
Comparative Activities and Toxicities IV 

Dinitro- and Dichloronitro- Phenylamino Acids and Esters 

By WILLIAM 0. FOYE and DAVID B. MORTENSON 

N-2,4 -Dinitrophenyl- and N-4,5-dichloro-2-nitrophenyl-a-amino acids and esters 
have been synthesized in an attempt to remove the toxic effects of the nitro and di- 
chtoronitro benzene nucleus to the host without removing antimicrobial activity. 
The esters were more effective than the free amino acids in reducing acute toxicity 
to mice. Some antibacterial and antifungal activity was retained in these derivatives, 

particularly the N-4,5-dichloro-2-nitrophenyl a-amino acids. 

ELLENGIII and Li'?ittgens (1) have reviewed the 
antiinycotic arid antibacterial eBects of 

nitroviny-l derivatives in  the benzene, thiophene, 
arid furan series and shown that the presence of 
the nitro group in these compounds generally 
enhanced these activities. Other nitro- 
containing furans (?), quinolines (:]), and phenols 
(4-6) have been tested for antibacterial action, 
;ind the introduction of the nitro group has 
genera'lly enhanced the effectiveness of the 
coiny)ounds against bacteria. Serious toxic ef- 
fects may be observed from the use of nitro- 
containing compounds, however, such as  Tien, 
tit al. ( ' i ) ,  found in a series of N-arylglycines that  
showed good antitubercular activity in &YO. 

Previously, in this laboratory, successful use 
was made of D-glucamine as  a detoxifying agent 
for ni tro-containing and halogenated benzene 
ilerivatives (8), but  with the exception of the 
:!-nitrc:-3,5-dichlorophenyl residue, antibacterial 
;ictivity was also removed by introduction of the  
::lucamine moiety. Introduction of the glycine 
:and glycine ethyl ester residues into the nitro 
1:)enzeries did not cause such a striking detoxica- 
tion effect, but neither was the antibacterial 
yec l rum diminished so drastically. Since then, 
..L series of N-2,4-dinitrophenyl and N-?-nitro- 
~,5-dic.hlorophenyl derivatives of several repre- 
?entative a-amino acids and their ethyl esters have 
been Irepared, and we now can report the effects 
these amino acids and esters have on the toxicities 
and a.ntilmcteria1 spectra of the diiiitro and 
tlichloronitro henzcne residues. The physical 
prol)erties of the compounds prepared are listed 
in Talile I. 
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The relative detoxifying effects of the various 
amino acids and esters may be seen in Table 11, 
where the acute i ,p .  toxicities in mice are re- 
corded. b'ith the exception of the serine de- 
riva tive, the N-2,4-dinitrophenyl amino acids 
were found to  be lethal to  mice within the dose 
range of 400-800 rng./Kg. =Z greater range of 
toxicities, and generally greater toxicity, was 
found with the N-.1,5-dichloro-2-nitrophenyl 
amino acids, the glycine and serine derivatives 
conferring the largest detoxifying effects. The 
amino acid esters showed a more dramatic 
detoxifying effect, on the 2-nitro-4,5-dichloro- 
phenyl residue, the lethal doses to  mice exceeding 
800 mg./Kg. The leucine ester was not obtained 
in crystalline form for comparison. 

Antibacterial screening of the compounds pre- 
pared (with the exception of the glycine ester 
derivative) was carried out by using a sinall 
quantity of the dry, powdered material placed on 
a n  agar plate. These tests (Table 111) showed 
that  in approximately two-thirds of the cases 
(I0 organisms were used) growth inhibition 
resulted, although the success of this method is 
dependent upon the ability of the compounds to  
diffuse through agar. Lack of solubility of the 
compounds in suitable solvents prevented the use 
of more customary procedures. 

