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TasLe 11

ANTIBACTERIAL AND ANTIFUNGAL ACTIVITY OF THE
ComporNDs TESTED?

Microorganisin 1 3 4 5 6 8 9 11 12 13
Neisseria cathar-

rhalis +
Salmonella para-

typhi B +
Klebsiella sp. +
Pseudomonas

aeruginosa +
Candida albicans + +
Cryptoccocus

neoforinans —+
Nocardia asteroides +
Aspergillus

fumigatus
Trichophyton

rubrian
Trichophyton

schoenleini + +
Trichophyton

mentagrophytes +
Histoplasma

capsidatiom +

¢ 4+ means a total inhibition of microbial growth.

+

+ o+ + +

required for the preparation of 11, was obtained emploving the
procedure described for analogous compound.!2
? Preparation of Compounds 1-11.—Thenoy! chloride (3.66 g,
0.024 mole) was added dropwise during 0.5 hr to a well-stirred
and ice-cooled solution of 0.02 mole of the particular amine in
20 ml of pyridine. To complete the reaction in the case of 1, 2, 5,
6, and 10, the reaction mixture was stirred for 2 hr at room tem-
perature. To prepare 3, 4, 7-9, and 11 the mixture was refluxed
for 6 hr. After cooling overuight, 9 and 10 separated. Crude
products were collected on a filter, washed with dilute HC! (ca.
39,), and recrystallized. Other products crystallized on pouring
the reaction mixture on ice aud were filtered off, washed with
dilute HCI, and recrystallized.
2-(2-Thenoylamino)-5-chlorobenzophenone Hydrazone (12).—
Componnd 10 (6.7 g, 0.025 mole) and 0.81 g (0.025 mole) of
hydrazine in 15 ml of EtOH were placed in a sealed tube and
heated for 5 hr at 150°. The reaction mixture was cooled and
poured on ice. The ernde product which separated was filtered
off, dried (6.3 g, 709), and recrystallized as indicated iu Table
1.

2-(2-Theny!)-4-pheny!l-6-chloroquinazoline (13).—Compound
10 (2 g, 0.0076 mole) in 13 ml of 6.59, NHj solution in EtOH was
sealed in a glass tube and heated for 5 hr at 140°. On cool-
ing the erude produet which separated was collected ou a filter,
waszhed (EtOH), and recrystallized.

{12) J. F. J. Dippy and V. Mass, J. Chem. Soc., 2205 (1952).
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Quinones containing heterocyclic rings appear to be
interesting from various points of view, Of a large
number of 4,7-indolequinone derivatives related to
mytomicin antibiotics,! several had interesting anti-
bacterial activities. Various 5,8-quinolinediones were

(1) M. J. Weiss, G. 8. Redin, G. R. Allen, Jr., A. C. Dornbush, H. L.

Lindsay, J. F. Poletto, W. A. Remers, R. H. Roth, and A, E. Slohodsa, J.
Med, Chem., 11, 742 (1968).
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studied in relation to their antibacterial and cytostatic
activities.? Recently also 5,8-isoquinolinedione? and
some 5,8-quinoxalinedione derivatives have been pre-
pared and studied. We were therefore led to investi-
gate the closely related 5,8-quinazolinedione.

We recently prepared 5,8-dimethoxyquinazoline (1)
and some derivatives,® for instance, 5-methoxy-8-
hydroxyquinazoline. This compound was found to
have antibacterial properties analogous to those of 8-
hydroxyquinoline.

OCH, OH
\N \N
o .
OCH, OH
1 2 3

The complete demethylation of 1 was achieved by
heating the substance with AICl; at 180°. 53,8-
Quinazolinedione (3) was prepared by K.Cr.O;oxidation,
It was stable under normal conditious of storage and
displayed typical quinonic behavior to KI-H.SO.,
diphenylbenzidine-H;S0,,%2 and ethyl cyanoacetate—
alcohol NH,% test reagents, Mlixed with 35,8-dihy-
droxyquinazoline it easily formed the quinhydrone deriv-
ative.

Biological Results’—3,8-Dihydroxyquinazoline (2)
was tested on three strains of Staphylococcus aureus
(I 67, Pd 2, Ba 61) and on Streptococcus pyogenes
(N.T.C.C.S.T.A.), both in the absence and in the pres-
ence of equal molar amounts of Fe?*. 5,8-Quinazo-
linedione (3) was tested on the same strains of S.
aureus and of S. pyogenes and on Escherichia coli (Pd 3),
Salmonella typht (murium), and Candida albicans.
Neither 2 nor 3 exhibited antibacterial activity below a
concentration of 100 ug/ml.

