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The preparation and biological evalnation are described for the 5’-adamaiitoates of the deoxyvribomicleosides,
thymidine, 2’-deoxy-s-flunoronridine, and deoxyadenosine, and of the riboineleosides, adenosine, inosine, 6-thio-

inosine, and 6-azauridine.

The adamantoylation of the deoxyribomicleosides has been found to proceed pref-

erentially to give the H’-esters in which the adamantoy! function cau serve as a base-senzitive protecting group

in micleoxide synthesis.
challenge by sheep erythrocytes.

The adamantoate of 6-thioinosiine suppressex antibody formation in the mouse following
The adamantoate of adenosine inhibits adenosine diphosphate induced plate-

let aggregation ineidro. The antitnmor activity of the adamantoates of several ncleoside analogs i recorded. The
possible niode of action of adaniantane-contaiining agents is described in terms of a precise binding of the adaman-
(ane noiety to coniplementary, “hydrophobie’ regions in the reveptor site proteinn moleaule.

Tu paper IT of this series? we reported the synthesis
and evaluation of nortestosterone 178-adamantoate,
a steroid ester possessing significant duration of anabolic
action with minimal androgenic activity. Apparently,
esterification with adamantoic acid does not merely
serve to prolong or intensify the intringic activity of
nortestosterone, but also effects a favorable separa-
tion of the nitrogen-retaining capacity from the unde-
sirable hormonal activity.

Observation of this improvement in activity
prompted an extension of this investigation to other
classes of biologically active compounds. In view of
published information on increased efficacy following
acylation of certain growth-inhibitory nucleosides,?—¢
we chose to study the influence of adamantoylation
on the biological activity of selected purine and pyrimi-
dine nucleosides and their structural analogs.

Two ancillary aims could be served by such a study.
Ifirst, with regard to the chemical aspects of adamanto-
viation, it scemed worthwhile to investigate if esterifi-
cation with the bulky, synmectrical adamantoic acid
might proceed preferentially, as does tritylation, to
vield a nucleoside derivative with a blocking group at
the 5’-hydroxyl function.

Secondly, a study of the biological activity of nucleo-
side adamantoates might serve to provide a partial
answer to the question raised in paper I of this series’
concerning the relative importance of three factors
presumably coutributing to the favorable activity of
certain adamantane-containing agents. These three
factors are the absorption/distribution characteristics
of these agents, their metabolic disposition in the animal
host, and the precision with which they fit at the re-
ceptor site.  An indication that the last factor is of
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major importance may be seen in the pattern of strue-
ture—activity relationships now apparent among these
compounds,

Among the compounds evaluated thus far, a sur-
prising specificity attending the influence of the
adamantane group has been noted. Seemingly minor
structural changes in the adamantyl moiety, such as
positional isomerism’ or substitution by one or two
methyl groups,>” drastically reduce or completely
eliminate activity of the hypoglycemic N-tolylsulfonyl-
N’-adamantylureas’ as well as of the anabolic nortestos-
terone esters®? studied. Quite possibly, the mode of
action of these agents may involve a precise and specific
binding of the adamantane moiety of intact agent to
receptor site. This contention derives support from
observations on some of the nucleoside adamantoates
recorded in this paper.

Pharmacological and chemotherapeutic studies with
acyl derivatives of 6-azauridine,® 6-thioinosine,* 6-
thioguanosine,” and other structural analogs of nucleo-
sides® have been reported in recent years. Increased
lipid solubility and stabilization toward metabolic
degradation of the acylated nucleosides have been
mentioned?—3 as important alterations contributing to
their improved chemotherapeutic efficacy.

The present study of nucleoside 5’-adamantoates
was undertaken to ascertain if the introduction of the
adamantane group might render these esters superior
to the parent nucleoside as well as to the previously
reported acylated derivatives. The 5’-adamantoates
are soluble in several organic solvents, but the free 3’-
hydroxyl or 2/,3’-glycol function constitutes a locus
of polar nature which presumably imparts to these
esters a certain desirable degree of hydrophilicity not
present in the corresponding triacetylated derivatives.

To provide further information on the effects of
methyl substitutions in the adamantane moiety on
biological activity, a number of 3-methyl-, 3,5-
dimethvl-, and 3.5.7-trimethyladamantoates were pre-
pared for comparison with the unsubstituted 5’-esters.

Chemistry.—The preparation of nucleoside 5-ada-
mantoates proceeded satisfactorily by direct, prefer-
ential acvlation of the deoxyribonucleosides, thymidine,
2’~-deoxy-5-fluorouridine, and deoxyadenosine, with 1
equiv of the adamantoyl chloride in pyridine solution.
The esters obtained are generally crystalline solids,
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soluble in ethyl acetate. lividence for their formmla-
tion as 5’-adamantoates was obtained for the esters of
thymidine and 2’-deoxy-3-fluorouridine.  Coupling of
2-¢yanoethy! phosphate®? to the 3'-hyvdroxyl group of
thymidine 5’-adamantoate with dieyvelohesylearbodi-
imide produced 5’-O-adamantoylthymidine-3'-(2-cy-
anoethyl hydrogen phosphate). Removal of the cy-
anocthyl and adamantoyl groups fram this phos-
phodiester vielded thymidine 3’-phosphate.?

The product of the direct adamantoylation of
deoxy-5>-fluorouridine  was characterized as the
adamantoate (IT11a) by companzon with the 5’-adaman-
toate (IIIb) obtained from 3’-O-acetyl-2/-deoxy-5-
fluorouridine' (I) by adamantoylation and  subse-
quent preferential deacetyvlation of the intermediate
37-0-acetyl-5"-O-adamantoyvl-2'-deoxy - 5 - fluorouridine
(IT) with dilute base (Chart 1), The 3’-adamantoate
(V) was prepared, for purposes of comparison, from 2’-
deoxy-5-fluoro-5'-O-trifyluridine® by adamanioylation,
followed by treatment of the fully protected interme-
diate (IV) with aqueous acetic acid to remove the trityl
group.
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That the 3’-adamantoate V differed from the 5'-
adamantoate ITI was shown by comparison of their
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respeetive melting points, then ehivematographic be-
havior. and their spectral properties,  The nmr specten
of the 8- (V) and H-adamantoate (LI are in agree-
ment with these strnetures: the pertinent data for the
ugar protons are listed in Table 1.

Tapre I
CHEMICAL SHIFTR OF SUGAR PROTONS IN
2D EOXY-3-FLUCROURIDINE ADAMANTOATER”

Proton 111 A
o 6,20 (15 [EREE!
e S0 (int 255 Gn)
i3 S tm)
14" g K 1,00 (1)
1157 ; 5.8 G
HiA =01 400
HE-011 O

» Chemieal shifes are expressed 18 valnes; Cdenoces a toplet,
1 denocex a nltiplec. * Fonr-proton nuliiplet centered a1 6 4.5
* lixchangealile npon addidon of 140,

Published  information'  reveals  that  the (27,
C3h, C)H, and CG) protons of ribonucleosides or
their 5/-derivatives all oceur at higher field than § 5.0
and that the imtroduction af an electron-withdrawing
substitnent. «g., an acyl group, at the 2" or 37 position
leads to =snbstantial deshielding of the H(2") or H(3'),
respeetively. This downfield <hift has been found tao
be of the order of 1-1.2 ppm.  Tu the spectrum of the
A-adantmtoate (V), this downfield shift for the H(3")
ix elearly in evidence (see Table I), while for the 5'-
adammantoate (IIT) this proten HG') is contained in the
multiplet centered at §4.3.

The above transforuations  demanstrate  donble
ntility of the ndamantoyl group as 4 temporary blocking
funcetian in nneleoside synthestx,  Under acicdie condi-
tianz, removal of the trityl graup in [V is effected with
retention af the 2-adanantoyl group, while mildly
alkaline  conditions (0.025 N NaOH) permmit the
preferential removal of the 3-acetate i IT with ve-
tention of the adamantoyl group on the primary 5'-
hyvdroxyl fiuetion;  the d-adamantoate is readily
cleaved by <tronger base (0.25 V). Again, the prepara-
tion of thyvmidine 3/-phosphate exemplifies a shortened
svithesis (¢f. vef 9) of a deoxynucleotide which obviates
the need Tar acidie conditions during solation of the
product.

The preferential acylation of the primary 5'-hvdraxyl
friaction in deoxyuneleosides with adamantay!l ehloride
coupled with the uxe of the adamantoyl fimetion as a
protecting group in nneleoside synthesis =snggests the
general ntility of  this finetion as a0 base-sensitive
connterpart of the trityl group in =yntheses wvolving
ncleosides and carbohydrates'* The ntility of the
adamantvloxycarbonyl function as a protecting gronp
in peptide synthesis hax vecently been deseribed. '3

Far the preparation of the 5’-adamantoates of (he
ribonucleosides, G-azauridine, 6-thioinosine, adenosine,
and inosine, the respective 27,3'-isopropylidene deriva-
tives were uneylated with adamantane- or methyl-
substituted adamantoyl chlorides (Chart II). The

Ve cay B VAL Vromuageot, ¥ 1. Grifin, C. B, Reese, G E. Salsto,

and 1. R. Trenthiai, Tetrubedrmor, 32, 705 (1¢661; (LU L, D, Hall, ddvan
Cirbyhpdeate Chem., 19, 21 (19615,

(121 . B, Reese ainl J. 15 Sutston [y, Chen S, 211 (15643 ] Loy
nmenticne) 1he pivatoy! grnap for siilnr purposes.

131 WL L Maae, WV Wnnmkalne and W, Geroone 4o L line Chems Sovy

88, (1188 (141613,
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resulting fully protected nucleosides (VI, R H or
CH;) were hydrolyzed with aqueous acetic acid or
methanolic HCI on the steam bath to give the mono-
esters (VII, R = H or CH;). Selected 5’-adamantoyl-
2/ 3'-diacetyl ribonucleosides (VIII) were prepared
by treatment of the esters (VII) with excess acetic
anhydride in pyridine solution.

The direct adamantoylation of ribonucleosides to
give preferentially 5H’-O-adamantoates is at present
under investigation, and results will be reported at a
later date.

