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B. Intact Conjugates.—The conjugates of 9 and 10 were
located as weukly flaorescent bands in the paper chromatograms
(ten 46.4 X 53.3 e, sheets) of coucentrated (20-fold) human-
benzquinainide urine (0.5 ml /sheet) in a butanol-acetie acid-
water (5:1:4) system by sectioning each chromatogram, comn-
bining corresponding bauds, eluting the latter with 0.01 " HCl,
acid hydrolysis of each eluate, and detection of the O-demethyl
metabolite fornied (10). Relative £; values (16-hr. ran) are:
10, 1.00; 9-conjugate, 0.72: S-hvdroxvauinoline ghicurondle,
0.63: 10-conjugate. (.53,

Unidentified Metabolites.—lvidence that three unideutified
vellow-fluorescent zones, 4. ¢, and e, observed i paper chroma-
tograms of extracts of dog-benzquinamide urine (Fig. 1 and 4¢
are drug-related metabolites wus furnished by their methanolygis
(deacetylation) to the shaver noving blue-fluorescent zomnes,
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b, , and f, respectively. /7y values are: svstela 1--a, 0.58;
b, 0,200 1, (L18: 2, (1,13, elative f; valaes ave: svstem ]
3 hro)=—a, off sheet: b, 1.00; 1, 0.80: 2, 0.63: svstem V 2.0
hr =3, LO0; ¢, 0.85: 4, 0.42: 6 (.26 system VI 1% hroj-e

oif sheet; 6, 1.00: [, (183,
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The radical-catalyzed addition of mercaptans to the double bond ot dibatyl ethyleneboronate has heeu eia-

ploved for the syuthesis of several water-soluble hronie acids.

Adducts have been obtained with mercapto-

acetic acid, B-mercaptopropionic acid, mercaptosuceinic aeid, mercaptoethylamine hydrochloride, cysteing,

niercaptoethanol, and sodium bisulfite,

The 2-mercaptopyrimidine adduct could not be obtained directly bat
was prepared from dibutyl mercaptoethaneboronate and 2-chloropyrimidine.

The borouic acids have been

tested in CsH mice with subcutaneously implanted brain tuimmors to determie the ratio of boron in the tumor o

that in brain, blood, and nuscle, ag a function of time.

S-boronoethyleysteine.

{ne of the more favorable compounds on this basis was
High transient boron ratios were found to be inadequute, and the need for binding com-

pounds t tuntor with conenmitantly low horon conceatratioas in blood and brain is discussed.

The possibility of treating intracranial tumors using
neutron capture irradiation was first proposed by
Sweet and Javid.® This type of therapy utilizes the
fact that while thermal neutrons have iunsufficient
energy to ionize tissue compounents, their absorption by
certain nouradioactive uuelides witlh a high propensity
for these uentrons, such as the boron isotope B,
results in a fission reaction in which the cinitted frag-
ments possess considerable lomzing energv. i the
case of B the following nuelear reaction occnrs,

By 4+ ¢ — i3 — L7 = He' + 2.4 Mev.

These two oartisles are of sneh size that they travel
a maximuim of 9w, therebhy releasing this destructive
energy only in the itnnediate vieinity of the site of the
original B atom. The main problem in the successful
utilization of this techniguie ras been the attainment of
high levels of boro in the neoplasut with concomitantly
low concentrations in normal tigsue smrronnding this
area and in areas which will be subjected to therinal
neutron bombardnient.

[ivalnation of a variety of substituted henzeneboronie
acids i C4H mice with subeutaneously transplanted
brain tuors had shiowi that the most favorable tutor-
brain boron ratios, as well as compounds with low

(1) (a) Washington State University. We thank the National Institutes
of Health, Public Health NService, for {inancjal support (PHS Grant CA-
N53513). Abstraeted in part from M8, thesis of J. D. €. {b) Massachusetts
(ieneral Hospital, This work was supported in part by a grant from the
U. 8. Atomie Knergy Commission under Contract Na. AT(30-1)-10¢3, by the
National C‘ancer Institirte. U. 2. Public Health Service Grant No. (-3174,
und by tlie Jnohn A. Hartford Foundation.

i) Wl Sweet amd M Tavid, Jo NMewrosicg., 9, 200 (189521,

toxieity, were found among those boronic acids having
a high water-lipid solvent partition coeflicient.s*
Thus a low lipid solubility seeied to be an important
requiremient for a borou compound. As clinical iu-
formation became available, it was apparent that the
problem was more involved than the mere attaimunent
of a high tumor-brain boroun ratio. Howcever, the
preparation and evaluation of a series of highly water-
solnble boronie acids was chosen as the goal of the
preseut work on the basis of these first results.

