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Compound 3 displayed practieally no antitumor ac-
tivity against Sarcoma 180 and mouse Ehrlich ascites;
its nente LDs on mice was 8.4 mg/kg ip.

Experimental Section

Melting points are uncorrected.  Microanalyses are indicated
ouly by symibals of the elements; uuless otherwise stated, ana-
Ivtical results were within £0.4¢; of the theoretical values,
The uv absorption spectra were niensnred on an Optica CF 4
spectrometer. It spectrn were recorded on a Perkin-Elmer 21
spectronieter.

5,8-Dihydroxyquinazoline 12). - A mixtnre of 4.5 g 123.7
mmales) of 5.8-dimethoxvquinazoline 1) aud 20 g (150 mmoles)
of nnhydrous AIChL was heated i an nil bath at 170-180° far S
hr.  The reaction mixtnre was dissolved in 200 ml of H:O and the
sahttion was extrneted with B (six 500-ml portions).  The
enmbived vellow extracts, which were dried (NasSt)) and dis-
tilled at atmaspheric pressire, vielded 1.08 g of a yellow ~salid
whicel was sublimed (1 vacwo (0.00F mmy. The fraction which
siblinted below 140° wis dizcearded, while the crystalline prodnet
which =ublimed between 160 aud 170° was crystallized from
EtOAe; vield 048 g 7112.57) of vellow needles: mp 233°; AL
205 nm log e 4210, 240 (4.46), 340 13.49): vua. (KBr) 3455
(OH) aud 1025 em—L 0 Jral. TCHENO04) C, H, N.

Physical Measurements.-—The acid iopization constaut of 2
was determined by potentiometric titration:®  pk, (acid)
207, 8.4, The stability constants of metal complexes of 2 were
determined by potenticmetvie titrations® <1 With Cu?~, log
A =08 with Ca* = lag K7 = R0,

The partition cocficient in oleyt aleohal-1,0 was determined
accarding ta the wethod of Albert and Hampton:®  at 20°,
the vilue 1= .33,

5,8-Quinazolinedione 3).--1Ta an ice-cald stirred solition of
0.5 g 31 mmales; of 5.8-dihyvdroxyquinazoline (2) m 50 mi of
O, Hast)y was added nsohition of 0.35 g (1.2 mmoles) of K-
Crst: i 6 il of o), The solution was stirred with cooling
aee bathy for 45 min nnd extracted with CHCly ffive 300-ml
partiou=)  After distillation of the solvent at atmospheric
pressure, the residue, eryvstallized three times from CgHg—pe-
trafeum ether *bp 30-50°) (1:1) vielded .37 g (74.9%) of a
crvstalline vellow-brown substauce which decomposed, without
melting, nbave 350°; AL27 205 nm (log e 4.21), 249 (4.33), 31
0L 341 03.49)0 vy 1678 (C=0), 1575 em~%  Anal. (
H.N:y) C, HL N,

The quinhydrone of 2 and 3 wux prepared by mixing separuie
<alntions containing 25 mg each of 2 and 3 dixsolved i 5 ml of

Phle.  After standing in the cald. red-brown crystals formed,
mip SIS . (CsHEpNLO ) L, N Crocaled, 59.63; found,
OR.83,
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Terpene Compounds as Drugs. VIL

Terpenylhydroxamic Acids
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Hydroxamic acids possess biologic effeets which
include a particularly valuable antifungal activity.!
As part of our program in the field of terpene com-

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

J. Pharm. Soe. Jap., 88, 880 (1963); (b) R. M, Patel, D. P. Carew, and J. L.
Laely, JJ. Pharm. Seci., 56, 1326 (1967).
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pounuds. we have prepared a series of terpenylhydrox-
amic neids and tested their antifungal properties. .\
report? on o possible therapeutie application of the
urease ihibitory effect of hydroxamic acids? prompted
us to test our compounds for this activity ax well.  The
compounds were prepared by veaetion of NHLOH with
the appropriate earboxyvlic ester: thew chemienl data
are histed wn Table 1.

