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3'-Deoxy-3'-phthalimidoadenosine (8), obtained by the action of methanolic diisopropylamine on 6-benz-

amido-3’-phthalimidonurleoside (5), was deaminated to give 3’-deoxy-3’-phthalimidoinosine (7).
phthaloyl group with methanolie butylamine gave 3’-amino-3’~deoxyinosine (3).

Removal of the
2.6-Dibenzamido-3'-phthali-

midonucleoside (10), shown to be a g-nucleoside by p.m.r. measurements, and methanolic butylamine gave 3'-
amino-2-henzamido-3’-denxyvadenosine (11) which was converted to 2,3’-diamino-3’-deoxyadenosine (4) hy

treatment with sodium methoxide.

Because of the trypanocidal® and tumor-inhibiting*
properties of the aminonucleoside (1) from puro-
myein, 87 it was desired to synthesize analogs in which
substituents on the purine moilety were varied. We
have reported® the beneficial replacement of the 6-di-
methylamino group of 1 by various monoalkylamino
and dialkylamino groups.

The in vivo trypanocidal activities of puromyecin and
its aminonucleoside are reversed by a number of pur-
ines, including adenine and 2,6-diaminopurine,® and
both respiration and growth of Trypancsoma cruzi®
are inhibited by several purines, including 2,6-diamino-
purine. 3’-Amino-3’-deoxyadenosine (2)," recently
isolated from culture filtrates of Helminthosporinm
sp.,'! is more active than the puromycin aminonucleo-
side against a transplanted mammary adenocarcinoma
of the C3H mouse, but it is more toxic; in tissue culture
it is 20 times more toxic. However, it is only one-half
as active as 1 against Trypanosoma cquiperdum in the
mouse.!?  The growth of two yeasts is inhibited by 2.
1t seemed desirable, therefore, to synthesize the 3'-
amino-3'-deoxy derivatives of other purine nucleosides,
especially of those occurring in nueleic acid.'®  We are
describing here the syntheses of 3’-amino-3’-deoxvino-
sine (3) and 2.3'-diamino-3'-deoxyadenosine (4).

(1Y Stylomycin®.

(2) Presented 1n part hefore the Division of Medicinal Chemistry, 133rd
National Meeting of the American Chemiecal Society, San Francisco, Calif..
Apri) 13-18, 1958,

(3) R. 1. Hewitt, A. R, Gumble, W, 8, Wallace, and J, H. Williams, Anti-
biot. Chemotherapy, 4, 1222 (1954},

(4) . L. Benrett, € L. Halliday, J. T, Oleson, and J. H., Williams, “*Anti-
hioties Annual 1852-1035", Medical Bnevelopedin, Ine., New York, N Y.,
1954, pp. 766-769, !

(% B. R. Baker, J. P. Josepl, and J. 1[. Williams, .J, Am. Chem. Soc., 76,
2838 (1954).

(6) J. N. Porter, L. L. Hewitt, C. W, Hesseltine, G, Krupka, J. A, Lowery.
W s, Wallace, N. Bohonos, and J. I{. Williunis, Antihiot. Chemotherapy. 2,
409 (1952).

7y PoWL Fryeh, C0 W, Waller, B, L. MTutehines, and J. H. Williams, J.
Am. Chem. Soc., 80, 2736 (1U5R).

(&) (a) L. Goldman, J. W. Marsico, and R. B. Angier, i0id., 78, 4173
(1956); (b) L. Goldinan and J. W, Marsico, J. Hed, Chem., 6, 413 (1963),

(9 M. Nakamura and M. James, Feptl. Parasitol., 8, 37 (1954),

(1M (a) B. R. Baker, R. ¥. Schaub, and H, M. Kissman, J. Am. Clem.
Soe TT, 5011 (1935); (b)) E. J. Reist and B. R. Baker, J. Oig. Chem., 28,
1083 (1958,

(11) N. N. Gerber and H. L. Lechevalier, ii.9d.. 27, 1751 (19627,

12y R. 1. Hewitt, A, R. Ghanble, and I Steinnian, unpublished.

