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Representative 4-(2,2-dialkylhydrazino)quinolines (IV--VII), 6-chloro-9-(2,2-dialkylhydrazine)-2-inethoxy-
acridines (VIII, IX), 12-(2,2-dialkylhydrazino)benz[blacridines (X), 2,2’-(benz|c]acridin-7-vlhydrazono)di-
ethanol (XI), 7-chloro-4-{ [2-(dialkylamino)ethoxylamino}quinolines (XII). and G-chloro-9-{ [2-(dimethylam-
inojethoxy|amino }~2-methoxyacridine (XIII) were synthesized to enable an assessment of the antiparasitic ef-
fects conferred by substituting a hydrazine or hydroxylamine moiety for the proximal amine function of chloro-

quine, quinacrine, and 7-{ [3-(cctylamino )propyl]amino} benz[c]acridine relatives.

The compounds were isolated

in 3-92% vield by the condensation of 4,7-dichloroquinoline, 4-chloro-6-methoxyquinoline, 4-chloro-6~methoxy-
qninaldine, 6,9-dichloro-2-methoxvacridine, 12-chlorobenz[b]acridine, or 7-chlorobenz{clacridine with the appro-

priate 1,1-dialkylhydrazine or 2-(dialkylamino)ethoxyamine in phenol or EtOH.

Among them, 6-methoxy-4-

(morpholinoamino)quinaldine (IV) exhibited modest activity against Schistosoma mansoni in mice and effected a

2%-519 reduction of live worms at drug-diet doses of 224-303 mg/kg daily for 14 days.

Six compounds were

active against o normal strain of Plasmodium berghet in mice at doses ranging from 2.7-219 mg kg /day for 6 days.
7.-Chl()ro-4-(4-methyl-1-piperazinylamino)quinoline (Vb) and 4,4’-(1,4-piperazinediyldiimino)bis(7-chloroquiio-
line) (VIT) were approximately 28 and 27 times as potent as quinine, respectively, agaiust P. berghei, but VII

was highly cross-resistant with chloroquine.

To enable an assessment of the effeets of a distal
hydrazine moiety on the antiprotozoal. anthelmintic,
and antibacterial properties of quinacrine,® 7-{[3-
(octylamino)propyl Jamino{benz[cJacridine,* and  az-
acring® analogs. various {[3-(2,2-dialkylhydrazino)-
propyl Jamino}acridines (I), benz[cJacridines (II), and
benzo [b][1,5]naphthyridines (IIT) were recently syn-

NHCH_ L. NHNR R

NH(CH, NHNRR.

thesized for biological evaluation.?  I'rom the results of
these studies it was concluded that the substitution of a
hydrazine moiety for an amine function at the distal
position of such compounds had a deleterious effect on
antimalarial aetivity, but that potent antiamebic.
anthelmintic, and antibacterial properties were main-
tained.?  Moreover, Schraufstitter® recently reported
that 7-chloro-4-[2-(2-diethylaminoethyl) hydrazino J-
quinoline and several related compounds possessed
only slight antimalarial activity in mice and canaries.
Other studies in these laboratories revealed that 6-
methoxy-4-(morpholinoamino)quinaldine (IV), which

i1y This is paper XVI111 of a series on autimalarial substances; for the
previous paper, see E., F. Elslager and D. ¥. Worth, J. Wed. Chem., 12, 935
{19691,

(2} This is communication X111 of a series relating to synthetie schistoso-
mieides. For paper X11, see E. F. Elslager and A. A. Phillips, tbid., 12, 5319
11969).

3y AL Alberr, “The Acridintes,”” 2ud ed, dward Arnold, L.ondon, 1966.

<1 FOW, Short, K, F. Blslager, A, M. Mceore, M. 1. 8ullivan, and F. H.
Tendick, J. A Chem. Soc., 80, 223 (1958).

(3 1 ML Besly and AL N Goldberg, J. Chem. Soc., 2448 (1954).