Experimental Section

Melting points are uncorrected. Ultraviolet spectra were
determined in ethanol solution with a Cary Model 15 spectro-
photometer. Uuless otherwise indicated, infrared spectra were
determined in CHCl; solution with a Perkin-Elmer Model 21
spectrophotometer. Nmr spectra were obtained on an A-60
Varian spectrometer using 59 solutions in CDCl; with TMS as
internal standard. Exchangeable protons were removed by
washing such solutions with D;0. Electrometric titrations were
carried out in 669, DMF solution. Paper chromatographic be-
havior was evaluated using Schleicher and Schuell (orange ribbon)
paper no. 589 with a 2-propanol-water-NH; mixture (7:2:1) by
the descending method. Thin layer chromatographic (tle)
behavior was assessed using plates with silica gel with phosphor
(from Research Specialties Co.). R; vahies refer to materials
which show a single absorbing spot and are expressed (rR:)
relative to the parent micleoside. Solvents for tle, unless other-
wise stated, were ethyl acetate for the deoxyribonucleosides and
their derivatives and an ethyvl acetate-ethanol mixture (3:1)
for the ribonucleoside compounds. For the 6-thioinosine de-
rivatives, plates of silica gel G (E. Merck Co., Darmstadt) were
used, and visualization was aided by exposiire to iodine vapors.

Materials—The natural nucleosides and nucleotides were ob-
tained from California Biochemical Corp. Isopropylideneinosine
and adenosine were supplied by International Chemical and
Nuclear Corp.; 6-thioinosine by Burroughs Wellcome Co.;
6-azauridine by Eli Lilly and Co., Ltd., Bromborough, England;
and 2’-deoxy-5-fluorouridine (5-FUdR) by Hoffmann-La Roche,
Inec.

Adamantoyl Chlorides.—Adamantoyl-,'* 3-methyvladaman-
toyl-? and 3,5-dimethyladamantoy! chloride> have been pre-
viously reported. The acid chlaride of 1,3,i-trimethyladaman-

(14) 11, Stetter, M. Schwarz, and A. Hirshorn, Chem. Ber., 92, 1629

(H1H9).
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toic acid® (obtained from 1,3,5-trimethyladamantane®.1¥) was
prepared by the dropwise addition of oxalyl chloride (5 ml) to a
solution of the acid (5 g) in anhydrous benzene (10 ml). After
the solution was heated under reflux for 1 hr, the solvent was
removed under reduced pressure and the residue was taken up
in anhydrous benzene (10 ml). Removal of the solvent followed
by repetition of this operation gave 3,5,7-trimethyladamantoyl
chloride, which was taken up in anhydrous benzene and used
without further purification in acylation reactions. Purity of
the product was judged by inspection of the strong C=0 ab-
sorption band at 1785 em™! coupled with the absence or low
hutensity of the band at 1725 em =1 (CO.H).

Deoxyribonucleoside Adamantoates—5'-O-Adamantoyl-2’-
deoxy-5-fluorouridine (III). A. By Direct Adamantoylation.—
A solution of adamautoyl chloride (0.81 g, 4.07 mmoles) in
anhvdrous benzene (10 ml) was added dropwise over a 20-min
period to a stirred sohition of 2’-deoxy-5-fluorouridine (1.0 g,
4.07 nimoles) in anhydrous pyridine (10 ml). The temperature
of the reaction was maintained at 0-5° during the addition and at
room temperature for 16 hr afterward. Water (2 ml) was added;
the solution was stirred for 30 min, and the solvents were removed
under reduced pressure at 43-50°. The residue was dissolved
in ethyl acetate (30 ml); the orgauic layer was separated and
washed first with 1 N HCI sohition and then with two portions
of water (25 ml). The organic laver was dried (Na,SO.) and
concentrated uider reduced pressiure to give a residue (rR¢ 2.7),
which was taken up iu benzeue (50 ml). Upon cooling, 637 mg
of crystalline ester (I1la) was obtained: mp 116-117°; Amax
268 mu (e X 1073 8.48); titration, initial pH 5.4, mol wt 421
(caled 408); pK, = 8.8.

Anal. Caled for CypHs:FN.Os: C, 58.81;
Fouud: C, 58.51; H, 6.29; N, 6.89.

B. From 3'-O-Acetyl-2’-deoxy-5-fluorouridine (I).—Ada-
mautoyl chloride (200 mg, 1.0 mmole) was added in one portion
to a stirred solution of the 3’-acetate (1)1 (270 mg, 0.94 mmole) in
anhydrous pyridine (25 ml). After 16 hr, water (5 ml) was
added, and the mixture was stirred for 30 min. The mixture
was concentrated under reduced pressure, aild the residue was
dissolved in CHCl; (75 ml). The organic layer was washed with
water (two portions of 50 ml each), dried (Na,SO,), and concen-
trated under reduced pressure. Trituration of the residue with
petroleum ether (bp 60-80°) (100 ml) and recrystallization of the
solids obtained from an ether-cyclohexane mixture gave 280 mg
of 3’-acetyl-5-adamantoyl-2’-deoxy-5-fluorouridine (II), mp
62-65° (rRf 3.9), Amax 266 mu (e X 1073 8.0).

Anal.  Caled for CoHxnFN,O7: N, 6.22. Found: N, 6.19.

Preferential hydrolysis of the 3’-acetyl group in II was studied
by dissolving 10-mg samples in 10 ml of 0.005 N, 0.025 &, 0.05 N,
0.125 N, 0.25 N, and 0.5 N NaOH solutions, respectively, in
aqueous dioxane (1:1). At intervals aliquots were removed,
treated with Dowex Resin 50W-X4, 100-200 mesh (NH,*), and
applied to tle plates. While 0.005 N base was ineffective and
0.25 N base removed both the adamantoyl- and the acetyl group
within 20 min to give 2’-deoxy-5-fluorouridine, 0.025 N NaOH
solution converted II into the 5’-adamantoate (IIIb) to the ex-
tent of approximately 80-909.

By tle the 5-adamantoate IIIb, rR: 2.7, obtained from II
(route b), was indistinguishable from the product I11a (rR; 2.7)
obtailled by direct adamantoylation (route a) but differed from
the 3’-adamantoate (V, rR; 4.0, see below) and also differed from
the starting material, 3’-O-acetyl-2’-deoxy-5-fluorouridine (I,
rR: 2.8). Because of the small amounts of material available,
no attempt was made to igolate the produet of hydrolysis (IIIb).

3’-0O-Adamantoyl-2’-deoxy-5-fluorouridine (V) —Adamantoyl
chloride (0.8 g, 4.0 mmoles) was added to a stirred solution of
2'-deoxy-i-fliloro-5'-O-trityluridine!® (1.0 g, 2.05 mmoles) in
anhydrous pyridine (25 ml), and this reaction mixtiure was heated
at 50° for 30 miun. After 16 hr, water (5 ml) was added; the
mixture was stirred for 30 min, and was then coucentrated
under reduced pressure. The residue was triturated with water
(10 ml), and dissolved in ethyl acetate (50 ml). The organic
layer was washed with water (50 ml), dried (Na,SO,), and con-
centrated under reduced pressure. The residue (rR: 4.7) was
dissolved in anhydrous benzene (15 ml), filtered, and carefully
concentrated under reduced pressure to approximately 5 ml.
Slow crystallization ensued to give 3’-O-adamantoyl-2’-deoxy-5-

H, 6.17; N, 6.86.

(15) H. Kocli and J. I'ranken, ibid., 96, 213 (1963).
(16) A. Schneider, R. W. Warren, and E. J. Janoski, J. Org. Chem., 81,
1617 (1966); J. Am. Chem. Soc. 86, 5365 (1964).
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Anora-5'-O-trityvhiidine (IV): 360 mg: nip 145°: A
fe X 1073 6.8): titration, initinl pll 6.3, mol w
G30.72); pK. = 8.0,

Anal,  Caled for Callal™NaOg O 70958 11 6,04 N, 400
Fonud: €, 71320 H, 660 N, 4,10,

A secand erop of prodie( 50 100 mg, v/ 4.7, was obiained
and used withant purification far piloc hvdrelysis s<indies.

Removal of the trityl grenp was effected by dissolving che
fully pratected niecleoside (IV, 300 mg, 0.46 mniolel in 80
aquecns acetic acid (50 nil).  The =olution wn- heated nnder
reflux for 20 min, allewed to codd, and then concencrated under
reduced pressire al 41-H0°.  The residue (vfir 4.0) was ervstal-
lized from benzene—CH,Cls 10 give the 3-O-adamancoate (Ve
170 mg: mp 200-210°; N 268 1mu (¢ X 107100} dlradon,
initial pH 6.90, mol wt 408 (caled 4081, pKo = 0200 vlfc 4.0,

Anal. Caled for CoHeFN.Oa: C) 5881 H) 617 N, 6L.80.
Found: C, 58.74; H, 6.10; N, 6.81,

The H; vahies relative to 2’-deoxy-H-flnoronridine (5-Fnd)
far the prodirets (ITTa and b and V) and intermedinte derivadves
(1, I1, and TV are summarized in Table 1T

TaBLe 11~
£ VALUES RELATIVE TO 2-DEOXY-3-FLI'OROURININE Fou

T

B AND S-ADAMANTOANTES aND INTERMEDIATE PRobrers

Compd T
2-Deoxy-d-flueronridine .0
A-0-Adamantoyl-5-FUAR dllat 2
5-0-Adamantoyl-5-FUdR (1l 205
-0-Adamantoyl-o-FUAR {1V 1.0
5-0-Aceryla-FUAR (I 2.8
3-0-Aceyl-i/-0O-adamantoy-5-I'Ud 1 d D 5.1
S-O-Trityl-a-FUAR Nt

3-0-Adamantoyl-5/-O-citvl-5-FUJIR i1V 4.7
e For experimental conditions, sec introditeGon to Ixperimental
Section.,

5'-0-Adamantoyithymidine. .’ 1% —Adamantoyl chloride [from
300 ing (1.65 mmoles) of adamantoic acid] was added to a solution
of thymidine (250 mg, 1.0 mmole) in anhydrous pyridine (3 ml).
After 20 hr, water (0.5 ml) was added, and the niixture was al-
lowed to stand for 2 hr. Pyridine was removed under reduced
pressure, and the residue was partitioned betweenn CHCI (25 mD
and 5%, NaHCO; solution. The CHCl sohition was washed
with water (10 ml) aud dried (NaSOQ,). The CHCl; was re-
moved, and the resulting oil was chronatographed with the aid
of 6.5 g of silicie acid (Davison, 100-200 mexh). Thuion with
henzene gave a small anionnt of adamnantoic anhydride, and sub-
sequent elution with ether-beunzene (1:1) gave first a glass {44
nig) judged to be the 3’,3'-diadumantoate from i infrared
spectrina (1o OH bands), its ultravinlet spectrum (ealed mol wi
63%; theory for diester 568, for manoadamantoate 406), and
it= tle behavior (v2¢ 5.5).  Continned elution witl ether-benzenc
(1:1) gave the S'-adamantoate (530 mg; in crystalline form
(rltr 4.4).  Oune recrystallization gave 230 nig of the analytieally
pure substance: mp 190-191°; Ay 266 mu (e X 1073 155
peod 1798 (ester C=0), 1666 (imide NHj i~