(1:3) 3’-Amino-3'-deoxyerotonoside and 3’ -amino~3’-deoxygnanosine were
svnthesized and fonnd ta bhe bhiologically inaecrive [H. A, Kissman, A, S
Hofiman. and M. J. Weiss, J. Med, Chem., 6, 107 {14963 |
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Synthesis of 3’-amino-3’-deoxyinosine (3)} was
accomplished by reaction of 3’-deoxy-3’-phthalimido-
adenosine (6)'™ with nitrous acid to produce 3’-deoxy-
3’-phthalimidoinosine (7) which was dephthaloylated
with methanoliec butylamine.®

3’-Deoxy-3'-phthalimidoadenosine  (6)  was  ob-
tained™* from the G-benzamido-3’-phthalimidonucleo-
side dibenzoate 5 by sodium methoxide catalyzed meth-
anolysis followed by eyelization of the intermediate
phthalamic acid in refluxing acetic acid and N, N-di-
methylformamide.  An alternate route to 6 was de-
veloped which made use of the selective removal of
blocking groups by methanolie diisopropylamine (u
hindered amine).

We have observed™ that when the 6-chloro-3"-phthal-
imidonucleoside dibenzoate 8% was allowed to react
with methanolic diisopropylamine at 150°, O-henzoates
were removed, chloride was displaced by methoxide,
but the phthalimido group remained intact, and the
6-methoxy-3’-phthalimidonucleoside 9 was ohtained.

The action of methanolic diisopropylamine i3 con-
trasted with the finding® that O-benzoates are removed
by the action of methanolic solutions of unhindered
secondary amines and the phthalimido group is opened

14) 3’-Amino-3’-denxyinosine (8) was obtained by selective diazotization
of 3'-amino-3’-deoxvadenosine (2) at pH < 3 and by the action of Takadius-

tase on 2 [N. N. Gerber, Ahstracts of Papers. 142nd National Meeting,
Anmierican Cliemical Society, feptember 14 (1962), p. 51Q1.
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to produce 3’'-deoxy-3’-(o-N,N-disubstituted car-
bamoyl)benzamidonucleosides.
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The lability of the 6-acetamido group of a nucleoside
to attack by methanolic ammonia'® led us to expect
that the 6-benzamido group of 5 would be cleaved
by the action of methanolic diisopropylamine. This,
indeed, proved to be thé case. Thus, when 5 was re-
fluxed for 17 hr. with this reagent the N- and O-benzoyl
groups were removed to yield 3’-deoxy-3’-phthalimido-
adenosine (6) in 439, yield. 3’-Deoxy-3'-phthalimido-
adenosine (6) was allowed to react with nitrous acid at
75-80° for 15 min.® but 849, of starting material was
recovered. However, when 6 was allowed to react
with excess nitrous acid at room temperature? for 18
hr., a smooth conversion to 3’-deoxy-3'-phthalimido-
inosine (7) was realized. Reaction of 7 with meth-
anolic butylamine gave 889 of 3’-amino-3’-deoxy-
inosine (3).

The 2,6-diamino-3’-phthalimidonucleoside tetraben-
zoate (10), required for the synthesis of 2,3’-diamino-3’-
deoxyadenosine (4), was obtained by the general pro-
cedure of Davoll and Lowy.?* Condensation of chloro-
mercuri-2,6-dibenzamidopurine® with 2,5-di-O-benzoyl-

(15) J. Davoll and B. A, Lowy, J. Am. Chem. Soc., T8, 1650 (1951).

(16) This procedurs was used by R. Kuhn and K. Henkel, Z. physiol.
Chem., 269, 41 (1941), for conversion of 5’-deoxy-5’-methylthioadenosine to
5’-deoxy-5'-methylthioinosine.

(17) This procedure was used!® for conversion of 2-acetamidoandenosine to
guanosine (obtained after deacetylation).

PUROMYCIN AMINONUCLEOSIDE ANALOGS 411

3-deoxy-3-phthalimido-8-p-ribofuranosyl chloride®® in
refluxing xylene gave 78%, of nucleoside 10, which was
of sufficient purity to be carried through the remaining
transformations.

In the proton magnetic resonance spectrum of 10, a
signal from the proton at C-1’ was observed at 3.52
as a singlet (Jg/—gy < 0.5 ¢.p.s.). Using a Karplus
type equation? the dihedral angle between the H-(C-2/)-
(C-1") and (C-2')-(C-1')-H planes was calculated to fall
in the range of 80 to 100° and hence the C-1’ hydrogen
is trans to the C-2/ hydrogen and 10 is a S-nucleoside.?!

