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were crystallized from MeOH to give a solid which was washed
with Et;O0. Three crystallizations from Et,O gave 0.75 g of 3,
mp 101-103°. It was identified by spectral comparison with an
authentic sample.*

Fractions 38-52 were crystallized from MeOH to give 2 g of 1,
mp 201-202°. It was identical with authentic 1 previously
prepared.

2-Hydroxyethy! 2,3-Bis(p-methoxyphenyl)indole-5-carboxylate
(4).—A mixture of 29.1 g (0.16 mole) of p-carbethoxyphenyl-
hydrazine? and 41.5 g (0.16 mole) of desoxyanisoin was stirred and
heated at 160-170° (interual) for 10 min. Ethylene glycol (485
ml) was added and the mixture was refluxed for 22 hr. The solid
obtainred upon cooling and filtration was crystallized from EtOH
to give 31.7 g (47%) of 4, mp 209-210°, raised to 211-212° on
recrystallization. Anal. (C:HuNOs) C, H, N.

2,3-Bis(p-methoxyphenyl)indole-5-carboxylic Acid Acetone
Solvate (5).—A mixture of 11 g of 4, 20 g of KOH, 80 ml of H-O,
and 200 ml of EtOH was refluxed for 18 hr. The EtOH was
evaporated. A solution of the residue in H;O was extracted with
Et,0 and was then acidified with concentrated HCI. The solid
obtained was crystallized from Me,CO-H,0 to give 9 g (799) of
5, mp 296-298° dec, raised to 297-298° by crystallization from
Me,CO-Skellysolve B.  Anal. (CyH1sNO,-C;HO) C, N; H:
caled, 5.84; found, 6.31.

Saponification of 1 also gave 5.

5-Acetyl-2,3-bis(p-methoxyphenyl)indole (6).—A mixture of 1
g of 5, 10 ml of SOCl,, and 25 ml of C¢H¢ was refluxed for 1 hr
and then evaporated to give the acid chloride. A solution of 6
ml of 3 M ethereal MeMgBr in 50 ml of Et,O was added to a
stirred suspension of 1.80 g of CdCl, in 20 ml of Et,0. The
resulting suspension was cooled in ice and a solution of the acid
chloride in 25 ml of Et,0 was added. The mixture was refluxed
for 4 hr, cooled in ice, treated with 50 ml of 2.5 N HCI, and ex-
tracted with CHyCl,. The extract was washed with H.O, 1 N
NaOH, and H,O and evaporated. The resulting solid was
chromatographed on Florisil using 8%, Me,CO in Skellysolve B
as the eluent. The solid fractions were crystallized twice from
EtOAc to give 0.25 g (299,) of 6, mp 222-223°, Anal. (CoHy-
NO;) C, H N.

(4) J. C. Irvine and D. Mc¢Nicoll, J. Chem. Soc.. 98, 1601 (1908).
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In a recent publication, Bailey! has reported “folded”
chloroquine analogs of the structure 1 (saturated
R

NHCH—CNRI

S
c N
la, R=H; R, = CH,

b, R =CHs R, = CH;,
¢, R=CH; R, =C,H;

P

pyridvl ring) where R = H and CH; and Ry = C,H;
and CH.CH.OH. This has prompted us to report a
few similar compounds but with a double bond between

C-4 and C-5 as shown in the generic structure 1 (see
Table I).

(1) D. M. Bajley, J. Med. Chem., 12, 184 (1069).
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The rationale for making such compounds was
arrived at from several publications? in which a number
of compounds containing the 1,2,3,6-tetrahydropyridyl
moiety have been reported to exhibit promising pharma-
cological activity. Furthermore, we have found earlier?
that the introduction of an unsaturation function such
as the crs and trans double bond and an acetylenic triple
bond in the chloroquine side chain significantly im-
proved the antimalarial activity and lowered the
toxicity when tested against Plasmodium berghei in mice.
Thus, 1,2,3,6-tetrahydropyridyl moiety presented a
unique feature containing a modified eyelic chloroquine
side chain as well as one unsaturated center.

The tetrahydropyridylamines were made as outlined
in Scheme I. The general procedures are described in

Scaeme 1
RCHNHCOCH; RCHNHCOCH,
> Rl = NaBli,
- = [ —
N N~
—
R,
2a, R=H 3a, R=H: R, =CH,
b, R CH; b, R=CH:5; R] =CH
¢ R=CH;: R,=CH,
RCHNHCOCH, RCHNH,
Z hydyolysis Z
N N
R, R,

4a, R=H; R, =CH,
b. R=CH, R, =CH,
¢, R=CH.: R. =CH,

5&, R= H< Rl = CH(
b, R = CH;(; Rl = CH;
¢, R=CH;; R, =C.H,

the Experimental Section. It is well known that the
reduction of pyridinium salts with IKBH,* and NaBH
gives 1,2,3,6-tetrahydropyridyl compounds. On the
basis of this accumulated evidence, the amines have
been assigned the structure as shown.,

Biological Activity.—The compounds were tested for
their antimalarial activity against Plasmodium berghei
in mice. The screening was carried out by Dr. L.
Rane of the University of Miami, Miami, Fla., accord-
ing to the procedure published by Osdene, Russell, and
Rane.® The activity figures are given in Table I1.

Experimental Section

Acetylaminoalkylpyridines (2) were prepared by the reaction

of excess Ac:O with aminopyridines.