Anal. Caled for ColaNoOa C, 62540 1, 7.05:
Found: C, 6242; 11, 7 11; N, 7.2}

Thymidine 3’-Phosphate .'s-—5"-O-Adamancoyhlivmidine ¢3a0
g, .74 mmole) was dissolved i1 anhydrous pyridine and added
to a =chition of evanoediyl phosphate? v anhydrons pyridine
(trom 500 mg of the Ba sult). The =olution was dried by three-
fold concentration /n vacuo and finally brought ta a volume of
5 nil. Dieyelohexylearhodiimide (550 mg) was added, and the
solution was allowed to stand for 24 hr at room temperature.
Watar (0.5 nmil) was added.  After standing at room temperatire
for 15 min, the crystals of dieyelohexyhirea were filtered oft.
The =olvent was evaporated nunder reduced pressire, the residue
was dissolved 11 water (5 ml), and che =olution was extracted
with three successive vohumes of 25 ml of ether. The aqueons
solution containing 5’-O-adamantoylihyinidine-3'-(2-cvancethyl
hydrogen phosphate) was made alkaline with 5 ml of 2 .V LiO11

N, 642

(17 The help of Dr. Alex L. Nuszhauin »f thie Biochemiscry Deparlinent,
Setool of Melicine, Stanfonl University, in ¢arrying ot (deds experiment i+
grateful(y acknowledged.

{18) Tlie experiment was carried vut Ly pue of us (W, G2 white o
tlee Sy tlex Researcl Tnavitiute for Moteenlar Ginlpay, aly v Crulif,

wEA
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<olition and heated far 1 ohre at 1067t renvive die evicediyl
and Che admpantoyh gronp. The hasie hivdroly=nte was aeiditied
ol 2 Ly Dacehwice trentmenC wide Deavex 30 vesia £l farad
ined extracted with ether o remove adananciveearboxylie seid
:and polymeric ncerial. - Nemrealizaniow o) vhe selition with
siuhinced BacOl] i colnGen, follawed by the addiion of 2 vol )
edumol, vielded the Ba salic The sl wie tiltered and washed
snecessvely wich aquenas ethinol, edumiol, e finally witle
ether. The dyied <alc weiglied 116G mg (icory, 550 mg'

Sensitivity toward Venom Diesterase.™ * - Solntons ¢ovaine-
peg 1O opded dessiny mdts of divinidine 57 wed S-phosphate,
espectively, an Gt ar a0 30 Tris e (pd] S22 000G were
icenbared widh 0 1m0 of evnde ke veromn diesterase 1 1os:
Allen’s Reptile Farm, Silver Spriags, Thoyacsy® Allgnos were
Gaken ont aC 10051 and 600 min and spedced on paper. The 5
phosphate wa- complecely cleaved o vield thyimidine widhine 1o
min while che 3%-phosphate remaived resistawt Yor die whale
honr. The dameleotidase present in the ernde venom enzyme
preparation ix known 1o cleave A-1uicleotiles b e 3'amelen
ades, The resastimee of die phosphaie prepaved from the thymi-
dine ester dms demonsanres dix 6o he o S'-adimantoare,

5'-0-Adamantoyl-2'-deoxyadenosine.. - To » cooled 1057,
=tirrerll =oludon of 2-deoxyvadeno-inue <10 g, 4.0 nnnolest in
inhydroos pyvidine £25 il was added over a period of 13 nim
asohition of admmancoyl ehlovide 000 g, 5.0 pnnolest b au-
hyvdrons bezene 10 mli Alter 16 e, de cshawed (wvo <pots,
Lealy widh waveleg@h aaxinge of 238 mg. No -tariing material
wits presene. Wacer 20 ml was inbrodneed, owd  die mixane
wits =Grred Tor 50 mhc The mixaie was coneenrated nnder
redneed pressace, aiad the residne was dissolved in ediyl aeetane
a0 mgl The orgae Tavey was washed widh water (50 aili,
with 37, NallCOy =olntiorc <30 inly, aad finally with witer s twao
H0-ml poraconst - The solndaoc was dried (5 g of Na&0,1 d
coneentrated. The resddne was ev=Gllized Tfronr a benzene
CHLCL mixane. The eryscals were filcered and dried in che air,
Thin layer chirommography “eilica gel €, Fastinnc Chromato-
grant Sheet, KB0NR, el acetate eipnol $3: 10 now showed o
single spotrfly Lt die flauce coitaived die faster rmnning
maerial (rfy 224 presnmaldy the hy-prodnec 375 diadsman-
tonre,  The eryvstalline adanmmnconce weighed 0,018 g p 182
ISS20 N Mg Te X 1A 205 g fe X T3 LN, U250 my
Pe X O™ 1SSy w00 5122 (O, H-bonded y, 1700 {Ca=0) exter,
H-bonded) ¢t Greation, inidal pll 7. mol wi 420 tealed
4134663 PN, ~ 5.,

Aned. Caled tor Cyl LaN;O (0, 6000 11, 6050 N, 164040,
Found: €, 61.23; 11, 6.56; N, 16.75.

Ribonucleoside Adamantoates. 5’-O-Adamantoyl-6-azaure
idine. 2’,3’-O-Isopropylidene-6-azauridine.® ~-G-Azauridine (6.-
g, Disen Produets Ld) was suspended in anlivdrens acetont)
(240 mly, and to the -tired suspension 707, 11C1O; salntion®
ca s mh was added. Accer 30 miig a homogeneans solndon
vesuliee, The rencticnc wa- allowed (o praceed Tar a 1ol of 2
Iy at die e of whieh dine complere conversion had taken place,
Coneedrated NTLOH 1.2 mly was added and the solvent was
evaporited v raenn leaving nowhite froth. Thix was ilissolved
w15 mb ol acetane wadd eyelohexane was added il Sneipienc
ervaallization.  Alter syorage a6 5% overniglit, the isopropylidene
derivative 5.4 g =7 was colleeted, The macerial showed o
single <poc on paper cliromatography (8 0.751 aud melted e
130-140° dlic = mp 159141, v/ 440

5’-0-Adamantoy!-2',3'-O-isopropylidene-6-azauridine.— To u
soluGon o 2°5-O-isapropyvlidene-t-azanvidine (10 g, 0.035
nole; in anliydrans pyridive (100l adamantoy] ehlovide
1225 g 007 moled wis added, and dhe resnltng solndon was
=drred at roem euperare for | hir At this tinle rhe acylation
wis complete as jndged by e Goff: 6.5) Water (10 ml) wa-
introdneed ince che veacGon flask. The mixuire wax stirred for
50 min and then concenraced nider reduced pressnre 1o give an
oily residne.  The residue was dissolved in acetone (50 ml)
and dripped into 500 ml o chipped ice and warer.  The solids
that (mrmed were callecred, dissolved in aeccetone (500 ml), and
dripped into 500 ml of jeced water, collected again, and dien dis-
solved i1 cther 500 mli, The ethereal =olntdon wax wislied
with eold 1V 11RO, 025w, md then wich water (150 mly,

(197 The zuidaniee ol Ve W1 Razzell G (Ge conrse of 11a: experiaient is
(hank (G remembersl.

P20 =0 CGdek andC ) Siart, Coftectone Comd 0w, Uinioeyr e, 28, 10011
[RLLTR N

2o Zaberies LG Mallnes, WL €erzaig OL (s, el W, €
oo Med, ke, 8,075 106
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treated with 5 g of activated charcoal, dried (Na,SO4 20 g),
and finally concentrated under rediiced pressure. A vellowish
solid (22 g) was recovered. (This crude material, rR¢ 6.5, was
used in the uext reaction step without further purification.)

5'-0-Adamantoyl-6-azauridine.—Crude 5'-O-adamantoyl-2’,3’-
O-isopropylidene-6-azauridine (22 g) was added to 800 ml of
acetic acid, and the mixture was stirred until a homogeneous
=ohition resulted. Water (200 ml) was added, and the solution
was heated muder reflux for 30 min. The reaction mixtiure
wax cooled in an ice bath, and the =ohition wax concentrated
mder rediced pressire at appraximately 45-50°.  The rexidne
was dizsalved in ethyl avetate (500 ml). The organic sohition
wax warhed with water (two 200-ml portions), dried (Na&Q,
20 g), and concentrated under redneed pressure to approximately
30 ml, Upon eooling in an ice bath, crystallization ocenrred.
The crystals (rR¢ 3.7) were filtered, washed with 10 ml of cold
CH.Cly, and dried under reduced pressure; vield 12 g; mp 179-
180°; Amax 264 mpu (e X 1073 5.83); titration, initial pH 5.40,
mol wt 427 (caled 407.4); pK. = 7.70.

Periodate titrations?? revealed the presence of 98.2, 98.5,
and 100.19; of 1 mole equiv of a-glycol.

Anal. Caled for CioHaN3O-: C, 56.01; H, 6.19; N, 10.31.
Fond: C, 55.95; H, 6.34; N, 10.06.

5'-0-(3'",5'",7"’-Trimethyladamantoyl)-6-azauridine was
prepared by the above procedire using 2.05 g (7.2 mmoles) of
2/3-O-ixopropylidene-6-azanridine and 3.47 g (14.4 mmoles)
of 3,7,7-trimethyladamantoyl chloride. The intermediate 2/,5'-
O-isopropylidene-3-O0-(3"",5""7"~trimethyladamantoyl)-6-azaur-
idine (rkR; 7.0) was allowed (o crystallize from a mixture of ether
and petroleum ether (1:1); yield 2.85 g: mp 147-148°; titra-
tion, initial pH 5.4, mol wt 491 (caled 490.554). pK, = 7.55.

Anal. Caled tfor CuHiN:O:: G, 61.53: H, 7.21; N, 838,
Found: €, 61.39; H, 7.30; N, 8.44.

Heating of the above intermediate in methanol (300 ml) and
100 ml of 0.5 ¥ HCl for | hr effected the removal of the isopropyl-
idene group. The crystalline 5’-0-(3",5"',7""-trinlethyladaman-
tovl)-6-azauridine (rR; 4.1) was obtained from a mixture of
ether and petroleum ether (1:1); yield 1.91 g; mp 122-124°;
Amax 2683 mu (e X 1073 6.0}, in 0.1 ¥ NaOH solution 2716 mu
(e X 1073 7.27); titration, initial pH 5.6, mol wt 458 (ealed
449.492); pK, = 7.8.

