January 1970

TaBLE X Ve
Exposure Day esss? e200° €355/ €200
Light 1 20,600 8230 2.5
Light 3 10,200 7700 1.3
Light 10 10,300 7480 1.4
Light 17 8,250 7100 1.2
Dark 24 10,100 7050 1.4
Dark 31 13,000 7090 1.8

2 Changes in the uv spectrum of #ans-76 on exposure to (i)
diffuse daylight, fluorescent lighting for 17 days, and (ii) after
exposure to light and storage in the dark for 14 days. ? Calcu-
lated e value at 355 myu, a maximum in spectrum of 76. ¢ Calcu~
lated ¢ value at 290 my, another maximum in the spectrum.

TaBLe XVIe
% redn of N, dubius
~—=burden at 25 mg/kg-—

Sample Exposure Day 1 Day 3 Day 17
76 Dark 99 93 82
Light 99 90 89
Pyrantel Dark 99 99 96
Light 99 78 15

@ Table is explained in the text.

dramatic change in chemical structure. In the parallel experi-
ment, the pyrantel solution lost activity upon exposure to light.
From previons experience? it is known that pyrantel is readily
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converted to its cis isomer by the action of light, and that the
¢is isomer is only about 0.03 times as potent as the {rans isomer.
That the apparent isomerization of 76 is reversible is indicated
by the continuation of the experiment. The light-exposed
solution was placed in the dark box, and was allowed to stand
there at room temperature for 2 weeks. The uv spectrum was de-
termined after 7 and 14 days in the dark. Although little change
was observed after 1 week, it was apparent that by 2 weeks the
original spectrum of the frans isomer was beginuing to emerge
(see Table XV). However, the uncatalyzed rate of conversion
back to the trans isomer is too slow to account for the observed
activity of the presumed cis isomer. In oue effort to isolate the
cts isomer of the free base 38, an oil was obtained; an attempt to
crystallize this material resudted only in the isolation of unchanged
trans isomer.’? Thus, it appears that whatever change 76
undergoes on exposure to light, it is readily reversible and is
therefore unlikely to involve an oxidative cyclization or a similar
irreversible change of structure. The common experience that
light induces the isomerization of trans-olefins to the eis isomers
and the analogy to pyrantel’s reaction to light strongly snggest
that the light-induced change in 76 is also to the ¢is isomer.
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Six  (RS)-a-(dialkylaminomethyl)-2-quinoxalinemethanols were prepared from 2-tetrahydroxybutylquin-

oxaline ¢7a¢ an eight-step sequence.

Neither intermediates 1101 target compownds (diethylamino through di-n-

heptylamino derivatives) possessed antimalarial activity against Plasmodium berghei in mice.

Certain quinolinemethanols,? long used as antimalar-
1al agents, frequently have less activity toward newer
strains of malaria organisms. Because of the similarity
of quinoline and quinoxaline, as well as the presence of
the quinoxaline moiety in some broad spectrum (but
toxic) antibiotics,® it was hoped that quinoxaline
analogs of quinoline antimalarials would exhibit anti-
malarial activity. The purpose of this paper is to
report the syuthesis of a series of (RS)-a-(dialkylamino-
methyl)-2-quinoxalinemethanols, incorporating  di-
ethylamino through di-n-heptylamino groups, for testing
as antimalarials.

Chemistry.—The desired synthetic objective was at-
tained via the sequence p-arabino-2-tetrahydroxybutyl-
quinoxaline (1), 2-quinoxalinecarboxylic acid (2),4
2-quinoxaloyl choride (3) ¢ 2-diazoacetylquinoxaline (4),
2-chloroacetylquinoxaline (5), (RS)-a-(chloromethyl)-

(1) (a) Paper X1V of this series: 3. Gerchakov and H. P. Schultz, J. Med.
Chem., 12, 141 (1969). (b) Contribution No. 691 from the Army Research
Program on Malaria, supported by the U. S. Army Medical Research and
Development Command zia Contract DADA 17-67-C-7064.

(2) G.R. Coatney, W. C. Cooper, N. B. Eddy, and J. Greenberg, Survey of
Antimalarial Agents, Public Health Monograph No. 9, U. 8. Government
Printing Office, Washington, D. C., 1953.

(3) H. Otsuka and J. Shoji, Tetrahedron, 28, 1535 (1967), and references
therein.

