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adjusted to 6.8 ± 0.2 units for a period of 30 hr. At the end of 
this time, tic in solvent systems A (Rt 0.18) and B {Rt 0) indi
cated the reaction was complete (FUDR Rt 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) 
column. The eluent was concentrated and placed on a 
column of Dowex 1-X2 (70 ml; CI"" form). The column was 
eluted with distilled H 2 0 until free of substances absorbing at 
270 mm, then the column was eluted with 0.01 N HC1 (total 
volume, 3300 ml) until the eluent showed no absorption at 268 
m,u. Concentration of the eluent on the rotary-evaporator left 
a crystalline residue which was treated with Darco in hot H20, 
filtered, and subjected to freeze-drying to give 3.2 g of white 
crystals, mp 218-221° dec, [«]ffiD +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 H2SO4 was refluxed 
for 6 hr. The reaction mixture was concentrated almost to 
dryness. H 2 0 was added to give white crystals which were 
collected and recrystallized from 9 5 % 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 ra-BuOH to give white crystals. 

N-/3-Naphthyl-5-fluoro-2'-deoxyuridine-5'-carboxamide (VII, 
FUDAN).—To a solution of /3-naphthylamine (0.066 g, 0.45 
mmole) and dicvclohexvlcarbodiimide (0.105 g, 0.51 mmole) in 5 
ml of T H F was added FUDA (0.120 g, 0.46 mmole) in 5 ml of H 2 0. 
After removal of dicyclohexylurea, which formed almost immedi
ately, the product precipitated after standing overnight. This 
product was collected and recrystallized (Me2CO-H20) 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 Center15 using KB cells 
and a human tumor cell line16 as test cells and the Lowry protein17 

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 included. 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 C57B1/6 
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 I I , based on the average 
of duplicate protein determinations on duplicate samples. 

(15) CCNSC, Cancer Chemotherapy Kept., 25, 22 (1962). 
(16) H. Eagle, Proc. Soc. Exp. Biol. Med., 89, 362 (1955). 
(17) O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall, 

J. Biol. Chem., 193, 285 (1951). 
(18) L. Hayflick and P. S. Moorehead, Exp. Cell Res., 25, 585 (1961). 

Nucleos ide Analogs . Synthes i s of 6 - (6 -Amino-

9-purinyl ) - l ,5 -anhydro-6-deoxy-L-al l i toI 

ROBERT VINCB1"1 AND JAMES DONOVAN1 0 

Department of Medicinal Chemistry, College of Pharmacy, 
University of Minnesota, Minneapolis, Minnesota 55455, and 
Department of Pharmaceutical Chemistry, School of Pharmacy, 

University of Mississippi, University, Mississippi 38677 

Received August 9, 1968 

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.2 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.3 In 
order to circumvent this difficulty, some workers have 
synthesized a novel class of compounds related to 
nucleosides which are hydrolytically and enzymatically 
stable.4 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)-l ,5-anhydro-6-deoxy-L-allitol (VI). 
Since this nucleoside does not possess the normal glyco
side 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-l,5-anhydro-6-
deoxy-L-allitol (II) was prepared from 2,3,4-tri-O-
benzoyl-/3-D-ribopyranosyl cyanide (I)5 by reduction 
(LJAIH4) as described by Coxon.6 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. Cyclization of IV by 
means of ethyl orthoformate and HC1 gave a compound 
which on the basis of its uv spectrum (265 mp.) was a 6-
chloropurine derivative but which exhibited only slight 
hydroxyl absorption in the ir. This product was 
assigned the ortho ester structure (V)6 based on the 
previous observation that 3-(5-amino-6-chloro-4-pyri-
midinylamino)-l,2-propanediol was converted to the 
ortho ester under similar conditions.7 Attempts to 
purify V by crystallization resulted in the formation of 
a mixture of formate esters. Reaction of V with liquid 
NH3 followed by acid hydrolysis gave the desired 6-(6-
amino-9-purinyl)-l,5-anhydro-6-deoxy-L-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 V0/V against [I], where V0 = 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])O.B of 4.1. 