Anal. Caled for CallaN,Or: C, 6R.78; 11, 6.95; N, 9.35.
Fonud: C, 58.76; H, 7.18; N, 9.69.

5’-Q-Adamantoyl-6-thioinesine —To a solution of 2/,3’-O-izo-
propylidene-6-thivinosine?! (690 nig, 2.14 mmoles) in anhydrous
pvridine (20 ml) there wax added 1.106 g (5.56 nimoles) of ada-
mantoyl chloride, and the reaction mixture was stirred for 16 hr
at rooni temperature. Walter (5 ml) was introduced, and the
mixtire was stirred for 30 min and then concentrated under re-
dieed pressire at approxiniately 60°.  The residile was dixsolved
in 100 nmil of hot methanol.  After the solution wax allewed ta
veol <lowly to raom temperature, crystals of 5/-O-adamantoyl-
27 3%-D-isopropylidene-6-thioinosine (v/r 3.2), free of wtarting
macerial (1R 2.6), formed; vield 957 mg; nip 214° dec-221°;
Arax 324 g (e X MI73 208); By 1740 (C=0 exter) em™;
dtradon, initial pH 3.9, mol wt 478 (ealed 487.6): pA. = 8.55.

Anal. Caled for CalluWwNON: C, 5012, H, 4.20; N, 11.49,
Fouud: C, 39.74; I, 6.58: N, 10.79.

zemoval of the isopropylidene group was etfected by dissolving
the fully protected nucleoxide (448 nig, 1.0 nimole) in a mixture
of methanol (300 ml) and 0.3 ¥ HCI (175 ml) and heating the
solition at 75-85° for 45 niin. - The solution was cooled and the
pH was adjusted to 85 with coneentrated NH,OH. The
mixtire was concentrated nnder reduced pressire at approxi-
mately 45-50°. Solids precipitated as the volhume of solution
diminished. The =olids were vollected aund dried in the air.
Thin layer chromatography revealed two spots, the slower
correspolding to 6-mercaptopurine (1R 2.1) and the faster to the
desired 5/-ndamantoate (v/2; 2.5).  Recry=tallization from hot
niethaiol gave the pure ester; first erop yield 122 mg, secend
erop S0 mg: mp 226-227° 0 N 224 mp (e X 1073 7.55), 324 nig
(e X 1073 20,0} Braax 30500 (O1), 174¢ (C=0 ester) em~1;
titration, inidal pll 6.35, mol wt 454 (caled 446); pK, = 8.7

Annl. Caled for ColleN,O:8: C, 5048 H, 5.87: N, 12540
Tound: G, 36.59; 1, 6.08: N, 1248,

5/-0-Adamantoyladenosine —To a cooled (0-5°), =tirred ~oli-
tion of isopropylideneadenosine (5.0 g, 1623 mmoles) in an-
hydrons pyridine (25 ml) was added dropwise a solution of

L (22 1L dacksen, Ory. Reactions, 8, 341 (10441,
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adamantoyl chloride (3.26 g, 16.3 mmoles) in anhydrous benzene.
The reaction was left at rooni temperature for 16 hr. Water
(10 ml) was introduced and the mixture was stirred for 30 min.
The mixture was concentrated under reduced pressure, and the
resultant residue was dissolved in 100 ml of ethyl acetate and
100 ml of water. The organic solution was separated from
the aqueous layer, then washed with 109, NaHCO; (two 100-ml
portions), water (three 100-ml portions), aud finally dried
(NaSOy, 5 g). The organic solution was concentrated under
rednced pressire and the rexidne (rR; 3.1) was allowed to erystal-
lize from ether; yield 4.92 g mp 159-160°; Amax 258 mu (e X
1073 14.1) 0 S 1724 (C=0 exter) cn1l,

Anal.  Caled for CuHsNsOn: C, 61.39; H, 6.66; N, 14.92.
Found: C, 61.23; H, 6.78; N, 14.79.

Two grams (4.47 mmoles) of the protected nucleoside was
dissolved in 200 ml methanol aud 50 ml of 0.5 N HCI solution.
The solution was heated under reflux for 1.23 hr. The solution
was cooled and was made slightly basic with dilute NH,OH.
The methanol was removed under reduced pressure, and the
resulting emulsion was extracted with ethyl acetate (100 ml).
The aqueous layer was again extracted with ethyl acetate (50 ml),
and the combined ethyl acetate solutions were washed with
100 m! of water, dried (Na:SO4, 5 g), aud conceutrated. The
residite (rR; 2.2) was dissolved in warni CH.Cl; and on cooling
precipitated to vield 1.1 g of the desired 7’-O-adamantoate which
sintered at 120° and melted completely at 140°; Apax 258 mu
(e X 1073 14.3):  Pnax 1720 (ester C=0) em™,

Anal. Caled for C,HxN;O;: C, 08.73; H, 6.34; N, 16.31.
Found: C, 58.80; H, 6.42; N, 16.29,

5'-0-(3’’-Methyladamantoy!)adenosine—The procedure for
the reaction o' 3-methyladamantoyl chloride (1.87 g, 8.8 mmoles)
with isopropylideneadenosine (2.0 g, 6.5 mmoles) and the isola-
tion of the product were the same as described above for the
uusubstituted adamantoic acid. The residue obtained was
allowed to crystallize from ether, ylelding 2.5 g of 5-0-(3'"-
methyladamantoy1)-2’,3’-O-isopropylideneadenosine (rR; 3.2),
mp 131-133°%, Amax 2739 mu (e X 1073 13.4), 7max 1725 (adaman-
toyl C==0) em~L

Anal.  Caled for CoH3sN;0;: C, 62.09; H, 6.88; N, 14.48.
Found: C, 62.82; H, 7.38; N, 13.03.

Heating of 2/,3"-O-isopropylidene-5’-O-(3’’-methyladaman-
toyDadenosine (2 g, 4.13 mmoles) in 200 ml of methanol and
70 ml of 0.5 N HCI effected the removal of the isopropylidene
group. 5°-0-(3'’-Methyladamantoyl)adenosine (rff; 2.2) was
obtained in crystalline form from a methanol-ethyl acetate niix-
ture (1:2); yield 1.3 g; mp 194-195°; Ajax 259 mu (e X 1073
14.3).

Anal. Caled for CuHagN:O5: C, 59.58; H, 6.49; N, 15.79,
Found: C, 59.48; H, 6.86; N, 11.87.

5'-0-(3’,5''-Dimethyladamantoyl)adenosine —The procedure
for the reaction of 3,5-dimethyladaniantoyl chloride (0.92 g, 4.06
mmoles) with isopropylideneadenosine (1.0 g, 3.25 mmoles)
was the =ame as that described above. The residue obtained
(rl?; 3.3), ecusisting of 5-0-(3'/,5"-dinlethyladamantoyl)-2’,3/-
D-ixopropylideneadenosine, was heated under reflux in 160 ml
methanol and 40 ml of 0.5 ¥ HCI to effect the removal of the
isopropylidene group. The product (rR; 2.3) was obtained in
erystalline form from ethyl acetate; vield 637 mg; mp 118-159°;
Amax 260 nig (e X 1073 13.6); 5oy 1730 (C=0 ester) em™1;
titration, initial pH 8.4, a molecular weight could not be cal-
cnlated; pK, = 3.1.

Anal. Caled for CyuH;N:0;: C, 60.38; H, 6.83; N, 13.31.
Fonnd: C, 60.23; H, 6.87; N, 15.05.

5'-0-(3",5"",7"'-Trimethyladamantoyl Jadenosine.—The pro-
cedure for the reaction of 3,5,7-trimethyladamantoyl chloride
(0.786 g, 3.26 ninioles) with izopropylideneadenosine (1.0 g, 3.26
mmoles) was the same as that described above for the unsub-
stitnted adamantoic acid. The ¢rude residue obtained (rR; 3.4)
was allowed to crystallize from an ether-petroleum ether solvent
mixture; vield 1.2 g; mp 156-1627 Amax 258 miy (e X )73
15.18)0 awx 1724 (G==0 ester) en17.

Anal.  Caled for CyHyiNOs: C,
Fanund: C, 63.3): H, 7.42: N, 13.50.

One gram (1.92 mmolex) of 5-0-(3"",5'",7"-trimethyladaman-
toyl)-2’,3’-O-1=opropylideneadenosine wa= hydrolyzed and the
proditct was ixolated ax described abeve. The residue (rR; 2.5)
was allowed to crystallize from ethyl acetate solution; vield of
S'-trimethyladaniantoyladenosine was 0.607 g: mp 179-180°;
Muax 219 mip (e X 1073 15.2); Fawx 1724 (C=0 ester), absence
of peak at 1162 (O echer peak tor i=opropylidene) em !,

.88 H, 7.29; N, 13.69.
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Anal. Caled for CoHpaN:Oa: C, 61.13; H, 7.05:
Fouud: C, 60.89; H, 7.46; N, 14.43.
5’-0-Adamantoyl-2’,3'-O-diacetyladenosine - To n stirred
golution of H-O-adamantoyladenosine (0.52 g, 1.21 moles) in
anhydrans pyridine (& ml) there wa+ added in one bateh 2 ml af
acetic anhydride. The reaction mixtiure was maintained below
30° for 4 hr.  Ilthanol (5 ml) was inrodneed, the mixture was
stirred for 50 min, and the sohition was concentrated under re-
duced pressure at 45-i0°. The residile was dissolved in ethyl
acetate (100 ml), the organic layer was washed with cold, dilute
NaHCO; sohition (50 ml) and then with water (three 100-ml

N, 14.85,

portions). The solittion was dried (Na.80, 5 g) and concen-
truted. The residue ohtained was dissolved in ether (25 mly

and the addition of hexane (10 ml) cansed the precipitatiorc of
amorphous solids. The solids were filtered and dixsolved in
warm ethyl acetate. Upon cooling, the solution deposited the
crystalline triester (rR: 3.0); yield 196 mg: mp 236-237°;
Ao 299 mp (e X 1073 13.7); st 1738 (acetyl C=0), 1735
{adamantoyl C=0) ¢em~1.

Anal. Qaled for CasHyuN;O7: N, 13.82, Found: N, 15382,

The low solubility (less than 0.01 mg/ml) of this ester pre-
eluded its assay in vdiro as an inhibitor of ADP-induced platelet
aggregation.

