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S0 HeO-E1OH, dried, and recry=tallized: characteristie ir
abrorptions, compounds 1-4: 3160-3200 (NH}: 1635 (C=N and
NHay; 1530 (CNH); 1125 (NCN); 810-830 (C=8) ¢m 7,

Preparation for Dithiocarbohydrazones (Table IT).-—A mixture
of thioearbohydrazide (0.01 mol) and aldehyde or ketone i <004
mol) was heated from 0.5 to I hr at 100°, dilnted with hexuane,
1then cooled.  The precipitate that formed was collected hy filora-
tion, washed with cold hexane, dried. and recrystallized: c¢hm-
wcleristic ir absmptions, compounds 5-15: 3120-3200 (NH &
16001645 N ID35-1560 (CNHy: 11201145 «NCN 3
SH0-850 (C==X1 cm

The fungisratic properties of the mono- and dithicearbohydra-
zones were evalnated by the (mbe dilution method,® nsing the
tests organisiis (' globoswmn istrain USDA 1042.4) and A. niger
(sirain USDA 215-5373.16).  Concentrarions of the conponnds
being tested of 10, 100, and 1000 ppm were 1ied. The «¢riterion
of effectiveness was taken to be the absence of fungal growth
after a Zaweek (€. globosian) o1 a 48-hr 14, nigery inenbation
period.

A typieal thioearbohydrazone, di-2-octanone hiocarbohydra-
zone, was applied to a 10-0z bleached cotton duck!? from dioxane
or EtOH solntion containing a wetting agent. liither diocivl
sodinm snlfosnecinate (Alrowet D-83, Geigy) or a linear aliphatic
cthoxylate (Igepal A, General Aniline & Filni Corp.) were nsed
ar alevel of 1-10 wt 77 of the fingicide. Snitable piecex of the
1reated fabrie as well as eontrol pieces were snbjected to the
plate-disk method® and the soil barial method.'” Breaking
strengths of fabric evalnated hy the latter method were measired
at 21.1° and 65 11H with the Instrou tenxile tester (yype TT-C}
nsing 1324 < 254 nun ravelled strips, with the warp in the long
direction.  The mwmiber of warp yarn= in the test samples was
always the =ante, and the average of ten breaking strength valnes
wis n=ed in each case,

Acknowledgments.— Thanks ave due Miss G. Colin
for evaluating the fungicidal effectiveness of the thio-
carbohydrazones and R, Ironside and V. Boyvko for
reearding the infrared spectra,
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Recently we reported the whibition of growth of
Totrahymena pyriformis and Crithidia fasciculata by
ethers of 2, 6-diamino-4-pyridone.!  These componnds
were shown to interfere with biopterin and/or with
enzyvmes involved in fat metabolism.  Since they have
an N-C--N-C-N atomic sequence similar to the one
it biopterin and other biologicully active pteridines we
wished to test whether or not this structural feature was
necessary for ithibition of the organisms. We therefore
synthesized 4-phenoxy-2-aminopyridine for comparizon
with  4-phenoxy-2,6-diaminopyridine which was the
most active ether of the earlier series.

Since quinoline derivatives approximate pteridines
e ostze more than do pyridine derivatives we also
prepared and tested 4-phenoxy-2-aminoguinoline. A

113 DGl AMarkees, VoL Dewey, and (o0 W, Kidder, J. Med, Chem., 11,
1245 (10681,
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report of inoritro amebicidal activity of d-prapoxyv-2-
aminoquinoline and its homologs? al=o suggested testing
ol that  compound.  Although 4-phenoxy-2-amino-
quinoline was a poor inhibttor of . fascicidati 10 was
fornd to inhibit 7. pyriformis at considerably lower
concentratiou than 4-phenoxy-2.6-diaminopyridine.  In
view of these result= we prepared several analogs of
that componnd with =ubstitnents in the benzene ring in
the hope of finding highly =specific nthibitors which conld
be used as tools in the stndy of the mtermediary
metabolisnt of these organtsms, =mee they (especially
T. pyriformiz) have been widely nsed in screening pro-
grams for antineoplastic compounds.®

Curtins degradatiou of the corresponding esters gave
the desired amines.  The preveqiisite esters were ob-
tained by reaction of ethyl 4-ehlorogninaldate with
appropriate phenoxides (or thiophenol) and by phenyla-
tion of the Na =alts of ethyvl f-pyridone-2-carboxyviate
and ethyl $-gqmnolone-2-carbaxylate with diphenyl-
iodontim chloride.!

