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A, LITHIUM COMPOUNDS OF NITROCEN HETEROCYCLES

I. INTRODUCTION

0f the large variety of organometallic compounds, the
organclithium and the Grignard reagents are the moat useful
in synthetic ohemistry. In the laboratory both are rela-
tively easy to prepare and handle, requiring primarily a dry,
inert, oxygen~free atmosphere; they are nelther poisonous nor
gpontaneously inflammable when exposed to the alr. Often-
times they complement easch obther in the sense that where a
gertain Grignerd cannot be prepared, the corresponding lithium
compound ¢en, &and vice versa.

Unfortunsately, not all RLi or Rl¥igX compounds cen be made
by the cuatomary reaction of & wetal on an HX compound. An
important synthetic tool, known for a long time but developed
only in regent years, is the halogen-metsl interconversion
resction?*2, Considerable use wa# made of this tool in ex-
tending the knawzeage concerning nitrogen~containing organo-

metallic chemistry. In the course of these studies previously

1. Kalle, Amn., 119, 153 (1861); Urion, Compt. rend., 198,
1244 (1834).

2. {a) Gilman end Jacoby, J. Org. Chem., 3, 108 (1938); Cilman
and co-workers, J. Am. Chem. Soc., 61, 106 (1939) and sub-
sequent papers; (b) wittig and co-workers, Ber., 71, 1903
{1938) and subsequent pspers.
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inaccessible orgesnometallics, such as the pyridyl- and quino-
lyllithium compounds, the di-lithlocarbazoles, and halogen=-
aaﬁtéiming organometallices of pyridine and carbazole were
pr@p&réd, Farthermore, previously known RM compounds of
carbazole are now made available in decidedly improved ylelds.

Ve ﬁava also attempted to throw some light on orlentation
’in the m@talatién of aromatle amines, both heterocyclic and
nan~hetarmagal;aw

In the course of these studies twe new syntheses of 3-
guinolinscarboxylic acid were developed, both of which sur-
pass the older mﬁtheéé with respect to cover-all yleld,
availablility of starting materials, and in the reduced number
of intarmediaté steps. Peceuse of 1its homologous relation to
the biologically active nicotinic acld and its amides, the
3=quinolinescarboxylic acld was used as a starting material iIn
the synthesis of new substituted amldes which were examlned

for pharmacological activity.



IT. HISTORICAL AND THEORETICAL

1. Pyridyl- and Quinolyllithium Compounds

Application of the bhalogen-metal interconversion re-
action to the preperation of pyridyllithium and homologs
provides new synthetic tools in the field of pyridine chemis-
try. These nuelei, widespread throughout a large variety of
pharmacologically active compounds, both synthetic and natural,
are importent. Yet they are handleapped by inebility to under-
go the Friedel-Crafts reaatiené, and until very reeantly4,
could not be made to form a Grignard reagent. Recently,
Matsumurad reported probably the first sxample of a Friedele

Crafts reaction in pyridine chemistry.

N\ 2
@ . onle A

OH

OH

Perhaps the flrst evidence for the formation of Grignard

reagents from 3-bromo~ and zuiodopyriﬁiné is to be found in a

3« Sidgwick, "Organic Chemistry of Hitrogen", The Clarendon
Press, Oxford, 1937, p. B23.

4. {(8) Overhoff and Proost, Rec., trav. chim., 57, 179 (1938);
(b) Proost and Wibeut, 1ibid., 59, 971 (1940).

6. Matsumura, J. Am. Chem. Soe., 57, 124 (1935).
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ﬁt He observed that in the trestument of these

study by Harris
halogenated pyridines with magnesium, Crignard formation took
place as Indicated by solor tests, but that slde reasctions

set in with the au%s&quaﬁt formation of a tarry product. No
color test could be cbtained from the reaction between mag-
nesium and Z-chloropyridine, 3,5-dlbromopyridine or 6-bromo-
guinoline. A48 early as 1904, Sachs and Eaehs? stated that
Grignard reagents could not be made from bromoquinolines.
These findings were duplicated by Howitz and Kopke®, although
they did report the preparstion of a Crignard reagent from
8~bromomethylguinocline. Since Z«~bromopyridine reacts with
coppeyr powder to glve a good yleld of g,zf»bipyridylg, vari-
ous experiments were éarriad out by Hertog and %ibautle con-
cerned with the preparation of pyridyl Grignard reagents from
activated magnesium powder, pure magnesium powder or clean
magnesium turnings and 2Z-chloro-, Z2-bromo-, or 2-iodopyridine
at the reflux temperature of a solvent such as dlethyl ether,
dlbutyl ether, bengene, and dimethylaniline. A%l results were

negative, Carbon dloxlide, acetyl chloride and acetone were

smployed as characterizing agents in this extensive study.

6+ 5. A. Harris, Iowa State Coll. J. Sei., 6, 425 (1932)
[Cs A., 27, 275 (1935)/.

7. Sachs and Sachs, Ber., 37, 3088 (1904).
8. Howitz and Kopke, Ann., 396, 38 (1813).

AR

9, Wibaut snd Overhoff, Rec. trav. chim., 47, 761 (1928).

10. Hertog and Wibaut, ibid., 55, 122 (1936).
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Finally, Overhoff and Proost?® succeeded in making 2-pyridyl-
megnesium bromide in 40-55% yiélﬁ using ethyl bromide as an
"aguxiliary" agent. This procedure 1s suggestive of the "en-
trainment® mathad‘af arignardil, according to whom'? bpest
yields are uvbtainable when éxaa#ly ons meole of auxiliary RBr
is sdded. The double conversion {X - ¥ interconversion) of
Uriont
RMgBr + Riﬁr —— R'HgBr + RBr

might be the real mechanlam of the reaction, but Overhef?
conld not support either of these views since very little dirf-
ference in yleld was noticed when the amount of ethyl bromide
was varied from one-fourth to one mole. Further theoretical
aspects of the problem have been pramia@déb for a later date.
Similarly, & dimesgnesium compound of 2,6~dlbromopyridine has
besn pr@garaééb, and clalime have besn made that the method in
guestion can be applisd successfully to 2«ghloro-, 4-chloro-,
and ﬁwbremnﬁyriﬁiﬂa, although experimental data have not yst
been reported. | '

The firat15 attempts to prepare organclithium compounds
from 2~bromeopyridine, 2~bromequinoline, and S-bromoguinocline

by the method of X-M interconversion were carried out at the

11. Grignard, Compt. rend., 198, 625 (1934).
12, Crignard, ibid., 198, 2217 (1934).

1%. I. Banner, ¥. 5. Thesis, Iowa State College, Ames, Iows,
1939.
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temperature of refluxing ether for 20 hours. Ho acid, sub-
sequent to carbonetlion, was obtained in sny case. This iz not
surprising, since there 1ls present an azomethylene linkage
whieh, competing with the halogen atom for the RLI compound,
adds the latter as soon as it i3 formed. (See equation VIII,
pe 104} Furth&rmér&, under the vigorous conditions eﬁployed
above, not all, in fact, very little of the interconverting
agent would be used wup in the I-¥ reaction; most of it would
be destroysd by addition to the -N=C< bond. (See equation IV,
Pe 9.} Inebllity to curb the reactivity of the azomethylene
linkage in reactions of the kind described unquestionably
accounts for the negative resulias obtalned by previous inves-
tigators in this field of organometalllic synthesls. It is now
eatablished that gyridyllithiumXQQ’lgﬂ scompounds and homo-
10%$143,1&b can be prepsred by the method of X-¥ interconver-
sion, providing mild condltiona of low temperature and short
reaction time, such as ~35% for ten Lo fifteen minutes are

~ employed. The exact optimum conditions, not yet ascertained,
vary somewhat for each halogenated pyridine or gquinoline com-
pound. However, these two environmentsl conditions are not
the only factors involved, since anll addition wse not
retarded in the trestment of quinoline with p-butyllithlum at
-35% for fifteen minutesi?P®., Consequently, in a halogenated

pyridine or quinoline, whilch constitutes a system of two

14. (a} Gilman snd Spatz, J. Am. Ghem. Soc., B2, 446 (1940);
(b) ibid., 63, 1553 (1941TF (o)

J-ox. (11%/\ o 1%85’(199)

-n——
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functlonally active groups competing for the butyllithium,
other factors are undoubtsdly present which under the labora-
tory conditions chosen permit the selective operation of one
reaction (interconversion) st the expense of the other (addi-
| “tion to the anill linkege). These physico-chemical factors may
be any one or comblnatlon of the following:

{a) The negative halogen atom may deactivate the anil
linkage toward RLi addition; or

{(b) the relative reactivity of the halogen with respect
to bubtyllithium mey be greater than that of the anil linkage,
and in conjunction with (a) may be exaggerated sufficiently
to ?&ﬁmif selectivity in ﬁhe desired direction; and

(e} the metalllec atom introduced may contribute toward
the ée&ctivgtian of the anil linkage.

