374 (. Asaro, Go BeErseLaasiven, axo B 1o Moos

aeid ehloride which was again diluted (CHCly) aud added drop-
wise to a stirred mixture of 14.7 g (0.1 mole) of 5-uitro-2-furalde-
hyde hydrazone® in 160 ml of dry pyridine cooled helow 15°.
After completing the addition, stirving was ¢ontinuned 1.5 hr and
theu the browu solid was callected on a filter and washed (dilute
AcOH). The crude producet was crystallized from AcOll (xec
Tahle I).

The following compouuds were prepared similarly: 1V, V),
NIV, XV, and XXI except that bis(2-methoxyethyl) ether
replaced CHLCly in preparing IV, The hiydrazoues used for the
lust three nitrofurans were 5-uitro-2-furaldehyde methyl hydra-
zone, T-nitra-2-firaldehyde hydroxyethyl hydrazone,'® aud
5-uitro-2-thiophenecarboxaldehyde hydrazoune, respectively. The
preparation of the latter derivative aud athers unot previously
described in the literature is presented as follows.

2,6-Dihydroxy-3,5-dinitrobenzoic Acid.—To a mixture of 154 ¢
(0.1 nwole) of finely divided 2,6-dihydroxybenzoic acid and 40 1wl
of cancentraied H,80s cooled below 10° wus added dropwise with
stirring at -5 to 5° about three-fifths of 4 cold mixture containing
19 g (0.21 wole) of HNO; (7047 ) and 10 il of concentrated H.SO,.
The remainder of the mixed acid was added at 5-10°. The
mixtitre was poured on ice after stirring at rooun temperature |
hr.  The solid was filtered aud sucked as free of liguid ax possihle
before drying in vacwo at 60° to constaut weight. The yleld of
ernde ik acid was 21 g (8677 ), mp 145-174° dee.  The acid was
exeeedingly water soluble and an analytical sample was prepared
by crystallizing twice from AcOH aud drying in racuo at 100°:
pale yvellow solid, mp 186.5-188°.  Anal. (C;HiN,Og) G, H, N.

Methyl 2,6-Dihydroxy-3,5-dinitrobenzoate.—-A solutian af 21 ¢
(ea. 0.086 mole) of the erude acid (up 145-174° dec) was refluxed
with 100 ml of SOCL for 4.5 Iir and then most of the excess SOC,
wets distilled n vacwo. MeOF (250 ml) was added to the eid
chloride, aud the solution was refluxed for 1 hr and theu cou-
centrated ntil the ester started th precipitate (final volume
~125 wml) The svhittion wax eooled near 0° overnight, aud the
crystals were eollected by filtration and dried at 85°.  Glistening
white jlates were ohtalned that weighed 14 g {ca. 6377), mp
135-130°, A jurified sample was prepared by crystallizing twice
(MeOH): pale creani needles, mp 130-140.5°.  Anal. (CgHs-
N,0s) C, H, N.

2,4-Dihydroxy-3,5-dinitrobenzoic Acid.---The nitration af 3-
resoreylic acid to prepare the dinitro acid was unsnccessful i our

(1) Lwperinl Chemical Indistries Lod, 1hy Roy oD, British Patent
S11,886 (Jnly 22, 1030).

116) J. ¢, Howard, G, Gever, amd 10 110 1.0 Wei, J. Oy, Chen., 28, &1i8
[QNERIN
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Liands and the following procedure was found to be wore expedient
than reported methods.” A wmixtitre of S0 g (0,178 mole} of 2,4-
dichloro-3,5-dinitrobenzoie acid® and 1000 mb of 10, NaOll
was heated on a steawn bath for T hr and then conled nenr 1%,
The Na salt wax coHeered on o filter, dissolved 1 water, ad
acidified with IHCL - Ou reerystallizing (charcoal) the =olid frow
11,0 and drying ai 1157 there was obtalued 28 ¢ (64477 ) of white
weld, mp 200-203°,

Methyl 2,4-Dihydroxy-3,5-dinitrobenzoate.---The wmcthyl ester
wis prejuared from 22 g (0.09 mole} of the acid vew the acid chloride
ax deseribed above for methyl 2,6-dihydroxy-3,5-dinitrobenzoate.
The vield of white ester was 15 g (607, mp IE-200°. A puri-
tied sample was obtained by crystallizing (MeOl11): pale vellow
crystals, mp 197-200°,  dnal. (G IHNLO) C, 11, N

Acetyl-3,5-dinitrosalicylic Acid t5-Nitrofurfurylidene )-N-ace-
tylhydrazide (XVI).--A solution of 5.0 g (0.014 wmole) of T in
25 ml of Ac0-AcOI (4:15 was obtained by warting and after
15 min 1t was eooled 19 23% aud an equal voliine of HyO was
lowly added widh switling.  Then the diacetyl dervative was
crysiallized by chilling near 0% The pale velbw sohd was
fittered aud dried at 85 to give 3.0 g (9703, mp 159-1657. A
purified sample of pale vellow square tahlets isee Table i was
prepared hy erystallizaton (cliarenal) iwice (Me,CO-11.03%

