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RCONHNHCSNH.
Aelbod Re-
of erystn. Yield, —o e e Cales] g e s se=loand, f e
R prepn. solvere i M., °CL Formula o 17 N (& ] N
p-CHCO,CgH, () « 23 210-211 ChH N3OS 4547 430 15 IR 4577 454 15,08
p-HaNSOLCoHy I b 43 231-233 dec. C,HOuN, . 2ok . oo 200
p-CoHSO0,CH 0 b N 219220 CheHpaN3O0p8. 41,79 457 S 4108 60
4,2 HAN(HOYCGH, I 7 24 210212 Oy N0 2476 2400
2-Pyridyl I’ /s SG 107100 dec. CLHNLOS . RANRE . . N2
1-Quinolyl P b S0 184-186 dec. CyHNOS 3164 4010 At 4N
2-Pyyazinyd I’ h 04 222223 de CHNLOS d6.A4 0 308 05 an 36.74 5.T0 54 45

¢ 037 ethanol. ¢ Wacer,
at 250-252° dee. (Anal. Caled. for C)HuNOs: N, 28.57.
Found: N, 28.19.). The crude product from the previous step
(9.0 g, 200 ml of 9377 ethanol, and 2.5 ml. of 85% hydrazine
hydimie were refluxed for 4 hr. and cooled, and the solid was
filtered. ‘I'he air-dried material, 5.6 g., wax recrystallized from
aqueous N, N-dimethylformamide 1o give 4.5 g. of 33.2
4-Amino-3,5-bis(2-furyl)-s-trlazole (38). Method M.—The
renction between 33.0 g. (0.15 mole) of 1,2-biz(2-furoyl)hydrazine
and 1.0 g. (0.40 mole) of 8577, hydrazine hvdrate hy the litera-
ture procedure? gave 5.7 g. of 38,
N-(3,5-Di-4-pyridyl-s-triazol-4-yl)isonicotinamide Dihydro-
chloride (40). Method N.---To 200 g. (0.084 mole) of
39 in 100 ml of pyridine, at 0-3°%, was added in portions 17.8 g.
(0.1 mole) of sublimed 1sonicotinyl chloride  hydrochloride.
The renedon mixture was <tirred for 18 hr, at room temperature,
beated Tor 3 hr., on the steam bath, cooled, and treated with 250

S0 1n WL Nadser and Gl AL Peters 1. Urg. Chem. 18, 196 (1033)] have
deserilaed the farmation of S-oreule-d-aryl-s-triazoles Ly this reaction; they
i) rest joepare 33,

£ BLMML Jerlst aod Jo AL Gavrison, dad,, 18, 872 (10335, 1t s of interest
that A, Ponec | Ao, 298, 33 (189751 olitained 38, m.p. 245°, Ly beating
AL i 2-fnn)1-12-ddavdro- 1,204 A-tetrazine i 235 1 CL Lot reported the
Joroshaet to he RN-las(2-faryD-) 4-diivdro-1.2,4 5-tetrazime. R, Stolle
[.7. peakt. Chege., 121 76, 416 {1907) ] showed tlat #,6-dispbatitnted diby dyes-
totyazines, byt pnot mebadding Piner's eomponnd, when =0 treated gave
1eiazoles.  Honee, 190 K. Dedstem (“llandbynel der orgamsehen Chenie,"”
Vol 27, dth e, 1014, 10 790 lists 38 Iy the above corrected stractore.

nl. of ice water. ‘l'he precipitated solid was filtered and dried to
give 8.0 g. of 39, To the filtrate was added 20 ml. of concen-
trated aquecus NH; and the solution was concentrated to dry-
ness in vacuo. The residue was discolved in 600 ml. of boiling
absolute etbanol and allowed to cool to room teinperature, the
NHLCI was filtered, the filtrate was concentrated to 200 ml. and
again filtered, and the filirate was dilnted with 400 1nl. of hexanc.
The =olid which separated was filtered and dried to give 9.3 g.
(321 vield) of crmde hase, m.p. 267-268° dec., hut thix enm-
pound could not be purified by reeryvstallization.

To the base, 6.9 g. (0.02 mole) in 150 ml. of absolute ethanol,
was added 0.062 mole of HCI in ether soluiion.  The ervstalline
product was filtered nud recry=talhized from 90¢¢ methavol (o
give 6.2 g. of 40.

