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The Synthesis of Analogs of the Aminonucleoside from Puromycin':
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3'-Devxy-3'-phthalimidoadenosine {6}, obtained DLy the action of methanaolic diisopropylamine on t-henz-

amido-3’-phthalimidonurleoside (5), was deaminated to give 3'-deoxv-3'-phthalimidoinosine (7).
phthaloy]l group with methanolie butylamine gave 3'-amino-3'-denxyinosine (3},

midonucleoside (10), shown to be a 8-nucleoside by p.m.r. measurements, and methunnlic butylamine gave 3'-
amino-2-henzamido-3'-denxyadenosine (11) which was converted tu 2,3'-diaminu-3'-deoxyadenosine (4) by

treatment with sodium methoxide,

Because of the trypanocidal® and tumor-inhibiting?*
properties of the aminonucleoside (1) from puro-
myecin, 57 it was desired to synthesize analogs in which
substituents on the purine molety were varied. We
have reported® the beneficial replacement of the 6-di-
methylamino group of 1 by various monoalkylamine
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 7rypancsoma cruzi
are inhibited by several purines, including 2,6-diamino-
purine. 3’-Amino-3’-deoxvadenosine (2),' recently
isolated from culture filtrates of Helminthosporium
sp.,!!' is more active than the puromyvein aminonucleo-
side against a transplanted mammary adenocarcinoma
of the CyH mouse, but it is more toxic: in tissue culture
it 1s 20 times more toxic. However, it is only one-half
ag active as 1 against Trypanosoma cquiperdum in the
mouse.'?  The growth of two veasts is inhibited by 2.1
It seemed desirable, therefore, to synthesize the 3'-
amino-3’-deoxy derivatives of other purine nucleosides,
especially of thosc occurring in nueleic acid.'*  We are
deseribing here the syntheses of 3’-amino-3’-deoxyvino-
sine (3) and 2.3/-diainino-3'-dcoxyadenosine (4).

(1) Stylotiyein®,

(2) Presented in part bhefnre the Divisian of Meilicinat Chemistry, 1370
National Meeting of the Amnerican Chentieal Saciety, Ran Francisen, Cabl..
April 13-18, 1958,

(3) R. 1. tewitt, A. R. Gumbhy, W. 8, Wullsee, and J, . Williawms, Ana-
hint. Chemotherapy, 4, 1922 (1954),

i4) I L. Brurett, & L. Halliday, J. 1. Oleson, and J. 1, Willinng, ** Antj-
Lioties Antal 1963-10A5" Medienl Boevelopeding Tne., Now Yark, N Y.,
1954, . 786-7611, '

(A1) B. R. Baker, 1. I'. Inseph, aud J. L Witliams, J. Am. Chen. Soc., 76,
2838 (1074).

(61 . N. V'orter, Tt L Hewiti, LW, MHesseltine, G Konplka, J. AL Lowery,
W S Wadlace, N, Bubunas, awd T, L Williaoes, Antdhine. Chemothevapy, 2,
409 (1952).

(7)WL Prveh, C0 W Waller, B Lo IDiebives, aud 10 1T, Willitons, JJ.
Am. Chem. Snc., 80, 2736 (14U38),

i8) (u) L. CGabboan, J. W, Marsica, and R. B. Angier, hid., T8, 4171
(1456); (b L. Goblinan and J. W, Macsien, J. Med. Chem., 6, 413 (1963},

(9 M. Nakaura and M. duines, Erptl. 'ararimil,, 2, 37 (1954),

110 (a) B. R, Baker, R. 9. Schienh, unt . M. Kissipan, J. Am. Chenm,
S TT, 4011 (1935); (by K. L Reist andd B0 K. Buker, J. Qig. Chem., 23,
1088 (19481,

(11) N. N, Gerber and H. L. Lechevaticr, (ivd.. 2T, 1751 (LUA21,

(11 R. 1. Hewitt, A, R. Chunhle, and {1 Steinnan, nupublisbed.

(13) 3'-Aminn-3'-leaxyemtavaside and 3'-npiio-3’-denxygianacine wern
svnthesizenl and found to be binhgicatty inpetive [H. M. Kissman, A, S
Haflmuau awd M, J. Wejss, J. Med, Chen., 6, 407 £10G3) |,
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Synthesis of 3’-amino-3’-deoxyinosine (3)'* wax
accomplished by reaction of 3’-deoxy-3'-phthalimida-
adenosine (6)'"* with nitrous acid to produce 3’-deoxy-
3/-phthalimidoinosine (7) which was dephthaloylated
with methanolic butylamine®

3 -Deoxy-3'-phthalimidoadenosine  (6)  wax  ob-
tained'® from the 6-henzamido-3/-phthalimidonucleo-
side dibenzoate 5 by sodium methoxide catalyzed meth-
anolvsis followed by eyvelization of the intermediate
phthalamic acid in refluxing acetic acid and N, N-di-
methylformamide.  An alternate route to 6 was de-
veloped whiclh made use of the selective removal of
blocking groups by methanolie diisopropylamine (i
hindered amine).