(4) 8. Gerchakov, P. J. Whitman, and H. P. Schultz, J. Med. Chem., 9, 266
(1966). 2-Quinoxaloyl ehlorille is now commercially available.

2-quinoxalinemethanol (not analyzed) (6), (RS)-2-
quinoxalinepoxyethane (7), and (RS)-a-(dialkylamino-
methyl)-2-quinoxalinemethanols (8).

2-Quinoxalinecarboxylic acid was prepared from 1
by a considerable improvement of existing procedures,
the material being isolated and purified as its Na salt.
Treatment of 3 with CH.N; gave 4 (not isolated), which
was transformed by standard methods into 5. A
variety of reaction conditions failed to transform secon-
dary amines and 5 into the corresponding amino
ketones; only red, irresolvable tars were obtained.

The reduction of 5 with NaBH, gave 6, unstable,
flaring within 1-10 hr of drying to black ash, from which
small flakes of 2-acetylquinoxaline were isolated manu-
ally. Nonetheless, freshly isolated 6 was treated
immediately with EtoNH in an attempt to form a target
compound 8§, either via a substitution reaction on 6, or
e transformation in situ of 6 into 7, which in turn
could react with EtoNH to vield 8. However, only 2-
acetylquinoxaline was obtained, possibly by a reaction
mechanistically related to the hydramine fission
(Scheme I). Alternatively, elimination of HCI] from
6 may have been spontaneous (vide supra), or promoted
by basic N atoms of the quinoxaline nucleus.

The amino ketone or chlorohydrin (6) derivatives of
quinoxaline were thus eliminated as direct intermediates
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for making 8. The epoxide 7 remained by default the
sine qua non for the preparation of 8. Dehydrohalo-
genation of 6 with EtOH-NaOH gave 7, which wus
stable.  Attempts to transform § directly into 7, with-
out isolating 6 from the NaBH. reduction mixture,
vielded ouly tars.

Target compounds 8 were stable oils at room temperu-
ture, but slowly decomposed at elevuted temperatures.
Hence, the extent of formation of 8 by condensation of
secondary amines with 7 was carefully monitored by
observing the change in pmr spectra of the reaction
solutions as the reactions progressed. The down-
field shift of the 3-H of the quinoxaline unit as 7 was
transformed mito 8 was obvious, smounting to 6 0.6 ppm.
Best yields of 8 were obtained when reactions were in-
terrupted at S0-90¢¢ completion.

P speetra of the target compounds 8 provided
further essential data, proof that the secondary amines
reacted with 7 to give secondary aleohols and not
primary aleohols (Scheme IT).

Serivy I
/()\
—QNUHNRCHOH <X 0—(XCHCH, = HNR. —

2—QXCHOHCH,NK.

Dyer® refers to the deshielding influence that the
(OAc wroup has upon adjacent carbinol H, Aj 1.1 ppm
for secondary and As 0.5 ppm for primary alcohol
acetates, ax well as the change in splitting patterns,
Iiach target compound, from crude reaction mixture as
well as final product, contained only desired 8, for the
pmr resonance of the earbinol H changed from a quartet
at 8§ 488 ppm in the secondary aleohol to a broad
triplet at & 5.98 ppm 1w the corresponding OAe deriva-
tive.  One OAe derivative of a target substanece (the
NBu: compound) wuas isolated and analyzed as its
pamoate  [4.4"-methylenebis(3-hydroxy-2-naphthoate) |
sult; in all other instunces AcO wus added direetly to
soltions of 8 m CCL. These solutions exhibited the
pun speetra of the sccondary aleohol OAe derivatives
of 8 within 15 min at 247,

The prmr resorance value for the secondary carbinot
H quartet listed in footuote b of Tuble I was actually the
value for two adjacent doublets (J = 5, 9 Hz). Ex-
change experiments with DO proved that under the
circumstaneces of these pmr studies, the secondary
carbinol H of 8 wus not coupled with the adjacent
hydroxy H; rather, the carbinol H was coupled only
with the two adjacent diastercotopic primary H.  Ifor
the same reason, the triplet listed in footnote b of
Table T for the secondary carbinol H of the OAe

). R Dver, UApplicatians of Alsurption Spectrosevpy of Orgauie
Campumnils,” Prentice-Hall, Ine.. Englewoad Cliffs, N. J.. 1965, p 87.
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derivatives of 8 wax actually two overlupping doublets
(‘/HA ~ ./ = 6.9 f{A)