1-( p-Acetoxybenzoyl)-3-thiosemicarbazide. Method O.--To
2.30 g. 10.25 mole) of powdered semicarbazide and 40 ml. of pyri-
dine, with ice-water cooling, was added dropwise 40.6 g. (0.23
mole) of p-acetoxyhenzoyl chloride in 50 ml. of dry benzene. ‘I'he
mixture was stirred for 4 hr. at room temperature and diluted
with 200 il of water, and the oily sohid was filtered. Recrysinl-
lization from 955 ethanol gave 14.5 g. of produci.

1-( p-Sulfamoylbenzoyl)-3-thlosemicarbazide. Method P.--A
mixture of 21.5 g (0.1 mole) of p-aulfamoyibenzoyl hydrazide,
7.1 g (0.1 mole) of dry ammonium thioeyanate, and 8.6 g. of cou-
centraied HCLin 90 ml. of witer wus heated on the steam hath for
16 hr. and then cooled: the solid wax filtered nnd air dried io
give 26 g. of produet.
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Some odivated G- and R-hydroxyisoguinolines have heen =ymthesized and evaluated for antiamebic activity
i eitro and (n evo In comparison with Vioform.  With the exception of 5,7-dilodo-8-1soquinolinol (IIT) and i-1odo-
S-isoquinolinal (VIT), which were weakly active when tested in citro against Endamoeba histolytiva, none of the
suhstavces showed aptiamebice activity at the dosex emploved.

Varicus iodinated 8-hydroxyyuinolines xuch as Di-
jodoquin (I) and Vioform (IT) are frequently used in the
prophylactic and therapeutic treatment of intestinal
amebinsts, We wish to report the synthesis of the
izonieric isoquinoline analogs LT and IV of Diiodoquin
and the results of the evaluation of their antiamebic
properties,

R I OH
EN X Iz
1 N/ I =N Y ‘ =N
OH OH
IL.R=1I 11 v
ILR=Cl

8-Isoquinolinol (VIII) is of potential interest as o
starting material for the synthesis of 5.7-diiodo-8-
isoquinolinol (III). This compound has been de-
scribed by Robinson,! who prepared it in an overall
yvield of 159 by sulfonation of isoquinoline at 300°
followed by alkali fusion of the resulting sulfonic acid
mixture. Since the structure of VIII had been as-
signed solely on the basis of nonidentity with 5-, 6-.
and 7-hydroxyisoquinoline, we decided to refrain from
the use of Robinson's method for the preparation of
this compouud and, instead, utilized the p-aminophenol
V in the synthesis of III (Scheme I). The diagzonium

1) R. AL Tabinson, J. Am. Chem. Soe., 89, 1944 (1947).
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NH, I R In Vitro AND in Vivo AcTiviTy OF IODINSTED - AND
X N N S-HyDROXYISOQUINOLINES AcalNsT E, histolytice
— — In vitro® In vivo®
2N zN R #N Compd. MIC? ug./ml, PDso.? mg./kg. p.o.

OH OR OH 111 1000 300, inactive

v 1000, inactive 300, inactive

v VL, R=Ac HLR=1 VI 1000, inaciive Not tested

VILR=H VIIL, R=H VII 1000 Noi tested

X 1000, inactive Not tested

, XI 1000, inactive Not tested

OH OR X11 Not tested 300, inactive

EN R SN II 62.5 436
N ZN ¢ Weare indebted to Dr. H. Scholer and his staff (F. Hoffmann-
La Roche and Co., Basle, Switzerland) for carrying out this test.
I ® MIC = minimal inhibiting concentration. ¢ We thank Dr. E.
IX IVZRi=I R =H Grunberg and his staff for the determination and the interpreta-
X, R=H R =H tion of these data. ¢ PDj, = 5097 protective dose.
XI,R = H R = Ac
XIL,R=1 R'= Ac

salt of 5-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 ethanol® finally
produced the desired 5,7-dilodo-8-isoquinolinol (I1I)
as its hydrochloride in 669 yield. It should be men-
tioned also that the catalytic reduction (in alkaline
solution®) of VII gave 8-hydroxyisoquinolinol (VIII)
which was identical with the isoquinolinol prepared
according to Robinson.!