The formation of the g-anomeric nucleoside 10, in
which the ribose moiety is attached to the 9-position of
the purine, is analogous to the formation of 2,6-di-
amino-9-8-p-ribofuranosyl-9H-purine by condensation
of chloromercuri-2,6-dibenzamidopurine with 2,3,5-
tri-O-acetyl-p-ribofuranosyl chloride and removal of
blocking groups.’® Furthermore, condensation of a
2-acyloxy-1-chlorosugar with a chloromercuripurine
gives, as the major product, a nucleoside where the
purine is trans to the 2-acyloxy group.2? The formation
of the anomeric nucleoside has been noted in several
instances,® 0228 but it was always the minor product.

Reaction of 10 with refluxing methanolic butylamine
for 8.5 hr. gave a monobenzoy! derivative (11) of 2,3'-
diamino-3’-deoxyadenosine (4) and a small amount of
4. Increasing the reflux time to 17 hr. gave no sub-
stantial change in the ratio of products. The assign-
ment of the 2-benzamido structure 11 to the monoben-
zoyl derivative was based on the observed greater
hydrolytic lability of N-6-acyl over N-2-acyl groups in
purine nucleosides.?* Furthermore, the N-6-benzoyl
group of 5 was hydrolyzed with methanolic butylamine
to produce 2,* and methanolic diisopropylamine to
produce 6 (vide supra).

Refluxing N methanolic sodium methoxide effected
removal of the N-2-benzoyl group of 11, giving a 239
yield of pure 2,3'-diamino-3’-deoxyadenosine (4).
The ultraviolet absorption spectrum of 4 was in ex-
cellent agreement with that of 2,6-diamino-9-8-p-ribo-
furanosyl-9H-purine,® thus supporting the assignment
of the attachment of the sugar to the 9-position of the
purine.?

3’-Amino-3’-deoxyinosine (3), at 250 mg./kg., 3'-
amino-2-benzamido-3’-deoxyadenosine (11) at 150
mg./kg., and 2,3’-diamino-3’-deoxyadenosine (4) at
125 mg./kg., when tested sequentially?” against sar-

(18) B. R. Baker, J. P. Joseph, and R. E. Schaub, J. Am. Chem. Soc., 77,
5905 (1955).

(19) M. Karplus, J. Chem. Phys., 80, 11 (1959),

(20} Cf. plots by C. D. Jardetzky, J. Am. Chem. Soc., 82, 229 (1960), and
H. Conroy, Advan. Org. Chem., 2, 311 (1960), for theoretical and observed
values.

(21) For a discussion of the use of p.m.r. spectra for assignment of ano-
merie configuration of ribofuranoses see L. Goldman and J. W. Marsico,
ref. 8b.

(22) The “*Ci1-Cs-trans rule” of B. R. Baker and R. E. Schaub, J. Am.
Chem. Soc., T7, 2396 (1955).

(23) H. M. Kissman and B. R, Baker, 1bid., 79, 5534 (1957).

(24) 2-Acetamidonucleosides were obtained by the action of methanolic
ammonia at 0° on 2,6-diacetamido-9-(2,3,5-tri-O-acetyl-8-p-ribofuranosyl)-
9H-purine and 2,6-diacetamido-9-(2,3,4,6-tetra-O-acetyl-8-p-glucopyrano-
syl)-9H-purine.®

(25) Reported!s;
mu (e 10,000).

(26) Cf.J. M. Gulland and F. Story, J. Ckhem. Soc., 692 (1938}, and refer-
ences cited for application of ultraviolet spectral data to assignment of car-
bohydrate moieties of purine nucleosides to the 7- or 9-positions of the purine
ring.

(27) E. H. Dearborn, Acta Unio Intern. Contra Cancrum, 15, 76 (1659);
A. W. Vogel and J. D, Haynes, Cancer Chemotherapy Rept., 22, 23 (1962).

AELSE 215 mu (¢ 25,200, 255 mu (e 9,450), and 280
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coma 180, 6C3HED lymphosarcoma, and 72] mammary
adenocarcinoma in the C3;H mouse, were inactive.
These compounds were inactive against Trypanosoma
equiperdum in mice when tested at 4 times the active
dose level of the puromyein aminonucleoside. 3’-
Amino-3’-deoxyinosine (3) did not inhibit the phos-
phorolysis of inosine by rat liver nucleoside phos-
phorylase,”® but iustead apparently underwent phos-
phorolysis at about one-fifth the rate of inosine.

