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at 27)0-252° dec. [Anal. Calcd. for CnH„X 5 0 2 : X, 28.57. 
Found: X, 28.19.). The crude product from the previous step 
(9.0 g.), 200 ml. of !)5rv ethanol, and 2.5 ml. of 8 5 % hydrazine 
hydrate were refiuxed for 4 hr. and cooled, and the solid was 
filtered. The air-dried material, 5.G g., was recrystallized from 
aqueous X,X-dimethylforniamide to give 4.5 g. of 33. ' 

4-Amino-3,5-bis(2-furyl)-s-triazole (38). Method M.—The 
reaction between 33.0 g. (0.15 mole) of l,2-bis(2-furoyl)hydrazine 
and 15.0 g. (0.40 mole) of 8 5 % hydrazine hydrate by the litera­
ture procedure4 gave 5.7 g. of 38. 

N-(3,5-Di-4-pyridyl-s-triazol-4-yl)isonicotinamide Dihydro-
chloride (40). Method N.—To 20.0 g. (0.084 mole) of 
39 in 100 ml. of pyridine, at 0-5°, was added in portions 17.8 g. 
(0,1 mole) of sublimed isonieotinyl chloride hydrochloride. 
The reaction mixture was stirred for IS hr. at room temperature, 
heated for •'! hr. on the steam bath, cooled, and treated with 250 

<;.',) 1). \V. Kaiser and ( i , A. Pe te rs (./. Org. Clem. 18, lUti (1953)] have 
described the fo rmat ion of ;t-',ireido-5-ar\ b.?-triazoles by this r eae t ion ; they 
did Tiot p repa re 33. 

M) l i . M. Herlist and ,I. A, Garr i son , ihitl.. 18, 872 i 11)53), It is of interes t 
t ha t A. Pinner l . lni , , , 298, 32 (181)7)] ob ta ined 38, m.p. 245°, by hea t inn 
:{,t>-bh<2-fur\ l ) -1 .2-dihydro- l ,2 .4 ,5- te t razine in 2 5 ' , HC1 lint repor ted the 
prodne t to l>e 3.t i- l) is(2-furyl)- l ,4-dil iydro-l ,2 .4 .5- te t razine. R. Stolle 
\.I. prakt. Cl.im., [2] 75 , 416 (HI07)] showed t h a t 3,6-disiil)stititted d ihydro -
t e t r a / i n e s , tniT not including P inner ' s c o m p o u n d , when so t r ea t ed stave 
tr iazoles. Hence. I''. K. Beilstein ("Handl) t ieh der organischen C h e m i e , " 
Vol. 27, 1th ed., lillfl, p. 700) lists 38 by the aljo\'e eorreeted s t r u c t u r e . 
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45 47 4.30 15 IS 45.77 4.54 15.00 
20,43 . . . 20 34 

41.79 4 57 . . . 41.98 4.00 , , 
24.70 24,90 
28,55 28.21 

53.04 4.10 53.34 4.48 
30.54 3.5S 35 53 30 74 3 70 35 45 

ml. of ice water. The precipitated solid was filtered and dried to 
give 8.0 g. of 39. To the filtrate was added 20 ml. of concen­
trated aqueous XII3 and the solution was concentrated to dry­
ness in vacuo. The residue was dissolved in 600 ml. of boiling 
absolute ethanol and allowed to cool to room temperature, the 
XH4C1 was filtered, the filtrate was concentrated to 200 ml. and 
again filtered, and the filtrate was diluted with 400 ml. of hexane. 
The solid which separated was filtered and dried to give 9.3 g. 
('32'',: yield) of crude base, m.p. 267-268° dec , but this com­
pound could not be purified by recrystallization. 

