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TABLE I 

37 1 

I-ARY LDIHY DROTRIAZINES 

Compd. 
No. 

I  
I 1  
111 
I  1' 
V 
VI 
VI1 
VI11 
I  x 
X  
XI  
XI1 
XI11 
XIV 
XV 
XVI 
XVII  
XVIII  
X I X  
X X  
X X I  
X X I I  
X X I I I  
XXIV 
XXV 
XXVI 
XXVII 
XXVII I  

X X I X  

sss 

S X X I  

S X X  I I 

S X X l l I  

S S X I \ '  

XXXV 

XXXVI 

XXXVII  

XXXVIII  

XXXIX 

XL 

c- Benzene substituents(R)-- Empirical 31.p., Carbon, % Hydrogen, % Nitrogen, R 
2,2-Substituents(RiRa) 2 3 4 j 6 foru1ula OC. C&d. Found  Calcd. Found Calcd. Found 

H,  CHa CzHs CiiHiiNs.HC1 277-279 58.82 34.17 6.77' 6 .89 
iCHd2 CzHs Ci3HlsNs.HCl 209-211 55.41 55.26 7.1.5 7 .04  24.b6 24.70 
(CHd2 CaHi-n C I I H Z I N ~ , H C ~  210 56 .85  57.04 7.50 7.36 23.68 23.45 
(CH3)Z CtHo-n CisHzaNs.HC1 191 58.14 57 .95  7 . & 1  7 .70  
iCHa)a OCHa CiaHiiNsO 226-229 58.28 58.38 6 .93  7 .18  28.32 28.27 

CHa 
CHs 
CHa 
CHa 
OCHa 
CHa 
CH3 
CHs 
OCHa 

CH3 
CzHs 
CHs 
CiHs 
CzHs 

CaHs 
CzHs 
Br 
CHa 
Br 

CZH6 

C H I  
-CHaCHaCHCHaCHa- 

I 

1 
CHa 

-CHzCHzCHCHaCHz- 

CH3 
-CHzCHaCHCHaCH~- C H I  

1 
CHI 

-CHaCHaCHC€IaCHa- C1 

CH3 
-CHaCHaCHCHzCHa- 

CHI 
I 

CHa 
CHa 
CI 

CHa 
c 1  
NO2 

C H I  
CH3 

c 1  

c H3 

c1 

Br 

CizHi~Ns. HC1 
CioHieNs . HC1 
CizHi6ClNs~ HC1 
C I ~ H I S N ~ . H C I  
CizHi6ClNa.HCl 
CizHiaNsOa~ HCI 

CHa Ci3HlON6~ HC1 
c 1  CizHieClh's.HC1 
C3Hl-i ClrHtaNs.HC1 
c 1  CizHieClh'sO €IC1 

CHs CiaHioNs HC1 
CHa CiaHieNs.HC1 
CHs CiIHZINS HC1 

CiaHziNs.HC1 
CHa CiiHziiYs~ HC1 

Ci6Ht3N6'HCl 

CaaHaaNs.HC1 
CisHziNs. HC1 
CieHwNs.HC1 
CiaHisBrNs' HC1 

CH3 CieHzaNs. HC1 
CisHmBrNs HC1 

C17H21~6'HCl 

212 
220 
218-220 
211-212 
219-220 
220-222 
228 
220-223 
211 
218-220 
220 
212 
223 
195-196 
210 
200-201 
222 
243-244 
224 
224 
235 
29.5 
l9Q 

53.82 
55.41 
47.69 
55.41 
47.69 
43.84 
55.41 
47.69 
58.14 
45.29 
55.41 
55 .41  
56.85 
56.85 
56.85 
58.14 
60 .41  
63.15 
58.52 
A9. 70 
45 .11  
59.70 
46.58 

53.81 
55.34 
48.13 
55.22 
47.97 
44.22 
55.89 
48.04 
58.23 
4 5 ,  14 
55.55 
5 3 ,  13 
57 .28  
56.54 
56.74 
58 .55  
60.21 
63.30 
58.82 
59.50 
45.39 
59.50 
46 .90  