Antifungal aetivity was evaluated against four fungi
according to a niethod previously deseribed;* for ecom-
parptive purposes 10-undecenohyvdroxamice aeid (10) and
nystatin were assaved concurrently.  The rvesults, re-
ported 1n Table IT. mdieate that ouly compouids
derived from sesquiterpenes displaved interesting anti-
fungal aetivity; aunong them 6. which proved ax active
as uystatin, appears to be worthy of o wore detailed
studyv.,  The inhibitory effeet of terpenvihyvdroxamic
acids on bacterial nrense fn orileo was tested. i cour-
parison with neetohydroxaniie neid, necording to a new
procedure.  The enzyvue was incubated at 37° in oo
solution of urea in phosphate buffer with addition of
the text compound.  After 20 aud 30 min. NHj liberated
by the enzyine was assaved aceording to the method of
MeCullough.®  The inthibitions. reported i Tuble TIT,
were caleulated for control tests performed without any
addition of compounds.  Poteney of 8 and 9 in ridra was
comparable with that of acetohyvdroxamic neid: 4 wis
less active. wherens other compounds were inetive
Compounds 3, 4. 9, :and acetohyvdroxamic actd were
tested on hyperamunonemin indueed by intraperitoneal
injections of urea (200 mgke) aud urease (25 mg,/ky)
i vats®  Acetohvdroxamic neid, at a dose of 100 mg/ kg
orally, significantly reduced blood NHy 2, 4.6, and 8 hr
after urea--urease injections; compounds 3. 4, and 9.
tested at the same dose, exhibited my aetivity,

Experimental Section’

Method A. Geranoylhydroxamic Acid (1).--A =solutiorc of
NaOH (12,4 g, 0.36 male) in 5097 MeOH (50 ml) wax added ui
10-15° with stirring under N; to NTLOT-HCH(18.1 g, 0.26 male?
disalved in HO (23 b, Methyl geranate (36.5 g, 0.2 mole;
wax =ubsequently added nud the mixture was stirred for ¢ br
at room temperature.  Acidification to plt 2-3 with 159 11C1
and evaporation of MeOH at reduced pressure gave a suspension
which was extracted with I3ts0). The .0 layer was extracted
with 3¢ NaOH and the alkaline solution wax acidified with 154,
HCH to give an ail which was extracted with KO and dried
(MgSOy).  Evaporation of the solvent gave n residue (1.2 g) of
crude 1. This product, dissolved in AcOH (15 mib), was dropped
with vigoraus stirring into a solution of copper acetaie (16.6 .
0.083 mole) i HO (230 mle. The green gummy precipitate wis
thoroughly washed (H,0, absalute EtOM), filtered, and dried.
The solid obtained was then shaken with Et.O (300 mb) and 25¢,
.80, (100 mb) to cauplete dissolution.  The Et.0 layer, washed
1THLOY and dried (NS00, was evaporated ta give 5.5 g of 1 s
ncalorless oil.

Method B, Citronelloylhydroxamic Acid (2).—-Crude citrounel-
loythydroxamic acid (prepared according to method A) was taken
up in petroleum ether (bp 40-70°) and allowed to stand i an

29 W. N, Fisbbheiu, I’. I*. Carboue. and 11. . Hoelistein, N«ture, 208, 41
(1965).

31 K. Kobasbi, J. Hase, aud K. Uebura, Blockim. Biophys. Acte, 68, 380
(1962},

4y G. Coppi, A, Maselll, and C. Clani-Bonardi, Faemaco, Ed. Set,, 20, 203
11965).

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

sy 1. MeCullough, Clon, Chim, Acta, 17, 297 (1967).

{7} Melting points are corrected and were taken ou a Bilehi capillary
melting point apparatus. Purity of compovnds was cliecked by tle, i, and
mnr,



Compil Naue
1 Geranoylthydroxamic acid
2 Citronelloylhydroxamie aeid

3 Homogeranoylhydroxamie aeid
4 Geranylacetythydroxamic acid

5 Farnesoylhydroxamie aeid

6 Homofarnesoythydroxamie acid
7 Farnesylacetylhydroxamic acid
8 Geranylgeranoylhydroxamic acid
9 Meuthoxyacetythydroxaniic acid

a Crystallized or purified product. * All compounds were analyzed for C, 11, N

method by G. Velardi, Gazz. Chym. Fial., 34 (11), 66 (1904).

Tapre I1: In Viiro ANTIFUNGAL ACvITy®

TasLu I: TERPENYLHYDROXAMIC ACIDS

Structure
CH;C= CHCH,CH,C=CHCONITOH
ClH; CI;
ClL;C=CHCH.,CH,CHCIT,CONITIOH

CllIy Cll;
CILC=-CIICILCH,C=CICIL,CONHOII

Cll; CIT;
CI;(C=CHCIICIT;).CONHOH

CTI;
CHy(C—=CHCH,Cl1;).C=CTICONTIOH

CH; Cll;

CH;(C=CHCH,CH;).C==CHCIL,CONHOTI

CH; Cll;
ClL(C=—=CHCILCIL);CONIIOLI

Cll;
CH(C=CHCI,CIL,);C=CIICONTIOIL
CH; CH;
OCH,CONHOH

4 Crystallized from petroleun ether (bp 40-70°).

Metliod Yield,* %
A 15
B 2
B 201
B 414
A 16
C 28
A 19
A 30
B 40¢

¢ Lit.e mp 72-74°.