To the base, 6.9 g. (0.02 mole) in 150 ml. of absolute ethanol, 
was added 0.062 mole of TIC1 in ether solution. The crystalline 
product was filtered and recrystallized from 90 rf methanol to 
give 6.2 g. of 40. 

l-(p-Acetoxybenzoyl)-3-thiosemicarbazide. Method O. To 
2.30 g. (0.25 mole) of powdered semiearbazide and 40 ml. of pyri­
dine, with ice-water cooling, was added dropwise 49.6 g. (0.25 
mole) of p-acetoxybenzoyl chloride in 50 ml. of dry benzene. The 
mixture was stirred for 4 hr. at room temperature and diluted 
with 200 ml. of water, and the oily solid was filtered. T'ecrystal-
lization from 95% ethanol gave 14.5 g. of product. 

l-(p-Sulfamoylbenzoyl)-3-thiosemicarbazide. Method P.--A 
mixture of 21.5 g. (0.1 mole) of p-sulfamoylbenzoyl hydrazide, 
7.L g. (0.1 mole) of dry ammonium thiocyanate, and 8.6 g. of con­
centrated HC1 in 90 ml. of water was heated on the steam bath for 
16 hr. and then cooled; the solid was filtered and air dried to 
give 20 g. of product. 
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Some iodinated 5- and S-hydroxyisoquinolines have been synthesized and evaluated for antiamebic activity 
in vitro and in vivo in comparison with Vioform. With the exception of 5,7-diiodo-8-isoquinolinol (III) and 5-iodo-
S-isoquinolinol (VII), which were weakly active when tested in vitro against Endamoeba histolytica, none of the 
substances showed antiamebic activity at. the doses employed. 

Various iodinated 8-hydroxyquiiioliites such as Di-

iodoquin (I) and Vioform (II) are frequently used in the 

prophylactic and therapeutic t reatment of intestinal 

amebiasis. We wish to report the synthesis of the 

isomeric isoquinoline analogs I I I and IV of Diiodoquin 

and the results of the evaluation of their antiamebic 

properties. 

8-Isoquinolinol (VIII) is of potential interest, as a 

starting material for the synthesis of o,7-diiodo-8-

isoquinolinol ( I I I ) . This compound has been de­

scribed by Robinson,1 who prepared it in an overall 

yield of 15% by sulfonation of isoquinoline at 300° 

followed by alkali fusion of the resulting sulfonic acid 

mixture. Since the structure of VI I I had been as­

signed solely on the basis of nonidentity with o-, 0-, 

and 7-hydroxyisoquinoline, we decided to refrain from 

the use of Robinson's method for the preparation of 

this compound and, instead, utilized the p-aminophenol 

V in the synthesis of I I I (Scheme I ) . The diazonium 

<1) R. A. Robinson , ./. Am. Chem. S i c , 69, 1944 (.1947). 
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SCHEME I 

NH 

VI,R = Ac 
VII,R = H 

OH 

III,R = I 
VIII,R = H 

IX IV, R = I, R' = H 
X, R = H, R' = H 

XI, R = H, R' = Ac 
XII, R = 1, R' = Ac 

salt of o-amino-8-isoquinolinol (V)2 was treated with 
potassium iodide and iodine. Treatment of the com­
plex reaction mixture with sodium sulfite and sodium 
hydroxide followed by neutralization gave a precipitate 
which, on acetylation with acetic anhydride in pyridine, 
afforded the pure phenol acetate VI in an over-all yield 
of 57%. Alkaline hydrolysis of VI gave a quantitative 
yield of the monoiodophenol VII as the free base; the 
corresponding hydrochloride was obtained by hydroly­
sis of VI with hydrochloric acid. Iodination of this 
hydrochloride with iodine chloride in ethanol3 finally 
produced the desired 5,7-diiodo-8-isoquinolinol (III) 
as its hydrochloride in 66% yield. It should be men­
tioned also that the catalytic reduction (in alkaline 
solution4) of VII gave 8-hydroxyisoquinolinol (VIII) 
which was identical with the isoquinolinol prepared 
according to Robinson.1 

The easily accessible 5-isoquinolinol (IX)6 was 
selected as the starting material for the synthesis of 6,8-
diiodo-5-isoquinolinol (IV). Iodination of IX with io­
dine chloride in ethanol resulted in a mixture of iodi-
nated products from which a pure monoiodo derivative 
was isolated in the form of its hydrochloride. Structure 
X was tentatively assigned to this compound which was 
also characterized as its free base and acetate XL 
When the iodination was carried out in 3 A7 hydro­
chloric acid instead of ethanol, a product was obtained 
which, after acetylation with acetic anhydride in 
pyridine, afforded the pure diiodo acetate XII in 53% 
over-all yield. Alkaline hydrolysis of XII yielded, 
quantitatively, the desired 6,8-diiodo-5-isoquinolinol 
(IV). The structural assignments of the compounds 
described are supported by spectroscopic data (see 
Experimental Section). 

