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bulbar plexuses 3 to 5 hr after dosing were assayed®
for blood glucose using the method of Hoffman® as
adapted for the Technicon AutoAnalyzer. All the
indolylpyridinium salts in Table II produced a hypo-
glycemic effect. Blood glucose was maximally reduced
32-919%, by these compounds.

Experimental Section®

1-Alkyi-3-(4-pyridyl)indoles.—To a stirred mixture of 1.25 g
(0.029 mole) of NaH (559, dispersion in mineral oil) and 4.85 g
(0.025 mole) of 3-(4-pyridyl)indole (6) in 20 ml of DMF was
added a solution of 0.025 mole of the appropriate alkyl halide
in 10 ml of DMF. This mixture was stirred at room temperature
for 16 hr, and poured onto cracked ice. The mixture was acid-
ified with dil HCI and washed with Et,:0. The aq solution wax
made basic with dil NaOH and extracted with CHCIl;. The
CHCI; solution was dried (MgSO,) and concentrated under
reduced pressure to the crude product which was purified by dis-
tillation and/for recrystailization. Compounds 12-14 were
obtained by this procedure and are listed in Table I.

3-(4-Pyridyl)indoles.—To 0.02 mole of commercially available
indole was added slowly 7.3 ml (0.022 mole) of 3 M ethereal
MeMgBr. After gas evolution had subsided, a solution con-
taining 0.03 mole of 4-chloropyridine in 20 ml of Et;O was added
to the mixture. This mixture was heated in a glass lined bomb
at 160° for 20 hr. The reaction mixture was poured into a solu-
tion of 3 g of NH,CI i 150 ml of H:Q. The Et.O phase was
separated and the aq mixture was extracted with CHCl;. The
combined organic extracts were dried (MgSO,) and coucentrated
under reduced pressure to the erude produets. Purification was
accomplished by absorption chromatography (ALQO;) and/or
recrystallization. Compounds 21-24 were obtained by this pro-
cedure, and are listed in Table I.

4-(3-Indolyl)pyridinium Salts.—The quaternary saits listed in
Table II were prepared from the corresponding 3-(4-pyridyl)-
indole bases listed in Table I by heating with an alkyl halide in a
refluxing aleoholic solvent? or in a glass-lined bomb.

(8) W. 8. Hoffman, J. Biol. Chem., 120, 51 (1937).

(9) Melting points were determined in a Hershberg apparatus and are
uncorrected. Microanalyses were performed Ly Mr. L. M. Brancone and
staff; where analyses are indicated only by svmbols of the elements, analyti-
cal results obtained for those elements are within =#=0.4% of the theoretical
values.

Folic Acid Analogs. II.
p-{[(2,6-Diamino-8-purinyl)methyllamino -
benzoyl-L-glutamic Acid
and Related Compounds!
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Midwest Research Institule, Kansas City, Missowr? 64110, and
University of Missouri—Kansas City, Kansas City, Missourt 64110
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The biogenetic relationship between purines and
pteridines has been deseribed.? Since 2,6-diamino-
purine, which inhibits the growth of leukemia,® is

(1) (a) This investigation was supported by Contract No. PH-43-65-64
with Chemotherapy, National Cancer Institute, of the National Institutes
of Health, Public Health Service: (b) presented in part before the Division
of Medicinal Chemistry, 158th National Meeting of the American Chemical
Society, New York, N. Y., Sept 1969 (Medi 68).

(2) (a) A. Albert, Biochem. J., 65, 124 (1957); (b) E. Vieira and E. Shaw,
J. Biol. Chem., 286, 2507 (1961): (c¢) F. Weygand, H. Simon, G. Dahms,
M. Waldschmidt, H. J. Schliep, and H. Wacker, Angew. Chem., 78, 402
(1961): (d) W. 8. McNutt, J. Biol, Chem., 388, 1116 (1963): (e) W. S.
McNutt and 8. P, Damle, tbid., 389, 4272 (1964): (f) A. W. Burg and G.
M. Brown, Biockim. Biophys. Acta, 117, 275 (1966): J. Biol. Chem., 2483,
2349 (1968).

