CO(CH2)IQCH36 79 CleuOs
! 10b  CO(CH,»CH=CH (CH.);CH,/ 71 CoHieOs
CHOY 10c  CO(l-adamantyl) 74 CuHyOs
10, X =COR; Y = H 12a CH,(CH,1sCH,?¢ 35 CaHuO:
11, X = COR; Y = PO,CH,CH.NH, 126 CHy(CH,);CH=CH(CH.),CH, 52 CaHuO:
om 12¢c  CH,(CH,}(CH=CHCH,)(CH,),CHy’ 64 CyHy0;
12X =CH;R; Y = H 12d CH,CH,(1-adamantyl) 56  C15H260.
¢ All compds are oils except where indicated. ® Mp 49-51°
13, X = CH.R; Y = PO,CH.CH,NH. (from Et;,0-MeOH). ¢ Mp 39-41° (petr ether). ¢ Mp 45-47°
H (EttO-MeOH). ¢ All compds were anal. for C, H. 7 Double
bond is cis.
(HO),PO.CH,CH.NHCO,CH,CCl;

2Nﬁ2csHu were phosphorylated with 4 and converted to 11 with
14 Zn in AcOH. Phosphorylation of the ethers 12 with 4

or 147 in the presence of trichloroacetonitrile’” (meth-

(15) K.Inoueand 8. Najima, Chem. Phys. Lipids, 1, 360 (1967).
(16) F.C.Reman, R. A. Demel, J. deGier, L. L. M. van Deenen, H. Eibl, (17) F. Cramer, W. Rittersdorf, and W. Béhm, Justus Liebigs Ann. Chem.,
and O. Westphal, ibid., 8, 221 (1969). 6564, 180 (1962).
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TasLe VI
O-[1-AcYL (OR -ALKYL) -2-DESOXYLYSOGLYCERO-3-PHOSPHORYL] ETHANOLAMINIES

CH,OR

: H,

CH:0PO,CH,CH,NH,

OH
No. R Method® Yield? ¢ Recrystn solvent Mp, °C Formulaf
11a CO(CH,hsCHj, B 42 CHCL-MeOH 202-204 C23HsNOgPe
11b CO(CH,»CH=CH(CH.);CH;" B 34 CHCl,-MEK:? 204-206 C;HysNOGP
11¢ CO(1-adamantyl) B 37 CHCl-Me.CO 222-224 C1sHasNOGP
138. CH2(CH.’)1GC}{S C 4() CHCla—Me;CO 224—226 023H50N05Pe
13b CH,(CH,)»CH=CH(CH,);CH3" B 30 CHCL-Me,CO 206-208 CasHygNO;P/
C 35

13¢ CH(CH,; };(CH=CHCH,),(CH,),CH;" B 28 CHCl-MEK“ 193-196 CyuHysNO;Pe
13d CHchz(l-ad‘dmallt,Vl) B 40 CHCls—Z\IeCN 208-210 Cn}IagNOan

¢ The symbols used in this column are explained in the text.
for C, H, N and were dried at 40° (1 mm) for 18 hr,
thermal gravimetric analysis (tga); H.O: caled, 0.99; found, 0.6.
bonds are cis.

od C) gave 13 after removal of the CCL;CH;OCO group
(Table VI).

The attempted enzymatic preparation of O-[1-
(1-adamantoyl) - 3-sn-glycerophosphoryl Jethanolamine
(7b) from the 1,2-di(l-adamantoyl) derivative 6g was
not successful; 6¢ is inert to the phospholipase A in
snake venom (Crotalus adamanteus). Compound 7h
was readily prepared enzymatically (Scheme III)

ScueME 11

. COOH
phospholjpase A +
HO(lZH
hospholipase
phospholipase A CH,0PO,CH,CH,NH,
OH
6d 7b
+

CH,=CH(CH,);COOH

from  O-[1-(1-adamantoyl-2-(10-undecenoyl)-sn-glye-
erophosphoryljethanolamine (6d).