5-Nitro-2-thiophenecarboxaldehyde Hydrazone. -)-Nitro-2-
thiopthenemethauediol diacetate'® (10 g, 0.0386 molel waxs ilis-
<olved in 225wl of dry MeOH and cooled to 5%, A solution of 5.8
g (0.116 mole) of hydrazine hydrate and 15 ml of McOH wax
slowly added to this solurion. A red solidd precipitated in o few
wintes.  The MeOH was allowed th evaporate at mowm temperi-
ture after =tirring o 2 hu below 5%, The ~olids were eryvstallized
(chareoal) from EtO-11.0 to vield 4.0 g (616, Vot ved solid, mp
F40-142°0 An analytical sunple was prepaved by crystallization
from ¢his solvent paiv: reil solich p 142 t134°, Lol (O
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A series of derivatives of 2-thiazolecarboxaldehyde, 2-uitro-3-thinzolec:aboxaldelivde, d-niao-2-thiazole-
carboxaldeliyde, and 4-nitro-2-thinzoleearboxaldehyde was syuthesized nud assived for antinerobial netivity.
Ouly 2,5-disubstituted thinzales in which ane substituent is a uitro group were active against microorgauisins

)

in vitro.  1-1 [(5-Nitro-2-thinzolyl)methylene Jainino | -2-imidazolidinone exhibited activity against Staphylococe s

aurcus and Escherichia coli infections lu niice.

The disclosure of the antibacterial activity of 5-nitro-
furfural derivatives by Dodd and Stillman® has spurred
the syntheses of a large number of new nitrofuryl
compounds.®*  In the majority of these compounds u
nitro group in position 5 is necessary and a conjugated
~C=N moiety in position 2 is desirable for antimicrobial

(1) Anthor to whobt ingnilies shoald be addressed.

0 M, C. Dodd and W, B Stillion, J. Pharmacol. Exp. Ther., 82, 11 {1044),

3 H. E. I*anl and M. I*. Panl iv “Experimental Chemotherapy,' Vaol. I1.
arc I, R, J. Schuitzer oud I*, Huwking, Ed., Academic Prese Dic., New Yok,
N. Y., 1964, pp $307-370.

i4) K. Minrs and H. K. Reekendorl, Peoge, Med, Chena, 5, 320 (1917).

activity. The search for new antimicerobinl sgents with
the nitrofuran moicty replaced by nitropyrrole’® tid
nitrothiophene®* = has been pursued, and, althourgh
interesting antimicrobial activities were reported n
some ecases, no clinically useful drug has yvet cmergoed.

{n) Reference 3,10 316G,

(G) W. T, Colweil, J. B Lauge, aud D). W, Henry, J. 1ud. Chea, 11,082
(14168), and references cited (herein.

(7) G L. Dovn, I Aetor, abd Vo I, Dillasgno, ibid . 8. 750 (306064,

(8) 1. Kametoni, O, Cweznwn, M, Soto, ond £ Kobayuslia, /. 2o See.
Jop., 83, 174 (10G3).

) Swith Wline and Prepely, Soall Alviewn Patehe 135, 06 10015
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ScHEME 1
L L
NP ~CHO N N?~CH=CH, N
5NT-CH, A— J\/j — /El A
piperidine 5NT-CH==CH N (1) HNO, O;N S NH,
2 12) CuCl,
3 acetone
SeO;
Cr0, low low yield 0. EtOAc
H,S0,~Ac,0| yield PR
5NT-CH(OAc), A
4 SNT.CHO  + [
i N”>cHo
)
BNT=
ON s/K
in this laboratory, it was decided to substitute some Seumy 11
hitherto unknown isosteric nitroheteroaromatic groups ON N o0
for the nitrofuran ring in compounds known to be “ /ll\ m 4NT-CH(OAc),
active antiinfective agents. After this work was begun, S CH, 1 t 1; 6
derivatives of nitroisoxazolecarboxaldehyde,'® nitro- RN o e
. . 4NT A

pyrazolecarboxaldehyde,’® nitrobenzothiazolecarboxal- 5 O\

dehyde,”! and 1-methyl-5-nitro-2-imidazolecarboxalde-
hyde'? and their antibacterial activities were reported.
In general, the activities of these compounds were
inferior to those reported for nitrofurans.

We now report the syntheses and antimicrobial activ-
ities of a series of derivatives of 2-nitro-5-thiazole-
carboxaldehyde and 5-nitro-2-thiazolecarboxaldehyde.
For purposes of structure—activity correlation, deriva-
tives of 4-nitro-2-thiazolecarboxaldehyde and 2-thiazole-
carboxaldehyde were also synthesized and tested.

Chemistry.—The primary precursor chosen for the
synthesis of 5-nitro-2-thiazolecarboxaldehyde (1) was
2-methyl-5-nitrothiazole’* (2) (Scheme I}, It was
condensed with 2-pyridinecarboxaldehyde in n-PrOH in
the presence of piperidine to give 3, which was also
obtained by the Meerwein reaction of 2-amino-5-
nitrothiazole with 2-vinylpyridine.'* The olefin 3 was
then ozonized in ethyl acetate at ca. —40° to give 1, in
42-519;, yield, and 2-pyridinecarboxaldehyde, which
was removed from the reaction mixture by extraction
with acid. The pure aldehyde 1 melted at 50.5°. SeO,
oxidation of 2 also afforded 1, while chromic acid led to
the diacetate 4 of 1, both in trace amounts.