The easily accessible a-isoquinolinol (IX)® 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 XI.
When the iodination was carried out in 3 N hydro-
chlorie acid instead of ethanol, a product was obtained
which, after acetylation with acetic anhydride in
pyridine, afforded the pure diiodo acetate XII in 539,
over-all yield, Alkaline hydrolysis of XII yielded,
quantitatively, the desired 6,8-dilodo-5-isequinolinol
(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 Endainoeba histolytica in vitro.
In addition, compounds III, IV, and XII were ex-
amined for their effect n vivo against the intracecal E.
histolytica IK-9 infection of weanling rats using the

(2) L.F.Fieser and E. L. Martin, [J. Am. Chem. Soc., 67, 1840 (1935)] ob-
tained this compound by electrolytiec reduction of 5-nitroisoquinoline. These
avthors did not know whether their starting material was 3- or 8-nitroiso-
quinoline. From the work of F, T. Tyson }ibid., 61, 183 (1939) ], it was con-
clnded that the compound in question was 5-nitroisoquinoline; cof. M. J. 8.
Dewar and P. M. Maitlis, J. Chem. Soc., 2521 (1957).

(3) Cf. A. Das and 8. L. Mukherji, J. Org. Chem., 22, 1111 (1957).

(4) H. Kimmerer, 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).

method described by Jones.® 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 ug./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 n vivo against E. histolytica at the doses em-
ployed, whereas Vioform exhibited its expected moder-
ate antiamebic activity.

Experimental Section’

5-lodo-8-1soquinoline! Acetate (VI).—A solution of 4 g. of
NaNOQO; in 40 ml. of water was added at 5-7° to a suspension of
10.8 g. (30 mmoles) of 5-amino-8-isoquinolinol disulfate? in 88 ml.
of 179 HCland 14 g. of ice. The resulting solution was kept for
15 min. at 5-7°, and excess HNO, 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 msoluble material was
removed by filtration, and the filtrate was added to a 70° solu-
tion of 30 g. of KI and 9 g. of lodine 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 109, aqueous
Na,80; for 15 min. To the pale brown suspension was added 120
ml. of 1 ¥ NaOH. The resulting black solution was cooled aud
adjusted to pH 6.5 by addition of coneentrated HCl. 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 reactioh mixture was evaporated to dryness in vacuo
and the residue, in CH.Cl,, was filtered through a column of
Florisil (50 g.). The CH)Cl; eluate was treated with charcoal
and taken to dryness. The residue was crystallized from ether—
hexane to give 5.5 g. (57%) of VI: nup. 115°; Apax, mu (e), 211
(33,000), 290 (sh) (5700), 300 (6250), 323 (5000), 333 (5350);
Pmax 1780, 1770 em. ™ 1; 89.25(1H, 5, C-1 H), 8.66 (1H, d, C-3 H),
825 (1H, d, C-6 H), 7.85 (1H, d, C-4 H), 7.18 (1H, d, C-7 I),
2.50 (3H, &, CH,).

Anal. Caled. for C, HsINO,: C, 42.20; H, 2.58; I, 40.53: N,
4.47. Found: C, 42.46; H, 2.76; I, 40.55; N, 4.16.

5-lodo-8-1soquinolinol Hydrochloride.—A solution of 9.4 g.
(30 mmoles) of VI in 90 ml. of 3 ¥ HCIl was stirred for 2 hr. at
roomn temperature. Upon addition of 270 ml. of concentrated
HC, a yellow erystalline produet was formed.  The crystals were
filtered, washed with water, cold ethanol, and ether, and dried in a
desiecator to give 8.3 g. (92¢¢) of pure 5-iodo-8-isogquinolinol

(6) W. R. Jones, Ann. Trop. Med. Parasitol., 40, 130 (1946).

(7) All melting points were determined on a Thomas-Hoover eapillary
melting point apparatus and are uncorrected. Ultraviolet spectra (in iso-
propyl alcohol unless otherwise noted) were taken ona Cary recording spectro-
photometer, Model 14M. Infrared spectra (in CHCls) 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 CDCl; on a
Varian A-60 instrument and chemical shifts are reported in parts per million
(8) downfield from an internal tetramethvlsilane reference. The alihrevia-
tions s for singlet and d for doublet are used.
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hydrochloride: mp. 210-211°0 Nx, g (e), 226 (sl (20,7501,
243 (<h) (14,850), 260 (sh) (3750), 31: »(4)0( ), 341 ('»"()()1

pual, Caled. tm (‘QHGI\() HCE: ) 35050 H, 2800 N, 450,
Found: () 3547; 11,2.37; N, 4.56.