Biological Evaluation,—The ability of these com-
pouuds to inhibit the renin-catalyzed conversion of
renin substrate to angiotensin I was examined in 2
test systems. Renin activity was determined indirectly
by measuring the angiotensin I hydrolysis products,
angiotensin II and His-Leu. A bioassay and a bio-
chemical assay were used. The bioassay is a modifica-
tion of a reported procedure’® and involves a two-step
sequence: (1) ¢n vitro production of angiotensin I by
the action of hog renin on hog renin substrate in the
presence of a potential inhibitor, and (2) in vive bio-
assay of the generated angiotensin I in the anesthe-
tized rat!® indirectly via the pressor response elicited by
the angiotensin II formed by the rat’s converting
enzyme. The biochemical assay also involves two

(18) P. T. Pickens, F. M. Bumpus, A. M. Lloyd, R. R. Smeby, and I. H.
Page, Circ. Res., 17, 438 (1965).

b Yields are based on chromatogd products.
4 NIJEK = methyl ethyl ketone.
7 Quarter hydrate by tga; HO: caled, 1.23; found, 1.68.

¢ All compds were anal.
/ Anal. as 0.25hydrate by
* Double

¢ Hemihydrate.

enzyme reactions. Renin substrate, in this case a
tetradecapeptide,’® was incubated with renin and the
poteutial inhibitor. The derived angiotensin I was
hydrolyzed 7n vitro with a preparation of converting
enzyme to give the octapeptide, angiotensin II, and
His-Leu. The amount of His-Leu released was mea-
sured spectrophotofluorometrically and compared to
appropriate controls.

The biological data may be summarized as follows
(Table VII). Potential inhibitors were tested at doses
of 1-5 X 10-3% /. Compounds 6g and 6j, which are
esterified with l-adamantoyl moieties, showed good
activity in both assays. In the bioassay 6¢ and 6d
having shorter fatty acyl residues were slightly active.
In contrast nearly all of the lyso derivatives 7, and the
2-desoxylyso derivatives 11 and 13 exhibited some renin-
inhibitory activity in both assays. These findings are
consistent with literature reports!-® which show that the
lvsophosphatidylethanolamines 7 are the inhibitor sub-
stances and the phosphatidylethanolamines 6 are in-
active (exceptions noted above) and are precursors of
the actual inhibitor 7. The inactivity of 11a in the bio-
chemical assay could be attributed to insolubility or
incomplete micelle formation. Renin-inhibitory ac-
tivity does not seem to depend oun the degree of un-
saturation in the acyl groups, nor is an OH at position
2 necessary. The specific hydrophobic head of the
inhibitors does not seem to be as important as the gross
hydrophobicity. The ethanolamine moiety seems to be
a requirement for inhibition as other phospholipid
types were shown to be inactive in a bioassay.!

Experimenta] Section

The compds were routinely checked by ir spectroscopy; melt-
ing points were determined in a Thomas-Hoover melting point
apparatus and are corrected; optical rotations were taken on a
Perkin-Elmer 141 polarimeter. Tlc was carried out on 0.25-mm
Anal Tech silica gel GF plates® with the solvent systems: 9CE
(9:1, v/v, cyclohexaue-EtOAc), 3CE (3:1, cyclohexane-EtOAc),
and CMW (63:25:4, CHCl;-MeOH-H.0). The compds were
detected by spraying with 4097 H.SO, and heating, with nin-
hydrin, and with a reagent for P.22  Where analyses are indicated

(19) L. T. Skeggs, Jr.. K. E. Lentz, J. R. Kahn, and H. Hochstrasser,
J.Exp. Med., 128, 13 (1968).

(20) Analtech, Inc., Wilmington, Del.

(21) J. C. Dittmer and R. L. Lester, J. Lipid Res., 5, 126 (1964).
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TaBrLe VII
BroroaicaL EvALUATION oF PoTENTIAL RENIN INHIBITORS®

~——Bioassay—— ~——Biochemical-~—

assay
Concen- Concen-
tration Imhibi- tration Inhibi-
(X 10-? tion, (X 10-3 tion,
Compd M) A M) b
6a 2.67 16
6b 3.08 5
({14 3.65 26
6d 3.69 33
te 3.02 17
6f 3.02 18
6g 3.80 68 1.86 39
0.93 38
6h 2.69 5
6i 2.49 5
6j 1.76 68
0.88 53
7a, R = (CH)1sCH3s 4.15 69
7b, R = l-adamanty! 5.39 61
7¢, R = (CH:);CH—=CH(CH))» 4.18 66
CH4
7d, R = dihydrophytyl¢ 4.06 45
lla 2.50 7
1.25 3
11b 4.33 30
11c 5.55 64
13a 2.2 29
1.1 15
13b 4.36 49
13d 4.39 56 2.77 47
1.38 22
6 (from hog kidney)? 2.677  5-10 1.33/ 0
7 (from hog kidney)* 4.169 85-95 2.08¢ 85-90

