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I. The Antitumor and Folic Acid Reductase
Inhibitory Properties of 6-Substituted 2,4-Diamino-5-arylazopyrimidines’

Potential Folic Acid Antagonists.
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A 1number of 6-substituted 2,4-diamino-5-arylazopyrimidines (I) have been synthesized by conventioial
techniques. Their folic acid reductase and tumor-inhibitory potencies have been determined. The most po-
tent inhibitor of folic acid reductase was found to be 2,4,6-triamino-5-phenylazopyrimidine. A structure-
activity relationship is advanced for the folic reductase inhibitory activities of these compounds. No correlation
could be ohserved between the folic reductase and tumor-inhibitory properties of the 5-arylazopyrimidines
studied.

offer scope for the design of selectively and specifically®
acting antitumor agents. The geueral method of
preparation of compounds listed in Table T was that
described by Timmis and co-workers and involved
coupling the diazotized amine with 2,4,6-triamino-
or 2,4-diamino-6-chloropyrimidine in aqueous solution

As part of a general program intended to study sub-
stituted pyrimidines as antitumor agents, a number
of 6-substituted 2,4-diamino-5-arylazopyrimidines (I)
have been syuthesized.

NH,

N=N @R’ at pH 6-7. The reaction was found to proceed satis-

j\i;i factorily,” although IIT and VII proved difficult to
HNUNR prepare in analytically pure condition, aud substantial
L a losses occurred with the necessary repeated recrystal-

Iﬁ’,ﬁ - ng ﬁ - §8§%H2 lization. The 6-N-substituted compounds were pre-
e, R = NH:: R = CO:H pared from the 6-chloropyrimidines (III and IV) and

the amine in ethanolic solution at 100°. On cooling,
the desired compounds crystallized in a high state of
purity.

There have been a number of previous reports of the
synthesis and biological properties of 5-arylazopyrimi-
dines, The laboratories of Timmis,? Modest,® and
Tanaka* independently synthesized and evaluated a
number of S-arylazopyrimidines and, on the basis of
growth inhibitory properties in a number of micro-
biological systems (Streptococcus faecalis, Lactobacillus
caset, and Escherichia col?), concluded that this group
of compounds had antifolie properties. More recently,
Roy-Burman and Sen® have examined additional mem-
bers of this series aud have also concluded that
the 5-arylazopyrimidines are folic acid antagonists.
Tanaka, et al.,* reported the antitumor action against
the Yoshida sarcoma of several 5-arylazopyrimidines
and found significant growth inhibition with Ia—c,
In vitro studies with a chick liver preparation demon-
strated the inhibitory effect of some 3-arylazopyrimi-
dines on the conversion of folic acid to citrovorum
factor, probably through the inhibition of formation of
tetrahydrofolate.

The 5-arylazopyrimidine structure thus appeared to
offer interesting possibilities for the design of inhibitors
of one or more stages of folate metabolism and, by the
appropriate substitution of alkylating groups, also to

Results and Discussion

Enzyme Studies.—A summary of the inhibitory
effects of the 5-arvlazopyrimidines oun folie acid re-
ductase (from rat liver) is given in Table II. The wide
rauge of activities of these compounds aund the low
activity of 2,4,5,6-tetraaminopyrimidine indicates that
reductive cleavage of the 5-azo linkage is not a pre-
requisite for biological activity. In fact, preliminary
data indicate that, in contrast with azobenzene ana-
logs, 5-arylazopyrimidines are resistant to reduction
by rat liver homogenates.?

