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Synthesis of Substituted 4-I)irnethylaiiiinoazobeiizei~~s 
and a Study of Their Effect 011 Lactobacillus <*asci and Eschcric*liia coli' 

A heries of 3',4'-disiibstit~~ted 4-dirnet ~i i i i ioazobei i~ei ie~ ha> iieeti syiit ties : L I I ~  tes ted  for  itihil)itorJ 
, ai l  orgariisni requiring a11 

The compoimds were found to be weak iiihibitors for Escherich.ia coli, aii orgall- 
So <iipport c:oiild be f o i i i i d  for the belief thnt 

action o i i  microorganisms. So iiihibito 
exogenous source of riboflavin. 
ism which is indeperideiit of air exogenous source of rihoflaviii. 
ihe azo dyes function as antagonists of riboflavin. 

tivity was foiiiid for Lactobaciiiiis i 

IGwhler alid coworkersd tleinoristnited t h a t  exc( 
rihoflaviri provideb rat- sonic prot ectiori againit i i i -  

duct ioii of hepatomas 11) ~-diincthylamiiiobeiizeiie 
(DAB). Griffin and Baumann4 and A\Iillcr :mrl 
coworlierd shorved that a decrease in riboflavin 
content of liver occurred when DAB or :3'-meth\ 1-4- 
climethj lamirioazoberizerie (3'-lIe-DAB) T\-:IS fed to 
rat". These two studies constitute the priiicip:il 
evidence cited in support of the concept t l in t  carciii- 
ogenicity of azo dyes is related to  their nhilit? I O  

inhihit iitilizatio~i of riboflavin. Supporting evitleiicc 
for the role of riboflavin as :I protective agent :Lg:ii, .t 
11A113 has been preierited by llueller :tnd lIillei7 :ii tl 
ot hemx These iiivestigators have described at1 :in) 
reductase in rat liver which is believed by them to  he ;I 
flavoprotein. The in v i t w  activit? of thiy e,iz>mc 15 

cnhanced by excess riboflavin or  i t  b tiucleotttle 
forms. '~~ It has also h e i i  bhowii that the wdmiiii3+- 
trittioii of DAB to rat3 cau>e\ a decrease iii t l ic  :~ t ) i l i t \  
of this liver erizj me t o  cleave DXB.g 

hicli cf'ort c 
n.erct m:& to show LL more genera1 existence of :11i 

inhibition of rihoflaviri utilizntioii b\ i ~ z o  dye\ i i i  t lie 
met :Ibolism of niicroorganisni4. The fir-t wis ;t report 
hy S1illt.r and co\vorkers" regardirig the iiiliihitioii 
of growth of' the riboflavin-depeiide~it tincterium. 
I,actobaciZlus casei. They coricluded that 5uch ,111 

inhibition existed. 111 spite of uncertitirit\ whet h ( ~  
DAB was or w:ib riot ail inhibitor of riboflwviii, the! 
did not use it hut used 4-mononieth\ 1wmiiio:tzobelizc~iie 
(SIXB) in its place because it also caused the iiiductioii 
of hepatomas when fed to rat- atid hecause it \vas i1101c' 

r. S o  esperinietit:il detail. n-we  giveti. 
tecl that  1-3 pg'nil of . \ I A i 1 3  inliibitctl 

growth of t hc orgariiini 60--'30C; i i i  ~ I i c  prc\cxiic(' ~i 
rit)ofl:iviii :it coriceiitratioii. of 0.01 -0.15 11% 1111 

Rc~ver~u l  of tlic irtliihitioii t ) j  ri1)oflaviii i i o 1  :I 

Two itudies have been reported 111 
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TABLE I 
CHEYIC.\L AND PHYSICAL DATA AND PROPERTIES O F  THE 4 - D I , M E T H Y L . ~ ~ I N O . i Z o B s ” E S  

Substi tuents 
Rat R ~ J  

€I H 
CH3 CH3 

CHa C1 

c 1  CH3 

C1 C1 

CH3 CzHj 

CzHj CH3 

CzHj H 

CH, II 

Procedure 

A 

A 

A 

A 

A 

B 

A 

B 

B 

Sield,  
% 

67 

86 

62 

79 

87 

44 

69 

92 

73 

Alp, “C Composition 

117-118 Ci4HijN8 
182-183 Ci6Hi8N3 

As a further effort to standardize procedure?, the 
structures of the DABS studied consisted of a series of 
compounds all devoid of substituents in the p-phen- 
ylenediamine ring; the substituents in the aniline ring 
(prime ring) consisted of a systematic series of changes 
of the groups in the 3‘ and 4’ positions. 