@ See Experimental Section for detailed descriptions of the
assays. ° Per cent change when compared to controls. ¢ See
footnote ¢ of Table IL. 4 Isolated from hog kidney acetone
powder (Pentex Biochemicals Division, Miles Laboratories,
Kankakee, I1l.) by column chromatogr or thick-layer chromatog-
raphy on silica gel or DEAE-cellulose. ¢ Prepared from the
phospholipid isolated from hog kidney by phospholipase A hy-
drolysis (see Experimental Section). / Assuming an average mol
wt of about 730. ¢ Assuming an average mol wt of about 470.
» Double bond is cis.

only by symbols of the elements, anal. results obtained for these
elements were within 0.4 of the theoretical values, and were
obtained by the Analytical and Physical Chemistry Section of
Smith Kline & French Laboratories. Petr ether used had bp
30-60°. DMallinckrodt silica gel (100 mesh) was used for column
chromatogr. Nomenclature of the optically active glycerol
derivatives follows the recommended rules.??
1-(1-Adamantoyl )-2-oleoyl-3-desoxy-3-iodo-sn-glycerol (1d)
(Table I).—A solu of 7.0 g (0.035 mole) of 3-desoxy-3-iodo-sn-
glycerol?® in 25 ml of CHCl; (distd from P:O,) and 2.65 ml of
anhyd pyridine was cooled to 0° and treated dropwise with 5.8 g
(0.029 mole) of 1-adamantane carbonyl chloride?t in 25 ml of
anhyd CHCl;. The mixt was stirred for 18 hr at 25°, dild with
200 ml of Et;0, and then washed with dil HCI, H»0O, 5% NaHSO;,
H,0, 59 NaHCO;, and H,O. After being dried (Na,SQ,), the
ether was concd and the product (9.5 g) was chromatogd on
285 g of Florisil using Et:O-petr ether mixts. A small amt of
forerun contained 1,2-di(1-adamantoyl)-3-desoxy-3-iodo-sn-glyc-
erol (1f), R; 0.82 (system 9CE). The major product was eluted
with Et;O and the homogeneous cuts were crystd from cyclo-
hexane—petr ether to give 4.8 g (469%) of 1-(1-adamantoyl)-3-
desoxy-3-iodo-sn-glycerol, mp 63-65°, E; 0.25 (SCE). Anal.
(C1sHalO;) C, H, 1.
1-(1-Adamantoyl)-3-desoxy-3-iodo-sn-glycerol (14.05 g, 0.039
mole) was dissolved in anhyd CHCI; (30 ml) and anhyd pyridine
(2.4 ml) and ¢is-9-octadecenoyl chloride® (8.7 g, 0.29 mole) in
anhyd CHCl; (30 ml) was added dropwise with stirring at 0°

(22) See rules of nomenclature of liplds proposed by the IUPAC-IUB
Commission on Biochemical Nomenclature {Biochemistry, 6, 3287 (1967)[.

(28) E. Baer and H. O. L. Fischer, J. Amer. Chem. Soc.. 70, 609 (1948).
Hydrolysis of the isopropylidene precursor was achieved with 1 N HCI in
MeOH at 25° for 18 hr.

(24) H.Stetter and E, Rauscher, Chem. Ber., 98, 1161 (1960).

