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pounds differed in their fluorescence spectra. When
activated at 330 mp, the N-monoethyl derivative! 2
showed a fluorescence maximum at 405 mgy, con-
pound' 3 at 390 my, derivative 4 at 415 and 435 mu. and
the 6,7-dihydroxy derivative! 7 at 410 mgu.

Oral administration of 10 mg/kg (capsules) to four
dogs*® yielded peak plasma concentrations® within 0.95-
2 hrof about 4 ug/ml.  These concentrations decreased
with rapid but variable rates with o half-life approxi-
mating 1 hr.  Blood pressure determinations suggested
that a drug plasma coneentration of about 0.3 pg/ml
had to be reached before a hypotensive response could
be detected.  However this effect persisted even after
the level had dropped below 0.3 wg/ml.

The rapid decrease of blood plasma concentration
in vivo could be due to rapid exerction, metabolism,
or deposition of drug in other body compuartments.
Very little unchanged drug was found in urine. To
distinguish between rapid metabolism aind deposition
of drug in tigsues, five rats were dosed intravenously
with 1. After certain time intervals the animals were
sacrificed, plasma was collected, and the total varcasses
were homogenized and assaved for total body contents
of drug (Table I). Although drug disappeared from
the total bodies somewhat more slowly than from
plasma, the decrease of drug plisma concentrations
seemed to be mainly due to metabolic degradation
rather than deposition of drug in other body compart-
nients.

TasLe [
Droea CoNcaNTRATIONS 1IN PLasma axp Toran Drua in
Carcassks OF Rars (140 ¢) AFTER 1.4 mg iv

Dring plasina Total drug

concen, found in
Rat Timne, Iir ug/ml carcasses, ug
I 1 3.6 360
2 I B 210
4 2 0.9 7
) 4 .21 03,5
0 4 0.1 0.5

2-Diethylamino-0,7-dimethoxy ~-4(3H) -~ quinazolinonc
(1) was adniinistered orally to humans in two dosage
forms. Peak drug plasma concentrations were obtained
with capsules after about 2 hr, but with a syrup within
0.5-1 hr.  Maximum blood concentrations again were
very variable. The highest found was 2 upg/ml after
a dose of 300 mg of syrup. Drug plasma half-life was
shorter than had been found in dogs, approximating
0.5 hr or even less.  As had been the case in the dog
studies, it appeared that drug plasnia concentration in
humans generally also had to reach about 0.3 pg/ml be-
fore a decrease in blood pressure occurred.

The search for drug metabolites in human urine
vielded five derivatives, 2-6, besides the parent drug.
The sum of these metabolites found in a 24-hr urine
sample was estimated to constitute less than 109, of
thie administered dose.

AMetabolite 2 wus the only drug derivative found after
i vitro experiments with rat liver homogenates.

(2) This experiment was carried out in eullaboration with Dr. A. Seriabine.

(3) The eanine plasma protein binding of the drug (1) as determined with
‘l'oribara tubes (1. Y. Toribara, Anal. Chem., 36, 1286 (1033)) was found (o
be 61¢ at a concentration of 2 ug/ml.
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Experimental Section

Assay of 2-Diethylamino-6,7-dimethoxy-4(3H )-quinazolinone
{(1).—Plasmn (10 ml) was adjusted to pH 9.5-10) by addition of
aqueous NaOll and extracted three times with benzeue (15 ml
ench).  The benzene solution was concentrated to 5 ml and ex-
tracted twice with 0.1 ¥V HCI (4 ml each).  The nqueous extraet
wis diluted to 10 ml for fluorometry tAminco-Bownmay ). This
nssay was enprible of detecting 0.03 pg of drug/inl of plasna and
responded linearly to concentrations between 0.03 and 3 wg/ml.
The fluorescence of extracts of plasma from medieated animals
wax that of unchanged drug.

Careasses were homogenized with 0.1 .V THCEH (500 mli o a
Waring Blendor.  The homogenate was ceulrifuged, the super-
patant wins collected, and the residue was rehomogenized with
0.1V HCL 300 l).  After centrifugation, the combined
supermiitani= were adjusted to pH 10 with 30¢0 NuOI aud the
drug was extracted similarly to the procedures deseribed above.