6y 17, Sehranfstitter, Jdreb. Plarm., 298, 655 (1965).

Structure-activity relationships are dixcussed.
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wag originally synthesized by Gilman as a potential
antimalarial drug during World War II7 exhibited
modest antischistosome activity in mice.® When ad-
ministered orally by drug-diet to mice infected with a
Puerto Rican strain of Schistosoma mansoni at doses of
224-303 mg/kg, day for 14 days, IV effected a 28-5197
reduction of live schistoxomes.  The present com-
munieation deseribes a further extension of the afore-
mentioned studies, namely, the synthesis of proximal
hydrazine and hydroxylamine analogs of chloroguine
sud quinacrine.

The condensation of 4,7-dichlovoquinoline with
execess  l-aminopyrrolidine or I-umino-4-methylpiper-
azine in phenol gave 7-chloro-4-(1-pyrrolidinylamino)-
quinoline (Va) and  7-chloro-4-[(4-methyl-1-piperazi-
nyDamino Jquinoline (Vb) in poar yield (3-8%) (Table
[, procedurc T).  6-Methoxy-4-(morpholinoamino)-

NH—XNR K.

NH—XNR R,

CNY Y
joe
1 N

Va. NR.R. = v
AN

N
b. NR.R,=N  NCH.
4

(7) (a) The original sample of Lhis compound was kindly sapplied 1-v
Lr. Henry Gidman, Towa State Univecsity: (b) F. Y. Wiselogle, “A Survey
of Antimalarial Drags, 1941-1945." Vol. Il1, Part 2, .1 W, Edwards, Ann
Arbor, Micli., 1946, 17 1250,

(%) For a description of the antischistosomal test metholds, see 7 1
Thompson, J. 1. Meisenhelder, and H. Najacian, Am. S Frop. Med. Hyg..
11, 31 (19623,
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TabLE I
4-(2,2-DIALKEYLHYDRAZINO JQUINOLINES
NH—NR,R,
x+OJO)
N R,
Yield
Purifien purified,
No. R X N ReRRsz T'rocedure solvent A Mp, °C Formula Analyses?3
Va H  7Cl N I CoH §  205dec  CyHuCIN; C HN
v/_\ -
Vb 7-Cl N CH I EtOAc 3 222 CuyHiCIN, C, H N
Via 6-OCH, xCo IT EtOH-H,0 33 254256  CuHyN,0, C, H, N
. ™/ \ - -
1V CH;, 6-OCH; N\_-/O II EtOH o7 255-257 C1sHyoN30. C, H, Nea
Vib CH; 6-OCH;, N II MeCN 26 195-196 CiHyN0 C, H; N¢
@ N: caled, 15.37; found, 15,82. ®N: caled, 14.73; found, 15.26.
TasLe 11
6-CHLOR0-9-(2,2-DIALKYLHYDRAZINO )-2-METHOXY ACRIDINES?
NH—NR]R2
: OCH;,
Cl N :
Yield
Pro- Purifien purified,
No. NRiR: cedure solvent % Mp, °C Formula Analyses??
VIIIa N’:j I EtOH-Me,CO 12 >305 C1sH1sCIN;O - HCI- 1.1H:0 C, H, N, H;O
™\ . _
VIIIb NL/O III Etzo 85 205 Clngscleog C, H, N
VIIIc N(C;H;), I EtOH-Me,CO 92 230 dec C1sH2CIN;0-HCI1-0.1H,0 C, H, N, H;O
VIIId N(C,H;s)(CH,),0H I EtOH-Et,0 84 233 dec C1sHgCIN;0,- HCI C,H N
VIIIe N[(CH,).0H], I EtOH-Me,CO 30 210-212 CisH2CIN;0;- HC1- H,0 C, H, N, H,O
VIIIf N v -PrOH 24 204-206 dec  C;HyCIN;O-HC1.0.6H,0 C, H, N, Ci
VAR
Vilig N NCH I 1:tOH-Me,CO 93 293 dec Ci,HCIN,0-2HCI-2.1H,0 C, H, N, H:0

o Compounds varied from yellow to orange.