Antimicrobial Studies.—Antimicrobial testing was 

(2) (a) A. D. Welch, Cancer Res., 21, 1475 (1961); (b) J. M. Buchanan 
in "The Xucleie Acids," Vol. I l l , E. Chargaff and J. N. Davidson, Ed., 
Academic Press Inc., New York, X. Y., 1960, p 304; R. E. Handschumacher 
and A. D. Welch, ibid., p 453. 

(3) (a) P. M. Roll, H. Weinfeld, E. Carroll, and G. B. Brown, J. Biol. 
Chem., 220, 439 (1956); (b) B. R. Baker, "Design of Active-Site-Directed 
Irreversible Enzyme Inhibitors. The Organic Chemistry of the Enzymic 
Active-Site," John Wiley and Sons, Inc., New York, N. Y., 1967, pp 79, 93. 

(4) H. J. Schaeffer, S. Marathe, and V. Alks, J. Pharm. Sci., 53, 1368 
(1964). 

(5) B. Coxon, Tetrahedron, 22, 2281 (1966). 
(6) The oily product obtained from this reaction is probably a mixture of 
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performed by incorporating the compound into a suit
able agar at the concentration of 500 ppm. After 
solidification, droplets of the test organisms wore ap
plied to the surface. The plates were incubated. Ob
servations for kill or inhibition were made after a suit
able time. 

The only activity observed for VI for the organisms 
tested was somewhat less than 100% inhibition at oOO 
ppm against Mycobacterium p/dei. The other orga
nisms tested were Staphylococcus aureus, Candida albi
cans, Escherichia coli, Trichophyton mentagropliytes. 
Bacillus subtil is, Aerobacter aerogenes, Candida pelli-
eulosa, Pseudomouas sp. Strain 10, Salmonella lyp/iom. 
Pullularia pullulans, Pseudomouas aeruginosa, Asper
gillus terreus. Rhizopus nigricans. 

involves measu r ing ihe ra te of d i s a p p e a r a n c e of ' h e abso rp t ion 
hand of adenos ine at 2(55 m,u. All e n z y m a t i c r eac t ion- were 
per formed in 0.0;") .1/ p h o s p h a t e buffer at p l l 7.(1 a n d 2 5 ' . T h e 
s u b s t r a t e and the s tock solut ions of all reagents were p repa red in 
0.05 .1/ p h o s p h a t e buffer a t p l l 7.0. f o r the a—ay. d ie cell 
con ta ined a total vo lume of 3.1 nil which was O.IKili ni.l/ with 
respect to adenosine . T o s t u d y inhibi t ion, a p p r o p r i a t e . ' iinounts 
of buffer wine excluded from the cells a n d were replaced by an 
equa l v o l u m e of a solut ion of t h e inh ib i to r in p h o s p h a t e Oullor. 

6-(5-Amino-6-chloro-4-pyrimidinylamino,- l , . i -anhydro-() -
deoxy-i.-allitol (IV).---A suspension of 28.0 g IOO. 1 m m o l o - : 
of F> in 300 ml of T H F was slowly a d d e d to a mix tu re of U A l I b 
I ' b i . og ) in lot) nil of TFIF. T h e mix tu re was Mitred at room 
t e m p e r a t u r e for 1 hr and hea t ed unde r reflux for 1.5 hr . T h e 
excess h y d r i d e i ra - de.-l roved by the addi t ion of K t O l l , II..O, 
and X I I i O I I . T h e m i x t u r e was filtered th rough Filterccl 
and t lie f i l t rate \va- passed t h rough a co lumn ot.7 X 50 cu t ' of 
1 lowex 5 0 \ Y - \ s re-in. T h e eolutnn was e la ted 1 Ki >. ISIIOO ml, 
and then with 2 A \ 1 I , ( ) I I , 2000 m i x Concent ration. ,,f the 
X I L O I I in rm no gave II as a light b rown sy rup , yield 5.Us g 
C o m p o u n d II wa- identified by c o n v e r t i n g a -mal l amount to 
the known hydroch lor ide salt.-'1 