Chromic acid oxidation of 2-methyl-4-nitrothiazole'
(5) also gave the aldehyde diacetate 6 in trace amounts
(Scheme II). On the other hand, SeO; oxidation of 5
failed. Attempts to condense 5 with 2-pyridinecarbox-
aldehyde in the presence of piperidine in n-PrOH to
give the 2-pyridylvinyl compound for subsequent ozona-
tion also failed. SeO,; oxidation of 2-methylthiazole led
to a low yield of 2-thiazolecarboxaldehyde (7).1

Since the synthesis of 2-amino-5-thiazolecarboxalde-
hyde (8) had been reported!® previously via the reaction
of chloromalondialdehyde with thiourea, the synthesis

(10) C. Caradonna and M. L. Stein, Ann. Chim. (Rome), 54, 539 (1964).

(11) R. G. Johnston and D. Kidd. J. Chem. Soe., 4730, 4734 (1964).

(12) Merck and Co., Inc., Netherlands Patent 6,503,442 (1965). A com.
munication describing our work in this series has heen submitted elsewhere.

(13) D. W. Henry |J. Med. Chem., 12, 303 (1969)] also describes the synthesis
of &mnitro-2.thiazolecarboxaldehyde and some of its derivatives,

(14) G. Asato, J. Org Chem., 33, 2544 (1968).

(15) After this work was completed, P. E. Iversen and H. Lund { Acta Chem.
Scand., 20, 2649 11966)} renorted a better synthesis of this aldehyde.

t16) Farbenfabriken Bayer A. G., German Patent 1,182,234 (1964).

\r\;\ CHO, piperidine

SeO,
1, 2-dimethoxyethane

™
-
4ANT-CH=CH” N

N N
LA (o
7

CH;

of 2-nitro-5-thiazolecarboxaldehyde (9) was straight-
forward (Scheme III). Thus, 8 was diazotized in
HBF, and the diazonium salt was allowed to react with
excess NO,;~ in the presence of Cu to afford 45-497
crude yields of 9, The nmr spectrum of 9 revealed two
downfield protons at 7 -0.22 (CHO) and 1.30 (ring H),
which supported its structure.

ScHEME 111

CICH(CHO), + (NH),CS —
N N
J A, = J
C
OCH” “S” NH, o OCH” "87 TNO,
8 45-49% “2NT”
S —r
9

A survey of the known active nitrofurans led us to
choose azomethine, g-arylvinyl, and heterocyclic groups
for attachment to the 2 and 5 positions of the thiazole
ring. The azomethine compounds were prepared
readily by standard techniques from the aldehydes. In
addition, the oxime 10 was prepared by the reaction of
2-methyl-5-nitrothiazole with BuONO and EtOH-HCI.

The B-arylvinyl compounds in the 5-nitrothiazole
series were prepared by the condensation of 2-methyl-5-
nitrothiazole with aromatic aldehydes. In contrast,
attempts to condense 2-nitro-5-thiazolecarboxaldehyde
with 2-picoline, 2-picoline N-oxide, and quinaldine were
unsuccessful, the aldehyde being unstable in hot AcOH
or Ac:O reaction mixtures. In these solvents evolution
of a brown gas (NO,?) was observed during heating
and no nitro compounds were isolated after work-up,
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exeept in the case of 2-quinaldine where a trace of likely
product was isolated from an AcOH-Ace,O mixture.
Alternatively, 2-acetamido-5-thiazolecarboxaldelyde
wis condensed with quinaldine in refluxing Ac,O to
afford o 6190 vield of 15, This compound, however,
after steld hvdrolysis, followed by dinzotization nud
displacenientt with NOu, ed sttt nmost to trees of 16,

R
[ N
@CH=CH —E)—— NHCOCH,
~
| >

The nitrothinzolyl heterocyelic  derlvatives  were
represented by the suninothiadiazoles, whiell were
derived from the thiosemiearbazones by oxidative
cyclizations with Fef,

Biological Activity.— The in vitro antibacteral activity
of most of the nitrothiazolyl compounds is summanrized
in Table I. In general, the nitrothinzole derivatives
have fair-to-good broad-spectrum in vitro activity. In
these tests the response of the selected organisms to
furnzolidone (F) was readily demonstrated. The
nitrothiazoles were tested 70 rive orvally against Sal-
monella gallinarum in chicks and Staphylococcus awrcus
(Smith), f'scherichia coli, and Mycobacterium tuber-
culosis in mice.  In addition, compounds 18, 20, 22, 26,
and 27 were assayed orally against Pasteurella multocida
m inice,  The aminoimidazolidinone derivative 21 was
the ouly in wiro antibacterially active compound.
Against an S, quwrews infection in mice a single dose of
21 saved 4,5 when given by oral tubing at 128 mg, kg.
Sulfadiazine at 64 mg/kg saved 5/5 and there was 0,10
survival in the mnfeeted, untreated controls. ’—\gainst
afatal £, cold 311 nfeetion, 21 resulted in 5/5 and 3.5
survival at 512 and 128 ngikg, respectively (ou]
tubing). The styryl compound 13 was active against
Trichomonas vaginalis i mice at 0.05% in the diet, hut
maetive at 00257, Against seleeted fungi, some of the
derivatives displayed broad "n eitro activity (Table 1),
but, when one of the more active compounds, 3, was
tested dermally as a 1(, ointment against Trichophyton
mentagr ophyte‘s on guinea pigs, it was inactive.

The presence of the nitro group, as well as its position,
is eritical in this series as it is in the nitrofurans. Both
the 2-nitro-5-thiazolyl and 5-nitro-2-thiazolyl analogs
of furazolidone, 17 and 24, respectively, were active
in vitro against bacterial microorganisms, whereas the
4-nitro-2-thiazolyl analog 30 and desnitro derivative 29
were essentially inactive in the same test.