Al target compounds were olls, =ensitive to heat
and acid, hence requiring careful purifieation for analy-
< and testing.  Each 8 was trausformed into o solid
derivative with pamoic aeid (except the N1t deriva-
tive of 8, which formed a pamonte that was an unstable
oil).  The NMey derivative of 8 was prepared, but wus
unxtuble as the free base, ax the OAe. and as the
panioate,

The heat sensitivity of the 8 pamoates mterdicted
purification by usual  reerystallization  procedures;
therefore, the bases and pamoate solutions were serupu-
lously  purified  before interaction. At best, the &
pamoates were probably glasses, vathar than  true
ervstals, for the melting points of all the pamoates were
observed to possess Luge temperature ranges with
gradual softening and decomposition.  Beeause of this.
the only aceeptable eriterion of purity for the pamoate
salts was clemental analysiz, Table |
duta on the target compounds.

Biological Results.-~-All compounds were tested by
the previously deseribed procedure® for untimalarial
activity against Plasimodium berghed in mice.  All inter-
mediates and target compounds were inaetive and non-
toxie.  Data are recorded in Table 1.

<UINNErzes

Experimental Section®

2-Quinoxalinecarboxylic Acid !2).--"T'o 1 enld suspensiun vl
40 g of Na,0: (98.49) 11 135 ml of H.O in a 1< flask equipped
with a large paddle stirrer was added 20.8 g of v-arabino-2-terra-
hvdroxybutylquinnxaline monchydrate.r The thick sludge was
leated to 73° at which temperatire 1he reactinn became exi-
thermic; for 20 min the temperatine was kept at &) == 2° hy
neeasional cooling of the flask.  Afier the exothermic character
al the reaction waned, the nternal 1eniperature of the reaction
mixtnre was maintained for 30 min at 84 = 2° by heating. The
flask was stored at 10° for 12 hr, the product was filtered with
sierion, and the flask and filter cake of erde sodinm 2-quinoxaline-
carboxylate were rinsed twice with 23-ml portons of 151011~
Me,CO(1:1 1 then with Me.CCO nntil the filtrate was colorless.
The ernde salt was dissolved in 300 ml of warnr H.0), treated wiih
decolarizing earbon and filter aid, and filtered, and 10 the filirate
wax added 120 ml uf 1 N 11C] to give 12 ¢ 169¢0) of 2, mp 211.5-
212 dec (dit.fmp 21574,

2-Chloroacetylquinoxaline t5).—Ta OU ml of 40'; NaOI and
400 ml of USP LG at 0°,10.6 g of 12XR-101 (Do Poni: N)N'-
dinitrpo=-N. N’=dimecthylrerephithalamide in mineral aild wax
<lowly added with =tirring, calleciing the (‘H.Ns heneath 200 ml
uf 10 ina receiving flask caoled to 0°. The reaction mixtnre was
wartied 1o 30-40°, while CH,N, fabant 2 ) conrinned to dixtil,
The Hask of CHa2N~Et:0 was adjusted for reflux and fiited with a
<tirrer, ithen :.86 ¢ af 3* was added.  The =alntinon was stivred far
2 hrae 24° and canled ta %5 anhydrons HCL was bubbled inta
the 1200 salntion of 4 at 1°. The salmian durkened and a white
precipitate formed, heralding canelnsion of the reaction.  H.O
), fullowed by excess of salid NaHCO,, were added.  After
removal of Et:0 Iy evaporation, the residual yellow solid was
triturated with H.O and filtered to give 4.15 g (1009) of 5, mp

i T80 Oslene, V. 1v Russell, and 1L, Rane, J. Med, Chen, 10, 133
(1967 The authors thank tla statf of the Division »f Medicinal Cliemistry
Waiter Reed Army lustituce nf Researeh, fur transimitting ttie test results
pravildeld by Dr. L. Raue, University of Miawmni.