6.77 6 . 6 5  
7 . 1 5  7 .19  
5.67 5.59 23.18 
7 .15  7.10 

.67 5 .78  
5 .21  5 .35  25.56 
7 .15  7 . 1 2  24.85 
5.67 5 , 6 1  23.18 
7 .81  7 . 7 9  
5.39 4.83 22 .01  
7 , i j  7 . 2 0  24.86 
7 .15  6 .84  
7.50 7 .43  23 .68  
7 . 5 0  6 .83  
7.50 7.39 
7 .80  7.84 
8 . 3 6  8.16 20.72 
9 .11  9 .15  
7.20 6.77 
7 . 5 1  7 . 3 0  
5.14 4 . 9 8  18.79 
7 . 5 1  6.67' 21.76 
5 , 4 7  5.76 18 .11  

22 ,92  

25.29 
24.42 
23.58 

21.99 
24.71 

23.32 

20.31 

18 38 
21.63 
17.92 

CibHzoC1Xs.HCI 210 20 46 20 .42  

CisHzoBrNs.JIC1 226 4 6 . 3 8  46.50 5 . 4 7  3 . 2 8  18.11 18 17 

CisHzoClNs.IIC1 209 52.63 52.60 6 . 1 8  5 . 8 8  20.46 l!I.81 

CicHmClNs.HCI 229 52 63 52.53 6.18 6 .07  

CisHaoBrNs.HC1 210 46.58 46.66 5.47 5.10 18.11 18.28 

CHs CiiHzsNs.HC1 222-224 60 78 60 55 8.00 7 .43  20 8.5 20 62 

c 1  CisHisClzNs~HCl 200 47 82 47 52 5 33 3 41 

c1 C1 CisHigClziYs.HC1 186-187 47 82 48 24 5 35 4 97 18 39 18 ,53 

obuelata in a 3-day test, starting a t  a dosage of 300 mg./ 
kg. The results of this test are shown in Table VI, 
in which the compounds are listed roughly in decreas- 
ing order of activity. It will be seen a t  a glance that  in 
almost every instance the compounds with the great- 
est anthelmintic activity are those with bulky sub- 

stituents in the 2-position of the dihydrotriazine ring, 
or else bulky ortho-substituents in the benzene ring. 
Conversely, Table IX, which lists microbiological inhibi- 
tion in increasing order of activity, shows that ortho- 
substituted phenyl derivatives, and the derivatives 
with bulky 2-silbstitue1lts, have the least inhibitory 
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Nirrogen, 
(:alcd. Fuuncl 
2 2 . 7 5  2 2 . 5 8  

18.11 1 7 . 7 0  

2 0 . 4 6  I Y . ! U  

Beuzenr Liuylrical 
Cu1,1yd. hu subbtituentsc R I  formula 

S L V I  L-C,H, Cj Hi,?;,.HCI 
SLVII  2,b-(CHj,? C'iuH,,?;, HCI 
x1,v111 2,4,,j-( CH CIiHtiS, HC'I 

acstivity, 111 coiifirniatioii oi tlie earlier data of E'oley'j 
and the I.C.I. group. Thus, from a biologiral point of 
Iriew, the anthelmintic dihydrotriaziiies may be con- 
sidered to form a different class of compounds from the 
antimalarial dihydrotriaziiies. This difference is quali- 
tative in charavter, and can probably be explained best 
by increasing steric hindrance associated with more 
bulky ortho substitution. This would gradually impost. 
a nearly perpendicular and increasingly rigid arrangc- 
ment of the two rings about their common axis. Such a 
c*haiige i l l  (miformation might well block the action at 
ciizynie sites whichh normally causes the antifolic actii - 
ity, and by the same token niiglit create some iien- typt. 
of interferelice associated wit11 the anthelmintic. actiou. 