A mix tu re of 2.03 g i 10,2 m m o l e s ; of u n p u n l i e d II . 2.12 u 
10.2 in moles of 5-,-u n i no--!, 0 -d ich loropyr imidi tie > 1II •-, and l.7t) 

g 012.4 mmoles i of XKt.s in 50 ml of / / -BuOIl tvn- hea ted under 
reflux for 20 hr. T h e react ion m i x t u r e wa.s e v a p o r a t e d in >'IICUI> 
and the tan oil \va- crys ta l l ized (114)). T h e whi te -olid was 
removed by f i l t rat ion; yield 3. 703 g S 4 ' , i , m p 150 1010 l ie-
crys ta l l iza t ion ( H O ) ; gave 2.110 g of pure p roduc t , m p 174 1 70 , 
,«Y-'\t> - l s , f :;. 0,;C id.I ,\ I l C h . .1 md.1' iC,„IF X-CK 0- II..(> i 
C, II, X. 

6-(6-Amino-9-purinyl)- l ,5-anhydro-6-deoxy-t . -al l i loI VI i. 
To a suspension of 2.30 g (7.48 mmoles i ol IV in 25 ml of ethyl 
o r t h o f o r m a t e was a d d e d L0.3 mmoles of c o n c e n t r a t e d 1IC1. 
T h e mix tu re was s t i r red overnight , at room t e m p e r a t u r e and 
e v a p o r a t e d in menu to a clear oil iV.). T h e unpurified oil ho 
e-ter was dissolved in 30 ml of liquid XII,-, and hea ted in a - ' ee l 
b o m b at 55 0 0 ' for 1 s hr. T h e volat ile ma te r i a l s were e v a p o r a t e d 
a n d the t an -olid was dissolved in 7 ml of 5'",' IICI and allowed t o 
s t a n d a! room t e m p e r a t u r e for 30 min . T h e acidic -olui ion 
was m a d e basic wit It c o n c e n t r a t e d XI1 ,011 and chilled. \ « hi te 
solid was collected by filtration and gave 1.7s g S 5 ' , - of \ I, 
m p 24S 252° . ()ne reer,\--talliza! ion i I F O i gave the p i n e 
product a- a m o n o h y d r a l e , m p 25S 250° , k'i, ',,' 201 ni.u '< 
1.41 X 100. ,<v\ ••'•n - 1 3 . 2 5 .-t 0 . 3 ' i Hi);. 
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1-Acylindoles. IX. Synthese s of l -Ci i inamoyI-5-
methoxy-2 -methy l -3 - indo ly la l iphat i e Acids as 

Potent ia l Ant i in f lan imatorv Agents 

Experimental Section"* 

Reagents and Assay Procedure.—Adenosine and adenosine 
d e a m i n a s e were pu rchased from t h e S igma Chemica l Co . T h e 
genera l m e t h o d of a s say has beeu descr ibed by K a p l a n 9 and 

(8) The ir spectra were determined on a Perkin-Elmer Model 137 spectro
photometer; the uv spectra were determined on a Perkin-Elmer Model 
4000.Y spectrophotometer; the enzyme studies were done on a Gilford 
Model 2000 spectrophotometer. The optical rotations were taken on a 
Perkin-Elmer Model 141 poiarirneter. Melting points were taken in open 
capillary tubes on a Mel-Temp apparatus and are uncorrected. 

ill) N. O. Kaplan, Melhotls Enzymol., 2, 473 (lHoo). 
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Recent interest in the antiinflammatory action of 
indomethacin prompted us to prepare l-acyl-3-indolyl-
aliphatic acids for antiinflammatory tests. Various 
kinds of compounds had been synthesized previously. 
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