The growth of both 1. pyirifurniis and C. faseiculaia
s inhibited by 4-phenoxy-2-annnopyridine  (eulture
methods for biologteal tests were essentially the same
ax the ones reported previoush?), but ouly at coneen-
trations an order of magnitude greater than that nf
the dianmine (Table I}, The inhibition of Crithidia is not

T 1
ININBITORY LEEFECTS OF 4=PHENOXYAMINOFYLRIDINLES AND
J-PHLNOXYPYRIDINECARBOXYLIC ACIp Hyprazinnes

OC:H-
1
W, -
RSN R"
whol ml lor hat-max inhil
R R T pyriformis . faselrylat:

N1, 11 0,085 63 0.240 3
CONHNH:  H 0,053 (23 0303 11
CONHNH: CONHNIH. 0.5 (2 0,123 00
NH. NH. 0, D0%4" 0, 028"

< Nmuber in parembiescs i~ the nmmber of experimians.
5 See ref |,

reversed by blopterin as is that caused by the diamine.

The mtermediate 4-phenoxypicolinic acid hydrazide
was also tested and found to be active against 7.
pyrifornds but not against C. Jasciculata. In contrast,
4-phenoxydipicolinic actd dihvdrazide! inhibited signihi-
cantly only the latter organism (Table 1), The sub-
stituted quinaldie acid hydrazides ke the monohydra-
zide of the pyridine series inhibited 7. pyrifoirmis but
were only slightly active against O, fasciculata.

The sunbstituted aminoquintolines were signtficantly
more active against 7. pyiiforniis bit not agatnst (7
SJascieulata (Table 11). The inhibitory effects of none of
the quinoline derivatives was susceptible to reversal by
biopterin or folic acd. A few preliminary tests with
crude materials have shown that lver fraction 1.
(Nutritional Bilochemicals Corp.) contains o =ub-

2y R, Hardman aml M. W, Partridge, /. Chem. Soc., 510 (1475,

(3) G. L. Foley, R. . MeCaruiv, V. AL Binns, . E. Snetl, 1. M. Guined,
G, W. Killder. V. €, Dewey, and V. 3, Thayer, .Lan. N V. e, Sei.. T8,
14 (10581, (. K. Foley, 11, Bage, T E. Snell, G, W Kabiler, ond 10 =
Thaxer. ibi/., 76, 9 {158,

(43 . G. Markees, JJ. Ory, Chem,, 28, 2530 {1063).

50 . Gl Markees, Vo O Dewey, amit (W Kililey, vk, Biocteon.
Biopkys., 86, 171 {10601,
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Tasre 11
Brovogieal AeTiviTy oF SUBSTITUTED QUINOLINES
Ar
AN
I\ R
~—umol,/ml for half-max inhib—
Ar R Tetrahymena Crithidia
Ce¢H;0 CONHNH, 0.0262 (4)¢  0.254 (1)
CeH,S CONHNH, 0.0645 (2) 0.34 (1)
p-CH,CsH,LO CONHNH, 0.0224 (3) 0.213 (1)
p-CIC:H,O CONHNH, 0.177 (2) 0.32 (1)
p-CH;0C:H,O CONHNH. 0.032 (3) 0.32 (2)
8-CoH-0 CONHNH, 0.0095 (2) b
CeH;0 NH., 0.0072 (8) 0.377 (3)
CeH:S NH, 0.0025 (4) 0.265 (1)
p-CH:CsH,O NH. 0.0038 (3) 0.120 (1)
p-CIC¢H,O NH, 0.0028 (4) ¢
p-CH;0C:H,O NH; 0.0022 (2) 0.222 (1)
8-CoH:0 NH, 0.0091 (2) b

¢« Number in parentheses indicates number of experiments.
® Not tested. ¢ Not sufficiently soluble to test.
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lone-2-carboxylate’ in 120 ml of absohite EtOH. The solvent
was removed in vacuo and replaced with 100 ml of DMF. Di-
phenyliodonium chloride (17.0 g) was added and the mixture was
reflixed for 3.5 hr. All volatile material was then removed at
reduced pressure, the residue was mixed with H.O, and the
product taken up with Et,0. The Et,0 solntion was washed
with 539 NaOH and H,O and dried (Na,SO,), and the solveut re-
moved. The c¢rude product (9.5 g, 58%;) was collected and re-
crystallized from EtOH, mp 125-126°. Anal. (C;sH;;NO;) C, H.

