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Experimental Section6 

2-(4-Chlorophenyl)-7- (2- [ 1 -azacycloheptyl] -1-hydroxyethy1)- 
quinoline (Ie).' 7-Methylquinoline (Ia).-A mixt'ure (62%) of 
5- and 7-methylquinolines was obtained by the Richter and 
Smith modifications of the Skraup reaction, treatment with 
XczO, and steam distillation, After three partial freezing opera- 
tions, the solid remaining was recrystallized from C6H14 to yield 
34.7 g (24Yc) of white plates, mp 37-39', lit.9 mp 39". 

2-(4-Chlorophenyl)-7-methylquinoline (Ib).--Under ?u'$ p- 
(.tilot~ob~omo~)etizene (0.1 mole) ili 500 ml of Et& was brought to 
i,t:fIiix arid 0.1 mole of 22Ye BuI,i solution in C6H14 added and the 
exchange allowed to take place for 10 min.10 l a  (0.1 mole) was 
added as a solid followed by the immediate addition of 450 ml of 
C&6. The mixture was refluxed for 20 min, 100 ml of EtOH and 
150 ml of C B H ~ S O ~  lvere added, the volatile solvents removed by 
distillation, and the red C6H&02 solution was refluxed for 20 
rnin followed by steam distillation of the now green solution to 
remove CaHaS02. The residue was removed by filtration, washed 
with hot H10, and extracted with CCla and the residue from the 
extract recrystallized from C6H12 (decolorizing C) to give 15 g 
( 6 4 5 )  of white crystals, mp 141-142"; lit." mp 143-144'. 
2-(4-Cldorophenyl)-7-quinolinecarboxaldehyde (IC, Sommelet 

Method).-Ib (0.04 mole), 150 ml of CC14, 0.1 g of In, and 30 ml 
of H 2 0  were refluxed and irradiated with a 150-R' lamp while 
0.044 mole of Br2 in 70 ml of CCL was added dropwise in 4 hr. 
The yellow precipitat,e (81Ce of which 72y0 was the a-bromo- 
methyl compound by nmr analysis) was removed by filtration 
and washed Kith CC14. The crude product, (10.7 g) in 160 ml of 
CHCl, was mixed with (CH2)6X4 (0.14 mole) ill 160 ml of CHCla. 
After 3 days, thequaternarysalt (14 g) was filteredoff and washed 
with CHCL. A solution of 0.1 mole of (cH~)61\;~, 100 ml of 
AcOH, 2 ml of concd HC1, and 30 ml of HzO was refluxed 
while the quaternary salt (0.03 mole) was added portionwise in 6 
hr. While hot, the solution was diluted with H20 to cloudiness 
and cooled. The crystals were filtered, washed with cold H20- 
EtOH and hot HzO, and recrystallized from EtOH to yield 2.8 g 
(26'53 from ;\le compound), nip 163-164". Anal .  (C1&ClSO) 

2-(4-Chlorophenyl)-7-epoxyethylquinoline (Id).-Under ?;* 
with magnetic stirring, DNSO (10.8 ml) and S a H  (0.0191 mole) 
were heated a t  65" for 45 min and cooled. At -lo", 10.8 ml of 
T H F  was added to t>he black soliltion and the mixtiire held there 
for 30 min and treated with &Ie3SI (0.0194 mole) in  20.7 ml of 
l>MSO within 1 min. IC (0.00972 mole) in 20.7 ml of THF- 
Il?rISO rras added in 2 min and the green solution stirred a t  
- 10" for 15 min and at 25" for 30 min. The mixture was poured 
over cracked ice and the precipitate filtered, dried, and recrystal- 
lized from EtOH (decolorizing C) to give 1.81 g, 66'53, of light 
>-ellow plates, mp 139.5-141'. -4nal. (CliH&lNO) C, H. 

1e.-Id (0.0054 mole) and 17 g of azacycloheptane were heated 
at 115' for 14 hr and steam-distilled to remove amine. The 
hrown, solid residue was recrystallized from aq EtOH (de- 
colorizing C)  to give 1.4 g, 687& of beige tufts, mp 108.5-109.5". 