quinaldine (IV) (57%), 6-methoxy-4-(morpholinoami-
no)quinoline (VIa) (33%), and 4-[(hexahydro-1H-
azepin-1-yl)amino ]-6-methoxyquinaldine (VIb) (269%)
were obtained in a similar manner from 4-chloro-6-
methoxyquinoline, 4-chloro-6-methoxyquinaldine, and
4-aminomorpholine or l-aminohexamethyleneimine
(Table I, procedure II). Treatment of 2 equiv of 4,7-
dichloroquinoline with 1 equiv of 1,4-diaminopiper-
azine® afforded 4,4’-(1,4-piperazinediyldiimino)bis(7-
chloroquinoline) (VII) (119%).

NH—N N—N\H
/
O O
Cl N N cl

VII
A group of 6-chloro-9-(2,2-dialkylhydrazino)-2-meth-
oxyacridine analogs (VIIIa-g, Table II) of quinacrine
was prepared by the condensation of 6,9-dichloro-2-

(9) E. F. Elslager, E. A. Weinstein, and D, F, Worth, J. Med. Chem., T,
493 (1964): M. Rink and M. Mehta, Naturwissenschaften, 48, 51 (1961).

methoxygcridine with l-aminopyrrolidine, 4-amino-
morpholine, 1,1-diethylhydrazine, 2-(1-ethylhydrazino)-

NR;R,
NH—NR,R. y
AN e. N[(CH.),0H].
OCH,
/N .,
@@ bX b )
Cl ! \_/ ~
VIH ¢. N(CH;), g N NCH,

d. N(C.H,xCH,).,0H

ethanol, 2,2’-hydrazonodiethanol, l-aminopiperidine,
and 1-amino-4-methylpiperazine, respectively, in phenol
(procedures I-IV) (12-939, yield). 9,9’-(1,4-Piper-
azinediyldiimino)bis(6-chloro-2-methoxyacridine) (IX)

N
NH N N NH
./
OCH, CHO
POOE@ QAL
IX
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Taurr 111
(2,2- ALK YLHYDRAZING )BENZ[B] ACRIDINES AND BrNz|c|acnipingse ™

HET-NH-NR R,

Purifien

No i NRIR: =olvent
Na NCH»,OH],
Xb f\'/——\NCHB
p—
XI NICCH»0H):  EtOH-EiLO

<« Compornds range from vellow io red.
fond, 3.49.

was 1solated in 559 yield from the reaction of 2 equiy
of 6,9-dichloro-2-nethoxyacridine and 1 equiv of 1.4-
diaminopiperazine.® Treatment of 2.2-hyvdrazono-
diethanol or l-amino-4-methylpiperazine with 12-
c¢hlorobenz [b]Jacridine™ or 7-chlorobenz[clacridine!! af-
forded  2,2'-(benz[bJacridin-12-ylhydrazono)diethanol
(Xa) (169). 12-[(4-methyl-1-piperazinyl)amino [benz-

Xa. NR,R.=NUCH..0H .

b, NRR.=N NCH
[blacridine (Xb) (729%), and 2.2'-(beuzlelacridin-7-
vlhydrazono)diethanol (XI) (749;) (Table 1II, proce-
dure T).

NH—N'(CH LOH |,

Several proximal hydroxylamine analogs of chloro-
quine and quinacrine were also prepared. 7-Chloro-1-
1 [2-(dimethylamino)ethoxy Jamino ] quinoline  (XIIo)

NH—O(CH,I NR R,

@)

1 N
XIla. NRR.= NiCH,1.
b, NR.R,= N« H, 1

(43¢ and  T-chloro-4-}[2-(diethylamino)ethoxy |-
amino|quinoline (X1Ib) (17%) were obtained from
4,7-dichloroquinoline, 2-(dimethylamino)ethoxyamine
dihydrochloride,? and 2-(diethylamino)ethoxyamine!3
in phenol and EtOH, respectively. The condensation of
2-(dimethylamino)ethoxyamine dihydrochloride!? with

(10) G. B. Bachman and F. M. Cowen, J. Org. Chem., 18, 89 (1948).

