


This compound gave a violet color with ferric chloride and a 
yellow color with ninhydrin. The I?f values of this compound 
in 6*5% pyridine and l-but,nnol-nretii> wid-water (1: 1 : 1 ) were 
0.75 and 0.48, respectively. 

.-ins/. Calcd. for C9H1,SLh.HCl: C, 50.35;  H, 5.16; S,  
23.05. 
-1 200-mg. sample of 3-amino-3,4-dihydro-l-hydri)xycarbo- 

st,yril hydrochloride was dissolved in 12 ml. of water ( p H  3.1). 
.%fter careful addition of dilute T a O H  to pH 6.6, the product 
started to precipitate, and the solutiiin was allowed to cool in 
a refrigerator. Filtration yielded 60 nig. of 3-amino-3,i-di- 

nrbostyril, m.p. 101-l%?o der. 
dnnnl. Calcd. for C,HI,S&: C, 60.66; H, .5.6.5. Found: 

C, 60 23: H, 3.6T. 
3-Acetamido-l-acetoxy-3,4-dihydrocarbostyril.-To a 1.15-g. 

sample of 3-arnino-3~4-dih~dro-l-h~droxycarbostyril hydrochlo- 
ride dissolved in water were added 10.1 nil. of 1 S NaOH and 
3.4 ml. of acetic anhydride. Recrystallization of the resulting 
precipitate from dilute acetic acid yielded 1.1 g. of product, m.p. 
149-160'. This compound showed negative results with ferric 
chloride and ninhydrin. 

-4nal.  Calcd. for C13Hi3204: C, 59.43; H, 5.38.  Found: C, 
59.48: H, 5 . 6 5 .  

3-Acetamido-3,4-dihydro-l-hydroxycarbostyril.-A 300-mg. 
sample of :~-ac~etaniido-l-ai~et(~~~-3,4-dihydrocarbostyril and 300 
mg. of sodium carbonate dissolved in water were refluxed in a 
stainless steel flask for 2 hr. The reaction mixture was acidified 
with concentrated HC1, reduced t,o dryness in z'acuo, and the re- 
sulting residue was extracted with absolute ethanol. The salt 
was removed by filtration, and the resulting filt.rate was set in 
the refrigerator overnight to yield 10 mg. of product, m.p. 201- 
202'. This compound gave a bluish violet color with ferric chlo- 
ride but was not colored by ninhydrin. 

i i n a l .  Calcd. for C I I H ~ ? S L ~ . H ? @ :  C, 55.45; H, 5.95. 
Found: C, 55.30; H, 5.71. 

Microbiological Assays.-For E. coli 9723, a previously de- 
scribed inorganic salts-glucose medium7 was employed and the 
organism was incubated a t  37' for about 16 hr. For the lactic 
acid bacteria, a previously reported amino acid mediums was 
modified by the addition of calcium pant'othenate (0.2 y/ml.), 
by the omission of histidine, phenylalanine, and tyrosine from 
the basal medium, and with additional modifications noted for 
each organism. For Leuconostoc rnessnteroides 8293 and L. 
dezt7anicum 8086 the phosphate concentration was increased 
fourfold. L-Glutamine was added without heating to each of the 
sterile assay tubes. The lactic arid organisms were incubated 
a t  30" for 20-30 hr. I n  all assays the amount of groTYth was 
determined photometrically a t  625 mg with a Bausch and Lomb 
Spectronic 20 spectrophotometer, in terms of absorbance readingE 
of the turbid culture medium against a blank of uninoculated 
medium set. a t  0 absorbance. For E.  coli, the data in Table I11 
are recorded as absorbance readings which are related to the mg. 
of dry cells as calculated from a standard curve of mg. of dry 
cells per ml. us. absorbance readings. 

Found: C, 50.16; H, 5.50; S, 13.30. 

Results and Discussion 
It  has been previously observed that the catalytic 

hydrogenation of o-nitropheiiylalanine (free base) under 
appropriate conditions yields o-aminophenylalanine, 
which readily cyclizes in acidic medium to form 3- 
amino-3,4-dihydro~arbostyril~; however, the isolated 
product which results from the same hydrogenation 
procedure using the hydrochloride salt of o-nitrophenyl- 
alanine was ultimately characterized as 3-amino-3,4- 
dihydro-1-hydroxycarbostyril hydrochloride. As indi- 
cated in the accompanying equations, the present 
course of hydrogenation apparently proceeds with 
formation of an int'erniediate hydroxylamino compound 
by partial reduction of the nitro group, followed by 
cyclization wit'h the carboxyl group through dehydra- 
t ion to form 3-amino-3,4-dihydro-l-hydroxycarbostyril. 
The presence of a hydroxy group in this compound 
was indicated by formation of a diacetyl derivative, 

(7) E. H. Anderson. Proc. S a t l .  Acad. Sei. C. S., SO, 120 (1946). 
(8 )  J. 11. Rai-el, L .  Woods, and IT, Shire, J .  Biol. Chem.,  206, 391 (1954). 
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and b y  its ability to produce a characteristic violet 
color with ferric chloride reagent. Since this coinpound 
was not observed to  undergo any of the typical identi- 
fication tests for phenolic compounds (i.e., coupling 
with diazonium salts to form azo derivatives), the hy- 
droxy group was assigned to the 1-position a t  the 
nitrogen atom rather than one of the remaining sub- 
stituent positions on the benzene ring.g Such a struc- 
tural assignment constitutes a cyclic hydroxamic 
acid for which the ferric chloride reaction is also char- 
acteristic. 