2-p-Chlorophenyl-6,8-dichloro-7- (2-dialkylamino-1-hydroxy- 
ethy1)quinoline (IIh-1 and -2).12 2,6-Dichloro-3-aminotoluene 
(ZIb).-This compound, mp 51-53', lit.13 mp 59-60', m s  made 
i n  4870 overall yield from 2,G-dichlorotoluene, IIa. 
6,8-Dichloro-7-methylquinoline (IIc).-The Skraiip reaction* 

of IIh, 0.3 mole, gave a dark precipitate which was recrystallized 
fiwt from H20-EtOH and then from CSI I ,~  to yield 32 g, 517,, 
of beige-colored crystals, mp 97.5-98.5'. Anal .  (ClOH7C1?S) C1. 

2-(p-Chlorophenyl-6,8-dichloro-7-methylquinoline (IId).-IId 
WEIS made from 0.125 mole of IIc by the same method used for 
preparation of Ib. I Id  was obtained in S670 yield as beige 

C, H. 

. I  ~ d .  (C23HzjClSzO) C ,  H, K. 

16) Analyses (by Galbraith Laboratories, I<noxrille, Tenn.) are within 
Rlelting points are uncorrected and 
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needles, mp 134.t5-13G.50 from C6TT1,; analytical sample, mp 
135.8-137.4". -4nnl. (Cl6HloC12N) Cl. 

2-p-Chlorophenyl-6,8-dichloro-7-bromomethylquinol~ne @e). 
-1Id (0.1 mole) in 1.3 1. of CCl4 was refluxed and irradiated with 
a 150-W flood-lamp while 0.113 mole of N-bromosuccinimide was 
added portionwise and the final mixture refluxed 15 hr. The 
CCl4 was evaporated, arid the residue was washed thoroughly 
(H20) ,  dried, and recrystallized from CC1, to give 34 g, SOY0, of 
beige, powdery crystals, mp 177-180.5"; analytical sample, mp 
180.2-181.2". Anal .  (C16H&rcl~&) C, H. 

2-p-Chlorophenyl-6,8-dichloro-7-quinolinecarboxaldehyde 
(IIf).-IIe (0.08 mole) was treated with 0.08 mole each of NaOEt 
and Me2CHNO2 in EtOH according to the method of Hass and 
Bender" and gave, after recrystallization from EtOAc 16.3 g 
(SOYc) of pale yellow crystals, mp 199-201.5" ; analytical sample, 
mp 200-201". Anal .  (C16H&13?;0) C1. 

2-p-Chlorophenyl-6,8-dichloro-7-epoxyethylquinoline (IIg).- 
IIg was made in  the same manner as Id  from 0.05 mole of IIf. 
The residue from E t 2 0  ext,raction was chromatographed on silica 
gel (Baker's) using C B H M - C ~ H ~  as an eluting solvent. Early 
fractions indicated by tlc that a pure substance %-as being eluted 
(Rf 0.34, 50% C&-C&1() which recrystallized from MeCN 
gave 6.5 g, 38Y0, of pale yellow crystals, mp 159-161"; analytical 
sample, mp 162.1-16.24'. Anal .  (CliH&l&O) C1. 

2-p-Chlorophenyl-6,8-dichloro-7- (2-dibutylamino-1-hydroxy- 
ethy1)quinoline (IIh-l).-IIg (0.00856 mole) in 20 ml of Bu2NH 
was heated and stirred a t  115' for 19 hr and the excess amine 
removed by steam distillation. The residue was chromatographed 
on silica gel using CsHs-EtOAc as t'he developing solvent. When 
the eluted solute was pure (Rf 0 with C&e; Rf 0.2-0.3 with 
C&-Et,OAkc), it  was recovered and recrystallized from C6H14 
giving 2.1 g, .51yr, of yellow crystals, mp 80-82.8'. Anal .  