(25) The acid chlorides were prepared with oxalyl chloride [F. H. Mattson
and R. A. Volpenbein, J, Lipid Res., 8, 281 (1962) [.
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under Ni. After stirring for 18 hr at room temp the reaction
was worked-up as described above and the crude product was
chromatogd on Florisil (30 g/g of crude product). The column
was developed with petr ether-Et,O mixts to give oily 1d, R:
0.65 (9CE).
1,2-Di(1-adamantoyl)-3-desoxy-3-iodo-sn-glycerol (1f).—A
soln of 5.72 g (0.0283 mole) of 3-desoxy-3-iodo-sn-glycerol, 30
ml of anhyd CHCl;, and 7.5 ml of anhyd pyridine was treated
dropwise at 0° with a soln of 12.2 g (0.0614 mole) of 1-adaman-
taue carbonyl chloride, stirred for 18 hr at 25°, and worked-up
as described in the previous example. The crude pink oil crystd
on standing and was recrystd to give 9.98 g of 1f.
1,2-Di(1-adamantoyl)-sn-glycerol 3-(8,83,8-Trichloroethyl car-
bonate) (9b) (Table II).—1-Adamantanecarbonyl chloride (28.2
g, 0.142 mole) in EtOH-free, anhyd CHC]l; (100 ml) was added
dropwise to an ice-cold solu of sn-glycerol 3-(8,8,8-trichloro-
ethyl carbonate)® (20.0 g, 0.071 mole), anhyd pyridine (14 ml),
and anhyd CHCl; (50 ml). After stirring overnight at room
temp, 800 ml of Et,O was added and the mixt was washed with
dll HCl, H20, 5% NB.HCOs, and H2O The dried (N!MSOq)
ethereal solution was concd to give a colorless oil which was
crystd to afford 34.1 g of 9b, R; 0.76 (3CE).
1,2-Di(1-adamantoyl)-sn-glycerol (3b) (Table III).—Compd
9b (23.2 g, 0.038 mole) was dissolved in 150 ml of 859, AcOH
and 200 ml of Et,O and 48 g of activated Zn* was added (slight
exotherm). The suspension was stirred at 20-25° for 1 hr and
filtered and the filter cake was washed with addnl Et:O. The
filtrate was washed with H:O (3 X 100 ml), 59, NaHCO; nutil
neutral, and H,O again, After drying (Na,S0,) the Et,O was
evapd and the oily residue was crystd to vield 14.6 g (909;) of
3b, mp 96-98°, R; 0.31 (3CE).
0-[1,2-Di(1-adamantoyl)-sn-glycero-3-phosphoryl]ethanol-
amine (6g). Method A (Table IV).—A solu of 1.4 g (0.0028
mole) of 1f in 200 ml of anhyd C:Hs was coned to 100 ml using
a Dean-Stark adapter. The soln was cooled slightly and 1.24 g
(0.003 mole) of silver teri-butyl(N-teri-butyloxycarbouyl-2-
aminoethyl)phosphatel® (previously dried at 40° ¢n vacuo for
several hours) was added. The reaction flask was protected from
light, and the mixture was refluxed for 2.5 hr. The warm soln
was filtered through Supercel to remove Agl, and the filtrate
was washed with 59; NaHCO; aud HyO. The dried (MgSO,)
orgaunic layer was concd to give the colorless, oily 5a (R = R’ =
l-adamantoyl). This was dissolved in dry Et;O (200 ml) and
treated with a stream of dry HCI at 0° for 2 hr. After evapn of
the solvent at 30° the residue was dissolved in 30 ml of 4:2:1,
v/v, Et:0-EtOH-H,0 and percolated throngh a column packed
with 30 g of Amberlite IR 45 (OH~) resin using about 300 ml of
addunl solvent. The crude 6g was obtained on evapn of the
solvent at 30°; it was chromatogd on 250 g of a mixture of 2:1,
w/w, silica gel and Supercel. The column was developed witl
10-509, MeOH in CHCl;. Homogeneous fractions with R;
0.66 (CMW) were crystd.
0-[1,2-Di(1-adamantylacetyl)-sn-glycero-3-phosphoryl] eth-
anolamine (6j). Method B (Table IV).—1,2-Di(l-adamantyl-
acetyl)-sn-glycerol (3¢) (12.8 g, 0.029 mole, freshly prepd from the
carbonate 9¢ and used withont purification) was dissolved in 50
nl of anhyd CHCl; and 11.5 ml of anhyd pyridine and added
dropwise to an ice-cold solu of 15.25 g (0.043 mole) of dichloro-
(N-B,8,8-trichloroethoxy carbonyl-2-aminoethyl)phosphate  (4)
in 50 ml of anhyd CHCls. The soln was stirred at room temp
for 18 hr, dild with 600 ml of Et,O, and washed with cold dil
HC!I and brine. The org layer was coucd to give erude 5b (R
= R’ = l-adamantylmethylene). This was dissolved in 25 ml
of 909, AcOH and 50 ml of Et,O aund treated with 30 g of acti-
vated Zn. The suspension was stirred at 20-25° for 3-4 hr or
until tle (system CMW) iudicated complete conversion to the
phosphatidylethanolamine 6j. To the suspeusion was added
solid NaHCO; (60 g), H:O (6 ml), and CHCl; (100 ml). After
stirring for 20-30 min, CHCl; (1 1.) and excess Na,SO, were
added and the stirring was continued for another hour. The
solvents were filtered and concd, and the residue was chromatogd
on 2 kg of 2:1 silica gel-Supercel with 5% MeOH in CHCl;
as the solvent. From the column were obtained a minor prod-
net, Bs 0.85 (CMW), formed from excess 4, aud the major prod-
uct 6], 22: 0.69 (CMW), which was crystd.
1-¢is-9-Octadecenoylpropane-1,3-diol (10b) (Table V).—A
soln of 5.05 g (0.066 mole) of propane-1,3-diol (dried over Linde
4A molecular sieves), 20 ml of anhyd CHCl;, and 1.6 ml of anhyd