Identification of Metabolites.-—I=olution and purification of
metabolites followed conventional voutes of extraction aud thin
Inyver chiromatography (tle). The tle qystems emploved =ilica
gel HE aud =olvent mixtures of either benzeuve-ncetone-ncetic
acid (100100 1) or ethyvl acetate—diethybunine (19: 1),

Metabolite 2 was identified by comparizon ol itz tle mobihties,
fluorescence, and ultraviolet curves with those of an authentic
sample.”  Merabolite 3 was identienl with an anthentic snmple?
by the sne ariterion ax well ax by its infrared nbzorption spec-
trmm, Metabolite 4 had the shme tle mobility as a monode-
methyl derivative of 1 obtained by trentment of 1 with hydro-
bromie acid,  Metabolite 5 appenred to be an isomer of 4 and
wie couverted to drug (tle) by treatment with diazomethine.
The structure 6 ix tentarive since n conversion of 6 to 2 with
diazomethane wax not proven unambignowsly.
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In a continuation of work designed to synthesize
biologically active carboranes® and to incorporate :
carrier into a carborane molecule which would promote
its localization into tumors for neutron-capture ther-
apy, acridines have been considered. As a basis for
this work certain acridines have selectively localized
in tumor nuelei under in zivo conditions? intercaleating
with the nucleic acids® and recently nitrogen mustard
containing acridines have shown high antitumor
activity.®  Boron was first incorporated into an acridine
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Natl. Acad. Scr. U, 5., 49,95 (1963).

(6) (a) R. K. Preston, . M. Peck, 1. R, Breuuinger, A. 1. Miller, aud
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with the synthesis of bis-3,6~(p-boronobenzylanino)-
acridine,” but this compound proved to be highly toxic
at doses necessary to attain sufficient boron levels in
tissues.® On this basis the synthesis of an acridine
containing a carborane moiety was undertaken in order
to achieve a high percentage of boron in such a molecule.

Chemistry.—Preparations of a carboranylacridine by
alkylation of the ring nitrogen of acridine, 9-amino-
acridine, 3,6-diaminoacridine (proflavine), and 9-
acetamidoacridine with substituted derivatives of
carborane [(ByHC:H)CH,CH,X, X = Br, I, and
CH,C:H;S0;] and with analogous acetylenic deriva-
tives, which could be converted to the carboranes
following alkylation, were singularly unsuccessful.
This failure can be largely attributed to steric factors
at the 10 position (ring nitrogen) of the acridine mole-
cule.! While pyridine condenses readily with bromo-
ethyl- and tosylethylcarborane to give the correspoud-
ing salts, 2,6-lutidine (2,6-dimethylpyridine), having
a steric arrangement about the ring nitrogen comparable
to the acridines, failed to react even at temperatures
up to 180°.

~
LV/ + XCH2CH2C\——/CH —

BIOHlu

Ia, X=Br
b. X=CH,C:H,S0,

=X
\ /IjCH2CH2C— CH

BiH,,

Ia, X=Br
b, X=CH,C.H;S0,

Similarly, acylation of acridines such as 9-amino-
acridine, 9-acetamidoacridine, and 9-carbobenzyloxy-
aniidoacridine (I1I) with carboranyl acid chlorides of
the type (BiHiC.R)COCI [R = CsH; (IVa) and CH;-
CH=CH (IVb)] and with the acetylenic acid chlorides,
CiH;C=CCOCl (Va) and CH;CH,C=CCH,COCi
(Vb), have proved unsuccessful to date.

An alternative method, which has been widely used
in the synthesis of antimalarials of the quinacrine
type' has resulted in the synthesis of 9-(p-carboranyl)-
anilinoacridine (VI). Condensation of 9-chloroacridine
with p-aminophenylearborane!' was effected in re-
fluxing toluene, yielding the hydrochloride of VI.
T'ollowing neutralization with ammonium hydroxide
VI was isolated and its carborane structure was con-
firmed in part by the characteristic B-H absorption
band at 26C0 cm~' and the carboranyl C-H band at

Cl
1107
N? \ / .

Blo 10
HNO—CUCH
seol
N7

VI

(7) M. S. Konecky and H, R. Snyder, private communication.

(8) A. H. Soloway, Progr. Boron Chem., 1, 203 (1964).

