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TABLE I 
ANTIBACTERIAL Ac-TIVI r y  

Zone uf inhib, mn------------ 
.\I. S. Y P. 

sinegmatzs aureub Strep. E.  cult  vulgarts 

23* (3:). 
17 (23)  
25 (33) 20 24 

Coinpd solvent 

111 EtOH 
111 K O  
\.I11 EtOH 
IX HLO 
x Et011 

XI1 EtOlla 
XI11 K O  
XIV EtOII 
XV HzO 
XVI-X\ 111 EtOHci 

Srizpensioii. Complete iiihibitioii. 

XI rI,o 
42 (34) 19 20 
15 (21) 20 

36 (69) 
18 17 
10 18 

Complete arid partial inhibitioi:. 

greater odor than the other derivatives aiid gave qualitative 
P and S tests. 

Synthesis.-The products were prepared using previously 
described methods"' whereby II,6 YI,la 1 - 1 , ' 6  or \ ' l 116  and the 
appropriate amine, alcohol, hydrazine, or hydrazide were treated 
to yield VI11 (ClIH1,Ka08PS, I%', 66%), I X  (CaHlsrU',OjPS, 81", 

>80°, 535; ,  deliqiiescent), XI1 (CsHljSa02P82, > 115', 76C.',), 

14r i ,  deliquescent), XVI (CljH27N6OaPP3, >9.io, 91R), X \ l I  
(CljH~;N603PS,, > 130", 84% ), arid X1-111 (CsHlSePSa, > 173", 
2 S C ; ) .  Ether w-ah the solvelit, except in the case of XI11 
ICHJCS), S\T aiid X\TI (CH3CS-ether, l : l ) ,  and X (no 
solvelit). Addition of I1 to hydrazine or 4-methyl-3-thiosemi- 
rarbazide (CHJCX) gave I11 iCjHluKOaPS, 129', 61 yo). Con- 
aecritive addition.: of ethaiiethiol and aziridiiie to IV (ether) 
prodiiced \. (C6HlrN,02PS2, >147", 57%) .  Similar addition of 
phenylhydrazine aiid ethyl carbazate to I V  (ether) yielded 
XI\ '  (CI:IHrlS604PS2, > 6 3 O ,  25?; j which separated as an oil 
before solidifyitig. Oiie mistiu'e ( S I )  was heated (35", 1 hr) to 
eiisnre complete reactioi:. 

Antibacterial Screening.-The antibacterial spectra were de- 
termined hy satiirating filter paper dislts (12.7 mm) with 2 
drops of an aqiieoris 01' alcoholic sollition o r  riiapension of the 
c'ompollnd (20 mg/ml) and placing these on agar (Bwto Nutrient' 
&ai,, 1)ifro Lab.)  seeded with 48-hr culture broths (Xutrient 
R w t h ,  Baltimore Biological Lab.) of the test oi,ganirms ( 0 . 5  mi). 
The microbial spectrum consisted of Jlycohacterirtm smegmatis, 
Escherichia c,oli, Proteux vitlgaris, Staphylococcus aureus, a 
Sti~eptococczrs, and Pseudomonas aeruginosa from the collectioiis 
maintained a t  the Biology Department, University of Houston. 
\. did not dissolve or suspend well in either solvent and was not 
tested. Alcohol controls were also riin. The zones of inhibition 
aroiirid the disks were measured after 4 days of incubation (37") .  

The 11IC of \ ' I l l ,  X, XIII ,  I S H ,  aiid alcohol against M. 
smegmatis and XI11 and I X H  against M. tuberc~losisl~ were 
determined by a serial broth dilution method similar to  that 
employed by Blarxer and Doughty.18 The tubes, containing 
concerrtratioiis of 1000 to 1 pg,'ml, were examined for bacterial 
growth after incubatiuri periods (37") of 7 ( M .  smegmatis) and 
10 days (M. tuberculosis). 
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I n  previous work, we described the preparation of 
4-azaleucine (2-amino-3-dimethylaminopropropionic acid) 
and its potent microbiological activities as a specific and 
competitive antagonist of -\lore recently, a 
compound identified as 2-amino-3-dimethylaminopro- 
pionic acid by structural studies was reported to have 
been isolated from culture media of a certain Strepto- 
myces  train.^ In view of the uniqueness of 4-azaleu- 
cine as a natural product and our particular interest i n  
aza analogs of amino we undertook the syn- 
thesis of 4-azanorleucine, 3-azanorleucine1 and 4- 
azanorvaline in order to determine their microbiological 
properties. 

5-Azanorleucine was prepared in relatively poor 
over-all yield via an acetamidomalonic ester synthesis. 
Ethyl acetamidomaloriate was condensed with S- 
be1izyl-K-methyl-2-chloroethylamine in the presence of 
sodium ethoxide to form ethyl %-acetamido-%(S- 
benzyl-X-methyl-2-ethy1amino)malonate. Acid hy- 
drolysis of the condensation product gave the corre- 
sponding intermediate amino acid, 2-amino--L-(S- 
benzylmethy1amino)butyric acid. Subsequent hydro- 
genolysis of the latter compound resulted in the forma- 
tion of 5azanorleucine. 

The synthesis of 4-azanorleucine and 4-azanorvaline 
was accomplished by using the same general procedure 
in which the appropriately substituted amine under- 
went addition with 2-acetsmidoacrylic acid to yield the 
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