5’-0-Benzoyladenosine —The procedire for the reaction of
benzoyl chloride (0.36 ml, 3.26 mnioles) with izopropylidene-
adencsine (1.0 g, 3.26 mmoles), as well as the isolation of the
prodnet, was the same as that described above. The rexidie
ohtained was dissalved in methanol (70 mil) and 25 ml of 0.7 .V
11(1 golntien.  The solurion wax heated under reflux for 45 min
to remove the isopropylidene grouping and cooled, and the meth-
anol was renioved under reduced pressure. The remaining aque-
on= sclition (pH 1) was titrated to pH 6 with a 59, NaHCO;,
=olnticn.  The precipitated ester (rf2; 2.1) was washed with water
(two 50-ml portions) and allnwed to crystallize from agueons
ethanol to vield 486 mg of the benzoate: mp 1G6-170°; Aaax 231
g fe X 1070 14.83), 258 mpu (e X 1073 14.65)1 P 1730 (ester
(==0)em™1,

Anal. Caled for CiHuN:Os: C, 54.98; H, 4.61: N, 18.86.
Found: C, 55.04; H, 7.15; N, 19.13.

The R: valnes relative to adenosine for the varions adenosine
adamuntoates and intermediate comipounds are lsted in Table
111.

TasLE IT1¢
R: VALUES RELATIVE To ADENORINE (rR;) FOR
ADENOSINE ADAMANTOATES AND INTERMEDIATES

Adenosine derivative’ riv®
Adenosine 1.0
2/ 3’-Isopropyvlidene- 2.0
A'-Adamantoyl-2’,3’-isopropylidene- 301
Monomethyladamantoyvlisopropylidenc- 3.2
Dimethyladamantoylisopropylidene- 3.3
Trinethyladamaniaylisopropylidene- 3.4
5'-Adamantoyl- 22
Manomethyladanmantayl- 2.2
Dinlethyladamantoyl- 2.3
Trimethyladamantayl- R
A4’-0-Adamantoyl-2’,3’-O-diacetyl- 3.0
5'-Beuzoyl- 2.2

* For experimental conditions see introductory paragraph of
léxperimental Section. * Mono-, di-, and trimethyladamantoyl
derivatives refer to the 3’/,3’/,)A"- wud 37,5/ 7/-substituted

exters described in the text.

5’-0-Adamantoylinosine.—The procedure for the reaction of
27 3 -isoprapylideneinosine (1.0 g, 3.25 mmoles) and adamantoyl
chlovide (1.28 g, 6.5 mmoles) and the isolation of the interme-
diate, fully protected micleoside, were the same as described above
for the adenosine esters. The c¢mde residue obtained wax dis-
solved in a mixture of 300 ml of methanol and 100 ml of 0.5 N
1 Cl solution. The solution was heated under reflux for 45 min,
then cooled to room temperature, and the pH was adjusted tc
7.0 with cold dilute NH4OH solution. It was then heated under
reflux with activated charcoal for 5 mmn and filtered. The
filtrate wus concentrated, whereupon solids precipitated. The
=olids were allowed to crystallize from ethyl acetate-methancl
(1) vield of prodnet 300 mg: nip 202-205°: Apux 200 mig
Ce X 1072 10.6), 245 miw (e X 1072 11.25) in 0.1 N NaOll soli-
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tion 253 mu (e X 1073 15.20)1  Jpax 1710 (Ceanl) ester) 1o
titration, initial pll 7.0, mol wt 428 (ealed 430.45): PR, = (R85
Anal. Caled (or CayHaNyOg: O, 58700 T 6,000 N 1502
Fonnd: C) 5530 11, 6003, N, 1244,
A second erop vielded an addidonal 153 mg o materiad.

Biological Evaluation

The search for biologival assays capable of n gnanti-
tative, comparative evaluation of the various nueleo-
side adamantoates led to three promising svstems.
Iirst,  5-O-adamantoyl-6-thivinosine  wus found  to
suppress the formation af antibodiex in mice following
the injection of sheep red blood cell«** Subsequently,
selected experimental murine tumor systems?* were
found to be sensitive ta treatment with adamantoates
of nueleoside analogs: the leukemia 11210 respouded
favorably to the 5'-adamantoate of 6-thicinosine, and
the Taper hepatoma® to the S-adamantoate of 6-
azauridine.

Usetul as these two n ve systems may be for (he
study of structure-activity relationships and for the
understanding of the mode of action of the varions
adamantoates, progress toward =uch understanding 1=,
of necessity, slow because of the complex natuve and
the long duration of =nch assays.  Therefore, snitable
in vitro assays appeared desirable because suely sy=tems,
especially those of short duration, might elhiminate the
factors of drug absorption, distribution, and metabo-
lism, which do complicate the interpretation of vesults
obtained in the animal host. [n edleo eytotoxicity
studies using the LH17SY  mammalian cell enltnee
systent,® as well as n stro antiviral assay=" with the
adamantoates of G-azauridine, G-thiomasine, and 2'-
deoxy-H-fluorouridine, incicated these esters to possess
activities of the same magnitude as those of the parent
micleoside analog.  However, these assays emnnat be
expected to provide distinetive evidence of =uperiarity
of the adamantoates; becuuse of the conditions and the
duration of <ueh assays (about 4 days) the possibility
of ester cleavage ta give the biologically active parent
nueleoside eannot be exeluded.

Finally, the ADP-indneed aggregation ol platelets
in rabbit platelet vieh plasma® and s inhibition by
adenosine  species® furnished  an atteactive n pilee
assay of short duration (about 2-5 min) in which
the activities of adenosine  d-adamantoate and its
methylated congeners vould be compared with o =atis-
factory degree of quantitation.

Biological Methods and Results

Immune Suppression.—'T'lic procechire for the determinaton
of immunne suppressicmr {(antoimmiume sereen), adapted® from e

123) H. C. Natl@an, =, Vieber, G. 13, WGon, awl G, 1. BieGings, #roe.
Sar, Expti. Biol. Med., 107, 796 (1561%,

(24) (a) 1. = Jotnson, 1. V. Wrighe, (¢, H. Svoboda, and 1. Viantis,
Cancer Res., 20, 1016 (1860:: 'Ly H. I Skipper and L. 11, Seanddc, Cyropryr
Chemotherapy Rept., 1T, 1 11962].

(25) M. X, Taper. (i, W, Wyatey. M. N, Teller. ail M. 10 Lavide. iy
Res., 26, 143 (1466).

(26) 1L 1. Matey, (5N, Fizeter, and AL D WeteG, shid,, 21, 512 10l
G. N Viseter, Asp. VY, dend, Seil  T6, 543 (1UARY.

(27) V. Shninoft, Appl. eodinf., 9, 66 119611,

(28) J. 1. Mustard, B, Negarde, H. (", Rowsel(, and R. L. Muedittn.
JoLah Clin. Med., 64, 548 1191341

(29) G. V. R, Lorn. 14, Hastaim, and M. Goblinan, Najere, 308, GTS
1141655,
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method described by Nathan, et al.,?* involved the intraperitoneal
injection of groups of five mice (Swiss, 20 g av wt) with standardized
suspensions of sheep erythrocytes. Test compounds are in-
jected by the same route 48 hr before and 48 hr after the red cell
injections, Eight days after the red cell antigen injections, the
mice are bled and the sera from each group of five mice are pooled.
Antibody determinations are made on the serum pools by hemag-
glutination pattern procedure, and comparisons are made be-
tween treated and control animals,

The test results for the 6-thioinosine species, additional nucleo-
side adamantoates, 6-mercaptopurine, and Imuran3! are listed
in Tahle IV,

TasLE IV
SUPPRESSION OF ANTIBODY FORMATION IN MICE
AFTER SUEEP ERYTHROCYTE INJECTION
BY NUCLEOSIDE ADAMANTOATES

End point

activity,®
Nucleoside derivative mg/kg X 2 Activity
6-Mercaptopurine >150° 4+ ()

Imuran?! 300¢ +

6-Thioinosine >200 —
2/,3’-Isopropylidene- >300 —
2’,3",5'-Triacetyl-* >400 —

5’-0O-Adamantoyl- 2004 +

5’-0-Adamantoyladenosine >300 -
5-0-Adamantoylinosine >300 —
6-Azauridine >800 -
5’-0-Adamantoyl- >800 —
2',3",5’-0O-Triacetyl-3 >800 —

@ Fourfold or greater suppression of antibody titer. Dosage by
routint prc- and postantigen intraperitoneal administration of
compounds except where otherwise indicated. * Active at 150
mg/kg level in one ont of three tests; toxic at 200 mg/kg X 2.
¢ Active at 300 mg/kg X 2 or at 300 mg/kg X 1 (postantigen).
¢ Very active; antibody virtually undetectable at 300 mg/kg X 2
or 300 mg/kg X 1 (postantigen). Expressed on a molar basis,
the activity of 5-O-adamantoyl-6-thioinosine (mol wt 429) is
about 2.5 times that of Imuran (mol wt 261). Assays performed
by Dr. R. L. Stoue and Mr. R. N. Wolfe, The Lilly Research
Laboratories.23.30

Antitumor Testing—The procedures for antitumor testing in
this laboratory have been previously described.z** The L1210
leukemia is a well-known acute lymphocytic leukemia maintained
in DBA/2 mice; the Taper hepatoma is a newly described murine
hepatoma.?® Preliminary antitumor data®® are reported in
Table V for the 6-azauridine group of compounds against the
solid form of the Taper hepatoma, in Table VI for the 6-thioino-
sine group aginst leukemia L1210, and in Table VII against the
ascites form of the Taper hepatoma. Activities of 2’-deoxy-5-
fluorouridine esters3?® aga nst Adenocarcinoma 755 are listed in
Table VIII

Cytotoxicity Studies.—Cytotoxicity determinations®® were
performed with the lymphoblastic leukemia L3178Y cell?® by
the methods described previously.?*** The cytotoxicity of a
representative group of nucleoside 5-adamantoates and addi-
tional reference compoiunds is presented in Table IX in terms of
the dose inhibiting 509, of control growth (ID).

In Vitro Antiviral Studies.—The activity of a limited number
of adamantoates i suppressing growth of vaccinia virus was

(31) 6-]1-Methyl-4-nitros5-imidazolyl)thio|lpurine: D, A, Clarke, G. B.
Elion, G. H. Hitchings, and C. C, Stock, Cancer Res. 18, 445 (1958): Cancer
Chemotherapy Rept., 14, 93 (1961).