Experimental

All melting points are corrected. The ultraviolet absorp-
tion spectra were determined by means of a Cary recording spec-
trophotometer and the infrared spectra were measured in potas-
sium bromide discs by means of a Perkin-Elmer spectrophotome-
ter (Model 21). Circular paper chromatography® was carried
out on Whatman No. 2 paper and fluorescent spots were ob-
served under an ultraviolet lamp (G. W. Gates and Co., Inc.,
Long Island, N. Y.).

3'-Deoxy-3'-phthalimidoadenosine {6).—A mixture of 1.00 g.
(0.00141 mole) of 6-benzamido-9-(2,5-di-O-benzoyvl-3-deoxy-3-
phthalimido-g-p-ribofuranosvl)-9H-purine (5),1° 2 ml. of diiso-
propylamine, and 20 ml. of anhyvdrous methanol was refluxed for
17 hr. The resulting reddish brown solution was evaporated to
dryness in racuo, the tan glassy residue was triturated twice with
anhydrous ether, and the ether was decanted. The residue, 0.611
¢., was then dissolved by heating in 6 ml. of water and, on stand-
ing, 0.241 g. (43%) of tan crystals of 6 were depmlted, m.p.
224-226° dec. & mixture melting point with authentic 6,
m.p. 227-230° dec., was 224-226° dec. Comparison of infrared
spectra showed identity. Baker, et ol 9% give m.p. 228-230°
for 6.

3’-Deoxy-3’-phthalimidoinosine (7).—A hot solution of 0.332
g. (0.000837 mole) of 3'-deoxy-3’-phthalimidoadenosine (6) in 15
ml. of water and 4 ml. of glacial acetic ucid was cooled to room
temperature. To the solution 0.800 g. (0.0116 mole) of sodium
nitrite was added and the solution allowed to stand at room tem-
perature overnight. The mixture was chilled by means of an

e bath and the nearly colorless crystals of 7 were removed by
filtration, washed with water, and dried at 100°. The yield of
product, m.p. 254-256° dec., was 0.200 g. Further chilling
of the mother liquor vielded an additional 0.062 g., giving a
total of 0.262 g. (765, as a hydrate). Recrystallization of the
first crop from aqueous acetic acid gave 0.114 g. of nearly color-
less crystals, m.p. 247° dec., [a]®p —151° (¢ 0.93, pyridine):
ALY HC 049 mp (e 19,9()0 ¥ x,‘,,{f?“ 241 mp (e 19,400); )1y el
252 mu (e 17,000).

Anal. Caled.
N, 17.0; H0, 3.03.
(K.F.), 4.03.

Reqotion of 0.306 g. of 6 with sodium nitrite in aqueous acetic
acid at 75-80° for 15 min. gave a clear solution from which
0.332 g. (94%) of 6 was recovered.

3’-Amino-3’-deoxyinosine (3).,—
mole) of 3'-deoxy-3'-phthalimidoinesine (7

for CisHpN:O6-0.9H.0: ¢, 52.4; H, 4.10;
Found: C, 52.7; H, 40) N, 16.7: H.0

—A mixture of 0.500 g. (0.00121
1, 1.0ml. (0.74g..0.011

(28) H. M. Kalckar, J. Biol, Chem., 16T, 477 (1947).

(29) The apparent plosphorolysis of 3’-amino-3’-deoxyinosine (8). as
measured by ultimate formation of urie acid, is also explainable by assum-
ing conversion of 8 to inosine by a deaminase contaminant of the enzyme
preparation, with subsequent phosphorolysis of the inosine.

(30) K. V. Giri and N. A. N. Rao, Nature, 169, 923 (1952).

. W, Magsico,
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mole) of buiyvlamine, and 20 ml. of anhydrous methanol was re-
fluxed for 18.5 hr. during which time solution resulted and after
abont 1.5-2 hr. of reflux, colorless eryvstals separated.  The cream-
colored ervstals were removed by filtration, washed with metho-
nol, and air-dried.  The Lir dried 3, m.p. 253-255° dec., weighed
0.268 ¢.  Coneentr: mn of the mother lguor gave an additional
0.020 g., m.p. 251+ dee., vielding o total of 0.288 g, 1807
tecrystallization of the first crop fron 12 ml of \ulm (usin;z
Noritt gave W14 g of mlm‘less ervstals of 3, mup. 282407
dec, (the melting point hehavior depended on the rate of henting:
al <2007 G 0200 water): NPT 24N e 120000
TN e 12,6005 ATV N 05 e 13,600,