The mechanism by which tlir dihydrotriaziiics exert 
their effecdt against the piiirvorms is not ktiowi.  Hov - 
PITI-, these compounds have the advantage o v e ~  s o m ~  
other anthelmintic agents that they are active against 
immature, as well as mature, forms of the parasitr. 
Detailed studies whirh illustrate this effect were carried 
out oti one of the more actiL.e derivatives (XXXVI), 
aiid are desrribcd by Burro\vh a i d  Huiit.21 

111 seekiiig the more ac*tiw c~mipouiids of this series, 
it was cwisidercd adr-isahlc to  determilie whether tlw 
dihydrotriazines ~vould hc useful ill a single dose treat- 
tiieiit. l'he activity against iinniature forms of tlie 
parasite indicated that this inight well be the case. 
Table I' lists the results of these tests, which show that 
several members of this series of rompounds are indeed 
sufficieiitly active to clear all parasites in a single dose. 
It was difficult to c*hoose among these closely related 
roinpoiuids oii tlic> basis of tlic anthelmintic, srreeti 

aloiic. HoweL er, aii ini.estigatioii of the acute toxici- 
ties of these cmnpouiids left 110 doubt as to whioh wab 
the c*onipouiid of' rhoicr Selected toxicity data an' 
shoir n iii Table X. -1ltliougli the toxicaitieb obtaiiietl 
by parenteral adtiiiiiistration are quite similar. this IH 
iiot true of oral administration. One conipouiid 
[XXX\?, l-(p-chlorophenyl)-4,B-diamino-l,2-dihydro- 
" 2  - (8 -  iiietliylpeiitaiiiethylene) - s -  triazine hydrochlo- 
ride] stands out as beiiig unique in its lark of toxicity 
It was found physically impossible to administer suf- 
ficdient drug to mire to kill them (except by suff'ocatioii) 
This substalicar has a solubility of approximately 0.F 
i i i  mater at rootii tmiperatui,c, so, although it is le+ 
soluble than sonif' of tlie other derirrativeb. it is 1111-  

uiilikely that insolubility is an adequate explaiiatioii of 
i t b  lark of toxicaity. 

The dihydrotriaziiies wei~1 screelied against a wid( ,  

variety of iiitestiiial parasites in addition to Syphacza 
obuelata. Although they were found active against thc 
related pinworni . 1 spzcciluris tetraptrra in mice, they 
were i*e la t i~~>ly  itiactivr agaiiist hookworms (-4 nc!/lo- 
stoitiu canznuiii). ascarids (Alscarzs liittib~zcozclcs, 7" ( I -  

cara cati, 'I'o.c.atscarit3 I r  onzm), whipworms (Trichiit it< 
ibctlpis), trichostroiigyles (Sippostrongylzts 1 1 1  (iris, . l ' c~ t~a-  
tospzrozdes d i i b z i i ~ j ,  atid nodular worms (Oesophayosto- 
i ) i u n i  sp . ) ,  and w>rc iiiactivc against four species of 
tapewormh. 

Carringtoill aiiti Modest' have described the 11'- 

reversible rearrangement of the aryldihydrotriazines iri 
alkali to yield arylaminodihydrotriaziiies. The prod- 
ucts were found devoid of microbiological activity. 
We were interested in preparing tlie anilino isomers of a 
iciv of tho more active tlerivatiws descarihd liere, t o  
t l (~t t~tmit ie  wlwtlic~t. aiitlicltiiiiitic~ aceti\ ity niiglit 
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TABLE I V  
ULTRAVIOLET ABSORPTION SPECTRA O F  SOME ~-ARYLDIHYDROTRIAZINES AND THEIR 6-.%RYLAMINO ISOMERS' 

Solvent --Ultraviolet absorDtion soectra- Comod. -Dihydrotriazine substituents 
e x 10- 

