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the view of differing uptake modes for 4-phenylpiperi-
dine analgeties and fused-ring derivatives containing
the same structural feature, already advanced on the
busis of comparative structure-activity relationships.é

Experimental Section

Where analyses are indicated only by the symbols of the ele-
ment s, analyvtieal results obtained for those elements were within
0.4 of the theoretical valnes. Melting points, determined
with a Fisher folhns apparatns, are nmeorrected.  Ord eurves were
recorded with a Cary Model 60 photoelectiic spectrupolarimeter
using 0.1-0.2¢, =olutions in LIXtOH or 11,0 (we thank Mr. K. O.
Oikawn, University of Alberta, for this duta).  Supply of a-(— -
and g-(+-le by Do NUF. Albertson of the Srerling Winthrop
Researcl Institute, Reusselaer, ix gratefully acknowledged.

Isomeric 1,5,9-Trimethylbenzomorphans (la) and Derivatives.
-—A mixtare of o= —)-le (0.7 g), 407, C1L.O solntion (0.45 ml),
50 Pd-C oo 16 gy, and EiOIT (23 ml) was shaken with L,
{(atmo=pheric pressiare, room temperatire: nntil gas absorption
ceased.  The produet was filtered and the filtrate was concen-
trated 1o give e-i—J-la, mp 184-186° (liv: 183-184.5°). Tt
gave a hydrobromide, mp 248-250° (1it. 1 238-241°),  Reductive
111(’111\1111,)11 ot 8-(+)-le gave 3-(-+j-la, mp 1\1 1832 (it

183184575, hydrobromide mp 274-276° dee (1it 14 238-242°),
Al (CoUHLBINO)Y G, 1L A mixtare of o-(—)-1a (0.2 g),

Mel (1 mly, and CIICL (300 ml) was stirred at 38° under reflux
for 5 days, concentrated 1o 23 ml, and dilnted with Et;0. The
soliel which =eparated was recrvstallized from 15101-Et:0 10
give o~ — -la methiodide, mp 240-245° Anal. (Ciel:dNO)
G, I, N. 8-+ )-la methiodide wax prepared similarly, mp
323165, el O, 1L

2 13) IS0 Partoebese, J. Med, Chem., 8, 609 (19653); A, 17, Casy, A B,
Simmonds. and D. Staniforeh, J, Pharm. Pharmacol., in press.
i1h I [ May and N, B, BEddy. J. Org. Cheni., 24, 1435 (1959).
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The availability of the racemic form of 5-ethyl-3-
(3-hydroxy-1-methylbutyl)barbituric acid (1I), recently
synthesized by Dickert, Sheqa, and MeCarty,? prompts
us to report the isolation of this compound from the
urine of dogs given anesthetic doses of pentobarbital
(I).  Yollowing the removal of the (+) and (~) dia-
stercoisomers in the reported manner,® the new metabo-
lite separated from the filtrate as long, blunt needles.
Elementary analysis, the uv spectrum, and a positive
iodoform test suggested itz probable structure. The
melting points of the pure compound and its acetate
derivative differed from those of the optically active
isomers. However, the ehromatographic behavior and
ir spectrwun of the racemic product were identical with
those of the (+4) enantiomorph. The new metabolite
did not depress the melting point of the synthetic
compound.

117 This work was supported Ly U. &, Public ITealth Service Research
Grany NB-06288. Technical assiztance by Mrs. Dorothy Lang is gratefully
acknowledged.
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The diseovery of the racemie aleohol in urine in-
creases the probability that all four enantiomorphs of
3-ethyl-53-(3-hydroxy-l-methylbutyl)barbituric acid are
mvolved in the metabolism of pentobarbital.  Isotope
dilution experiments with the optieally active diastereo-
isomers®»* have aimdoubtedly given an crronconsly low
estimate of the quantitative importanee of the urinary
excretory products dertved from penultimate oxidation
of the drug. In dogs the two unconjugated alcohols
accounted for about 509 of the excereted isotope.’
Inasmuch as the usual chromatographie methods do not
distinguish between the corresponding optically active
and racente forms, the estimates of Titus and Weiss?
probably include the unknown cnantiomorphs.  Their
data indicated that the unconjugated penultimate aleo-
hols accounted for 629 of the recovered isotope.