(26) E. Baer and D. Buchnea, J. Biol. Chem., 280, 447 (1958).
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pyridine was cooled to 0° aud a soln of c¢is-9-octadecenoyl chlo-
ride (5.0 g, 0.017 mole) in CHCl; (25 ml) was added dropwise
under N2. The soln was stirred for 18 hr at 25°, dild with Et,O
(150 ml), and washed with dil HCl, H,0, 59, NaHCO;, and H,0.
Chromatog of the dried Et;O concn on Florisil (175 g) with petr
ether-Et.0 mixtures gave 4.14 g of oily 10b, R; 0.35 (3CE).

3-[2-(1-Adamantyl)ethoxy]-1-propanol (12d) (Table V).—A
soln of 12.6 g (0.07 mole) of 2-(1-adamantyl)ethanol® in 70 ml of
anhyd pyridine was cooled to 0° and treated dropwise with 12,0
g (0.105 mole) of MeSO.Cl. The mixt was stirred at 0° for 2 hr
and at 25° for 4 hr, dild with 500 mnl of Et,O, and washed rapidly
with cold H,0, iced dil HC], H.0, cold 5%, NaHCO;, and H.O.
The dried (Na:SO,) ethereal soln was coned to 18 g (1009) of
crude mesylate, R 0.44 (3CE), which was used withont further
purification.

NaH (11.39 g of a 60%; mineral oil dispersion, 0.286 mole)
in anhyd DMSO (200 ml) was heated at 65-70° for 1 hr under
N: and cooled to 25° and a solu of propane-1,3-diol (21.7 g, 0.286
mole) in DMSO (25 ml) was added rapidly. The mixt was then
stirred at 25° for 0.5 hr and a soln of 12.3 g (0.048 mole of 2-(1-
adamantyl)ethanol-1-mesylate in 25 ml of DMSO was added at a
rapid rate. The mixt was stirred an addnl 2 hr. Ice H,O (1.5
1.} was nsed to quench the reaction and the product was extd into
EtOAc¢, washed with brine, dried (Na,S0,), and concd to an
orange oil. This was chroniatographed on 540 g of Florisil,
first with petr ether-Et,O mixtures and then with Et,O to give
6.37 g of colorless, oily 12d, Rr 0.23 (3CE).

0-[3-(2-(1-Adamantyl)ethoxy )-1-propylphosphoryl] ethanol-
amine (13d) (Table VI).—The procedure for thiz preparation
was entirely similar to that for 6j (niethod B). From 3.535 g
(0.015 mole) of 4 and 4 ml of pyridine in CHCl;, there was ob-
tained one major P-positive component, £r 0.58 (CMW); this
was treated with 18 g of activated Zn in 40 ml of Et:0 aud 20 ml
of 909, AcOH. The usual work-up gave the crude produet whicl
was chromatogd on 800 g of 2:1 silica gel-Supercel with 4:1,
v/v, CHCl-MeOH (4 1), 3:1 CHCL,-MeOH (6 1), and 2:1
CHCl1:-MeOH (6 1.). The homogeneous fractions from the
3:1 and 2:1 elnates were crystd to give white 13d, ¢ 0.33
(CMW).

0-[3-(cis-9-Octadecenyloxy )-1-propylphosphoryl] ethanolamine
(13b). Method C (Table VI).—A solu of 10.0 g (0.031 niole) of
3-(cis-V-octadecenyloxy)-1-propanol (12b), 10.5 of the dicyclo-
hexylammonium =alt of N-3,8,3-trichloroetlioxycarbonyl-2-
aminoethylphosphoric acid (14),7 100 nil of anhyd pyridine, and
43 g of CCLLCNY was heated on a stean1 bath for 4 hr under a
positive head of N2, The dark reaction mixt was cooled, dild
with 400 ml of H,0, and washed with Et;O (6 X 100 ml). The
aq layer was concd ¢n vacuo to a brown syrup which was dissolved
m 2:1, v/v, THF-H.O (100 nil) and stirred with 30-40 g of
Amberlite IR 120 (I1-) for 15 min. After the resin was filtered
and the filtrate was coned /n vacuo, the residue was dissolved
in 100 ml of EtQ and 50 ml of 9057 AcOH and treated with 20 g
of Zun and worked-np as in niethod B. The crude 13b was a gim
(8 g) which was chroniatogd on 800 g of 2:1 silica gel-Supercel
nsing 9:2, v/v, CHCL-MeOXH. The honiogenons cutsx were
cry=td to give buff-colored 13b, If 0.56 (CNW),