We have observed™ that when the 6-chiloro-3"-phthal-
imidonucleoside dibenzoate 8% was allowed to react
with methanolic dilsopropylamine 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 obtained.

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

"14) 3’-Awminn-3’-deaxyitnsine (8) was ahtained by selective diazotization
»f 2'-ainino-3'-denxyvish:nasine (8) at 1217 < 3 and by the actinn nf Takarlins-

tase on 2 IN. N. Cerher, Abstraets nf Papers. 142nd Natinnal Mrvetiug,
Aieriean Chemical Siajery, Septemhor @ 14 (1062), p. 21Q1L.
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NHBz NH, 3-deoxy-3-phthalimido-g-p-ribofuranosyl chloride® in
NN AN refluxing xylene gave 789, of nucleoside 10, which was
. | \> Nk | \> of sufficient purity to be carried through the remaining
N” N NN transformations.

BzOH,.C HOH.C In the proton magnetic resonance spectrum of 10, a
signal from the proton at C-1’ was observed at 3.52 =
as a singlet (Jm/ -,y & 0.5 c.ps.). Using a Karplus

N OBz N OH type equation® the dihedral angle between the H-(C-2")-
N NG (C-1") and (C-2")-(C-1')-H planes was calculated to fall
oC_ _co oc._ _co in the range of 80 to 100°% and hence the C-1/ hydrogen
CeHy CeH, is trans to the C-2’ hydrogen and 10 is a S-nucleoside 2!
5 6

CsH4
7
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 the case. Thus, when 5 was re-
fluxed for 17 hr. with this reagent the N- and O-benzoyl
groups were removed to yleld 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 88%, 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 procedure was used by R. Kuhn and K. Henkel, Z. physiol,
Chem., 269, 41 (1941), for conversion of 5'-deoxy-5'-methylthicadenosine to
5/-deoxy-5'-methylthicinosine.

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

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.?? The formation
of the anomeric nucleoside has been noted in several
instances,®1%2.23 byt 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.2®

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. Jogeph, and R. E. Schaub, J. Am. Chem. Soc.. T7,
5905 (1955).

(19) M. Karplus, J. Chem. Phys., 30, 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-
meri¢ configuration of ribofuranoses see L, Goldman and J. W, Marsico,
ref. 8b.

(22) The “Ci-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, ibid., 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-
gyl)-9H-purine,’®

(25) Reportedis; M2ELE® 915 mu (¢ 25,200), 255 mu (e 9,450), and 880
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 nuclecsides to the 7- or 9-positions of the purine
ring,

(27) E. H. Dearborn, Acta Unio Intern. Contra Cancrum, 15, 76 (1959);
A, W, Vogel and J. D, Hayneas, Cancer Chemotherapy Rept., 22, 23 (1962),
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coma 180, 6C3HED lymphosarcoma, and 72} mammalry
adenocarcinoma in the C;H mouse, were inactive.
These compounds were inactive against Trypanosoma
equiperdum in mice when tested at 4 times the active
dose level of the puromyecin aminonucleoside. 13-
Amino-3’-deoxyinosine (3) did not inhibit the phos-
phorolysis of inosine by rat liver nucleoside phos-
phorylase,”® but instead apparently underwent phos-
phorolysis at about one-fifth the rate of inosine.

Experimental

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

3'-Deoxy-3'-phthalimidoadenosine {6),—A 1ixture of 1.00 g.
(0.00141 mole) of 6-benzamido-9-(2,5-di-0-benzoyl-3-deoxy-3-
phthalimido-g-p-ribofuranesyvl;-9H-purine (53,:° 2 ml. of diiso-
propylamine, and 20 ml. of anhydrous methanol was refluxed for
17 hr. The resulting reddish brawn salution was evaporated to
dryiess in cacuo, the tan glassy residuce was triturated twice with
anhydrous ether, and the ether was decnanted.  The residue, 0.611
g.. was then dissolved by heating in 6 ml. of water and, on stand-
ing, 0.241 g (439%) of tan crystals of 6 were deposited, nip.
224-226° dec. A mixture melting point with authentic 6,
m.p. 227-230° dec., was 224-226° dec.  Camparison nf infrared
spectra showed identity.  Baker, et «/,™ give nup. 228-230°
for 6.