Inasmuch as the sum of the conjugated and uncon-
jugated optically active forms of H-ethyl-5-(3-hy-
droxy-1-methylbutyl)barbiturie aeid exceeds 5097 of
the dose of pentobarbital.®® these metabolites must be
formed from different optical isomers of the drug.
The strongly dextrorotatory (la]®p +26.6°) alcohol
may be presumed to be derived from the J cnantio-
morph of pentobarbital by the addition of another d
center. The weakly levorotatory {|a]®» ~5.6°)
metabolite would then involve the { form of the drug
and the same d center introduced by hydroxylation.
On this basis the new metabolite may be designated as
dd ~+ /. Since this substance depressed the melting
point of the dd form. it 1= probably a racemic compound
rather than a racemic mixture. An attempt to race-
mize the ded aleohol did not succeed.

Experimental Section?

Optically Active Isomers of 5-Ethyl-5-(3-hydroxy-1-methyl-
butyl)barbituric Acid (II).---The 24-hr urine from 15 dogs given
12.5 g (50 mg, kg) of sodinm pentobarbital by month was bronght
to pld 6.5 and extracted eontiunonsly with ether for 48 hr.  The
combined extracts (v30 ml) were shaken ten times with 150-ml
portions of H;0.  After evaporation in vacuo to 15 ml and brief
storage at 4°, the aqueons extract deposited 612 mg of the erude
dextrorotatory alecoliol. Redunetion of the volume of the filtrate
to 3 ml yielded 1440 mg of the crude levorotatory aleohol. Both
alcohols were purified as described previously.?

No evidence of racemization was detected when a saturated
aqueous solution of the pure dextrorotatory alcohol was heated in
asealed tube at 100° for 24 hr.

(4) E. W. Maynert, J. Pharmacol. Exptl, Therap., 150, 118 (1965).

(5) E. Titus and H. Weiss, J, Biol. Chem., 214, 807 (1955).

{6) E. W. Maynert, unpulblishied observations.

(7) Melting points were determined on a Fisher-Johns block and not
further corrected. Wliere analyses are indicated only by symbols of the
elements, results ohtained were witlin :£0.4% of the theoretical values.
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Racemic 5-Ethyl-5-(3-hydroxy-1-methylbutyl)barbituric Acid
(IT).—Upon standing for a few days in a refrigerator the filtrate
from the above procedure deposited 250 mg of light brown long
blunt needles, mp 170-181°. After decolorization with charcoal
in EtOQH, repeated precipitation by heptane from Me,CO, and
recrystallization (H,0), the product melted at 188-189°, [«]*D

0 = 0.1° (1.5, AcOH, Apax03YNeOH 2355 mu (e 6600). Anal
C, 1, N.
The compound displayed a positive lodoform test.d TIts ir

spectrinn was identical with that of the d aleohol® but different
from that of the ! alcohol.? It depressed the melting points of
both optically active alcohols but not that of synthetic 3-ethyl-
5-(3-hydroxy-1-methylbutyl)barbituric acid.?

Chromatography.—The -1 metabolites of pentobarbital were
examined in four systems (Table I). The dried paper chromato-
grams were spraved with 0.5.V NaOH and inspected in nv light.
The dried thin layer plates were sprayed with a saturated solution
of JHgN O, to reveal the barbiturates as shiny, grayish white
spots.? In all sy=tems mixtures of the d and racemic aleohols
yielded only oue spot, whereas mixtures involving the 7 alcohol
yielded two spots,

TapLe I
R; VALTES OF
5-ETHYL-3-(3-HYDROX Y- 1-METHYLBUTYL)BARBITURIC ACID

——-=XMetabolite System®

Mp, °C [e]®D, deg A B C D
209-210 +26.6 0.63 0.38 0.63 0.44
152-153 —5.6 0.58 0.54 0.58 0.41

188-189 0 0.63 0.58 0.63 0.44

oA, -PrOH-289; aqueons NH; (4:1), Whatman No. 1; B,
n-BuOH saturated with 0.5% aqueous NH;, Whatman No. 1; C,
+-PrOH-28¢¢ aqueons NH; (4:1), thin layer silica gel G; D,
CHClL3-Me.CO (1:1), thin layer silica gel G,

Racemic 5-Ethyl-5-(3-acetoxy-1-methylbutyl)barbituric acid
was prepared and purified in the nsnal manner? and melted at
136-137°. Amal. C, H, N.

(8) E. W. Mavnert, J. Pharmacol. Exptl. Therap., 180, 476 (1965).
(9) R. Deininger, Arzneim.-Forsch., &, 472 (1955).
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The chemotherapy of malaria has been stimulated by
the use of several classes of effective compounds such as
quinolines, naphthoquinones, and sulfones, but it has
been limited appreciably by the toxicity of the various
chemicals. Boldt and Goodwine! reported extensive
studies with chloroquine as an antimalarial agent. Ter
Horst and I'elix? demonstrated the high fungistatic ac-
tivity of 2,3-dichloro-1,4-naphthoquinone; Fosdick,
et al.,® found that 1,4-naphthoquinones were useful in-
hibitors of acid formation by oral bacteria, and Fieser*
reported naphthoquinones as potential antimalarials,
DeGowin, et al.,® then showed that 4,4’-diaminodi-

(1) T. H. Boldt and C. H. Goodwine, J. Natl. Malarial Soc., 8, 238 (1949).