The ultraviolet spectrum of 3-aniino-3,4-dihydro-l- 
hydroxycarbostyril is comparable to the ultraviolet spec- 
trum of 3-aniino-3,4-dihydrocarbostyril a t  pH 2, but 
they are distinguishable by an appreciable difference 
a t  pH 7 and pH 10 as recorded in Table I. I n  neutral 
and alkaline solution, the spectrum of only the 1- 
hydroxy compound is changed ; however, the original 
spectrum is regained upon acidification. Further, 
the biological properties of the two derivatives are dif- 
ferent, as subsequently described. 

TABLE I 
VLTRAVIOLET SPECTRA OF SL-BSTITL~TED 

3,4-T)IHYDROCARBoSTYRILS 

Amax. mfi Amin,  mfi 
Compound PH (log 4 (log 4 

3-Amino-3,4-dih,vdro- 2 254 (4.415) 226 (3,644) 
carbost yril 7 255 (4.362) 226 (3.673) 

10 255(4.245) 226(3.644) 
3-Amino-3,4-dihydro-l- 2 257 (4.111) 226 (3.449) 

hydroxycarbostyril" 7 290(3.825) 240(3.554) 
10 290 (3. 859) 240 (3,590) 

a Shoulder at 267 mp a t  p H  7 (log E 3 . 7 3 i )  and p H  10 (log E 

3.773). 

Under the specific assay conditions for each of the 
microorganisms described in the Experimental section, 
amino-3,4-dihydro-l-hydroxycarbostyril is inhibitory 
to the growth of E .  coli 9723, L. dextranacum 8086, 
L. mesenterozdes 8293, and Lactobacillus arabinosus 
17-5 a t  concentrations of 2, 2, 2, and 6 -y/nil., 
respectively. Using E. coli and L. dextranicum as 
the model test organisms, a representative comparison 
of the biological effects of 3-amino-3,4-dihydro-l- 
hydroxycarbostyril with some structurally related coni- 
pounds is presented in Table 11. 3-Amino-3,4-dihy- 
drocarbostyril is only about 0.033 and 0.0033 as active 
as its hydroxy derivative in the E. coli and L. dextrani- 
cum assays, respectively. S o  significant inhibitory 
effects were observed in these organisms up to concen- 

(9) T. Hashimoto, PTOC. J a p a n  Acad. ,  24, 1.5 (1948); 
9102e (19521, repoyted the 6- and 8-hydroxy compounds. 
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" ~I i~ i i i i i a l  concentration required for (~)riiplete iiitiibition of 
griiwtli. lieversed ill ri~~nc~~~riipetitive-like niaiiner by plienyl- 
a1:tiiiiir. < Sot reversed to an :tpprec*i:it)le extent by phenyl- 
: t I u i i r i e  " Reversed in  i i  iioiic,oiii~,etitive-like In:tiiner by liisti- 
t l ir ir , .  The solubility of the c'oriipounds i r i  the assay inediurii 
1)rec.liided t,c:sting them at  higher wnc-entration levels. 

I'reliininary attciiipts to reverse the gronth inhibi- 
tions of 12'. coli by 3-aiiiiiio-3,4-dihydro-l-hydrosy- 
carbostyril usiiig extracts aiid hydrolysates of natural 
iiiaterials indicated that only partial reversal of t l i c  
itihibit'or could lie achieved by high concentrat,ions of' 
acid-hydrolyzed casein, atid iio apprcciable reversiiig 
c4f'(,cts n-ere observed with other hydrolysates ( P . s . ,  

ycast, corn, soy, and gelatinj and extracts of liver atid 
yc'ast'. In subsequent esperitiieiita, the biological 
dfccts of each of the know1 aiiiirio acids preseiit i i i  

casc~iii hydrolysate were studied to detnonstratc that 
Iiivtidiiie only was effect'ive iii partially reversing thcx 
toxicity of ~3-ar~iiiio-~3,~-diliydi~o-l-hydroxycarbostyril 
i i i  a iioiicoiiipctit'ive iiianiier, as itidicatcd in Table I1 I .  
..\ caorirtant iiihibition indcxIO was not' ohsrrvc~I ; ('.!/. 

S u n r  

' zTes t  orgariisni, E.  coli 9728 iiii8ut):ited ;it 37' fllr Iii I i r ,  

.I iiieasure of culture turbidity i i i  whic,li :ihsnrtxinw readings o t  

0.10, 0.20, 0.30, 0.50, and 0.70 are equivalent t.0 0.05, 0.10, 
0.13, 0.26, atid 0.37 mg. o f  cells/nil., respecxtively. 

These initial studies iiidicate that certain substitutcvl 
derivatives of  3,k~ihydrocarhos tyril (mi producr> 
antagonists which arr not appreciably affected hy 
known metabolites aiid natural reversing agents i c . 1 -  
tracts and hydrolysates), and are potentially u+fitl 
cheiiiotherapeutic agriith. ,Idditioiial studies to dc- 
trrriiine whrthw the piiniary effect of 3-aiiiiiio-;3,4- 
dihydro-1-hydroxycarbostyril iiivolves iiiercly ai1 ail- 

tagoriisiii of histidine biosynthesis, histidine incorpora- 
tion into pioteiri, 01' iriteiactioii with mnie artivatirig 
onzymc haviiig a specialized function i t i  histidyl 
transfer are c~onteriiplatt~d. 

110) l i n t l o  ( i f  ( onrerltratluri of i ihlhltor t o  iiletltbohte (slibstratr) ne,vq- 
- :h i \  for  p i ~ \ r n t i n z  npprecinhle groa t h  for  the s11e1ified inrrihntlon l i r i l o ~ l  


