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The synthesix of 1-[4-(5-nitro-2-furyl)-2-thiazolyllhydantoins and -hydrouracils (I and I1) is described, to-

gether with that of the corresponding 3-substituted analogs IV.

Compounds T, II, and IV, as well as the in-

termediate 1-(2- or 3-haloacyl)-3-[4-(5-nitro-2-furyl)-2-thiazolvljureas (I1I; R = haloalkyl) and some acvlureas
(IIT; R = alkyl) have been found to possess in vitro antibacterial activity against a variety of organisms; several
of these nitrofurans are also active /n vivo against Staphylococcus aurens and Streptococeus pyogenes infections,

A search for new chemotherapeutic nitrofurans led to
an investigation of hydantoins I and hydrouracils I1.
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The preparation of the intermediate ureas I1I from
2-amino-4-(5-nitro-2-furyl)thiazole* and aeyl isocya-
nates, the evelization of haloacyl ureas (ITI; R =
haloalkyl) to the corresponding hydantoins or hydroura-
cils T or I, and the subsequent alkylation of these (to
IV) are described in the Experimental Section.

Experimental Section®

The physical properties of the compounds prepared are col-
lected in Tables I, 1T, and III.

1-Substituted 3-{4-(5-Nitro-2-furyl)-2-thiazolyljureas (Table
[).—The appropriate acyl isocyanate* (106 excess) in THF
(20 ml) was added dropwise 10 a =uspension of 2-amino-4-(3-nitro-

2-furylythiazole? (4 g) in THF (40 ml) and the mixture was stirred
1.5 hr at room temperature [refluxed 1.5 hr with 2-amino-3-nitro-
4-(5-nitro-2-furyl)thiazole’]. The product was filtered off, washed
({H20), and recrystallized.

1-{4-(5-Nitro-2-furyl)-2-thiazolyl) hydantoins and -hydroura-
cils (Table II).—NaH (509 dispersion in oil; 0.03 mol) was
added in portions to a stirred suspension of a 1-(2- or 3-haloacyl)-
3-14-(5-nitro-2-furyl)-2-thiazolyl]urea (0.03 mol) in DMF (75 ml)
at 0°, and the mixture was stirred at room temperature until
neutral (time and temp are given in Table II). Acidification
(AcOH) and dilution with H;O afforded the product, which wax
filtered off, washed (H.0), and recrystallized.

3-Substituted 1-[4-(5-Nitro-2-furyl)-2-thiazolyl|hydantoins
and -hydrouracils (Table III).-—Nall (509, dispersion in oil:
0.01 mol) was added in portions to a suspension of the hyvdantoin
or hydrouracil (IV; R = H) (0.01 mol) in DMF (25 ml), followed
by the alkylating agent (0.011 mol). The mixture was stirred
until neutral (time and temp are given in Table 1IT), acidified
(AcOH), and diluted with H:O. The product wus collected,
washed with H;O, and recrystallized.

Screening Results.—The above compounds were tested
nopitro against a variety of bacteria according to procedures
described previously.® Tt can be seen from Table IV that most of
the compounds possess activity against Staphylococcus aureus and
Streptococcus pyogenes.  Of the acylureas III, highest in vitro
activity was observed for the bromoacetylurea 2; this derivative
also had the broadest spectrum of activity, Increasing the acvl
chain length, or replacement of Br by Cl or H reduced the anti-
bacterial activity. For the cyelized produets (I, II, and IV),
greatest activily was found in hydantoin 13, Expuansion of the

TanLe 1

1-(ACYL)-3-[4~(5-NITRO=-2-FURY L)-2-THIAZOLYL| UREIAS (T11)

Compd R R’ Mp ()

l (CH;):Br I 228 dec

2 CH,Br H 213 dec

3 CHMeBr H 236-237 dee
4 CH,Cl I 227-22

) CHCl, H 231232 dec
6 Et H > 3000

7 Me It 278-279 dec
8 CNle;Br 18 249-251 dec
9 CH(Et)Br H 227 dec
10 Ph I 311313 dec
11 (CH.):Br NO, 200201 dec

+ A, DMF; B, DMF followed by hot H.O wash; C, AcOH.

(1} To whom all inguiries should be addressed.

(2) W. R, Sherman and D. E. Dickson, J. Org. Chem., 27, 1351 (1962).

(3) Melting points are corrected, and were determined in a capillary
tube. Analytical results were obtained for C, H, and N for all compounds,
and, nless otherwise stated, were within == 0.49; of the theoretieal values.

(4) New isocyanates were prepared by the method of A. J. Speziale and
1.. R. Smith [/J. Org. Chem., 27, 3742 (1962) | and were used, after distillation
on the aspirator and measurement of ir spectra, without further characteriza-
tion.

" Darkens >260°.