9.41 

15.3 

9.75 

12.9 

9.70 

13.1 

12 .o  

12.3 

7.25 
11.2 

15.0 
17.5 

17.8 
13 4 

18.2 

8.74 

no. 1 

XXX CsH5 
6 

NH* 
or pH Amax, mp 

7 .02b 242 229 

229 

235 

233 

229 

229 

230 

230 

234 

230 
229 
230 

232 

227 

7.55 

7 .84  

9.70 

11.3 

8.23 

10.4 

11 .i 

11 . o  

10.8 

8.38 
7 .95 
8.38 

12.3 

9.36 

CHo 
-CHgCH*CHCH*CHz- CeH&H- 7.02 256 XLI H 

S X X I I I  Q- CH3 
-CH&HzCHCHzCHa- 

I 

CHI 
-CHgCH*CHCH*CHZ- 

NH* 7.02 240 

Sr 
XLIII H 

QNH- 

QNH- 

Br 

NHz 

CZH5 

NHz 

7.02 246.5 

XXXII Q- 7.0'2 241 

C2H5 

XLII H 

CH3 

XLV H 

7.02 245 

7.02 236 

7.02 241 

XXXVI C l O  
0 .1  N HCl Sh 242 
7.02 241 
0 . 1  S KaOH c 

CION.- - S L I V  H 0.1 HC1 259 
7.02 261 
0 1 S KaOH 222.5 

261 
7.02 241 Ref. 7 c1- NH* 

Ref. 7 H 

Spectra were determined at a concentration of 10 mg./l., with a Beckman DU spectrophotometer. S$rensen phosphate buffer. 
Slow isomerization at room temperature; initial reading (30') shows no maximum; sloping curve has slight shoulder with mid-point 

250 mp (E X = 5.7). 

is also markedly iiicreased (see Table IV), so that it is 
easy to follow the course of the isomerization. It was 
found that when bulky groups were introduced into the 
2-position of the dihydrotriazine ring, as with XXXVI, 
the change in spectrum was even more marked; A,,, 
shifted from 241 to 261 mp, with a correspondingly 
large hyperchromic shift. Compound XXXVI was 
also found to isomerize a t  almost 3 times the rate of the 
2,2-dimethyl analog, reflecting decreased stability of the 
original diamino configuration when the bulky groups 
are present. 

When the diaminodihydrotriazines contained ortho 
substituents in the benzene ring, the change in spectrum 
upon treatment with alkali was found to be much less 
marked. The shift in A,,, was only about 5 mp, 
and the increase in extinction coefficient was correspond- 
ingly lessened. The data of Table IV illustrate these 
changes. Whereas practically all of the diaminodi- 
hydrotriazines with meta or para substitution had A,,, 
= 241-242 mp, some of the ortho-substituted com- 
pounds had only slight maxima or shoulders a t  about 
2335 mp. After treatment of the compounds with alkali, 
the maxima shifted only to about 241 m p ,  so that an 

retained on isomerization, and also to determine 
whether or not there might be a difference in ease of 
isomerization between the different types of derivatives. 
The new compounds which were characterized are 
described in Table 11. Table VI1 lists their anthel- 
mintic activities, which were found to be negligible. 

Ar 
Thus, the 4,6-diamino configuration appears to be 
required for both microbiological and anthelmintic 
activity. A few of the intermediate biguanides (Table 
111) were also tested for anthelmintic activity and 
found lacking in interest (Table VIII). 

Carrington4 and Modest' also described the change in 
ultraviolet absorption spectra which occurs on isomeri- 
zation of the dihydrotriazines, using 1-(p-chlorophen- 
yl)-4,6-diamino-l,2-dihydro-2,2-dimethyl-s-triazine as 
an example. In this case, A,,, changes from 241 to 
2.56 m p  a t  pH 7, and the molecular extinctioii coefficieiit 



Conipd. 
S o .  or ref. 2,l-Substituents licnzene subvt i tuents  

Ref. 7 

XXXVIII 

S X I S  

SI, 

--( CH&- 

1 
CH, 

SSSI 

S X X  

XXXVII 

CHJ 
(('Hz)&H(CH:)>-- 

I 
CH, 

--i CHz)zCH( CH2)2- 

S S X I V  

Ref. 7 
" As hydrochloride salt. 