1) E. F. Elslager, A. M. Moore, F. W. Short, M. I. Sidlivan, and b. U,
Tendick, J. Am. Chem, Soc.. T9, 4894 (1957).

(12) . Winternitz and R. lLachazette, Bull. Soc. Chkim. Frase. 669
1195H8).

(13) Ciba lod., U, 8 Patent 3,060,177 1962,

ErOH Mo CO I
FtOT-MeCO - 72

* Prepared by procedure 1.

Yiekd
purified.

Yo A EEN Formic Ay sest?

217 dee ¢, H, N,

Co Ha NGOy - HCT

Caale N 2HCT 2110 C.H, NLHLO

255 dec

T4 wder CoalyN,0.- HCLOGH.O €, H, NG HLO

¢ Componpds melt with decomposition.  « .01 caled, 2.73;
6.9-dichloro-2-methoxyacridine  in phenot gove G-

chloro-9- [2-(dimethylamino)ethoxy Jamino {-2-meth-

oxyaceridine (XIII) (119;).
NH—O(CH_1 N(CHo

OCH
1 N

N

The proximal hydrazine and hydroxylamine derive-
tives Va, VIa and b, VIIIa-g, IX, Xa and b, XI, and
XIIa and b described in the present communication
were supplied to Dr. Paul 11 Thompson and coworkers
of these laboratories for evaluation against a Puerto
Riean strain of Schistosoma mansoni in mice.* Drugs
were administered in a powdered diet for 14 days, and
drug amounts are expressed ax free base. None of
these substances displayed significant activity against
N. mansoni when administered to infected mice at near-
toxic drug—diet doses ranging from 71 to 495 mg/kg/day
for 14 days. Moreover. other 4-hydrazino-6-methoxy-
quinaldine (XIVa and b) and 7-chloro-4-hydrazino-
quinoline (XVa-d) derivatives, which were kindly

NH—NR.R. NH—AXRR.
CHO
N OCH S N
XIVa, NR,R.=NH. XVi. NR.R.=NH
b. NR,R.= NH(CH,1.011
b NRR.=N ) MR = AEE L
. NRR.=N >

d NRR,=N 0O
_/

supplied by Dr. Henry Giliman. also lacked appreciable
antischistosome effects when given in 90-350-mg/ke
doses daily for 14 doy~.

Compounds IV, Vb, Vlb, VII, VIlIg. IX, XIla and
b, XIII, and XVd were also tested for antimalarial
activity by Dr. Paul Ii. Thompson and associates of
these laboratories utilizing Plasmodium be,ghei in mice.™
In the initial screening. drugs were administered con-
tinuously in the diet for 6 days to mice infected with
a normal drug-sensitive strain of P. berghei. Results are
expressed botl in terms of the 8Dy, (daily dose required