Syuthetic methods have not been available previously
for the general preparation of alkylboronic aecids con-
taining hydrophilic substitiieuts, The facile radical-
catalyzed addition of wercaptans to the double bond
of dibutyl ethiyleneboronate* has been exploited in this
present work to svnthesize several borouie acids cou-
taining othier functional groups, many of which have
huparted icreased water solubility.

The additions of wercaptoacetic and g-mercapto-
propiottic acid to dibutyl cthyvleneboronate were
easily accomplished. Either nltraviolet light or azo-
hisisobutyronitrile conld be used to initiate the reaction.
bit with additional experieuee it appeared that the
azonitrile gave more cousistent and better controlled
results.  The initially formed liquid adducts decon-
posed on attempted distillation and were therefore
hydrolyzed directly to the corresponding borouic
acids, 2-boronoethylthioacetic (1a), and 3-(2-borono:

3y () Al UL Soloway, Seienee, 128, 1372 (1958): () AL 1L Sedaway, I
Whitman, and J. R. Messer, J. Med. Phacm. Chem., 8, 191 {1962¢,
1Y Dl ® Mattesta, T e Chem. Soc., 82, 4228 (1D60).
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ethylthio)propanoic acid (Ib), which were crystallized
from water.

HO.C(CH),SH + CH~=CHB(OBu): —
HO.C(CH,),SCH,CH,B(OBu); —>

HOQC(CHQ)nSCHzCH;E(OH)2
la,n = 1; b,n =2

Crystalline 3-(2-borono-1-propylthio)propanoic acid (2)
was similarly obtained from dibutyl propene-2-boron-
HOQCCHQCHQSCHQQHB(OH)g 2

CH,
atet and S-imercaptopropionic acid, but the correspond-
ing product from mercaptoacetic acid failed to crystal-
lize.

Mercaptoethanol added readily to dibutyl ethylene-
boronate, but in this case the alcohol function in the
adduct esterified the boron function to yield the distil-
lable monobutyl 2-(2-hydroxyethylthio)ethaneboronate
lactone (3) (a more systemnatic name would be 1-
butoxy-2-oxa-3-thiaborepane). The boronie acid from
3 formed a sirup with water, which was used for the

S \
k /BOC4H9
0
3

biological tests without further purification.

Solubility problems were encountered with reactants
substantially more polar than simple carboxylic acids
or alcohols, since dibutyl ethyleneboronate itself
is a relatively nonpolar solvent. Tt was found that the
radical-catalyzed additions proceeded readily in meth-
anol or a methanol-water solvent mixture. The rapid
equilibration of hydroxy and alkoxy ligands on boron
makes it impossible to say which of the vinylboron
species is the principal reactant. However, the de-
sired boronic acid was isolated readily upon the addition
of water and subsequent concentration of the reaction
mixture as a consequence of the volatility of methanol
and the butanol-water azeotrope. Thus, for example,
refluxing ercaptosuccinic acid and dibutyl ethylene-
boronate with azobisisobutyronitrile as an initiator in
wethanol yielded, after hydrolysis, (2-boronoethylthio)-
succinic acid. This formed a sirup with water but
could be isolated as the crystalline calcium salt 4. Un-

Ca ™2 ‘OQCCHg(llHSCHQCHzB(OH)g 4
CO.~

der similar conditious, mercaptoethylamine hydrochlo-
ride led to 2-(2-boronoethylthio)ethylamine hydro-
chloride (5), and cysteine ylelded S-(2-boronoethyl)-
cysteine (6), both of which were crystallized from water.

Cl- *H,NCH,CH.SCH,CH.B(OH). 5

~0,CCHCH.SCH.CH.B(OH). 6

!
NH;*

By extension of this technique it was also found pos-
sible to add sodium bisulfite to dibutyl ethyleneboro-
nate. The resulting 2-boronoethanesulfonate ion was
isolated as the potassiuin salt (7).