3'-Deoxy-3'-phthalimidoinosine i7i,--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 aeld was cooled to room
temperature. To the solution 0.800 g. (0.0116 molei of sodium
nitrite was added and the solution ullowed to stand at room tem-
perature overnight. The inixture wug chilled hy means of an
ice hath and the nearly colorless crystals of 7 were removed by
filtration, washed with water, and dried at 100°. The yvield af
produet, m.p. 254-256° dee., was 0.200 g, Further chilling
of the mother liquor vielded an additional 0.062 g., giving a
total of 0.262 g. (769 as a hydrate). Recrystallization of the
first crop from aqueous acetic neid gave 0.114 g. of nearly colar-
less crystals, m.p. 247° dec.. [a]®p —151° (¢ 0.03, pyridine):
ALY HCL 94 mp (e 10,9001 AMECE 241 mp (e 10,400); W N Ne0R
252 mpu (e 17,000).

Anal. Caled. for CHisN:s-09H.O: €, 52.4; H, 4.10:
N, 17.0; H.0, 3.93. Faund: C, 52.7; H, 1.09; N, 16.7; H.O
(KR, 4.08.

Reaction af 0.396 g. of 6 with sodium nitrite in aqueous acetic
neid at 75-80° for 15 min. gave a clear solution from which
0.332 g. (84973) af 6 wus recovered.

3’-Amino-3'-deoxyinosine (3).—A mixtiire of 0.500 g. (0.00121
male) of 3'-deoxy-3'-phthulimideinasine (7%, 1.0 ml. (0.74 g.. 0.011

(28) H. M. RKalckar, J. Bsol, Chem., 187, 477 {1047).

(29) The apparent phnspharolysis of 4'-aniine-3'-deoxyinnsine i3). as
preasured by ultimate fornation of urie acid, is also explainable by assui:-
ing conversion of 8 to inosine by a deaminase contaminant of the enzyine
preparation, with subsequeni phosphiorolysis of the inogine.

(30) K. V. Giri and N. A. N, Raoc, Na(ure, 169, 923 (1952).
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umle of butylamine, ;ind 20 ml. of anhydrous methamsl was ro-
fluxed for 18.5 hr. during which time solution resulted and after
about 1.5-2 hr, nf reflux, colorless erystuls separnted.  The cremu-
volared ervstals were retmved by filtretion, washed with metlie-
mal, snd nir-dried. The air-dried 8, vip. 253-255° dev., weighed
0.268 ¢, Chmeentratinn of the mother lguor gave an additivona
0.020 g., mp. 251-252° dee., vielding o total of 0288 g 1800 1
Recrystallization of the first crop frome 12wl of water (nsing
Noritt gave thdd g0 enlorless crvstuls of 8, nnp, 24824407
dee, cthe melting point hehavior depended on the rate of heating i
o= 20.0% 0 020, water): SN e e 1200000
TN g e 2600 AT Y M 0a i e 13,6000,

Awrdd, Caliedl for (G ¥ 3 FA I DR 0 ( RN I

Foaad: O, 15.0: H, L0

2,6-Dibenzamido-9-13-deoxy-3-phthalimido-3-1:-ribofuran-
osyl:-9H-purine Dibenzoate (101.---Pulverized chloromercuri-
2, 6-dihenzanidepnrine® (707 g, 0.119 molet was suspended in
000 il of reagent grale xylene ind refluxed with stirving into «
Deant dard Stark trap to remnve any water present.  To the
Int snspension was added 400 ml of a hiot sylene solution of
A7 g (LI07 mialet of 2,5-di-O-benzoyl-3-denxy-3-phthalimida-
g-v-ribufnranosyl cliloride.®  Refluxing and stirring were ¢on-
timed for wn additional 1.5 e, and the hot suspensian, contuin-
ing un insoluble gum, was filtered.  The insalnble o was
washed well with severnl partinns of Tt eliloroforu. The eani-
Dined filtrate and washings were washed with 330 1wl of 307,
potangsini sdide i two portions, followel Dy 200 wl, of water.
The separated argmie plinse was evaporated to deyness (o racen
tooa tan glass which was dissolved in ethyl avetate and filterel
to renmve sne salihl, The filtrte, onoevirporation O meoen
gave LD o TS s emnde 10 as o tan gliss, |
fe2  CHOL

