Nores

HOAc, the solution was cooled to 10°, and 2.5 ml of 4 ¥ HBr-
HOAc was added. The mixture was allowed to stand for 20 min
at 10-15°. Excess HBr was removed in vacuo and the product
was pptd by addition of 100 ml of dry Et:0. The crude product
was filtered, washed with Et,O, and crystallized from MeOH-
Et,0; yield 250 mg (609%), mp 184-5°, [a]?D +45.3° (¢, 1 in
.\IeOH). Anal. (CloHlsBrNQOQ) Cy I_Ir Nr Br.
N-Benzyloxycarbonyl-2-[4-chlorobutyl] -p-cycloserine.—1'0 a

solution of 1.2 g (5 mmoles) of N-benzyloxycarbouyl-p-cycloserine
in 20 ml of CHCI; was added 1.41 ml of Et;N (10 mmoles) and
1.96 g (10 mmoles) of 1-bromo-4-chlorobutane. After stirring
overnight at room temp the mixture was evapd todryvuness. The
residue was dissolved in EtOAc¢ and washed successively with
39, K:CO; solution aud H.O, theun dried, and evapd. The
residue was crystallized from Et.0 giving 1 g (609;); mp 74-75°,
[a]?®D +38.3° (¢, 2 in MeOH). Anal. (C;H;,CIN:0y) C, H, N,
ClL

.V-Benzyloxycarbonyl-2-benzhydryl-p-cycloserine was pre-
pared in 75%, yield by the procedure described above; mp 118~
19°, [e}®p +50.1° (¢, 2 in MeOH). Anal. (CyHoN:04) C,
H, N.

Nitroheterocyclic Antimicrobial Agents. 11,
53-Nitro-1,3,4-thiadiazole-2-carboxaldehvde

Derivatives

(GORO AsaT0, GERALD BERKELHAMMER,
AND Ikpwarp L. Mooy

Chenieal Research and Development
Laboratories, Agricultural Division,
JAmeeican Cyananid Company, Princeton, New Jersey
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We recently reported the synthesis of 2-amino-
5-(1-methvl-5-nitro-2-imidazolvl)-1,3,4-thiadiazole,! a
broad-spectrum antimicrobial agent. Preparation of
this compound and related nitroimidazoles arose from a
program based on the replacement of the nitrofuryl

NN p-O,NCH CHO
T Ac,0
(I —
AcNH” ~87 “CH, A
NaNO, l
HBF, N—N ut
2 - | ] Sl
Cu H;N)\S/I\CHO 65/,
| :
N—N 0
)I\ ] where X = —CH=.\'N—(
O.N S X o

6

—CH==NNHCSNH.

8

moiety of antimicrobially active nitrofurans by iso-
steric nitroheteroaromatic groups. The first series in-
vestigated, derivatives of nitrothiazolecarboxalde-
hydes,? exhibited in »itre antibacterial and antifungal
activity, and several members showed in vivo anti-

(1) G. Berkelhammer and G. Asato, Science, 163, 1146 (1968).
(2) G. Asato, G. Berkelliammer, and E. L. Moun. .JJ. Med. Chem., 12, 374
t1969).
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microbial activity. This report deals with the second
group of nitroheterocyclic compounds we examined,
namely derivatives of 3-nitro-1,3,4-thiadiazole-2-car-
boxaldehyde.

Chemistry.—Initially, 2-methyl-5-nitro-1,3,4-thiadi-
azole (1) was selected as the primary precursor, and it
was prepared from 2-amino-5-methyl-1,3,4-thiadiazole
by diazotization and reaction of the diazonium salt
with NO,~ in the presence of Cu. Compound 1, being
unstable under the reaction conditions, did not con-
dense with pyridinecarboxaldehyde in the presence of
ZnCly, AcyO, or piperidine. It could be oxidized with
SeO; in the absence of solvent to afford ca. 59, of 2;
however, this method was impractical for our purposes
and an alternate route was developed.

oL = o
O:N)\S)\CH; o,N)\s)\

1 2

CHO

The p-nitrobenzylidene derivative 3 was prepared
and was ozonized in MeOH to afford 4, which was
hvdrolyzed with acid to the aminoaldehyde 5. The
thiadiazolecarboxaldehyde 5 was separated from p-
nitrobenzaldehyde by acid extraction and converted
into 2 by diazotization and displacement with NO,—
in the presence of Cu. The crude nitroaldehyde was
used without purification and overall yields of 6-349,
(based on aminoaldehyde 5) of azomethine derivatives
6-8 were obtained. Ferric ammonium sulfate oxidative
cvelization of 8 afforded 9.