K+ _OgsCHgCHzB(OH )2 7

The isolation and purification of this compound re-
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quired conversion of the initial sodium bisulfite adduct
to the free sulfonic acid using an ion-exchange resin.
Concentration of the acidic solution under vacuum
removed residual bisulfite as sulfur dioxide. Boric
acid was also a by-product of this reaction and had
to be removed by the fractional distillation of the
methanol-methyl borate azeotrope resulting from the
addition of excess methanol. After conversion of the
acid to its potassium salt with an ion-exchauge resin,
the exceedingly soluble salt 7 was crystallized from
water. The structure of 7 was confirmed by the n.m.r.
spectruin in water, which showed the expected pair of
triplets due to the adjacent methylene groups.

Somewhat unexpectedly, the general synthetic
nethod failed with 2-mercaptopyrimidines. Starting
materials were recovered when 2-mercaptoorotic acid
and dibutyl ethyleneboronate were irradiated in di-
methylformamide at 25°, or water at 100°, or when
heated with azobisisobutyronitrile in dimethylformam-
ide, pyridine, acetonitrile, or methanol-water. At-
tempted reaction of 2-mercaptopyrimnidine in ¢-butyl
alecohol or methanol-water and of B-(2-imercapto-
uracil-3)propionic acid in ¢-butyl alecohol with the azo-
nitrile initiator also failed.

An alternative synthesis of 2-(2-boronoethylthio)-
pyrimidine (8) was then devised. Dibutyl 2-mer-
captoethaneboronate (9a) was prepared either by the
light-initiated addition of hydrogen sulfide to dibutyl
ethyleneboronate at —70° or, more conveniently, by

(\F XSCH,CH,B(OBu),
\NJ—SCHJCH.:B(OHM a, X=H: b, X=CH,CO
8

9

base hydrolysis of the thiolacetic acid—dibutyl ethylene-
boronate adduct, dibutyl 2-(acetylthio)ethaneboronate
(9b). In the presence of sodium butoxide, the mer-
captan 9a displaced chloride ion from 2-chloropyrimi-
dine to yield, after hydrolysis, 2-(2-boronoethylthio)-
pyrimidine (8). The possibility of exteuding this
synthesis to other pyrimidines of greater potential
biological interest is currently being explored.

Siuiple aliphatic boronic acids have been reported
to be unstable to air oxidation and difficult to purify
and characterize. However, the crystalline boronic
acids in the present series are stable in air at room
temperature and, except for problems of high solubility,
were easily purified.

Biological Evaluations.—The initial screening pro-
cedure used?® with these compounds was to inject aque-
ous solutions, either intravenously or intraperitone-
ally, into C;H mice bearing a subcutaneously trans-
planted brain tumor.? The animals were sacrificed
at 15 min. to 3 hr. after injection and portions of ex-
cised tissues were analyzed for boron content. During
the course of the biological evaluation of the compounds
reported below it becaine apparent that this procedure
was inadequate.

Therapeutic evaluation in man of two of the more
promising compounds from the standpoint of tumor
concentration, p-carboxybenzeneboronic acid aund so-
dium perhydrodecaborate®*® were singularly unsuc-

(3) H. R. Snyder, J. A. Kuck, and J. R. Jolmson, J. Am. Chem. Soc., 60,
105 (1938).

(6) (a) A. H. Soloway, R. L. Wright, and J. R. Messer, J. Pkarmacol.

Ezxptl. Therap., 184, 117 (1961); (b) W. H. Sweet, A. H. Soloway, and R. L.
Wright, ibid., 187, 263 (1962).
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cessful. Tissue and vesscl radiation dammage was in-
dicated” and this most probably resulted from the
high levels of boron in the blood. Thus, thongh there
was a favorable concentration ratio hetween brain
and tumor,® the levels in brain were couceutrated in
the blood vessels. Upon irradiationn therefore the
blood vessel walls would undoubtedly be damaged
Iimpairing the normal transport from blood to brain.
On this basis the auimal evaluation procedure for
various cotmpounds has been markedly altered.

Compotinds have heen injected on a daily basis and
sacrifice lias occurred several days following the last
injection. The rationale for this sereening procedure
is that the type of compound which will be useful is
oue that will be bound to tumor but cleared from blood,
brain, and other tissues subjected to thermal neutron
irradiation. By such an evaluation, compounds may
be discerned which gradually concentrate inn the
desired tissue.

Inn Table T arve listed 10 of the compounds whose
synthesis has been described. Several have been
evaluated by botli procedures, althongh many of the
more recent ones have been examined only for their
tumor-binding properties, The ratios listed are aver-
ages of up to 3 animals for each time sequence. l'or
cach animal 2—-4 tumor, blood, and wmuscle samples
were analyzed; in somne instances the entire brain was
nsed since its boron content was quite low. No cor-
rection was made for the blood content of these tissues.