nrylaniino derivative could easily be mistakeii for a 
diaminodihydrotriazine. All the ortho substituted 
derivatives were therefore examined for identity by 
heating in 0.1 h' sodium hydroxide on the steam bath 
and observing whether or not a spectral shift occurred. 
In  a few instances of doubt, biological activity wab 
also used as a witerioii for structure. This was iw- 

+-('I 

4-Ci 

2$-( CH,), 

4-Br 

Z-Br 

2-Ci 

2-Br 

ful with XXVII,  for example, where even the r i i e l t ~ ~ ~ g  
point did not change on isomerization, and the spec.- 
trum changed from a slight indistinct peak a t  236 r w  
to another slight indistinct peak a t  241 mM ( e  changed 
from 9700 to 13,200). In  this case the alkali-treated 
material was completely inactivc against piiiivorili-, 
whereas the original niatcrial a i  quitc arti\ 0.  
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TABLE VI 

LhTHELMINTIC ACTIVITY OF 1-ARYLDIHYDROTRIAZINE$~9. Syphacia obvelata I K  ?ilICE. THREE DOSE TESTS 

375 

Ax-. % 
eliminated 

100 

loob 
100 
99 
98 
97 
97 

100 
95 
73 
83 
84 
76 
97 
9 5 
58 
66 
97 
98 

100 
100 
21 
SI) 
66 
41 
98 
25 
5% 

100 
100 
81 
!)0 
71 
61 
9:3 
07 
19 
!IO 
4 3 
17 
93 
46 
80 
78 
20 
4 

78 
77 
75' 

100 
100 
61 
I t3 

67 
70 
61 
66 
66 
65 
34 
62" 
61 
54 
5 2 

- I  d 

Dose," 
mg./kg./ day 

300 

500 
400 
300 
500 
400 
300 
300 
200 
100 
300 
200 
100 
300 
200 
100 
300 
200 
100 
300 
200 
100 
300 
200 
100 
300 
200 
1 00 
500 
400 
300 
300 
200 
100 
300 
200 
100 
300 
200 
100 
300 
200 
300 
300 
200 
100 
300 
300 
300 
500 
400 
3 00 
3 00 
300 
300 
300 
300 
200 
300 
200 
300 
300 
200 
300 

Compd. 
no. or ref. 

XXXVI 

XXIX 

XXXII 

XXV 

XXIV 

Ref. 7 

XXVII 

XXI  

IV 

XX 

XXXI 

I1 

XVI 

XIX 

XXII  

VI1 
XIV 

XXIII  
Ref. 7 
XXVII 
Ref. 5, 7 

XVIII 
VI11 
Ref. 8 
IX 
xv 
Ref. 7 

VI 

SI11 

2.2-Substituents Benaene substituents 

4-C1 

4-C1 

2-CzHj 

2-CzH5 

4-C1 

CH3, C3H7-n 2-C2Hj 

2-CdHg-n 

2-CH 

2-CZHj 

2-CzH5 

2,3-(CH?): 
2-CH3-5-CaH7-iso 

2,4,6-(CH3)3 
2-CH3-3-Cl 
4-C1 
2,4-(CH~)z 
2-OCH3-5-Cl 

2,4-C12 

3-CH3 
2-OCH3 

2-CH8-5-Cl 
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Coiupd. no. 
or ref. 

Ref. 5 
Ref. i 
I11 
Ref. 5 ,  7 
SI 

lief. 7 
SI1 
I 
lief. 3 ,  4, 5 ,  7 
S 
lief. 5, i 
Ref. 5 
Ref. 3, 5,  7 

BARBARA ROTH, ROBERT B. BCHHOWS. A W  GEORGE H. HITCHISG~ 

'YaBLE VI (Continued 1 

Hensene substituents 

-LOCH, 
9,5-Cl.: 
2-CaH7-/L 
I-CH,, 
L'-OCH:,-4-_U( )? 