¥hen the environmental conditiona of low temperature and
short time are removed, these physico-chemical factors are
altered and the activit? of the anil linkage then becomes
manifest in the ﬁarisa of reactlions described elsewhere which
destroy the desired organometallic product. In this respect
1t 1s interesting to observe thet the m- and p-bromodimethyl-
amilinaalﬁ, which are helogensted tertiary amines without the
anil group, yield interconversion products in favorable
guantity even under reflux for twenty hours.

Chlorine-metal interconversion has been observed only

15. Gilman snd Banner, 1bid., 62, 344 (1940).
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rarekylﬁ. evertheleas, the exalted reactivity of o~ and

gkhalw@@ﬁs in guinoline suggesied the possibiliby of preparing
Z-quinolyllithivn from the commercially aevailable Z-chloro-
quinoline. The attempted Interconversions with n-butyl- and
methyllithiums were negative, Similarly, no X-M interconver-
sions were observed between 8-methoxy-4-chloroquinoline and
phenyl- or p-~chlorophenyllithium, or with 4-chloroquinoline

and o-anisyllithium. (See Part B of this theslis.) 1In Wittig's
laboratory sryllithium compounds are generally employed for
X~¥ interconversions} in this laboratory alkyllithium com-
pounds are employed for thls purpose.

Sines 2~ and 4~chlorcquinolines underge hydrolysis,
ammonolysis and etherifiestion by slkoxides, whereas 3~bromo-
gquineline doesg not except under forced conditiona, 1t counld
be inferred that the Z«chloro atom 1s more resctlive than the
S3-bromo atom; yet the latter 13 capable of X~-¥ inbterconveraion
and the former is not. Therefore, the general Inabllity of
chloro compounds to undergo thila resction cannot be explalned
by & scheme of reletive inertness, as one might be inclined
to 4o from the lesrge number of studies which Indicate that
the order of resctivity of halogens in the C-X linkage is
i) Br) Cl.

In the resction with wmethyllithlum, A ~chloroguinoline

16. {a) Gilmen, Langham and Moore, ibld., 62, 2327 (1940});
(b) wittig, Angew. Chem., 53, 241 (1940). Cf. the un-
published atuﬁ%&s of Eessrs. A. H. Haubein and D. S.
Helatrom in ref. 16a.
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was recovered to the extent of 81.5% of the original. The
significance of this is to he noted. Under the same condi-
tions quineoline sdds RL1 promptly; that o(~chloroguinoline
does not do so, adds support to the hypothesls made earlier
that the halogen atom exerts a deactivating effect upon the
-§=C< linkage.

Treatment of a halogenated pyridine or homolog with
alkyllithlium may effect one or more of a number of possible
primary veactions: (1) metaslation or H-¥ interconversion,
{11) X~¥ interconversion, ({II) direct coupling or replace-
ment of the halogen by the alkyl group with splitting out of
LiX, and {IV) additlon of RL1 to the agomethylene linkage.
Illustrated by means of the 3~bromopyridine-butyllithium

system, these reactiona are:

’ N

. ﬁfi . 2 Catho

N8 .
"/j' 'd ’E- C‘IH?L': " (n) > I \ Li + ll_‘ Cqu Bl'
N\ 7
(m) — («j-C.,Hq + LiBr

Y
(w) R N- 8- PR
” l s and | H
CyHa or \ ()
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The system is complicated further by the possible occur-
rence of secondary reactions, chief of which are: (V) coupl-
ing between unused butyllithium and the alkyl halide product
of reaction (11} to form octans, (VI) coupling between the
pyridyllithlum and slkyl halide from X-H Interconversion,
{VII) ecoupling betwsen the pyridyllithlum and unused 3-bromo-
pyridine to form the corresponding bipyrlidyl compound, and
finally (VIII) addition of the pyridylliithium to the anil
linkage of unused 3~bromopyridine and to the anil linkage of
other meolecules of pyridylliithium.

n-C,H,Li + n-C,H Br ——» octane + LiBr (X)

- CylMy B
n- T4 > ﬂjc‘,ﬁq + LiBr ()
Li ‘ ‘\ Br
E::TL gg- > f: + LiBr (]zn
> ul
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in compounds such as Z2«-bromo-, 3-bromo-, J-lodo-, 2,06-
dibromo- and 3, 5~dibromopyridine, 3~bromoguincliine and 2-iodo-
lepidine, metalation (reaction I} did not occur. This is so
becsuse the relatively sluggish hydrogen atom is forced to
compete with two reactive functional groups--the bromine etom
and the ~N=0< bond--~for the RL] agent. HNevertheless, the
pmsaibility of metslation exlsts; verious alkyl-pyridines and
~quinolines {p. 27) metalate, and evidencel4P exists for a
gimilar resction with o=chlorogquinoline. In the latter com-
pound metalation is likely for two reasons: (1} chlorine,
in general, does not zlve the X~¥ resction and (2) the ~N=C<
bond is so desctivated by both the chlorine atom and the benzo
group that the molecule behaves as though i1t contained no
~H=C< bond, 1.8., 1t bshaves as a chloronaphthalene. In fact,

s ehloro acid has been abtainsGI?

from A=~chlorconaphthalene
and p~butyllithium.

The inorgsniec product of coupling, lithium lodide, has
been isoclated from the reaction between 3-lodopyridine and
n~butyllithium. At present it 1s impossible to ascertain
which of the four coupling reactions (III, V, VI or VII) pre-
dominates; indirect evidence*?® fgvors resction VI.

0f the various bromo~ and lodopyridines and quinolines

studied so far the predominant resc¢tlon, under the conditions

selected by us, is X-M interconversion (reaction I1I), except

17. Gilman and Woore, J. Am. Chem. Soc., 62, 1843 (1940).
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with S-bromopyridine. With the latter the maln reaction
appears to be RLI addition. A rough estimation of the extent
of X-M resction, anil addition, and coupling between 3-iodoe
pyridine and n~butyllithium is given in the experimental part.
4 more detalled discusslon of reactions I-VIII inclusive is
presented in reference l4c. ?

Hoteworthy is the difference in bshavlior between 2~bronmo-
pyridine and the 3«lscmer towsrds n~butyllithium. The former
gives a 60% yield of 2~pyridyllithium without precipitate
formation; the latter, & 30% yleld of 3-pyridyllithiuwm with
pr&aipitateffﬂrmatiﬂnla‘ The physico-chemical factors postu-
lated previously to account for successful X-M intsrconvere
slona in the pyridine and quineline series under properly
chosen condlitions may be used to explain this difference 1n
behavior. In 2-bromopyridine, the -N=C< bond is situated
closer to, and may therefore be affected more markedly by,
the deactivating sphere of the halogen (or lithium) atom than
in thes 3-lsomer. Steriec factors do not sppear to be present
in elther of these pyridine moleculss. Furthermore, in
S-~bromoquinocline, where the distance betwsen halogen stom and
the ~N=C< bond is the same as In 3-bromopyridine, the presence
of the negatlve benzo group probably contributes to the de-
sctivation bf the anil linkage, thus permittling X-M reaction
to the extent of 52% of the theoretical. Likewise, in

1B. Absence of precipltate formatlion does not necessarily
exclinude the occurrence of anil addition.



- 13 -

3, b~dibromopyridine two centers of deactivatlion are present
which permit & smooth X-M reaction without precipitate forma-
tion.

On the basis of this theory it is to be predicted that
the more negative groups {(ehlorine atom, phenyl and benzo
redicals, ate.}lg there are in the molecule, and the more
closely these are situated to the -N=0< bond, the smoother
will be the X~M reaction. Thus, the halogenated acridines
and phenanthridines should be easily convertible to the cor-
responding lithium compounds. It is even to be predicted
thaet in very heavily substituted pyridines, more vigorous con-
ditions of time and temperature may be employed and that the
qulckly acting p~butyllithium may be replaced by the much
glower acting lithium, without fear of interference from the
azgomethylene linkage. In line with this prediction is the
observation by Allen and Framaﬁﬁ that lithium and Z2~bromo-
3,4,6~triphenylpyridine in ether reasct to form 2~1ithio~3,4,6-
triphenylpyridine, for hydrolysis ylelds 2,4,5-triphenyl-
pyridine. Unfortunetely, this lithium compound could not be
made to react with carbon dioxide, aldehydes and ketones.
However, Hr. D S. ¥elstrom of this laboratory has recently
prepared the same RL1 compound through X~M interconversion

and found 1t capable of rescting with carbon dioxide in 65%
yield.

19. Of course ﬁag&hiva groups such ag ~(Cz=NH, =~ CO~0Hx, etec.,
which in themselves react with RLi, are obviocusly excluded.
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The corollary follows that 4-pyridyllithiwnm will be the
moat difficult of this series to prepare, unless the molecule
is protected by the presence of negative groups, especially
in the « and &' positions. In contrast to the difficulties
attending the preparation of 3-~pyridyllithium, compounds such
a8 Z2-phenyl-3~bromo~ and 2,6~diphenyl-3-bromopyridine should
give excellent yilelds of the correspondling lithium compounds.