(1) Yor a descriprion of die antimalarial test methods, see P, 1. Thownye
=on, A, Bayles, B. Olszewski. aud L. Boehe, dm. J. Trop. Med. Hyg., in press.
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for 909, suppression of the parasitemia) and the quinine
equivalent @ (the ratio of the SDg of quinine to the
SDy, of the test substance under comparable experi-
mental conditions). Six compounds (IV, Vb, VII,
VIIIg, XIIb, and XVd) exhibited antimalarial activity
against P. berghet in the mouse. 6-Methoxy-4-(morpho-
linoamino)quinaldine dihydrochloride (IV) (SDg =
>219 mg/kg/day, @ = <0.34), 6-chloro-2-methoxy-9-
(4-methyl-1-piperazinylamino)acridine dihydrochloride
(VIIIg) (SDy = >39 mg/kg/day, @ = <1.9), 7-
chloro-4-{ [2-(diethylamino) ethoxy Jamino } quinoline
(XIIb) (SDg = 115 mg/kg/day, @ = 0.65), and 7-
chloro-4-(morpholinoamino)quinoline (XVd) (SDg =
53 mg/kg/day, @ = 1.4) exhibited modest activity but
were considerably less potent than chloroquine or
quinacrine. However, 7-chloro-4-[(4-methyl-1-piper-
azinyl)amino Jquinoline (Vb) (8Dg = 2.7 mg/kg/day,
Q@ = 28) and 4,4'-(1,4-piperazinediyldiimino)bis(7-
chloroquinoline) (VII) (SDy = 2.8 mg/kg/day, @ =
27) were much more potent, and displayed anti-
malarial activity of the same magnitude as chloroquine
diphosphate (SDs = 6.9 mg/kg/day, @ = 11) and
amodiaquine dihydrochloride (SDg = 2.7 mg/kg/day,
Q = 28).

In 1965 Benazet' reported that 4,4'-[1,4-piperazine-
diylbis(l-methylethyleneimino) Jbis(7-chloroquinoline)
(XVI) was active against a chloroquine-resistant strain
of P. berghei in mice, This report is startling since all

NCH,CH(CH,)NH

Q @)

Cl N N Cl
XV1

. N
NHCH(CH,)CH.N

other chloroquine-resistant strains studied to date have
proved to be uniformly cross-resistant to an array of
4-aminoquinoline and 9-aminoacridine derivatives, in-
cluding amodiaquine,’® amopyroquin,’® quinacrine,?®
3-chloro-9-{ [4- (diethylamino)-1- methylbuty! Jamino | -
acridine 10-oxide dihydrochloride,'*:'" 7-chloro-10-{3-
[(diethylamino)methyl ]-p-anisidino }-2-methoxybenzo-
[6]1[1,5]naphthyridine 5-oxide dihydrochloride,’® and
miscellaneous 4-aminoquinolines.’*~2' However, more
recent studies by Warhurst?® utilizing a different chloro-
(uine-resistant strain of P. berghei showed a high de-
gree of cross-resistance between XVI and chloroquine,
while independent studies in these laboratories with
another chloroquine-resistant line of P. berghei demon-
strated at least a 16-fold cross-resistance.!* Faint hopes
that the proximal hydrazine analogs of chloroquine
might possess significantly broader action against
chloroquine-resistant lines were not realized. Thus a

(15) F. Benazet, Ann. Soc. Belge Med. Trop., 48, 455, 459 (1965).

(16) P. E. Thompson, B. Olszewski, A. Bayles, and J. A, Waitz, Am. J.
Trop. Med. Hyg., 16, 133 (1967).

(17) E. F. Elslager, R. E. Bowman, F. 1. Tendick, D. J. Tivey.and D. ¥.
Worth. J. Med. Pharm. Chem., 8, 1159 (1962).

(18) E. F. Elslager, 8. C. Perricone, and F. H. Tendick, J. Heterocyclic
Chem., in press.

(19) H. Loewe, H. Mieth, and J. Urbanietz, Arzneimittel-Forsch., 16, 1306
(1966).

(20) D. C. Warhurst. Trans. Roy. Soc. Trop. Med. Hyg., 60, 565 (1966).

21y For recent reviews, see: la) F. F. Flslager in **Aunual Reports in
Medicinal Clhemistry. 1965," C. IX. Cain, Ed., Academic Uress, New York,
N. Y., 1466, p 136; (b) E. F. Elslager in *Annual Reports in Medicinal
Cliemistry, 1966, C. K. Cain, Ed., Academic Press, New York, N. Y.. 1967,
p 131.
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high degree of cross-resistance (>12-fold) wax observed
between 4,4’-(1,4-piperazinediyldiimino)bis(7 -chloro-
quinoline) (VII) and chloroquine; the daily SDy of
VII against a line of P. berghei made highly resistant
(77-fold)' to chloroquine was >32 mg/kg.