Tanre 111

In Vitro INnviny1ioN OF UREASE

% inhib*—

- —-- - ——Min iubib eonen, pa/ml — N
Candida S, . Cryptococcus Cotpd 20 1in
albicans cerevistae ATCC neofocmans 1 75
Cotupd DM ATCC 9763 8757 ISM N G . X
2 5.
9
1 80 40 20 R0 3 3 4
2 >80 >80 >80 >80 4 29 4
3 S0 80 80 80 5 16 ’ 6
4 40 40 20 40 b 44
5 10 5 5 10 7 19 6
6 0.62 2.5 5 0.62 S 4
7 2.5 10 5 10 9 49'2
S 40 41 >80 >80 " . . o
Acetohydroxamniic acid 45.0
9 >80 >80 >80 K80 o . o
10 5 5 10 25 « Inhibitor concentration 0.01%..
Nystatin 1.25 1.25 i} 1.25
+ 8. = Succkaromygees; T = Tricophylon mentagrophyles.

Mp. °C Forutula®
Oile CioHaNO»
74-75° Cuol11sNO,
73-74 Ci H1oNO:
81-82 CiHaNO:
0Oil CiITxNO2
oil CillNO,
Wax CilyyNO,
01l Caol1HzNO,
69-70 Ci12H3NO;

; the analytical values were within =0.4Y%, of the theoretical values.

30 win

3.
12,
52.
26.

7

¢ Previously prepared by another

0261 Arenuep
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€91
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e bath to erystallization. The sohid was filtered and recrystat-
lized from the same solvent to give 2 ax colorless crysials,

Method C. Homofarnesoylhydroxamic Acid (6)~-—The prep-
aration was carried out according to method A but the reaction
praduet, as obtained after evaporation of MeOH and extractian
with Et.0, was chromatographed on xilica gel.  Elution with
el and mixtures af CgHg=Me,CO furnished pire 6 ax norolavless
(Yil.

Nitrofuryl Heterocycles. IX.! Some Derivatives

and Analogs of 6,7-Dihydro-3-(5-nitro-2-furyl)-
5H-imidazo[2,1-b]thiazolium Chloride

Harry R.SNYDER, Jr., axD Lovis K. BExsavN

Chenistry Division, Research and Development Depaitorent,
The Norwich Pharmacal Congpany, Norwich, Nvw York 13813

teceved Joly 3, 1064

Since the discovery that furazolium chloride (1)? acted
i eitro against Proteus wvulgaris and  Pseudomonas
aeruginosa organisms, its use as a topical antibacterial
agent has been investigated.® The synthesis of several
derivatives and ring analogs of 1 is deseribed and the
i itro testing data are reported.

Chemistry.—Compounds 4-7 are quaternary salts
of 5.6-dihydro-3-(5-nitro-2-furyl)imidazo [2,1-b Jthiazole
(2).* the free buse of 1. These four compounds
were prepared by treating 2 with the appropriate halide
(3a-d) in a solvent such as Me,CO or MeOH.  Although
assignment of position 7 for the alkyl group is arbitrary.
alkylation at this position does result in an aromatic
thiazole ring.  Compounds 8-11 represent ring svstems
similar to 1 in which the imidazo portion has heen sub-
stituted by a dihydrooxazole, dihydrothiazole, di-
hvdropyrrole, and tetrahydropyridine, respectively.
These compounds were prepared by the reaction of
bromomethyl 5-nitro-2-furyl ketone 12* with 2-thio-
oxazolidinone (13).° 2-thiazoline-2-thiol (14).° 2-thio-
pyvrrolidone  (15),Y and 2-thiopiperiodone (16)° in
ethatol. respectively (Scheme ). Compound 18 repre-
seuts aring system in which the thiazole ring of 1 has
been replaced by o thiadiaziue ring.  The econdensa-

(1} 1or paper VIII in this series see H. A\.
(1469).

2¢ Novafur®, Dermafar™,
[2.1-» Jthiazolium chloride.