In & study to elimlinste interference from the szomethyl-
ene linkage in the preparation of 3-pyridyllithium, resort was
made to a variety of alkyliithium reasgents, the 1deal being
- one which would add relatively slowly to the -N=0< bond and
interconvert rapldly with the halogen stom. Informetion on
the relative raaativitiaa of RLi compounds towerd the anil
linkage is sear@@gla However, 1t is knewngg that for purposes
of X-~¥ interconversion with S-bromonaphthalene certain RL1
agents can be arrsnged in the following order of decrsasling
effectiveness: a-butyllithlum, n-propyllithlum, ethyllithium,
E-bubtyliithium, np-butyllithiom, pe-amyllithlum, phenyllithlium
and methyllithium. Yet, n-propyllithium gave only a 16.8%
yield of B-pyridyllithium, whereas n-amyllithium gave a 24.5%

vield of interconversion product. To explain these contra-

21. An unpublished study by J. A V. Turck, Jr., showed that
in general RL1 agents add rapidly to the anll linkage of
pyridine and guinoline.

22. Gilman and Moore, J. Am. Chem. Soc., 62, 1843 (1940);
Gilmen, Moore and Bains, 1bid., 68, 2479 {(1941).



dictory yields, i1t may be inferred that n-propyllithium adds
more rapidly to the ~N=0< bond than does the amyl homolog.
It was especially hoped that by using s- or t-butyllithium
ﬁh& additional factor of steric hindrance would minimize anil
acdition, but such was not the case, since under the same con-
ditions of time, temperature and solvent, n-butyllithlum pave
"the same yield of JB-pyridyllithilium.

In econtrast to the dihalogenated carbazeoles, 2,6~ and
3y B=dibromopyridine appear to undergo mono-interconversion
aﬁly, even with such vigorous X-l interconverting agents as

n~butyl~ and n-propyliithiums

& | b ;- Gyl > ] N CO; 5@ cooH
\N/ HX N/

In conjunction with the carbazole studies this fact lis

important, because it suggests & possible mechanism of multl-

ple X-H 1ntaraenvaraiwms in polyhalogenated compounds.

2. Purther Aspects of the Pyridine Family in Organo-
metallic Chemistry.
Pyridine and homologs have been treated with the three
classes®® of metslating sgents-—{I) metals, (II) inorganic

galts and (III) RM compounds. Hetalation attempts®? with

23, R. L. Bebb, Doctoral Dissertation, Iowa State College,
Ames, lowa, 1938.

£4. Emmert, Ber., 47, 2598 (1914); 495, 1060 {(1916); 50, 31
(1917); BZ, 207 {1921), end Smi¥H, J. Am. Chem. TOc., 46,
414 (19247 comprise the leading refersences,



alkall metels falled. 1In all cases, reduction, coupling and
ill~defined complex formation took place. For exawple,

pyridine, + sodium _ shaken for 48 = oy5ess pyridine

7

in excess sand hra. in inert evaporated in
atmosphere at vacuo
room Te
, ‘ D in vaecuo M ,

also spontaneously
inflammable

spontaneously in-
flammable in air.

water
{wet ether)

tetrahydrodipyridyls [0/ 4,4'-dipyridyl
fair)

-+
a little of the
2,2"’18%62‘0

Iithium, and potassium less readily, exhibit the same behavior
with pyridine, forming (CgHgl)g.Li, CgHgH.Li, (CgHgN)g.K and
Cgligi.K. However, with acridines l,4-addition of the metal

G‘ﬂﬁﬁ?ﬂgﬁi
A H
Z YN . N
I Z ” ) /'\/
Na,
CeHs M, Chs
A4 4 N\
A %Y
M

25, Sohlenk end Bergmenn, Ann., 463, 281 (1928).
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The tendency toward complex formation with slkell metals
suggests that applications of the Wurtz end Wurtz-Pittig
reactlions to pyridine compounds mey be Impossible.

Pyridine and guinoline compounds react with elass II
metalating agents. ¥With sodium amide, the resction is gener-
ally not metalation, but rather one of anil addition. Called
Ghiﬁhibabin*azﬁ synthesis, the resction is believed to take

the followlng course:

N
m * NeNHy ——s mf/ I T g
4 S NH NHNe
, Na, H

2H Y HeO , m —
/@NHM» /I\”/ NH +%

X=Pleoline also adds sodlum amide to form the corresponding
26,27

2-amino-G-methylpyridine A solvent such as toluense,
xylens or dimethylesniline lis generally employed in the
sodamide addltion. In the absence of any solvent, o-picoline
undergoes lateral metalation®® to form AK~-picolylsodium,
several days being required for the raactién to go to

completion:

26. Chichibabin and Seide, J. Russ. Phys.-Chem. Soc., 46,
1216 (1914) /C. A., 9, TooT (Io18}/C —  ~

27. (a) Seide, J. Russ. Phys.-Chem. Soc., 50, 534 (1918)
Chem. Zentr., 111, 10 ‘§§ g (I523);7(b) Cer. Patent 663,891
C. A+, 53,175 (1939)7. ‘

28. Chlchibablin, Rec. trav. chim., 57, 582 (1938).
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D without ﬂ/ i
solvent v/ CHz Na.
N
‘\'N/ CH3

A with , N
solvent &N’N/LUB

The lateral metalation of A-plcoline recalls the intere
esting studies®® on the m@t&l&tiﬂh of phenylacetonitrils.
Both compounds are chemlically very asimilar; they are sromatic,
contalin 2 J0=N~ or -C=N bond, and have an exalted methyl or
methylene group in whieh the hydrogens are extremely reantiée.
In ether solution, the nitrile reacts with either sodlum or
sodium amide ylelding the metalation product, Caﬁseﬂ(ﬂa)CE,
which on treatment with alkyl halides forms CgHgCHRCN. The
resulting nitrile also metalates ylelding compounds with the
general formula CgHgCR(Na)CE. It is, therefore, interesting
to speculate whether A-plcoline can be metalated laterally by
sodium also.

Quinaldine also undergoes lateral metelation with sodium

emlde 1n absence of aolvantﬁe; the Quinaldylsodlium reacts

29. {a) Bodroux and Teboury, Compt. rend., 150, 531, 1241,
1274 (1810); (b) Baﬁram,'"i—ﬁwi v, 1bd, 254, 1387 (1910);
158, 1694 (1911); 153, 350 (1911); (c) Bodroux and
Taboury, Bull. soc. chim., /47, 7, 735 (1810); /27, 9,
651, 726, 768 (I911); (d) Rising 8nd co-workers, J. Am.
Chem. S500., 49, 541 {1927); 50, 1699 (1928); Bl, 262
Ti%29); 52, 1089, 2524 (1930737 (e) Upson, Maxwell, and
Parmalee, ibid., 52, 1971 (1930).

30. Oldham and Johns, J. Am. Chem. Soc., 81, 3289 (1939).



- 19 -

with n-propyl bromlde to give the 2-p-butylquinoline:

N\ NaNHy 7/ \ n-C.H,Br N\
' # CHsz 4 \ l p CHz’Vd- ? 'N/ C,IH.'

Eﬁrgatrﬁmﬁl has made an extenslive study of the actlon of

various alkaline and elkeline earth amides on quinoline com-

pounds. Hig resulis are presented in outline form:

guinoline 4+ KNHy —> 2+~ and 4-aminoquinolines; the

Z2~lgsomer predominates.

guinoline + Ba(ﬁﬂg)z-——+2~am1naquinoline on1y§u

lsoquinoline + EKNHg — 5 l-amino-isoquinoline

LiNHp
HalHg
mixed amides
G-methylquinoline
8-methylquinecline
8~ethoxyquinoline
6-~dimethylaminoguinoline

2-quinolinecarboxylic acid

4-~guinolinecarboxylic acid

60-75% yleld

+ Baf( Wi }2-——-)6-%526 -2=-NHs~Q (174)
+ Ba(NHp)p—s8-Me-2-NHp-Q (35%)
+ Ba{NHp)g—8-Et0~2~NHg~Q (76%)
+ Ba(NHglp — 6-CHz)ol-2-Hlp~Q (34%)
KN Hg
ENOg 2«CO0H~4~NHp~Q (81%)

KN .
"Eﬁ%ﬁ“’ 4-CO0H~2-NHg~Q ("70%)

G = guinoline

It should be observed that blocking of the Z-position pro-

duces 1,4-addition of the Killig.