Bioassay Procedure.—In 1 il of ethylene glycol was dissolved
5 mg of the potential inhibitor, then 1 nil of an aq solu containing
12 nmoles of hog renin =ubstrate® was added, followed by 0.3
nl of 0.9¢ saline solu containing 1 unit of hog renin.?® One
to two drops of a 537% soln of diisopropy!phosphorofinoridate
(DFP) in 7-PrOH was introduced and the mixt wa= adjusted to
pH 6 with about a drop of 1 M/ NaH,PO, solu. The total vol
was about 2.5 ml giving an inhibitor conen of 2 mg,'nil.  Thix
mixt was inenbated at 37° for 1 hr, then placed in a boiling 11,0
bath for 10 min, chilled in a =olid CO,-Me,CO bath, and finally
lvophilized. The residue was reconstituted by the addn of 1 ml
of H:0 and the angiotensin I that was formed was measured
by its pressor effect on the anesthetized rat prepu. This wax
similar to the procednre described by Pickeus, et «l.'® Adult,
male, Charles River rats, weighing 160-210 g, were used. Mean
arterial blood pressure was measured from the carotid artery by
meanz of a Sanborn transducer (Model 267 AC) and recorded on
a multichannel Sanborn recorder (Model 964).  Drug solns were
given by means of a canuulated jugular or femoral vein. The
prepu was allowed to equilibrate for 1 hr hefore proceeding with

(27) H. Stetter and E. Rauscher, Chem. Ber., 93, 2054 11960).

(28) Pentex Biochemicals Division, Mjles Lahoratories, Kankakee, 11l

{20) Nutritional Biochemicals Corporation, Cleveland. Ohio.
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the expt. Then several injections of a standard dose of pure
angiotensiu II3 were given to insure that the prepn was respond-
ing in a consistent manner. Two conens of the standard and 2
conens of the test soln were injected into each rat, and the re-
sultant pressor respouse was plotted vs. log dose of solu (ml).
The conen of angiotensin IT produced was caled from a standard
curve. A minimnm of 4 bioassays (4 rats) were nsed to evaluate
each test soln.  Control saniples were worked-up as above but no
potential inhibitor was added.

Biochemical Assay Procedure.—The potential renin inhibitors
were dissolved in a small amount of EtQ to which was added
sufficient 0.05 J/ phosphate buffer {pH 7.4) made np in 0.1 3/
NaCl to give a conen of 3 mg,/nl of test compd. This mixt was
placed in an ice bath and dispersed with a Brauzon =onifer for
about 3 minunder N, One milliliter of this fine micelle snspension
wus added to a 50-1l round bottom centrifuge tube containing o
nixt of 0.3 unit of hog renin?® in 0.3 ml of 0, 0.1 ml of 0.003 3/
phenylmercuric acetate, 1 drop of DFP, and 1.1 ml of 0.05 W/
phosphate buffer (pH 7.4). During all these additions the
tubes were kept i an ice bath, The mixts were incubated at 37°
for 10 nin in a New Brunswick metabolic shaker. Then 0.5 ml
of phosphate buffer contg 10.2 umoles of tetradecapeptide™
renin substrate wax added, und the ineubation was continmed
for 10 min at 37°.  The reaction was =topped by placing the
vessels in a boiling H:O bath for 10 min.  Zero reaction time
=amplex (blank<} were placed directly in the boiling H:() bath
after the 10-min preincubation nud, after 5 min, 10.2 uniolex of
renin substrate were added aud then allowed to remuin in the
boiling 1,0 bath for unother 5 min.