All of the iodoisoquinolines prepared (except XII) 
were tested against Endamoeba histolytica in vitro. 
In addition, compounds III, IV, and XII were ex­
amined for their effect in vivo against the intracecal E. 
histolytica K-9 infection of weanling rats using the 

(2) L. F. Fieser andE. L. Martin, [J. Am. Chem. Soc, 67, 1840 (1935)] ob­
tained this compound by electrolytic reduction of 5-nitroisoquinoline. These 
authors did not know whether their starting material was 5- or 8-nitroiso-
quinoline. From the work of F. T. Tyson [ibid., 61, 183 (1939)], it was con­
cluded that the compound in question was 5-nitroisoquinoline; cf. M. J. S. 
Dewar and P. M. Maitlis, J. Chem. Soc, 2521 (1957). 

(3) Cf. A. Das and S. L. Mukherji, J. Org. Chem., 22, 1111 (1957). 
(4) H. Kammerer, L. Horner, and H. Beck, Chem. Ber., 91, 1376 (1958). 
(5) V. Georgian, R, J. Harrisson, and L. L. Skaletzky, J. Org. Chem., 27, 

4571 (1962). 

In vivoc 

PDso,'' mg./kg. p.o. 

300, inactive 
300, inactive 
Not tested 
Not tested 
Not tested 
Not tested 

300, inactive 
456 

TABLE I 

In Vitro AND in Vivo ACTIVITY OF IODINATED 5- AND 

8-IIYDROXYISOQUINOLIXES AGAINST E. histolytica 

In vitroa 

Compd. MIC,6 jug./ml. 

I I I 1000 
IV 1000, inactive 
VI 1000, inactive 

VII 1000 
X 1000, inactive 

XI 1000, inactive 
X I I Not tested 

II 62.5 
° We are indebted to Dr. H. Scholer and his staff (F. Hoffmann-

La Roche and Co., Basle, Switzerland) for carrying out this test. 
6 MIC = minimal inhibiting concentration. c We thank Dr. E. 
Grunberg and his staff for the determination and the interpreta­
tion of these data. •* PDso = 50% protective dose. 

method described by Jones.6 The results of these ex­
periments are given in Table I. 

Activity in vitro was seen with III and VII only at 
the maximum concentration tested (1000 yug./ml); 
all other compounds were without effect. Vioform (II), 
used as a standard, exhibited its expected activity 
in vitro. None of the substances tested showed ac­
tivity in vivo against E. histolytica at the doses em­
ployed, whereas Vioform exhibited its expected moder­
ate antiamebic activity. 

Experimental Section7 

5-Iodo-8-isoquinoIinol Acetate (VI).—A solution of 4 g. of 
NaN(>2 in 40 ml. of water was added at 5-7° to a suspension of 
10.8 g. (30 mmoles) of 5-amino-8-isoquinolinol disulfate2 in 88 ml. 
of 17% HC1 and 14 g. of ice. The resulting solution was kept for 
15 min. at 5-7°, and excess HNO2 was decomposed by addition 
of 4 g. of urea in 40 ml. of water. The mixture was stirred until 
gas evolution ceased (ca. 20 min.), some insoluble material was 
removed by filtration, and the nitrate was added to a 70° solu­
tion of 30 g. of KI and 9 g. of iodine in 60 ml. of water. The 
mixture was cooled overnight in the refrigerator, and the black 
precipitate was filtered and treated with 70 ml. of 10%, aqueous 
Na2S03 for 15 min. To the pale brown suspension was added 120 
ml. of 1 A' NaOH. The resulting black solution was cooled and 
adjusted to pH 6.5 by addition of concentrated HC1. Filtration 
afforded 9 g. of a brown powder which was dissolved, at room 
temperature, in 80 ml. of acetic anhydride-pyridine (1:1). After 
30 min., the reaction mixture was evaporated to dryness in vacuo 
and the residue, in CH2Q2, was filtered through a column of 
Florisil (50 g.). The CH2CI2 eluate was treated with charcoal 
and taken to dryness. The residue was crystallized from ether-
hexane to give 5.5 g. (57%) of VI: m.p. 115°; Xmax, m,u (e), 211 
(33,000), 290 (sh) (5700), 300 (6250), 323 (5000), 333 (5350); 
» w 1780, 1770 cm."1; 6 9.25 (1H, s, C-l H), 8.66 (1H, d, C-3 H), 
8.25 (1H, d, C-6 H), 7.85 (1H, d, C-4 H), 7.18 (1H, d, C-7 H), 
2.50 (3H, s,CH3). 