Hercuric inorganic salts also belong to class II

31. Bergstrom, ibid., 56, 1748 (1934); Ann., 515, 34 (1934);
J. Org. Chem., 2, %11 (1937); ibld., 3, 253 (1938).
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metalating agents. However, these salts effect metalatlion

and not addltion to the szomethylens linkage. The mercuration
generally takes place meta to the nlirogen atom--i.e., ortho
to the -N=C<{ bend. Heating of pyridine with mercuric acetate

gives S-pyridylmereuric acetate s S0,

A nitrogen-addition
product ls formed firast, which dlssolves in excess pyridine;
on heating, true mercuration through rearrangement takes

place:

VA
CHsCO HgQ.CCH

o~Aminopyridine and o~pleoline were aslso found to mercurats
aagilfﬁag The former glves, subseguent to decomposltion of
the pyridylﬁarmurie acetate with sodium chloride, an 88%
vield of 2~amino~H-pyridylmercuric chloride. The oeplcoline
gives s 61% yield of what ie belleved to be the Zemethyle5-
pyridylmercuric compound, although its structure was not
definitely established. If this structurs 18 correct, 1t con-
flicts with the observation of Ukai®%, who found that mercuric
acetate mercurates quinaldine (otmethylquinoline) in the aside

chain. Iaaguiﬂalina$4 mercurates in the 4-position, and

32+ MeClelland end Wilsen, J. Chem. Seoc., 1263 (1932).

33. Swaney, Skeeters and Shreve, Ind. Eng. Chem., 32, 360
{1840}.

%4. Ukal, J. Pharm. Sec. Japan, 51, 542 (1931) /C. A., 25
5427 (1931)/. ‘ ’
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quinelin954 in the 3«, bw and 8- poslitliona. An interesting
guinoline compound which undergoes mercuration is clnchoninie
ac1d®5;

COOH COOH

@ O/I \I Hg0COCH;
N <i;:> N W

A large varlety of pyridine compounds react wlth claas
III metalating agents, bul generally the reaction is not one
of metslation. For example, N-methyl-2-pyridone reacts with
benzylmagnesium bromide to give H-methyl-Z-benzylidene-l,2-
aihydropyridine .,

m CeHpCHpMEBr m _distill ,\
W 0 'C*fi:j> N/ fq<<:;3>
CHs cm

The first recorded observation of R¥gX additlon to
cyclic azomethylene compounds 1s te be found in the work of
Freund®7 . Employing the methlodides of various pyridilne,
quinoline, iscquinoline and acridine compounds, he ocbserved
1,8~addition in every case except with acridine, where addil-

tion can occur only at the end of the conjugated ayatem.

35. Dominikiewlicz, Roczniki Chem., 11, 664 (1931) /C. A., 26,
3797 (1932)7.

36. Decker, Ber., 38, 2493 (1905).

37. Freund, Ber., 37, 4666 (1904); 42, 1101 (1909).
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Gdéaﬁg also observed o-arylation of quinoline on treat-
ment of the latter with nsgnesium and bromobenzene in benzense

&8 solvent:

7N/ N\ -- N
S PR @”’*Mﬂ“_—_"

38

S5imilar results were obtalned when one mole of pyridine or

guinoline was added to one mole of previously prepared phenyl-
magnesium bromide. Years later Bergastrom and ﬁeAllistersQ,
delving into the mechanism of the reactlion, observed that the
imitially formed white precipitate yielded the original
hetsrocycle on hydrolysis. Howsver, if the insoluble body was
heated to 180° in a sealed tube prior to hydrolysis, an
o=substituted heterocyele was produced. Accordingly, they

postulated the resction to take place as followa:

38. 0ddo, Attl. accad. Linecei, (V), 16, 538 (1907); Cazz.
chim. ital., 371, 574 (1007). —

39. Bergstrom and McAlllster, J. Am. Chem. Soec., 52, 2845
(1930).
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o(~phenylgquinoline
{erude yield, 66%)

The addition compound, sparingly soluble in ether, is bslieved
to have the structure of a substituted ammonium salt. Under
the Influence of heat, the aryl group migrates to the adja-
eﬁnt‘earbﬁm atom, so that the net result is addition of RMgX
to the -N=CC bond. y- Isomers were not isolated; this is an
interesting observation, since the Crignard reagent adds 1,4
to B conjugated open chain azamathylana eampound*a

A pyridyl- or quinolylnitrile is a polyfunﬂtinnal mole-
cule with twe types of >C=N~ bonds. The cyano group rescts
preferentially with the organometallic reagent. Numerous
examples occur in the literature but only & few will be cited
here. LaForge®) prepared 3-scetylpyridine from 3-cyanopyrie-
dine and methylmagnesium iodide. Likewlse, Z2-picolyl methyl

40. Gilman, Xirby and Kinney, ibid., 55, 1265 (1933); 63,
2046 (1941).

41. LaForge, ibid., 50, 2477 (1928).



ketone was prepared from the corresponding nltr11342

I \ cN Gﬂﬁﬁgl . I Y- cocHs
k/ CHy - Wt

In the guinoline series, G-methoxy~8-cyanoguinoline was

treated with ethylmagnesium iocdide to glve S-methoxy-~8-gquino-
lyiethyl kﬁt@nﬂﬁg, and more reecently Fleser and Eershbarg44
found the ssme synthesls to be appliocable with aryl Grignard

reagents.
CN Mg Br g

\ ACHB [ »,(\j y oYY (o3t
1+ ] — | yield)
N N 4 AW

Z M8y (874
|+ e e— yield)

N N\ Chy ", Chy

Hy
Ll.,—c ”s

The greater reactivity of the c¢cyano group over the azemethyl-

ene linkage is of importance, synthetically speaking, because

it shows that pyridine compounds containing certain functional
groups can react with RMgX compounds without fear of inter-

ferenoe from the ~N=0< bond, providing these functional groups

42, Schmelkes and Joiner, ibid., 61, 2562 (1939).

43. Strukev, Khim. Farme Pram., 8, 13 (1934) /[C. 4., 29, 1821
(1938)7 « -

44. Pleser and Hershberg, J. Am. Chem. Soc., 62, 1640 (1940}.
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are above the cyano raéical in the Entemann~Johnson series?d,
Established on the basls of relative reactivity toward phenyl-
magnesium bromlde, thils series lst

~CHO ) =COCHy ) <HCO  =COF ) =COCgHg > =COCL, =COBr)

~COgCoHy p ~C=N K

In rauaut years considerable study has been expended on
RL1 compounds in pyridine chemlasbtry. As was to be expected
from studies with the Grignard reagent, the feéetion is
generally one of anil sadition?®, Similarly, RL1 adds 1,2 to
open chain conjugated azomethylene compounds, whafeaa RMgX
adds 1,4%°, Unlike the Grignard reagent, RLi adds to the
~H=C< bond without intermediate formation of an addition com-
plex, because hydrolysis prior to heating ylelds the
o~substituted-1,28~d1ihydro compound. The yields are ususlly
superior to those obtained with the Grignard reagent, and a
very pure product in exaaiient yleld may be obtained by run-
ning the resction for only a few minutes in the 001646 14b
If the anll additlion product is heated prior to hydrolysls,
lithiuwm hydride splits out, thus greducing the dehydrogenated
o~substituted compound. This modification of oFalkylation or

45. Entemann and Johnson, 1bid., 58, 2900 {1933). See also
: H. D. Gooch, M. S. Thesis, Iowa State College, Ames, iowa,
1838 .

46. {a) Ziegler and Zelser, Ber., 63, 1847 (1930); (b) Berg-
mann, Blum-Bergmenn and v. Christisni, Ann., 483, 80 (1930); -
(¢) Ziegler and Zeiser, Arn., 485, 174 [1931)7 (d) Walters
and MeElvain, J. Am. Chem. So0c., 55, 4625 (1933); (e) Evans
and Allen, QOrg. Syntheses, 18, 70 (1938); (f) Oldham and
Johns, J. Am. Chem. Soc., s’i" 3289 (19239); (g) Part B of
this thesis.
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s~arylation is best employed with the pyridine compounds.
With the higher homologs it is preferable to use the hydroly-
sis method, followed by dehydrogenation to the desired

compound .«
Ij+gu__a|,z_._ﬁ|R+uH (&)
W e /\N/
L
| o]
I
}E:L {B)
p
H

Dehydrogenation may be effected by means of nitrabenzeneésa’c,
mercuric oxide®®® or zine dust®®f. However, this step in the
syntheses may be superfluous, since the 1,2-dihydro-compounds
are generally sutoBxidizable on exposure to air and it has
been the experience of some investigatarsésbﬁg that hydrolyais
of the adduct involves simultaneous suto-oxidation to the
dehydrogenated produet. In this respeet, 1t should be noted
that in method A, the evolutlon of hydrogen from the hydrolysls
of the lithium hydride does not hydrogenate any of the reaction
product. The adduct is surprisingly stable, and in meny cases
mey be isclated in orystalline form*98,8,

Acridine sdds RL1 with equal ease®®P:®, gddition

geeurring at the end of the conjugated system.
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R
g Hydrolysis KAF/\/Q\
N> / Oxidation Gy )\ /

In substituted pyridines and homologs, the reaction
with RLi may be other than ~N=0< addition. Already discussed
is the X-M Interconversion ef bromo and lodo compounds snd
the possible metalation of g=chleroquinoline. Alkyl substi-
tuted compounds may metalate In the side chaln or may add to
the azomethylene linkage. Prediction as to the course of
reaction with such compounds is diffiecult, Por example,

46¢ gnd conyrin®’ (X-n-propylpyridine) add

46¢,48 46¢

A-n~-butylpyridine
n~butyllithium, whereas a@pianlige and quinaldine

are metalated by methyl- and phenyllithium.