2-p-Chlorophenyl-6,8-dichloro-7-(2- [N-3-azabicyclo [3.2.2] - 
nonyl] -1-hydroxyethy1)quinoline (IIh-%).-IIg (0.0088 mole) and 
3-azabicyclo[3.3.2] nonane16 (0.0177 mo1e)in 20 ml of toluene were 
refluxed 24 hr and then steam distilled. The residue was chro- 
matographed using silica gel and CtH$-EtOAc. A second chro- 
matography was necessary using C~H6-20% EtOAc. The solute 
was recrystallized from C6H14 giving 0.2 g of light yellow needles, 
mp 169-173", Rf 0.46 (C& and silica gel); not tested for activity 
because of small sample size. 
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Previously reported2 quinoxalinemethanols, similar 
to antimalarial quinolinemethanols, were without anti- 
malarial activity. Because a chloro substituent in- 
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Research and Development Command via Contract DADA 17-67-C-7064. 
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creiises the activit) of nian? ciuinolitieniethanolu," it 
\vab hoped that chlorocluinoxRliIieniethariols woiiId R I ~ ( J  
posehs antinialarial capacit! . The purpose of thi- 
pnper is to report the synthese. of representative (&Si- 
C Y -  (dialkylaminomethyl) - 6- chloro - 2  - yuinoxaimemeth- 
iinolh, incorporating diethylamino. di-n-butylamine, 
:ind tii-n-pmtylamino groupq. for teqting it< :i~itininl:ir- 
ials. 

l'rior siicce4S' I I I  tran-formitip L'-quiii- 

ciualiiiec:irbox;lic acid into L'-cliuiioxalirien?ethallc)I- 
iii-tified developiiig firit a procedure for making 1:irge 
cluaiititie. of G-chloro-L'-cluinoxaliiiec~irbox~lic x i c l  ( 4 ,  
tor u w  111 attainiiig the objective of thik project. 

The availability of 4-chloro-o-phenylenediamine (1 ) 
dictated it. utilization for the preparation of 2-tetra- 

iintely. the fncile condensatioti of o-phenj lenedianiirtti 
11 ith wcrohe earlier reported4 to  give. 2-tetrahydrosy- 
butylquinoxaline was not parnlleled in thi3 instance, 2 
(and its 7-chloro isomer, 3) was fir,it prepared by cycliz- 
ing the S,N'-diglucosyl derivative of 1. _\lore U-P- 

frill!, c h c t  condensation of 1 with glucose (and alzo 
El-iictov) iu the necessary presct~ce of HJNH?, HOAIc. 
: t i i d  H,O gave a 1 : 1 mixture of 2 and 3. ('oiidensatioit 
of 1 with N-D-glucouyl-p-toluidint'. :iccording to :I giln- 
c.rxl procedure of Weygand :ind Bergniann,2 nl 
mixed 2(3). All attempti .  ph j  iiciil or chem 
wpart&> 2 from 3 failed. 

Therefore, oxidation of the mixed ibomers ~ v a h  el- 
fwtec-l with Salol in a heterogeneous CsRG-H,O 
tcm I'ortunately the 1.1 mixture of 6-chloro-2-quin- 
ox:ilitiec:irboxylic acid (4) arid its 7-chloro isomer (5 )  
\I :I\ heparable; 4 was insoluble, 5 moderatel) ~oliiblt~ 
( c x ~ .  1 g/S0 ml) in 9 N HC1. 

Henbelie and Jacobi6 described the unequivocal, but 
lengthy, preparation of 2-methyl-6-chloroquinoxaline. 
llodification of w portion of their work enabled rela- 
tively easy preparation of' pure 2-methyl-6-chloroyuiri- 
oxaline which, oxidized via its 'tyryl derivative, gave 
unequivocal 4; the structure of 5 wat therefore proved 
by difference. 

The decision to use 4 as the precursor for the target 
chloroquinoxalinemethanols was the consequence of the 
observation that although both 4 and 5 were inactive 

Chemistry. 

hydroq  lbiit~l-6-chloroquinoxnlinr (2). Unf ort u- 

(3) G. R. Coatney, IT. C. Cooper, N. B Eddy, and J Greenberg, ' Sur te r  
of Antimalarial Agents '' Public Health Monograph V o  9, U 4 Government 
Printing Office, Washington, D C , 1953 

(4) 8. Gerchakov, P. J Wliitman. and H P Scholt7, .I l l e d  Chcm , 9. 
266 (1966). 