CH==CH—2NT
16

Experimental Section

Melting points were deteruined on a Thomas—Hoover apparatus
and are uncorrected. Ir spectra were taken on a Perkin-Elmer
Model 137 spectrophotometer, nmr spectra on a Variau A-60
instrument (Me,Si). Microanalyses were performed hy Galbraith
Laboratories, Inc., Kuaxville, Teun. Where analyses are indi-
eated ouly by symhols of the elements, analytical results obtained
for the elements were within =0.4 of the theoretical values.

5-Nitro-2-thiazolecarboxaldehyde (1).. -A suspension of 12 g
(51.5 mmoles) of 2-{2-(5-nitro-2-thiazolyl)vinyllpyridine'* in 4350
ml of IMtOAe was stirred at -~ 30 to —20°, and Oy (generated {rowm

. Asaro, G, BERKELHAMMER, AND It

.. Moon Val. 12

1 Welsbucell Corp. ozonator) was bubbled inco the mixture al e,
0.081 mole hr until the yellow color disuppeared (1.5 hr1. Stireing
was contintied for an additional 10 min, the system then was
purged of excess O; with Ny, and the mixture was treated with
O g of Nalin 10 mtb of glacial HOAc¢ and 100 wml of H.O at 10
to 10%. The L wis vednced with 19 g of Naps30;5 10 200 ml of H.0,
the organie phase was separated, and the aqueotts kver was
oxtrieled with 100 mlb of 0. The rowbined organie phises
were wished (hree times with 30 ml of 109, HCL {ollowed by a
washing with 30 wl of saturated agneons Na.CO;. The organice
phise was then dried (MgSOa1 aud filtered, and the volnile
solvents were removed O vaowo to afford a red-hrown oil. The
oll was furdier swirled with ether, filtered 1o remove insoluble
contaiiants, aul evaporated o vacwo to give $.16 g (5174 of
oily product.  Analysis by glpe (209 =1430 6-f¢ colmmu :a 1757
showed that this aldehiyde was ca. 967, pure. A sample colleeted

fromr the columu metted at 50,57 (softened ai 4273 Ao,
(CsHN:O8 1 C, H, N S,
5-Nitro-2-thiazolecarboxaldehyde Derivatives.. Uuless  the

methods are deseribed below, standard cechuiques or methods
cited were nsed.  The correspouding 2-uitro derivatives were also
stmitarly prepured.

3-1{(5-Nitro-2-thiazolyl)methylene jamino} -2-oxazolidinone
(17).-~The method of Gever’ was used to prepure 3-nuino-2-
oxnzolidinone:; 86.4¢, crude yield for 17, recrystallized frow
MeOH, vellow erystals, mp 221-222° . Lial. (CiHpN &S0y C,
H. N, S

5-Nitro-2-thiazolecarboxaldehyde semicarbazone (18): x5,
crude vield, recrvstallized fromi ItOH, yellow-brown erystuds,
i 2747 dee. Anal. (CH;N:80;3) C, H, N\, S,

5-Nitro-2-thiazolecarboxaldehyde thiosemicarbazone (19):
04 cerude yield, recrystallized from lKtOH-DMF, orange crystals,
mp 250-251° cheal. (CQHQ:\‘;O?S;‘) Cy II, N, :\‘

1-i [(5-Nitro-2-thiazolyl)methylene]amino}hydantoin (20):
335 ertude yield, reerystallized from aqueous 1MOH. gray
CTvst: 1l~ mp 244-145°, Anal. (C:H:N:03) C, H, N, 8.

[(5-h itro-2-thiazolyl)methylene]amino} -2-imidazolidinone
(21).— The method of Michels and Gever™ was used; 64¢, yield
(after purificadon), reerystallized fromn DME, vellow erystals,
i 256-257°. tnal. (C:H-N;0:8) C, H, N, 8

5-Nitro-2-thiazolecarboxaldehyde Oxime (10). Method A.1*
A wixture of 1.16 g (8 munoles) of 2-methyl-3-nitrothinzole, 0.9 g
of 36" ethanolic HCl, and 1 g of BuONO wuas heated tinder reflux
in 10 wml of MOH.  After 1.75 hr an additional 0.5 g of BuONO
aud 0.5 g of ethauolic HCI was added and refluxing contined for
1 olal of .75 hr. The solution was caaled and evaporated
in vaciro 1o give « red-brown oil.  Ither was added ta the oil,
the wixture was filtered, nud the ether filtrate was decolorized
with activated carbon. The ether solution was cvaporated to
give an oll, which was then washed with petrolemm ether. "Fhe
insoluble material was dissolved in hot HyO, tiltered, and cooled
to afford 0.2 g (153, 1 of the oxime which gradually turned from
white to pale browu iu about 1 day; mp 149.5-151°  Reerystal-
lizadons (1101 gave au aualytical swanple, wmp 167T-169° e,
Sbrals (CsHaN30-8) C, H, S

Method B.  -The oxime was prepared from the aldehyvde in
FAOH with NHOH -HCI aud pyridine and the erude material
was Isolated by evaporating the renction mixture {o dryuess
i vacuo. 1t was purified by reerystallization from 50 aqueous
I7tOH, ta which a aace of MeyCO was added to solubilize the
solid, to give n 30¢; vield of product, mp 169-170°.