5-Todo-8-1soquinolinol (VID.—A solution of 300 mg. 10.9G
mmole) of VI i 10 ml of methanol was added to 20 ml «f
1.V NuOll, and the resulting mixture was stirred for 30 min. ai
roont temperature.  The =olution was then adjusted to pIt 7.0
with TN HCL - After filiration, washing with water, and drying
e desieentor, 258 g, 1100C0) of VH, nnp, IRG=188°, was oh-
tnined; A, D el 200 (sl (16,000, 242 (16,2505, 315 15200,
D600,

beds Caleds for GyHgNO: C Buss: 11, 2023
4070 Found: C,39.69; 11, 2.66; T, 47.10; N, 512,
5,7-Dilodo-8- 1soqu1n01m01 Hydrochlorlde ——\V nh <tiring, 17.7
g. (109 mmolex) of 1odine monochloride in 470 ml of ethanol was
added 1o 1 suspension of 8.3 g. (27 mmnoles) of VII hydrochloride
m ol of echanol.  The reaction mixture was stirred overnight
at room temperature.  The product was collected by filtration
and washed with cold ethanol and ether to vield 8.1 g. (7097) of
5,7-dliodn-8-1zoquinolinol  hydrochlovide, mp. 208-210°,  An
analyvtieal smmple was prepared ax {ollows, The hydrochloride
2 g was dizsolved at room remperature in 30 ml. of dimethyl-
formamide and 500 ml ol methanol.  Addition of 500 il of
ether gave 1.1 g, of vellow crystaly, nmip. 200-210°) which afier
recryv=tatlization from the =ame snl\'em mixture gave an apalvii-
I 111\ pure sumple: vLp. 200-210%0 A, g feld, 223 (< (21,0003,

251 CIS,8A0), 313 (4450), 349 (4750,

Anal. G 11((1. for (,)H LNO-1ICE N, 3.2
6G.74. Found: N, 3.58; total halogen, 66.95.

6,8-Dilodo-5-1soquinolinel Acetate (XII).-—To a solution of 2 ml.
(40 mmnles) of lodine monochloride in 101l of 3 N HCY, a solution
ol 2.9 g, (20 unoles) of fG-izoquinolinol® in 20 ml. of 3 ¥ HCI was
added rapidly, and the mixture was stirred at room temperature
for 19 hr.  The resulting precipitate (7.8 g} was filtered, washed
with 3 .V HCL, dried, and dissolved in 235 ml. of pyridine and 1851,
of acetic anhydride.  The solution was kept at room temperatnre
for 30 mwin. Alrer evaporation to dryness in vaceo the residne
(108 g.) was dizsolved in 300 mlb of ClL,CL. This solntion was
extracted four times with 100-mb portions of water, dvied (Nu.-
804 and evaporated to dryness i zaceo, A red-brown prodnet
wits obtained, which was absorbed on a colunm of Florisil from »
CILCl solution.  The eolumn was eluted successively with CH -
Cls aud ether, and the combined eluntes were evaporated to dry-
ness nnder reduced pressure to give 4.1 g. of solid residue which was
dixzolved in CI,Cla. This solution was washed with a 57 aqueous
solition of sodium thiosnlfate :aul then with water, and dried
(N0, BEvaporation of the solvent and ervst: 11117,‘1(14»11 of the
rexidue from CHaCle-ether gave 4.64 g (3377 of pure XIT: mp.
IST.5°%; Nyus, Mg (EJ, 224 (24,0001, 250 (31,2 5 a0), 204 (5300), 395
(G()()()) 3200 (4950), 333 (51000 v 1775, ll?\’ cnL 78 006
(11 =, C-1 T, 862 (LH, d, C-4 11, 85071, =) -7 H] 43
(111(1(411,_»1()11 , CHa

Anal. C 11((14 hn Clly I,f\( %
Found: ¢, 3 o1, 1.82; N, 3.10.

6, 8-Duodo 5 1soqum011nol (IV).--With stirring, 16.2 g. (37
mnmoles) of XIT was added to 200 ml. of warn dimethytorm-
amide.  The resulting solution was cooled in an ice—water hath
and treated with 200 ml of 1.V NauOH. The reaction mixture
wias =tirred for 3 hr, aud filtered to remove a small amount of
inzoluble material.
[1C'L The resuliing previpitate was collected by filirntion,
wished with water, and dried 1 a desiceator to afford 145 ¢
(10077) of TV, bup. IS0-185¢ dec., nx o tan powder: A0
i (e), 220 (<h) (37,7500, 255 (31,500), 340 (6 ><)0).

Anal.  Caled. for CGILINO: I, 63.04: N, 354, Found: 1,

G710 N, 9.a50.