( 5 )  F We)gand and .a Berymann, Chtric B e r  80, 2,55 (1947 
( 0 1  G ITrnwl\e and R larnhi Jusfu9 I , ? P h i n 9  4 n n  rhpm , 684, l l h  ( 1 Y h i l  

Fixperimental Section' 

-V,.\ '-Di-u-glucosyl-3,4-diaminochlorobenzene Dihemihydrate. 
mixture of 36 g of wglucose, 14.2 g of 3,4-diamiiioc.hloiI,- 

Ijeiizerie, 0.2 g of K€14Cl, and 300 ml of lIe(lI3 \vas s t i r i d  : i i i t l  

refluxed for 1 hr. .ifter cooling at 0' io 
powder, mp 130-151", was obtained. 
recrystallized from I hree times from 1: 1 l\IeOH--€IIO 7 rnl g) I I I  

give 9.7 g (1*.9(';.): nip 136-137' de(., 
( E  33,200), 249 (10,200), 299 (3200); 
1)lIF). d ~ ~ l .  (Ci,€I?;ClN,Oj,.2.5 1320) C, 11. 

2-u-Arabinotetrahydroxybutyl-6(7)-chloroquinoxalines ! 2, 3 1. 

Method A. - ~ - A  solntioii of 4.66 g o 
dirtmiiioc~tlorot,rii~eii~,~ (1.:32 g of S,Hi. 

t i )  T .  S ,  Osdene, 1'. 1'). K ~ i s s e l l ,  arid I.. Rane, J .  .\led. C h e m , ,  10, 1.11 
1~1967) .  
Walter Reed Army Institiite of Research for rransinittina the t w t  rr-iilt- 

provided hy Dr .  L. Run?. Z'niversity of I l i ami ,  
(8) Uv absorption spectra were ohtained from samples a t  ooncentratiuri. 

of 5 m g / l .  of 95% EtOH (except acyl halides) using 1-om silica cells. Pnir 
spectra, all referred to  TIIS, were determined a t  60 MHz. 34'. Except in 
those instances where spectral data are presented, ur and nmr spectra mere 
as  expected.2 All optical activities were observed on a Rudolph Uodel  ti3 
polarimeter. 
a r e  uncorrected. 
InentB, analytical reanits ol i ta ind  for those dements are vithin f0 4', , t l  
i l i e  thenretiml v: i I i i+  

The anthorh thank tlit: stad of t h e  Division of Medicinal Cli?miitii 

Melting points, determined on a Thomas-Hoover apparatlii 
Where analyses are indicated only by symbols of the d t .  



was boiled for 30 miii, c.ooled at 10" for 0 hr, aiitl filtered to give 
0.6 g (23.27,) of 2 (3), mp 178-179'. The crude product, was 
recrystallized from 9570 EtOH (50 d / g )  t o  give 0.3 g (l l .6Y0): 
mp 181-181.5'; Amax 210 mp ( E  14,800), 239 (20,300), 323 (4600); 
[ ( Y ] ~ ~ D  -129.2' (e 2,  DMF).  .4naZ. (C1~H~&1N20a) C, H, C1, K. 

Method B.--4 snliitinn of 14.3 g of 1, 18 g of glucose, 21.7 ml 
of HOAc, 4.8 ml of S 2 H 4 ,  and 100 ml of H 2 0  was refliixed 1 hr, 
then cooled 4 hr at 10" to give 7.5 g (26.5y0), mp 171-177", 
of critde 2(3). 

ILecryatalliznt'ion gave 7 g (24.5%), nip 180.3-181" dec, of 
2 (3); iiv and [a], as above. All att,empts to  separate 2 and 3 
failed. 

Coildensation of fructose with 1 gave 26.4Yc of 2 (3); of S-D- 
glucosyl-p-t,oluidine with 1 gave 22y0 of 2(3); 2 (3)  has also been 
reportedg3'0 synthesized by react,ion of 1 with fructose-l-phenyl- 
hydrazone. 
6(7)-Chloro-2-quinoxalinecarboxylic Acids (4,5).-To a stirred 

cold suspension of 40 g of Na202 (98.4Y0) in 135 ml of H?O and 135 
ml of C6H6 was added 28.4 g of 2 (3). The mixture was heated to 
50°, a t  which temp spontaneous reaction occurred; its temperature 
was maintained a t  60 3~ 2' for 65 min by intermittent cooling 
or heating; finally the mixtare was refluxed (72")  for 10 min. 
After cooling to  15', the suspension of crude Na  salts of 4 and 5 
was transformed into the mixed products in 66'3, yield in the 
same way ab was the parent ronpoiuidj2 then twice recrystallized 
from 1 : l  EtOH-H2O (30 ml,!g): 37.252; mp 196-198" dec; 
A,,, 242 miu ( E  2.5,000), 320 (36001, 331 (4500). dnal. (CsHj- 
C1NzOz) C, H, Cl, N. 