'§‘ A (/\L
. )»cqflq , CyHa-\ - Culy

¥

( \ n=C, Hgll R i A
l}/l- s Hy CsHh\y2~ C'#Hq

A CHgLi . \/ﬁ

47. Tsuda, Ber., 69, 429 (1936).
48. Bergmenn and Rosenthal, J. prakt. Chem., 135, 267 (1932).




On the basis of the numercus studies from this laboratoryi®,
which establish unquestionably the markedly superior metalat-
ing power of p«butyllithium over methyl- and phenyllithium,
ong mizht heve expected lateral metalation rather than anil
addition in the casss of o~p-propyl~- and butylpyridine. It
may be argued that suech sn expectatlon 1s unwarranted since
the hydrogens of an C-methyl group may be more resctive than
those in the longer gide chalns. 4 gradlent resctivity of
alkyl hydrogens has been observed in metalation studles of
alkyl-aryl thicethers. Whereas methylphenyl sulfide undergoes
lateral metalation, the longer alkylphenyl sulfides undergo
nuclear metalation®®®, 4lso in 1ine with this criticism is
the work of %nu&a4v, who In the sourse of atudies concsrned
with elucidating the structure of metrins, observed metalation

of an o¢-methyl group with n-butyllithium.

N A, N
( CHs 4 ICH;LI / ¥ st
N n=CaHall ColeBr N
/ m e ) 28s \/' (111)
k/”\/ /'\K \.)V
(1) (11) J’S}.'%Hgm

CyHy /V’ Cstly
o,

49, See reference 22 and Cllmen and Jacoby, J. Crg. Chem., 3,
108 (1838). T
49a, Gilmen and Webb, J. Am. Chem. Soc., £2, 987 (1940); F. J.

webb, Doctoral Dissertation, Ilowa State College, Ames,
lows, 1941.
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But it should be noted that mebtalation of an A-propyl group
has been effected®® with phenyllithium, one of the weaker
metalating agents.

C:Hsm Cakls CgligLi C'*(\[C‘”’ reacts with
CH-CH CH3

- CHhlhCHy M/LL benzyl ehloride
butyraldehyde
benzeldehyde

In Tsuda's work, the action of p-C4HgLl on (III) is no longer
one of metalation.

When & halogen atom and an active methyl group are
present, &2 Iin 2~iodolepidine, X-M interconversion occurs
without a concomitant lateral matalativnléb.

CH3 CHz
N n-CyHgld /NN

:‘ I ’ \|J'/—i

The greater reactivity of the cyano group over a cyclic

>C=H~ bond towsrd HMgX sddition holds likewlse with respect
to BLi addltion. The sction of 4~lithio-~T-methylhydrindene
on B~cyanoguinoline gives the proper ketone in 17% yisld44.
Treatment of 9~cyancacridine with phenyllithium slso results
in kétans formation®l,

cN #’\C’NH ¢‘c=0
VaYa YA gL [/ A Hy0 VN

| Bg0 \/Y'v\ Y LA

NN

50. Heskelberg, Chem. and Ind., 54, 261 (1935).
51. Lehmstedt and Dostal, Ber., 72B, 804 (1939).
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3+ The Lithioecarbagoles.

The ease of organometallie formatlon in the pyridine
family hes already been shown to depend very much on the par-
tioular halogensted compound employed. In the carbazocle
series, owing to the absence of an anll linkege, orgsno-
metalliec synthesis by the method of X~¥ interconversion occurs
with great ease. The chlef difficulties are: (1) coupling,
{2) possible metalation, and (3} interference from the DN~H
group. The extent of coupling cannoet be very large because
the ylelds of X-M products are in the neighborhood of 60-
Sﬁﬁléh,‘ Produets of metalation have yet to be encountersd
although these were theoretically posslible on basis of anslogy
to ceriain hslogenated dibenzofuransS®., Interference from the
»H-H group consists merely of a loss of one squivalent of the
intereamverting‘agﬁmtlé%. For example, Z2-bromocarbazole
reacts with two equlvalents of n-~butyllithium to form
2~1lithiocarbazole in 57.8% yield.

q 1
8/ N\ 8y e 4 N\ 5
I > | + C4fho
TNNAS S NN\
6 H 4 Li
7 N K
Li Li

The synthesls occurs in two stages, the first one belng

52+ Gilman, Cheney and Willis, J. Am. Chem. Soc., 61, 951
{1939;; Gilmen, Willis and Swislowsky, ibid., 61, 1371
(1939). -
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instantaneous and accompanied by the evolution of butane; the
second sbtep 1s slower and requires about an hour to run to
completion. &pparéntly, the >X-Li group does not deter X-¥
interconversion, juat as 1t doss not deter metalation®. When
the activity of the >H-H group is massked by alkylation an extra
equivalent of XM interconverting agent 18 unnecessary.

Hitherto, two methods for preparing organometallic com-
pounds of carbazole have been used®%, fThe customary one of
treating an RX compound with meagnesium or lithlum suffers the
disadvantage of furnishing the ngx or RL1 product in poor
yield. DMNetalatlon is the second method. Although it also suf-
fers from the handicap of poor yleld, its chief value lles in
Its ability to introduce the metalllc atom into & novel and
otherwlse inaccessible position In the molecule. The X-M
interconversion method 1s the most versstlile; it provides (1)
highly satisfactory yields of mono-metallic derivatives, (2)
splendid yiaiéa of di-metsllic compounds, and (3) the possi-
Bizity of effecting preferentisl X-M interconversion with
&1halagén derivatives. The Grignard reagent of B-sthyl-2e
1odocarbazole is obtainable in only & 20% yield®®, and
similarly the reaction betwesn B-ethyl-E~bromocerbazole and
lithium gives a 54% yield of the corresponding RLi praﬂuct54.
The yield Gf‘thﬁ same RL1 compound 1s more than doubled by

5%. Gilmen, Brown, Webb and Spatz, ibid., 62, 977 (1940).
 54. Gilmen end Kirby, J. Org. Chem., 2, 146 (1936).
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application of the X-M reactionléb,

An illuetration of dl-metal formation is the reaction
of S~6thyl-2,B8-dlbromocarbazole with n-butyllithium to give
an 84% yield of Bw=ethyl-2,8-dilithiocarbazole. It is diffi~
cult to concelve of a successful synthesis of such a compound
by direct action of lithium on the dibromo-~ or diicdo=
compound «

The mono-intereonversion of 5-ethyl~-2,8-diiodecarbagzole
with n~butylmagneslium bromide is an example of preferential
X-¥ interconversion. In this particulser case, the use of
methyllithium might be more effective in & selective mono-
interconversion. In this connection, the mono-interconver-
sions of 2,6~ and 3,5-dibromopyridines even with vigorous
interconverting agzents as n-butyl- and n-propyllithium are
worthy of recall.

These mono-interconversions suggest that in polyhalogen=

ated compounds the X-¥ resctions proceed stepwise. Thus,

Br@—/@ﬂr n=Cy HgLl A@—ﬁii n-CyHgLl 4 @v_j\\)u
WA N\ N\F XN y

C'ﬂ[ C'l.”; é 2 ”,—

4. Orientation in the Metalation of Amines.

In nuclear metalations by organoalkall compounds, metala-
tion occurs almost invariably ortho to the hetero element or

to the group containing the hetero element. Among compounds
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in which the hetero element is nitrogen, the following have
been found to conform to the rule: aniline®®, H-nebutyle
en1line®3, diphenylamine53, W,N-dimethylaniline5, carbazoled?,
N-ethylearbazoleb4 and N-phenylearbazole®®. ohis 1ist com-
prises a varlety of primary, secondary and tertlary amines.
The exception to this rule is the meta metalation®® of tri-
phenylamine, especially interesting because of the close

. chemical structurs between this amine and N-phenylcarbazole.

4 /N ) J A
N

N

0 Q.

N—N\ n-C,HyL1 A N\
0 —=#=— (0

.
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The orlenting effects of the two negative phenyl groups
in triphenylamine cannot account for the anomalous metalation
of the remaining phenyl group, because diphenylamine metalates

according to rule. In diphenylamine the hydrogen atom and

55 Morton and Hechenbleickner, J. Am. Chem. Soc., 58, 25989
{1936); Gilmen and Bebb, ibid., B1, 109 (1939).

56+ Gilman, Stuckwisch and Kendall, ibid., 863, 1758 (1941).
56a+ Gilman and Brown, 1bid., 62, 3208 (1940).
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the phenyl group would constitute the orienting factors,
and surely the orienting influence of the latter must out-
welgh that of the hydrogen.