The over-all results of the present study suggest that
the substitution of a hydrazine or hydroxylamine
molety for an amine function at the proximal position
of quinacrine analogs has a deleterious effect on anti-
malarial activity in mice. In the chloroquine series, re-
placement of the proximal amine group by a hydroxyl-
amine moilety also diminishes antimalarial potency. In
contradistinction, potent antimalarial effects are re-
tained when a suitable proximal hydrazine function is
introduced into the chloroquine molecule, but such
derivatives are highly cross-resistant with chloroquine.
It is also concluded that the antischistosome effects of
§-methoxy-4- (morpholinocamino)quinaldine (IV) are re-
markably structure specific.

Experimental Seection?2-23

4-(2,2-Dialkylhydrazino)quinolines (IV, Va and b, VIa and b,
Table I), 6-Chloro-9-(2,2-dialkylhydrazine )-2-methoxyacridines
(VIIla-g, Table II), and (2,2-Dialkylhydrazino)benz|b]acridines
and Benz[c]acridines (Xa and b, XI, Table III). Procedure I.—
A mixture of 10.6 g (0.12 mole) of 1,1-diethylhydrazine and 27.8
g (0.10 mole) of 6,9-dichloro-2-methoxyacridine in 40 g of phenol
was heated and stirred for 3 hr on a steam bath. Treatment of
the warm solution with excess HCI in EtOH followed by dilution
with Me.:CO-Et,O gave a yellow precipitate which was collected
by filtration. This was dissolved in Hs0O, the solution was filtered,
and the filtrate was made alkaline with concentrated NH,OH.
The mixture was extracted with CHCl;, and the CHCl; extracts
were combined and washed successively with dilute NaOH and
H.0. After drying (K.CO;), the CHCI; solution was concentrated
on a rotary evaporator. The residue was dissolved in EtOH,
acidified with excess HCI in EtOH, and diluted with Me.CO.
The yellow solid was collected by filtration, washed with Et.0,
and dried at 60° in vacuo. The 6-chloro-9-(2,2-diethylhydrazino)-
2-methoxyacridine mounohydrochloride (VIIIc) (34.0 g, 9247)
thus obtained, mp 230° dec, was slightly hygroscopic and was
allowed to equilibrate in the atmosphere prior to analysix,

Procedure II.—A mixture of 17.0 g (0.167 mole) of 4-amino-
morpholine, 16.6 g (0.080 mole) of 4-chloro-6-methoxyquinaldine,
and 10 g of phenol was heated to 150° where a mildly exothermic
reaction occwrred. Heating was continued at 145-155° for an
additional 2 hr. After cooling, the mixtwre was treated with
excess dilute NaOH, and the resulting precipitate was collected
by filtration. Reecrystallization from EtOH gave 13.0 g (379) of
6-methoxy-4-(morpholinoamino)quinaldine (IV) as colorless
crystals, mp 255-257° dee.

Procedure III.—A mixture of 15.3 g (0.15 mole) of 4-amino-
morpholine, 27.8 g (0.10 mole) of 6,9-dichloro-2-methoxyacridine,
and 60 g of phenol was stirred and heated on a steam bath for 2.5
hr. After cooling, the reaction mixture was stirred into 1 L. of
Me:CO containing excess concentrated HCl, and the resulting
brown precipitate was collected by filtration. This was stirred
into H,O and the mixture was made alkaline with excess NaOTI.
The mixture was extracted repeatedly with Et;0, and the
combined extracts were washed successively with dilute NaOH
and H;0. Upon standing, crystals began to form in the Et,O
solution. Concentration to approximately 200 ml followed by
dilution with petroleum ether (bp 30-60°) and cooling gave 29.0
g (839,) of 6-chloro-2-methoxy-9-(morpholinoamino)acridine
(VIIIb) as orange crystals, mp 205°.

