
Thc migration of the larvae of thch roundn-orm L l s c u ~ * ~ s  
suum c:mse- extensive dntixtge to lung arid liver tis5ue 
and Io+ of weight in  -wine. The 1arv:ie of .4. sz(z~m are 
niiich more resistant than the :tdult stages to the action 
of :inthclmintic\ In rcccrit ye:m, howevcr. ;t number 
of agents have t ~ e ~ i i  reported1" to h:ive pi-ophylnctic 
valrir in protecting ST\ iiic (niairitiLiiied in coricrctc pen4 
from tht. effect- of the 1:irv:tI iiiigriitiori. 

Thew agenty. v-hich albo \how activity agaiii-t oth~:ir 
p:u~:isiitic nematode-, all hitve t hc, conjugated amidiniuin 
qtructure characteristic of cyV:miiic> dye>. 2-(p-Dialkyl- 
:tminophenyl)- 1-met hylquiiioliiiiii m salt s coli-tit ut e a I I 
additiond class of cyanine dyeh clffective :qq t i i i b t  ~ 1 . 
s m i ~  larvac. :md their iyrithcsi- :tritl eva1u:ttiori u t '  
described in thih p a p ~ r .  

Chemistry. - Treat merit 1 I t  2- ( p-dimeth! 1:imii iophe- 
ti) 1)quiiiillirie~ (1) nitli *\le1 a t  100" J ielded niix- 
t i i i * v Y  I ) t  2- (p-dimet hyl:irniiicq~heri~ 1)- l-rneth,i~ic~uinc I- 
I i t i i i m  iilditfe- 2 (X = I) :tiid t he 1-oineric p-(2-(luiiio- 
linj i )~)h~~ri . . l t r i i~iet l~~ 1:imniotiiuiii iodide- 3 (X = I)  

1 

s- 
3 

e ,  1: = X-C'IIJ 
f, I< = 6-OC2H0 
g. 1< = 4>6-(CIL\j 

a, Ii = I I  
b, I i  = M ' l  
C, I: = 6-CHj 
d,  1: = i-CIT, 

The :uiiliniuin isomers 3 were the major compounds 
of thc mixtures; for cx;tmplr, \Then R = 6-CH8 (IC),  
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TABLE 11 : 2-(~-DIMETHYLAMINOPHENYL)-1-METHYLQIJINOLINIUM SALTS 

CHJ X- 
X O .  R X MP, OC Yield, '% Formula Analyses 

2a H I 234-235" 89 Ci8HiJNz 'J H J  

OTs 24E1-247~ 51 CzJLNz03S N 
2b 6-C1 I 264-265 deca 68 CisHigClINz. 0.5HzO N 

2c 6-CH3 BY 165-1 70b 8 7  CigHZlBrN2. H20 N 
C1 175-180 deca 100 Ci9HziCINz H20 N 
I 255-257 decb 76 CigH2iIX2. 2HzO C, H J  K 

OTs 255-256 de@ 83 CZSH~F,CISZO~S~ HzO 'J HJ  

OTs 221-222 dec" 35 C Z ~ H Z ~ J Z O ~ S  C J  HJ  

Pamoate 219-220 decb 798 CfiiH&408 3He0 C? HJ 

2d 7-CH3 I 240-241 deca 89 CigHziINz. O.SHz0 CJ 

OTs 239-240b 56 C26HzBNzO3S. O.5HaO Cl H J  

2e 8-CH3 I 221-222 deca 94 CiQHPiISP '0.5HzO 'J 

OTs 233-234h 50 C ~ ~ H ~ B N B O ~ S  CJ H J  S 

2g 4,6-(CH3)2 I 280-281" 44 CWIH~~INZ CJ HJ N 
2f 6-OCzHj OTs 78-80" 35 Cz7HmN204S. HzO C, H 

(8 Recrystallized from EtOH. * Recrystallized from hIeOH-Et20. Yield calculated from t'he iodide. Yield calculated from the 
ihonierization of the anilinium isomer. e Yield calculated from the chloride. 

chloride, bromide, and pamoate salts for evaluation 
purposes. The anthelmintic activities are given in 
Table 111. 