The [I]/[S] ratios for 309, inhibition provide a
convenient numerical manuer for denoting changes in
the affinity of an antagonist with structure since, under
appropriate conditions, ([I1/[S])s = Ki/Kn, where
K; is the binding constant for the inhibitor and K, is the
binding constant for the substrate (in this case folic
acid). The validity of the above expression has been
discussed by Webb® who has pointed out that the
([I1/[SDs ratio is dependent upon substrate concen-
tration, but that the ratio approaches K;/K,, at high
substrate coucentrations ([S] > 5Kp,). In the studies
reported here the concentration of folic acid employed
was 8 X 1075 M and the K., for folic acid was found
to be 6.2 X 1078 We are thus justified in employ-
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TaBLE II
ANTITUMOR AND FoLric Acip REDUCTASE DaATaA
Folieaeid Antitumor activity f—————
reductase Mouse % body
inhibition® toxicity,b Rat toxicity,® Dose, wt,
No. (N1 [SDhso mg./ kg, mg./kg. q.d. 5-9 mg. ke, q.d. 5-9 change® T,C/
II 0.001 170 80 50 -1 0.6
Iv 4.0 >1000
A% 0.011 >1000 >400 400 +1 0.3
VI 1.1 500
VII 1.8 >1000 >100 100 +18 1.05
VIII 1.69 80 220 200 —-13 0.24
100 +16 0.9
IX 3.73¢9 400 >200 200 +20 0.93
X 0.125 >1000 >200 200 +18 1.1
XI D.1 240
XII 0.17 290
XIII 0.15
XIV 0.125 170
XV 9.0s >1200 >400 400 +10 0.35
XVI 1.4 180 140 100 —-13 0.18
TAP* 5.0 600
¢ Ratlo of concentration of inhibitor required for 509 iithibition of enzyme activity to concetitration of substrate (see text). © Ap-

proximate acute LDs, (see Experimental Section).

¢ Against established Murphy-Sturm lymphosarcoma.
control tumors, estimated on day 12.
of [I]5 directly. * TAP = 2,4,5,6-tetraaminopyrimidine.

ing the ([I]/[S])s ratio as a measure of relative change
in K;. The K; for 2,4,6-triamino-3-phenylazopyrimi-
dine (IT) obtained from this expression was 6.2 X
10— 37/, Analysis of data for this compound using
the procedure of Lineweaver and Burk® (Figure 1)
gave a K; of 1.4 X 107% 1/, in reasonable agreement
with the value obtained by the more approximate tech-
nique. TFurthermore, the data of TFigure 1 indicate
that II is a competitive inhibitor of folic acid reductase.
From this study aud the previous studies of Timmis,
et al.,? we conclude that the compounds described in
this paper are (with the possible exception of XVI,
Tables I and ITI) competitive reversible antagonists of
folic acid reductase.

TasLe III
LErrEcT oF PREINCUBATING FoLic Acid REDUCTASE
WITH 5-ARYLAZOPYRIMIDINES?

~—~——4 -hr.°
No.b A B A B A B

——=2 lIr.f——

XI 94/95 93/95  S$6/91 85/88  78/80 70/75
XII 95/95 94/95  90/91 88/88  78/80 T4/75
XIII 82/80 65/68
XIV 95/95 79/80
XV 03/94 92/91  89/89 82/80  75/75 68/65
XVI 90/94 88/91  83/89 78/80  62/75 49/65

¢ Actlvity of enzyme after preincitbation with inhibitor (1u-
merator) or without itthibitor (denominator) expressed as per cent
of activity at O hr. ? See Table I for formulas. ¢ Time of prein-
citbation before adding substrate. A and B are separate experi-
mettts. [S}] = 8 X 10-% M, {I} is sufficient to produce 209,
inhibition at zero time.

Comparison of the structures of 3-arylazopyrimidines
and folic acid reveals that the benzene ring of the in-
hibitor molecules is two atoms closer to the pyrimidine
ring than in folic acid. The benzene ring of the in-
hibitor sand substrate molecules cannot, therefore,
bind to the same site on the enzyme. In view of the

(10) H. Lineweaver and D. Burk, J. Am. Chem. Soc., 56, 658 (1934).

© Approximate LDs, 5 daily doses on days 5-9 (see Experimental Section).
¢ Weight of rats on day 5 taken as 100%.
¢ Values obtained by extrapolation.

7 Ratio of volume of treated and
Low solubility of the compounds prevented determination

*r

- "
4 8 12 1% 20

1 .
sXIO

Figure 1.—Inhibition of the rediction of folate by com-
pound II: open circles, absence of inhibitor; closed circles,
presence of inhibitor at concentrations stated.

significant structural difference it is probably not sur-
prising that the iutroduction of para substituents into
the benzene ring of the parent member of this series
of antagonists, 2,4,6-triamino-5-phenylazopyrimidine
(IT), produces compounds which are significantly less
potent as inhibitors, Thus the introduction of the
p-sulfonamido (VI), p-carbethoxy (V), p-carboxy-L-
glutamyl (VIII), or p-diethylamino (XI) substituents
produces relative iuncreases of approximately 1100-,
10-, 1800-, and 100-fold, respectively, in the ([I1/[S])s0
ratios. Baker'! has shown that the p-carboxy and p-

