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adjusted to 6.8 == 0.2 units for a period of 30 hr. At the end of
this time, tle in solvent systems A (R; 0.18) and B (R; 0) indi-
cated the reaction was complete (FUDR R: 0.68 A, 0.36 B).
After removal of the catalyst, the filtrate was deionized by
passing it through an Amberlite IR-120 (80 ml, H* form)
columu., The eluent was concentrated and placed on a
column of Dowex 1-X2 (70 ml; Cl~ form). The column was
eluted with distilled H,O until free of substances absorbing at
270 mu, then the column was eluted with 0.01 ¥ HCI (total
volume, 3300 ml) until the eluent showed no absorption at 268
mu. Concentration of the eluent on the rotary-evaporator left
a crystalline residue which was treated with Darco in hot H:O,
filtered, and subjected to freeze-drying to give 3.2 g of white
crystals, mp 218-221° dec, [«] %D +60.7°.

Esters of 5-Fluoro-2’-deoxyuridine-5’-carboxylate. Method
A.—A mixture of FUDA (311 mg, 1.20 mmoles) and the alcohol
in excess containing a drop of concentrated H:80: was refluxed
for 6 hr. The reaction mixture was concentrated almost to
dryness. H,O was added to give white crystals which were
collected and recrystallized from 959 EtOH to give pure product.

Method B.—A mixture of FUDA (0.326 g, 1.25 mmoles), n-
BuOH (25 ml), and 0.5 g of Amberlite IR-120, H* resin were
refluxed for 5 hr. The mixture was filtered while hot, and the
filtrate was concentrated to dryness. The residue was recrystal-
lized from n-BuOH to give white crystals.

N-g-Naphthyl-5-fluoro-2’-deoxyuridine-5’-carboxamide (VII,
FUDAN).—To a solution of g-naphthylamine (0.066 g, 0.45
mmole) and dicyclohexylearbodiimide (0.105 g, 0.51 mmole) in 5
ml of THF was added FUDA (0.120 g, 0.46 mmole) in 5 ml of H.0.
After removal of dicyclohexylurea, which formed almost immedi-
ately, the product precipitated after standing overnight. This
product was collected and recrystallized (Me.CO-H,0) to give
slightly pink crystals.

Assay of Compounds on Tissue Culture Cells.—The procedure
for the tissue culture assay was based on the protocol of the
National Cancer Chemotherapy Service Center?® using KB cells
and a human tumor cell line?® as test cells and the Lowry protein?’
determination for the quantitative estimation of cell growth,
Since the growth of the KB cell control varied slightly from day
to day, results were normalized to a standard value for graphic
comparison (Figure 1). In each experiment, a control sample of
FUDR was iucluded. The amount of each compound tested
was calculated in milliequivalents of FUDA. In addition to
KB cells, two other cell lines were used for assaying several com-
pounds: A normal human cell line, WI 38,18 and a mouse tumor
cell line, GL-26. KB cells were obtained from Dr. G. L. Miller,
Lankenau Hospital, and WI 38 cells from Dr. A. Girardi, Wistar
Institute, Philadelphia, Pa. The mouse tumor line, Glioma 26,
was started in tissue culture from the solid tumor in C57Bl/6
mice and has retained its ability to produce a tumor when re-
injected into mice through several tissue culture passages. The
resulting values are tabulated in Table II, based on the average
of duplicate protein determinations on duplicate samples.
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The vast interest in effective cancer chemothera-
peutic agents has led to numerous modifications of the
purine and pyrimidine nucleosides. In a continuation
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of this search for anticancer agents, a variety of nucleo-
sides has been prepared with the aim of inhibiting vari-
ous stages of nucleotide metabolism in the cell.? Since
ribonucleosides and ribonucleotides are easily cleaved
hydrolytically or enzymatically, many nucleosides and
nucleotides which may be effective agents in inhibiting
the growth of malignant cells become ineffective in vivo
because they are rapidly destroyed by cleavage into a
purine or pyrimidine and a carbohydrate moiety.® In
order to circumvent this difficulty, some workers have
synthesized a novel class of compounds related to
nucleosides which are hydrolytically and enzymatically
stable. These compounds are purines which contain at
the 9 position a cyclopentyl or cyclohexyl ring which is
substituted in such a manner that it sterically simulates
the sugar moiety.

In order to provide a synthetic route to hydrolytically
stable nucleosides which retain the natural purine
moiety and a natural sugar, we have prepared 6-(6-
amino-9-purinyl)-1,3-anhydro-6-deoxy-v-allitol ~ (VI).
Since this nucleoside does not possess the normal glyco-
sidic linkage between the 9-nitrogen of the purine and
the 1-carbon of the sugar, it is clear that this molecule
will be stable toward hydrolysis and probably enzymatic
cleavage,

The synthesis of VI was accomplished by the route
outlined in Scheme I. Thus, 6-amino-1,5-anhydro-6-
deoxy-L-allitol (II) was prepared from 2 34-tri-O-
benzoyl-8-p-ribopyranosyl cyanide (I)® by reduction
(LiAlH,) as described by Coxon.® When the amine
was allowed to react with 5-amino-4,6-dichloropyrimi-
dine (III), a good yield of the corresponding substituted
pyrimidine IV was obtained. Cyeclization of IV by
means of ethyl orthoformate and HCI gave a compound
which on the basis of its uv spectrum (265 muy) was a 6-
chloropurine derivative but which exhibited only slight
hydroxyl absorption in the ir. This product was
assigned the ortho ester structure (V)¢ based on the
previous observation that 3-(5-amino-6-chloro-4-pyri-
midinylamino)-1,2-propanediol was converted to the
ortho ester under similar conditions.” Attempts to
purify V by crystallization resulted in the formation of
a mixture of formate esters. Reaction of V with liquid
NH; followed by acid hydrolysis gave the desired 6-(6-
amino-9-purinyl)-1,5-anhydro-6-deoxy-vr-allitol (VI).