Biological Results.-The compounds ere tested 
fir.t againrt Seniatospiroacles dubius in mice and six 
-pecie.: of ga-trointe-tinal nematodes in lambs. Weak 
t o  moderate activity naq shun n by the various salts 
of the G-methyl analog 2c. Replacing the anilino N e  
by E t  (5) gave good activity in sheep. The 6-C1 
nrialog 2b wa5 weakly active, while the removal of the 
6-Ale, its di-placement to the i or 8 position<. or the 
introduction of ail additional Me in the 4 position caused 
reduction in activity. 

-4 much higher level of activity waq shown by the 
compounds in the ieries when tested as prophylactic 
agents againqt Ascai zs suum in mice and swine. Com- 
pound 2c u-a- outstandingly effective as a prophylactic 
agent in  both mice and swne, protecting the mammalian 
ho-ts from both liver and lung damage. Removal of 
the 6-1le, displacement to the i or 8 positions, or re- 
placement by 6-C1 resulted in elimination of activity. 
Activity was retained in 2g, containing an additional 4- 
Me, arid 5 in which l l e r S  was replaced by Et2N. 

The pamoate salt of 2b was as active against Ascaris 
szium as the halide salts, but apparently due to its de- 
creaied solubility it was considerably less toxic by both 
oral and intraperitoneal administration. The un- 
quaternized bases (la-g) and the anilinium salts (3c 
and 3f) were totally inactive. 

These compounds were tested under experimental 
conditions in which the pigs were maintained in con- 
crete pens. In the field, or when field conditions were 
simulated by granting the pig5 access to soil, the 
effectiveness of the active compounds was markedly 
reduced. 

Experimental Section4 
2 4  p-Dimethylaminopheny1)quinolines.-2-( p-Dimethylami- 

nopheny1)quiiioliiie (la) was prepared by reaction of quinoline 

(4) Uv spectra were determined in RIeOH using a Beckman D B  spectro- 
photometer. Microanalyses were performed h y  Dr. C. Daessle, Montreal, 
Quebec, and by the Rlicroanalytical Department, Ahhott Laboratories, 
h'orth Chicago, Ill. 

with BaCl and PhN,lIez and subsequent oxidation of t,he ii:- 
termediate dihydroquino1ine.E 

Known siibstitiited arialogs of 2-(p-dimethylaminophenyl)- 
quinoline (lb-e) were prepared by condensing p-dimethylamino- 
phenyllithiiim with the appropriate quinolines followed by oxida- 
tion of the dihydroquinolines with PhPI'O2 according to  the general 
method of Gilman, el aZ.6 

2-( p-Diethylaminophenyl)-6-methylquinoline (4) was prepared 
by a similar procedure in 53r; yield from p-diethylamino- 
phenyllithiiim and 6-methylqiiinoliiie, mp 142-143' (from EtOH). 

2-(p-Dimethylaminophenyl)-6-ethoxyquinoline ( I f )  was ob- 
tained in 39% yield by reaction of 6-ethoxyqriinoli1ie with p-  
dimethylamiiiopheiiyllithirim~ mp 122-123" (from EtOH).  

2-(p-Dimethylaminophenyl)-4,6-dimethylquinoline ( l g )  \vas 
prepared in 66C"c yield from 4,6-dimethylquitioliriei aiid p-  
dimethylaminophenyllithium, mp 136-13So, after one cryztalli- 
zation from EtOH. 

2-(p-Dimethylaminophenyl)-l-methylquinolinium Salts.- 
The following specific example. represent the methods used for 
making the qiiinoliniiim salts described in Table 11. 

2-(p-Dimethylaminophenyl)-l,S-dimethylquinolinium Tos- 
ylate (2e, X = OTs).-A sohition of 2-(p-dimethylamino- 
phenyl)-8-methylqiiinoline (12.4 g, 0.047 mole) and methyl p -  
toluenesiilfonate (29.8 g, 0.16 mole) in  130 ml of 1leOH was re- 
fluxed for 2.3 hr. The solveiit was evaporated, the residue was 
t'ritiirated with 100 ml of CHCI,, and the insoluble material was 
filtered. ilddition of Et,O to the filtrate precipitated 10.5 g of 
material (SO%), mp 230-231". Recrystallization from 1IeOH- 
Et20 raisrd the melting point to 233-234'. 

