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Compd 

p-Dimet hylaminoazobenzene 
3 ’-Methyl-p-dimethylaminoazobenzene 
S,N-Dimethyl-p-( 2-benzthiazoly1azo)aniline 
N,X-Dimethyl-p-( 4-benzthiazoly1azo)aniline 
N,N-Dimethyl-p-( 5-benzthiazoly1azo)aniline 
N,N-Dimet hyl-p-( 6-benzthiazoly1azo)aniline 
N,N-Dimet hyl-p-( 7-benzthiazo1ylazo)aniline 
X,S-Dimet hyl-p-(4-benzimida~olylazo)aniline 
S,S-Ilimethyl-p-( T,-t~eriziniidazolyla~o)atiilirie 

a See ref 6. See ref 4. 

TARLE I 
Code 

DAB 
3’-?*leDAB 

BT-4 
BT-2 

BT-5 
BT-6 
BT-7 
BI-4 
BI-5 

unable to prepare S,S-dimethyl-p-(2-benzimidazolyl- 
azo)aniline from 2-aminobenzimidazole either by the 
normal diazotization arid coupling or the procedure 
of Brown and Faessinger.6 

The 2- ,  4, 5-, 6-, and 7-benzthiazole analogs of DAB 
were all prepared from the corresponding amines and 
their melting points and formula are listed in Table 
I. 

Experimental Section 

All melting points were determined on a Fisher-Johns apparatus 
and are corrected. The C-H analyses were performed in this 
department on an F and 11 Model 185 analyzer by Mr. Daryl 
Sharp. Where analyses are indicated only by symbols of the 
elements analytical results obtained for those elements were 
within 4~0 .4% of the theoretical values. 

4-Aminobenzimidazole was prepared according to van der 
Want.7 Both this compound and hminobenzimidazole were 
diazotized and coupled with N,N-dimethylaniline using the 
procedure reported by Nontanarij to produce the benzimidazole 
dyes previously reported. This method and several minor 
modifications were then applied to 2-aminobenzimidazole but 
we did not obtain any dye. We then applied the sodium coupling 
with p-nitrosodimethylaniline as applied successfully to other 
2-amino heterocycles by Brown and FaessingeP but again there 
was no evidence of azo dye formation. 

4-, 6-, and 7-nitrobenzthiazoles were separated from the mix- 
ture formed on nitration of benzthiazole.8.9 7-Nitrobeuzthiazole 
was also prepared by the method of Ward.Io 5-Aminobenzthia- 
zole was obtained according to Spieler.11 All the nitrobenzthia- 
zoles were reduced in the nsnal manner with SnC12-HCl. The 
azo compounds were prepared by diazotization and coupling 
of these amines. .4 typical procedure is given below and the 
various dyes prepared are listed with melting point and formula 
in Table I. 

N,N-Dimethyl-p-( 4-benzthiaz0lylazo)aniline.-4-~4minobenz- 
thiazole (13.4 g) was diazotized in 14 ml of concentrated HC1 and 
130 ml of HzO at 0-5” with 6.3 g of NaNOz. Excess nitrite was 
destroyed after 1 hr by addition of urea, and coupling with 
10.8 g of N,N-dimethylaniline and 12 g of anhydrous NaOAc in 
100 ml of 50C& EtOH-H20 was allowed to proceed for 2 hr. At 
the end of this time the mixture was treated with excess NH,OH. 
The dye was filtered, washed well (H*O), and dried to give 19.8 g 
of crude azo compound. This was dissolved in 1.500 ml of C6H6 
and chromatographed on alumina. The red fraction eluted by 
CsH, was concentrated and recrystallized from EtOH. See 
Table I. 

Biological Properties.-Young male rats of the Sprague- 
llawley strain, approximately 8 weeks of age and weighing 1.50- 
200 g, were distributed as equally as possible in initial body 
weight into groups of ten animals each. Each group was fed a 
diet, patterned after the “low protein, low riboflavin” diet of 
Miller, et a1.,l2 to which had been added one of the azo compounds 
at a level of 0.03yG. The composition of the basal diet per kilo- 
gram was as follows: crude casein, 120 g; cerelose, 770 g; 

Mp,  O C  

a 
a 

130-132 
209 
171 
159 

1 50- 1 3 1 
21.i-216b 

2 1 2  

Osborne and Mendel salt mixture, 40 g:  corn oil, 50 g ;  Titab 
(rice bran concentrate, obtained from Charles Bowman Co.), 
20 g;  riboflavin, 0..i mg; vitamin A palmitate, 67,500 IU.  