Anal. Calcd. for C n H 8 IN0 2 : C, 42.20; H, 2.58; 1,40.53; 
4.47. Found; C, 42.46; H, 2.76; I, 40.55; N, 4.16. 

5-Iodo-8-isoquinolinol Hydrochloride.—A solution of 9.4 g. 
(30 mmoles) of VI in 90 ml. of 3 .V HC1 was stirred for 2 hr. at 
room temperature. Upon addition of 270 ml. of concentrated 
HC1, a yellow crystalline product was formed. The crystals were 
filtered, washed with water, cold ethanol, and ether, and dried in a 
desiccator to give 8.3 g. (92%) of pure 5-iodo-8-isoquinolinol 

N, 

(6) W. R. Jones, Ann. Trap. Med. Parasitol., 40, 130 (1946). 
(7) All melting points were determined on a Thomas-Hoover capillary 

melting point apparatus and are uncorrected. Ultraviolet spectra (in iso-
propyl alcohol unless otherwise noted) were taken on a Cary recording spectro­
photometer, Model 14M. Infrared spectra (in CHCU) were either measured 
on a Perkin-Elmer infrared spectrophotometer, Model 337, or on a Beckman 
instrument, Model IR-9. N.m.r. spectra were measured in CDCb on a 
Varian A-60 instrument and chemical shifts are reported in parts per million 
(5) downfield from an internal tetramethylsilane reference. The abbrevia­
tions s for singlet and d for doublet are used. 
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hydrochloride: imp. 210-211°; X„,av, m M ( f ) , 226 (shj (20,750). 
24:5 (sh) (14,850), 200 (sh) (3750), 315 (4500), 341 (5200!. 

Anal. Calcd. for C9H6IX0-HC1: C.35.15; 11.2.30: X. 4.5ti. 
Found: C, 35.47; 11,2.37; X, 4.56. 

5-Iodo-8-isoquinolinol (VII).—A solution of 300 nig. (0.06 
mmole) of VI in 10 ml. of methanol was added to 20 ml. of 
1 .V NaOII, and the resulting mixture was stirred for 30 min. at 
room temperature. The solution was then adjusted to pl l 7,0 
with 1 .V HC1. After filtration, washing with water, and drying 
in a desiccator, 25S mg. (100 ' , ) of VII, imp. 1S5-18K°, was ob­
tained; Xmiix, ni/n f eh 233 (sh) (16,000), 242 (16,250). 315 (5250), 
343(6400). 

A,nil. Calcd. for C9H6IX(); (', 39.XS; 11, 2.23; I, 46.S2: 
X, 5.17. Found: 0,39.60; 11,2.66: 1,47.10; X, 5.12. 

5,7-Diiodo-8-isoquinolinol Hydrochloride.—With stirring, 17.7 
g. ( 109 mmoles) of iodine monochloride in 470 nil. of ethanol was 
added to a suspension of 8.3 g. (27 mmoles) of VII hydrochloride 
in 110 ml. of ethanol. The reaction mi.xture was stirred overnight 
at room temperature. The product was collected by filtration 
and washed with cold ethanol and ether to yield 8.1 g. (70')v) of 
5,7-diiodo-8-isoquinolinol hydrochloride, m.p. 208-210°. An 
analytical sample was prepared us follows. The hydrochloride 
!2 g.) was dissolved at room temperature in 30 nil. of dimethyl-
formainide and 500 ml. of methanol. Addition of 500 ml. of 
ether gave 1.1 g. of yellow crystals, m.p. 209-210°, which after 
recrystallization from the same solvent mixture gave an analyti­
cally pure sample; m.p. 209-210°; X,„.,x, HIM (C, 225 (sh) (21,000), 
25l'( 18.S50), 313 (4450), 349 (4750). 