(32) (a) The authors gratefully acknowledge the courtesy of Dr. 1. S.
Jolinson and Mr. G. A. Poore, Biological Research Division, The Lily
Research Laboratories, in obtaining the test results with the 6-azauridine and
6-thioinosine esters. (b)) Tliey are indebted to Dr. C. Heidelberger, McArdle
Institute, Madison, Wis,, for the results with the esters of 2'-deoxy-5-fluoro-
uridine.

(33) K. Gerzon, I. 8. Johnson, G. B. Boder, J. C. Cline, P. J. Simpson, C.
Rpetli, N. J. Leonard, and R. A. Laursen, Biochim. Biophys. Acta, 119, 445
(1¢66). The antliors gratefully acknowledge thie help of Dr. I. 8. Johnson
and Miss Carla Spetlh (Mrs. G. Boder), Biological Research Division, The
Lilly Researcli Laboratories, in obtaining the cytotoxicity data.

(34) C. Waymoutl, J. Natl. Cancer Inst., 17, 305 (19586).
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TaBLE V
ANTITUMOR ACTIVITY OF 6-AZAURIDINE
5’-ADAMANTOATES IN THE TAPER HEPATOMA SYSTEM®

Tumor
Av wt change, size, T
Compd (dosage?) g, T/C mm? T/C activity®

6-Azauridine

(500) —3.8/3.2 (1) 7.4/18.2  60°

(500) —2.4/1.9(11) 5.9/16.8 060*

(500) 0.0/3.2 (I11) 8.0/13.9 431w
Triacetate?®

(500) —3.9/3.2(1) 8.1/18 2  5G°

(500) —1.1/1.9 Iy 7.5/16.8 34°
Adamantoate

(500) —1.2/3.2(1) 6.0/18.2 670

(500) =2.7/1.91) 6 2/16.8 634
Trimethyladamantoate

(300) —1.0/1.9(I1) 9.6/16.8 42°

(400) —4.8/3.2(111) 9.4/13.9 328

@ The Taper hepatoma? was received in the ascitic form from
Sloan-Kettering Laboratories through the courtesy of Dr., M. N.
Teller. It was converted to the solid form nsed in these experi-
ments by subcutaneous injection of the ascitic cells and serial
passage of the resulting solid tumor by trocar implantation.
Assays using the C;H mouse were performed by Dr. 1. 8. Johnson,
Mr. G. A. Poore, and associates, The Lilly Research Labora-
tories.32* The results of two separate assays I and II performed
within 3 weeks of each other are given; experiment 111 was per-
formed approximatey 2 months later. ? Daily intraperitoueal
dose in milligrams per kilogram given for 10 days commencing on
the day after tumor implantation. ¢ The superscript denotes the
mumber of animals surviving ont of a group of 1. Activity of
adamantoate (mol wt 407) on a molar basis i approximately 1.5
times that of the parent micleoside (niol wt 242),

TapLE VI
ANTITUMOR ACTIVITY OF 6-THIOINOSINE
5’-ADAMANTOATE IN THE LEUREMIA L1210 SysTEM?

Compd Av wt change, Av life span, T
(dosage)? g, T/C days, T/C  activity
6-Mercaptopurine
(30) 0.0/4.0 16.0/10.4 54
(30) —1.7/3.5 13.4/10.3 30
6-Thioinosine
(30) 2.0/4.0 11.6/10.4
(30) 0.5/3.5 10.8/10.3
Triacetate*
(45) 1.5/4.0 11.4/10 .4
(45) 3.0/3.5 11.3/10.3
Adamantoate
(30) 0.0/4.0 15.4/10.4 48
(30) —-1.7/3.5 13.4/10.3 30

e Assays were performed by Dr. 1. 8. Johnson and Mr. G. A.
Poore, The Lilly Research Laboratories.??* The strain of the
acute lymphocytic lenkemia L1210 was obtained from Dr. Dorris
J. Hutchinson of the Walker Laboratories of the Sloan-Kettering
Institute and was maintained in these laboratoriex in 1DBA/2
mice. ? Daily intraperitoneal dose in milligrams per kilogram
given for 10 days commencing the day after inoculation,

TapLE VII
ANTITUMOR ACTIVITY OF 6-THIOINOSINE 5-ADAMANTOATE
IN TaPER HEPATOMA ASCITES SYSTEM®

Av wt change, Av life span, %%

Compd (dosage)? g T/C days. T/C activity
6-Mercaptopurine (30) 6.0/8.6 16.9/14.8 15
6-Thioinosine (30) 5.0/8.6 14.6/14.8 ..
Adamantoate (30) 6.1/8.6 24.5/14.8 66

e Assays using the C;H mouse were performed by Dr. 1. 8,
Johnson and Mr. Gi. A. Poore, The Lilly Research Lakoratories.3?»
The results are given for a single experiment. ? Daily intraperi-
toneal dose in milligrams per kilogram given fcr 10 days com-
mencing the day after tumor inoculation.
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Tasry VIII
ANTITUMOR ACTIVITY . OF  2-DBEAXY-I-FLUOROURIDINE
J-ADAMANTOATE IN THE ADENOCARCINOMA T35 SYsSTEM”

Timar vot, <4

Wt cliange, ¢ nnt? aetivity

Congn! ~Day - Diay - B RIACEN

(dpsamer” (1 14 11 15 11 5

2iDeoxyv-i-fluoro- =208 4003 4300 GINT 8D g
uridine (40,03

3o =Dincecite? ~-00 =0 1O51)  SH0H 2 A

(H2.m

‘+‘

H-Adanumcoater -2 EOTEEE R
166, H1Y

(ontrol -1 4+ 2510 0120

avs performed dnengh 1110 conrtexy of Dr. (0, lleidel-
ln\rgu ac the MeArdle Institice, Madizon, Wiseonsin 32t The
camponnds were administered by ~tomac 1 tube in propylene
glyeol und the cantrols also received this solvent. » Daily dose in
niilligrams per kilogram given far 7 davs commencing che
day after tumor transplantation. * Two mice dead on day V1.

TapLg IN
CYTOTOXICITY OF N UCLEOSIDE H'-ADAMANTOATES
N T LA1TSY Tsvy Crrrunre CELL SysTEM”

Conmonl =)0 nhibilory Noze? —--
intol wty Pt pinoles.’l.
Thyntidine (242) 440 PR X102
Adamantoade (404) 41.0 1.0 X 10
Deoxyadenosine (451) Rt R G R E
Adamantoate (4151 560 [IE TN
G-Azanridine (2453 0,42 1.7
Triacetate? (471) I
Adamantoate (4071 .65 1.6
Trimethyladaman-
tontes (449) G7 1) 1.5 X 1o
G-Thioinosine (284) 4.0 140
Trincetate (410) ¢
Adamantoate (446) S0 IS0
2-Denxy-a-fluoro-
aridine (246) 25X 10 1.0 X 103
Adamantonte (408) 4.4 10t 1. x 1o

*These s(diex were carried once by Miss Carla Speth (M. (1.
Bodery, The Lilly Research Laboratories.  Compounds were
texteed nx deseribed previonsly :#* colls were grown for 4 days at

°, hmrvesced by centrifngation, and resnspended in 1.0 nil of
growh medinn, and che total) cell volnme was determined by the
hemaioerit medhod 10 The A0¢, inhibitory dose is that coneen-
cration of che compemd su the medinnm which inhibits cell growth
w50, of die controls. A single experiment indicates ab acciv-
iy a0 the =ame magnitnde s 1hat of the adamantoate. © No
satiz(netory 1est ehtained.

evalunted by che methods of Siminott* and of Grady, ef «l.,®
as modified in this lnboratory,® nsing a hnman annion cell line
growing in d=sne enlame. At on concentration of 62.5 ug/uil
applied to the paper pad, 5’-adamauitoyl-2’-deoxy-5-fliorouridine
(mol we 408) prodiced cell pratection in a 20-num zoue, while a
40-mn zene resilted from the parent nucleoside (mol wt 246)
i=ell at that concentration, In either case, 1o toxicity to the
cells i the enlture wus noted. The cells in the activity zone
appesred normal with some indication of decreased metabolism. 36
Thymidine H’-adamantoate did not inhibit the virus, nor did it
<how coxicity toward the cells.

Platelet Aggregation Studies.’*-—The method for studying
ADP-indneed platelet aggregation® was essentially that de-

y I Grady, W, Lo Laaminis, aml 0 G osinich, Pree, Saee Ergt.
Biel. iled., 103, 727 {1660).

1361 1. L Delong, W, 2. Boniece, J. (. Cline, and I. 8. Johnson, A,

NV Aend, Nyd., 130, 440 (1965).  Tlhe authors ackno\\ledge with thanks
the hegqeof Mo J. €. Cline, Biological Researcli Division, The 1,illy Labora-
tyries, 1 obtaining the antiviral data.
Ty The anthors are gratefud to Dr. R, G, Herrmanu and dessrs, J, 1.
Frink= and €. M. Sage, Pharimacological Researcli Division, The Lilly Re-
senrell Lathoraoyvies, for the platelet aweregation results. A manuseript
Jdesribing (he details of 1his meulod and additianal observacions ix in prep-
o Gico ] Wit las sabimitted for yantdieacha,

=cribed by Mustard, ¢ ol The cvaluadon o de relatve
poteney ol (he varions inhibitors was earvied on and expressed
velive (o oadenoxine as deseribed by Bore™  Bablde pliaeler
rich plasma { PRRP)Y witheut any added andeongnlani wi- a-ed
exchisively, The PRI was prepared by ditferential cenarifngation
and was kepe v ap iee bath nntil ased.  Owe milliliter of PR
wis added o A5 ml of imidazole hidter <pll 7041 cantaiiing 1he
praper concentration of dimg aud iweubaced (or 3 min oar 570
prior o die addition of a sintable tandard dece of ADD varying
yrom 2 X 107 (o 84 X HET A final eccneentratonn o wd
giving u final tolal veliune of 14 ml for dhie reaction mixtase.
Aggregaton of platelecs was measared in terms ) the deereiee
in opdeal density o the PR, and iullilli(m'\' POYEIIEN Wits ¢N-
pressed ax die extend of e dininnGoac of s paratetee o)
aggregaoon.  The partieular value of the dose of ADP ased i
eacl individual experiment is selecced from caeh <umple o PLD
(0 give me aggregalion respobse o the praper nmgiitade Yae
inhitition stndies.

