for the secondary amines considered alone. Best correlations were
found with log CMC.

Notable results were obtained for the tertiary amines. Fair cor-
relations were found with log CMC (linear and quadratic) but not
log P or E;. However, very significant improvements were ob-
tained when E; was used together with either log CMC or log P.
The clear implication is that for tertiary amines the bulk of the
head group must be considered along with the overall hydrophobic
properties of the molecule and has a deactivating effect. Somewhat
similar results were found for a series of alcohols (15). Hansch and
Glave (5) also noted structure-activity similarities for long chain
amines and alcohols. They proposed that both classes of com-
pounds be classified as “membrane-perturbing” agents.

The dodecylamines, like the secondary amines, yielded no sig-
nificant correlations. This finding underscores the inability of the
physicochemical parameters studied to represent adequately the
biologically important properties of the ammonium head. How-
ever, the range of activities for this series is rather narrow.

In summary, the activity is dominated by the length of the long
aliphatic tail. Best correlations are found with physicochemical
properties sensitive to this feature. Substitution of small alkyl
groups on the amine nitrogen has only a secondary effect on activi-
ty. For secondary amines, no rationale for the direction or magni-
tude of this effect was uncovered. For tertiary amines, the bulk of
the ammonium head appears to be important when considered
with hydrophobic properties. CMC was superior to the partition
coefficient for quantitative structure-activity correlations.
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5-Aryloxy-6-methoxy-8-aminoquinolines as

Potential Prophylactic Antimalarials

KALIDAS PAUL and C. DeWITT BLANTON, Jr.*

Abstract O 5-(p-Anisyloxy)-6-methoxy-8-(5-isopropylaminopen-
tylamino)quinoline was resynthesized for evaluation in the Plasmo-
dium berghei and monkey prophylactic (Plasmodium cynomolgi)
tests. A new primary amine, three secondary amines, and one
structurally modified side-chain analog of the 5-aryloxy series were
also prepared. None of these compounds showed significant anti-
malarial or prophylactic activity.

Keyphrases 0 8-Aminoquinolines, 5- and 6-substituted—series
synthesized, screened for antimalarial activity 00 Antimalarial agents,
potential—5- and 6-substituted 8-aminoquinolines synthesized and
screened O Structure-activity relationships—5- and 6-substituted
8-aminoquinolines synthesized and screened for antimalarial activ-
ity

During studies (1, 2) on the synthesis and evaluation
of various derivatives of the 8-aminoquinoline nucleus
as potential prophylactic antimalarials, a known com-
pound, 5-(p-anisyloxy)-6-methoxy-8-(5-isopropylam-
inopentylamino)quinoline (I) (3, 4), was proposed for
resynthesis and evaluation in the Plasmodium berghei
and monkey prophylactic (Plasmodium cynomolgi)

tests. In Plasmodium gallinaceum studies (4), I was
relatively nontoxic and highly active, displaying the
highest therapeutic index (177) of any 8-aminoquinoline
tested. It was suggested that I and related compounds
may be more conveniently converted to the o-quinoid
structure in vivo, a structural feature proposed for the
active metabolite (5, 6). Primaquine and pentaquine
exhibited therapeutic indexes of 30 and 57, respectively,
in this test (4).

Although the 8-aminoquinolines are quite toxic,
primaquine has had a prominent place in malaria pro-
phylaxis. The possibility that 5-aryloxy-substituted
8-aminoquinolines may offer a lead in the search for
more effective and less toxic agents led to a reexami-
nation of I as well as a few selective, structurally modi-
fied analogs (II-VI). For example, the 5-aryloxy analog
(II) of primaquine was considered since primaquine has
been recognized as the least toxic and most effective
8-aminoquinoline tested in humans (5, 7). It was re-
ported (7, 8) that occasional aromatic interruption in
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the aminoalkylamino side chain provides relatively
nontoxic compounds with a high therapeutic index.
Compound VI has incorporated this structural fea-
ture.