(3) J. H. Burclienal, A. Bendich, G. B. Brown, G. B. Elion, G. H. Hitch-
ings, C. P. Rlwdes, anid O, C. Stock, Cancer, 2, 119 (1949).
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bound more tightly to dihydrofolic reductase than most
pteridines,* and since the 2,6-diamniopurine analog of
pteroic acid is more inhibitory to the growth of some
bacteria than the parent 2,6-diaminopurine,® synthesis
of the 2,6-diaminopurine congeners of aminopterin and
methotrexate, Ia and Ib, was investigated.

$OOH
H
HN<~ NN CH:N—Q—CONHCH
YT |
Na N R (CH,),COOH
NH,
Ja,R=H
b.R=CH,

A search of the literature revealed that, of the purine
analogs synthesized in this group, the caffeine and the
theophylline analogs of folic acid and pteroic acids have
been reported.? These compounds were found to be
without activity against the 8-810, Ca-755, and L-1210
tumor systems.® The guanine” and 2,6-diamino-
purine>® analogs of pteroic acid as well as the 2,6-di-
aminopurine analog of homopteroic acid® were also
prepared. The 2,6-diaminopurine derivatives were
reported to be as inhibitory against dihydrofolic
reductase as the parent 2,6-diaminopurine.®

Theoretically, two possible routes can be applied for
the synthesis of compounds of this type. One utilizes
the condensation of a 2,6-diamino-8-halomethylpurine
with the appropriate p-aminobenzoyl compound; the
other involves the reaction of 2,4,6-triamino-5-halo-
acetamidopyrimidine with the respective p-aminobenzoyl
derivative with subsequent cyclization to the corre-
sponding purine. Both routes were fruitful. Baker
and Santi® prepared 2,6-diamino-8-hydroxymethyl-
purine (ITa) by the treatment of 2,4,5,6-tetraamino-
pyrimidine with glycolic acid. Attempted bromination
of Ila by these investigators was not successful. This
was also found to be true in our hands. Nevertheless.
a procedure reported for the chlorination of 2-methyl-4-
amino-3-hydroxymethylpyrimidine with thionyl chlo-
ride in dimethylformamide® was adopted for the chlo-
rination of ITa. The resulting product IIb was then
caused to react with appropriate p-aminobenzoyl
derivatives to yield Ia, Ib, and related compounds.

- \ H u \ T
H.N YI\ ' N\”/CHSX H,N Yl\ ' NH,
Ny N Nx NHCOCH,X

NH. NH.
lla, X =OH Illa, X = Cl
b, X =Cl b. X = p-NHC,H,COOH

¢, X = p-NHCH,COOH

Treatment of 24,5 6-tetraaminopyrimidine with
chloroacetic acid followed by condensation of the
resulting 5-chloroacetamidopyrimidine (I1la) with
p-aminobenzoic acid yielded IIIb. Cyclization of IIIb
gave the diaminopurine analog of pteroic acid Ile.

(4) S. F. Zakrzewski, J. Biol. Chem., 238, 1485 (1963).

(6) G. B. Elion, G. H. Hitchings, and H. VanderWerff, ibid., 192, 505
(1951).

(6) H. Zimmer and R. Atchley, Arzneim. Forsch., 16, 541 (1966).

(7) W.T. Caldwell and C.-S. Cheng, J. Amer. Chem. Soc., TT, 8631 (1955).

(8) B. R. Baker and D. V. Santi, J. Heterocycl. Chem., 4, 216 (1967).

(9) L. Suranyi and H. Wilk, Gerinan Patent, 1,150,987 (1963); Chem.
Abstr., 60, 29715 (1964).
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Compound Ia was then readily obtained from 1lc¢ by
employing the mixed anhydride method.

Compounds Ia and Ib were found to be without
netivity against the leukemia L-1210 system.!! For
direct comparison, antileukemic test results of p-{ [2.4-
diamino-5-pyrimidinyl)methyl Jamino { benzoyl- 1. - glu-
tamic acid!*(IV) and the corresponding N-methylamino-
benzoyl-L-glutamic acid derivative!? (V) ngninst leuke-
mia [-1210, which were not reported in the preceding
communication,’ are listed in Table . The concen-
tration for 509 inhibition aguinst chicken liver dihydro-
folic reductase!® for compound In was found to be 2.8
X 10+ 3/ and for Ib wus 6.7 X 10 3/, which suggests
that these purine derivatives are less inlubitory toward
this enzyme than the corresponding pyrimidine deriva-
tives,'?