Relutive poteney was calanlated as follows,  For eaeh indi-
vidua! sample of PRP, adenosine was tested along with one or
more aelewside  derivadves. A dose-response enrve  wis
plotted on scmilog paper far each snbstanece tmolar coneencration
orcthe log xeale, per cent inliibidor o e normal sendel. Assign-
g poteniey oF 100 @ adenosine, e reladve poteney Yor each
siub=Gieee was then ealenlater] e cerms o) thay of adeaeste.
The inhibitory acavites of adendsine adamancoates aud wddi-
Goral nneleosides are lisced in Table X

TasrLe X
Inmsrrion o ADP-Ixbueinny PLarLEr AGGREGATION
BY ADENORINE H AUAMANTOATES?

Yo w0 1077 Tel imteayy”

ERRARRESE (NS P B Vixm
Notelenaily 1-( 2l 1. Zned
Adenosine 20 hn 1001 100
Adamantonte 2 i 112 ™
Methylada-
mantoate L N o at
Dimethylada-
nantoate 05 05 3 28
Trimethyvladi-
mintoate 1500 (30) 3 10t (e | NAS
Benzonte S0 N'Te# | NS
A'-Adamantone
Deaxyadenosine DYDY (18) | NT
Inosine B804 (13) | NT
6-Aznuridine (03¢0 NA  ONT
6-"Thioinosine (337 C0) NA NT

© Assays were perfornted hy e, 1 Gl Herrmann and Messos,
J. DL Franks and C. M. Sage, The Lilly Resenrell Labaratories®
Ioxcept where indicated otlierwise the molae coneenaation given
v the dose which elicits a 500 inhibidon of (e aggregation iu-
duced by ADP at the levels of 2.1 X 1077 (o 84 X 1077 3/ 1
<ome experiments ee '3 che laek of =olubility al che (ested agem
or the faihire (o oblwm a proper dose-response cnrve precinded
the atdinment of a 5000 bhibition level.  The daa given are
(o1 two separace experintenes done on different days several weeks
apart.  The dose of ADP given in each experiment was ditlerenc;
namely 2.1 X 1077 and 84 X 1077 3, respectively, leading 10
dierent valne= Yor che adenoxine control of 2.7 and 27 X 10-7 1/
For H0¢ inhibition,  * Aetiviey of agens listed reladve o adeno-
sine.?® 1t is obvions (ron the large varintion (tenfold) in the
504 inhibition valne {or adencesine that the fignres given for 1l
relndive potency <loild be taken as an approximation, indieating
an order «f magnitude rather than an aceurate quanticadon.
» Conpound nec available at first esc. 2 Tosafficient solubilivy
prevenced (e=cing ac higher levels.  » Figure in Innckec i the
ohserved per cent ivhibition ac the ecncentradon idienced.
© Notactive, ¢ NoCieswed,

Adenosine Deaminase Activity —Adenosine denntinase assnys®
were perfornied o nscertain whether adenosine 5'-ndamamonte
inhibits the enzyvmatic deamination of adencsine oy is itselt

(38) The wthnrs are graieful (o 170 B WL Vidler, Poarimarolovira( e
seare( Divisoon, The Lith: Resrnret Lalaratirios, fer tee s of (G- shepa-
“ine denming e sndies


lc.st.Tihi

AMaveh 1967

deaminated by this enzyme. The method of Kaplan?®® was used
to measire the deamination of adenosine as the substrate at 6.6 X
1072 A by followiug the disappearaice of absorption at 265 mu
and the appearaiice of absorption at 240 mu (formation of ino-
sine). Adenosine deaminase (0.1 ug) was obtained from Boeh-
ringer Co. and used without prior purification at 30° over a period
of 30 min.,  Adenosine adainautoate was dissolved in 109 ethanol
and used at a final coucentration of 1 X 107 M with a final
concentraticn of ethanol of 2 vol. 9. This concentration of
ethanol produced au enzyme iunhibition of less than 19. The
enzynie at pH 6.5 deaminated 11.8 mumoles of adenosine/min
and at pH 7.4 deaminzted 9.4 munoles/min.

Under the conditions of these experiments, adenosine 5'-
adumanteate does not inhibit the deamination of adenasine and
is 1t=clf not deaminated by adenosine deaminase.

Discussion®

In the course of our earlier studies of hypoglycemic
N’-adamantylsulfonylureas’ and anabolic nortestoster-
one 17B8-adamantoates,* two general features were
noted: (a) in selected cases the introduction of the
adamantane moiety produced agents with outstanding
biological activity superior in a quantitative or quali-
tative sense to those containing more conventional
hydrocarbon groups, and (b) the favorable influence
of the adamantyl group on the efficacy of these agents
was apparently governed by a surprisingly high degree
of structural specificityv.  Among the results presently
reported for the activity of nuecleoside adamantoates
in various other biological assay systems the same
two features are again discernible,

Thus the former feature is seen in the pronounced
ability of 6-thiolnosine 5’-adamantoate to suppress
antibody formation following challenge with sheep
erythrocytes while 6-thioinosine or its triacetate are
inactive under the same experimental conditions (Table
IV). Tt is also seen in the remarkable ability of adeno-
sine 5’-adamantoate at the low concentration of 10-7 M
to inhibit ADP-induced platelet aggregation (Table X)
and finally, albeit to a lesser degree, in the antitumor
activity of the adamantoates of 6-thioinosine, 6-
azauridine, and 2’-deoxy-5-fluorouridine in the L1210
leukemia, the Taper hepatoma, and the Adenocarcin-
oma 755 systems, respectively.

The latter feature, that of structural specificity, is
elearly in evidence among the four adenosine adamaito-
ates (Table X): the monomethyladamantoate retains
the activity of the adamantoate, and the substitution
of two methvl groups results in appreciable loss, of
three methyl groups in total loss of activity., Also,
the inactivity of the 3’/,7"/,7"'-trimethyladamantoyl-6-
azauridine in the Taper hepatoma system (Table V)
and the negligible cytotoxicity of this ester toward the
L5178Y cell culture (Table IX) are additional, if less
complete, examples denonstrating this trend of strue-
ture—activity relationship.

As a corollary to these principal features, it appears
that in several instances the biological effects of the
adamantoates are an expression of the intact ester,
rather than the result of hydrolysis of the ester to give
the parent nucleoside. Action of the intact agent has
previously been proposed for the nortestosterone ada-
mantoate,? and such action is self-evident for the sul-

(39) N. O. Kaplan, Methods Enzymol., 2, 473 (1935).

(40) Acknowledgments for the assistance and cooperation received from
colleagites and associates of the Lilly Laboratories and from others in the per-

formance of (lie varied assays are foind in the legends (n the individial tables
and in (ke fantnntes cited (30, 32, 33, and 36-381,
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fonylureas.” Indications of in toto action of a nucleo-
side adamantoate is most convincingly seen in the
brief (2-3 min) in vitro assay demonstrating the inhibi-
tion (prevention) of platelet aggregation by 5’-adaman-
tovladenosine. Also, the cytotoxicity of 5’-adaman-
toyl-6-azauridine toward the L5178Y cell culture and,
in contrast, the lack of such activity in the trimethyl-
substituted ester (see Table IX) is compatible with this
notion.  Whether in o activity of the adamantoate
of 6-thioinosine i suppressing antibody formation,
for examiple, could possibly be an expression of action
in toto remains a question for future investigation.

Biological Activities—The activities listed (Methods
and Results) are of a preliminary, exploratory nature
and serve two purposes: to uncover new leads or to im-
prove existing agents in various areas of chemotherapy,
and to gain an understanding into the nature of the con-
tribution of the adamantane group to these activities.
Though enmphasix in this report is laid, by title, on
aspects of adamantane pharmacodynamies, brief com-
ments on the chemotherapeutic aspects are in order,
Because of limitations in supply and because of the
ease in interpretation and comparison of the test results
obtained, the intraperitoneal route of administration
was used with a single exception (Table VIII) for the
in vivo studies.  Studies emploving the oral route are
currently in progress and will be reported at a later
date. Extension of the present investigation to
adamantoates of additional nucleoside analogs, 5-
iodo-2’-deoxyuridine,*! S-methyvl-6-thioinosine,* and
others, is in progress.

The ability of 5’-adamantoyl-6-thicinosine to sup-
press antibody formation (Table IV) and the inability
of the esters of adenosine, inosine, and 6-azauridine to
do so points to a specific dependence of this action on
the thioinosine fragment. The degree of dependence
of this activity on the adamantane moiety has not been
ascertained at this time because of the unavailability
of the required compounds; the trimethyvladamantoate,
for example, though obtained quite pure, has thus far
failed to erystallize.

A comparison of the activities of the 6-azauridine
species against the Taper hepatoma (Table V) does
not reveal superiority of the adamantoate when ad-
ninistered by the intraperitoneal route. Extensive
studies with the triacetate® have demonstrated its
superiority over the parent nucleoside when evaluated
by the oral route; final judgment of the adamantoate
awaits studies by this route. The lack of demon-
strated activity of the trimethyladamantoate is noted.
Thus far, this is the ouly instance of an n 14ro assay of
a trimethyladamantoyl nucleoside.

The activity of 6-thioinosine adamantoate (mol wt
429) against the L1210 leukemia (Table VI) on a
molecular basis is between 2.5 and 3.0 times that of
6-mercaptopurine (mol wt 152). The activity pro-
file for the four compounds reported resembles that of
these same agents in the autoimmune assay (Table
V).

The activity of the 6-thioinosine adamantoate
against the ascites form of the Taper hepatoma (Table

(41) H. E. Kaufman, Proc. Soc. Exptl. Biol. Med., 109, 251 (1962).

(42) (a) F. M. Schabel, Jr., J. A, Montgomery, H. E. Skipper, W. R.
Laster, Jr., and J. R, Thomson, Cancer Res., 21, 690 (1961); (b)) J. A, Mont-
gomery, T. I’. Jolinston, A. Gallaglier, C. R, Rtringfellow, awl 1. M. S¢la-
Yel, Je., J. Med, Pharm. Chem., 3, 265 (1061},
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V1) represents a single preliminary experiment, which
thus far has not been reproduced successtully.

The activity of the adamantoate of 2'-deoxy-H-
fluorouridine in  the Adenocarcinoma 755  system
(Table VIII), though of the same order of activity
as that of the parent nucleoside or its diacetate, is
nevertheless of interest as a first demonstration of
efficacy of a nucleoside adamantoate by abzorption
from the gastrointestinal tract.