Antimicrobial testing against a larger number 
of bacteria and several fungal plant pathogens 
was carried out a t  the Lilly Research Lahoratorics 
with some of the  compounds, using the agar 
dilution technique (see Table IV). N-(?,-%-I% 
nitro~~lienyl)-methionine, N-(~,,-l-dinitrr)~)heiiyl)- 
leucine, arid N-(".l-dinitroi)hen).1) -phenylalanine 
showed no growth inhihition of the organisms 
tested below a concentration of 200 mcg./inl., 
bu t  the results obtained with the other coin- 
pounds tested are shown in Table IV. The  
",l-dinitrol~lienyl amino acids, thc most con- 
sistent inhibitors on the agal- !)late, were foulid 
to be without antibacterial activitv a t  the dilu- 
tions employed. The l,j-~licIiloro-L'-riitroI,hen~l 
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TABLE 1 -N-2,4-I)INITROPHENYL- AND ~ - ~ , ~ - ~ I C F ~ L O R O - ~ - N I T R O P N E N Y I . - D L - A M I N O  ACIDS A N D  ESTERS 

Compound 
N-(2,4-Dinitrophenyl)-giycine 
N-( 2,4-Dinitrophenyl)-~~- 

N-(2,4-Dinitrophengl)-~~-leucine 
N-(2,4-Dinitrophenyl)-~~- 

N-(2,4-Dinitrophenyl )-D~-serine 
hT-(4,5-Dichlor0-2-nitrophenyl)- 

N-( 4,5-Dichloro-2-nitrophenyl)- 

N-( 4.5-Dichloro-2-nitrophenyl)- 

N-( 4,5-Dichloro-2-nitrophenyl)- 

N-( 4.5-Dichloro-2-nitrophenyl)- 

phenylalanine 

methionine 

glycine 

DL-phenylalanine 

DL-leucine 

DL-methionine 

DL-serine 
Ethyl N-(4.5-dichloro-2-nitro- 

phenyl)-glycinate 
Ethyl N-(4,6-dichloro-2-iiitro- 

phenyl)-DL-phenylalanillate 
Ethyl N-(4,5-dichloro-2-nitro- 

pheny1)-DL-methioninate 
Ethyl N-(4,5-dichloro-2-nitro- 

phenyl)-DL-serinate 

bl.p.. QC. 

203.5-205.5" 
217 .5-21Yb 

134.5-135.5" 
122-123.5" 

204-206' 
198-199 

193-194 

172 5-li3 

135-138 5 

203 5-204 

122-123 

104-108 

67- 69 

12 7- 128 

Purification Yield, 
Solvent % Formula 

Aq. methanol 44 C8H,Na06 
Ether-pet. ether 19 C15H13N306 

Ether-pet. ether 32 ClzHlsN306 
Ether-pet. ether 17 CllH~3N30&3 

Ether-pet. ether 33 C~HgN307 
Aq. ethanol 31 CxH&lpX204 

Aq. ethanol 8 CI~HI~CI~N?OI 

Aq. ethanol 21 CI2Hl4Cl2N2O4 

.4q. ethanol 26 CllH12C12N204S 

Aq. methanol 39 CsHsClpN20s 

Aq. ethanol 24 C10H10C12N204 

A q .  ethanol 58 CIiH16ClrN20a 

Abs. ethanol 22 ClaH~6Cl2IL'?O4S 

A q .  ethanol 19 CIIH~2C12N20P 

--Analyses, <h-- 
Calcd Pound 

. .  . . .  
. . .  . . .  

_ . .  
. . .  

C, 36.30 36.50 
H, 2.30 2.30 
C, 50.70 51.15 
H, 3.40 3.34 
C. 44.88 45.07 
H; 4.39 4.48 
c. 38.94 39.08 ~, _ -  
H, 3.56 -3% 
C, 36.63 36.67 
H, 2.73 2.96 
C. 40.80 41.07 
H, 3.40 3.58 
C, 51.90 52.88 
H, 4.10 4.22 
C, 42.50 42.01 
H, 4.40 4.58 

H, 3.70 3.70  
c, 40 90 40.80 

n 1,it. (12) m.p. 20:3-201°. b Tit. (12) m.p. 204-?0fi0. 
200- 2020. 

c Lit. (13) m.p. 1:3 :3O.  d Lit. (12) m.p. 117-118O. e Lit. (12) m.p. 