TapLy [
ANTILEUKEMIC TrsT RESTLTS OF PURINE AND PYRIMIDING
CUNGENLERS OF AMINOPTERIN AND METHOTREXATL
vs. LEvkrMmin L-1210

Wt diff Test,
Drnse {test — Control

Compeel (ing/kg) Survivors rontrol) i)
Ta 400 12,12 —-2.1 102
1b 100 12:12 1.0 108
1Y 900 6.6 —~1.8 33
600 66 -2 39
400 1818 ~ 1.0 144
200 212 —u. 125
100 12,12 -~1.5 129
V 400 1212 —1.3 120

« wee ref 11.

Experimental Section'*

2,6-Diamino-8-hydroxymethylpurine (Ila).—This componud
wus prepared from 119 g (0.50 mole) of 2,4,5,6-tetraaminopyrimi-
dine sulfate and 152 g (2.0 mole) of glycolic acid by the procedure
described for the preparation of the acetate of I1a® with the excep-
uon of the isolation proecedure, The syrupy reaction mixture
was extracted three times with 800-ml portions of Et,0 and the
remainder was dissolved in 1 1. of H;O. The pH of the solution
was adjusted to 9 with NH,OH. On cooling, 72 g (73%) of
2,4,6-triamino-s-glycolamidopyrimidine was isolated, mp 255°
dec. A small amount was recrystallized from H,O for analysis;
mp 255° dec; AL 271 mig (e 9,900); AR 240 my (e 5,800);
AL 265 mu (e 16,800).  Anal. (CeHiNeO:) C, H, N.

A solation of 70 g (0.35 mole) of the glycolamido intermediate in
500 mi of 2.V NaOH was refluxed for 6 hr.  The reaction mixture
was cooled and acidified to pH 5 with AcOH. The precipitated
pale yellow solid was collected by filtration to give 45 g (71%)
of Ha, mp >360°. Recrystallization from AcOH gave snalyti-
catly pnre material: Ay’ 241 mg (e 9,200), 283 (11,000); AH»
241 g (5,400), 283 (7,900).  Anal. (CsHNO) C, H, N.

2,6-Diamino-8-chloromethyipurine (IIb).—T0 a suspeunsion of
Qg (0.05 mole) of ITa in 530 ml of DMF was added portionwise 10 1l
(16.6 g, 0.14 mole) of SOCL; at room temperature. The resnlting
=alintion wns heated at 60-70° for 3 hr and subsequently allowed
Lo =tand ul room temperature overnight. The solution was then

v10f 00 10 DeGraw, . TP Marsh, Ir., B, M. Acton, O, P, Crews, C. W,
Mosleer, A, N, Fuiiwara, and L. Goodman, J. Org. Chen,, 30, 3404 (1963).

¢11) Test results were provided hy contract screeners of Cancer Chemno-
thierapy National Service Center. Detailed interpretations of test data are
provided in Cancer Chemother. Rep., 28, 1 (1962).

(12) L. T. Weinstock, D. E. O'Brien, and C. C. Cheng, J. Med. Chem.,
11, 1238 (1968).

(13) M, P. Mertes and N. R. Patel, ibid., 9, 868 (1966). We thank Pro-
fessor Mathias P. Mertes of the University of Kansas for providing the in-
formation of dihydrofolic reductase inhibitory test.

1y 14) All mielting points (corrected) were taken on a Thomas-Hoover
ineltilg peint apparatus.  Uv spectra were determined witle o Beeknuaa
DRe? spectrophbotonceter,  Wlere analvses are indicated only by syudiols
of tlre eleocerts. analydieal results obtained for tliose elements were within
4+0.4'% of the theoretical values.

\'l)ll,}»

evaporated wn pwciuo and the residue iritnrated with EtOAc 10
give a vellow solid. The product was rapidly collected by filirn-
tion.  Due to the hygroscopic nuiure of this material, 11 was
nsed lnmediarely for the prepuaration of i1he p-nminvbenzoyl
derivatives.