173 Uv absurption spect -a were otitained from sainpiles at poncentratinus of
A omglooof 959 EtOH with a Bausel aml Lomb 8pectronie 303 spertra-
plitineter ising l-vin silica ecells, H ninr spectra, all referred to T M8, were
determined pn an Hitaelii Perkin-Tlmer R+20 spectruometer at 60 M Haz, 34°:
the & valites fur multiplets were tauken at the center uf gravity. The junr
carliinal 8 values are nuted to tie temperatnre, coucentration, and solvenl de-
pendrnt.  Melting points, determined vu a Tliunas- Hoover apparatus, werre
unenrrerted.  Where analyses are inilicated nnly Ly syinbols nf the elemens
analytical resnlts abtained far rlinse vlewents are within =0.4% af the the-
retivad valioes,
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TasLr I
(RS)~e-(DIALKYLAMINOMETHYL)-2-QUINOXALINEMETHANOLS® ~¢

@:CN)]—-CHOHCH;‘NRBZ
N

Reaction
time,
No. Ry, R Iormula hr
1 Et4 C1aHioN;30 3.3
2 n-Pr Cs;He2NgOs 9.5
3 n-Bu CissHzNeOs 29
4 n-Pe C53H75N503 38
B n-Hex Cis:HieN 605 16
6 n~Hep CuI{gqNaOs 13.5

Antimalarial

act., life
span increase,

Reaction days,
solvent, % yidld——— Pamoate mouse, 640

reflux Base Pamoate mp dec, C° mg/kg®
EtNH 38 0.4
Dioxane 68 20 100-150 0.2
CCl, 62 43 80-130 0.3
CCl, 47 28 78-105 0.9
Dioxane 26 13 77-92 0.3
Dioxane 89 41 65-85 0.

o Uv spectra of pamoates were as expected; average Amax[mu (e)] 237-238 (152,000), 278-279 (10,600), 289-290 (13,700), 301-302
(12,600), 318-321 (13,700). ®* H nmr spectra of bases were as expected; average 8[ppm(CCly)] 4.19 (s, 1 H, HCOH), 4.88 (q, 1 H, HCOH),
8.05 (m, 4, H, aromatic), 9.18 (s, 1 H, heterocyclic); average § (ppm) for OAc derivatives: 5.98 (t, 1 H, HCOAc), 7.86 (m, 4 H, aromatic),

8.84 (s, 1 H, heterocyclic); also present, complex peaks of alkyl substituents.

lated and analyzed as the diammonium pamoate salts.
values.
with Plasmodium berghed, 6.2 days.

145-147° dec. The material was dissolved in 40 ml of 9 N HC],
treated with decolorizing carbon and filter aid, and filtered into
80 ml of H,O to give 3.94 g (95%,) of 5, mp 148-148.5° dec. Re-
erystallization of 5 from CsHg-hexane (1:2, 15 ml/g) gave 1.66
g (409) of 5: mp 147.5-148° dec; Amax 209 mpu (e 13,300), 240
(21,100), 251 (24,200), 310 (6900), 319 (7300). Anal. (Ci
H:CIN,O) C, H, C], N.

(RS)-2-Quinoxalineepoxyethane (7).—A suspension of 20.7 g of
5111 200 ml of THF-EtOH (1:1) was cooled to 0°. With stirring,
1.6 g of NaBH, was added; after 15 min, 1.6 g of NaBH, was
added; after 45 min 400 ml of CsHs was added; after 1 hr 1 1. of
H,0 was added. The organic layer was washed three times with
100-ml portions of H,0, dried (MgSO,), treated with decolorizing
carbou, filtered, and concentrated. The residue was triturated
with 40 ml of MeOH, filtered, and washed with 10 ml of MeOH.
The filtrate was evaporated to dryness, and the semisolid residue
was triturated with 10 ml of AMeOH, filtered, and washed with 5
ml of MeOH. The combined solids were dried (vacuum desic~
cator, NaOH) to give 13.6 g (659%,) of 6, mp 104-105° dec. Al-
thongh nnstable when dry, and flaring to a black ash within 1-10
hr, 6 could be stored under ligroin at 0° for 2 weeks.

To a stirred suspension of 12.54 g of 6 in 90 ml of 959, EtOH
was added 10 ml of 6 .V NaOH; after 3 min 10 ml of 6 N NaOH
was added; after 20 min the reaction snspension was poured into
1.2 1. of H,O, from which 7 was extracted five times with 250-m!
portions of Et,0.  After dryving (MgSO,) and removal of Et,0,
the residue was dissolved in 100 ml of CgH,, dried (MgSO.),
treated with decolorizing carbon and filter aid, filtered, and con-
centrated. The solid rexidie was triturated with 20 ml of ligroin
(bp 35-60°) and filtered to give 9.4 g (919, based on 6) of 7,
mp 94-95°. For analysis 7 was sublimed (80°, 0.1 mm): 94.5%
recovely; mp 95.5-96°; Amex 209 mu (e 9900), 239 (26,500), 320
(4900); pmr (CCL), 8 (ppm) 3.12 (m, 2 H, CH.,), 4.08 (o, 1 H,
CH),27.86 (m, 4 H, aromatic), 8.62 (s, 1 H, heterocyclic). Anal.
(CwHsN.0) C, H, N.