TABLE II.-AcuTE INTRAPERITONEAL TOXICITIES" I N  MICE 
- 

s 0 

I 

2 

3 

4 

5 

A 

- 
I 

8 

9 

10 

11 

12 

13 

14 

Compound 

S-(2,1-Dinitrophenyl)-glycine 

K-( 4,5-Dichloro-2-nitrophenyl)-glycine 

Dose, 
mg./Kg 
400 
800 
400 
800 

N-( 4,5-Dichloro-2-nitroplienyl)-glycine ethyl ester 400 
800 

S-(2,4-Di1iitrophenyl)-~~-phenylala1iine 400 
xon 

400 
800 
400 
800 
200 
400 

800 
1(10 
800 
400 
800 
400 
800 
400 
800 
400 
8( )( ) 

400 

No 1)ied 
No. Used 

1 j5 
5/5 
2/5 
515 
u/5 
1/5 
3 j5 
5/5 
2/5 
6 j.5 

1 /5 
515 
1/6 
5/5 

5 / 5 
3 / 5  
4/5 
0 / 5  
0 j 5  
0/5 
1 /6 
1j5 
5j.5 
0 / 5  
0 j 6  

1 /5 
1 /5 

115 

Toxic Signsb 
Died in 6 hr. 
Died in 3 hr. 
Died in 6 hr. 
Died, 1-3 hr. 

Died overnight 
Died in 8 hr. 
Died, 10-30 min. 
Died in 48 hr. 
Died in 1 hr. 
Died in 2 days 
Died in 2 days 
Died in 2 days 
Died in 6 hr. 
Died in 3 days 
Died in 8 hr. 
Died in 6 hr. 
Died in 3 hr. 
Died overnight 
Died in 6 hr. 

Some ataxia 

Died ovcrnight 
Died overnight 
]lied, 3--4 hr. 

None 
~~ ~ 

Iktermined a t  the I.illy Research Laboratories by C I.. Rme. Observations were made for 1 week after single injec- 
tions of compound 

amino acids in  general showed some antibacterial 
activity, although none approached the breadth 
of spectrum previously found for N-(4,R-dichloro- 
2-nitro~)henyl)-~-glucaniitie (8) Only two of 
the esters net-e te\ted, the glycine and phenyl- 
alanine derivative\. The former showed no 

activity while the latter showed some activity, 
particularly against the fungal plant pathogens. 
N-(2,4-Dinitrophenyl)-glycine was also tested in 
mice against twc) types of virus, Streptococrus 
pyogenes, Proteiis vztlgciris, and typhoid organistns, 
but was found ineffective. 
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T A B L E  III.-llNrIRACTERIAL SCREENING" 
~ ~ _ _ _  ..__~_.________ 

I--- Compound Number---- -__-____ 7 

Test Organism 1 2 4 5 8 7 8 9 l o  11 12 I 3  14 
Staphylococcus aweus  - _ - _  + - - - -  + - - +  + Surcina lutea 
Bacillus subtilis - + + + + - + - + + - - +  
Esclrerichia coli - + - + + - - - -  + - - +  
A erobacter aerogenes - + + + + - + - + + - - +  
Srrratia nzarcescens - + + + + - + - + + - - +  
Alcaligenes faecalis - - - - + - - - - - - -  + 
Klellsiella pneumoniae - - - - + - - - - - - -  + + Proteus vulgaris 
I'seudomonas aeruginosa - - - + + - + - + + - + +  

_ _ _ _ _ _ _ _ - - - -  

_ _ _ _ _ _ _ _ - - - -  

( I  A negative sign denotes inhibition of growth, which was usually over a radius of 2-3 mm. on the agar plate. A small quan- 
t i t y  of the dry, powdered compound was placed on the plate. 