Cured/ 
treated 

0/2 
0/2 
0/2 
0/2 
op 
o/ 2 
0 / 9  
O / %  
0 ' 9  
Ol2 
0/ 2 
- 
- 
- 

'I As hydrochloride salt. * One death. Weight loss, Many worms disintegrated. Diarrhe:~. ' Weight loss, diarrhea, 1 death. 
' Weight loss, diarrhea. 

XLIII 

S I J V  

SLY 
I 

CH, 
'* A v  hydrochloride salt. 

Compound XXXVI has been subjected to extensive 
anthelmintic and pharmacological investigation. It 
has been found active against the pinworm of man, 
Enterobius uernzicularis, and has undergone extensive 
c*linical testing. The results of these tests will be 
published elsewhere. 

Experimental22 
1 -Aryl-2,2-dialkyl-4,6-diamino-1,2-dihydrotriazines.-These 

compounds were prepared by the method of Modeet7 from the 
corresponding anilines, plus a ketone or aldehyde, and dicyandi- 
amide, in the presence of slightly more than one equivalent of 
HCl. New derivatives are characterized in Table I. Results 
followed the pattern of Modest's description very closely. The 
products normally precipitated from the reaction mixture in 
30 to 90% yields in the form of their hydrochloride salts. When 
no precipitate was formed, ether was added to  precipitate the 
product. No attempts was made to  determine absolute yields 
by investigation of the mother liquors. Products were normally 
recrystallized from ethanol, water, or mixtures of the two sol- 
vents. In a number of instances, the reactions were unsuccessful 
with hindered ketones or amines under a variety of conditions. 
This was the case, for example, with 2-methylcyclohexanone when 
reacted with dicyandiamide and p-chloroaniline. Other ketones 
which did not react satisfactorily, either in the 3 component 
synthesis or with the intermediate biguanide, included diethyl 
ketone with o-ethylaniline or 2.6-dimethylnniline, heptaldehvde 

Dose, Cured, i>. 5% 

400 0/6: :3 I 
300 0/ti 20 

Benzene substituents ing./kg." treated eliminated 
- 

400 
?loo 

I /ti 
O/B 

3 

_-  
; ) I  

:i 

with 2,6-dimethylaniline, undecylaldehyde with o-ethylaniline, 
methyl propyl ketone with 2,6-dimethylaniline, ethyl butyl ke- 
tone and methyl hexyl ketone with p-chloroaniline, and 3-methyl- 
cyclopentanone (identity not verified) with several anilines. 
2,6-Diethylaniline proved to  be too hindered to  form a dihydro- 
triazine using acetone as the ketone. 

The decomposition points of the dihydrotriazine hydrochloridev 
were normally in the vicinity of 200-220". In  two or three 
instances, the melting points were abnormally high, suggesting 
that the compounds might actually be the isomeric 6-anilino- 
dihydrotriazines. However, an investigation of the ultraviolet 
spectra indicated that this was not the case; treatment with 
warm 0.1 sodium hydroxide resulted in the bathochrornic and 
hyperchromic shift which is characteristic of this type of isomer- 
i ~ a t i o n . ~  The spectrum of an anilinodihydrotriazine would not 
be expected to undergo a change with such relatively mild treat- 
ment. 

In  most cases the anilines used as the starting materials were 
commercially available. o-Propylaniline was prepared by the 
nitration of propiophenone,23 followed by separation of the ortho 
isomer. The nitro group was reduced with Raney nickel in 
methanol, and the ketone reduced by the Wolff-Kishner method, 
following directions of Bakerz4 for m-propylaniline. The o-pro- 
pylaniline boiled a t  114-116' (15 mm.).z5 o-Butylaniline was 
prepared by the method of Read and Mullin,26 which involves 
nitration of butylbenaene, followed by careful fractional distilla- 
tion and catalytic reduction with platinum. 

(23) B. L Zenitz and 1%'. 14. Hartung, J .  Org .  Chem., 11, 444 (1946). 
(24) B. R.  Baker, R .  E. Schaub, .J. P. .Joseph, F. .J, McEvoy, end .I. H. 