6-Chloro-2-auinoxalinecarboxvlic Acid 14). Eauivocal Preoara- 
tion.-Crude, mixed 4 and 5 (86 g)  was extracted three times a t  
24" for 16-hr intervals with 1 1. portions of 9 N HC1, each time 
separating qolid from supernatant liquid by centrifugation. The 
final HC1-insoluble residue was filtered, riming the cake with 9 
.V HC1 and H20. The filter cake of crude 4 was dissolved with 
warming in 1.5 1. of 0.15 S KaOH, and after clarification with 
decolorizing C and filter aid, the filtrate was adjusted t o  pH 1 with 
HC1 t o  precipitate 32.4 g (40.570)J mp 223-224' dec, of pure 4. 
For analysis material was recrystallized (66Cc recovery) from 
95% EtOH (30 ml,'g); Yame melting point; A,,, 209 mp (E 

24,000), 245 (32,100), 320 (4500), 331 (7800). Anal. (CgH,- 
ClN202) C, H, C1, N. 

Methyl 6-Chloro-2-quinoxalinecarboxylate, Equivocal.-A solu- 
tion of 3 g of 4 in 30 ml of hleOH and 0.5 ml of H2SO4 was re- 
fluxed 3 hr, cooled a t  0' for 3 hr, filtered, and triturated a i t h  
HzO-NaHCO3 t o  give 3.2 g (1007c), mp 147.5-148.5', of Me 
ester of 4. This material was twice recrystallized from CCla 
(10 ml/g) to  give 2.1 g (65.6%) of product; mp 147.5-148.5'; 
Am,, 208 mp ( e  24,600), 247 (34,600), 321 (6600), 331 (7600); pmr 
(CI)C13) 6 ppm 4.13 (s, 3 H, CHI), 8.05 (m, 3 H, aromatic), 9.69 
(8 ,  1 H, heterocyclic). Anal .  (CioHiClN202) C, H, C1, N. 

Saponification of recrystallized Me  ester of 4 gave 4 of the 
same melting point and mixture melting point above. 

7-Chloro-2-quinoxalinecarboxylic Acid (5), Equivocal.-The 
HC1 extracts rich in 5 (vide supra) were brought to pH 1 n i th  
XH40H, and after 12 hr a t  0" were filtered. The first t a o  HC1 
extracts of mixed 4 and 5 each gave 25% recovery (40 g total) 
from the starting mixture of 4 and 5. Further HC1 extracts had 
very little material dissolved in them: any present was recyclized 
with btarting material, crude 4(5). 

Crude 5 (40 g) was refluxed in 400 ml of RIeOH and 6 ml of H2SOc 
for 3 hr; the crude ester was filtered from the coldsolution, tritu- 
rated with 400 ml of saturated XaHCO8, then with 400 ml of H2O 
to give 32.8 g of tan crystals, mp 151-152'. One recrystallization 
of this material from hot CCla, with treatment with decolorizing 
C and filter aid, gave 28.4 g of white crystals, mp 153-154'. 
The melting point was not changed with further recrystalliza- 
tions. 

The 3Ie ester of 5 was saponified by refluxing 28.4 g in 320 
ml of 1 ,V XaOH for 1 hr. Upon cooling, the Na  salt of 5 pre- 
cipitated from the basic solution. After adding 200 ml of warm 
H20, the solution was decolorized, filtered, and brought to  pH 1 
to  give 26.4 g (33% recovery) from the original 4(5) mixture, mp 
223-224' dec. 

For analysis 5 was recrystallized three times from MeOH (20 
d / g )  (30% recovery), mp 22.5.5-226.5' dec. As with 4, how- 
ever, rate of heating and temperature a t  which a melting point 

(9) W. Bauer, Thesis, University of Greifswald, Greifswald, East Germany 

(10) R. Knaak. Thesis, IJniverRity of Greifswald, Greifnwald, East 
(1957). 