(11) (a) B. R. Baker, D. V. Santi, P, L. Almaula, and W. C. Werkheiser,
J. Med., Chem., T, 24 (1964): (b) B. R. Baker, B-T. Ho, and G. B. Chheda,
J. Hetevocyclic Ckem., 1, 88 (1964).
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carboxy-L-glutamyl substituents actually increase the
affinity  of  3-(3-anilinopropyl)pyrimidines for folic
reductase.,  However, Baker’s compounds actually
confornt 1o the =same steric and structural pattern as
folic seid and the divergent effects of substituents in
these two types of antagonists are not surprising.

Despite the structural differences between folic acid
amd 2,4,6-(riamino-d-arylazopyrimidines, it is apparent,
from the high affinity of some of the compounds of the
lntter type, that the S-avyl group is probably ninking a
significant bindiug contribution. A number of studies
have shown that several S-substituted pyrimidites
possess folie acid inhibitory properties and thuat the
binding requirement= for the S-substituent at folic
neid reductase are relatively flexible, Thus, H-aryl-
2 4-diaminopyrimidines and 1-aryl-4,6-diamnino-1,2-di-
hydro-3-triazines include powerful inhibitors of folic
acid.'? The aryl ring in these compounds contributes
significautly to the binding energy but cannot bind to
the same =ite as the benzene ring of folic acid.

In one of the plutar conformations of the s-arylazo-
pyrimidines the azo linkage corresponds to that portion
of the enzyme surface normally complementary to the
N-3-C-6 double bond of folic acid (I'igure 2). The
high inhibitory potency of some S-arylazopyrimidines
and the isosterisin of the azo and azomethine linkages
suggests that Iigure 2b doex represent the coufigura-
tion of enzyme-bound inhibitor. Speculations con-
cerning the binding site of the HS-aryl group of the
S-arylazopyrimidines depend, however, upon a knowl-
edge (currently unavatlable) of the conformation of
enzyie-bound folic acid. A planar  conformation
(.., Figure 21) necessitates that the aryl group of
the inhibitor molecule biuds to the enzyme swrface
normally, complementary (in part at least) to the 9-10
(CH,NH) bond of folic acid. Evidence in favor of
this asswmption ix cquivocal?® and it = equally probable
tlhat folie acid is bound to folic reductase in a nou-
planar conformation.  The S-nryl group of the iu-
hibitors may then bind (o an area of the enzyvme ad-
jacent to vt normally required for binding the folic
acid wolecule.

Since the nature of thix proposed additional bmdmg
site s nuknown, 1t is difficult to rationalize the effect
of substituenmx in the aryl ring of S-a1'ylazopy1'imidinos.
They may sterically hinder biuding of the aryl ring,
although the results of Tuable IT are not entirely cou-
sistent with this assumption; thus V ix 100 times more
effective than VI as a folie reducta=e inhibitor and VII
“Aletabolic lnhibitors,” Val, 1.
Aecademic Press Tne., New York,

12) 1, I Jukes and H. P. Broquist,
NA M. Hochster and I 11, Quastel, Fil.,

LY. 1463, p. 481

{13) 1t is interesting to note, however, that Baker\'" has showu that re-
placement of the aniline N group of 2-amino-3-(3-anilinopropy1)-6-methyl-
4epyrimidinol by CHa gives a compoum! that is a 26-fold more effective in-
hibitor awainst dihydrofelie reductase. Omne explanation of this finding i
that the N group dees not contribute to binding per se, hut acts indirectly
hy altering the bhinding capucity of the adjaceut aromatic ring. It is pos-
sible, therefore, that the enzyme area complementary to the CH:N1H- of
folic acid mmay be relatively nonpolar in character.

More pm yably the substitn-
ent= alter the electron deustty of the arowmatic ring
and thus ifluence its ability to bind either through
charge-trausfer complex fortation or through hvdro-
phobie bonding.