2-(p-Dimethylaminophenyl)-l,S-dimethylquinolinium Io- 
dide (2e, X = 1).-2-(p-Dimethylaminophenyl)-1,8-dimethyl- 

te (4.6 g, 0.01 mole) dissolved in 100 ml of 
through 140 ml of hmherlite IRA-400 resin 

in the iodide form. The solvent was evaporated to yield 3.9 g, 
mp 218-220" (94%). Recrystallization from EtOH raised the 
melting point to 221-222". 

The Amberlite IRA-400 resin in the bromide or chloride form 
was used i n  a similar manner to prepare 2c (X = Br) and 2c (X = 
C1). 

Bis [2-(p-dimethylaminophenyl)-l,6-dimethylquinolinium] 
4,4'-Methylenebis(3-hydroxy-2-naphthoate) (X = parnoate).--A 
solution of disodium pamoate (2.8 gJ 0.0065 mole) was 
added slowly to 2-(p-dimethylaminophenyl)-1,6-dimethylquino- 
linium chloride (4.1 g, 0.013 mole) dissolved in 400 ml of H20. 

Anal. ( C x H ~ ~ I Y ~ )  C, H, N. 

Anal. (CigHzaN20) C, H, X. 

A n a l .  (Cl,,H20Sz) C, H, Pi. 

( 5 )  W. E. McEwen, R. H. Terss, and I. W. Elliott, J .  Bmer. Chem. Sac.,  

(6) (a) H. Gilman, J. L. Towle. and S. M .  Spatz,  ibid., 66, 2017 (1946); 

(7)  B. I. hrdashev and E. Sh. Kagan, Zh. Obshch. Khrm., 34, 2228 (1964); 

74, 3605 (1952). 

(b) H. Gilman and D. A. Shirley, ibzd., 72, 2181 (1950). 

Chem. Abstr.,  61, 9462 (1964). 
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I) 

The L D ~ o  values recorded in the table are estimates baJed on acute toxicit,y studies in which three mice were used per do.:. level 
\Tit h an average of eight dose levels for each mode of administration. Each of three mice which had been infected with 50 LV. dubi1o.s 
h v a e  several weeks earlier was administered a dose of 15-50 mg,'kg orally. A similar doie mas administered on the follow-irig d:iv. 
0 1 1  the seventh day the mice were sacrificed and a count was made of the number of wormi remaining in the intestine. The rintnedi- 
cited mice had 35-40 worms; the table records the percentage reduction caused by the action of the test compound. c The cornpourids 
were tested on sheep which had been experimentally infected with six species of ga-jtrointestinal nematodes: HaetnonchiLs confodus, 
C'oopcria curticei, Trichostrongylus colubriformis, Trichostrongylits axei, Ostertagia circumcincta, and A\Tematodirir~ spathiger. The corn- 
pounds were administered in two equal doses on consecutive dags, and the number of eggs per gram of feces was determined duriilg a, 7- 
day period. So particular species specificity i i i  
:inthelmintic action was observed with t>his series of compounds. A dose of 10 mgjkg was adniitiistered orally to each of three mire, 
followed by the administration of ati infection of 100,000 embryonated A .  suam eggs. A secviid do-e of 10 mg'kg was atlniinistered 4 
Iir later. hfter 8 days the mire were sacrificed and the extent, of lung lesions was determined by gro3.j examination of the liiiigs for the 
iiiimber and size of hemorrhagic areas due to the migration of the Ascaris larvae. The table li-ts the percentage reduction i i i  Ititig 
lehions of the treated animals as compared with the uumedicated c.ont.ro1~. The t w t  cornpoiitids were administered st, a level of 0.01 ' ; 
i t i  feed for a period of 10 days to t'wo pigs in concrete-floored pens. I of 103,000 enibryoiiated A .  8uunL eggs was adniiiit-- 
rered 3 days after the start, of the inclasion of t3he test compound in the feed. The aiiinial- w r e  Yacrificed after 10 day.. Tli? pc>r- 
cwitage reduction in liver lesions due to migrating Ascaris larvae in treated a.iiinia13 :I. c~~~tnp:iretf \yit.h controls was determirrcd I 
c.ciuiiting the small white scars ("milk spots") found on the surface of the liver. The number of leaions wa? T,OO o r  greater in iuime,li- 
cared controls (57 animals): beyond 500 the lesions tended to coalesce :iiiti  corild tiot be coiitited wpar:rtely. The procedure iised t l J  
tleteriniiie the number of larvae iti the lrings of the pigs was bawd O I I  the niethod described for  inice by 11. I<. Haas (Ph.1). The 
T-iiiversity of Wisconsiii, 19BL'j. In 57 control animals, the iininlwr of larvue foritid after sacrifice varied from a low of 10,000 t o  :i high 
of 4!J,OOO, for  an average vdrie of 25,000. 