N
] M1 —NHCONHCOR

Recrystn

solvent? Yield (45 Formula
A 73 CuHBrNLO:S
R H4 CmI‘I‘:BI’N.;():,S
& 74 CynHBrNO:S
B 52 CoH-CIN O3
(& 45 C1oHeCLNLO;8
A 39 CiHpNLO:8
(“ 7-) (‘/14)T{3N4(),S
(< 90 (‘rmf’{nBl‘NAOQS
C 79 CuH, BrN,O:S
A 41 CrHyNLO58
A 64 CiHgBrN;O:5 - HCON(CHs),

< Half melts at 129° then resolidifiex.

5y =, Hillers, N. Raldabols, and A. Medne, Zh. Obsheh, Khim., 38, 317
{1963,

(6) For the general in vitro and in vivo test procedures see M., W, Fisher,
M. C. Manning, L. A. Gagliardi, M. R. Gaetz, and A, R. Erlandson [Antibiot.
Annu., 1969,/1960, 293-303 (1960)), and M. W. Fisher, ’roc. Soc. Fip.
Biol, Med., 88, 538 (1954).

(7) Compounds described in the paper bur not listed in Table IV were
less active than those given in the Table.
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TasLe 11
1-[{4-(3-NITRO-2-FURYL)-2-THTAZOLYL]HYDANTOINS AND -HYDROURACILS (I anp II)

DT)—N/ \c—o

O—C
Reaction
Recrystn time (hr), Yield
Compd A R’ Mp (°C) solvent® temp (°C) () Formula
12 (CHQ)} H 298 dec A 05, 20 96 C11H3N4O;,S
13 CH, H 278-280 A 1, 40 53 CioHeNLO:58
14 CMe, H 295-296 dec B 3, 100 33 CiHgNLO:S
15 CHE H 238-239 A 3, 20 48 Ci12H1oN,O:8
16 (CH1>2 NO2 308-309 dec B 1. 5, 20 90 C11H7N507S . HCON(CH*})_)}’
e A, AcOH; B, DMF. »C: caled, 39.4; found, 38.9.
Tapre 111

3-STBSTITUTED 1-[4-(5-N1TRO-2- FURYL) 2-THIAZOLYL]HYDANTOINS AND -HYDROURACILS (IV)

NO. [ J—N/ ~c=0
]
—N—R

Reaction
Alkylating Recrystn  time (hr), Yield
Compd A R agent Mp (°C) solvent” temp (°C) () Formula
17 (CHE)Z Et EtI 238-240 dec A 1, 35 82 CmHmNAOr,S"
18 CH, Me Mel 234-236 A 1, 40 72 C;HgN,O;S8
19 (CH) Me Mel 276-277 dec A 1, 40 61 Ci2H 1 oN,O;8¢
20 CH. Et EtBr 236-239 A 3, 40 38 CiHioNLO58
21 (CHaz) n-Pr n-PrBr 210-212 A 4, 40 68 CHiNLO;:8
22 CH, CH;CONMe, BrCH,CONMey? 261-263 dec A 4, 40 26 C1aHi5N:063
23 CHz CHQCONEQ BI‘CHzCONEtgb 237-239 dec A 5, 40 41 CmHuN;,OeS
24 CH, CH.CO.Et BrCH,CO:Et 176-178 A 4, 40 37 CiH12N,O;8
25 CH2 CH‘ZCONH‘Z BYCHQCONHz 291—293 dec B 4, 40 36 CmHgN;,OsS
26 CHZ CH‘ZCH:CHZ BrCHQCH:CHQ 161-163 C 4:y 40 36 c13H10N405Se
27 CH, CH,C=CH BrCH,C=CH 219-221 dec C 4, 40 15 Ci3HsNLO:S

e A, AcOH; B, DMF; C, aq DMF followed by hot H,O wash. ® W. E. Weaver and W. M. Whaley, J. Amer. Chem. Soc., 69, 515
(1947). < C: caled, 46.4; found, 45.8. ¢ N: caled, 17.4; found, 16.9. ¢C: caled, 46.7; found, 46.2.

TaBLe IV
In Vitro ANTIBACTERIAL AcTiviTy OF 1-27

Minimum inhibitory concentration, ug/ml®

Staphylococcus Mycobacterium Escherichia Streptococcus Salmonella Shigella
aureus tuberculosts colt pyogenes typhimurium sonnei
Compd UC-76 HaRv VOGEL C-203 V-31 C-10

1 0.31 >20 5 0.63 10 10
26 < 0.08 >20 1.25 <0.08 1.25 2.5
3 0.63 >20 20 2.5 20 >20
4 0.08 >20 1.25 0.31 1.25 1.25
6 0.16 >20 20 0.31 >20 >20
7 0.31 >20 2.5 <0.08 5 10
9 5 20 20 0.31 20 20
11 10 >20 >20 1.25 >20 >20
13 < 0.08 >20 2.5 <0.08 1.25 2.5
14 1.25 1.25 20 0.08 20 >20
15 2.5 5 20 0.08 10 >20
16 1.25 >20 >20 0.63 >20 >20
17 0.63 >20 >20 0.63 >20 >20
18 5 10 >20 1.25 >20 >20
19 1.25 >20 >20 0.31 >20 >20
20 0.16 >20 >20 <0.08 >20 >20
21 0.63 >20 >20 0.08 >20 >20
22 0.31 0.31 20 <0.08 20 >20
23 1.25 >20 >20 <0.08 >20 >20
24 >20 0.16 >20 >20 >20 >20
25 0.16 >20 10 <0.08 20 >20
26 < 0.08 0.63 >20 <0.08 >20 >20
27 < 0.08 >20 >20 0.08 >20 >20