4-{2-(5-Nitro-2-thiazolyl)vinyljpyridine (11).--This product
was prepared from 4-pyridinecarhoxaldehyde in the saie manner
as 2-12-(5-nitro-2-thiazolyDviuyllpyridine was prepared'* from
Z-methyl-3-nitrothiazole  and  2-pyridinecarboxaldehyde; 807
crude yield, recrvscalized fromn MeOH, yvellow needles, mp 167
168°, Aneal. ’iCmIIL\‘aSOy) C‘ Hy N, S,

2.[2-(5-Nitro-2-thiazolyl)vinyljquinoline (12).---A mixture of
1.44 g (0.01 wole) of 2-iethyl-5-nitrothiazole, 3.14 g (0.02 mole)
of recrystallized 2-quinolineenrbosaldehyde nud 5 drops of piperi-
dine in 10 ml of #-PrOH was refluxed far | hr and then cooled
i ice to give w« dark green solid (750 mig), which was collected:
mp 190-205°.  Recrystallization from EtOH-Me, CO gave 325 mg
of wvellow ervstals, mp 205-207°.  Further recrystallization

C17) Gl Gever, U0 S, Taten 2,052,402 (1953),

18) J. G. Michels and G. Gever, J. dmev. Chem. See., 78, Ji34n (115G,

(1:) H. Bredereck aud G. Simcien, Dwyew. Chem, Detere. Ed, Eagl., 2, 738
RUTEIN
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TaBLE 1
Iu Vitro ACTIVITY OF NITROTHIAZOLES AGAINST SELECTED ORGANISMs®
— Min inhib coucn, pg)ml?
No. Structure B.c. B.s. B.t. M. S.a. Sta. Sf. Aa, Af, Bb., Ee. Pm. Sc. Sd. Sg St Bty
1 Yy 81— 3 — 31— =  — — — 31 20 — - =
2 2300 125 — 62— 129 — 12y —  —  12) 625 3t 230 625 12 —
3 4 <1 — 8 8 16 — >20 00—  — >250 >2 230 29— 16— 230
5 - - - = = = = = = = 2020 = = = —
Y 20128 — 230 — 230 — — — 250  — 62 >250 — >250 — >250
10 5NT-—CH=NOH 31 8 — 8 625 16 — 31 625 625 31 2 31 625 16 31 62
1 5NT—CH=CH—<\3N 4 2 — R 8 —  — 125 125 125 2 31 — 62 125 62
12 m <6 <16 — — <6 — — — —  —  —>20 — — = = —
5NT—CH==CH” N
13 SNT—CH==CHC:H; — 4 — 4 - - - — oy = == — a3
A ‘
14 5NT—CH==CH NO, 4 <223 4 4 20— = — >0 4 >250  — 230 — 230
SNT—CH=NN—¢=0
17 o 16 8 250 31 16 — 31 2350 250 31 216 629 31 625 8
18 5NT—CH=—NNHCONH, 31 16— >250 16 09— — — — 250 2 16 —>20 — 16
{9 5NT—CH==NNHCSNH, 16 - J— 2 31 § — — — — 625 2 31 — 625 — 16
SNT—CH==NN—e=0 .
20 NH 625 3L 230 16 31 16— 250 —  — 230 4 625 250 250 230 31
0
21 5NT—CH=NT_JFN§ g8 16 — 8 31 1 — — 20 — 3 2 4 625 16 16 2
22 = 8 4 250 1 31 8 62,5 625 12 31 1 31 628 31 625 625
2 25 : — 2.5 62,0 120 : LI 2.0 62,
‘aN’[‘)kSJ\NHQ
23 2NT-CH=NN—FNg 16 31 — 8 — 31— 62 125 125 3l 2 31 12y 62 125 8l
24 2NT—CH=NN foo 8 - J— 8 4 62— 128 — 12 62 1 31 12 62 125 81
) 2NT—CH=NN—=0 . .
25 NH 125 2350 250 62 250 125 250 250 250 >230 250 8 250 250 250 250 12)
0
26 2NT—CH==NNHCSNH, 31 16 16 31 >250 120 — >240 62 62 12 4125 125 125 250 12D
27 2NT—CH=NOH 31 16 230 31 250 12> — 125 31 31 125 4 62 125 62 12 62
N—N
28 { 250 250 30250 125 ; 16 52 4 31 6 62 62 62
ONT /ks)kNHI 8 8 25 s 25 b 562 6 6 2
r N
29 S)KCH=NN o) — — — — — — — — — — — — — — — — -
Lo
. 4NT—CH=NN—=0
30 ' — 20 = = = = = = — 2w = = = = 20
[ ]
re 0N 07 CH=NN-—=0 4 1 31 2 16 16 >250 8 62 >250 4 4 2 4 2 4 2
0

@ Agar dilution tests. ? Dash indicates compound was inactive at the highest test level, 250 pg/ml; >250 indicates partial inhibition

of highest test level.

B.c. = Bacillus cereus ATCC 10702, B.s. =

Bacillus subtilis ATCC 6633, B.t. = Bacillus thuringtensis, M. =

Micrococcus, S.a. = Staphylococcus aureus ATCC 6538, St. a. = Streptococcus agalactiae, S.f. = Streptococcus faecalis ATCC 8043,
A.a, = Aerobacter aerogenes, Af. = Alcaligenes faecalis ATCC 8750, B.b. = Bordetella bronchiseptica, E.c. = Escherichia coli 2, P.m. =
Pasteurella multocida RC 315, S.c. = Salmonella choleraesuis var. kunzendorf, S.d. = Salmonella dublin, S.g. = Salmonella gallinarm

605, S.t. = Salmonella typhimurium, S. ty. = Salmonella typhosa ATCC 6539.