Altai. Calcd. for O I F I f X O H O l : X, 3.23; total halogen. 
66.74. Found: N, 3.58; total halogen, 66.95. 

6,8-Diiodo-5-isoquinolinol Acetate (XII).—To a solution of 2 ml. 
(40 mmoles) of iodine monochloride in 10 ml. of 3 X HC1, a solution 
of 2.9 g. (20 mmoles) of 5-isoquinolinol5 in 20 nil. of 3 .V HC1 was 
added rapidly, and the mixture was stirred at room temperature 
for 19 lir. The resulting precipitate (7.8 g.) was filtered, washed 
with 3 .V HC1, dried, and dissolved in 35 ml. of pyridine and 18 ml, 
of acetic anhydride. The solution was kept at room temperature 
for 30 min. After evaporation to dryness in vacuo the residue 
(10.S g.) was dissolved in 300 ml. of 0 I I 2 0b. This solution was 
extracted four times with 100-inl. portions of water, dried (Xa-r 
S()-i), and evaporated to dryness in vacuo. A red-brown product 
was obtained, which was absorbed on a column of Florisil from a 
OIFCb solution. The column was eluted successively with CIF-
Ch and ether, and the combined eluates were evaporated to dry­
ness under reduced pressure to give 5.1 g. of solid residue which was 
dissolved in 0IFO>. This solution was washed with a 5r<- aqueous 
solution of sodium thiosulfate and then with water, and dried 
(XaaSO))- Evaporation of the solvent and crystallization of the 
residue from ClloCh-ether gave 4.64 g. (53 r) ) of pure X I I : m.p. 
187.5°: X,„UM nip (<•), 224 (24,000), 250 (31,250), 294 (5800), 305 
(6000), 320 (4950). 333 (5100); p„,;lt 1775, 1182 cm."1; 5 9.30 
(111, s, 0-1 TI). 8,62 (111, d, C-3 II), 8.50 f i l l , s, C-7 Hi, 7.43 
( l l l , d , 0-4 H), 2.51 (311, s, ClbA 

Anal. Oalcd. for C11H7I2XO2: 0 ,30 .09 : 11,1.61; X. 3.19. 
Found: 0,30.49; II, 1.82; X, 3.19. 

6,8-Diiodo-5-isoquinolinol (IV). With stirring, 16.2 g. (37 
mmoles) of XII was added to 200 ml. of warm dimethylforni-
amide. The resulting solution was cooled in an ice-water bath 
and treated with 200 ml. of 1 ,V XaOH. The reaction mixture 
was stirred for 3 hr. and filtered to remove a small amount of 
insoluble material. The filtrate was adjusted to pH 6.1 with 3 A" 
1101. The resulting precipitate was collected by filtration, 
washed with water, and dried in a desiccator to afford 14.5 g. 
(100'";) of IV, imp. 180-185° dec , as a tan powder: x!),!"", 
HIM (e) , 220 (sh) (37,750), 255 (31,500), 340 (6200). 

Anal. Calcd. for C.JI5I2XO: 1.63.94; X, 3.54. Found: I. 
63.71 ; X", 3.55. 

8-Iodo-5-isoquinoIinol (X). -A solution of 23 nil, (0,44 mole > 
of iodine monochloride in 100 ml. of cold ethanol was added 10 a 
suspension of 29 g. (0.2 mole) of 5-isoquiiiolinot'> in ethanol with 
stirring and ice cooling. A clear solution was obtained which 
soon ''(vi. 20 min.i became turbid. After <tirring the reaction 
mixture at 5° for 5 hr., the resulting solid material was filtered 
lo give 19.2 g. ( 3 1 ' , ' ; of 8-iodo-5-iso<[uinolinol liydrochloride 
imp, 212-212.5° dec A sample was recrystallized from metha­
nol: 111.p. 213-213,5°: X™,',", in î 1 o, 24s (27,900!, 26s i 16,200', 
304 (sic (3S00J, 317 (sic (4150), 333 (4650), 363 (sh) (3500). 