24,6-Triamino-5-chloroacetamidopyrimidine (IIla).--\ fincly
ground mixture of 24 g (0.1 mole) of 2,4,5,6-tetranminopy rimidine
silfate and 47 g (0.5 mole) of CHCICO,H wis heated nuder re-
duced pressure (waier aspirator) on a steamn bath for | hr. The
resulting prodiet wis cooled and extriacied rthree times with 300-
ml portions of t.0. The remainder was dissolved in 300 mi of
HeO.  The pH of the aq solution wius adjusted to 8, a1 which
point a yellow solid precipitated. This was collecred by filtra-
tion 1o give 11 g (5147) of la, nip 245-247° dee. This
material wins nsed in subsequent renctions withow further puri-
fiention,

-+ 1(24,6-Triamino-5-pyrimidiny!)carbamylmethyl] amino | -
benzoic Acid (IlIb).-~A mixire of 4.5 g (0.021 mole) of H1a and
5.7 g (0.042 mole) of p-uninobenzoic acid in 240 mil of 10 wis
refluxed for i hr.  During this time 1he solid renctams slowly
dissolved followed by gradaal precipitation of the product. h
was collected by filtration from the still hot reaction vixture mud
dissolved in 200 ml of HyO. The pH of the aq solntion was ad-
justed to 10 with NaOH. The solntian was henred o 60707,
purified with charconl, and filtered. The filtinre was aeidified
with AcOH 1o give 4 g (60'7) of pure IIIh:  mp 305-307° dee:
AT mg e 19,000): NE 205 mp e 12,7000 AE ¢ 26T nig
1;6 25,‘00) Anal. ((113111;,&7()3) (,:, }[, ,V.

p-1{(26-Diamino:8-purinyljmethyl]amino {benzoic Acid (llc:
Method A.-—A solution of 7.5 g (0.024 mole) of ITIb i 160 mi of
0.1 ¥V NaOIl was refluxed for 16 . The mixire was purified
with charcoul and fihered. A pale vellow solid, which was
formed apou acidification of the filrate with AcO, was collecred
by filtration.  The produact was purified through three snecessive
reprecipitations from aq NaOH with AcOH to give 3.5 g (497, 7,
mp 330-333° dec. The uv spectrn of this produet are s ex-
pected.  Anal 1CHEN-O.C) H, N,

Method B.—A solution of 6.0 g 10.025 mole) of 1Lb and 1.7 ¢
(0.049 wole) of p-minobenzoic acid in 250 mil of abs EaOH
wis refluxed {or 16 hr. The HCE <aly of the prodner gradually
separated from the hol rexction mixtnre.  This was collecred,
dissolved 1n g NaOH, aid reprecipitared with AcO 10 give
2.5 gof Tle. The melting poinn, nyv aidd ir spectra were Tomd (o
be identicul with those of TIe prepared by methad A and similar
10 those reporied by Baker and Saunii®

Ethyl p-{[(26-diamino-8-purinyl)methyl]aminobenzoate (ii.
X = p-NHGH,COOC:H;). A solution of 4.1 g 10.025 molei of
ethyl p-amninobenzoate and 3.0 ¢ (L0125 moled of b in 250
of abs IMOH was retlnxed for 16 hr. The reaction mixbire wies
evaporated under redinced pressure and the residuce dissolved i
250 mb of H,0O.  The pH of the aqg solation wies adjasted vo 4 widh

NHOH. The solid producr which separnred was collected by
filtration.  1i was reerystallized from MeOH-11.0 10 give 1 g

12501 of the product:
29,5005 AMTT 240 mg (e 10,1000 A
Anal. (CiHiENO. C) H, N
p-{1(2,6-Diamino-8-purinyl methyl]-\"-methylamino ! benzoic
Acid (II, X = p-CH;NCHCOOH).—A solniion of 12 g 10.05
mole) of 1b und 113 g 0.075 mole) of p-NV-meihyluminobenzoie
seid i 250 ml of wbs EeOF was refluxed for 48 he. The HOCH
salt of the product, which precipivated frounr the hol rewetion
wixtnre, was eollected by filiration 10 give 9 ¢ OO0, viekd;
mp 277-280° dee. This was dissalved o hot 110, made alkalive
with NaOIH, wmeated with charconl, and reprecipitmed with
AcOH to give 6 g (367.) of product:  1mp 330-334° dec; AL
300 mu (e 28,7003 A% 245 mu (e 10,900); AL 208 ng e
28.200).  Anal. (CulnN;0:-0.5H00 C, H, N,
p-}[(26-Diacetamido-8-purinyl)methyl|-\ - acetamido{ben-
zoic Acid.—A mixture of 4.0 g (0.013 mole) of 1Tc in 50 mil of Ae,()
was refluxed for 16 hr. The resnlting solid was filtered from the
hot, reaction mixture and washed successively with H,0, ItO}H,
aund Me,CO. The brown solid was reerystallized from AcOH to
give 3 g (559%) of the product as a monohydrate, mp 275-278°
dec.  Anal (CisHipN:0,-H0)C, H, N,
p-1{[(2:6-Diamino-8-purinyl )methyl] amino } benzoyi-L-glu-
tamic Acid (Ia). Method A.~-A solution of 3.0 g (0.0125 mole) of
11b and 6.7 g (0.025 mole) of p-aminobenzoyl-1-ghitamic acid i
125 ml of DMFE containing a fow ervstals of K1 was heated be-
1ween 70 und S0° for 16 . The resulting solntion was eviapo-
rated under reduced pressnre and the residne was dissolved in