Lacd. Cabedl or Cldn N G, 66,7
Found: €, 639 I, L4l N, 101

3'-Amino-2-benzamido-3'-deoxyadenosine (11},~-A mixture of
4.00 g. (0.0048%4 nole: nf 2.6-dibenzamido-9-(3-deoxy-3-plithal-
imido-3-p-riby furanosv =94 -purine  dibenzoate (103, 5 ml. of
anhydrons methmml, and ©.5 ml ol butylamine was refluxed for
K5 e The resulting dark red snlution was evaparated ta dryv-
ness v e beogive aoervstalline residue fromn which saqueons
etluuml was distilled several tinnes ty remave methyl benzate.
The residual tan erystals were extraeted by trituration with fonr
Th-ml portions of hot hentane, leaving 1,55 g of crwle 11 as
actin o slids A sobnthon ol LA4 g of vende 11 in 80 1al. of meth-
arml water 1200 was pussed  through a calumm eoutpdning
20 g of TRC-5D i H  presiin, The eohinnn was washed with 11 of
wetlonnl-wanter 12015 and the eflluent caolleeted in 2 equal Irae-
tioms, the lst containing little altraviolet absorbing material.
The enlamu was thien eluted with 750 ml. of methanol-2 N am-
ummnium hydmxide {2015 and 3 Iraetions were collected.  The
ponted nrmnonin fractions were evaparated to devness ir vaceo
to give 1.20 g of thy crvstals, nnp. 155-1060° with previous sinter-
ing.  Recerystullizativn from aqueous ethannl gave 0401 g
200700 11 as tanoervstals, oy, 144-157°0 Chromatography ™
ane Whatian N 2 paper in lmtanol- acetic acid--water £2:1: 1.4
gave, whel exnmine wder ultravinlet light, a vellaw fluoreseing
spot {1 0.78) enrresponding to 11, and a trace of o blue fluorese-
ing spat 2 D630 enrresponding 2,4 -diaumina-3 -dexoyaden-
sitte 140

A sample (0241 g, reerystallized three times from aqueons
N\ N-dimethylformamide ¢ Nariti, gave 11 as nearly colorless
ervstals, nnp. IT2A0-170°%0 del®n $07.6° (e 052, MeOH &
AT ONR i fe 14,3000 272 mu (e 22,000), Anp 290 mpg (e
13,0000 AT 205 (20,2000 271 mu (e 15,8000; ALY T 270
g (e 16,2000 The welting point was found to vary consideralily
with the anmunt of hydration.

Jdaal. Caled. for CrpHaN:O-0.25H00: €, 52040 H, 504
2520 Fomml: Co52.0, 82000 HLA67, 2400 N, 25,2

A\ 12 g sample o 10 was reflixed with methanolie bartylaniine
{or 17 hir. to give 426 @ (8777 ol crude 11, Chromatography as
almve showed this materinl to ronsist vf 11 (/27 0.74) as the main
entmpunent and a lesser amount al 45 R7¢ 0.61). Twa additional
unidentified components i light blie luarescence with £ 0.51 and
vellaw fluorescence with 2: 0.00) were present in small ninount.
This materiad was nsed in the next step.

2,3 -Diamino-3 -deoxyadenosine (4;. --A solution of 4.00 g
0.0104 mmler nl erude 3'-amino-2-henzamido-3'-deoxyadenosine
(115 in 40wl of methanol eantaining 1.0 ml. of N methanolic
soditnr methnyide was reflilved for 21.5 br., 3.0 ml. of N methu-

By~ TN
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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 4n 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°
dee.; [a]®p —28.9° (¢ 1.04, Hy,0); A\2® 215 mu (e 23,800), 256
myu (€9,200), 279 mu (€ 9,750).

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

Anal. Caled. for CioHisN:O;: 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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tions, Dr. A. Vogel for antitumor assays, Dr. R. I.
Hewitt for antitrypanosome assays, and Mr. J. C.
VanMeter for enzyme inhibition studies.
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Blocked 6-chloro-3’-aminonucleosides (3, 14) were synthesized and found to be excellent intermediates for the

preparation of analogs of the puromyein aminonucleoside (7).
and secondary amines in methanol with simultaneous removal of the O-benzoy! 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 NN, N -

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

9-(3-Amino-3-deoxy-B-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, 415

(1) B. R. Baker, J. P. Joseph, and J. H. Williams, J. Am. Chem. Soc., T6,
2838 (1954).

2) Stylnmycin@.

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