5,8-Dihydroxyquinazoline (2) has a structure aual-
ogous to that of 8&hydroxyquinoline; the antibacterial
activity of this substance is related to complex forma-
tion with various transition metal ions.® The ineffec-
tive antimicrobial activity of 2, which does form sta-
ble metal ion complexes, may be attributable to its low
partition coefficient in oleyl alcohol-H,O (0.33).
This factor in many cases can be correlated with the
antibacterial activity of 8-hydroxyquinoline deriv-
atives. 20
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Compound 3 displayed practieally no antitumor ac-
tivity against Sarcoma 180 and mouse Ehrlich ascites;
it= acute LD, o mice waz 8.4 mg/kg ip.

Experimental Section

Melting points are uneorvected.  Microanalyses are indicated
only by symbols of the elements; nnless otherwise stated, ana-
Ivtical resnlt= were within 4=0.47; of the theoretical values.
The nv absorption xpectra were nieasured on an Optica CF 4
spectrometer.  Iv =pectra were recorded on a Perkin-Elner 21
=pectroieter,

5,8-Dihydroxyquinazoline 12), - A wixture of 1.5 g 123.7
nunoles) of 3.8-dimethoxyquinazoline (1) and 20 g (150 nimoles)
of anhydrous AICYH was heated i an il bath at 170-180° for 8
hr. The renction mixture was dissolved in 200 ml of H,O and the
solution was extrncted with B0 (six 500-ml portions). 'The
combined vellow extracts, which were dried (Na,804}1 and dix-
tilled at atmospheric pressure, vielded 1.08 g of a yellow =olid
which was sublimed /n racio 10.001 imui. The fraction which
sublimed below 140° wix discarded, while the crvstalline product
which =ublimied between 160 and 170° was crystallized from
E1OAe; vield 048 ¢ 112,50 af vellow needles: mp 253°; AL
205 nn dog e 4215, 240 (4.46), 340 (3.49); wpae (KBr) 3455
OH)and 1025 eou~t. dnal. (CyHNL.Oy) C, H, N.

Physical Measurements.-—The ancid iopization constant of 2
was determined by potentiometric titration:®  pA, tacid) at
207, 8.4, The ~tability coustant= of metal complexes of 2 were
determined by potentiometrie titration=®ecel With Cu2+, log
A’ =08 withCo*~ log K7 = 81,

The partition coefficient in olevl nleohol-H,0 was determined
acrording to the method of Albert and Hampton:#  at 20°,
the value ix 0,33,

5,8-Quinazolinedione (3).--T'o an ice-cold stirred =ohition of
0.5 g 3.1 mmolesy of 3,8-dihvdroxygninazoline (2) in 50 ml of
107 HuS04 was added 1 solution of 0.35 g (1.2 mimoles) of K-
Cr:05 i 6 1l of Hat),  The =olntion was stirred with cooling
tice bath) for 45 win and extracted with CHCly (five 300-ml
portions=1.  After dixtillation of the =olvent at atmospheric
pressuve, the residne, erystallized three times from CgHe—pe-
trolemmn ether +by 30-50°) (1:1) vielded 0.37 g (74.97) of
cry=talline vellow-brown substance which decomposed, withont
melting, nhove 350°; ART 205 i (log e 4.21), 249 (4.33), 3
U140, 341 134910 v, 1678 (C=0), 1575 em~L  Anal. (C«
HyN.O.) C, HE, N

The quinhydrone of 2 and 3 wux prepared by mixiug separate
=olutions containing 25 mg each of 2 and 3 dissolved i1 5 ml of

PhMe.  After standing in the cold. red-brown crystals formed,
mp S318°0 cnad, (CeH N0 L, N Co ealed, 59.63; found,
O8R5,
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Hydroxamic acids possess biologic effects which
niclude o particularly valuable antifungal activity.!
Ax part of our program in the field of terpene com-