I n  each experiment, groups received DAB at the 0.06 as well 
as at the 0.03co level. The control group received only the 
basal diet. All of the rats were kept individually i n  screen- 
bottomed cages and were offered food and water ad (zbit i im. 
Laparotomies were performed at the indicated times and micro- 
scopic examinations were made whenever ail animal died or at 
the end of the experiment. 

Results and Discussion 

DAB (butter yellow) at the 0.06% level gave tumor 
incidences of 7/10 at 4 months and 9/10 at 6 months 
while at  the 0.03% level it gave 5/10 in 6 months. 
On the other hand, 3’-:\leDAB at 0.037, gave 5/10 in 4 
months and 9/10 in 6 months. Our most active com- 
pound, BT-6, at 0.037’ gave 5/10 in 1 month and 10/10 
in 2 months. BI-4 gave 10/10 in 2 months at  0.037,, 
while BT-7 gave 10/10 in 3 months at  this level. 
BT-2 at  0.06% and BT-4, BT-5, and BI-4 at  0.03% gave 
no tumors in 6 months at  which time the experiment 
mas terminated. The order of their carcinogenicity is 
BT-6 > BI-4 > BT-7 > 3’-:\IeDAB > DAB > BI-3, BT- 
4, BT-5, BT-2. The first two compounds mentioned, 
which produced multiple tumor nodules verified macro- 
scopically and microscopically in 2 months or less, are 
certainly among the most powerful rat hepatocarcino- 
gens ever reported. 
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Since ~,“’i’’-phosphin\-lidprletri..emicarbazide? (I) 
has shown confirmed activity against one tumor test 
system3 it was advisable to prepare a related sulfur-coii- 
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(1) This investigation was slipported by  Grant C.1-08i11 from the  S a -  

(2) For the  previous paper of this series see L. .i. Cates, J .  .\led. Cliem., 

(3) Against Walker 256 carcinoma (im). Data from CCNSC. Confirma- 

tional Cancer Institute, U. S. Puhlic Health Service. 

11, 382 (1968). 

tion defined according to  Cancer Chemotherapy Rept . ,  26, 1 (1962). 



I\' 
( ' ,H,OPO(NHCHS) 

v 

, howewr, that rceliwtioii of I1 to diethoxy- 
y1thioforni:imide (111) w:i\ the prevdiiig 

re:tc.tioii. -1 similar reaction between ethyl phosphoro- 
eliisothio('\':iii:itid:~te (IY) a i i t l  ethnnethiol, followed 

:ltlditioii of nziridine, gave :i product (V) of both 
rcdiirtioii : i d  c~onclensation. Elmore :ind Ogle' atid 
Iiull;:~~ have showii that lowered yields of aminr- 
i)tio~phoroisothio(~y~iiatitlatc. rotiden~ation product> 
posibly result from hydrolyiis and isothiocyanatidate 
tlcc~oniposition oii storage. Tii the  cape of easily 
oxidized reactants the reductioti of isothioci\.~iii:Ltitlates 
ni:i> cwustitute it third sour(*c of interfereiive. 

The rcm:iinirig produrtq were synthesized LJLU normnl 
c~orideiisntion-, betwceii an amine, alcohol, 
or h! dr:izides : l i d  11, IT', phosphinylidyrie tri 
:tri:ttc (VI),  or thiophouphiriylidyiie tri~iiothioc!.niintc. 
(J711) (Svheme TI) atid +ever:il of thew are related to 

I I  

I $) The compounds reported lierein were sul,initted to the  Cancer ('hemo- 
Tliis appnrg pulilidie- its t i ierapg Nat iunal Service Center for  serepninr. 

resiilts in supplements to Cuncer f?e.wirch. 
(51  I ) .  T. E:lmnre and . I .  I?. Ogle, . I .  ( ' i i vm.  bw., 22865 (lY591. 
i t i l  A I .  1Culka. Cui,. J .  C h ? m , ,  37, 525 lI!l.-L41. 
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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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49(;{, j, X (CiiHi7S404P8, 147", 38%j, XI (CioHnN606PSS, 

XI11 (CisHioX8i,OiPSr, > 105", 9453,  Xi.  ( C I ~ H M S ~ O ~ P S ~ ,  >.iso, 
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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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