I, 46.82;
N

-

total halogen,

CoH0.00:0 11615 N, 19

‘The filirnte wax adjnsted to pH 6.1 with 3 .V

AND BRrosst Vol. b

8-Iodo-5-isoquinoline! (X).—A =olution of 23 ml. )44 male:
ol iodine monoehloride in 100 ml. of cold ethiool was added 100n
=u=petsion of 20 ¢ rat mole) of S-isaquinolinel® i cthanol wub
stirring and et cooling. A clear sohution wos oblained which
200 min.d beeame fwrbid.  Afcer <tirring 1he rencrion
mixtire at 5% for 5 b, the resuliing solid material was filiered
1o give 192 g0 (50 1 of S-lodo-H-izoquitaolinol hydrochloride,
A sample was 1(41\\1 atlized fram meibo-

ROON g,

N 212212057 dec,
poly mup, 26210090 AN i ce, 248 127 000, m\ (16,200,
Sa4 (s !"i\‘()l]x ST =l 141505, 335 (40650 5, Gl 1\1)] S04,

Al Coled, toy CRITINO-TICE: 005050 1L 20500 N 400
Foowal: Co83054 112460 N, 462,

The corresponding Tree hase mehied af 19815070 X
el 240 30,5000, 305 7 <L 140003, 321 (49507, 331 ¢ 52004

dacl, Caled. for CyllINO: O 4020 11, 292 N, 442
Found: €, 3083 11, ’._”. N, AT

8-lodo-5-isoguinolinol Acetate (XI).—To n =solition ol L8 .
(17.5 mmolex) of X in 30 ml, of ]).\]](11])6, 25 1ml £26.5 mmolex) of
acetie anhydride was added.  The yellow =olution hecnme turhil
within 10 b, and after stivring for 1,5 hr. at room remperniure,
the mixture wies pvaporated to dryness nnder high vacenum fhath
temperatnre 30%%  The residue was dissolved in C1LCL, o the
resulting solntion wox washed twice with water, dried over Noo-
SOy, and evipornted (o drypess 1o give 536 g, of solid.  Crysial-
lizntion from CHLCL-hexane vielded 4,65 g, /85 ) of NIt .
LEAN-1767 decs A, i 1ey, 207 129,000, 2483 (38,5000, 272
(ANDO), O8N0 (3TA0L 297 Ush) (40005, 310 (M)m, 325 G007
Pre 1700, TTO0O con 730 6923 ¢11T 5, ( -1 1h, s n UL L G5 0T,
TO6 AH) 4 C-6 1Ty 70 DT d C-7 1 TA2 CLHL L Cad I
2410 s, ClLi

Anad. Caled. Tor CyHINOL: Co 420000 11, 2087
447, Tound: C,42.24; H 2.70; I, 40.81; N, 4.44.

8-Isoquinolinel (VIII:-- \olutum of .39 g. 130 mnoles) of
VI in 200 ml of ethanol 11»(1 60k of 1.V NaOH was letr for 2 hr.
i oo temperatare and therchydrogenated Tor L hr, in the pres-
ence of 3 g of Taney nickel at anospherie pressure. The
eretnlyvst was removed by filivation, and the filtrate wis evaported
Lo dryvness o vacao ot room tenperatire,  The residne was dis-
solved in 100 101 of water and the plT of the =olution wax adjusted
to 6.0, A precipitate was obtained which was filtered, washed
with water, nnd dried o give 3.8 g. of erude product. This mate-
vial wis dissolved in 36 b of hot 1N HCL and S ml ol caoncen-
trated 11CT1 waos added.  Cooling atforded 4.2 g, (77,1 ol 8-
izoqainolinol hydreochloride, mup. 240-242° as vellow erystalz. A
smuple, crvstallized from ethanol-ether, was analyzed: .
24024290 N, S {20,250), 31012300, 335 (<hJ (20001,
BTOG3AN0).

Aol Caled. Tor CgHNOHCE N, T.71 Found: N, 704

A solution of 50 mg. of the hvdrortdoride in water wis adjusted
to pH 6.4 wirth 1 .V NaOH.  The precipitate which formed was
fillered nud washed with water.  After dryving v o desteentor,
1he ernde macerial was sublimed twice under high vicunm 1o give
pwve VTH D mop 210-211°0 M, mig Cer 233 24 10y, 204 ¢xlie
(3000, 332 (52000,

Aned. Caled for CoIENO: O 74470 1L 4860 N 060
Found: . 7465 11, 4.00: N, 0.61.

[, 4054, N,

el
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