Thougl: there are normally large variations in the
ratios for these highly inbred mice, certain generali-
zations are possible.  These compounds, as measured
by boron coutent, attain at least the same but normally
greater counecentrations in tumtor than in normal brain.
The levels in blood, on the other hand, are invariably
higher than tumnor with the possible exceptions of S-
(2-boronoetlivljevsteire and 2-(acetylthio)ethylborouic
acid. The former compound was evaluated as well
by as many as 4 daily injections with sacrifice oceurring
on the third day after the last dosc. Boron tissue con-
centrations were too low for our analytical techuique.
This also applied to the other compounds in this series
which were evaliiated by repetitive mjections. In no
instance was there selective binding of these compounds
by tumor or by any other tissue, nor is there auy ra-
tionale why selective incorporation shonld occur siiee
these compouuds would 1ot be considered antimetab-
olites. However, the mechanisins by which com-
pouuds are bound to tuwiors and other tissues are un-
known and consequently a pragimatic approach is
warranted.

Other compounds are now being considered which
may have alkylating moieties or other biologically
active functional groups containing a boron atom. In
this manner, boron may becoute incorporated into the
desired target tissues. Such air approach seeins re-
quired if nentron capture therapy is to be rendered
practicable.

Experimental

A. Synthesis. --Mroanalyses are by Galbraith Laboratories,
Knoxville, Tennessee. Analytical saimples of erystalline boronic
acads were dried breefly at 25° (0.1 avan). Al weliiag poauts
were taken in capitlary tubes and are corrected.

7y AL KL Ashnry anl R G Ojemasnn, unpnblished.
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Tissne distribativn ritio
Thue in i, Tayror - brain Tumor-mnscle Twr - Lo
2J-Boronoethylthioacetic Acid
15 .9 1.2 04
30 6.7 1.2 0.5
¢ 24 1.2 0.6
120 1.9 1.7 0.1
180 1.4 1.2 (.2
3-(2-Boronoethyltldopropanow Acid
15 06 1.0 0.2
50 50 1.5 0.6
[HU 4.1 . 0.5
120 2.5 1.5 0N
180 2.0 1.4 (1]
3-(2-Borono-1-propylthio )propanow Acid

15 4.0 1.2

30 6.5 1.2

60 4.4 1.5

1RO 20 1.2

Lactone of 2-(2-Hydroxyethylthio lethaneboronic Aeid?

15 11 0.6 0.5
By 1.4 1.2 0N
(B 1.6 0.0 (16
120 g0 1.2 0.7
180 1.5 1.5 0.8

Caleium (2-Boronoethylthio jsuecinater
2.(2-Boronoethylthio Jethylamine Hydrochloride”
S-(2-Boronoethyljcysteine®

15 .8 20 4
30 6.7 1.8 (.0
[H 4.7 1.4 1.2
120) 2N 1.3 0.9
15O LS 1.6 (0.4

Potassam 2-Boronoethanesulfonate®

15 D 1.5 0.2
) 4.3 J5 0.
2-(2-Boronoethylthio )pyrimidine”

2-( Acetylthiojethaneboronic Acid
15 0.0 0.9 0.7
S0 1.5 1.0 00
() 1.6 1.2 (.~
120 2.0 1.2 (U
150 R 1.2 12

* The method for obtaining the anaaal data is discussed ia the
biological part of the lLixperinental procedure. In most cases 2
tn 3 anhimals were used at each time interval and the values listed
are averages of these ratios. Doses ranged from 35 to 140 5 of
boron/g. of bodv weight, » Boron levels in tissues were ex-
trentely low if the last miection occurred several davs before
sacrifice. € Boron levels 1n tissues were extremtely low. The
compound wag administered in daily doses (3-5 days) followed
by sacrifice 2 davs after the last injection. “ This is an extreacely
toxic compound.  Animals died at dosesin excess of { v of boron/g.
Lovels in tissue were uniformly low both in aninals recewing
repetitive injeetions with sacrifice occurring several hainutes
after the last injection and with those killed adn. and hr. after
single dose. * This is an extrentely toxic compoutd.  Ai@anls
died at doses of 9 4 of boron/g. or greater. Boron levels hic tissie
were unifornly teo low to be meaningful at lower doses.