(1) 1a) H. Kitagawa, 8. Yoshida, M. Abe, W. C. Chen, and T. Arai,

J. Ukarm. Soc. Jup., 88, 860 (1963); (L) R. M. Patel, D. P. Carew, and J. L.
Lact, JJ. Phurm. Sei., 56, 1326 (1967,
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pounds. we have prepared a series of terpenylhydrox-
amic neids and tested their antifungal properties. .\
report? on a possible therapeutic application of the
nrease nthibitory effect of hydroxamic actds? prompted
ux to test our compounds for thix activity axwell.  The
contpound= were prepared by reaction of NHLOH witl
the appropriate earboxyvlic ester: their chemical data
are listed in Table I

Antifungal activity was evaluated against four fungi
according to a method previously deseribed;* for com-
parative purposes 10-undecenohydroxamic acid (10) and
nystatin were assayved concurrently.  The results, ve-
ported i Table IT. mdieate that only compoinds
derived from =esquiterpenes displayved interesting anti-
fungal activity; mmong then 6. which proved as active
as nystatin, appears to be worthy of a more detailed
studyv.  The inhibitory effeet of terpenyvihvdroxamic
acids ou bacterial urease in rilre was tested, i com-
parison with acctohydroxaniie acid, necording to a new
procedure,”  The enzyme was imecubated at 37° 11 oa
solution of urea i pliosphate buffer with addition of
the test compound.  After 20 and 30 min, NH; liberated
by the enzyme wus assaved acecording to the niethod of
MeCullough® T'he inhibitions. reported i Table 11T,
were ealeulated for control tests performed without any
addition ol compounds.  Poteney of 3 aud 9 i vitra was
comparable with that of accetolivdroxamie acid: 4 was
les= active. whereax otlier compounds were inactive.
Compoundx 3, 4. 9, and acetolivdroxamic actd weve
tested on hyperammnonemia induced by mtraperitoncal
injections of urea (200 mg/keg) and urease (25 mg, ky)
inrat=*  Acctohyvdroxamic aeid, at a dose of 100 mg/kg
orally, significantly redueed blood NHy 2, 4, 6, and 8 hr
after urea--urease injections; compounds 3. 4, and 9.
tested at the sante do=e, exhibited un aetivity,

Experimental Section’

Method A. Geranoylhydroxamic Acid (1).—-A =olutione of
NaOH (12,4 g, 0.36 mole) in 509¢ MeOH (50 ml) wax added nt
10-15° with stirring under Ny to NTLOH -HCL (18.1 g, 0.26 mole)
diszolved in H.O (23 b, Methyl geranate (36.5 g, 0.2 mole;
wax =ubsequently added and the mixtnre was stirred for 6 br
1t roont telperatire.  Acidification 1o pll 2-3 with 139, 111
and evaporation of MeOl] at rediiced pressire gave a snspension
which was extracted with E.0O. The Et,0 layer wax extracted
with 377 NaOH and the alkaline =olution wax acidified with 15
HCLE to give an oil which was extracted with Ee,Q and dried
(MgR0O,).  Evaporation of the =olvent gave a residue (10.2 g) of
criile 1. This prodnet, diszolved in AcOH (15 nmil), was dropped
with vigorons stirring into 1 =olntion of copper acetate (16.6 g,
0.U83 wolej in H,O (230 ml. The green gnnuny precipitate wis
thoronghly washed [(H.O, absolnte IStOH), filtered, aud dried.
The =olid obtained was then shaken with Et.0 (300 ml) and 25¢
H.R0, (100 1ml) to complete dissolntion. The Et,0 layer, wi=hed
(H,0) and dried (Na,R0,), wuas evaporatel to give 5.5 g of 1 ax
a colorless oil.

Method B. Citronelloylhydroxamic Aeid (2).---Crnde citronel-
lovlhydroxamic acid (prepared according to method A) was taken
up in petralenm ether (bp 40-70°}1 and allowed to stand in an

(2) W, N, Fisbbeiu, I'. I'. Carboue, and H. D). Hoclhistein, Nature, 208, 11
{19657,

(3¢ K. Kobashi, J. Hase, and K. Uelura, Blockim. Biopkys. Actu, 66, 180
11962,

4y G. Coppt, A. Maselli. and C. Clani-Bonardi, Facmaco, Ed. Sci,, 20, 203
11965).

i3 G. Coppi and G. Bonardi, manuscript in preparation.

it 1. MeCutlough, Clin. Chim, Acta, 1T, 297 (1967).

{7} Melting points are corrected and were taken ou a Bilelil capillary
melting point apparatius. Purity of compovnds was chiecked by tle, je, and
umr,