N—N
A, v O
AcNH S~ “CHO

4
O
—CH==NN

L/NH
7

N—N
/IKSJ\.\’H

9

Compound 5 was difficult to purify, and microanal-
vses were unsatisfactory. However, ir and nmr [Me,-
CO-dg; 7 1.83 (s, 2 H, NH,), —0.04 (s, 1 H, CHO)]
supported its structure. The aldehyde 4 was also
separable from p-nitrobenzaldehyde but it contained
some starting material (2-acetamido-5-methylthiadia-
zole), which persisted as a contaminant even after re-
peated recrystallizations, and thus the microanalysis


file:///itroheterocyclic
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wius ulisatisfactory.  Nonetheless, the structure us-
signed to 4 was unequivocally supported by ir, nmr, and
mass spectral data,

Biological Results.—The nitroaldehyde derivatives
6-9 were assaved n wvitro ngainst selected microor-
ganisms, as reported earlier,? Only 7 exhibited fairly
good growth inhibitory effect (161-250 ug/ml) against
Gram-positive and Gram-unegative bacteria, while 9
showed intu-estiug broad-spectrum antifungal activity
(15-125 pg/ml) (Tdble% I. IT). None of these com-
pounds was aetive e zive when administered orally
tygainst Salmorella gallingrum in chicks or Stapkylococe-
cus aureus (Swith) or Escherichia coli in mice.

TansL |l
In Pileo ANTIBACTERLAL AcTIVITYY

- ee=-Clornpotitulg -y
AMicrvorganistos 6 7 8 9

Bacilbs cecvas ATCC 10702 20 125 2507
B.osnbtilis ATCC 6633 125 125 250°
B. thuringiensis 250
M icrocoecus 2500 62
Staphylococcus anrcas ATCC 6538 250
Streptococcus agalactiae 125
Streptococcus faecalis ATCC 80423 250
dAerobacler accogenes 2500 125
Alealigenes facealis ATCU 8751 125 125 250¢ 250°
Bordctella bronchiseptica 250 62 250¢  250¢
Escheeichia coli 2 2500 125
Dastewrclla widtocide 10C 315 125 15 250 230
Sulmonella cholceaesuis—var.

kanzendorf 2t 125
S. didlén 2500 125
S. gallinavum 605 200 125
S, typlenuaraom 2000 125 250¢ 250¢
S. typhosa ATCC 6539 250 125 2508 250¢

Agur dilntion tests, minimum inhibitary  coner, pg. ml.
” Where 1o vahie is given the compound was inactive at highest
test level, 250 pg ‘il < Slight activity at this eonen.

Tanpy 11
1 Vibo ANTIFUNGAL AcTiviTy !

e e Cotitpotttd - -
7 8 9

Qraaltisins 6
Candida elbicons——Bergen Strain, I5-3 250 125
C.omyoederma—ATCC 9888 250 62
Suaccharomyces corcrisiae——ATCC 4100 12
A ueor ramannianns—N-143 G2
Fusarium episphacrioe-—F-105 250 31
Hormodendrum cladosporoides—Z2-516 62
Trichophyton ncntagrophytes—E-11 62 250 250 15
Microsporum gypscum-—15-28 31 250 51
Pendctllinm digitation-—1-30813 250 2
Memnoniclle cchinata---2-583 250 125
Chactonmdam globosim~-11-71, QNL 6694 31 125125
Aspregillus fandgat as—8-246 125

v See corresponding footnotes in Table 1.