2-Acetylquinoxaline.—A solution of 1.8 g of 6 in 350 ml of
Et.NH was stirred for 70 hr at 25° and refluxed for 22 hr. Fil-
tration of the reaction mixtiwve gave 0.8 g of Et:NH.~ Cl-,
and concentration gave 1.15 g of semisolid residue, only 0.1 g of
which was soluble in 1 .V HCl. The remainder was extracted
with 90 ml of hot ligroin (bp 37-33°); the ligroin solution was
clarified, filtered, and concentrated to give 0.85 g (37%) of 2-

(8) This H was couplall with two adjacent iliasterentopie H: tlie rnjuartet
was actually 2 doublets, Jap =~ 5.3 Hz.

¢ Products, except the diethylamine compound, were iso-

All analyses were C, H, and N; values were within #=0.4% of the theoretical
4 Uv spectrum, Amax [mu (€)] 236 (26,400), 310 (5600), 318 (6700); %5 p 1.5700.

¢ Average life span of control mice infected

acetylquinoxaline, mp 76.5-77.53°. Sublimation of 0.5 g at 50°
(1 mm) gave 0.35 g (409 total yield) of yvellow crystals: mp
79-79.5°; positive haloform, negative Tollens test; Amax 210
myu (e 9900), 247 (22,100), 311 (4500), 320 (4500); pmr (CCly),
8 (ppm) 2.72 (s, 3 H, CHj), 7.90 (m, 4 H, aromatic), 9.34 (x,
1 H, heterocyclic). Anal. (CupHsN,0)C, H, N.
Di-(RS)-a=(di-n-butylammoniummethyl)-2-quinoxalinemeth-
anol Pamoate (8).—A solution of 110 ml of CCls containing
5.17 g of 7 and 3.88 g of BusNH was refluxed under N; for 29 hr,
until pmr data indicated the reaction was 759, complete. The
cooled solntion was treated with 0.71 ml of Ae;O in order to trans-
form wreacted Bu:NH into Bu:NAc. After 15 min the solu-
tion was extracted three times with 50-ml portions of 0.3 N
HCl; the combined agueous extract was treated with decolorizing
carbon and filter aid and filtered. The filtrate was brought to
pH 9-10 and extracted three times with 50-ml portions of CCl.
The combined CCl, solution was connterextracted with saturated
NaCl, dried (MgS0,), treated with decolorizing carbon and filter
aid, and filtered. Removal of the solvent gave 5.83 g (64.59%)
of oily yellow prodict. The oil was redizssolved in CCly and
again purified as outlined above. Removal of CCl, gave 5.6 g
(629%) of clear oil whose pmr spectrum proved it to have the
desired strncture. The oil was dissolved in 100 ml of 0.183 N
HC], treated with decolorizing carbon and filter aid, and filtered
three times and the filtrate was diluted to a final volume of 200
ml. A solution of 3.999 g of disodium pamoate in 50 ml of H,O
was likewise prepared, then diluted to 200 ml. The two solutions
were simultaneously dripped into 400 ml of stirred water, giving
instantaneons precipitation of 6.3 g (439 ) of product.

In some instalices acceptable analyses were obtained only after
liberation of the free base with NaOH from the pamoate salt,
repurification of the free base (alumina column), and reprecipita-
tion of the pamoate salt. Physical data for all target compounds
(8) are listed in Table I.

Di-(RS8)-a-(di-n-butylammeoniummethyl)-2-quinoxalineme-
thanacetoxide Pamoate.—A sclution of 1.1 g of 8 (NBu; com-
pound)and 0.31 ml of Ae;Oin 10 m] of CClystood 12 hr under N, at
25°,  The product was purified and transformed into its pamoate
salt by the same series of steps as outlined for the parent 8:
vield 0.9 g (48.49%); mp 80-140°; Anax 237 mpu (e 150,600),
279 (8500), 291 (11,700), 302 (10,100), 319 (7200); pmr average
data, see footnote b, TableI. Anal. (CeH:uNeOw) C, H, N.
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