Procedure IV,—A mixture of 2.50 g (0.025 mole) of l-amino-
piperidine, 6.95 g (0.025 mole) of 6,9-dichloro-2-methoxyacridine,

(22) Melting points (corrected) were taken vn s Thomas—Hoover capillary
raelting point apparatus.

(231 Where analyses are indicated only by symilrols of ihe elemrents or
functions, analytical results obtained for those elements or functions were
within 4-0.4%, of the theoretical values. Water determinations were by the
Karl Fischer method.
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and 25 g of phenol was heated and stirred on a steam bath for 4
hr. After cooling, the mixture was treated with 100 ml of Me,CO
containing 10 ml of concentrated HCI, and the resulting precipi-
tate was collected by filtration. Two recrystallizations from -
PrOH gave 2.3 g (249%) of 6-chloro-2-methoxy-9-(piperidinu-
amino)acridine monohydrochloride (VIIIf) as a bright yellow
powder, mp 204-206° dec.

4,4'-(1,4-Piperazinediyldiimino )bis(7-chloroquinoline) (VII).- -
A mixture of 19.8 g (0.10 mole) of 4,7-dichloroquinoline aud 5.5 g
(0.050 mole) of 1,4-diaminopiperazine® was lieated in 50 g of
phenol for 4 hr on a steam bath. Excess concentrated HCl was
added, and the mixture was poured iuto 3 L of Me,CO.  Tritura-
tion with fresh Me,CO, then with ¥t,0, gave 9.2 g of yvellow solid,
mp >300°. This was dissolved in H:O, and the solution was
made alkaline with NaOH. The resulting precipitate was
collected by filtration, washed well with H:O, and dried at 65°
in vacuo to give 2.5 g (11¢%) of a pale yellow solid, mp >:510°.
Anal. (szHzoclst) C, I‘I, N

9,9'-(1,4-Piperazinediyldiimino)bis(6-chloro-2-methoxyacri-
dine) (IX).—A mixture of 9.3 g (0.080 mole) of 1,4-diamino-
piperazine,? 49.0 g (0.18 mole) of 6,9-dichloro-2-methoxyacridine,
and 220 g of phenol was heated on a steam bath for 4 hr. IExcess
concentrated HCI was added, and the mixture was diluted with
1.5 1. of Me,CO. The resulting precipitate was collected by
filtration and washed with Me:CO. The crude hydrochloride
was suspended in HO, excess NaOH was added, and rhe resulting
base was extracted into warm EtOAe. Upon standing, crystals
were deposited. These were collected by filtration, washed
successively with hot 756, EtOH and Me,CO, and dried at 60°
in vacuo to give 26.5 g (559%) of yellow-orange crystals. mp 251°.
Anal. (CHasCLNO:) H, N; C: caled, 64.10; found, 63.65.
7-Chloro-4-{ [2-(dimethylamino)ethoxy]amino} quinoline Di-

hydrochloride (XIIa).—A mixture of 9.9 g (0.05 mole) of 4,7-
dichloroquinoline, 8.9 g (0.05 mole) of 2-(dinethylamino)-
ethoxyamine dihydrochloride,*? and 25 g of phenol was stirred
and heated on a steam bath for 4 hr. The resulting brown solu-
tion was cooled and poured into Me,CO. The gy produet
which formed solidified on standing and was dried /n »acuo.
Crystallization from <-PrOH afforded 5.9 g (33%) of produet,
mp 213-216° dec. Anal. (C,sH(CIN;O -2HCL-0.75H,0) C, H,
N, H,0.

7-Chloro-4-{ [2-(diethylamino)ethoxy]amino i quinoline (XIIb).

IX.

Lincomycin.