The effects of 5-N-substitution on the mhibitory
activities of these compounds are of somwe imterest:
introduction of the 6-(N,N-diethylamino) (I1X), 6-N-
(N7-2-hydroxyethyl)pipernzino (XV), and 6-N-(N’-
chlorocthyD)pipernzino  (XVI)  into  2.4,6-triaunino-o-
(4-carbethoxy)phenylazopyrimidine (V) leads {o =ub-
stuntinl decrenses i mhibitory activity.  In contrast,
che mtroduction of the 6-(N,N- (11(111\'1(11111110) (X) =nb-
stitient mto  2,4,6-trtunino-s-(4-carboxyv-L-glutamyl)-
phenvlazopyrimidine (VII) leads to an inerense i in-
hibitory activity.  The reasous for the differing effects
of the G-substituent= are not clear at the present tine,
[t 1x mteresting 1o note that Timmis, ef al.,* adso found
that the mtroduction of 6-(N,N-dialkvl) substituents
nrto the parent 2,4.6-triannno-S-nrylazopyrimidine re-
duced growth ithibitory poteney to S. faccalis.

1t was anticipated that the mtroduction of appro-
priately located alkylating groups into the S-arylazo-
pyruuidine molecule might result o irreversible an-
tagonists of folic acid reductase.  The data presented
it Table TIT indieate that an adkylating funetion in the
4'-poxition of the S-nrvlazo group (XIT, XTIT, and NIV)
has 1o effeet on the extent of enzvime iwacetivation with
nrereasing ieubation time.  The mite of cuzyme in-
activation s essentially the same with the potential
alkylating componnds (XIT, XIIT, and XIV), with the
nonalkylating analog (XI), and in the absence of in-
hibitor.  Thix x not surprising, since on the basisx of
the mteraction model discussed these alkylating sub-
stitnent= swe in the wrong position and, in nuy event,
the effect of the p-nzo finkage will be 1o reduce their
reactivity  drasticadly.** However, N-2-chloroethyl-
N7-[24-diamino->-(4-carbethoxyphenylazo)-6-pyrimid-
vlpiperazine (XV1), where the alkyvlating fanetion is
attnched through the G-position of the pyrimidine ring
and which will be more renctive than the previously dis-
enssed compounds, binds approximately 6-fold more
tightly than it nonadkylating analog (XV) and =hows
evidence of irreversible inhibition of the enzyvime after
8 hr, of preincubation.  Further work 1= now ni progress
on related compounds where the 6-=ubstitunents will he
fexs conformationally rigid.

Tumeor Studies.~ While there i an indication of a
structure-activity relationship when iuhibitory effeets
npon folic acid rednetase are considered, there is na
direct correlation belween enzyvme-inhibitory activity
and toxicity or antitumor activity.  The mo=t cfficient
cuzynie-inhibitory compound (II) wax relatively (oxic
{0 both mice and rats.  However, V, which wax also a
potent enzyvme inhibitor, was nomtoxic at relatively
high dosex.  Both compounds showed only moder:tte
growth nhibitory effeets on the Murphy-Stnrm tumor
which ix extremely =ensitive to other folie acid nn-
tagonist= =uch nx amwethopterin.t  Compounds XV
and XVI both showed moderate tumor growth in-
hibitory activity but were relatively inefficient in-
hibitors of folic weid reductase.  Auntitumor netiviry

ix equipotent with VIIL.

4 WL O 4 Ross aml Go P Warwick, /. (e Sev, 1364, 1719 1721
1195863,
iy WL O, Werkheiser, Cieveer Hex, 23, 1277011063,
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of VII was seen ouly at the maximum tolerated dose
and was associated with severe body weight loss. Dif-
ferences in toxicity values between members of this
series of compounds are probably due to differences in
solubility which affect the rate of absorption from the
injection site and distribution in the body. It is
possible that some of these compounds are inhibiting
folate metabolizing enzymes other than folic acid reduc-
tase, This possibility is being investigated.

Experimental Section!s

A. New Syntheses.—2,4,6-Triamino-3-arylazopyrimidines (II,
V-VIII, and XI-XIV of Table I) were prepared by the
general method described by Timmis and co-workers.? The
diazotized amine (0.1 mole), free from nitrous acid, was added
to a solution of 2,4,6-triaminopyrimidine (0.1 mole) in water
(350 ml.) containiitg sufficient sodium acetate to maintain the
pH at 6-7 and cooled to 0-53°. When the addition was complete,
the mixture was stirred at 0-3° for 5 hr. and then at 10° for 2-3
days. The product was collected, washed well with water, and
recrystallized.

N,N-Di(2-bromoethyl)-p-phenylenediamine Dihydrochloride.
—N,N-Di(2-bromoethyl)aniline!” was converted to the 4-nitroso
derivative by the method of Ross!” in 7397 yield. It had m.p.
96-98° (Et,O-EtOH).