13y M. R. Snyder. Jr., and 1. . Benjuwin, /. Med. Chem., 9, 402
(1966): R. Freedman and R. E. Chamberlain, “*Antimicrobial Agents and
Cvemotberapy—1967, G. L. Hobby, Ed., American Society for Micro-
Liotogy, Ann Arbor, Micl.,, 1968, p 502: H. E. Russell, D. P. Gutekunst,
and R. I& Chamberlain, 4., p. 497; N. Georgiade, M. Lucas, R. Geor-
piade, and W. Garrett, Plustic Reconstruc. Surg., 89, 349 (1967); D. E.
Bidlack. Vet. Med., 82, 1070 (1967); R. L. Brutus, Arimal Hosp., 8, 206
(1967): R. 8. Titus, Southwestern Vet. 20, 295 (1967).

(4} O. Dann, H. Utrich, and E. I. Moller, Z. Naturforsch., Tb, 334 (1952):
Cheni. Anstr.. 4T, 8730f (1053).

15y A. A. Rosen, J. Am. Chem. Soc., T4, 2094 (1952).

(6) Iurchiased from Matheson Coleman and Bell Co.

17y J. Tafel and P. Lawaczek, Ber., 40, 2812 (1907).

(83 J. Renault, Bull. Soc. Chim. Frerce, 1001 {1953).

reh, J. ed, Chen,, 12, 535

6.7-dilevdro-3-(5-nitro-2-furyl)-5H-imidazo-

Vil 13

tion tf I-unmino-2-imidazolidinethione (17)Y with 12 gave
18 which wis couverted to the ehloride salt 20.

Seugar |

1Ol g s
NFCOCH.Br + S=< ELO1 v

=
1%

12
13 -16 8§11
H.N
| s A
N - N Cal
12+ 8= — \lr Br- ——
N
\I T
H
17 18
S
”L(
VE QAT Y
19 20

NF = 3-nitro-2-furyl

Screening Results,—The ¢ vitro antibacterial ac-
tivity data against Staphylococcus aureus, Lscherichia
coli, P. aeruginosa, P. vulgaris, Salmonella typhosa.
Streptococcus pyrogenes, Streptococcus agalactiae, [i-
ysipelothriz insidiosa, and Aerobacter aerogenes, given in
Table I, were determined using methods described pre-
viously,®® Data for 1 are iuduced for comparison.
Many of the compounds possess broad-spectrum activ-
ity against both gram-positive and gram-negative
organisms. However, none of the compounds showed
the same level of activity against . aeruginosa and .
vudgaiis ax that possessed by 1

Experimental Section!!

6,7-Dihydro-7-methyl-3-(5-nitro-2-furyl)-5H-imidazo[2,1-6;-
thiazolium lodide (4)—A mixture of 12 (47.4 g, 0.2 mole), Mel
(42.3 g, 0.3 mole), and Me.CO (1000 nil) was heated at reflux fo
1 hr. The color of the solution changed from deep red ta
reddish brown and a brown solid separated. After cooling re
ruom temperature, the solid was collected by filtvation und dvied
at 685° to vield 60 g.

The filtrate was treated with additional Mel (21.2 g, 0.15 mole
and the above process was repeated. An additional amount ot
product (12 g) was obtained. The total yield of crude product
was recrystallized from MeOH (55 ml/g) (charcoal) to give 50 2.
An analytical sample was prepared by a further recrystallization
from MeOH.

Jomipounds 5-7 were prepared by the above procedure using
the appropriate benzyl bromide or iodide in MeOH. The prad-
ucts were purified by recrystallization from MeOH or MeNO..

2,3-Dihydro-5-(5-nitro-2-fury!l)thiazolo[2,3-b| oxazolium Bro-
mide (8).—A mixture of 12 (125 g, 0.333 mole), 13 (485 g

0.533 mole), and absolute EtOH (1100 ml) was refluxed for 4 h1
The reaction mixture was cooled and filtered to yield 80.0 g of
product. The material was recrystallized (charcoal) from Me-
OH.

2,3-Dihydro-5-(5-nitro-2-furyl)thiazolo[2,3-b| thiazolium Chlo-
ride (9).—Compouud 12 (46.8 g, 0.2 mole) was added to o
solution of 14 (23.8 g. 0.2 mole) in Me.CO (500 ml) at room

(9) 8. Szoke, P, Szenunklosi, G. Kormoczy, A. David, G. Horvatl, and
S. Ritter, Hungarian Patent 152,194 (1964); Chem. Abstr., 88, 13274 (1965).

(10) F. F. Ebetino, W. F. Cary, and B. F. Stevenson, J. Med. Chem., 8,
633 (1963).

(11) All melting points were taken on a micro hot stage (Fisher-Johna;
melting apparatus and are uncorrected. The analyses are indicated in
Table I: the analytical results obtained for those elements were within
+0.4%, of tlie theoretical values.