The =aniples were cooled to 0°, 0.1 nil of a <oln containiug 1 .4/
NaH/PO; and 0.1 M NaCl (pH 4.1) was added followed by 0.3
ml of phosphate buffer contaiuing 15 mg of converting enzyme.®
The final pH wius about 6.5. The tubes were incnbuted at 37°
for 1 hr in the =haker. Tce-cold LtOI1 (13.6 ml) was added t¢
stop the reaction, the tubes were placed in hoiling Hz0 for 4 min
and then centrifuged. The supernatant was sepd, evapd under a
streamr of Ny, dizxolved in 1 ml of distd H»O, and placed on a
colnmu (130 X 10 mn1) contg 1.55 g of Dowex 50W-X4 (I1+)
(100-200 mesh).  Each tube was rinced (2X) with 1 1l each of
H.0 and added to the colimn.  The colunis were eluted with
10ml of 1:1, v, 'v, CHCL-MeOH, 50 nil of H,0, 15 ml of 1.V H(],
5l of 2.V HCL and 50 ml of H.0. Two 3-ml aliquots of I N
NaOH were then added 1o the colummns; the first 3 ml of effluent
wis discarded and the second 3-ml fraction was collected. Two
milliliters of the final efllnate was nzed for the flnorometric assay
of Hiz-Len. A coniplete eluboration of the biochemical aszay
n=ed in thix =tudy will be reported by Green and Erickson in the
near futnre.?

To 2 ml of effluate was added 0.1 ;l of a soln of 0.17 ortho-
phthaldialdehyde in abs E{OH, and the =oln was then allowed to
=tand for ¢ min. Then 0.7 ml of 3 .V HCl was added and the
sample was pliced iu a Turuer 210 s<pectrophotofluoromeier.
The =can of emiszion imteusity from 4300 to 6500 A at an activa-
tion entergy of 3646 A gives 1 plot of fliorescence units rs, wiave-
length. The Hix-Len conen wax determined from a =tandard
carve which had been corrected for extraneons fluorescence,
Thix wax obtained from the zero reaction time =ample and was
<ubtracted from the obzerved reading< of the text samples.
Control samplex had o poteurial inhibitor added.

Enzymatic Preparation of 7. Phospholipase A Hydrolysis
of (-[1,2-Diacyl-3-sn-glycerophosphoryl] ethanolamines (6).--
Conipds 6 (15-30 mg) were diz=olved in 5 ml of Et:0 and added
to a =olir of 1.0l of 1.5 M tris‘liydroxymethyhaminoniethaune -
HCI (pIT 745, 1.0l of 0.0025 1/ CaCly, and 10 mg of lyophilized
venom from (‘rofalus adamanteus.??  The mixt wax stirred over-
night at 25° under N: and dild wirth 2.0 ml of abs 1XtOH aud
most of the 21,0 was evapd it a stream of Nao Ilxtn with hep-
rane 13 X 3 ml removed the fatty acids and the lyso derivative 7
was extd into CHCL (2 X 10 ml), dried (Nas=Oy), filtered, and
corted i a stream of N2 Thix material was weighed and u=ed
directly in the as<ivs. The enzymatic hydroly=es of 6 were
mouiftored by tle i the sy=stemi CNW: fatty acids, Iy (185-
0.93: compd= 6, [¢: 0.5-00.7; and compds 7, Ry 0.3-0.35.

Acknowledgments.—We wizh to thank Drs. Claude

i30) Ciba Corporation, Summit, N, I,
{31) Schwarz 'Mann, Orangeburg. N. Y.
{32y Pierce Chemical Company, Rockford, 1L



Foric Acip ANTAGONISTS. 4

Griffin, Robert G. Pendleton, James F. Kerwin, Allen
Misher, and Harry Green for helpful discussions. We
are grateful to Miss Roberta Carraine for technical

Journal of Medicinal Chemistry, 1971, Vol. 14, No, 6 499

assistanee with the bioassay, Miss Margaret Carroll and
staff for elemental analyses, and Mr. Walter Hamill
and staff for optical rotations.

Potential Folic Acid Antagonists.

4. Synthesis and Dihydrofolate

Reductase Inhibitory Activities of 2,4,6-Triamino-5-arylazopyrimidines

S. 8. CuaTTERJIEE, D. R. GarrisoN, R. Kaprovg, J. F. MoraN,
A. M. TrigaLE, D. J. TRIGGLE,* AND A. WAYNE

Department of Biochemistry, Schools of Medicine, Dentistry, and Pharmacy,
Department of Biochemical Pharmacology, School of Pharmacy, and The Center for Theoretical Biology,
State University of New York at Buffalo, Buffalo, New York 14214

Recetved January 14, 1971

A series of 49 2,4,6-triamino-5-arylazopyrimidines have been synthesized and examined for their inhibitory

activity toward chicken liver dihydrofolate reductase.

