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HOhc, the solutio11 was cooled to lo", and 2.5 ml of 4 S HBr- 
HOAc was added. The mixture was allowed to stand for 20 mi11 
at 10-15'. Excess HBr was removed in vacuo and the product 
\vas pptd by addition of 100 ml of dry EtlO. The crude product 
was filtered, washed with EtZO, and crystallized from LIeOH- 
EtzO; yield 250 mg (eo%,), mp 184-j0, [ a I z 3 ~  +45.3" ( e ,  1 ill 
LleOH). 

X-Benzyloxycarbonyl-2- [4-chlorobutyl] -n-cycloserine.-To a 
holution of 1.2 g (5  mmolee) of Il'-beiizyloxycarboIiyl-n-cycloaeririe 
in 20 ml of CHCL was added 1.41 ml of Et3S (10 mnioles) and 
1.96 g (10 mmoles) of 1-bromo-4-chlorobutane. After stirring 
overnight at room temp the mixture was evapd to d1,yiies.x. The 
residue was dissolved ill EtOXc and washed successively with 

KPC03 solution and H,O, then dried, and evapd. The 
due was crystallized from Et& giving 1 g (60%); mp i4 - is0,  

[ a I z 3 D  +38.3" (c, 9 i n  MeOH). A n d .  (C,iH1&1Sz04) c, H, S, 
c1. 
S-Benzyioxycarbonyl-2-benzhydryl-~-cycloserine \vas pie- 

pared in  i5Y0 yield by the procedure described above; mp 118- 
1g0, [aIz3~ +50.1" (c, 2 in 31eOH). .And. (C&&,O,) c, 
H, S.  

Anal. (CI0Hl3BrS202) C, 13, S, Br. 

Sitroheterocyclic Antimicrobial Agents. 11. 
3-Nitro-1,3,4-thiadiazole-2-carboxaldehyde 

Derivatives 

We recently reported the synthebis of %amino- 
~-(1-methyl-5-nitro-2-imidazolyl)-1,3,4-thiadia~ole,~ a 
broad-spectrum antimicrobial agent. Preparation of 
this compound and related nitroimidazoles arose from a 
program based on the replacement of the nitrofuryl 

microbial activity. This report deals u ith the second 
group of nitroheterocyclic compounds we examined, 
namely derivatives of 5-nitro-1,3,4-thiadiazole-2-car- 
boxaldehyde. 

Chemistry.-Initially, %methyl-5-nitro-1,3,4-thiadi- 
azole (1) was selected as the primary precursor, and i t  
was prepared from 2-amino-5-methyl-1,3,4-thiadiazole 
by diazotization and reaction of the diazonium salt 
with SOa- in the presence of Cu. Compound 1, being 
unstable under the reaction conditions, did not con- 
dense with pyridinecarboxaldehyde in the presence of 
ZnCl2, AcnO, or piperidine. It could be oxidized with 
Se02 in the absence of solvent to afford ea. 5% of 2; 
however, this method was impractical for our purposes 
and an alternate route was developed. 

1 2 

The p-nitrobenzylidene derivative 3 was prepared 
and was ozonized in NeOH to afford 4, which wab 
hydrolyzed 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 NO2- 
in the presence of Cu. The crude nitroaldehyde was 
used without purification and overall yields of 6-34y0 
(based on aminoaldehyde 5) of azomethine derivatives 
6-8 were obtained. Ferric ammonium sulfate oxidative 
cyclization of 8 afforded 9. 

moiety of antimicrobially active nitrofurans by iso- Compound 5 was difficult to purify, and microanal- 
steric nitroheteroaromatic groups. The first series in- p e s  were unsatisfactory. However, ir and nmr [Alez- 
vestigated, derivatives of nitrothiazolecarboxalde- CO-do; 7 1.83 (s, 2 H, SH,),  -0.04 (s, 1 H, CHO)] 
hydes,* exhibited in vitro antibacterial and antifungal supported its structure. The aldehyde 4 was also 
activity, and several members showed in vivo anti- separable from p-nitrobenzaldehyde but it contained 

some starting material (2-acetamidod-methylt,hiadia- 
zole), which persisted as a contaminant even after re- 

(l!,c;9). peated recrystallizations, arid t'hus the microanalysis 
(1) G. Berkelhammer and G.  .hato, S c i e n c e ,  162, 1146 (1968). 
(2) G .  .ha to .  G. Berkelhammer. and E. L. Moon.  . I .  .l/ed. C h e w , . ,  12, 3i-4 
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liquid, which was further dissolved in E t& and filtered to  remove 
an insoluble material. Removal of Et20 from the filtrate afforded 
0.65 g of liquid [ V  max (neat) 1700 (broad), 1565, and 1355 cm-11. 

5-Nitro-2-thiadiazole Derivatives-Standard techniques or 
methods2 were used for the preparation of the compounds de- 
scribed below and the yields are based on the amount of 5 used. 
3-( [ (5-Nitro-l,3,4-thiadiazol-2-yl)methylene] amino} -2-oxazol- 

idinone (6) was obtained in 6-l5% yield and recrystallized from 
AIezCO-EtOH as yellow crystals, mp 250-255". Anal.  (C&?;j- 

1-1 [ (5-Nitro-l,3,4-thiadiazol-2-yl)methylene] amino} -2-imid- 
azolidinone (7) was obtained in 13-23z yield and recrystallized 
from R070 aq EtOH as yellow crystals, mp 230-233"; nmr 
(DMSO-&): T 2.1 (s, 1 H, CH=S), 2.3 (s, 1 H, SH) ,  5.8-6.7 
(III, 4 H, CHzCHz). 