(2) W. P. Ter Horst and E. L. Felix, Ind. Eng. Chem,., 36, 1255 (1943),

(3) L. 3. Fosdick, O. F. Fancher, and J. C. Calandra, Science, 96, 45
(133)2).14. F. Fieser, Transactions of the 3rd Conference on Biological Anti-
oxidants, 1948, p 24.

(5) R. L. DeGowin, R. D. Eppes, P. E. Carson, and R. D. Powell, Bull.
World Healtk Organ., 34, 671 (1966).
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phenyl sulfone possessed high antimalarial activity,
For a number of years, we have also synthesized and
studied the effects of a number of naphthoquinone de-
rivatives as potential chemotherapeutic agents. The
results have indicated that certain amine derivatives of
2-chloro-1,4-naphthoquinone may possess significant
antibacterial activity 7n eitro. This study stimulated
our interest in the possibility of these amine derivatives
as  potential antimalarial agents. The chemical
structures of the amine derivatives are shown in Figure
1. The present report includes the synthesis and eval-
uation of 64 compounds, with analyses and tests for
acute toxicity in mice for in vivo antimalarial activity
against Plasmodiwn berghei infection in mice.

H 0 H 0

l Il
Figure 1.—Amine derivatives of 2-chloro-1,4-naphthoquinone:
I, primary amine-substituted derivative, RNH = component
added; II, secondary amine-substituted derivative, (R):N =
component added.

Experimental Section

General Procedure,—All the amine comipounds employed were
commercial preparations. The new amine derivatives were
prepared by condensation of 2,3-dichloro-1,4-naphthoquinone
with varions primary and secondary amine compounds as follows.
A 0.1-mole amount of 2,3-dichloro-1,4-naphthoquinoue suspended
in warm 959; EtOH (200 ml) was mixed with excess amine (0.2
mole) in EtOH (30 ml) and refluxed gently. Excess amine was
employed in the system to nentralize the liberated HCL The
mixtures turned red. The basic aliphatic amines condensed
readily on refluxing for 30 min. Iu most ingtances, the red crystal-
line product preeipitated from the warm reaction mixture.
Equimolecnlar quantities of the sulfones, amino acids, and
pyridine componnds with the 2,3-dichloro-1,4-naphthoguinone
had to be refluxed 15-18 hr for condensation to take place. After
cooling, the insoluble condensation prodicts were filtered and
crystallized (709, EtOH). The products were fine shiny crystal-
line compounds obtained in yields from 70-95%;. See Table I.

Acute Toxicity.—Toxicity studies on the componnds were per-
formed in the DBA strain of mice, as maintained at the National
Institutes of Health, Bethesda, Md. The chemieals were sus-
pended in 0.25%; Methocel (Methylcellulose, Dow Chemical Co.,
Midland, Mich.) so that the dose per 20-g monse was contained
in 0.25 ml for subentaneons injection and the results were
judged by 72-hr survival. The tolerated dose of the various
preparations ranged from 500 to 2000 mg/kg. Most of the com-
pounds were of relatively low toxicity a: compared with 2,3-
dichloro-1,4-naphthogninone. The highest dose of the 2,3-
dichloro-1,4-naphthoquinone tolerated by DBA mice was 250
mg/kg.

Antimalarial Activity.—All of the derivatives of 2-chloro-1,4-
naphthoguinone as well a3 the positive control chloroguine di-
phosphate were evalnated subcutaneonsly for autimalarial ac-
tivity in Plasmodiun berghei infected mice by Dr. Leo Rane of the
University of Miami. The testing procedure employed has been
described precionsly.® Among the 64 componnds, bis{2-chloro-
1,4-naphthogninone-3,3’-sulfonylbis(p-phenylenimine)] (I) and
N4-(2-chloro-1,4-dihydro-1,4-dioxo-2-naphthyl)sulfanilamide (II)
were found to possess high antimalarial activity against this
parazite, as evidenced by the curative effect of I with survival of
one, three, and two of five infected mice for 60 days i the mice
that received doses of 40, 80, and 160 mg/kg, respectively.
Higher doses of 320 and 640 mg/kg were toxic. Componnd II
was curative at 320, 640, and 1280 mg/kg with four, five, and

(6) T. S. Osdene, P. B. Russell, and L. Rane, J. Med. Chem., 10, 431
(1967).