DISCUSSION

The approach for the synthesis of I is a modification of the original
literature procedure (3). In this modification (Scheme I), the new
primary amine (II) (Table I) was obtained as an intermediate during
the preparation of the known agent, 1. Compound II served as the key
intermediate for the preparation of additional analogs (1II-V). The
original procedure (3) called for nucleophilic displacement of the
5-bromo atom of VIII by potassium p-methoxyphenoxide, which was
generated in situ. This method gave inconsistent results (10-30%
yields). However, if the potasgium p-methoxyphenoxide is prepared
and isolated, the dried salt reacts with VIII, in dimethylformamide,
to give yields consistently greater than 70%. A second modification
employed 5-bromo-1-phthalimidopentane instead of the 1-halo-5-
(isopropylamino)pentane of the original method (3).

Although elemental analyses for the key intermediate (XI) em-
ployed to synthesize I and II gave a consistently low value for carbon
when it was not considered as a hemihydrate, the product obtained
by Methods A and B gave identical IR and NMR spectra. TLC results
were homogeneous and identical. Preparation of VI employed a

Br
1o CH,0
- m -
NO. NO,

Vil VIII
OC¢H,OCH;- p OC,H,0CH,-p
IX X
OC¢H,OCH;- p
CH,0
HN—(CH,)s— ;&@
X1
OC:H,OCHp
CH,0
N
HN—(CH,);—NH,
II
OCH,OCH;p
CH,0
N
HN—(CH,);—NHCH(CH,),
I
Scheme I
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similar process, utilizing 1,4-bis(chloromethyl)benzene for the syn-
thesis of the intermediate, 4-phthalimidomethylbenzyl chloride (XII),
required for reaction with X.

BIOLOGICAL ACTIVITY

The antimalarial activity! was assessed against P. berghei in mice
by the method of Osdene et al. (9) (Table II). With this test, only Ila
met the criteria to be considered “active.” Furthermore, I, which was
such a promising candidate in the P. gallinaceum test (4), was a failure
in terms of activity and toxicity when compared to primaquine in the
P. berghei test.

Compounds I, II, and VI also were evaluated in monkeys for pro-
phylactic and radical curative activity by the Schmidt technique (10,
11). This method involves sporozoite-induced P. cynomolgi infections
of rhesus monkeys. All compounds were inactive at 10 mg/kg. Pri-
magquine was active at 1 mg/kg. The activity patterns did not justify
expanded testing or further extension of the present group.

EXPERIMENTAL?

5-Bromo-6-methoxy-8-nitroquinoline (VIII)—Compound VIII
was prepared in 86% yield according to the procedure of Elderfield
et al. (12), mp 207-209° [lit. (12) mp 203-205.5°].

5-(p-Anisyloxy)-6-methoxy-8-nitroquinoline (IX)—Prepa-
ration of this compound by the existing procedure (3) gave irrepro-
ducible yields, varying from 10 to 30%. The literature procedure for
reaction of VIII and potassium p-methoxyphenoxide was modified
to give yields as high as 70%. The modifications included a change in
the reaction solvent from butyl cellulose to dimethylformamide and
isolation of the potassium p-methoxyphenoxide, instead of generating
in situ, and drying.

5-(p-Anisyloxy)-6-methoxy-8-aminoquinoline (X)—Com-
pound X was prepared in 55-90% yield according to the procedure
of Lauer et al. (13), mp 112-115° [lit. (13) mp 115-116°).

5 - (p-Anisyloxy)-6-methoxy-8-(5-phthalimidopentylami-
no)quinoline (XI)—Method A—An intimate mixture of 11.84 g (40
mmoles) of X and 5.94 g (20 mmoles) of 5-bromophthalimidopentane
was heated at 155-160° for 3 hr (under nitrogen). The resulting black
mass was extracted with 1600 ml of benzene (200-ml portions). The
extract was treated with charcoal, filtered, and concentrated to give
3 g of canary yellow solid, mp 150-152° (after recrystallization from
ethanol-chloroform, mp 152-153°).

Anal.—Calc. for C30HegN30s: C, 70.43; H, 5.71; N, 8.21. Calc. for
C30H29N305-0.5H20: C, 69.22; H, 5.80; N, 8.07. Found: C, 69.14, 69.06;
H, 5.91, 5.86; N, 8.06.