(9) R. M. Acheson, "The Chemistry of Heterocyclic Compounds,'
Vol. 9, Interscience Publishers Inc., New York, N. Y., 1956, p 234.

(10) (a) D. M. Hall and E. E. Turner, J. Chem. Soc., 694 (1943);: (b) F.
Y. Wiselogle, ""A Survey of Antimalarial Drugs,” J. W. Edwards, Ann
Arbor, Micl., 1946.

(11) M. I, Hawthorne, I'. A. Wegner, and T. E. Berry, J, Am. Chem.
Soc., 87, 4746 (1965), as well as ref 3a.
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3100 em~! in the infrared spectra. The presence of
the acridine moiety was confirmed in part by the ul-
traviolet spectrum which proved to be identical with
that of 9-anilinoacridine'? (A\ELS™ 2450, 2650, 3415,
3580 A).

In view of the observations of Creech, ef al.,b that
“one-armed”’ nitrogen mustards of the qunacrine
type exhibit high antitumor activity, attempts
were made to synthesize N,N-(2-chloroethyl-p-carbo-
ranylphenyl)-9-aminoacridine (VIII) by Scheme 1.

ScuEME I

HOCHQCHQN—Q—C—/CH

P \ = \ .
VI CH,CH, BioHyo S0Cl,
HOAc N/ CeHs

viI
CICHQCHQN—Q—C —CH
\/

N/

VIII

Comipound VII was synthesized and characterized
by infrared and elemental analysis, but all attempts to
prepare the “one-armed” nitrogen mwustard (VIII)
have been unsuccessful to date. Although the struc-
ture of the isolated product has not been completely
elucidated, the infrared spectra exhibit a split B-H
band at 2500 and 2600 cmm—! which is characteristic of
degradation of the carborane mwiety.'* A possible
alternate approach to enhanced biological activity
would be the synthesis of the methanesulfonyl deriva-
tive (mesylate) of VII, and efforts in this direction are
currently under way in our laboratory.

Biological Results.—The single-dose LDs¢’'s of VI and
VI1I were determined by suspending their hydrochlorides
in saline containing a few drops of a wetting agent
(Tween 40). These suspensions were adniinistered
to 6-week-old male CD1 Swiss Albino mice by intra-
peritoneal injection. The LDjy determined in this
manner using regression analysis was 200 mg/kg and
180 mg/kg, respectively. These values are coniparable
to many substituted acridines'* (i.e., quinacrine,
LD;, = 280 mg/kg). Thus, on the basis of boron
concentration administered, use of these compounds
for neutron-capture therapy would appear to be dis-
tinctly possible.

The compounds were evaluated for tumor localiza-
tion by three daily intraperitoneal injections of 18 ug of
boron/g into C3H niice bearing subcutaneously trans-
planted ependyniomas.’® The animals were sacrificed
2 days following the last injection and tissues were
analyzed for boron content.’® The results are sum-
marized in Table I. Both compounds exhibited ele-

(12) 9-Anilinoacridine was prepared in this laboratory according to tlie
procedure in ref 10; mp 230°, lit.? mp 230°,

(13) (a) L. I. Zakbarkin and V. N. Kalinin, 7z, Akad. Nauk SSSR,
Ser. Khim., 8, 579 (1965): Dokl. Akad. Nauk SSSR., 168, 110 (1965);
Tetrahedron Letters, 407 (1965): (b) M. F. Hawthorne, P. A. Wegner, and
R. C. Stafford, Inorg. Chem., 4, 1675 (1965).

(14) 8. D. Rubbo, Brit. J. Exptl. Pathol., 28, 1 (1947).

(15) D. 8, Matteson, A, H. Soloway, D, W, Tomlinson, J. D. Camplell,
and G. A. Nixon, J. Med. Chem., 7, 640 (1964).

(16) A. H, Soloway and J. R. Messer, Anal. Chem., 86, 433 (1964),
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TaBLe I
Tissve DistriBuTION RaTiON
Tizxsie V1 Vil
Tumor:brain F.7(1.5-2.5) Fohn.6-1 .41
Tumor: blood F.5(1H0-2 4 Fosiu9-1.7)
Tumor: muscle 0.6 (0.5-0.4) 0,510, 1-0.7)
Tumor: iver <0.1 <0.1
Tumor: =pleen <0.1 <. 1
Tumor:kidney <. 1 <0.1

* Values are averages of nine animals for VI aud five animals
Tor V11, The mnge of values 1x shown in parentheses.

vated levels in tumor compared with normal brain and
blood but localization of the compound did occur in
muscle and in other organs such as liver, kidney, and
spleen.