(Me:CO) afforded an analytical sample, mp 208-209°.
(CuH,oN;0,8) C, H, N, 8.

B-(5-Nitro-2-thiazolyl)styrene (13).—Benzaldehyde (3 ml) and
0.5 g (3.47 mmoles) of 2-methyl-5-nitrothiazole were heated at
reflux temperature in the presence of 5 drops of piperidine for
15 min. The mixture was cooled, and 15 ml of Et,O was added
to precipitate a solid, which was collected and washed thoroughly
with Et,0; this gave 0.48 g, mp 159-163 °, The solid was recrystal-
lized from 959 EtOH and decolorized with activated C to give
0.34 g (429 ) of yellow-orange crystals, mp 164.5-166°. The

Anal.

¢ F = furazolidone.

analytical sample was obtained by recrystallization (MeCO);
mp 164.5-166°. 4nal. (C.HsN,0.8) C, H, N, 8.
5-Nitro-2-[2-(5-nitro-2-thiazolyl )vinyl|furan (14)—In 30 ml of
glacial HOAc, 1.44 g (0.01 mole) of 2-methyl-5-nitrothiazole, and
1.69 g (0.012 niole) of 5-nitro-2-furfuraldehyde were dissolved,
and a catalytic amount of freshly fused ZnCl, was added. The
mixture was stirred, heated at reflux for 3 hr, cooled, and evapor-
ated to dryness in vacuo to give a solid which was washed with
EtOH and collected. The crude yield was 0.6 g and this material
was recrystallized from 2:1 EtOH-Me,CO to give orange crystals,
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“ Agar dilution tests.  Compounds 23, 25, and 26 were inactive wgainst nll organisins at 250 pg/ml. ? Dush indicates compound was
) b L+ =

letive at the highest test level, 250 pgaul. C.a. = Candida albicans Bergen saain 12-3, Can. = Cundida mycodemica ATCC DRSNS,
S.e. = Suaccharomyces cercvisiae ATCC 4100, M.r. = Vacor ramowmiwees M-143, 1Ne. = Fusw o episphaceie 19-105, H.e. = Homoo-

devdicam eladosporotdes Z-516, T, =
(o P-308B, Mee. = Mevowdella cchineadu 2-5%3, Cg. =

mp 106-1977  lu another ran, wmuitiple extraction of the erude
materind (Me:CO) gave the product in 409 yield. Anal. (CoH:-
N»0:8) C, H, N, S,

2-Amino-5-(5-nitro-2-thiazolyl)-1,3 4-thiadiazele (22).--A let-
erogeneous ixture of 0.655 g (2.8 mmoles) of 5-nitro-2-thiazaic-
carboxaldehyde thiosemicarbazane in a solution of 3.5 g of
FeNH(804):- 12H,0 i1 10 ml of H,O was stirred and heated at
80-90° for 2 hr and cooled and the product was collected. Recrys-
tallizatian of the erude material from EtOH~-DMFE atlarded 0.35 g
of yellow solid, mp 249° dec. +lnal. (CH,LN:0.8:) C, H, N\, S

2-Amino-5-thiazolecarboxaldehyde (8).---Chloromalandialde-
hyde was treated with thiourea in 507, aqueous HOAe to give
52-420 crude yields of the aldehyde® 8, mp 160-167° (lit."
mp 172-175°), which was used without purification.

2-Nitro-5-thiazolecarboxaldehyde (9). Method A. --A salutian
of 0.5 g (4 mmoles) of 2-amino-3-thiazolecarbaxaldehyde in 3 nil
of 4%-507. wqueous HBF, was cooled to 07 and stirred as 0.27 ¢
(4 mmoles) of NaNO; was added gradually., The 1ixture was
stirred for 50 min at 0°, and then added, in portions, taa vigorously
stirred suspensian af 0.8 g of Cu powder in 10 ml of 30%; aqueaus
NaNO; solution at 25°  This eaused foaming and NOg was
liberated.  After 1 hr of stirring, the mixture was filtered and the
filirate was diluted with 15 ml of H,O and extracted twice with
40 ml of benzene. The combined extracts were dried (MgSOy;
aud evaporated ta dryness n vaewo to afford a yellow syrup
(0.274 g ar 45.), which gradually solidified. Recrystallization
of the solid (IXt,0) afforded yellow crystals, mp 84.5-S5°. The
ir and nmr spectrn affirmed the structure of the aldehyde. .inal.
(CH2N20:8) C, H, N, S.

Method B.-—A solution of 10 g (0.07% mole) of 2-amino-5-
thinzalecarboxaldehyde in 80 ml of 187, aqueous HBF, at 40-60°
was added slowly to n vigorously stirred suspension of 5 g af Cu
powder in 100 ml of 20 aqueous NN O: solution at 10-15°. The
wixture wis stirred 2 lir and filtered, and the product was isolated
by benzene extractions.  The crude vield was 4947,

1-{ [(2-Nitro-5-thiazolyl)methylene]amino ! -2-imidazolidinone
(23): 969 yield, red erystals, mp 252-254°.  Anal. (C:H.N;058)
C, H, N, 8.

3-{ {(2-Nitro-5-thiazolyl)methylene]amino} -2-oxazolidinone

(24): 847, crude yield, recrystallized from DMF-IZtOH (1:2),

orange crystals, mp 254-255° dec. .bual. (C;HgON4S) C, H, N, 8.