Enzyme Inhibition Studies.—Enzymatic evaluation
of VI against the enzyme, adenosine deaminase, re-
vealed that the nucleoside does not act as a substrate
for this enzyme but does show inhibitory activity. A
plot of Vi/V against [I], where V, = initial velocity of
the uninhibited enzymatic reaction, V = initial velocity
of the inhibited reaction, and [I] = the concentration
of inhibitor reveals that VI has an ([I]/[S])es of 4.1,

Antimicrobial Studies.—Antimicrobial testing was
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performed by incorpornting the compound into a suit-
able ngwr at the coneentration of 300 ppm. After
solidificntion, droplets of the test vrganisms were ap-
plied to the surface.  The plates were incubated.  Ob-
servations for kill or inhibition were made after a suir-
able time,

The only netivity observed for V1 for the vrganisms
tested wis somewhat less than 10097 inhibition at 300
ppm agninst M yeobacteriwm phlel.  The ovther orga-
nisms tested were Staphylococens aureus, Candida albi-
cans, Iischerichia coli, Trickophyton  mentagrophytes,
Bactllus sublilis, Aerobacter acerogenes, Candida pelli-
culosa, Pseudomonas sp. Strain 10, Salmonella typhosa,
Pullularia pullulans, Pseudomonas aereginasa, Asper-
gillus terreus, Rhizopus nigricans.

Experimental Section®

Reagents and Assay Procedure.—Adenosine and ndeunosine
deaminase were purchased from the Sigma Chemical Co. The
geueral method of assay hax beeu deseribed by Kaplan® nud

(8) M'leir spectra were determined on g Perkin-Eliner Model 137 specirio-
phintometer; the uv spectra were determined nn a Perkin-Elmer Maodel
4000\ speerrnphiotumeter; the enzyme stiblies were tlpni on a Gilinml
Moidel 2000 spectroplintinneter. Tlie optical rotations were taken nn a
Perkin-Ehmer Moilel 141 polarimeter. Melting poinis were taken in npln
rapillary tubes hn a Mel-Temp apparatus and are wnecorrei:teld.

i) N. O. Kaplan, Methols Enzymol., 2, 473 (1355).
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bhund of adenosine at 263 mu.  All cuzyiatic reartions werr
perforiied hi 0.05 3 phosphate buffer a1 pll 7.6 aad 2570 The
=ib=teie and the =tock solution= of all reagents were propusad i
0.05 A plispliae buffer at plT 7.00 Foe the assay. che vell
conttined ool volume of 300 ml which was 0006 W widls
vespert Lo lewssine, To sty fdildvion, appropriaie s
af bufler were oxeluded frome the cell< and were yeplaveeld Ly
equal volue of o <olucion of the tnhibiver su phospliaue TalTer,
6-{53-Amino-6-chloro-4-pyrimidinylamino ;-1,5-anhydro-6-

deoxy-i-allitol AV A xi=pension ol 28.0 ¢ 500 nnnless
of 15 u 000l ol THE was <lbwly wlded toaomixtieee o Lialll
PR g i 0wl ol THIES The wixtiree was stivees] o vonan
terperattee e 1l aned heated vnder veflax o 1.5 e The
exces< hyvdride was destrayved by the soldition o0 Baoll TLoO),
awl NILOTL The waixtuee was liltered thiemgh Filteyesd
andd the Blosie wis prssed thirongh aovolmnn <87 N 730 e of
Drinvex HSOW-XS vesii. The ool was elured T S0 v,
awl then wili 228 NTLOILL 2000 aln Cowvcendraiions o the
NILO i oo mave T axoa Liglo hown <vinp, vielll s o
Compoual T was Blentified by eoaveriing o <l anvaer 2
the kinown hivdielidavide <alis

A nnxtie Al 260w 16 mless ol apethied T 200w
162 moles ol d-aine-4,G-dichilaropyrinnidine <111 winl 170
w0 nedes ! N i A0l ol A-BuOT sweas Leansd wler
reflux for 20 Leo o The remetion aix e was eviaporated Giovnono
and the ta ail was ervatallizad (050 The wlive solil was
cernve Dy filteatinn s yieh D 57008 w o840 G p IR 1617 Re-
cevstillizar o LU gave 200 g o0 poee produoet, e 1701767,
ST~ NG 08T L N HCH el o (CuL LN Clo. T
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6-i6-Amino-9-purinyl;-1,5-anhydro-6-deoxy«i.-allitel :+V1:.

Tacsu=pricing ol 230 g (T8 nanolexcof TV b 23wl o ndhiy]
sythofornite was bl 103 moles ol voneenteated  11CL
Tl wixtoree was <breed overnight at voonn teaperatoe il
evaporitesd Jioraciae G eleme oil (Ve The wapoeilied sl
exter wax dixsolved 1 30 ml of Tignid Ny ol heated i s sreel
Dranb at 35-00% fre IS L The volatile nsterials wore evigpora el
and e tan =olid wis dissalved i 7ol of 570 HCTamladlowed 1o
stated ay veomn tewperatiee Lo 30 o, The avilic salnmiom
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I-Acylindoles. IX. Syntheses of 1-Cinnamoyl-5-
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Potential Antiinflammatory Agents
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Recent interest in the antiinflammatory netion of
indomethacin prompted us to prepare l-acyl-3-indulyl-
aliphatic acids for antiinflammatory tests.  Viarlous
kinds of eompounds had been synthesized previously,


licccine.il