( 2 5 )  .I. von Braiin and SI. Ranica, Bei . ,  49, 789 (1916). 
(2ti) 13. H. Read and I). R. hIullin. .I. .tm. Chem. Soc. ,  60, 176:j (1928). 

\Villiains, i h i d . ,  17, 184 (1952). 
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TABLE VI11 
ANTHELMINTIC ACTIVITY OF NI-ARYLBIGCANIDES us. 

Syphacia Obvelata IN MICE 
Av. % 

Compd. Benzene Days Dose, Cured/ elimin- 
no. substituents treated mg./kg.a treated ated 

XLVI 2-CzHr 3 300 0 / 2  38 
XLVII  2,6-(CHs)z 2 300 0 / 2  12 
XLVIII  2,4,5-(CHa)z 3 300 0 / 2  61 

b 2-CHa-5-(CaHr)-i 3 300 0 / 2  29 

5 As hydrochloride salt. * S. L. Shapiro, F'. A. Parrino, E. 
Rogow, and L. Freedman, J .  .4??1. Cheni. SOC., 81, 3725 ( 1959). 

4-Amino-6-arylamino-2,2-diillkyl-l,2-dihydrotriazines.-A 
few of the 1-aryldihydrotriazines were isomerized by the method 
of Modest.' New derivatives are characterized in Table 11. 
The relative rates of isomerization of l-(p-chlorophenyl)-4,6- 
diamino- 1,2- dihydro- 2,2- (3- methylpentamethy1ene)- s- triazine 
(XXXVI) and the corresponding 2,2-dimethy1 derivative 
(chloroguanide metabolite)a,4 were determined in 0.1 .V sodium 
hydroxide in sealed ampoules at concentrations of 100 mg /liter. 
Solutions were diluted tenfold into acid buffere for spectral de- 
terminations. A t  70.0-70.1", the isomerization of the first sub- 
stance was half-completed in 8 min., whereas the second required 
21 min. Details of this and further kinetic experiments will be 
published elsewhere. 

Nl-Arylbiguanides.-These were prepared by heating equi- 
molar mixtures of the aniline hydrochloride and dicyandiamide 
in ethanol. propanol, or water for 18 hr.7 Upon chilling, the 
hydrochloride salts of the products normally precipitated, and 
were recrystallized from ethanol. New derivatives are found in 
Table 111. 

Procedure for Screening Compounds us. Syphacia obvelata 
Infestations in Mice,-The mice used in these experiments were 
kept in individual cages. Each cage contained a feeding rack, 
designed to prevent food particles from falling through the wire 
mesh bottom of the cage, and a water bottle. Beneath each 
cage was a pan of water to co1lec.t the feces and worms passed 
by the mouse. 

The weighed amount of compound was placed in a mortar, 
1 to 3 drops of Tween 80 added to the mortar and the two ground 
together. Then water was added, a little a t  a time, while grind- 
ing, until the desired concentration was obtained. The resulting 
emulsion was used for dosing the mice. Each mouse was weighed, 
the required amount of the emulsion drawn up into a 1 ml. sy- 
ringe, graduated in hundredths, the blunt needle inserted into the 
stomach through the mouth, and the contents discharged into the 
stomach. 

Mice dosed for 3 successive days were autopsied 72 hr. after the 
initial dose, whereas those given a single dose were autopsied at 
the end of 48 hr. After 24 hr. the pan of water was removed from 
under the cage and a new pan of water put in its place. This 
procedure was repeated every 24 hr. for the duration of the 
experiment. The contents of a pan were poured, a little a t  a 
time, into a petri dish under a dissecting microscope and all 
worms counted. At the end of the experiment the mouse was 
killed in a chloroform jar, the cecum and large intestine removed 
and opened. The worms remaining were counted. Then the 
worms from the last 24-hr. pan were counted. For each mouse 
the percentage of elimination of worms was determined by di- 
viding the number of worms passed by the total number of 
wornis harbored. The average percentage of elimination for a 
group (all animals given the same dosage level of the same com- 
pound) was obtained by adding all the percentages and dividing 
by the number of mice in the group. 