,\/rru. Caled. for CLHGN O C) 2100 HL 1000 N, 262
Found: 4500 H, 1.93; N, 26.2

2,6-Dibenzamido-9-(3-deoxy-3-phthalimido-g-n-ribofuran-

osyl;-9H-purine Dibenzoate (10).—Pulverized chloromercuri-
2,6-dibenzamidopurine™ (70.7 g., 0.119 mole) was suspended in
900 ml of reagent grade xylene and refluxed with stirring into a
Dean und Stark trap 1o remove any wuater present. To the
hot suspension was added 400 ml. of a hot sylene solution of
ST g (0107 molet of 2,5-di-O-benzoyl- idm\\ -phthalimido-
B-p-ribofuranosy!l chloride. Roﬂtnmg and stirring were con-
tinued for :an additiona! L35 hr. und the hot suspension, contain-
ing an insoluble gum, was filtered. The insoluble gum wax
washed well with several portions of hot <hlumfurm The vom-
hined filtrate aud wushings were washed with 350 ml of 30,
potagsium iodide i two portions, followed by _)(H) ml of water.
The separated organie phase was evaporated to dryness i rocuo
to o tun glass which was dissolved in ethyl acetate and filtered
to remoeve sorme solid, The filtrate, on evaporation in racu,
gave 6.0 g TS af erede 10 as oo tan gliss, o — 178N

2.0 CHCLy .

Lnal. Caledl for CglgN-Oy0 € 66,7 H, 4020 N, (1.~
Found: 4, 65.9: H, 151 N, 10.1.

3'-Amino-2-benzamido-3'-deoxyadenosine (11).—A mixture of
4.00 g. (0.00484 mole’ of 2,6-dibenzamido-9-(3-deoxy-3-phthul-
imido-8-p-ribofuranosvl:-9H -purine dibenzoate (10, 75 ml. of
anhydrous methanol, and 7.5 ml. of butylamine was refluxed for
&5 hr. The resulting dark red solution was evaporated to dryv-
ness snoraeqn 1o give aoeryvstalline residue from whieh aqueous
ethunol was distilled geveral times to remove methyl benzoate.
The residuad tan ervstals were extraeted by trituration with four
“h-ml portions of hot heptane, leaving 1.55 g. of crude 11 us
actun =olid. A =olution of 154 g of erude 11 in 60 ml of meth-
anol-water (2:10 was passed  through a column containing
20 g of TRC-H01H )y resin, The column was \\'ztshpd with 11 of
methanol-water (2: 11 and the eflluent eollected in 2 equal frace-
tions, the last containing little ultraviolet absorbing material.
The column was then eluted with 750 ml. of methanol-2 \ am-
monium hydroxide (2:13, and 3 fractions were collected.  The
pooled ammonia {ractions were evaporated to dryvness in vacwo
to give 1.20 g of tan eryvstals, mup. 155-160° with previous sinter-
ing.  Recrystallization from aqueous ethanol gave 0491 g.
£26070 of 11 us tan ervstals, mop, 144 157°. Chromatographyv®
on Whatmuan Na. 2 paper in butanol- acetic acid--water (2:1: 1.4
gave, when exaumined under ultraviolet light, 4 vellow fluorescing
spot (R: 0.78) corresponding to 11, and a trace of a blue fluoresc-
mg spot «2r 0,631 carresponding to 2,3’-diamino-3'-dexovadeno-
sine (4

A sample 10201 g0, reervetallized three times from aqueous
N, N-dimethylormamide (Naorit), gave 11 as nearly colorless
ervstals, m.p. 172.5-071°%0 da]®n +37.6° (¢ 072, MeOH .
\‘;ﬁj B9S8R i fe 13,300, 272 III/J (e 2:,000), Nine1 200 mp (e
50007 AT 285 1y (24,2000, 27 L mg (e 15,800); A% ¥0H 070
mu (e 16,2003 The melting pe )mt was found to vary considerably
with the amount of hA\'(lmti(mA
Anal. Caled, for CpHLaN0,-025H.O: O, 52,
25,2, Found: . »"%, 2.1 H, 5.67, 5.40; N,
12 g, mmplv of 10 was reﬁu\od with methanolie huh’ldmm(
for 17 hr. to give 1.86 @ (8771 of erude 11, Chromatography as
above showed this material to congist of 11 (£; 0.74) as the main
component and a lesser amount of 4 {1 R¢ 0.61). Two additional
unidentified components {light blue fluorescence with K¢ 0.51 and
vellow fluorescence with I: 0.00) were present in small amount.
This material was used in tho next step.