Experimental Section?®

2-Methyl-5-nitro-1,3,4-thiadiazole (1).—A solution of 2.78 g
(0.024 mole) of 2-amino-5-methylthiadiazole in 17.5 ml of 4850
HBF: was stirred at 0° and 1.67 g (0.024 mole) of NaNO, was
added over a period of 30 min. After 20 min of additional stirring,

(3) Melting points were determined on a 1'homas-Hoover apparatus ail
ure uncorrected. Ir spectra were takeu on a Perkiti-kliner Model 137
spectrophbotonteter; lunr spectra were takell on a Varian A-60 instromwent
i MedSi). Microanalyses were performmed by Galbraith Laboratories, Ine..
Kuoxville, Tenn. Wlere analyses are indicated only by symbols of e
clements, analytical results obtailed fur the elertents were within =04
of the theorelivai values.,

Xer- ~

the mixture was added dropwise o a vigorously stirved =uspen-
sion of 4.9 g of Cu powder and 24.7 g of NaNt, in 50 ml of HaO
at 25°, The mixture foamed and bevne dark green.  After an
.lddm()nnl 30 min of stirring, the mixtire was filtered, the fitter
cike wis washed well with H:0, and the combined filtrate and
wash solution was extracted (Cslle, 23 X 150 mln The eombiued
extriacts were dried (MgSO.) and evaporated to dryness fn voeo
to afford 1.75 g of yellow syvrup which erystallized on stading.
This material melted at 54--35° anud exhibited a strong 1700-cm 3
band which could be removed by recrvstallization from 00, iy
mp 65-66° Tor the analytical sample.  Anal. (CHN -
I oy “. A

2-Acetamido-5-(p-nitrostyryl)-1,3,4-thiadiazole i3).- A nixiure
ol 157 ¢ (1 wole)y of 2aacetamido-5-methylthiadiazole and 151 g
i1 mole; ol p-uitrobenzaldehyde in 1500 ml of hot Acat) was heated
at refux temperature for 17 hr and eonled and the yellow produet
collected. The product was washed throughly with Me,CO ol
dried (o eacro to afford 1O8.7 g (697 5, mp >:310°, nmw 1}).\[.\‘()-11.g.
100°, tegration mattainable owing to naise level): 7 7.75 o,
CHCO), 250 (broad m, aryl Hy, 175 and 190 (b, J = 19 Hz,
~UC==CH~ 0 The aualytical sauple was r(-m"\'smlll/.ul Tro
DMFEF-Me,CO. Aral. (CuHeNDS) ¢ 1L Ny S

2.-Amino-1,3,4-thiadiazole-2-carboxaldehyde (5}, ~A ~uspen-
stonn of 30 g (0.17 wole) of 3 it 500 1wl of YU uy MeOIT at 0°
was stirred and Oy (0,081 mole/hr in Uy, generated from a Welsbach
Corp. nzouator) was introduced throngh a capillary tube for 3 hr.
The reaetion mixture was purged with Ny for 30 min and the
mixture was reduced with 100 g of Nal in 300 ml of HyO and 100
ml uof HOA¢ below 257, Alter 35 min of additional stirring, the
1. was ttrated with saturated NiagSat)s solution.  The mixinre
was extracted twice with ErOAc 12 Loand 1Ly the extraets were
dried (MgSUgs, ad the ItOAe removed io cacoo. The residne
was heated o s stean bath for 90 min with 100 wml of HOA ¢ and
100 ml of concentrated I1CL and the mixtire wis evaporiced
i ocacwo o give w1 duk slndge. 1o thiz was added 400 mil of
10°, HCl and 1 1. of EtOAe. The ag layver was reutoved altee
shakivg aud Mrther extracted with 500 ml of 1510 A e to remove the
last traces nf p-titrobenzaldehyde.  The aq layer was nentralized
with sulid NalICO; and it was extracted with LD Ac 05 X 600
ml), These extracts were dricd (Mg30;7 and evaporated to dry-
ness i vacuo to vield 14.4 g (6575 ot muinoaldehyde 3, mp 155
157 A sample rerrystallized from Me.CO-hexane melted at
166--165° dev. Anal. (CuHyNOS) T N, 8 ¢ calal, 27.91;
found, 30.01.

A sunple of Zeacetamido-1,3,4-thindiazole-5-carboxaldehy de
(4} was obtained in the following manner: the reduced mixture
from the uzonolysis was evaporated to dryness, the penitrobens-
aldehyde was removed by washing with KO and the inarganie
solids were washed away with 1,0 to leave abont a 397, vield
of 4. An analytieal sample. mp 231° dec, was obtained froean
MeOH recrystallizations.  Anol. {C;HNSO0) H, NUS; O cnleady
15.09; fl)uu(l 35,74

The specir ul another .\:melc of recrystallized 4
(F;CCO:HJ showed bands at = = 0.2 (s, 1 H, CHQ), (s,
H, CH3CO ), 6.92 (=, Cl) and 7.42 (s, (/Hg(,()) The latter two
peaks could be intensified with added 2-ncetamido-i-methyl-
1,3,4-thiadiazule aud the presener bf the latter compound wis
confirmed by the mass spectral analysis which gave m.'c 171 ail
157 a8 twn parent peaks.