Anal. Caled. for C,eHpBraN.O: C, 357; H, 3.6; Br, 47.18.
Found: C, 35.2; H, 3.39, Br, 47.55.

4-Nitroso-N,N-di(2-bromoethyl )aniline (6.8 g., 0.02 mole)
was dissolved in 50 ml. of cottcentrated HCI and cooled to 0°.
Stalinous chloride (8.0 g., 0.042 mole) was added with stirring:
after 30 min. the mixture was added to al excess of ice-cooled
2 N NaOH (300 ml.) covered with ether (150 ml.). The mixture
was shaken, the ether layer was removed, and the aqueous por-
tion was extracted twice with 100-ml. portions of ether. The
ether extract was dried (MgSO4) and HCI was passed through
until precipitation was complete. The oily precipitate was
triturated with 2-propanol and recrystallized from EtOH-
Et:0 to give the dihydrochloride, m.p. >280°, yield 3.5 g. (449%).

Anal. Caled. for CpHiBr:CLN,: C, 304; H, 4.08; Br,
40.5; Cl, 17.95; N, 7.1. Found: C, 30.72; H, 4.08; Br, 40.91;
Cl, 17.84; N, 7.1.

N-2-Chloroethyl-N-ethyl-p-phenylenediamine Dihydrochio-
ride. —N-Ethyl-N-2-hydroxyethylaniline (33 g., 0.2 mole) in
CHCI; (100 ml.) was added to a stirred solution of PCl; (36 g.,
0.2 mole) in CHCl; (100 ml.) at 0°. When the addition was
complete the mixture was refluxed for 3 hr. and then poured into
vigorously stirred aqueous NaHC();. The CHCl; laver was
separated, washed with water, dried (MgS80,), and distilled to
give N-2-chioroethyl-N-ethylauilitte, b.p. 150-155° (18 mm.),
yield 7265.

Anal.  Caled. for C\HyCIN: Cl, 19.3. Found: Cl, 19.15.

N-2-Chloroethyl-N-ethylaniline was couverted to the 4-
nitroso derivative according to the method of Ross!t in 699

yield. It had m.p. 52-34° (Et,0-EtOH).
Anal. Caled. for C, H;3CIN,O: C, 56.5: H, 6.16; Cl, 16.66;
N, 13.17. Found: C, 56.2; H, 6.4; Cl,16.91; N, 13.35.

The nitroso compound was reduced to N-2-chloroethyl-N-
ethyl-p-phenylenediamine dihydrochloride by the method de-
scribed above for 4-nitroso-N,N-di(2-bromoethyl)aniline. The
vield was 65%;, m.p. 175-180°.

Anal. Caled. for CoHsCELN,:: C, 44.2; H, 6.31; Cl, 39.2;
N, 10.31. Found: C,43.8; H, 6.58; Cl, 39.5; N, 10.21.

2,4-Diamino-5-arylazo-6-chioropyrimidines (III and IV,
Table I) were prepared by the general method described by
Timmis and co-workers.? The diazotized amine (0.1 mole),
free from nitrous acid, was added to a stirred solution of 2,4-
diamino-6-chloropyrimidine (0.1 mole) in acetic acid (300 mi.,
3 N)at 0°.  After 10 niin. crystalline sodium acetate was added
to briig the pH to 6-7 and the solution was maintained at 10°

(16) Melting points were recorded on a Thomas-Kofler hot stage and are
corrected. Analyses are by Galbraith Laboratories Ine., Knoxville, Tenn.,
and Dr. A. E. Bernhardt, Miilheim, Ruhr, West Germany.

(17) W.C.J Ross, J. Chem, Soc., 183 (1949).
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for 2-3 days; the precipitate was filtered, washed with water,
and recrystallized.

2,4-Diamino-6-diethylamino-5-(4-carbethoxyphenylazo )pyrimi-
dine (IX).—2,4-Diamino-6-chloro-5-(4-carbethoxvphenylazo)py-
rimidine (I, 3.2 g., 0.01 mole) in ethanol (75 ml.) and di-
ethylamine (2 ml.) were heated at 100° for 12 hr. The solution
was cooled and filtered to give IX in 7867 yield. One recrystal-
lization from ethanol gave analytically pure material, ni.p. 202-
204°. Compounds X aitd XV were prepared int a sinlilar manner
from IV and diethylamine anid 1I and N-2-hydroxyethylpiper-
azine, respectively.