2,3 -Diamino-3 -deoxyadenosine (4;.--A =olution of 4.00 g.
10.0104 molel of crude 3'-amino-2-henzamido-3'-deoxyadenosine
1117 in 40 ml of methanol eontaining 1.0 ml. of N methanolic
sodinm methoxide was refluxed for 21.5 br., 3.0 ml. of N metha-

Ao
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nolic sodium methoxide being added in portions to maintain an
alkaline pH. The resulting dark red-brown solution was evapo-
rated in vacuo to a tan glassy residue which was crystallized by
trituration with a small amount of water. The water was re-
moved in vacuo and the residue was triturated with absolute
ethanol and filtered to yield 1.76 g. of crude 4 as tan crystals, m.p.
200-209° dec. From the mother liquor an additional 0.706 g. was
obtained, giving a total of 2.47 g. (859%). Recrystallizations from
N,N-dimethylformamide gave colorless crystals, m.p. 234-236°
dec.; [a]®p —28.9° (¢ 1.04, H,0); N0n*® 215 mpu (e 23,800), 256
mp {€9,200), 279 mpu (¢9,750).

6-C'HLOROPURINE 3'-AMINO-3'-DEOXYRIBOSIDES 413

Anal. Caled. for CioHisN:O0s: C, 42.7; H, 5.38; N, 34.9.
Found: C, 43.1, 43.0; H, 5.65, 5.63; N, 34.7.
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Synthesis and Reactions of 3’~Amino-3’-deoxyribosides of 6-Chloropurine

L. GorpyMaN axp J. W. MaRgsIco

Organic Chemical Research Section, Lederle Laboratories, American Cyanamid Company, Pearl River, New York

Received December 10, 1962

Blocked 6-chloro-3’-aminonucleosides (3, 14) were synthesized and found to be excellent intermediates for the

preparation of analogs of the puromyecin aminonuecleoside (7).
and secondary amines in methanol with simultaneous removal of the O-benzoyl groups.

Chloride was displaced from 3 and 14 by primary
Primary amines re-

moved the N-phthaloyl group of 3, whereas secondary amines opened the N-phthaloyl group to produce N,N,N"’-

trisubstituted phthalamides.
3’-deoxynucleosides.
function.
activity.
furanoses is discussed.

9-(3-Anmino-3-deoxy-8-p-ribofuranosyl) -6 -dimethyl-
amino-9H-purine (7),! the aminonucleoside from puro-
mycin,2~* has trypanocidal’® and tumor-inhibiting’
properties in experimental animals. It was desirable,
therefore, to synthesize structural variants of 7 in
order to determine the relation of structure to biolog-
ical activity.® Analogs of 7 have been synthesized
in which the methylthic group was substituted for
hydrogen at C-2,° amino was substituted for dimethyl-
amino, the aminosugar was varied,’! and pyrimi-
dines were substituted for the purine moiety.!?

This paper is concerned with the synthesis of analogs
of 7 by nucleophilic displacements on 6-chloronucleo-
sides 3 and 14 by amines® and methoxide. 3’-Amino-
3’-deoxyinosine,!314 2, 3’-diamino-3’-deoxyadenosine, 141

(1) B. R. Baker, J. P. Joseph, and J. H. Williams, J. Am. Chem. Soc., T8,
2838 (1954).

(2) Stylomycin@.

(3) J. N. Porter, R. I. Hewitt, C. W. Hesseltine, G. Krupka, J. A. Lowery,
W. 8, Wallace, N. Bohonos, and J. H. Williams, Antibiot. Chemotherapy, 2,
409 (1952).

(4) P. W. Fryth, C. W. Waller, B. L. Hutchings, and J. H. Williams, J.
Am. Chem. Soc., 80, 2736 (1958).

(5) R.I. Hewitt, A. R. Gumble, W. S, Wallace, and J. H. Williams, An#i-
hiot. Chemotherapy, 4, 1222 (1954).

() Ii. J. Tobie and B. Highman, Am. J. Trop. Med., 5, 504 (1956).

(7) P. 1. Bennett, 8. L. Halliday, J. J. Oleson, and J. H. Williams, ‘“‘Anti-
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