It is proposed here that the mets metalation of triphenyl-
amine 1s the result of steric hindrance from the two large
phenyl graaga; In triphenylamine, the three valence forces
of the H atom are squidistant from esch other. In N-phenyl-
carbazole, the equidistance 1s dlsturbed in consequence of
the union of twe phenyl groups to form the carbazole nucleus,
80 that the smount of space about one of the valence bonds is
greater then any of the three in triphenylamine, It is the
phenyl group attached to this one vslence force which under-
goes ortho metalation.

If sterlic hindrance accounts for the abnormal behavior
of triphenylamine towards n-bubyllithium, then replacement
of one of the phenyl groups by a much smaller one, such as
the methyl redical, should effect resumptlon of eorthodox
metalation. Such 18 actually the cese. 7The pesition of
ortho metalation was ascertained in two ways: (1) by ring
closure of the Ne-methyl-E-phenylanthranilic acld to N-methyl-
acridone end (2) by N-methylation of suthentic Hephenyl-
anthraniliec acid.
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’/l O 2081 C\ m

1t is therefore sevident that metalation of aromatic
amines by organoalkall occurs always ortho to the nitrogen
&t@m; except under conditions of steric hindrance; this orien-
tation is determined by the nitrogen atom, eyclic or non-
eyclic, and not by the groups attached to the nitrogen,
whether these groups be H-H; Healkyl, H-aryl, alkyle-alkyl,
alkyl-aryl, or aryle-aryl. |

Retention of mets matalatign is to be sxpected In & com-
pound in which the phenyl group of triphenylamine is replaced
by another large group such as the cyelohexyl, t~butyl, or
isobutyl. Unfortunately, the smell quantity of pummy acid
obtained from the metalation of oyelchexyldiphenylamine could
not bs purifiéﬁ for identification. The amine was prepared
by Ne~phenylation of K«eyclohexylanllinej it could not be
prepared by eyclohexylation of elther diphenylamine or sodlum
diphenylamide.

Hetalatlon of H-methylcarbazole yields, subsequent to

carbonation, both a mono- and dibasic acid. Although the



structures of the acids remain to be established, the carboxyl

groups are tentatively placed in the 4~ and 6~ positions.

N\ n-CgHoll  / A\ V4 N\
U — & (O + (O
AN e N Y N AL
CHy bny (coor) (HO0)  cuy (coOW)

The isolation of the dibasie acid is interesting, because
N~ethylcarbazole does not undergo di~metalstlion, even with a
large excess of metslating agantgé. These facts conform with
the theory of steric hindrance applied to the metalation of
amines. The larger ethyl group® makes di-metalation more
diffiecults Possibly related 1s the fallure of N-ethyldiphenyl-
anine to metalatssv, in contrast to the behavior of N-nethyl-
diphenylamines. Again, the difference in behavior between
ﬁ»ethylﬁiphenyl&min& and N~ethylcarbazole is noteworthy. Un-
gquestionably, the union of the two phenyl groups to form the
carbagole nucleus destroys the sterie factors present In the
former molecule. The dl-metalation of Enphenylearbazaless is
not comparable with these cobservetions becsuse the additionsal

aromatic ring provides for additional metslation.

*Rae&nﬁly, Adams and Stewart, ibid., 63, 2859 (1941) demon-
strated the markedly increased sterlc effect of the ethyl
radical over the methyl in racemigzation studles of certain
arylamines.

57 . @nyﬁﬁiiahed studies of Drs. ¥m. I. Harber and F. W. Hoyt.
58. Gilman and Stuckwisch, 1ibld., 64, 000 {1942).



&. Some Pharmacologically Aetive Derivatives.

& econsideration of the various biologlecal properties
possessed by nlcetinie aeld and its simpler amido derivatives
made desirable the syntheses of certain dialkyl amides of 3-
quinolinecarboxylic acld. Hitherto®®, this acid was available
with utmost difficulty, bub raeemﬁlyiéb by the method of
halogen-metal interconversion we obtalned the acld in 529
yleld directly from the easlly accessible Subramoquinalineso.
Also raaentlyﬁl, Jansen and Wibesut prepared 3-cyanoquinoline
by the action of cuprous cyanlde on 3-bromogquincline.
Hydrolysis of the nitrile, we found, took place almost quan-~
titatively, &nd provided a second, direoct route to 3-quinoline-
carboxylic acid. The synthesis of the amldes is swmmarlzed
in the sequence of eguations presented below, which includes

yields of the perent acld obtained by the methods mentioned

/ \ =E N
B+ :
9hng |y
ob Pocls or ARG
\\\\\\:;>\s (::IijCN [::j/A\-CaNRL
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above

59, ¥ills andé Watson, J. Chem. Soc., 87, 71 (1810).

60. (2) Claus and Collischon, Ber., 18, 2763 (1886); (b)
Edinger, Ber., 28, 2459 (1898).

61. Jansen and Wibaut, Rec. trav. ghim., 56, 709 (19837).




Attempts to prepare the amides listed in Table I by the
action of a secondary amine on the acyl halide hydrechloridesa
gave only poor ylelds of the compounds which were identified
by comparison of their plcrates with those of the amides
obtained from heating the acid itself with the amine in the

presence of phosphorus oxychloride or phosphorus pentaxideléb.

TABLE 1
Dlalkylemides of 3-Quinclinecarboxylle Acid

Compound Anslgesic Actlon

i. N,H~Dimethyl-3~quinoline- Hegatlive
carboxamide

2. H,B~Diethyl-3-quinocline~ Hegative
carboxamide

3¢ N, H=-Di-n=propyled= Negative
quinaelinecarbozamide

4. N, H-Di«lgo~propyl=5« Poaitive

guinolinecarboxamide

5. H,H-Diallyle3- , Positive
gulnolinecarbozamide ‘

6. 5mﬁuinolim§carboxylie Hegative
acld piperidide
The compounds of Table I, in the form of hydrochlorides,
were examined for pharmacological activity by intraperitonesal
injection in white mice. Compounds 4 and § showed analgesic
action, psrticularly thé latter which was about one-third as

sctive as codeine. Unfortunately, 1t also exhibited certsln

62. Kolber, Fuppersberg and Strang, Monatsh., 52, 59 (1929).
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undesirable secondary reactions. Strangely enough, nicotinyl
dlethylamide commonly known as coramine, possesses analeptic
activity, whereas these compounds do net. We acknowledge our
gratitude to Ir. We G Bywater and ¥r. Howe of Parke, Davis

and Co. for the pharmacological tests.
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111, EXPERIMERTAL

Yetalation of N~Methyldiphenylamine.--{(a) A 50 cec.

ethereal solutlon of 18.% g. (0.1 mole) of freahly distilled
methyldiphenylemine was added to 0.126 mole of n-butyllithium
in 175 ce. of ether. No color or heat change was produced,
After twenty-four hours of gentle reflux the clear, colorless
solutlion wes carbonated in an ethersal slush of dry lce.
Acidlfication of the aqueous alkaline layer yielded an oil,
from which a green erystalline material precipltated, after
standing in the refrigerator. Recrystallized from sthanol,
the pale gresen ecid melted at 102.5-103.5° C. Yield was
1.0 g+ (4.4%).

Anal. Csled. for 614E1362§z neut. equiv., 226.2; N, 6.16.
Found: neut. equiv., 230.5, 231.0; N, 6.08, 6.26°%,

(b) Treatment of 0.1 mole of N-methyldiphenylamine with
0O+2 mole of n~butyllithium for forty hours Increased the
yield of crude acid (m.p. 96-101°) to 3.2 g. (14.14). Tuwice
recrystallized from petroleum ether (b.p. 60-689), the
erystals melted at 103-4°, and the yield of pure product was
1.8 g. (7.8%).

Cyclization of H-Methyl-N-phenylanthranilic Acid.--One

63. Nitrogen snalysis by ¥r. A. L. Dittman.



gram of the acld, l1solated from the metalation and carbonetion
of methyldiphenylamine, was dlssolved 1n 10 cec. of cold, conc.
sulfuric acid, and warmed on a water-bath for one and one-half
hours. The solution turned red-brown with a marked blue-green
fluorescence. After careful dilution with water, the pre-
clplitate was filtered off, washed, digested in bolling dilute
alksli, filltersd once more, and crystallized from ethanol.

The pale yellow crystals melted gt 198-199°, and a mixzed
melting point with suthentie N-methylacridone showed no de-

pression. Yield was 0.7 g. (76.4%).

Preparation of Acridine Methiodids and g—%ethglacridona6%r~

Heating 25 g« (0.14 mole) of scridine and 40 g. {(0.28 mols)

of methyl lodide under reflux on the water bath for four hours

yiﬁlée@ 58 g.'(?a*?%) of red, orystalline scridine methiodide.
Thirty g« (0.09 mole) of the methiodide was added at

' 50° C. portionwise to & 20% agueous solution of sodium hydrox-

ide, containing & finely powdered suspension of 92.5 g. of

potagssium ferricyanide. After stending overnight, the ferro-

cyanide redissolved, and 2 yellow-brown mase remalned. After

seversl recrystsllizations from ethanocl, the yield of N-

methylacridone, melting at 198-199°, was & g. (25.5%).