mp 272-275° deer AP 202 g e
200 mg fe 29,1001
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250 mi of H:O. A gummy precipitate was produced when the
pH of the aq solution was carefully adjusted to 4. The mixture
was allowed to stand for 2 hr at room temperature, the superna-
tant liquid was decanted, and the residual gum was triturated
with abs EtOH to give 1.2 g (18%) of Ia, mp 204-207° dec.
The product was recrystallized from a large volume of H,0O
and dried in vacuo at 135° to yield analytically pure product:
nip 235-237° dec; AML' 288 myp (e 27,800); NP 245 myu (e
12,400); A%5,™ 290 mu (e 29,100).  Anal. (CisHxNs0:) C, H, N.

Method B.—A solution of 7.4 g (0.025 mole) of dimethyl p-
aminobenzoyl-L-glutamate,®® 3.0 g (0.0125 mole) of IIb and a few
crystals of KI in 250 ml of abs EtOH was refluxed for 16 hr. The
resalting solution was evaporated under reduced pressure and
the residue was dissolved in 250 ml of H,O. The pH of the ag
solution was adjusted to 89 with NaHCO; which caused the
precipitation of a gammy substaiice. No attempt was made to
isolate the diester intermediate. The aq layer was decanted and
to the residual gnm was added 200 mi of 1 ¥ NaOH. The mix-
tare was allowed to stir at room temperature for 2 hr. The pH
of the solution was carefully adjiisted to 4 with 6 ¥V HCI at which
poiut the product precipitated. It was purified by recrystalliza-
tion from H.0 to give 1.1 g (17¢%) of Ia. The product was found
to be identical with that prepared by method A.

Method C.—To a solution of 3.1 g (0.007 mole) of p-{{(2,6-
diacetamido-8-purinyl)methyl]-¥-acetamido]benzoic acid in 250
ml of DMF cooled at 0° was added 0.7 g (0.007 mole) of Et;N
followed by 0.8 ml (0.007 mole) of ethyl chioroformate. The
niixture was stirred at 0° for 1 hr. A solution of 1.5 g (0.007
mole) of dimethyl r-glutamate-HCI and 0.7 g (0.007 mole) of
Et;N in 50 ml of DMF was then added to the mixture. The
resulting suspension was stirred for 20 hr at room temperature.
Excess solvent was evaporated under reduced pressure at ca.
45°, To the residue was added 200 ml of 1 ¥ NaOH. The
resulting dark solution was refluxed for 30 min, purified with
charcoal, and filtered. The filtrate was acidified with 6 ¥ HCl
to give a light yellow solid, which was recrystallized twice from
H,0 to give 1 g (33%,) of Ia. The product was found to be
identical with that prepared by method A.

p-{ [(2/6-Diamino-8-purinyl)methyl] - -methylamino } ben-
zoyl-L-glutamic Acld (Ib).—A solution of 34 g (0.1 mole) of diethyl
p-methylaminobenzoyl-L-glutamate,* 17 g (0.075 mole) of IIb, and
a few crystals of KI in 500 ml of abs EtOH was refluxed for 48 hr.
The reaction mixture was evaporated under reduced pressure
and the diester intermediate was saponified by stirring the residue
with 200 ml of 1 N NaOH at room temperature for 2 hr. The
solution was then acidified to pH 4 with 6 N HCI and a gummy
substance was formed. After decantation of the supernatant
liquid, the residual gum was triturated with absolute EtOH.
The resulting yellow solid was collected by filtration to give 10 g
of crude product. Recrystallization from H,O gave, after being
dried at 135° in vacuo, 4.5 g (129%,) of analytically pure Ib:
mp 216-218°; A% 202 mp (e 29,200); A% ' 249 mu (e 13,200);
)\?:ixu 295 my (E 32,800) Anal (CmszNsOs) C, H, N.
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Sodium Tyropanoate,' a New Oral
Cholecystographic Agent
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Cholecystography is the roentgenographiec visualiza-

tion of the gallbladder after an administered radio-
opaque substance or its metabolite has been secreted in