5-Nitro-1,3,4-thiadiazole-2-carboxaldehyde 12).-~ A =olution
of 4.0 g (0.031 le) of 2-aminoe-1,3,4-thiadiazole-2-carboxalde-
hyde (5) in 8 ml of 4%-5070 HBF; and 20 ml of ILO was added
slowly Cea. 75 ming to a vxgnn-ml.\fly stirrer] mixtire of 2 g of Ca
powder utul 8.0 g of NaNt), in 40 1l of 1LY a1 257, During the
addition bright yellow solids were deposited in the reaction
mixture.  After stirring an additional 2 hr, the mixture was
filtered aud the filteate extracted with CHCL (2 X 150 wls,
The aq layer was then acidified to pH 2 and extracted with IStat)
(4 X 200 ml). The combined extraet was dried Qgs0,) and
evaporated to dryness in zacuo to afford 1.8 g of brown syrup,
which was used unpurified in subsequent reactions with derivatiz-
ing reagents. The ir spectrum of the syrup exhibited bauds at
3400 (m), 1700 (w), and 1165-1195 (broad) cm !, which suggested
the aldehyde readily formed a hemihydrate.

The aldehyde 2 was also obtained by mixing 1.45 g (10 mmoles;
of 2-methyl-5-nitrothiadiazole with 1.10 g (5 mmoles) of pulverized
SeOQ. and heating oun a hot plate. At ee. 110° an exothermic re-
actibh was observed und the temperature rose to 170°, This mix-
ture was cooled aud extracted with 30 ml of CHLCle. The extraet
was filtered wud evaporated to dryness to give a yellow—-orauge
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liquid, which was further dissolved in Et,0 and filtered to remove
an insoluble material. Removal of Et;0 from the filtrate afforded
0.65 g of liquid [» max (neat) 1700 (broad), 1563, and 1355 em 1],

5-Nitro-2-thiadiazole Derivatives.—Standard techniques or
methods? were used for the preparation of the compounds de-
scribed below and the vields are based on the amount of § used.

3-{ [(5-Nitro-1,3,4-thiadiazol-2-yl)methylene]amino} -2-o0xazol-
idinone (6) was obtained in 6-15% yield and recrystallized from
Me:CO-EtOH as yellow crystals, mp 250~255°. Anal. (CsHsNs-
048) C, H, N, S.

1-{ [(58-Nitro-1,3,4-thiadiazol-2-yl)methylene] amino} -2-imid-
azolidinone (7) was obtained in 13-239; yield and recrystallized
from 509, aq EtOH as yellow crystals, mp 230-233°; nmr
(DMSO-dg): r 2.1 (s, 1 H, CH=N), 2.3 (s, 1 H, NH), 5.8-6.7
(m, 4 H, CHQCHQ), Anal. (CeHeNsoss) C, H, N, S

5-Nitro-1,3,4-thiadiazole-2-carboxaldehyde thiosemicarbazone
(8) was obtained in 229, yield as a red solid; no sunitable sol-
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vent for recrystallization was found, mp > 290°.  Anal. (CsHs-

Ne0:S:) C, N, 8, H: caled 1.73; found 2.70.

2-Amino-5-(5-nitro-1,3,4-thiadiazol-2-yl)-1,3,4-thiadiazole (9).
—The method reported previously? was used; 469; vield from 8,
recrystallized from EtOH-DMF, vellow crystals, mp 240° dec.
Anal. (C.H,N¢O-S2) C, H, N, 8.