1-{ [(2-Nitro-5-thiazolyl)methylene]amino | hydantoin (25):

709, erude yield, recrystallized fram aqueous I'tOH, yellow
crystals, mp 239-240°  Anal. (C:H:N:0.8) C, H, N\, 8.

2-Nitro-5-thiazolecarboxaldehyde thiosemicarbazone (26):
8T erude yield, reerystallized from DMF-Me,CO-LIItOH
(A:5:1), dark red pawder, mp >285°  Anal. (CiHs;N:;0:S:)
C, H, N, 8.

2-Nitro-5-thiazolecarboxaldehyde oxime (27) had aun 827
crude yield, mp 160-163°, Recrystallizatiau from aqueous EtOH
lowered the welting point and the recrystallized sample after
sublimation melted at 149°  The umr spectrum (3Me,CO-dg)
showed two singlets at = 2.8 and 2.66. Anal. (CHiN;Os3)
H, N, 8, C: caled, 27.74; found, 28.82.

This oxime is appareutly dehydrated easily siiice a crude sample
after sublimation exhibited a -CN absorption at 2233 e~

2-Amino-5-(2-nitro-5-thiazolyl)thiadiazole (28).—To a mixture
containing 40 ml of DMF, 20 ml of HyO, and 20 wml of 50,
aqueous FeCly solution, 4.6 g (0.02 wmole) of 2-uitro-3-thinzole-

Tryichophglon merdagrophytes =11, Mg, =
Chaelondi e globoseom 11-T1 QM 6t194, Af, =

Microsporon gypsean 10-23, P.d. = Pedeilliue digla-
cspeegillus fondgabies 82246,

rarboxaldelyde thiosemicarhazoue was added aud the mixture
was lieated at 100° for 2 e, After stirring averuight at room
tewperature, the mixture was diluted with 100 ml of HyO and
tiltered to give w dark brown salid. This solid was thoroughly
extracted with Me;CO and the extracts were decolorized with
activated C and evaporated to dryness to give 1 g (2270 of
orange product, mp >300° . Anal. (CH3;N:0.8:) C, H, N, S

3-(2-Thiazolylmethyleneamino)-2-oxazolidinone (29).. A solu-
tion of 3.8 g (0.38 mole) of 2-methylthiazole in 15 1wl of 1,2-di-
methoxyethane was heated under reflux while 4.26 g (0.38 moles
of freshly prepared SeOy in 15 mil of dimethoxyethane and 2.4 ml
of HyO was added in 1 hr. The mixture was cooled after 32,5 hir
and filtered through MgSO,, the filter cake was washed (11:0),
and the filtrate nud washings were stean distilled. The distillae
was thien saturated with NaCl aud extracted with CHCL, and
the extracts were dried (MgSO,) and evaporated in vacuo to give
0.56 g of liquid. Glpe analysis on o 204, SI2 30 6-ft columun
140° revealed the presence of ouly ca. 56¢¢ of the aldehyde
(equal ta ea. T vield) along with ca. 434 of 2-methylthiazole in
the distillate. To this mixture 0.3 g of aminoaxazolidinone in 2 ml
of 121OH was added aloug with a drop of concentrated HCL to
give o white solid,  An additional 2 ml of IXtOH wus added and
the mixture reftuxed for 3-4 min.  The mixture was cooled and
the white product was collected. It melted at 190-191.5%
0.48 g (1.44). A sample recrystallized from MeOH melted at
190—1920 Anal. (C7E17N3()28> C, I’Iy N, S

3-1 [(4-Nitro-2-thiazolyl)methylenejamino}-2-oxazolidinone

(30).--A solution of 0.65 g (4.5 mmoles) of 2-methyl-4-nitro-
thiazole' in 15 ml of glacial HOAce and 15 1l of Ac) was cooled
to 5% und 2 ml of concentrated Hs804 was added. To this was
added 2 g (0.02 mole) of CrOs in 45 wmin at 5-10°.  After 1 hr
at this temperuture, the mixture was allowed to rise o room
temperature,  Since 1o C==0 band was observed in the ir
specorun of 1 sample {CH:Cly exarnet of an aliquot whicli had been
neutralized with ICOs), au additional 2 g af Cr0y was added 1n
20 min and the temperature was allowed to rise to 32.5°. After
6.75 hr, the mixture was poured on ice-cold, saturaced K.COx
and the resultant solution was extracted (CHCly). The extrarts
were dried (MgSO,) and evaporated o vacio to give 0.1 g of
4-nitro-2-thiazolecurboxaldehyde dincetute?® [vpmax (neat) 17700
e~ rard starting material, The erude dincetate was dissolved
in cold CCly and filtered to remove starting material, and the
filtrate was evaporated to dryuess ta give ca. 20 mg of partially
purified materiul. This was derivatized with aminooxazolidinone
in the mamer of trever? to give white needles of product, mp
273-275° (after recrystallization from MexCO). Anal. (C:HgN4-
S04 C, H, N, 8.

Attemipts at SeQ; oxidation of 2-methyl-4-uitrothinzole in
dioxane or dimethoxyethane were unsuccessful.