In attempts to achieve higher concentrations in
tumor with VI, smaller doses were administered over
a longer time interval (15 pg of B/g/day for 5 days).
Tissue ratios were 2.5 for tumor:brain and 4.2 for
tumor:blood. However, at this level an LDs; was ap-
proached and precluded the use of this compound for
neutron-capture therapy.

Interestingly enough, VII showed reduced tumor
localization compared with VI and this may be attribut-
able to the requirement of a hydrogen atom on the 9-
anine function of quinacrine-like acridines.*

Fxperimental Section’

The following compounds were obtained from commercial
ources: uaeridine,  9-chloroaeridine, and  3,6-diaminoacridine
(K & K Laboratories); 9-amiboacridine (Mann Research Labora-
tories, Inc.): phenylpropiolie aeid (Columbia Organie Chemieals),
3-butyn-1-ol and 3-hexyn-1-ol (Farchau Research Laboratories).
The =ample of I-izopropenylearboranccarboxylie acid was kindly
supplied by T. L. Heying and IH. Schroeder of the Olin Mathieson
Organic Division.

Substituted Acetylenes.—4-Bromo-i-butyne was prepared in
3534 yield according to the method of Schlubach, et af.,¥® bp
LOS-F10°) I 109-110°.  5-Butyn-1-yl  toluene-p-sulfonate
and 4-iodo-1-butyne were prepared in 75 and 659 yields, re-
=peclively, according to the procedure of glinton and Whiting.'?

Carboranes.—The carborine derivatives of the acetylenes
prepared nbove were obtained by nsing the procedure of Fein,
el @l bromoethylearborane, mp  112-114°, lit.20 114-115°;
tosylethylearborane (Ih), mp 117-118%; and lodoethylearborane
(Te), mp 132-134°.

Anal. Caled Tor CollsBoOsS by C) 38.60; I, 6.44; B3,
SO0 2056, Found: €, 38.70; 11 6.43; B, 51.51: S, .08,
Caled for CollpBwl (Ie): C, 16.15: 11, 5.40; B, 36.22; I, 42.65.
Found: C, 16.25: 1, 5.16; B, 36.42; I, 42.40.

Acid Chlorides.—Compounds IVa,h and Va,b were prepared
by the netion of SOChL on the corresponding carboxylic acids.
The origin of the acids corresponding to IVEh and Va have al-
ready been mentioned. The cuboxylie aeid corresponding to
IV was obtained from the reaction o butylithinm on phenyl-
cnrborane followed by addition of CO. aod hydrolysiz.?2t  The

(17) Correeled nielting poines were ohserved o a Kofler liot stage undes
s polarizing mwieroscope.  1he infrared speetra were determined in Nujol
aor CCly using Nal erystals on a Perkin-Elmer Model 137 spectropliotometer.
The wdtraviolet speetra were earried ont on & Cary Model 11M recordine
spee(rophocometer. Microanalyses were performell by Schwarzkopf
Microanalytical Labaratory or by Dr. Steplien M. Nagy, M.LT. Micro-
analytiea!l Laboralory.

(18) 1I. 1I. Rehlnbaelh, V. Walf, W. Josis, and C. 11, Kobneke, Ao,
568, 141 (1950).

(1) L elincon and M. COWhitiwe, /. Chem, Sac., 3650 (1450).

(2 M. M. LFein, 1), Crafescein, J. 1. Panstian, J. Bobinski, 13, M. Livh-
sein, N, Maves, N, N. Sehwartz, awd M. S0 Cohen, ITrorg, Chewi.. 2, 1115
(1063).

021y L. 1. Zaklarkin, V. 1. Stanko, AL L Klimova, and Yo, A Ubapovskis,
Tze. Chad. Nawk SSSI'. See, Khim,, 12, 2236 (1063).
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ueld corresponding to Vb was prepared by CrOy-11.80, oxidation
of 3-hexyn-t-ol.