Germany (14.54). 

sample was inserted iiito the melting point hath, gave values as 
low as 220-221' dec; mmp of 4 and 5, 203.5-204' dec; A,&, 209 
mp ( E  24,500), 243 (30,900), 331 (4600). Anal. (CBH5C1N202) 
C ,  H, C1, N. 

Methyl 7-ehloro-2-quinoxalinecarboxylate had mp 153-184'; 
Xmax 209 mp ( E  24,400), 245 (37,700), 310 (3700), 334 (4500); pmr 
(CDC13) 6 ppm 4.20 (s, 3 H, CHI), S.15 (m, 3 H, aromatic), 
9.69 (s, 1 H, heterocyclic); mixture melting point with pure 3Ie 
ester of 4, mp 119-128". Anal.  (CiaHiClN2Oz) C ,  H, C1, ?;. 

Saponification of a sample of hle ester of 5 gave 5 of the 
same melting point and mixture melting point' as cited above. 

This same procedure of esterification was used upon a sample 
of crude, mixed 4(5) t o  give 69.57, tan mixed esters, mp 1t7-l2.i0; 
solution in CHCl,, decolorizat,ion, and evaporation of the wlveiit 
gave 66.3% colorless mixed esters, mp 119-130". 

It was concluded, therefore, that  condensation of glucose with 
3,4-diaminochlorobenzene gave ca. a 1: 1 mixture of 2 and 3, 
and t,hat this mixture of isomers upon oxidation gave ca. a 1 : 1 
mixture of 4 and 5. 

2-Methyl-6.chloroquinoxaline.-The preparation of this coni- 
poitnd was adapted from Heiiseke and Jacobi.8 .1 solution of 
14.3 g of 1, 16.8 ml of 12 .V HC1, and 20 ml of hleCOCHO-H20 
(30%, tech) in 175 ml of Hd l  was stirred at 80" for 20 miii, 1 hr 
a t  24", and 12 hr at  0" to give 7.7 g (43.2%) of red crypt&, 
mp 110-120'. This prodiicte contained ea. 90cc of 2-methyl-6- 
chloroquinoxaline and lo(;; of the 7-chloro isomer. For isolat ;on 
of pure 6-chloro isomer from the reaction mixtnre, the crude 
product was st,eam distilled (100 ml of H?O,'g) to give 6.3 g 
(35.476), mp 12S-133', which twice recrystallized from 1 :  2 .3  
EtOH-H& (35 mlig), gave 4.6 g (25.85,) of white crystals, mp 
133-134" ( l k 6  mp 131'; 7-C1 isomer, mp 91 "). Repeated steam 
distillation and recrystallizat,ion did not change the melting point 
of the product: pmr (CDC13) 6 ppm 2.74 (s, 3 H, CHI), 7.73 
(m, 3 H, aromatic), 8.75 (5, 1 H, heterocyclic). The splitting 
pattern of the aromatic H of this product was similar to  that of 
the aromatic H of the AIe ester of 4, dissimilar to that of the Ale 
ester of 5. 
trans-p-(6-Chloro-2-quinoxalinyl)styrene.--.1 mixture of 17.9 

g of 2-met~hyl-6-chloroquinoxaline, 32 ml of PhCHO, 33.2 ml of 
Acto, and l .X! g of powdered NaOH was stirred at  125" for 4 
hr. After cooling, 250 ml of H20 was added, and the pH of the 
mixture was brought to pH 9 with solid K2C03. The red oil was 
extracted into 300 ml of CC1, Ivhich was washed four times with 
100-ml portions of 10% K2CO3, and three times with H20. After 
concentration, the critde product was steam distilled (H20, 650 
ml) to remove st,arting materials, leaving a red, solid residue 
which was dissolved in 230 ml of CHC13. Washing with 10%; 
K2C03, H20, drying (AlgSO,), clarification (decolorizing C and 
filter aid), filtration, and concentration gave a red solid which 
Tyas recrystallized from CCl, (100 ml) to  give 7.71 g (28.9%) of 
powder, mp 143.5145'. The crude product was three times 
recrystallized from 95% EtOH (50 ml/g) t o  give 6.08 g (22 .85 )  
of orange crystals: mp 144.5-145'; Amax 209 mp ( E  23,700), 245 
(10,800), 285 (19,500), 297 (19,500), 308 (inf); ir (Nujol) 1000 
cm-1 (hence trans), no cis peaks; pmr (CDCla), 6 ppm 7.78 (m, 
10 H, aromatic, vinylic), 9.07 (s, 1 H, heterocyclic). .1nal. 