Anal. Calcd. for OJIJXO-HCI : 0,35.15; 11.2,30: X. 4.56 
Found: O. 35,34; II, 2.46: X, 4.62. 

The corresponding free base inched at 13S 139°; X,,,..,., m/j 
1 c . 24!) (40,500). 305 ish, (4000). 321 (4950), 331 (5200), 

Anal. Calcd. for ( \ J I 6 IXO: 0, 40.20: II, 2.32; N, 5.42. 
Found: 0, 39.SK: 11, 2.23: X, 5.17. 

8-Iodo-5-isoquinolinol Acetate (XI). To a solution of 4.S g. 
(17.5 mmoles) of X in 50 ml. of pyridine, 25 ml. (26.5 mmoles j of 
acetic anhydride was added. The yellow solution became turbid 
within 10 min., and after stirring for 1.5 hr. at. room temperature, 
the mixture was evaporated to dryness under high vacuum (bath 
temperature 30° 1. The residue was dissolved in OIFOb, and the 
resulting solution was washed twice with water, dried over Xa»-
SO,, and evaporated lo dryness lo give 5.36 g. of solid. Crystal­
lization from OIFCb-liexane yielded 4.65 g. (S5(, ) of X I : imp. 
175.5-170° d e c : X,„.lN. HIM i«'• 227 (29,500), 243 (3S.500), 272 
(5S00), 280 1,5750), 207 (sh) 1,4000), 310 (2700), 325 (3300): 
K,:I;,X 1775. 1190 cm. "•: 6 9.23 (1II, s, 0-1 II), S.57 ( 111. d. 0-3 11 '. 
7.96 (111, d, 0-6 Hi. 7.60 (HI . d, 0-7 II 1. 7.52 (111, d, 0-4 II 1, 
2.51 (311, s, 0I I s i . 

Anal. Calcd. for O n l l J X O . : 0 ,42.20: 11,2.57; 1,40.53; X. 
4.47. Found: 0,42.24; H.2.70; 1,40.81: X, 4.44. 

8-Isoquinolirtol (VIII)-—A solution of 9.39 g. (30 mmoles) of 
VI in 200 ml. of ethanol and 60 ml. of 1 X Xa( >H was left for 2 hr. 
at room temperature and then hydrogenated for 1 hr. in the pres­
ence of 5 g. of lianey nickel at atmospheric pressure. The 
catalyst was removed by filtration, and the filtrate was evaporated 
to dryness in rac.uo at room temperature. The residue was dis­
solved in 100 ml. of water and the p l l of the solution was adjusted 
to 6.9. A precipitate was obtained which was filtered, washed 
with water, and dried to give 3.8 g. of crude product. This mate­
rial was dissolved in 56 nil. of hot 1 .V H O , and S ml. of concen­
trated HOI was added. Cooling afforded 4.2 g. (77', ') of 8-
isoquinolinol hydrochloride, m.p. 240-242°, as yellow crystals. A 
sample, crystallized from ethanol-ether, was analyzed: m.p. 
240-242°; ' X,,,.,,, mM ' t). 244(20,250), 31 (W2300). 335 (>li) (2000;, 
:!79 (3550), 

Anal. Calcd. for 09H-N<>IIC1: X, 7.71. Found: N, 7.54. 
.V solution of 5(1 mg. of the hydrochloride in water was adjusted 

to pII 6.9 with 1 A' XaOTI. The precipitate which formed was 
filtered and washed with water. After drying in a desiccator, 
the crude material was sublimed twice under high vacuum to give 
pure VIII: imp, 210-211°; X„,IS, IIIK (C. 233 (24,100). 294 (sic 
(3000), 332(5200). 

Anal. Oalcd. for C a lI ,X(): C. 74,47; II, 4.N0; X. 9,65. 
Found: 0 . 74,68; II, 4.90: X. 9.61. 
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