(2) J. H. Biel and H. B. Hopps, U. 3. Patent 3,221,019 (1963);: Chem.
Abstr., 64, 5053e (1966): French Patent M3502 (1965); Chem, Abstr., 64.
21044 (1966): J. R. Geigy A.G., Netherlands Appl 6,408,219 (19635): Chem.
Abstr., 63, 586a (1965): F. Hoffmann-La Roche & Co. A.G., Netherlands
Appl 6,407,413 (1965); Chem. Abstr., 63, 1774b (1965), and Netherlands
Appl 6,407,463 (1965); Chem. Abstr., 62, 16207¢ (1965).

(3) T. Singh, R. G. Stein, and [I. H. Bjel, J. Med. Chem., 12, 368 (1969).

(4) J. J. Panouse, Compt. Rend., 288, 260, 1200 (1951); Chem. Abstr., 46,
25421, 6643k (1952).

(3) R. E. Lyle. E. F. Perlowskj, H. I. Troscianjec, and G. G. Lyle, J.
Org. Chem., 20, 1761 (1955); R. C. Elderfield, B. Fisclier. and J. M. Lagowskij,
ibid., 22, 1376 (1957): E. Wenkert, R. A. Massey- Westrop, and R. G. Lewis,
J. Amer. Chem. Soc., 84, 3732 (1962).

(6) T. 8., Osdene., P. B, Russell, and L. Rane, J. Med. Chem., 10, 431
(1967).
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© Al meltiug points are uncorrected. ¢ All analyses were within +=0.4¢, of the theoretical values except far 2a (C:

founud, 64 553).

Tapre I

S - e ACLPVILYY o mm e e e
Coppud D « TD Increase in MST

1 20 0 0 4.2
40 0 0 4.6
%0 0 0 0.8
160 0 0 9.2 (active)
320 0 0 10.2 (active)
640 2 1 ... (curative, toxice)
Ih 20 0 (4 8.1 (active)
40 0 (t 8.7 (active)
80 0 0 11.9 tactive)
160 (1 0 IX.7 (active)
320 1 0 (curative)
640 4 0 ~.. (curative)
le 20 0 0 4.9
40 0 0 6.5 (active)
S0 0 0 9.0 (active)
160 0 0 14.1 (active)
520 1 0 (curative)
(G40 B 0 {curative)

“ D, dose 11 mg/ kg of body weight; C, cures; MST, mean
survival time i days of the treated mice; TD, toxic death when
the mice die within 2-5 days after infection which is attributed
to drug toxieity. A compound is active if the inerease in MST
of the treated mice exceeds 6.3 days (MST of the coutrol group)
and curative if one or more mice live for 60 dayvs or more post-
lfection.

4-Acetylaminopyridinium Alkvliodides (3),—A solatiou of |
cequiv of the acetylaminoalkylpyridine and 1 equiv of RI
in Me.C'O was sthired at room temperature for 6-8 hr. A pre-
cipitate of the quaternary salt usnally appeared which was
removed by filtration.  3a was pure enongh at this stage to give
sutisfactory elemental analyses, 3b was crvstallized from EtOH,
aud 3¢ wax nsed as snch for reduction.

1-Alkyl-4-acetylaminoalkyl-1,2,3,6-tetrahydropyridines (4).—
A solation of 1 equiv of the 4-acetvlaminoalkylpyridininm alkyl-
todide e MceOIl was treated with 4 equiv of NaBH, with stir-
vivg. Alter2 he ol additional stivriig the solvent was evaporated
ander reduced pressuve, the residuaal solid dissolved i o mininmm
aumuni of 1.0) sirongly basified with NaOII, extracted with
CH.CLy drted (MgROY), el =olveri  was removed under
reduced pressire. The prodact was purified by distillation.
4a and 4b were converted to oxalates for wdentification.

1-Alkyl-4-aminoalkyl-1,2,3,6-tetrahvdropyridines (5).--"T'he Au

caled, 63,98

dertvatives were hydrolyzed Dy refluxing witl excess 4 .\ NaO11]
for 12 hr.  The amines were hygroscopic aud were couverted te
phenylureas for identification.

4-Substituted Amino-7-chioroquinolines (1).---A muixture ol 1
equiv of 4,7-dichloroquinoline, 1.1 equiv of the 1-ulkyl-4-amiwm)-
alkyl-1,2,3,6-tetrahydropyridine, and sufficient PhOH to give a
clear solution was heated at 140-150° for 4 hr. The reaction
mixture was cooled, poured into 2 ¥ NaOF, and stirred. 1t was
extracted with CHaCl.. and the combined extracts were dried
(MgSO,) aud evaporaied o give solid produet which was purified
by recrvstallizaon.
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Additiona} work on N-acyleysteines'* includes the
synthesis of larger N-uacyl, N-sulfonyl, and N-carbamoyl
analogs as well as two dicysteine derivatives listed o
Table I. The mucolytic activity®® of representative
sulfhydryl compounds is demonstrated (Table II).
The biological activities of the compounds as potential

(1) "t Martio and CoW, Watler, UL 8, Patend 3,184,505 (1963),

(2) T A Martin, J. B Correan, wud € W Watler, J. Org. Clem., 30, 28354
(1463).

(3) (a) T AL Martn weat AL L. Steffver, Ul S0 Patent 3,540,147 (1967 )5
(LLT. AL Marliv, b HL Cansev, Al L. Sheflfoer, A0 G Wheeler, and 3o R
Ceayvigan, J. Med. Chew., 10, 1172 (1967).

) T, A Martn, DL Cogeey, and J. R. Covrigan, ibtd., 11, 625 (169068).

() AL L. Steffner, A N Vo dcad. Sev,, 106, 208 (19637 Phkarmece-
thecapeu(tioa, 1, 16 1H6AT
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