H-Methyletion of H~-Phenylanthranilic Acid.-~Thrse g.

{0.014 mole molse} of H-phenylanthranilic acild, 5 g. (0.035

64. Bergmann and Blum~-Bergmann, Ber., 83, 761 (1230).
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mole) of methyl ilodide and 0,6 g. (0.015 mole) of sodium
hydroxide in 133 ce. of water were refluxed for twenty-four
hours. Twenbty ce. of a 207 solution of sodium hydroxide was
added and boiled for an additional hour to destroy excess
methyl ifodide and to hydrolyze the methyl ester. ¥When s clear
hﬁmaganaﬁus golution wss formed, the contents were diluted
with 200 cc. of water and acidified with conc. hydrochloric
acid, The acid was crystallized from an ether-petroleum ether
{bep, 60~68%) mixture as pale green needles. The yleld was
1.8 g. {50.37)}. The seid melted at 104-104.5%, and admizxed
with the acid obtained from the metalatlon of N-methyldiphenyl-
amine, it melted at 103-4°,

Preperation of N-Cyclohexylaniling.-~In accordance with

the procedure of ﬁickanbattamgs, 120 g. (1.3 mole) of aniline
and 65 go (0.4 mole} of cyclohexyl bromide were heated in an
01l bath at 115% for four hours, and at 150° for twelve hours.
On cooling, the contents solidifled to a crystalline masa; the
@il, obtained after addition of sodium carbonate, was dried
over potassium hydroxide. The cyclohexene and most of the
vnused anlline were removed at atmospheric pressure. The
residusl oll was fractionated under reduced pressure. The

yield of fraction, D.p. 150-1% at 16 mm., was 32.5 g. (46.4%).

Preparation of H~Cyclohexzyldiphenylamine.--{a) Seventeen

65, Hickenbottom, J. Chem. Soc., 2646 (1932).
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and one-half g. (0.1 mole] of Nwcyclohexylaniline, 22.4 g.
(Gfll mole) of lodobenaene, 8.3 g. {(0.06 mole) of potassium
carbonate and 3 g+ of copper powder were heated in a metal
path at 220-240° for forty-eight hours. After cooling, the
ocrystalline mass was dissolved in ether and the copper re-
moved by filtration. The ethereal filtrete was dried over
Drierite, filtered, and the ether removed by distillation.
The oily residue was distilled under vecuum. The yellow frace
tion, b.p. 150-160° at 3-4 mm., solidified on cooling. Twice
recrystallized fram»athgﬁeiwathyl ether mixture, the large
white crystale melted at 74~75.5% The yleld was 11.6 g.
{46%). |

In & preliminary run conducted at 180-220° for eighteen
hours, the yisld wés 13.1%.

Anal. Calod. for CygHg HOU: €, 86.0; H, 8.44; N, 5.57.
Found: €, 85.9; H, 8.34; K, 5.73«

{b) A mixzture of 335.8 g. (0.2 mole) of diphenylamine,
46 g. {0.29 mole) of cyeclohexyl bromide, 16.4 g. (0.2 mole)
of powdered anhydrous sodlum scetate, and 0.3 g. of lodine
were heated in an oil bath at 140° for thirty hours. The
contents were poured into lee-water, and the oil which sepa-
rated out solidifled after a short whille. The recovery of
erude diphenylamine was practically quantitative.

{c) 8ixteen and three-tenths g. (0.1 mole) of cyclohexyl

66. The carbon snd hydrogen analyses were made by ¥Mr. R. V.
Christians
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bromlde and an equlivalent of sodium diphenylamide, prepared
from n-butylsodium and diphenylamine, failed to resct after
being heated and stirred for twenty hours in a nitrogen
&tmaagher@; After working up in a custa&ary manner, the di-

phenylamine was recovered.

Metelation of N-Cyclohexyldiphenylemine.-~Eight and

‘eight«~tenths g. (0.35 mole) of the smlne and Q.05 mole of
n-butyllithium in 90 co. of ether were kept under reflux for
twenty-three hours. At the end of this time, color test IOV

was positive and color test 11850

negative, After carbonation
- In a customary manner, the aqueous alkaline layer ylelded a
gumiy &cid, which could not be purifled for identification.

The yleld of crude acid was 0.3 g.

~Preparation of N-Methylcarbazole.--This compound has
459

already been prepared in excellent ylel +» However, we have

employed a procedure used for the N-ethylation of 2,8-dibromo-

aarhaxgleléb

» because 1t eliminates direct, personal handling
of the poisonocus methyl sulfate. To & hot solution of 45 g.
(0.27 mole) of carbazole in 225250 ce. of acetone was added
in one portion 60 g. {0.48 mole) of praetical methyl sulfate

{hood}. To the hot solution wes added dropwise 45 g. of

67, Gilmen end Sechulze, J. Am. Chem. Soc., 47, 2002 (1925).
68. Cllman and Swiss, 1bid., 62, 1847 (1940).
69. Btevens and Tucker, J. Chem. Soc., 123, 2140 (1923).
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sodium hydroxide In 30 ce. of waber over a twenty-minute
period. Stirring end refluxing were continued for two hours
and the contents then poured into ilce-water. Crude N-methyle
carbazole {m.p. 85-87°) precipitated out in slmost quantitae~
tive yleld. The compound was recrystallized from 957 ethanol
in besutiful naereous orystals, mwelting at 88-89%° C. The
yield was 44 g. (90.5%).

Metalation of N-Methylearbazoleé.-~A sclution of 14.5 g.

{0.08 mole) of the carbazole and 0.1 mole of n-butyllithium
in 180 cc. of ether was refluxed and stirred for twenty-four
hours, at the end of which time the dark red solution gave a
positive coloy test I and & negative color test IIa. After
carbonation and hydrolysis, the emulslon was broken up by
acldification, followed by additlion of dilute bese. The aque-
cus slkasline layer wag [lltered, boiled wlth ¥orlt and re~
filtered. The cooled filtrate was acidified with dilute
mineral acid to yleld B.5 g. ofrﬁrud@ mixed aclds.

From the ether laysr B g. (55%) of H-methylearbazole was
recovered.

The crude acid was digested in 100 ce. of bolling benzene
for fifteen minutes, and filtered through a steam funnel. The
regidue was washed with B-10 ce. of hot benzene, and the
washing discarded. The residue, recrystallized in smell white
needles from hot ethanol, melted at 252-4° with evolution of

gas., Since the neubtral equivalent showed the acid to be
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dibesic, the yleld of 0.8 g. was 3%.4% of the theoretical.

Anal. Caled. for Glﬁﬁllﬁégqu neut. equiv., 134.5;

C, 66.94; H, 4.12. Found: neut. equiv., 138.2; C, 67.07; H,
4,09,

The benszene extract was concentrated to about one~half
the original volume, coocled, and the orude moncbasic acild
which precipitated out melted at 176-9°. Recryatallized from
ethanol, the pale tan orystals melied at 185°, Further re-
crystallization did not raise the melting point. The yileld
was 2.2 g. (12.2%). |

Anel. Caled. for Cléﬁiiﬁgﬁz neut. egquiv., 226.2; N,
6.22. Pound: neut. sgulv., 226.6; N, 6.07.

Estimation of XM Interconversion, Anil Addition, and

Coupling in Preparatlon of 3-Pyridyllithium.~-Two and seven-

tenths g. (0.013 mole) of 3-iodopyridine in 25 ce. of ethyl
ether was added dropwlse over a tweﬁty-feur minute period

with vigorous stirring to C.0l8 mole of n~butyllithium in 75
ce. of the same solvent. After cesasation of stirring, the
dark red, gummy precipitate settled at once, and a whitish
material more slowly. After elght minutes standing, the clear
supernatent liguid was decanted omto dry ice; the whitish body
‘was rinsed with dry ether into a separate vessel, while the

gurmy residue was allowed to dry overnight in an atmosphere

70. The cerbon and hydrogen enalyses were made by ¥r. J.
Ziffer.
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of nitrogen. From the carbonation vessel, after hydrolysis,
0.65 g. (40.27) of nicotinic acid was isolated.

The whitish substance contalined lithium lodide, the in-
organie product of coupling.

The gummy precipitete changsd to a bricke-red amorphous
powder, after drying overnight in the nitrogen stuosphere.
It contained lithiuvm and lodine, and weighed 0.8% g. On the
agsumption that this amorphous powder consists chiefly of the
addition produect of butyllithium to the anil linkage of 3-
iodeopyridine, 1t is approximately the equivalent of 0.74 g.
{26.4%) of 3-iodopyridine. Since 40.2% of the latter Inter-
converted to 3-pyridyliithliwa, 33.4% of 3~iodopyridine
remalineg to be accounted for, probably in coupling resctions

of one type or another.