This activity was comparatively independent of the

substituent character of the 3-aryl group; however, para substituents (almost without exception) reduced ac-
tivity, meta substituents maintained activity, and small o-alkyl substituents increased activity. The nost
active compound in the series was found to be 2,4,6-triamino-3-0-ethylphenylazopyrimidine.

Previous studies in this laboratory!=?® and else-
where*~" have revealed that 5-arylazopyrimidines ex-
hibit significant inhibitory activity towards folate—
dihydrofolate reductase. In continuation of ourstudies
of the structural requirements for this activity we re-
port the synthesis and inhibitory activities of a series of
2,4 6-triamino-3-arylazopyrimidines.

Experimental Section®

Synthetic Procedure.—2,4,6-Triamino-5-arylazopyrimidines
(Table I) were prepd by the general method described by Timmis
and his coworkers.* The diazotized amine (0.1 mole) free from
HXNO, was added to a vigorously stirred soln of 2,4,6-triamino-
pyrimidine (0.1 mole) in H,O (350 ml) at 0° with sufficient NaOAc
to maintain the pH at 6-7. When the addn was complete, the
mixt was stirred at 0-5° for 10 hr and then at 10° for 2-3 days.
The product was collected and washed well with H,O and air-
dried: crude yields ranged from 70 to 1009;. The compds were
recrystd from ¢-PrOH which caused considerable losses but had
the advantage of giving analytically pure specimens with the
minimum of manipulation.

Enzyme Procedure.—Dihydrofolate reductase was partially
purified from chicken liver according to Kaufman and Gardi-
ner:? their procedure was followed to step IV, yielding a prepn
with an increase in specific activity of 125- to 150-fold over that
of the starting supernatant.

The standard assay mixt coutained 3 X 107% 3/ TPNH and
6 X 1075 M dihydrofolate! in 50 mM phosphate buffer at pH

* To whom correspondence should be addressed at the Department of Bio-
chemical Pharmacology, School of Pharmacy, State University of New York
at Buffalo, Buffalo, N. Y. 14214,
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7.9. The velocity was detd spectrophotometrically at 340 ni
using a cell of 1-em path length. Inhibitors were added as
aq solns if sol, or if insol in H,O, in DMSO to give a final concn of
3.3% DMSO. When DMSO was employed the controls con-
tained an equal amt of the solvent. Experiments with 10 water-
sol compds selected at random showed that this conen of DMSO
had little effect on the extent of inhibition produced. Initial
velocities were detd over the first 2 min of the reaction in the
presence of at least 6 inhibitor concns which were chosen to give
a range of inhibition from 20 to 809,. From these data the [I]/
[S]o.s values listed in Table I were determined. The [I]/[8]
ratios for 509, inhibition provide a convenient numerical manner
for denoting changes in the affinity of an antagonist! with struc-
ture since when [S] > 5K, [1]/[S]es = Ki/Kn.

Results and Discussion

It is quite apparent from the data of Table I that
many of the substituents have but modest effects on the
inhibitory activity of the parent compound, 2,4,6-
triamino-5-arylazopyrimidine (1). In general, the
introduction of para substituents (4,7,12,15,17,21,23,
26,28,31,34) reduces activity relative to the parent
compound: this effect is most marked with hydro-
carbon substituents (4,7,9,12,15,17) although there is no
obvious correlation with substituent size. In contrast,
introduction of the more polar p-Cl, p-Br, p-I, p-MeO,
and p-CO,Et substituents produces a smaller reduction
in activity; 2,4,6-triamino-5-p-iodophenylazopyrimidine
(26) appears to be the sole example in which a para
substituent increases activity above that of the parent
unsubstituted compound (1).

Introduction of meta substituents (3,6,14,18,20,22,
25,27,30,33,35) has only modest effects on the inhibitory
activity. In general, activity is maintained or in-
creased slightly and this is most marked with m-1 (25)
which shows a 4-fold increase. These effects of meta
substituents appear to be relatively independent of sub-
stituent character.

The effect of nonpolar ortho substituents reaches a
maximum at o-Et (5) which shows a 5.5-fold increase in
activity: further increases in size of the substituent
does not produce any further increase in activity.
Other substituents (Cl, CF;, MeO.C, CF;) do not in-
crease activity and it is interesting that the iodo sub-