Method B—5-Bromophthalimidopentane (6 g) and 6 g of X in 100
ml of 66% ethanol and 136 g of sodium acetate were refluxed for 72
hr. After 24 hr, 6 g of 5-bromophthalimidopentane and 13.6 g of so-
dium acetate were added; after 48 hr, 27.2 g of sodium acetate was
added to keep the pH at 7-8. The reaction mixture was cooled, satu-
rated with potassium carbonate, and extracted with ether (some ca-
nary yellow precipitate appeared at the interphase). This solid was
taken with the ether layer and filtered to give 5 g (50% yield). Evap-
oration of the dried ether layer gave a dark oil, which was mainly
unreacted amine (X) and 5-bromophthalimidopentane. The analyt-
ical material obtained from ethanol-chloroform melted at 152-
153°.

Anal.—Calc. for C30H29N30s: N, 8.21. Found: N, 8.08.

5-(p-Anisyloxy)-6-methoxy-8-(5-aminopentylamino)quino-
line Dimaleate (I1a)—Compound XI (39 g, 0.0763 mole) was sus-
pended in 400 ml of 95% ethanol and 35 ml of 85% hydrazine hydrate.
The suspension was heated in an oil bath (30-100°) for 1 hr to give
a clear solution, followed by the appearance of a voluminous white
precipitate. After heating for an additional 1 hr, a portion of the
ethanol was removed in vacuo. The solid residue was cooled to room
temperature and dissolved in 45 ml of water containing 45 g of sodium

! Antimalarial test results were provided by the Walter Reed Army Institute
of Research.

2 Melting points were determined on a Thomas-Hoover apparatus (capillary
method) and are uncorrected. NMR spectra were determined on a Hitachi
Perkin-Elmer R 20A high-resolution NMR spectrometer using tetramethyl-
silane as the internal reference. IR spectra were determined on a Perkin-Elmer
237B grating spectrophotometer using the potassium bromide technique. El-
emental analyses were determined by Atlantic Microlab, Inc., Atlanta, Ga. TLC
was performed on Eastman Chromatogram sheets, type 6060 (silica gel).
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Table I—5-Aryloxy-6-methoxy-8-aminoquinolines HN—X—NH—R - alt

Analysis, %

Com- Yield, Melting

pound X R Salt % Point Formula Calc. Found
1 (CH,, CH(CH,), Maleate 84.0 120-122° C,,H,,N,0, C64.54 64.66
H 6.91 6.94

N 7.78 7.72

IIz (CH,), H Dimaleate 68.4 118-120° ¢, H,,N,O,, C 58.72 58.54
H 5.74 6.05

N 6.84 6.83

IIb (CH,), H Maleate —  127-128° C,H,,N,0, C62.76  62.92
H 6.28 6.38

N 8.45 8.36

e §CH,), H — — 61-65° C,,H,,N,0, - = —
II1 CH,), 2-Adamantyl Maleate 87.0 153-155° C,;H,,N,O, C 68.44 68.21
H 717 7.28
) N 6.65 6.62

IV (CH,), 3,4,5-Trimethoxy-  Tartrate 51.5 119-121° C,,H,,N,0,,-H,0 (C5990 59.83
benzyl H 6.34 6.53

N 5.66 5.68

vV (CH,), 2-Hydroxybenzyl Tartrate 96.0 90-95° C,;;H,;,N,0,, C62.16 61.93

H 6.16 6.20

N 6.58 6.54
VI cu,@—cuz H Maleate  77.5 158-160° C,,H,,N,O, C6553 6523
H 5.50 5.59

N 7.90 7.86

hydroxide. This solution was treated with 300 ml of ether, stirred at
room temperature for 1 hr, and allowed to stand overnight at room
temperature.

The ether layer was separated, washed with water and a saturated
salt solution, and dried over anhydrous sodium sulfate. Concentration
of the ether gave an oil (32 g). This oil was redissolved in 300 ml of
ether and treated with 500 ml of a saturated solution of maleic acid
in ether (20 g of maleic acid/500 ml of ether). A red precipitate (32 g,
68.4%) was obtained, mp 120-122°. The analytical sample was pre-
pared by recrystallizing from chloroform, mp 118-120° (see Table I
for physical constants).

By continuous recrystallization, it was possible to obtain the mo-
nomaleate (IIb), mp 127-128°, Suspension of Ila or IIb in 1 N sodium
hydroxide gave a yellow solid, mp 61-65°. The free base (IIc) was not
analyzed but was used directly for the synthesis of 1II-V. These
compounds gave expected NMR and IR spectra.