Ethyl 4-phenoxypicolinate was prepared similarly in absolnte
EtOH solution from ethyl 4-pyridone-2-carboxyvlate® and di-
phenyliodonium chloride in the presence of NaOEt. The ester was
not further purified. Saponification gave 4-phenoxypicolinic
acid, mp 178-179° dec (lit.* mp 178-179°).

4-Phenoxyquinaldie Acid.—Saponification of ethyl 4-phenoxy-
guinaldate® in aqueons-alcoholic NaOH gave the acid in 999
vield, mp 178-180.5° dec (from MeOH). Anal. (C;sHuNO;)
C, H, N.

Ethyl 4-Phenylthioquinaldate.—Reflux of 10.0 g of ethyl 4-
chloroquinaldate!® with 5 g of PhSH in 50 ml of EtOH for 3 hr
gave this ester. A first bateh (4.7 g) erystallized after concentra-
tion of the reaction mixture to one-third of its original volnme.
More material was obtained npon removal of the remaining

Tapre 111
SUBSTITUTED QUINOLINLS

Ar R Formula
p-CICH, O COOEY CisHCINO;
p-CH;0C:H.O COOEt CoHiiNO,
8-C1,H-0 COOEt CH:NO,
p-CHsCsH.;O CONHNHQ CﬁHw_\TaOg
p-chsH40 CO_\:HNHz ClsleclNgoz
p-CHa()CsH4O CONHNHz ClTHlaNgog
8-C1oH;0 CONHNH, CaoH sN30:
4-Phenoxypicolinic

acid hydrazide CrHuN;0:
CeHsS CONHXNH. Ci1sHisN:0,8
p-CH;CsH,O NHCOOEY CisHisN2O;
p'ClCGH4O NHCOOEt CmeClNgOg
p-CHg(_)CsH4O NHCOOEt C19H15N204
3-C,H-0 NHCOOEt CHisN20;
CeH;S NHCOOEt CisHisN0,8
2-Carbethoxyamido-

4-phenoxypyridine C14sH4N04
p-CH3C5H4O _\:Hg CleHuNgo
p-CICsH,O NH. C;:H,CIN:O
p-CH30C5H4O NHQ ClsH“NzOz
8-C,oH:0 NH, CisH1N,O
CGI'I5S NHZ C15H12_\:2S
2-Amilo-4-phenoxy-

pyridine CuHwN:0

solvent. The two crops were combined, dissolved in MeOH,
treated with charcoal, and reprecipitated with HiO. The vield

Ar

x

N? R

Yield,

Anal Ap, =C Solvent %
C, H 140 1tOH 35
C,H 124-128 EtOH-H,0 58
C, H 143-144 EtOH-H.0 35
N 168-169 EtOH-H,0 73
N 192-194 EtOH 34
N 191 EtOH~H.0 72
N 186138 EtOH 65
N 119 Heptane 90
N 197-199 EtOH 82
N 122-123 EtOH-H,0 49
N 167.5-169 EtOH 69+
N 187-189 EtOH 67
N 164-166 EtOH B4
N 124-125 EtOH-H,0 41¢
N 161.5-163 EtOH 38
C,HN 164-166 EtOH-H.O
C,H,N,Cl 192-193 EtOH-H,O 71
C,H N 211-213 EtOH 85
C,H,N 135-136 Heptane 23
C,H,N,8 188 EtOH 64
C,HN 123-124 Heptane 93

« Reaction medinm for preparation of azide consisted of 1.5 M HCl and DMF (1:1).

stance(s) capable of reversing the inhibition produced
by aminoquinolines but not that by quinaldic acid
hydrazides.

Experimental Section®

Ethyl 4-Phenoxyquinaldate.—XNa (1.3 g) dissolved in 25 ml of
absolute EtOH was added to a solution of 12 g of ethyl 4-quino-

(6) Melting points were taken on a Mel-Temp apparatus and are not
corrected. Microanalyses were performed by Mr. J. F. Alicino. Metuchen,
N. J. Where analvses are indicated only by symbols of the elements,
analytical results for those elements were within 0.4% of the theoretical
values.

was 10.5 g (819), mp 118-119° (from EtOH).
NO.8) C, H.