TABLE IV.-L~NTIBIOTIC SPECTRA'L 
~__-  .~_____ 

Inhibitory Concentration, 
mcg./ml.a 

,------Compd. tic>.---- 
T e s t  Organisni 5 (i 8 10 I S  

Staphy~ococcus aureus 200 . . .  50 100 . .  
Staphylococcus albus . . . . . .  50 100 . .  
i3ucillu.r subtilis 200 . . .  50 100 . .  
Surcinu lutrn 200 . . .  50 100 . .  
Mycoba cterifi ni 

luber<:ulosis 200 200 50 50 50 
Mycobacteriunt aviunz . . . . . .  100 100 . .  
Escherichia coli . . . . . . . . . . . . . .  
I'roteus vulgaris . . . . . . . . .  100 . .  
I'seudowionus aeruginosa . . . . . . . . .  . .  
rlerobai-ter aerogenes . . . . . . . . . . . . . .  
Klebsiella pneumoniae . . .  . . .  . .  
.'<almonella enteritidis . . . . . . . . . . . . . .  
A'higellcr paradysenteriae . . . . . .  . .  
.iacrhavomycrs 

pastorianus . . . . . . . . . . . . . .  
(:and ida ulbicc2n.s . . . . . . . . . . . . . .  
Trichoj)hyton rubrum . . .  200 . . . . . . . .  
'Trichophyton interdigitale . . .  200 100 . . . . .  
,Yrucrll.z bronchiseptica . . . . . .  6 . .  
Vihrin metschnikovii . . . . . .  100 . . . . .  

'4ltevnuria solani 200 . . . . . . . . . . .  
.4sperg,!llus niger . . .  200 . . . . . . . .  
Crratostomella zdmi . . .  200 . . . . . . . .  
iCollrtotrichum lagrnariunz . . . . . . . . . . . . . .  
Colletotrichum phomoides . . .  200 . . . . . . . .  
rColl&&ichum pis i  . . .  200 . . . . . . . .  
Endocondiophora 

fagacearum . . .  200 . . . . . . . .  
.Srlerotinia fvucticola 200 . . . . . . . .  

~ ~ 

n Carried out a t  the Lilly Research Laboratories by M. 
Clarkson and D. Fleming. b The agar dilution technique was 
used, the bacteria being observed for 48 hours and the fungal 
plant pa.thogens for 72 hours. c Test organism did not grow 
c5ufficiently well to establish an end point; where no inhib- 
itory ccmncentration is reported, the organism was not in- 
hibitrd by 200 mcg./ml. of conlpound. 

It  may be concluded from these comparisons 
that the introduction of the a-amino acid residue 
into the m-dinitrobenzene molecule shows a 
:irnall but  definite detoxifying effect (m-di- 
nitrobenzene killed four of five mice used at 400 
mg./iK g., and 2,4-dinitroaniline killed all of live 
mice at 300 mg./Kg.). The amino acid esters, 
however, sliowed a greater ahility to detoxify, 
when attached to the 3,5-dicliloro-~-nitrol,henyl 
nucleus. A4gain, us in our previous study (X), 

loss of toxicity to mice generally paralleled loss of 
toxicity to  microorganisms, although use of the 
amino acid ester derivatives holds some promise 
that  a selective detoxifying effect without cor- 
responding loss of antimicrohial ability may be 
achieved. 

EXPERIMENTAL 

The melting points were taken on a Fisher-Johns 
block and are uncorrected. Analyses were done 
either by Weiler and Strauss, Oxford, England, or by 
Carol K. Fitz. Needharn, Mass. 
N-2,4-Dinitrophenylamino Acids.--These con- 

pounds were prepared either by the method of Ab- 
derhalden and Blumberg (9)  or Sanger (10). A 
representative synthesis follows. DL-Phenylalanine 
(2.0 Gm., 0.012 mole) and sodium bicarbonate (4.0 
Gin., 0.048 mole) were dissolved in 50 nil. of water, 
and 2.5 nil. (0.220 mole) of 2,4-ditiitroflnorobenzene 
in 100 ml. of cthanol was added. The mixture was 
shaken a t  rooni temperature for 2 hours, and the 
ethanol was then removed by evaporation. The 
resulting mass was dissolved in water, shaken three 
times with ether, and the aqueous solution was 
acidified. T h e  yellow precipitate was collected, 
washed with itce water, and dissolved in acetone. 
The acetone solution was shaken with anhydrous 
sodium sulfate, filtered, and evaporated to a small 
volume. An equal volume of benzene was added, 
followed by petroleum ether until the product pre- 
cipitated. The compound was dried in air, dis- 
solved in ether, and reprecipitated with petroleum 
ether. This precipitation proccdurc was repeated 
several times until well-formed crystals wcre oh- 
tained. The yield WRS 0.78 Grn. (197i,j of yellow 
crystalline compound, t1i.11. 217.5-219' [lit. (10) 
m.p. 204-206"]. 
N-4,5-Dichloro-2-nitrophenylamino Acids.--- A 