~-A solution of 50.0 g (0.25 mole) of 4,7-dichloroquinoline and
57.0 g (0.28 mole) of 2-(diethylamino)ethoxyamine!3 in 500 ml of
EtOH coutaining 65 ml (8 equiv) of cuncentrated HCL was
heated nnder reflux for 8 hr.  Volatile materials were removed
i vacuo, and the residue was dissolved in HyO, overlaid with
CHCl;, and made basic with aqueous NaOIl. The CHCE layer
was separated, dried (K:COs), snd concentrated tn dryress
ar racko.  The residue was dissolved tn EtOH and dibinted with
2 1. of H:O0. The solid which formed was collected aud crystal-
lized from hexane ta give 17.0 g, mp 69-76°. This material was
recrystallized twice from a mixture of -Pr:O-heptane. The solid
was then dissolved in dilute HCH and the pH was adjusted to (.0
with NaOQH. A small amount of solid which formed was removed
and discarded. The filtrate was bronght ta pH 8.0, and ihe
vellow salid wus collected by filtration,  Recrystallization from
hexane gave 15.0 g (1775 of the product, mp 76-82°  Anal.
(O HCING,O - HyO ¢, H, N, HeO: CLooculed, 1157, fomnd,
H1.84.
6-Chloro-9-| {2-(dimethylamino)ethoxy)amino|-2-methoxy-
acridine (XIII).-~A mixawe of 13.9 g (0.05 mole) of 6,9-dichlaro-
2-methoxyvacridine and 8.9 g of 2-(dintethylamino)ethoxyamine
dihydrochloride!? in 30 g of phenol was heated on a stean bath
for 5 hr. The cooled solution was poured into Me,CO ta give u
brownish solid which was collected by filtration and dried. The
crude material was crystallized twice from MeOH. This proce-
dure did not provide a completely pure material.  The solid was
then dissolved in H.O, filtered to remwve a small amount of
insoluble material, and made basic with NH,OH. The resulting
vellow solid was callected and recrystallized from MeCN to give
1.9 ¢ (119, ) nf the product, mp 155-157°. dnal. (CrHoCINGOs
¢, H, N.
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7-Deoxy-7(R)- and -7(S)-thiolincomycin (10 and 15) were prepared from methyl thiolincosaninide, o deg-

radation product of lincomyein.
clindamycin (16), respectively.

Thicamido analogs (18 and 20) were prepared from lincomyein (1) and
The 7-thiol analogs possessed slight antibacterial activity, while the thioamido

analogs were about one-fourth as active as the antibiotic from which they were derived.

Potentiation of antibacterial activity of lincomyein
(1) was achieved by a variety of chemical modifica-
tions.2 Introduction of halogen at C-7, preferably in
the 7(S) configuration, enhanced the e vitro and in
vivo antibacterial activity in several series of analogs.?
This substituent is also primarily responsible for the
antimalarial activity encountered in 1’-demethylelinda-
mycins.®*-4  Introduction of other substituents at C-7
was therefore undertaken. The preparation and anti-
bacterial activity of 7-thiol analogs of lincomycin are
now described. In addition to the introduction of

(1) Presented in part at the 11th Medicinal Chemistry Symposium,
Quebec, Canada, June 1968.

(2) B. J. Magerlein, R. D. Birkenmeyer, and F. Kagan, Ardimicrobial
Agents Chemotherapy—1966, 727 (1967).

(3) (a) B.J. Magerlein, R. D. Birkenmeyer, and ¥F. Kagan, J. Wel. Chem.,
10, 333 (1967): (b) B. J. Magerlein and ¥. Kagan, tbid., 12, 780 (1969).

4) C. Lewis, J. Parasitol., 54, 169 (1968).

sulfur into the critical 7 position of lincomyein, replace-
ment of the oxygen of the amide earbony! by sulfur was

also accomplished in both the lincomyein and clinda-
mycin series,