2-Boronoethylthioacetic Acid (la).—A mixture of 5.25 g. of
wercaptoacetic acid and 10 g. of dibutyl ethyleneboronate was
kept at 80° under nitrogen for 4 hr. and 0.05-g. portions of azo-
bisisolaityroadrile were wdded after 0 and 2 hr. Sticig a«
11.1-g. portion of the crude adduct with 5 1l of hat water ardl
cooling vielded 3.9 g of la; after recrystallization, neje 104~
102,
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Anal. Caled. for C;H,BOS: C, 29.29; H, 5.53; B, 6.39;
8, 19.55. Found: C,29.50; H, 5.66; B, 6.74; 8, 19.64.

3-(2-Boronoethylthio)propanoic Acid (1b).—A mixture of §
g. of dibutyl ethyleneboronate and 2.6 g. of 8-mercaptopropionic
acid at room temperature was irradiated in a quartz flask under
nitrogen with an AH-4 mercury vapor lamp for 6-7 hr. Water
(10 ml.) was added, and the water and butanol were distilled
at 20-30 mnL., leaving a residue which on recrystallization from
water yielded 1.5 g. of 1b, n1.p. 118-121°.

Anal. Caled. for C;HLBOS: C, 33.73; H, 6.22: B, 6.08;
S,18.01. Found: C, 33.53; H, 6.28; B, 6.20; 8, 18.25.

3-(2-Borono-1-propylthio)propancic Acid (2).—Substituting
5 g. of dibutyl propene-2-boronate for the ethyleneboronate in
the procedure described for 1b yielded 3.1 g. of crude 2. It
was recrystallized from1 water (0.5 ml./g.) repeatedly with con-
siderable loss, ni.p. 83-84°.

Anal. Caled. for CgH3BOGS: C, 37.5; H, 6.8; B, 5.6; 8,
16.8. Found: C,39.3; H, 6.8; B, 5.8; §,17.3.

Monobuty! 2-(2-Hydroxyethylthio )ethaneboronate Lactone (3).
—A mixture of 3.3 g. of mercaptoethanol and 7.4 g. of dibutyl
ethyleneboronate kept at 80° for 4 hr. was treated with 0.08-g.
portions of azobisisobutyronitrile after 0 and 2 hr. Distillation
yielded 5.8 g. (779%) of 3, b.p. 56-61° (0.1 mm.); fractionated,
b.p. 60° (0.1 mm.).

Anal. Caled. for CsHi:BO.S: C, 51.08; H, 9.11;
8,17.05. Found: C,50.99; H,9.19; B, 5.91; 8, 17.14.

An aqueous solution of 2-(2-hvdroxyethylthio)ethaneboronic
acid was prepared by adding excess water to 3 and distilling
the butanol-water azeotrope out under vacuuni.

Calcium (2-Boronoethylthio)succinate (4).—A solution of 7.9
g. of mercaptosuccinic acid and 9.2 g. of dibutyl ethyleneboronate
in 25 ml. of methanol was refluxed for 16 hr. under nitrogen and
treated with 0.1-g. portions of azobisisobutyronitrile after 0 and
6 hr. The methanol was distilled under vacuum; the residue
was treated with 20 nil. of water and concentrated to a waxy
residue at 20 mm. Treatment with calcium hydroxide and water
followed by concentration yielded 539 of the calcium salt 4,
recrystallized fron: water with a loss of about 509.

Anal. Caled. for CeHBCaOeS: C, 27.71; H, 3.49; B,
4.16; Ca, 15.41; S, 12.33. Found: C, 27.65; H, 3.61; B,
2.90; Ca, 15.20; S, 12,49,

2-(2-Boronoethylthio)ethylamine Hydrochloride (5).—A solu-
tion of 6.0 g. of mercaptoethylamine hydrochloride and 9.2 g.
of dibutyl ethyleneboronate in 30 ml. of methanol was refluxed
under nitrogen for 18 hr. and 0.08-g. portions of azobisisobutyro-
nitrile were added after 0 and 2 hr. The solvent was removed
with a water punip, and the residue was stirred in 25 ml. of water
for 1 hr. After washing with three 25-ml. portions of ether, the
aqueous solution was cooled and the product (5) crystallized;
yield, 6.5 g. (two crops) (70%); recrystallized, m.p. 106-109°.

Anal. Caled. for C;H,,BCINO:S: C, 25.90; H, 7.06; B,
5.83; Cl, 19.11; N, 7.35; 8, 17.29. Found: C, 25.71; H,
7.01; B, 5.95; Cl, 19.14; N, 7.50; S, 17.24.