Chemistry.-The synthesis of the DABS required a 
number of specific anilines, only four of which were 
available commercially; the preparations of the un- 
available anilines are outlined in the Experimental 
Section. The coupling of the diazotized anilines with 
N,N-dimethylaniline was accomplished by one or the 
other of two procedures indicated in the Experimental 
Section. The DABS prepared and synthesized for 
this study are listed in Table I, along with the maxima 
and minima of the absorption spectra and the pK, 
values for the compounds. 

Biological Results.-As indicated above, previous 
efforts to show antagonism betn-een riboflavin and 
DABS actually involved the use of one or another 
NAB,  because the latter was ten times more soluble than 
the former. Quite aside from the fact that  DABS and 
NABS are different compounds, in one case,12 where 
3’-Me-DAB was used, the highest concentration 
employed was 3 pg/ml; in both where the 
MABS were used the maximum concentrations mere 
only 3 and 3.5 pg/ml. We found the DABS sufficiently 
soluble in the basal medium used for the L. casei studies 
to permit the preparation of stock solutions containing 
25 pg/ml. During the actual inhibition studies, the 
range of concentrations used was from 0 to 10 pg/ml. 

In the case of the antagonism studies with E. coli, we 
were able to use concentratioiis of 2.67 x moles,’ 
ml. In the case of DAB, this was equivalent to 15 
mg/25 ml or 600 pg/ml. This high concentration was 

p K ,  -----Ahsorl~ tion spectra-- 
($E = -lIaxirna--- --Minima--. 

Analyses +0.01) inp L X 10-3 mp e X 10-8 

2.28 406 27.60 340 7.00 
2.37 2.52 11.80 22.5 8.36 

403 30.60 290 3.69 
335 3.96 

C,H,  N 2.17 236 13.16 242 12.00 
418 30.00 335 2.56 

C, H, S 2.07 262 10.68 238 7.70 
421 29.40 336 2.30 

C, HI ?; 1.86 270 11.44 242 7.00 
430 31.60 340 1.58 

C, H, ?; 2.60 252 10.80 220 6.90 
303 5.94 290 3 . j 0  
406 31.00 333 3 .  53 

C , H , N  2.59 252 11.30 222 7.20 
305 5.96 292 .5.52 
405 30.40 33.5 3.66 

C, HI S 2.58 252 11.40 226 7.36 
30,5 6.14 292 5,50 
407 31.10 335 3.70 

C , H , N  2.16 252 10.40 230 7.20 
410 29.00 33.5 3 .15  

2.33 232 9 .00  228 6.40 
410 25.00 335 2.70 

possible because of the use of a medium as a solvent 
and because the medium was prepared to contain 10% 
Tween 80. 

Table I1 shows that there is essentially no inhibition 
of acid production (growth) of L. casei by the azo dyes 
even a t  ratios of dye to riboflavin of 333. Table I1 
also shows that the dyes vary considerably in their 
ability to show a nonspecific inhibition of E.  coli. The 
variations in these activities must be due‘ to factors 
other than antagonism of riboflavin since the medium 
used contains the vitamin, and the organism is able to 
synthesize it in excess of its needs. 

TABLE I1 
EFFECT OF ~ - D I ~ ~ E T H Y L I M I N O . ~ Z O ~ ~ E N Z E ~ . E S  

ON L. casei AND E. coli 

Suhsti tuents ---Inbib of L. cuscz. %--7 Inhih of 
Rs, R4, Titratimetrica Turbidimetricb E. col t ,  

H H  2 8 24 
CH3 CH, 9 10 5 
CHa C1 10 0 10 
C1 CH3 4 0 6 

*s c1 c1 1 3 16 
k CH3 CzHs 0 5 30 ’ CZHE CH3 0 3 28 

CZH5 CZH5 0 5 37 
CzH, H 15 

F CH3 H 8 
a Concentration of riboflavin, 0.03 pg/nil; of azo compound, 

0-10 pg/ml (maximum). * Concentration of riboflavin, 0.03 
pg/ml; of azo compound, 10 pg/ml. Concentration of azo 
compound, 2.67 X moleiml. 