The eytotaxicity of the adamantaates of mucleosides
and nueleoside analogs (Table IX), with the exception
of the trimethyladamantoate of 6-azawridine, is of the
same order as that of the parent compound.  Naturally,
the activities ohserved may be due to chemiical ov
enzyvinatic hydrolysis of the ester to give the parent
nueleoside; however, the negligible activity of the 6-
azauridine trimethyladamantoate renders this simpli-
fied explanation questionable.  Whether these adaman-
toates exert their action i (oo or by prior hydrolysis
obvionsly remains a problem for future investigatian.
The same protilem is encountered in the interpretation
of the n wvibo antiviral activity  (vacemia) af the
adamantoate of 2’-deoxv->-fluorouridine.

The individual ability of the adenosine esters ta
inhibit ADP-induced platelet aggregation (Table X)
apparently depends on the integrity of both the
adamantane and the adenosine moiety.  Monomethyla-
tion i permissible. but other variations lead to loss of
activity.  The inactivity of the 5’-benzoate is worthy
of note. That the activity of these esters is an expres-
sion of the intact agent appears plausible in view of the
short duration (2-3 min) of the in ritro assay and the
striking  decrease  of activity  following  progressive
methvlation of the adamantane fragment.  The alter-
nate view, which eannot be ruled out rigorously, holds
that activity of the adamantoute and 3-methyladanian-
toate may be the result of rapid enzymatic hydrolysis
to vield adenosine and that the dimethyl- and tri-
methyladamantoate may be poorly hydrolyzed or not
at alll  Additional unpublished experiments? render
this alternate view quite unlikely: virtnally inunediate
(10-15 see) reversal of platelet aggregation is observed
npon the addition af adenosine adamantoate to the
azsay system 30 sec affer its induction 1= initiated by
ADD.

The observed resistance of adennsine 5’-adamantoate
to the action of adenosine deaminase raises the hope,
as vet unfulfilled  of demonstrating activity in pipo.**
Tnasmuch as certain antitumor ngents, e.g., arabinosyl-
adenare, zuffer Inactivation in rieo by  enzymatic
deamination,®® the attempt to Dlock such metabolic
degradation by means of adawmantaylation bhecomes
an inviting propositian.

I'inally, dependence of the respective biological
activities on integrity of the nucleoside fragment is
summarized in Table XI.

Mode of Action —1In comparing the activity profile af
adamantane agents iz wivo with the in 2itro profile of the
adenasine adamantoates, an extensive zimilarity iz ap-
parent: the adamantane-containing compounds show
ontstanding activity while structural alterations (meth-
yiation) result in a parallel deerease of activity in both

C12¢) Noare Aoveo ax PVrocae---Yurrlier repeaterl nfteinjds (o demon-
AUttt rn wive activity have heen poreistently ansaecessfull
vEde L Lok G AL Ve Pase, Capeer s, 24, 312 (1064,
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situations. For the favorable influence of the adaman-
tane maiety an ngents assaved 7 eirg, three possible
cantributing  factors have been listed  (see abave),
namely, the abrorption and distribution characteristios
of these agents, their metabolic disposition in the
animal host, and the precision of agent veceptor site
fit.  Naturally. tor the adenosine s«damantantes which
inhibit platelct aggregation in eitro. the prineipal
factor contributing to their high efficacy must be the
precision with which the adamantane moiety matelies
a contplementary region of the receptor site molecule.

By analogy, we consider it quite plausible that the
principal factor contributing (o the high efficacy of i
adamantane agenls in vivo also 1s the precisian ol agenl
receplor site fit, rather than aspects of absorption, dis
tribution, or metabolism uf the agent.

The question concerning the maleendar basiz of the
precise binding of the adamantane maiety presents
itzelf.  Gill has reviewed various types of honding
that operate between drugs and receptor site male-
cules #* and has evaluated the relative unportance of
their contributions in termx of the free conergy oy
binding.  The data reported in the present paper, when
seen in the light of Gill's study.** snggest that the
adamantane-receptor site  fit may involve strong
hyvdrophobie bouding® between the vigid, strinless
adamantane moiety and regions of lipoid nature in the
receptor site protein molecule.  (The entropy regnie-
mentx af spatial reorientation of less ordered hiydro-
earbon gronps for hydrophobic bonding* ix obviated
in the case of the adamantane group wherenc the atoms
are  favorably  predisposed  toward  sueh  bonding)
Lipoid (nonpolar) regions in proteins consisting ol ng-
gregates of hydracarbon side chains of wmino acids
have becn documented in the caze af the myoglohin
molecule,**%*  Clinsters of aliphatic amino acid =ide
chaing, arranged in a conformation of least =tein,
canceivably could delineate struetural regions where
hvdrophobiec bonding of adanrimtane i theviody-
namically favorable.

An indieatian of binding of adumantanc-cantaining
agents ta pratein was abserved in carly explorations
of the usefulness of  adamantane ho medicinals,
Adamantoylpenieillin - (N-adamantoyl-G-aminopenieil-
lanie acid) was found# to possess approximately 25C;
of the activity of penicillin G against S, qurcuns.  In
the presence of =ermm this activity was reduced to a
negligible level, presumably beeatse of binding ta seram
proteinn.  Physicoehiemical studies aimed at evalnatinge

34) LWL GHQ, Irrage. Med, Chem., &, 30117 D165

245Y WL Kausman, Adewn. Irotein Chen, 14, 103 i 1UR00

{400 ¢ar ), Co Wemlrew, 11, O Wiason, B Ko Scrandberg, Q. VL Dickrrsac
b, G Phillips, aml V. O RGnre, Vatnare, 190, 6665 (146 (g MLV Perngr,
Lo Helrew, sl 11 O Wareon, S, Yol Binl, 13, 669 (1065,

€17 UnpubGshel esperiments Gv Dy, C0 W Godznski, Toe Gl Hoseares
LaGeagnaies, Tnelinnapnli- 1ol
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the extent of binding to protein of the four adenosine
adamantoates have been initiated in our laboratories.

In conclusion, the nucleoside adamantoates as well
as the adamantane-containing agents earlier described
may derive their high efficacy, at least in part, through
a process of precise and specific binding of the adaman-
tane moiety to complementary, lipoid regions of the
protein receptor site molecule.

Naturally, binding to protein of adamantane-con-
taining agents acting in eivo may also affect their ab-
sorption and their distribution (transport) in the animal
host.  The effect of protein binding on these processes
may be respounsible for the quantitative differences
seen between the in vivo activities, on the one hand, of
the monomethylated analogs relative to the adaman-
tane agent in the sulfonylurea series” (about 259,) and
the nortestosterone esters? (about 15-209,), and on the

(48) Preliminary results indicate tlie possibility that the effect of methyl
substitution on partition values parallel the test results obtained in the plate-
let aggregation studies (Table X). The help of Mr. M. M. Marsh and
aszociates, Analytical Research and Development Division, The Lilly
Tesearclt Laboratories, in obtaining thiese results is gratefully acknowledged.
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other hand, the activity of adenosine monomethyl-
adamantoate relative to the adamantoate (about
1309,) in inhibiting platelet aggregation in vitro (Table
X).

The study of a different class of adamantane-con-
taining agents which display a structure-activity rela-
tionship opposite to that reported in this paper and
which presumably do not benefit from binding to protein
will be the subject of a forthcoming publication.
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The following six racemic steroids have been resolved into optical antipodes by salt forniation between the cor-
responding heniisuccinate esters and various optically active bases: 3-methoxvestra-1,3,5(10),8,14-pentaen-178-
ol, 3-methoxyestra-1,3,5(10),8-tetraen-178-0l, 3-methoxyestra-1,3,5(10)-trien-178-ol, 13g-ethyl-3-methoxygona-
1,3,5(10)-trien-178-0l, 13B-ethyl-3-methoxygona-1,3,5(10),8-tetraen-178-ol, and 3-methoxy-138-n-propylgona-

1,3,5(10)-trien-178-0l.

Racemic 3-benzyloxy-138-ethylgona-1,3,5(10)-trien-178-0l has been chemically resolved
by separation of its diastereoisomeric ( — )-menthoxyacetates.

Chemical trausformations of several of the ster-

oidal enantiomorphs are reported. Results of biological testing are given for some of the steroids of unnatural

coufiguration.

Previous parts of thix series have reported efficient,
stereoselective total syntheses of various racemic
estrone, estrane (19-norandrostane), and 138-poly-
carbonalkylgonane derivatives.®* These researches
have already provided a possible basis for the commer-
c¢ial production of estrone, and, therefore, of those of its
derivatives which are medicinally important as estro-
genic, progestational, anabolic, and antifertility agents,
and have also led to a variety of biologically interesting
racemic 138-polycarbonalkylgona-1,3,5(10)-trienes and
gon-4-en-3-ones of potential or actual clinical utility.4®

(1) Part X11: G, A. Hughes and H. Smith, Steroids, 8, 547 (1966).

(2) Postal address, P. O. Box 8299, Philadelphia, Pa. 19101.

(8) G. A. Huglies and H. Smith, Clkem. Ind. (London), 1022 (1960); G. 11,
Douglas, J. M. H. Graves, D. Hartley, G. A. Hughes, B. J. McLoughlin, J.
Siddall, and H. Swmith, J. Ckem. Soe., 5072 (1963).

(4) () H. Swith, ef @l., Frperientie, 19, 394 (1963): (b) J. Chem. Soc..
472 (1964).

This paper describes resolution procedures of the purely
chemical type which lead from our previously described
racemates®—% to enantiomorphic steroids in the estrane,
13B-ethylgonaite, and 138-n-propylgonane series. Such
studies were undertaken to furnish the final links in our
totally synthetic chain to d-estrone,” to permit a more
detailed examination of the properties of the biologically

(3) G, A. Huglies and H. Swith, German Patents 1,213,404, 1,213,405,
and 1,214,679 (Feb 19, 1960, June 22, 1961, and Feb 29, 1961, respectively).

(6) G. A. Hughes and H. Smith, Jaranese Patent 40-20700 (May 16, 1962).

(7) We denote the absolute configuration of enantiomorpliic steroids ac-
cording to a convention proposed by L. F. Fieser and M. Fieser, "‘Steroids,""
Reinhold Publishing Corp., New York, N. Y., 1939, p 336, by which estra-
and gona-1,3,5(10)-trienes are defined as d steroids if they have the same
configuration as cholesterol at (-13 and as! steroids if they liave the opposite
configuration at thiat center. Tle graplie formulas correspond to enantio-
morphs of the 4 series but are used to denote the structure and absolate con-
figuration of any steroid by use of tiie appropriate prefix o, I, or #l. The
prefixes (+) and (—) are used, where necessary, to denote dextro- or levo-
rotatory compounds, respectively.