N-Ethylearboranylpyridinium Bromide (Ha).-Chmpound lu
R0 gland bl of pyridine were heated i refluxivg beuzene
for 10 min. - The precipitate Tormed was filtered oIt and vecryvstal-
lized from a F: 1 bevzene-ncetonitrile =olution: mp >3009,

Jdrals Caled Tor Cyl Lo BuBrN: ), 32740 1L 60160 BL 52,
N, Bro 24200 Found: ¢, 62760 1L 631 13,
N, 4.49; By, 2427,

N-Ethylcarboranylpyridinium Toluene-p-sulfonate {Ilb).
Compouud Ith was prepared in a <imilar mauner to Tia with the
exception that exteronl henting wias pot vecessaryv: mp 255
257°.

Al Caled 1or Gl BeNOS: ) 45000 1, 641 B,

RE 20 876010 Fouud: C, 4544 1L G580 B 2564

.8

9-Acetamidoacridine wus prepared from 9-univoaneridine by
both the neetic smhvdride method# (70U, mp 282°) and the
acetyt chlovide methad (40€7, mp 282-285°0 HU® op 266°
Dlneol .

dned. Caled for CLHLNLO: ) 6,55 1L a0 N,
Found: C, 76.75; L 505 N, 1200,

9-Carbobenzyloxyamidoacridine (Ill). -{-Amivoncridive (4.0
) was dissolved i 110 ml of dry dioxane.  To thix stirmed =obi-
on was added dropwize 3 ml of enrbobenzyloxy chloride and the
nixture wis allowed 10 =tir overnight at roomn temperatire.
The =olution wax then filteved and the precipitate (9-amino-
aeridive hydrochloridey was disearded.  The filtrate was con-
centrated nuder reduced pressuve aud the obtained =ohid (0.7 g,
2EC0) was reery=tallized from beuzeve, mp 212°.

dwal Caled for CoallLigNeUDs: Co 76850 1L 487
Found: C, 76550 HL 4770 N, 852

9-( p-Carboranyllanilinoacridine { V1).---To a refluxivg =olution
ol 1.6 ¢ of Y-chloroaeridine in 30 ml ol tolnene, 0.7 g ol p-nmino-
phenviearboraue 1 Hmb of toliene was added dropwise over
SO i, A precipitate ocanrred inunedintely and was filtered
off ax =oon ax the addition was complete.  The material was
wished =everal times with hot benzeoe to give 0.7 g (54C) o1 a
vellow crystalline material, mp >3500 (presumably the hvdro-
chloride of V1), This nuuerial was dixzolved in n minimal amonut
of hot ethanol avd made basie to pll 9 with coneentrated NILOTLL
Upon addition of TLO VI precipitated ont ax o vellow powder,
mp 242-245°,

dnal. Caled Tor Cylla BN HCE ) 66,24 1
24050 N, 6200 CLo7920 Found: € 5621 H,
240550 NL6.27: CL 702,

FEN2.

N, SA0.

el Caled Tor CoyllaBueNs VI G0 GHIEG: L AN
13, 26,200 N, 6.x10 FPoand: C, 61290 11, 6.01; 13, 26.21; N,
4,541,

N.N-12-Hydroxyethyl-p-carboranylphenyl)-9-aminoacridine
(VII).—Compound VI (1.0 g) wax dizsolved in 10 ml of glacinl
acetic neid at 10°0 To the stirred solution, 5 mb ol ethylene oxide
wis added dropwise over I hr. The mixtive was then allowed (o
<tir at room tempernture Tor =everal howrs aud subsequently
ponred to ice and waier and filteved. The precipitate (RO @i
wias recrystadlized Tron hot bevzene (0.5 g 45470, mp 2400°
(rearranged at 150° 0

el Caled Tor CullaB3ua N0 C, 6055, 1L 6015 B 207
N, 6,15, Fouod: C, 60054 11, 6,020 B3, 23.560 N, G610,

N,N-(2-Chloroethyl-p-carboranylpheny!)-9-aminoacridine
(VIII)—Attempts to prepare VI cousisted of ndding SOCL
dropwise (o refluxing solntiou= of VII in bevzene, CHCL;, and
ethyl ether. In all three casex appavent degradation o the
carbornue moiety ocemred.  However, when SOCL was added
to these =olutinus at vom temperatie the hydrochioride of V11
wits obinined.
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