5-(p-Anisyloxy)-6-methoxy-8-(5-isopropylaminopentylami-
no)quinoline Maleate (I)—Compound IIc (5.7 g, 15 mmoles), 3 ml
of acetone, 0.5 g of prereduced platinum oxide, and 75 ml of absolute
ethanol were shaken at room temperature on a Parr hydrogenation
apparatus (initial pressure of 50 psi). After 5 hr, 0.6 kg (1.3 1b) of
pressure had been lost. The catalyst was removed, and the ethanol
solution was concentrated in vacuo.

The resulting oil was dissolved in ether and dried over anhydrous
sodium sulfate. The ether was removed in vacuo, and the oil was re-

Table II—Antimalarial Activity against P. berghei¢

dissolved in anhydrous ether. This solution was treated with a satu-
rated ether solution of maleic acid to give a red precipitate (6.8 g, 84%),
mp 110-112°. The maleate salt was dissolved in chloroform, treated
with charcoal, and precipitated by addition of ether as a yellow solid
(5.5 g), mp 120-122°.

5 - (p-Anisyloxy)-6-methoxy-8-[5-(3,4,5-trimethoxybenzyl)-
aminopentylamino]quinoline d-Tartrate (IV)—Compound 1l¢
(1.2 g, 315 mmoles), 0.8 g of 3,4,5-trimethoxybenzaldehyde, 50 m! of
benzene, and 2-3 drops of piperidine were refluxed, with azeotropic
removal of water, for 18 hr. On removal of the benzene, an oil was
obtained; this oil gave a yellow solid (mp 65-70°) on trituration with
methanol (1.9 g). Without further purification, this yellow solid (Schiff
base) was dissolved in 50 ml of absolute ethanol, warmed to 50°, and
treated with 2 g of sodium borohydride.

After the addition was completed, the solution was heated at 60°
for 0.5 hr, cooled to room temperature, and diluted with water. The
aqueous solution was extracted with ether, the ether layer was dried
over sodium sulfate, and the product was isolated as a d-tartrate salt.
The analytical sample was obtained by dissolving in chloroform and
reprecipitating (1.2 g, 51.5%) with ether, mp 119-121°.

5 - (p-Anisyloxy)-6-methoxy-8-[5-(2-adamantyl)aminopen-
tylamino]quinoline Maleate (III)—This compound was prepared
from 2-adamanone and the free base (II¢) in 87% yield by the proce-
dure already outlined, mp 153-155°.

5-(p-Anisyloxy)-6- methoxy-8-[5- (2-hydroxybenzyl)amino-

AMST (days) after a Single Dose

Compound 20 mg/kg sc 40 mg/kg sc 80 mg/kg sc 160 mg/kg sc 320 mg/kg sc 640 mg/kg sc
1 — 0.3 — 0.9 (2T) — (5T)
Ila 1.1 1.7 3.1 4.7 5.7 7.3
IIb 0.7 0.9 2.1 4.3 4.7 5.7
Ilc 0.5 1.3 3.1 3.5 4.5 5.9
III 0.3 0.5 1.5 2.5 3.3 5.7
v — 0.1 - 0.1 — 0.1
v - 0.3 - 0.5 — 0.5
VI — 0.3 — 0.5 — 0.5
Primaquine 4.0 5.0 9.4 10.8 (2T) (5T) (5T)
phosphate

@Increase in mean survival time (MST), in days, of the test group (five mice) is reported. The mean survival time of untreated mice is 6.1
days. A compound is “active”’ if AMST exceeds 6.1 days. Animals that survive to 60 days postinfection are considered “cured” (C). Deaths
from Days 2—5 after drug administration are attributed to drug toxicity (T).
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pentylamino]quinoline d-Tartrate (V)—This compound was
prepared from salicylaldehyde by the procedure previously described.
A yield of 96% was obtained, mp 90-95° (with bubbling at 80°).