5-Nitro-l,3,4-thiadiazole-2-carboxaldehyde thiosemicarbazone 
(8) was obtaiiied in 22% yield as a red solid; no suitable sol- 

OaS) C, H, N, S. 

.-lnd. (csH~NsO.8) C, H, S, S. 

vent for recrystallization was found, nip > 290". -4nal. (CaHa- 
NeOZS2) C ,  N, S, H: calcd 1.73; fouiid 2.70. 
2-Amino-5-(5-nitro-1,3,4-thiadiazol-2-yl)-1,3,4-thiadiazole ( 9 ) .  

-The method reported previously2 was used; 4 6 5  yield from 8, 
recrystallized from EtOH-DMF, yellow crptalb, mp 240" dec. 
Anal. (C&SeOi&) c, H, x, S. 
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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 arid I1 for screening purposes, 

TABLE I 
~ - C H ~ C O N H N = C R ~  

R ~ c 0  

hndrostanolone 

Estrone 3-methyl 

Pregnenolone 
Testosterone ben roate 
2-Nitrobenzaldeh yde 
2-Chloro-2-nitro- 

benzaldehyde 
I ndole-3-oarbox- 

aldehyde 

benzoate 

ether 

H 
AIP, 
"Ca 

161-162 

225-227 
25 2-2548 
165-167 
174-1751 

2 0 3 - 2 0 4 

228-230k 

1-ield, 
% 

90 

1 o e  

66h 
67' 
85 

83 

-_ 
I ,  

Formula Analysesbmc 

Recrystallized from EtOH unless otherwise noted. Arialy- 
ses indicated within 0.3c.I. All compounds exhibited expected 
spectra. Calcd: C, 76.43. Found:  C, 73.72. e Yield (!X3(,;,) 
based on recovered steroid. f Calcd: C, 76.45. Forind: C, 
7.5.70. 0 S o t  recrystallized. " Yield ( 9 4 5 )  based on recovered 
st,eroid. Reaction time increwed to 3 hr. J 1:erctio;i product 
is C ~ ~ H , , N ~ O ~ . C Z H ~ O H ,  (mp 111-112', analyses: C, H ) ;  the 
product was heated to 130" to give the pi'odiict in the Table. 

A. Alemany, M. Bernabe, C. Elorriaga, E. F. Xlvarez, 11. Lora- 
Tamayo, and 0. Nieto [Bull. SOC. Chim. Fr., 2486 (1966)l re- 
port mp 193". 

by condensing indole-3-acetic acid hydrazide with 
carbonyl compounds and by condensing isatin, indole- 
:3-('arboxaldehyde, u r d  1-benayliIidole-X-cal.boxulde- 

TABLE I1 

Type 
I 
I 
I 
I 
I 

I 

I 

I1  

I1  

I1 
I11 
111 

H 
I 

Q-Y-p ~ - C H = S R  ~ J - C H = N R  

H I 

R S H z  
Sulfanilamide~ 
Sulfisoxazolel 
Suliathiazole' 
Sulfaguanidine' 
p-Sulfolenzoic acid 

p-hydrazide' 
p-Toluenesulfon- 

p-hydrazide 
3-(2-Aminoethj 1)- 

indole 
p-Sulfobenzoic acid 

hydrazide 
2-Nitrophenyl- 

hydrazine 
D-Cycloserine 
Sulfathiazole 
Sulfanilamide 

.. 
I 

I1 CH,C,H, 
I11 

LIP, l i e l d ,  
Formula ;inalysesh.c " 

" C U  10 

276-278 83 
23;-23Yd 60 
335-336 93 
296-297 44 
254-256 74 

20i-2091 90 

l i 4 - l i 6  66 

240-211 88 

224-226d 93 

223-224i 56 
192-193k 51 
156-158 53 

a Recrystallized from EtOH unless otherwise noted. * Anal) - 
sea indicated within 0.37,. c All compounds exhibited expected 
spectra. S o t  recrystallized. e Calcd: C, 52.47. Found: C, 
51.99. f XI. P. Cava, It. 0. Little, and D. R. Sapier [J. Amer. 
Chcm. SOC., 80, 2257 (1958)l report mp 190-200". 0 Calcd: C, 
74.72. Found: C, 74.11. Calcd: C, 64.28. Found: C, 63.78. 
'Calcd: C, 62.'17. Found: C, 62.18. 1 Triturated with hot 
EtOH-EtOAc. FlomEtOAc. 2 Inactive ( T / C  = b3 - 1025,) 
:it 400 mg kg againbt 1,-1210 lymphoid leukemia. 

hyde with various amines. Reaction of indole-%acetic 
acid hydrazide with succinic anhydride2 gave 1 Jvlii!e O-CH~CONHNHCO(CHJ,CO,H 

I 
H 

I 

reaction of 3-aminocarbazole with 4- [bis (2-chloroethy1)- 
amino]-o-tolualdehyde gave the expected imine." 

(2) F. IY. Short rind L. M. Long, J .  Heterocycl.  Chem., 6, 707 (1969) 
(3) F. D. Popp, J .  N e d .  Chem.. 7, 210 (1962). 
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