@ See ref 6, » Minimum inhibitory concentration against Diplococcus pneumoniae and Klebsiella pnewmoniae MGH-2 was 2.5 pg/ml.
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TasLe V
In Vivo Actrviry®

5 Dy(mice), mg/kg-
oo 8 pyogene
RC PO

Compd
2 >250 125 150 27
13 65 144 16.5 12.5
20 b b 100 <60
22 (1 110 1.6 1.6
23 >250 =250 6.25 10
25 ca. 250 300 7.5 4.8

@ See ref 6. Not tested.
ring or introduction of alkyl groups in the 3 position reduced
antibacterial activity in all cases.

Some of the compounds were tested against 8. aureus and S.
pyogenes in mice by oral and subcutaneous administration (Table

SvissMaN, MDVRRITANNIS, AND WaLaszrg

V). The most active of these were 1-[4-(S-nitro-2-furvl)-2-
thiazolyllhydantoin, 13, and the 3-(dimethylearbamoylimethyl
analog 22, Again, expansion of the ring, or introduction of «
simple alkyl group at the 3 or 5 positions reduced activity,
Several of the compounds studied (14, 22, 24, and 26) had high
inovitro activity against Mycobacterion Luberenlosis: all of these
were nuetive it the inow/vo sereen however.
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In an attempt (o prepare compounds which would reverse or block eatatonia proditced by bulbocapuine, a

series of N-cyano-N-methylarylethyvlamines were synthesized.

Bulbocapnine (1) is a drug which has frequently
been used to produce syndromes similar to schizo-
phrenia. It is obtained from the plant Corydalis carva
and it belongs chemically to the aporphine group of
alkaloids. De Jong and his collaborators studied the

CHO

catatonic state associated with bulbocapnine admin-
istration®® and in addition to this agent other apor-
phine alkaloids were found to be catatonia-producing
substaneces.*~*

According to Chapman and Walaszek catatonia
produced by bulbocapnine may be the result of a com-
bination of actions, among which are serotonin and

(1) Taken in part from the dissertation presented by A. C. Makriyannis,
March 1967, to the Graduate School of the University of Kansas in partial
fulfillment of the requirements for the Doctor of Philosophy Degree.

(2) H. H. de Jong and H. Barouk, ‘‘La Catatonie Experimentale par la
Bulbocapnine; Etude Physiologique et Clinique,” Masson, Paris, France,
1930.

(3) H. I. de Jong, "'Experimental Catatonia,” Williams and Wilkins,
Baltimore, Md., 1945.

4) R. A. Waud, J. Phkarmacol., 80, 100 (1934).

(5) T. Tobitani, Okayama Igakkat Zasski, B1, 1447 (1939).

(6) T. A. Henry, "“The Plant Alkaloids,”” P. Blakinston Co., Philadelphia,
Pa, 1949, p 312,

7y L. Butturini, Boll. Soc. Ital. Biol. Sper., 18, 614 (1940).

(8) H. Kreitmar, Pharmazie, T, 507 (1952).

9} R. A, Waud, J. Pharmacol., 85, 40 (1935).

(10) J. E. Chapman and E. T, Walaszek. J. Pharmacol. Exp. Ther., 181,
285 (1462).

Preliminary pharmacology is reported.

adrenergic blockade as well as a histaminergic mecha-
nism.

The purpose of this investigation was to prepare
compounds which could act as antagonists to bulbo-
capnine-induced catatonia. As a working postulate,
it was assumed that either ring A or ring C of the apor-
phine system could be the aromatic group of a 8-
phenethyvlamine. Initially, an attempt was made to
break the N--C bonud between the D and B rings or to
remove the Me group from the N in bulboeapnine.
The von Braun'! reaction was thought to offer o possible
route to the desired compounds.

The only report of this reaction being used on an
aporphine compound involved d-apomorphine diben-
zoate (2). The product obtained from this reaction
contained no Br and, unlike the starting matertal, was
optically inactive. Based on this evidence, structure 3
was assigned to the material obtained. ?

.

While performing the von Braun reaction on d-
bulboeapnine attempts were made to avoid ring cleav-
age while foreing the attack of Br— to take place selee-
tively on the N-Me group.  For this purpose conditions
favoring an SN2 type substitution reaction over an
SNI reaction or an elimination reaction were employed.
Only one product, 1-{2-(N-cyano-N-methylaminoeth~

11y H. A, Hageman, Org. React., T, 198 (1953).
(12) J. von Braun and ¥, Aust, Chem. Ber., 80, 43 (1017).