4-Phthalimidomethylbenzyl Chloride (XII)—1,4-Bis(chloro-
methyl)benzene (43.7 g, 0.25 mole) was added to 300 ml of dimeth-
ylformamide. Potassium phthalimide (46 g, 0.25 mole) was added in
two portions. The second portion was added after 3 hr together with
another 300 m! of dimethylformamide. The mixture was heated for
3 hr at 85°, and 500 ml of dimethylformamide distilled off under as-
pirator vacuum (about 18-19 hr). The residue was poured into water,
and a white material was collected. This material was extracted with
1 liter of acetone, leaving 18.5 g of the insoluble diphthalimido
product. Extraction of the acetone solution with hot petroleum ether
(bp 30-60°) removed 12 g of unreacted 1,4-bis(chloromethyl)benzene.
From the acetone solution was obtained 33.5 g of desired product, mp
143-146°.

5 - (p-Anisyloxy)-6-methoxy-8-(4-phthalimidomethylben -
zylamino)quinoline (XII1I)—Compound XII (2.8 g), 1.6 g of potas-
sium iodide, and 20 ml of acetone were boiled for 1 hr and concen-
trated. The aminoquinoline (X) (3 g) was added together with 1.3 g
of anhydrous potassium carbonate and 20 ml of 2-propanol. This
mixture was heated in an open flask on a steam bath for 1.5 hr, al-
lowing the 2-propanol to evaporate. The residue was poured into
water, made basic with potassium carbonate, extracted with chloro-
form, and dried (sodium sulfate).

The chloroform was removed in vacuo, and the residue was heated
with absolute ethanol to give an orange solid. This solid was dissolved
in benzene, treated with charcoal, filtered, and concentrated to an oily
residue. Addition of warm absolute ethanol gave an orange solid,
which was collected and washed with absolute ethanol, mp 164-165°.
The yield was 3 g (55%). In a second experiment, the yield was in-
creased to 76%.

Anal.—Cale. for C33H27N305: C, 72.65; H, 4.99; N, 7.70. Found: C,
72.82; H, 5.04; N, 7.58.

5-(p-Anisyloxy)-6-methoxy-8-(4-aminomethylbenzylamino)-
quinoline Maleate (VI)—The phthalimido compound (XIII) (11
g, 0.02 mole) in 200 ml of 95% ethanol and 10 ml of 85% hydrazine
hydrate was refluxed for 1.5 hr at 90-100°. Ethanol was removed, 20
g of potassium hydroxide in 20 ml of water was added, and the mixture
was stirred for 0.5 hr. The solution was extracted with ether (500 ml),
dried over sodium sulfate, conceptrated, and redissolved in ether. A
saturated ether solution of maleic acid (11 g/500 ml of ether) was
added. The yellowish orange precipitate (hygroscopic) was filtered,
dissolved in chloroform, and reprecipitated with ether, mp 136-139°.
It analyzed as the dimaleate salt.

Anal.—Calc. for C25H25N303'(C4H4O4)2: C, 61.20; H, 5.16; N, 6.49.
Found: C, 60.91; H, 5.24; N, 6.72.

Determination of Salicylates by GLC

JOHN P. TISCHIO

Two additional reprecipitations from chloroform by ether gave the
product as the monomaleate salt (77.5%), mp 158-160° (Table I).
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Abstract O Silylation of salicylic acid by hexamethyldisilazane,
N,O-bis(trimethylsilyl)acetamide, and N,N-bis(trimethylsilyl)tri-
fluoroacetamide was compared using GLC. The completeness of the
reaction, the stability of products, and the reproducibility of results
with time were investigated. Different reaction vessels were examined
for their reliability and application for a routine assay procedure.

Keyphrases 00 GLC—analysis, salicylic acid, different silylating
reagents and different reaction vessels compared [ Salicylic acid—
GLC analysis, different silylating reagents and different reaction
vessels compared O Silylating reagents, various—compared in GLC
analysis of salicylic acid O Keratolytic agents—salicylic acid, GLC
analysis

Several methods for the determination of salicylates
in physiological fluids were reviewed previously (1). One
of these, GLC, is attractive because it affords a sensitive
quantitative method for the simultaneous determina-
tion of aspirin and salicylic acid. Several papers have
reported different GLC procedures (1-5), but the most
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promising incorporate a silylation process after ex-
traction of the salicylates from the physiological fluid.
The silylating reagents that have been utilized include
hexamethyldisilazane (2), N,O-bis(trimethylsilyl)-
acetamide (3), and N,N-bis(trimethylsilyl)trifluo-
roacetamide (4).