Acknowledgment.—We wish to thank Dr. T. L.
Chang (Stamford Laboratories, American Cyanamid
Co.) for the mass spectral data and interpretation,
Dr. G. A. Kemp and staff for in viiro and ¢n vivo anti-
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Laboratories) for the n vitro antifungal assays, and
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their in vivo antibacterial assays.
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In connection with other work in progress in this

laboratory it was necessary to prepare the compounds
described in Tables I and II for screening purposes,

TasLe I
[ U—l CH,CONHN=CR,
N
H
R.CO Mp. Yield, Formula Analyses?+¢
OCG %
Androstanolone
benzoate 161-162 90 CasHaaN3Os H, N4
Estrone 3-methyl
ether 225-227 10° C29H3N 30, H, N/
Pregnenolone 252-2549 66" CaHaN30: C. H
Testosterone benzoate  165-167 67¢ CuHaN303 N
2-Nitrobenzaldehyde 174-1757 85 C1yHuN:Os C.H. N
4-Chloro-2-nitro-
benzaldehyde 203—-204 83 C17H13CINOs C. H
Indole-3-carbox-
aldehyde 228-230F 77 CieHeN(O C.H.N
@ Reorystallized from EtOH uuless otherwise noted. * Analy-

ses indicated within 0.3¢7,.
spectra, ¢ Caled: C, 76.43.

¢ All compounds exhibited expected

Fouud: C, 75.72. ¢ Yield (93¢
based on recovered steroid. / Caled: C, 76.45. Found: C,
75.70. ¢ Not recrystallized. * Yield (94¢7) based on recovered
steroid. * Reaction time increased to 5 hr. ¢ lleaction product
is CiyHuN.O;-CoH;0H, (mp 111-112°, analyses: C, H); the
product was heated to 130° to give the product in the Table.
* A. Alemany, M., Bernabe, C. Elorriaga, E. F. Alvarez, M. Lora-
Tamayo, and O, Nieto [Bull. Soc. Chim. Fr., 2486 (1966)] re-
port mp 193°,

by condensing indole-3-acetic acid hydrazide with
carbonyl compounds and by condensing isatin, indole-
3-carboxaldehyde, and 1-benzylindole-3-carboxalde-

t1) This work was supported by a research grant (CA 10345) from the
National Cancer Institute, U. S. Public Health Service.

TasLe II
NR CH=NR CH==NR
5 | |
N N N
H H |
I II CH,C,H;
111
Mp. Yield.,
Type RNH: °eCH Y Formula  Analyses®
I Sulfanilamide? 276-278 83 C1HuN30s8 C.H
1 Sulfisoxazole! 237-239¢ 60 C19H16N404S C.H
1 Sulfatliazole 335-338 93 CpHiN:Os8: C.H
1 Sulfaguanidine? 206-297 44 CpHuN;0s8 H, N¢
1 p-Sulfobenzoic acid  254-256 T4 CuHuN:0;:8 C. H
p-hydrazide!

1 p-Toluenesulfon- 2072097 90 C1;HisN ;038 C.H
p-hydrazide

1 3-(2-Aminoethyl)- 174-176 66 C1isHisN:0 He
indole

11 p-Sulfobenzoic acid 240-241 88 CisH13N 2048 C, H
hydrazide

I 2-Nitrophenyl- 224-226¢ 93  CuliNO: 30
hydrazine )

1 p-Cycloserine 223-2247 56 Ci:HuN:O: H, NY

111 Sulfathiazole 192-193% 51
111 Sulfanilamide 156-158 53 C2:Hi1sN30:8 C. H

@ Recrystallized from EtOH unless otherwise noted. * Analy-
ses indicated within 0.39. ¢ All compounds exhibited expected
spectra. ¢ Not recrystallized. ¢ Caled: C, 52.47. Found: C,
51.99. 7M. P. Cava, R. O, Little, and D. R. Napier [J. Amer.
Chem. Soc., 80, 2257 (1958)] report mp 190-200°. ¢ Caled: C,
74.72. Found: C, 74.11. * Caled: C,64.28. Found: C, 63.75.
i Caled: C, 62.87. Found: C, 62.18. 7 Triturated with hot
EtOH-EtOAc. * From EtOAc. ¢ Inactive (7'/C = 83 — 1029)
at 400 mg, kg against 1,-1210 lymphoid leukeruia.

CasHxN4O:S: C. H

hyde with various amines. Reaction of indole-3-acetic
acid hydrazide with succinic anhydride? gave 1 while

mCHchNHNHCO(CHQ)ZcozH
N

|

H
I

reaction of 3-aminocarbazole with 4- [bis(2-chloroethyl)-
amino J-o-tolualdehyde gave the expected imine.?

(2) F.W.S8hort and L. M. Long. J. Heterocycl. Chem., 6, 707 (1969).
(3) ¥.D.Popp.J. Med. Chem., T, 210 (1964).