6-Chloro-2-quinoxalinecarboxylic Acid (4), Unequivocal Prep- 
aration.-Over 90 min 4.4 g of KRlnO4 was added at  0" to a 
suspension of 2.67 g of trans-p-(6-chloro-2-quinoxalinyl)styrene 
in 95 ml of hIe2CO; the mixture was stirred 24 hr at  24", filtered, 
and rinsed with AcMe. The filter cake was repeatedly washed 
with 400 ml of boiling HzO, and after clarification the filtrate 
was brought to  pH 2 with dilute H&Oa to give 2.09 g (100%) of 4, 
mp 220-220.5" dec, mmp with 4, equivocally prepared, 221' dec. 

Me  ester (go%), mp 147.5-148' had mmp with Me ester of 
equivocal 4, mp 147.5-148', pmr spectrum, as above. 

Compounds 6 through 11 were prepared by reported proce- 
dures,% and include per cent yield, mp, and (where different than 
expected) recrystn solvent, and spectral data. ,411 analyses were 
for C, H, C1, N, and were within 10 .47 ,  of theory. 

6-Chloro-2-quinoxaloyl chloride (6) was obtained in 75y0 yield, 
mp 103-103.5°. 

7-Chloro-2-quinoxaloyl chloride was obtained in 66% yield: 
122.5-123.5'; Xmax (hexane) 220 mp ( e  0800), 248 (34,400), 253 
(37,000), 299 (5300), 310 (5100), 338 (3400). 
6-Chloro-2-chloroacetylquinoxaline ( 8 )  was obtained in 6670 

yield: mp 151.5-152' dec, ?Ile2CO-H20; XmSx 212 mp ( E  11,600), 
243 (16,200), 254 (15,300), 326 (8200), 339 (6200). 

(RS)-cu-~C!hloromethyl)-6-chloro-2-quinoxalinemethanol (9) 

(Ci6HiiClN2) C, H, C1, N. 



1008 Journal of Medicinal ChemiFtry, 1070, Vol. 1.3, *Yo. 6 so vi,:-: 

\vas ohtaiiictl i n  4ZfZ yield, nil) !I5.5-No; iitist:ilJlc: i i o (  

:uirtlyzed; transfornied into 10 at, oncc. 
(RS)-6-Chloro-2-quinoxalineepoxyethane (10) was obtiiined 

in 70y0 yield, ligroin (bp 66-75"), 93-94". 
(RS)-~-(Di-n-alkylaminomethyl)-6-chloro-2-quinoxaline- 

methanols (ll).-Data in Table I. 
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Synthes is  and Antimicrobial Activity of 
5,7-Dichloroquinoline-8-thiol and I t s  Derivatives 

8-Hydroxyquinoline (oxine) and several of its deriv- 
atives are effective against Gram-positive and Gram- 
negative bacteria, and pathogenic fungi. I n  addition 
halogenated S-quinolinols are active against protozoa. 
Albert, et d . , l  determined the minimal bacteriostatic 
concentrations of S-quinolinol, 3-chloro-S-quinolinol, 
7-chloro-8-quinolino1, and 5,7-dichloro-S-yuinolinol, and 
showed tha t  the chloro derivatives u-ere superior to 
oxine against certain organisms. 

Certain derivatives of the thio analog of 5,i-dichloro- 
8-quinolinol have riow been prepared, and their bac- 
teriostatic actions against xxrious organisms deter- 
mined. Although the tendency of 5,7-dichloroquino- 
line-&thiol itself to undergo oxidation to the disulfide 
appears to be less than that  of quinoline-S-thiol, under 
the test conditions considerable oxidation occurred, 
both with the dichlorothiol and also with its S a  salt. 