(1) Bilopaque.
(2) (a) Deceased; (b) author to whom inquiries should be addressed.
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the bile and collected in the gallbladder. We wish to
report that sodium 3-butyramido-a-ethyl-2,4,6-tri-
iodohydrocinnamate, sodium tyropanoate! (5), showed
favorable characteristics in laboratory studies as an
oral cholecystographic agent.

R
(1:2Hs LH
CH,CHCO,H 2,COH
I 1 3,COCH;,
4,COC,H;
NHR 5, CO(CH,),CH; (Na salit)
1 6, CO(CH,),CH,

7,CO(CH,),CH,

Sodium tyropanoate (§) is a derivative of iopanoie
acid (1) and was found to excel iopanoic acid and other
oral agents®~!° in one or more laboratory studies.
Table I compares the acute toxicities in mice and the
average cholecystographic indexes!! (ACI) in cats of
Na tyropanoate and other agents. Both iv and oral
toxicities are given in Table I although there are short-
comings in the comparison of compounds by each
method. Since only oral administration is used in the
clinic for these agents, there is not necessarily a direct
relationship between the acute iv toxicity and the ad-
verse effects observed in the clinic. The acute oral
toxicities may be ineffective for comparison purposes
because of the difficulty of giving a massive dose which
is required to produce mortality in animals in a manner
which corresponds to the clinical administration. The
method of Hoppe and Archer!! was used for determining
the acute oral toxicities reported in Table I. This con-
sisted of administering the materials as a powder sus-
pended in H,O with gum tragacanth in a volume of
0.5 = 0.35 ml by stomach tube. In the clinic iopanoic
acid is administered in tablets and Na tyropanoate in
capsules. Large variations in the acute oral toxicity
can exist from sample to sample for some agents. For
iopanoic acid the toxicities varied from 6.6 to 15.8
g/kg (24 hr) and 5.9 to 13.9 g/kg (7 days) for a series
of more than 10 samples. Most 7-day values were
between 6 and 10 g. The reason for this broad range
was not readily determined. It is speculated that the
cause is a combination of differences in particle size and
crystalline habit. Other workers reported acute oral
LDjo values of 5.12'2 and 3.87!% g/kg in mice for iopanoic
acid but did not describe their methods.

With samples of Na tyropanoate (5) values in the
acute oral LDyj, toxicities ranged from 4.8 to 16.3 g/kg.
This variation is believed to be due to different methods
of erystallization which produced crystals with different

(3) E.A. Graham and W, H. Cole, J. Amer. Med. Ass., 82, 613 (1924).

(4) M. Dolirn and P. Diedrick, Deut. Med. Wochenschr., 66, 1133 (1940):
N. Kleiber, ibid., 66, 1134 (1940): K. Junkmann, Klin. Wochkenschr., 20,
125 (1941).

(5) T.R.Lewisand S. Archer, J. Ame¢r. Chem. Soc., T1, 3753 (1949).

(6) D. Papa, H. F. Ginsberg, I. Lederman, and V. DeCamp, <bid., 78,
1107 (1953).

(7) M. Chao and P-C. Hu, Hua Hstieh Hsiteh Pao, 28, 361 (1957); Chem.
Abstr., 62, 154679 (1958).

(8) H,Priewe and A. Poljak, Chem, Ber., 98, 2347 (1960).

(9) British Patent 870,321 Chem. Abstr., 88, 24683/ (1961).

(10) J. A. Korver, Recl. Trav. Chim. Pay-Bas, 87T, 308 (1968).

(11) J. O. Hoppe and 8. Archer, Amer, J. Roenigenol. Radium Ther
Nucl, Med., 69, 630 (1953).

(12) R. Shapiro, Radiology. 60, 687 (1953),

(13) K. Winzer, H. Langecker, and K. Junkmann, Aertzl. Wochensekr.,
9, 950 (1954),