typical procedure follows. Glycine (0.75 Gm., 0.01 
mole) and sodium bicarbonate (1.6s GIII., 0.20 molc) 
were dissolved in 50 ml. of warm water and 50 ml. of 
warm ethanol was added. 1,2-Dinitro-4,5-dichloro- 
benzene (2.37 Gm., 0.01 mole) [prepared by the pro- 
cedure of Hartley and Cohen (ll)] was dissolved in 
100 ml. of warm aqueous ethanol (50:50).  Thr 
two solutions were mixed and boiled until no odor 
or etliatiol could l x  detected. The solution w a s  
cooled and iiltcrcd, ;tiid the residue w a s  dissolved it1 
w;~rm watcr. The aqueous solution was acidified, 
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and the yellow product was filtered and recrystallized 
from aqueous ethanol. The yield was 0.83 Gm. 
(31%); m.p. 198-199". 

N-4,5-Dichloro-2-nitrophenylamino Acid Ethyl 
Esters.-The following procedure is representative. 
ru'-4,~-Dichloro-2-nitrophenyl-~~-serine (3.0 Gm., 
0.008 mole) was dissolved in 100 ml. of absolute 
ethanol. The solution was heated to 70", and dry 
hydrogen chloride was introduced, with stirring, for 
a period of 2 hours. The resulting solution was 
evaporated to  a small volume and cooled. Water 
was added until the ester precipitated, and the pre- 
cipitate was collected. This precipitation from 
ethanol was repeated, and the product was dried 
over calcium chloride. The yield was 0.60 Gm. 
(197;); m p. 127-128". 

Phytochemical Investigation of  
Amphipteryginm adstringens 

By EDWARD E. GONZALEZt and JAIME N. DELGADO 

A general phytochemical investigation was conducted on Amphipterygium adstrin- 
gens, Schlecht. Numerous qualitative studies were conducted and several conven- 
tional techniques were employed in the detection, isolation, purification, and chem- 
ical characterization of constituents. Qualitative chemical tests showed the pres- 
ence of phytosterols, glycosides, and tannins, and the absence of alkaloids and phloro- 
glucides. An organic acid and a steroidal saponin were isolated from the diethyl 
ether and n-butanol extracts, respectively. The p-nitrobenzyl and p-phenylphenacyl 
derivatives of the carboxylic acid were prepared. The neutralization equivalent and 
infrared spectrum of the isolated acid were established. Chromatographic and 

infrared studies of the saponin have been reported. 

HIS PHYTOCHEMICAL study was initiated T pr imar il y because preliminary screening 
tests indicated that  Amphipterygiurn adstringens, 
Schlecht (Fam. Julianiaceae) possessed a certain 
degree of anticancer activity ( I ) .  This obser- 
vation, together with a survey of the available 
literature which revealed no apparent report on 
the exact chemistry of this botanical species, 
stimulated interest and prompted this investi- 
gation. Furthermore, since Martinez (2) briefly 
makes note of Amphipterygiwn adstringens in the 
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second part of his book which deals only with 
medicinal plants lacking scientific investigation, 
it was felt that the project was worthy of ex- 
ploration. 

A survey of botanical literature revealed dis- 
agreements in  the scientific nomenclature of 
Amphipterygium adstringens, Schlecht. Some of 
the early reports refer to  the species as Hypo- 
pterygium adstringens. In the more recent litera- 
ture the generic name is given as  Julianin,  
family Julianiaceae. i lmphifi terygiz~m adstrin- 
gens, commonly known as  "Cuachalalate," is a 
small tree indigenous to  Mexico, growing from 
Michoachn t o  Morelos and Puebla to  Oaxaca. 
The assumed medicinal effects of the bark are 
briefly described by Martinez (2). Concoctions 
of the bark are used extensively for alleviating 
numerous conditions, including malaria, inter- 
mittent fever, ulcers, and cancer of the gastro- 
intestinal tract. 