2-[2-(2-Acetamido-5-thiazolyl)vinyl]quinoline (15). —A suspien-
sion of 3.0 g (0.039 mole) of 2-nmine-5-thiazolecarboxaldehy de in
15 ml of Ac:O was hented ut reflux for 2 hr, the mixture wis
cooled, and the salid wis collected aud dried to give 4.7 g (704, ¢

t20) Although Do elementsd abalyees were obtaived for this molerinl, ils ir
spectruin, the eleniental npolyses of 30, and the quegnivocal stnletnre proof
of 3% suppolt its structnre,
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of tan solid, mp 234-235°20 This material was suspended iu
20 ml of glacial HOAc and heated to 60° and 4.0 g (0.028 mole)
of freshly distilled quinaldine and 5 ml of Ac;O were added. The
mixture was heated at reflux for 4 hr and cooled over a week-end,
and 100 ml of Et,O was added. After filtering and drying,
5 g (61¢%) of produet, mp 269-272°, was abtained. A sample was
recrystallized from EtOH-Me,CO (1:1) with added DMF to
increase the solubility; mp 273-274°,  Anal. (CiHisN:08)
C, H, N, S.

2-[{2-(2-Amino-5-thiazolyl)vinyljquinoline (31).—A suspension
of 0.4 g (1.35 mmoles) of 15 in a mixture of 2 ml of glacial HOAc
and 2 ml of conceutrated HCI was heated at reflux for 2 hr o
give a clear, dark salution. The solution was evaporated to
dryness, and the residue was dissolved in 100 ml of H:O and
treated with saturated NaHCO; until gas evolution stopped.
The precipitate was collected, washed (H:0), and dried to give

(21) H. Taniyama, B. Yasoi, and F. Iuoae (J. Pharm. Svc. Jap., 73, 276
(1933) | report mp 207 ° dec,
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0.275 g (80%) of yellow crystals, mp 244-246°,
NS) C, H, N, S.

Attempts to convert the NHs group to NO; by diazotization in
the presence of Cu and excess NaNQ, gave traces of a semisolid
which had an ir spectrum showing NO, bands (1510 and 1340
e¢m™), which was similar to the spectrum of 12. A virtually
identieal spectrum was obtained froin a crude solid which had
heen isalated from an attempt to condense 2-nitro-5-thiazole-
carboxaldehyde with quinaldine in refluxing HOAc—Ac:0O.

Anal. (CHHU-
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Some 3-[(5-nitrofurfurvlidene)aiinolhydantoins and sonie N-ethoxycarbonylamino acid nitrofurfurylidene-
hydrazides have been synthesized for antibacterial screening. Improved procedures for the preparation of 3-

aminohydantoins have been developed.

In view of the chemotherapeutic properties of
1-[(5-nitrofurfurylidene)amino jhydantoins,! we syn-
thesized and screened several 3-[(5-nitrofurfurylidene)-
amino Jhydantoins (I). Three examples of N-ethoxy-
carbonylamino acid  5-nitrofurfurylidenehydrazides
(II), open-chain forms of the hydantoins, were also
prepared for antibacterial screening.

o e
ON— (, /—CH=N-—N
NH
0
I
():N—-@*(‘H=NNH(:OCHRACH,)”NHcoo
I,n=01

The synthesis of several 55-disubstituted 3-amino-
hydantoins (IV) by heating aqueous solutions of
N-carboxy-e-amino acid dihydrazides (III} at atmo-
spheric pressure has been reported by Taub? (method
B).

R, R
R,
R, —C-—CONHNH, — N-—NH,
NHCONHNH, 0
|| v

(1) (a) M. Abramsand B. Prophete, Missourt Med., 51, 280 11954); (b) K. J.
Hayes, U. 8. Patent 2,610,181 (1952): Chem. Abstr., 47, 69807 (1933): (¢) J. G.
Michels, U. 8. Patent 3,075,973 (1963).

(2) W. Taub, U. 8. 'atent 2,767,193 (1056); Chem. Absir., 51, 5841h (1957).

Earlier, Schiogl, et al.,®* had found this method un-
satisfactory for the synthesis of monosubstituted hy-
dantoins; yields decreased as the size of the substituent
decreased, and they were unable to prepare the unsub-
stituted 3-aminohydantoin or its 5-hydroxymethyl
analog. We also were unable to prepare either the un-
substituted or the 3-methyl compound by heating
aqueous solutions of dihydrazides.

More recently another synthesis of 5,5-disubstituted
3-aminohydantoin from 5 5-disubstituted hydantoins
and hydrazine hydrate was devised by Davidson.?
The applicability of this method to the preparation of
5-monosubstituted 3-aminohydantoins or to unsubsti-
tuted 3-aminohydantoin was not mentioned. These
methods, then, are of limited value for the preparation
of 3-aminohydantoins.

We have developed a reliable procedure for the prep-
aration of 5-monosubstituted 3-aminohydantoins (IV,
R; = H), which consists of heating under reflux a dilute
solution of the dihydrazide (III) in DMI. The com-
pounds prepared in this way are listed in Table I
(method A). This method is applicable for either large
or small substituents, as well as the unsubstituted com-
pound.

Although the procedure of Taub? was used for prepa-
ration of the dimethyl aund methylethyl compounds
(Table I, method B), we found that the low yield of the
latter compound could be doubled by a third procedure
(method C).? This consisted of heating under reflux an
ethanol solution of ethyl N-ethoxycarbonyl-pL-iso-

(3) K. Schlégl and G. Korger, Monatsh. Chem., 82, 799 (1951); Chem. Abstr.,
47, 7511a (1953).

(4) K. Scholgl, J. Derkosch, abd E. Wawersich, Monatsh, Chem., 85, 607
11934); Chem. Abstr., 49, 9511d (1959).

(5) J. 8. Davidson, J. Chem. Soc., 4646 (1964).