Ethyl 4-p-Tolyloxyquinaldate.—A mixture of 10.0 g of ethyl
4-chloroquinaldate and 6 g of sodium cresoxide (prepared from
5.0 of p-cresol and 1.0 g of Na in 25 ml of absolnte EtOH) ard
35 ml of DMF was refluxed for 4 hr. The mixture was poired
into H;O and the product taken up with Et,0. Thesolvent was

Anal. (CsHys-

(7) B. Riegel, C. J. Albisetti. Jr.. G. R. Lappin, and R. H. Baker. J.
Amer. Chem. Soc.. 88, 2685 (1944).

(8) D. G. Markees, J. Org. Chem., 29, 3120 (1964).

(9) M. Endo and T. Nakashima. J. Pharm. Soc. Jup., 80, 875 (1960).

(10) E. Campaigne, R. E. Cline, and C. E. Kaslow, J. Org. Chem., 15,
600 (1950).
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removed after proper washing and drying aud the ¢rnde ester
(0.2 g, 7170 was collected, mip 135-136° (from1 EtOHY  Anal.
«( s .I'IHN( )it (‘, H.
Smnilar procednres caried om with the appropriate phenols
gave the esters lisred in Table 1.
4-Phenoxyquinaldic Acid Hydrazide.--Crude 4-phenoxy
guinaldare 7.5 g) in 30 ml of EtOH was refluxed with 4 ml of
HoNNHeHao fir 4l After cooling, HbO was added 10 com-
plere the precipiiation of the hydrazide (6.5 g, 919%), 1up 182-184°
(from EtOH L Anal. (CisHizN3Oy) N
Sinilar procednres were 1sed to prepare the hvdrazides lisied
1 Table T
2-Carbethoxyamido-4-phenoxyquinoline.—-Crnde {-phenoxy-
quinaldic acid hydrazide (6.0 g) was dissolved in 50 ml of 1.5 M
HCL Insolnble gniminy material was removed and the solution
couted 1 10°. At approximately this temperature NaNO, (1.4
g7 i asnall antonnt of H.O was added dropwize und with stirring.
The salid whiel formed was collected (5.2 g), washed with He0,
alr-dried, and suspended in absolnte EtOH. The wmixture was
refluxed for 3 hr undl the evolntion of Ny ceased. On cooling
2.5 ¢ was collecred.  An additional 1 g was obtained by concen-
traming 1he mother lignor.  The aualytical =ample mehed at
F5S-130° ifrom KtOH L daael. (CHisNsOs: N
The carbamaies listed in Table ITI were prepared exsenrially
according o this merhod.
2-Amino-4-phenoxyquinoline.-~A solntion of 2.9 g of crnde
2-carbethoxyamidan-4-phenoxygninoline and 2.0 g of KOH i 40
ml of O was refluxed for 4 hre Most of thie solvent was re-
moved and the residne dilnted with 11,0 and acidified with coui-
cemrated HCL The mixture was boiled briefly, then cooled, and
the crv=talline marerial collected and dissolved in 100 ml of hm
H.0. The I =olmion was filtered and made alkaline with 2.5 1/
NaoH.  The precipitate was collected and recry=iallized from
CiHg-perrolemn ether ihp 60-70°) (L0 g 45 (1, wmp 135-136°.
Al CaHNLO s CO LN
Shnilar procednres were nsed 1o prepare the auines listed i
Talle T11.

Acknowledgment.—The authors wish to thank Miss

Jane A, Beach of Wells College for her valuable con-
tribitions to the syuthetie work.

Antimalarials. 4,4’-Diaminodiphenyl

Sulfone-Type Compounds
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We have already reported!s? several derivatives of
1.4 -diaminodiphenyt sulfone (DDS) and their anti-
matarial aetivity,  In view of the activity?® of tri-
methoprim (1) against the resistant strains of malaria,
greater imterest was foenssed on the structural featiures

CHQ NH
CHO CH. ‘ SN
\:2\
(H O ’
1

of this drug. Compounds 3, 8, and 13 were prepared
which incorporate the 3.4,5-trimethoxyphenyl group

1+ M. Bader, J. F. Hoops, J. H. Biel, H. H. Koelling, R. G. Stein, and
T. Singh, J. Med. Chene., 12, 709 (1969).

2y 1. Bader. J. . Hoops, J. H, Biel, H. H. Koelling, R. G. Stein, anl
T Singl, 104d., 12, 1108, (1969).

vy DL Marvn, and T DL Arnold, J. Amer. Med, Assoc. 208, 176
CIMGR (L
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of trimethoprim on one side and the 4-aminophenyi
eroip of DDS on the other. We had hoped to -
cover a relationship of strictnre tn fohe acrd mmhihition
to antimalarial activity,

Componnds 1. 2. 57, and 9-12 were intermediates
en route to the syntheses of 3. 8. and 13, 4 was made
as o derivative and 14 appeared as a by-produet in
the preparation of 1 and 5 through air oxidation of
34.0-trimethoxybenzenethiol.