N-2-Chloroethyl-N"-{2,4-dimaino-5-(4-carbethoxyphenylazo)-
6-pyrimidyl]piperazine (XVI) Hydrochioride.—N-2-Hydroxy-
ethyl- N-[2, 4-diamino-5-(4-carbethoxyphenylazo )}-6 -pyrimidyl] -
piperazine (XV) (2.1 g., 0.005 mole) was finely powdered and sus-
petided in aithydrous ether (30 mi.) at 0°, Thionyl chloride (0.7
g., 0.006 mole) was added aud the mixture was maintainted at
35° for 1 hr. Excess SOCl: was destroyved by the addition of
ethanol (2 ml.) and the product was filtered, washed with ether,
and recrystallized (EtOH-Et,0) to give a slightly hygroscopic
product, m.p. 230-233°, whose ahalysis agrees well with a di-
hydrate.

B. Inhibition of Folic Acid Reductase.—A high-speed super-
natant fraction of rat liver homogenate was used as the source
of folic acid reductase.'® Rat livers were hontogenized with
3 vol. of ice-cold 0.25 M sucrose containing 2 mM trishydroxy-
methylaminomethane buffer, pH 7.8. The homogenate was
centrifuged at 13,000g for 4 hr. at 2°, aud the supernatant was
stored at —20° until used.

The assay procedure for folic acid reductase activity was
similar to that described by Werkheiser.?* The ittcubation mix-
ture contained 10 mumoles of NADPH, 5 umoles of sodium
citrate, 5 umoles of MgCly, 50 pmoles of dimethyl glutarate buffer
(pH 6.1), 40 umoles of folate, and rat liver superhatant in a
total volume of 0.5 ml. Dimethyl suifoxide or a solution of com-
pound dissolved in dimethyl sulfoxide was also included. After
incubating at 37° for 20 min., 100 ul. of 5 ¥ HCl and 400 ul. of
acetone were added. The amount of p-antinobenzoyl-r-glutamie
acid formed (from tetrahydrofolic acid in the acidified solution)
was determined spectrophotometrically at 560 mu after diazo-
tization using the Bratton-Marshall reagents.2 After applying
corrections for the optical deusity values of incubation mixtures
completely inactivated by the prior addition of excess amethop-
terin and for hihibition of eitzyme activity due to the solvelit,
the ratio of the amount of amine produced in coutrol tubes to
the amount produced .in tubes containing ithibitor was plotted
against the conceutration of the inhibitor. From this plot,
the concentrationt of inhibitor required to produce a 50¢; in-
hibition of enzyme activity was estimated.

C. Biological Test Methods.—Toxicity determinations were
performed using male Swiss mice (22-26 g). The compound
dissolved in saline or suspended in 109, gum acacia was admin-
istered by Intraperitoneal injection to groups of 3-6 mice/dose
level. Deaths within a 21-day period were recorded and approx-
imate LD; values were estimated graphically from per cent mor-
tality/log dose plots.

Antitumor activities of the compounds against the Murphy-
Sturm lymphosarcoma were assessed as follows. The tumor was
implanted subcutaheously into male Holtzman rats usiig a
trochar and cannula. Five days later, when the tumor had
reached a size of about 5 g., the compound was injected intra-
peritoneally daily for 5 days. Control animals received the
vehicle only. On day 12, the volumes of the tumors were cal-
culated from measurements takeh by a caliper,?! and the mean
tumor volume of treated rats was compared with the mean tumor
volume of control rats (T/C in Table II). Rats were subse-
quently observed to determine whether complete regression of
the tumors occurred.

Acknowledgment.—The authors are grateful to
Dr. W. C. Werkheiser for advice and assistance with
the folic acid reductase assay techniques and to Mr.
Paul L. Stauley for able technical assistaice.

(18) S. F. Zakrewski and C. A. Nicliol, J. Pharmacol., 187, 162 (1962),
(19) W. C. Werkheiser, J. Biol. Chem., 236, 888 (1961).

(20) A. C. Bratton and E. K. Marshall, 1bid., 128, 537 (1939).

(21) P. Hebborn and J. F. Danielli, Biochem. Pharmacol., 1, 19 (1958).



