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2-aminobenzothiazole i t  would appear that  the antivi- 
ral effect is not improved by increasing the dose level 
above 0.; mg per animal. 
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The ki10n-ri3 biological activity of D-cycloserine ( la) ,  a 
broad spectrum :mtibiotic, led use to examine de- 
rivatives of this compound for antimalarial activity. 
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a, R = R = H  
b. R =aralkyl ;  R' = H 
c. R = H; R = a r a l k y l  
d. R = R = a r a l k y l  

We have previously4 reported the synthesis of several 
derivatives of cycloserine having general structures 
l b  (R = 3-hvdrosy-3-chlorobenzyl) and l e  (R' = Ph3C). 
The pathway by which this was done is shown in 
Scheme I. In  this report, several new Schiff bases (2) 
are described which can be reduced with KaBH4 to 

(1 )  Suppoi l w l  i i i  pari 1j.v ( ' c ~ ~ i L r a , ~ l  I).i-49-1!43-A1 L)-2993 from tlie U. S. 

(2)  To \vlioiu inquiries alioiild be addreiiued. 
( 3 )  Francie C. Neuhaus, in "Antibiotics," Vol. I, D. Gottlieb and  P. L.  

Siiaiv, Ed., Springer-Verlag, Heidelburg, 1967, Chapter 2. 
(4) (a) C. 11. Stammer and  J. D. McKinney, J. Org. Chem., 30, 3436 

(IVti:); ( b )  K .  .I. Payne and  C. H. Stammer, ib id . ,  33, 2421 (1968). 
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type lb  or alkylated giving 3 which is further hydrolyzed 
or reduced to IC or Id. 

Of greatest chemical interest is the considerable varia- 
tion in the ease of racemization of Schiff bases 2 as a 
function of the aldehyde used. Earlier showed 
that when 5-chlorosalicylaldehyde was employed, the 
Schiff base was optically quite stable4" in solution 
but was completely racemized during conversion into 
its 2-trityl derivative 3, R' = Ph3C, or its 2-lIe de- 
rivative6 3, R' = Me, These 2-alkylations were carried 
out in the presence of I<,C03 which apparently cata- 
lyzed the racemization of the products by abstraction 
of a proton from the asymmetric ce~i ter .~b Polarimetric 
measurements 011 a solution of t'he Schiff base Ka 
salt in diniethoxyethane showed that the rate of race- 
mization more than doubled after the addition of 
the alkyl halide. Hydrolysis of both of t'hese Schiff 
bases gave the racemic 2-alkylated cycloserines in good 
yield. SaB€14 reductiori of 3-chlorosalicylideIie-D- 
cycloserine, however, gave4b an optically active de- 
rivative lb,  R = 5-chloro-2-hydroxybenzyl. The 5- 
nitrosalicylidene Schiff base 2, I1 = 5-nitrosalicyl, 
had the same optical properties, i . e . ,  alkylation gave 
an optically inactive 2-derivative while reduction gave 
:Ln active N-5-nitro-2-hydroxybeiiz~l-i)-cSclos~ririe. 

In ail attempt to syrithesize an optically active 
2-tritylcycloserine, the Schiff bwe 2,  It" = '-hydroxy- 

(3) P1i.D. Thesis of James D.  Ncliinney, University of Georgia, Athens, 
Georgia, 1968. 
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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 