The table list3 the percentage reduction in the egg count at, the end of this period. 

An itife 

Tl i t .  "patnoate" t'orrnedwa- filtered atid di.iec3 to J-ield 5.1 p f:!!' ( j ,  

rnp L'17-21So dec. Re tion from lleO€I-EtPO i,tii-rtl 
the nielting point to 219 

2 4  p-Dimethylaminopheny1)-1 -methyl-6-ethoxyquinolin- 
ium Tosylate (2f, X = OTs) and p-(6-Ethoxy-2-quinolinyl)- 
phenyltrimethylammonium Tosylate (3f, X = OTs).-2-(p- 
1)irnei h~laniinopheiiyI)-6-ethos~qiiiiiciliiie ( 14.62 g! 0.05 mole) 
: i i i d  methyl p-tolrieiieaiilfoiiate (3T.2 g, 0.20 mole) were heated i i i  

i,eflitxitig .\leOH (150 ni l )  fo r  T, hi,. The soliition \v:ib redriced to 
:I .qni:ill voliime arid Et20 w a r  added, giving :t semisolid which V:I- 

tt.e:iteci with 5 0  1711 o f  lLel.CO. The itisolitble 3f (S = OTs) i v ~ .  
~ .c~i)vr i ,ed Iiy filti,atiuii) !.ield 4.1 g ( : 3 3 f  i), nip 207-20\o ifi.ciiii 

LtOII).  . I f la/ .  (C.:FI3"S?0~8.0.5r-~?O) c, 11, 0.  P. 
The .\lr,CO fi1tr:ite w:t. c,oiiceilir:itecl to about 100 nil. 0 1 1  

lwiliitg, 2f (X = OTc: pi.ec.ipit:itctl ii: the monohydrated salt, 
i i i p  i S - - S O " ,  with wlidificatioti :tiid remelting a t  149-150', yield 
\ . x  g, 3.j( <. The aiialytic:il -ample wa5 obtained by crystalliz:1- 
t ioil fi,iirn EtOII. 

p-(6-Methyl-2-quinolin~l~phenyltrimethylammonium Io- 
dide (3c, X = I) and 2-ip-Dimethylaminophenyl )-l$-dimeth- 
ylquinolinium Iodide 12c, N = I).-- ~2-(p-Dimeth~laniinophe- 
ii~~l)-B-meth~ly~iinoliiie (40 g, 0.15 mole) and Me1 (100 nil) 
\vert' hrated in :i pre.;siu.c tmtile :it 100" for 5 hr. The reactioii 
riiixtui~e \va< trr'atecl wit ti 100 nil of Ixiiling CHCL. The insoluble 
nialerial was removed by filti.atio~i~ gt ound in a mortar, aiid 
i re ;~ ted  :~gni i i  with 100 nil of tioilitig C:HCI3. The re*idual (3c S 
= T ;  nic~lted nt l!f5--lO6" ilec, j.ield X3.0 g (S6::). A n a l .  (C, ,H,I- 

By rijilwiitratiiig the (.'fl('l:3 e.\ti':ict> atid acldiiig Et&), L'-(p- 
IS!', c;, r i ,  I, s. 