Mice were not checked for infection prior to  treatment, as the 
majority are generally positive. Occasionally a mouse passed 
no worms after treatment and none was found at  autopsy. These 
mice were not considered in the tabulations, which dealt only 
with mice positive for Syphacia. A normal worm burden found 
in the mice is roughly 75 to 100 pinworms. As untreated mice 
may pass from 0 to 287, of Syphacia during a 48 to 72-hr. period, 
these percentages are considered as normal elimination. A com- 
pound causing about 50% loss of worms would be slightly active. 
However, only those compounds which resulted in over 757k 
elimination of mouse pinworms at a dose of 300 mg./kg. were 
considered for further investigation. The intermediate range 
percentages are not a t  all absolute, particularly in sninll groups, 

Then the mouse was placed in its individual cage. 

TABLE IX 
GROWTH INHIBITORY ACTIVITY OF ~-ARYLDIHYDROTRIAZINES 

us. L. casei 

Conipd. no. 
or ref. 

Ref. 7 
Ref. 7 
I X  
XI1 
XVI 
XVIII 
XI\' 
X X  
XXIV 
xxv 
XXVII 
X X X I  

XI11 

X 

v 

X 1' 

I 

XXXVII I  

VI11 

XI 

Ref. 7 

Ref. 7 

I1 

XIX 

I V  

X X I  

VI1  

XXII 

Ref. 7 

XXXII  

X X I X  

Ref. 5,7 

XXXVI 

Ref. 5 ,  7 

Ref. 3 

Ref. 3 ,  4, 3 ,  7 

Ref. 8 H. CoHu-n 

(CHI)? 

% 
Growth 
inhibi- 

Concen- tion in 
Benzene tration. L. 

substituents 
2-c1 
2,5-c12 
2,4-(CHa)z 
2,5-(CHa)? 
2,6- (C Ha)? 
'?,4,5-(CHa)a 
2-CHa-5-Pr-i 
2,6-(CHa)z 
2-CzHa 
2-CZHs 
2,6-(CHa)z 
2-CH3 

2-CHa-5-Cl 

2-CHa-4-CI 

2-OCHa 

2-OCH8-5-Cl 

2-CzHs 

2,6-(CHa)g 

2-CHa-3-Cl 

2-OCHa-4-SOz 

2-CHa 

2,4-c12 

2-CzHa 

2 G H s  

2-CIHa-n 

Z-CZHI 

2,3-(CH3)2 

2-CsHs 

4-CI 

2-C2Hs 

4-CI 

4-CI 

4-C1 

4-CHI 

3,4-(CH3)2 

4-CI 

4-c1 

2-CaHi-n 

3-CHa 

2-CrHa 

y/ml." caset* 

100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 -11 

5 0 

100 - 13 
5 0 

100 - 19 
5 0 

100 -1: 
5 - I f ,  

100 - 18 
5 - 10 

100 -21 
5 -11 

100 - 22 
5 0 

100 -31 
5 0 

100 - 32 
*5 0 

100 - 34 
.i 0 

100 - 39 
.j 0 

100 - 44 
1 0 

100 - 5 1  
1 - 16 

100 - 53 
5 - 20 

100 -57 
7 - 19 

100 - 72 
1 - 12 

100 - 87 
> 0 

100 - 95 
F, 0 

100 - 95 
, 0 

100 - 96 
5 0 

100 -94 
R - 14 

100 - 86 
5 - 20 

100 - 88 
.5 - 64 

100 - 93 
5 - 72 

100 - 90 
, - 79 

100 - 93 
3 - 78 
1 - 20 
0 1  0 

100 -91 
5 - 79 

100 - 90 
5 - 85 

100 - 96 
> - 96 
1 f2.5 
0 1  0 

100 - 94 