S-(2-Boronoethy!)cysteine (6).—A solution of 12.7 g. of cys-
teine and 18.4 g. of dibutyl ethyleneboronate in 150 ml. of meth-
anol and 200 nil. of water was refluxed in an oil bath at 80°
for 14 hr. under nitrogen and a 0.15-g. portion of azobisisobuty-
ronitrile was added after 0 and 4 hr. The solvents were distilled
at approxiniately 20 mm., care being taken not to overheat the
residue, leaving 24.7 g. of a crude waxy product which was
recrystallized from hot water to vield 15.0 g. (78%) of 6; the
analyzed sample had a decomposition range of 155-190°.

Anal. Caled. for CG;H,,BNOS: C, 31.11; H, 6.27; B, 5.60;
N, 7.26; 8, 16.61. Found: C, 30.98; H, 6.29; B, 5.60; N,
7.30; S, 16.86.

B, 5.75;
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Potassium 2-Boronoethanesulfonate (7).—A solution of 10.4
g. of sodium bisulfite and 18.4 g. of dibutyl ethyleneboronate in
100 ml. of methanol and 100 ml. of water was heated under ni-
trogen in an oil bath at 80° for 16 hr. and a 0.1-g. portion of azo-
bisisobutyronitrile was added after 0, 4, and 8 hr. Most of the
methanol was removed with a water aspirator and the aqueous
solution was stirred with an excess (75 ml.} of a sulfonic acid ion-
exchange resin for 1 hr. The mixture was then filtered and
concentrated at 20 mm. The sirupv residue was dissolved in
25 ml. of water to which was added 175 ml. of niethanol. The
solution was fractionated at atmospheric pressure until all the
utethyl borate-niethanol azeotrope had been distilled (negative
flame test for boron in distillate). The solution was then treated
with excess potassiuni sulfcnate ion-exchange resin, filtered, and
concentrated under the aspirator. A viscous sirup remained
which crystallized to waxy s-lid in a few hr. at 5°. Recrystal-
lization from a minimun of hot water (0.5 ml./g.) yielded ap-
proximately 11 g. (57%) of 7. Recrystallization was carried
out with about 50¢; loss «f niaterial each time. The n.nir.
spectrum of the salt in water showed the expected two triplets
from the two sets of nmiethylene hydrogens.

Anal.  Caled. for C;HBKO;S: C, 12.51; H, 3.15; B, 5.63;
S,16.70. Found: C,12.38; H,3.27; B, 5.35; 8, 16.42.

Dibuty! 2-(Acetylthio)ethaneboronate (9b).—Heating 4.1 g.
of thiolacetic acid and 9.2 g. of dibutyl ethyleneboronate at 80°
for 4 hr. with the addition of 0.08 g. of azobisisobutyronitrile
after 0 and 2 hr. followed by distillation yielded 8.4 g. (64%) of
9b, b.p. 86-87° (0.2 min1.); fractionated, b.p. 84° (0.2 mn1.).

Anal. Caled. for CoH2:BOsS: C, 55.39: H, 9.68; B, 4.16:
8,12.32. Found: C,55.75; H,9.78; B,4.38: & 12.54.

2-(Acetylthio )ethaneboronic Acid.—Stirring 6.2 g. of 9b with
25 ml. of water at 60-70° for 1 hr. and concentrating at 20 mm.,
followed by cooling to 5° yielded 2.9 g. (829) of product;
twice recrystallized, ni.p. 72-74.5°.

Anal.  Caled. for CH:BO,S: C, 32.46; H, 6.13; B, 7.31:
8,21.67. Found: C,32.60; H, 6.38; B, 7.43; §, 21.66.

B. Biological.—In other studies®* it has been shown that C;H
mice bearing subcutaneously transplanted gliomas provide a
useful means of assaying the tumor-brain ratios as well as other
tissue concentrations of various boron compounds. The present
variety of glioma, an ependvnionia, was used throughout the
investigations. The method used for transplanting the tumor
has been described®® and the general analytical technique for
boron has also been recently presented.® Aqueous solutions of
the drugs were prepared and their toxicity in mice determined.
The tumor-bearing animals were injected intravenously or
intraperitoneally, usually under light ether anesthesia, with doses
of from 35 to 140 v of boron per g. of body weight (v B/g.).
They were sacrificed by ether inhalation after the desired periods
«f time and various tissues were excised, weighed, and analyzed
for boron content.? The tissue distribution ratios were then de-
termined from the averages of the boron content in the tissue
samples.
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