Chemistry.-5,7-Dichloroquinolirie ( la)  n-as prepared 
by the method of Elderfield and Il;reuger,2 and con- 
verted into its 8-5ulfony1 chloride (IC) either by direct 
chlorosulfonation or indirectly by the action of PClj  
on the 8-sulfonic acid ( lb) .  Reduction of' the sulfonyl 

1 2 

a . R = H  
b, R = S03H 
e .  R = SO,CI 
d. R = S H  

chloride with SnCls in concd HC1 gave tin 5,7-dichloro- 
quinoline-8-thiolate, which in the presence of NaOH and 
1, yielded 5,7-dichloro-S-quinolyl disulfide (2). Alka- 
line reduction of the disulfide gave 5,7-dichloroquino- 
line-%thiol ( ld).  The pmr spectrum of 5,7-dichloro- 

E Z P .  P a w . .  a8, 69 (1947). 
( 1 )  -4. Albert, S. D. Rubbo. K. J. Goldaore, and B. G. Balfour, Brit J 

(2) R. C. Elderfield and G. 1,. Kreuger. . J .  O r p .  Chem., 17, 358 ( lY52) .  

Experimental Section4 
5,7-Dichloroquinoline-8-sulfonic Acid.-A solut,ion of 5,:- 

oleum (15 ml) \vas heated at 140' clichloroqiiinoline (3 g) in  
for 40 hr, then added dro 
acid was filtered, wayhe 
to give the sulfunic ticid (3.3 
(c , r i , c i , so , s )  c, 11, T. 
~,7-Dichloroquinoline-8-sulfonyl Chloride (a J.-The teinpera- 

tiire of an intimately groiind mixtrire of .i,7-dichloi~oc~uirloliric-8- 
erilfonic acid (1 g )  and l'C15 (1.2 g) \vas gradually incwns:rd t t t  

P0Cl3 vias distd and the resitiut. 
ed ice (20 g). The mixture iv~i,. 
niid the extract was \\-as:hed > i i ~ -  

1120, then dried, :tnd evapor:Ll ( . t i .  
from EtOAr gave product (0.5 g I 

as prisms: nip 140- 141"; pmr (CDC1,) T 0.34 (quadi,uplot, 
.I = 4.5 and 1.7 IIz I (HI),  1.27 (quadruplet, J = 8.5 s r i d  1.7 N z )  
(H4) ,  2.17 (HE), 2.25 (quadruplet, J = 8.5 and 4.5 I Iz)  ili:,, 
ppm. A nal. (C9114C13X02S) C, H, S .  

(b):-.4 solution of :',,7-dichloroquinoline I 10 g)  iii chloro- 
snlfonic wid  (30 mlj was heated at 140' for 40 hr then cooled 
:tiid added dropwise with 6tirring to crushed ice 1250 ~ ' 1 .  T h c b  
niixtiire wa,s filtered :uid the residue was ansheti (IT&), iht.11 
t rit iirit(,d with 5f:; ncl SnTSCO,, ant1 rpfilteretf. Rrcr) 
t i o i l  of Ihc dried rt?\idiic from I'iOAc g:ivcl a protlltct 
iden1ic:al with the :ihove siimple. 
Tin 5,7-DichloroquinoMne-8-thiolate.--A sol111 ioii of SiiC12. 

?€I2( )  (12 g) i i i  rotlcd 1TrI (35 ml] was aclded a1 0' to a solution of 
.~,7-dic:hloroquiiiolir i~~-s~ilf~~iyl chloride (4 g )  in  coned I1C1 
(25 ml). The yellow ppt was stirred at 0" for 1 hr then allo~ved 
to stand overnight :it 0' hefore filtration. The residue TVW 

triturated with 1 1 9 0  a i i d  the ppt 13.6 p) "ab filtered, and re- 
~~ 

( 3 )  L. M.  .Jackman a n d  S. Sternhell, "Applications of Suc lea r  AIagnetic. 
Resonance Spectroscopy in Organic Chemistry." 2nd ed.  Pergainon I'rt.5.. 
Uraunschweig, ( 1  969) p 308. 

(4) Melting points \sere determined on a, Gallenkamp lIF.3TO apparai 1 1 .  

and are uncorrected. I'mr spectra, were determined on a Varinn A60 \ 
spectrometer with T l I S  as internal reference. \Vhere analyses are In- 

dicated only by aymhols of t h e  elements, analytical results ol)tained f o r  
'iiose elements were wi th in  &0.4% of t h e  theoretical values. 