Whereas 10 was eaxy to oxidize 1 with Ha0,, the
stmilar oxtdation of 5 faitled to give the sulfone.  Some
low melting =ubstances were prodiced by fragmenta-
tion of the starting material, but further work was
not purstted  to characterize these matertalz.  Thisx
diffienlty was overcome by vedueing 5 to 6 first, acet-
viatmg 6, and then oxidizing with HyOp-AcOH.

The struetnre assigned ta the trineetate 7 was
rattionahzed on the constderation of sterie hindrance
prevaiing at the 2 position which wonld therefore
give only monoacetylation.

Biological Tests.- -The componnds were tested for
their antimalarial activity against Plasmodivm berghed
i mice by Dr. L. Rane aceording to the procedure
already published.* None of them were fonnd to be
active.

Experimental Section®

4-Nitro-3,4’,5'-trimethoxydiphenyl Sulfide (1 ).--A =olution of
3,4,5-trintethoxyaniline (9.16 g, 0.05 mol) in 120 1wl of H.O and
20 ml of eoncentrated HCl wax cooled ta —3° and diazonized
with 3.8 g of NaNO: in 20 ml of Hy().  Excess HCL was nentralized
with 25 g of NaOAc maintaining the remperature at — 3o 10 0°.
This solntion was added, dropwise with vigorons =tirring, to a
hot (75-50°3 =alntion of 16.0 g of ethyl potassinm xanthate in
30 ml of Ho(h The mixture wax then refinxed for 1 . After
cooling to room teniperature, it wax extracted (£1.0) and the
extract dried (Na.8SO)), filtered, and evaporated to leave a dark
rexidue.  This was mixed with 907 EtOH, 6.0 g of KOH, and
5 g of glneose and reflnxed for 2 hr nnder N Sowmte solid =epa-
rated at this stage which, on investigation, proved to be the di-
snlfide 14. This wax rentoved by filtration and the filtrate evape-
rated to leave a dark brown rexidie which was mixed with <ome
Zn dust and acdified, by cooling, wih eold dilnve Hio80,.  The
dark oil was extracted (Et,0), diied (K.COy), filtered, and con-
centrated 1o give 11.0 g of ernde 3.4,5-01methoxybenzenethiol.
This was immediately mixed, under Na with 80 ml of MeOT1.
20 ml of H.O, 7.5 ¢ of KoCOy, and p-finoronitrobenzene (7.1 g,
0.05 ol ), and the whole mixtre refluxed for 2 hr. Solvenr was
removed nder rednced pressuve, the residne (reated with H.d),
the =olid removed by filivation and washed several 1iimes with
cald MeOH.

4-Nitro-3',4°.5'-trimethoxydipheny! Sulfone 121 A =alouian
af 1 (9.64 g, 0.03 mol) in 140 ml of glacial AcOH and 60 mt of
HaOs was kept at 657 for 1.5 lir. On cooling to rooin fetmperaimre
overnight 9.5 g of the prodnet ery=i1allized.

4-Amino-3‘4",5'-trimethoxydipheny! sulfone (3) was prepared
by ilie rednetion of 210 90, AcOH over Py room reniperatnre
and atmospherie pressure,

4-Diacetylamino-3',4°,5'-trimethoxydiphenyl sulfone (4 wu=
prepared by acetylating 3 in boiling Ac.O.

2,4-Dinitro-3',4’,5'-trimethoxydipheny! sulfide (5) wa~x pre-
pared in the same way as 1.

2,4-Diamino-3,4,5-trimethoxydiphenyl sulfide (6).--A mixmre
of 5 (18.32 g, 0.05 mol), ZuClL-2H.O (78.73 g, 0.35 mobj,
250 ml of concentrated HCL, and 1500 ml of EtOH was warnied on
a steam bath to X0° till a clear solntion was formed. IEtOH wax
reitoved nnder rediced pressure and the residite was strongly
basified with cold concentrated NaOH with cooling. The solid
proditet was removed by filtration and washed free of alkali.

4l T, J. Osdene, P14 Russell, aml L. Rane, J. Med, Clem., 10, 131
(19675,
i5) See Table I fuy expernnental ilata,