~ 48 -

IV. DIBCUSSION

%ha’aaaa of orgenometallic synthesis of nltrogen hetero-
oycles varies with the type of heterocycls. The carbazoles
undergo nuclear metalation; the pyridines in general do not.
In the pyridine family, the smoothness of X«~M Iinterconversion
depends very much on the particular compound; but not so with
the carbazoles. The chief éifficuity'witﬁ the pyridines is
anll addition; wlith the carbaszoles 1t is possible metalsation,
although such interference has never been encountered.

ATter years of frultless effort, three methods now exist
for organometallic synthesia in the pyridine famlly. These
are the modified Yentrainment® method, the X~ interconversion
method, and finally the customary procsdure of treating an RX
compound with a metal. The last method is of course limlted
in scops, being applicable only to ceriain heavily substituted
molecules. The "entrainment" method 1s also limited in scope;
being slow and requiring heat, it will allow the chiefl sec-
ondary resction of anil additlion to become manifest in mole-
culea the -H=0< bonds of which are not well protected by
deactivating groups. Only recently, Fleser and ﬂerahberg44
were thwarted in an attempt to prepare S~quinolylmagnesium
bromide, using one equivalent of ethyl bromide as aacaésory
agent. The method of X~ Interconversion is unquestionably

the most flexible; being very rapld and cccurring sven &t



such low temperstures 88 ~70° G.ql, it makes possible the sup-
pression of ~N=0< adﬁitian, The limitations of pyridine com-
pounds with respeet to the Wurtz and Wurtz-Fittig reactions,
the Friedel-Crafts reactlon, and Grignard formation~-three
important synthetic methods-—make the svallability of pyridyl-
1ithium compounds all the more significant.

The interesting variety of valencles exhibited by the
nitrogen atom, the limitetions of the molecule as a whole in
the three important synthetic reasctions mentloned mbove, the
restricted positions of haleogenation dlscussed in detall in
Part B, the exalted reactivity of o~ and )~ substituenta,
and the additive behavior of the azomethylene linkege make
pyridine one of the most intriguing molecules in organic chem-
istry. These pronounced negative and positive properties tax
the resourcefulness of the chemist in the synthesis of &
given molecules

Pyridine has been compared with bengene and with nitro=-
benzene. The additive behavior of the ?ﬁ=c< bond may well
relagate the chemistry of pyridine to that of benzonitrile
or benzalaniline. Formatlion of XM interconversion products
from halogenated compounds of these types will probably be
encountered by the same difficultles attending the prepara-
tion of pyridyllithium. For example, X~¥ Iinterconversion of

an ortho-bromovenzalaniline should be attended by less RL1

Tl. Unpublished studlies by author.
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additlon to the ~N=C< bond than with a para-bromobenzalaniline.
The same predictions are made for bengzal-o=-bromoaniline and

benzal-p~-bromoaniline.

LOm=e<L > 20470 ?

v

Be
Br
() u=t-L o) ROaTOTh 2
CN
12} n-C4HgLL
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In 8 sense the halogenated carbazoles act as halogensted
hydrecarbons. The smine behavior of carbazole menifests
itself only under certain conditions, snd absence of an azo-
methylene linkage facilltates organometallic synthesis. The
chlef contributions of Z«l interconversion studies in this
field have been threefold: (1) it hes made available in
splendid yields mono-, di-~, and perhaps, poly-metallocarba-
zoles, (2} 1t has made possible by preferentisl X-¥ resction
the synthesis of halogen-containing organometallic compounds,
and (3) it hes improved remerkably the ylelds of known

metallocarbazoles.
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V. SUMMARY

1. Hew organclithium compounds of pyridine, quinoline
and carbazole are now made avellable by the method of X-H
interconversion. By ﬁh& same method, previously known organc-
metallle compounds of carbazole are made accessible in
markedly improved ylelds.

2. Unless vsry‘milé conditions of time and temperature
ayre employed, the presence of the -N=C< linksge in the pyri-
dine series will prevent s smooth X-¥ interconversion.

3. When & halogenated pyridine {or quincline)} compound is
treated with an alkyllithium reagent, the two prevalling reac-
tions are X~M interconversion and addition of RLiI to the ~N=C<
bond. Uenerally, the former predominates, but the dominance
may be reversed, even with use of mild conditions. Metalation
occurs to & negligible extent, if at s8ll, and evidence exists
for the occurrence of an undetermined amount of coupling.
| 4. Substitution of n~butyllithium with RL1 compounds,
combining speed of X-¥ Interconversion and steric factors,
does not reduce the axtent of anlil addition in the preparation
of 3~pyridyllithlum from bromopyridine.

5. Whereas dihslogenated carbazoles undergo di-inter-
conversion, the dibromopyridines underge mone-~interconversion
only. Heono~intereconversion of a polyhalogenated carbazole

can be effected by the use of a wsak Interconverting sgent,



such as methylliithium or butylmagneslium bromide. The mono=~
interconverasion studiss suggest that the multiple XM resac-
tions of polyhalogenated compounds proceed stepwlse.

6. Despite the sensitivity of ot and )-halogens, of- and
J-chloroquinolines do not undergo the interconversion; only
the bromo- or iodo- compounds do s0.

7+ XM interconversion precedes lateral metalation, as
indicated by the behavior of «-iodolepidine towards n-bubtyl-
11thiwm,

8. An hypothbesls has been proposed to explain X-¥ reac
tiong In pyridine compounds. This hypothesis should be of
value in predicting the smoothness {(or 4ifficulty) of X-M
reaction in any compound contalnlng the -N=C< linkage.

9. Pyridine is not metalated by alkall metals; it is
metalated nuclearly by mercuric acebtate, and laterally by
mercuric acetate, alksall amides and RLI compounds. RL1 and
alkall amides also may add to the -N=0< linkapge. It is dif-
ficult to predict when RIL1 will metalate or add to a gilven
pyridine molecule. Sodamide metalates In absence of solvent,
and adds in presence of ons.

10. The DN~-L1 group does not interfere with metalations
or with X-¥ interconversions.

1i. The rule of orientation in the metalation of aromatic
amines by orgsnoalkall compounds 1s that the metal enters the
ring ortho to the nitrogen atom. Steric factors may well

sccount for @xaepﬁia&a‘tm this rule. The Inabllity of
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H-ethyldiphenylamine to metalate whereas N-methyldiphenyl-
amine does, and the abllity of Hemethylcarbazole to di-
metalate whereas Ne-ethylcarbazole does not, fit In with the
steric aspects of the g@talati@n of amines.

12, B-Quinolinecarboxylic acld is now avallable in
gquantity by two new methods. Because of its homologous re-
lation to nleotinic acid, 1t may be the starting wmwaterial for
new pharmaceuticals.

13. A series of substituted amides of 3-gquinolinecar~
boxylic acid have been prepared, two of whileh exhibit anal~

gesle action.
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B. ANTIMALARIAL SYNTHESES

I. INTRODUCTION

¥alaria, widespresd throughout the world, resunlits in
greater morbidity and mortality than any other infectious
disease. Contrary to common belisf, malaris 1s not confined
to tropiesl reglone, although the incldence is unusually high
in such localities. In certain troplesl countries the in-
¢idence reaches 100 per cent. In India slone, 1t attacks
anggally gbout 100,000,000 persons and causes 1,000,000 deaths.
The disease was famlller to the people of antiquity4by such
names &8 chills and fever and Egman fever. Yet it was not
~until 1880 that the cauvse of the disease was discovered by
Laversn, a French military surgeon then stationed in Algerie.
The dlzease runs rampant Iin regions of swamps and marshes,
1deal breeding places for the anopheline mosquito which serves
to transmlit the causative agent toc the humen being.

While gquinine, plasmoquine and atebrine~~the three most
important medicaments in the treatment of melaris--are useful,
the need for something better 1s urgent. The three drugs
suffer the dlsadvaenteges of undesirable side reactions. They
are also too speecific, the usefulness varying with the stage

and form of the disemse. The price 1s higher than many can
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afford, for the disesse ls especislly prevalent among the
lower economlic levels. Furthermore, so far as quinine is
concernsd, the 800 tons produced annually hardly meet the
needs of malarial therapy. At present this insuffiecient sup-
ply 18 precarious, since the world is praetlieslly dependent
on Java in the Duteh East Indies for its quinine and this
source may be cut off any day. Therefore, Ythe trend is
toward synthetics as the direction which holds out the hest

promise of new and useful aﬂtimalariala¢“?4

74. Bogert, Bolence, 92, 176 (1940).



II. BIOLOGY OF THE INPFPECTION AND DRUG SPECIFICITY

Since the efficacy of malarial druge varies with the
type and stage of infecting parasite, & brief discussion of
the malarisl cycle is essential. Elght years after Laveran
discovered the causative parasite, &a&s showed that the
anopheline mosqulito was 1ts vector, HNslaria is & protozean,
not a bacterial, dlsease. AL least three species of malarial
parasites are known, which ars associsted with three distinct

types of the disease:

(1) Plasmodium vivax > benign or tertisn malarie
(2) . malarise -> queartan meleria
(3) P» falciparum > aestivoautumnal, malignant

or subtertian fever.

The life cyecle of each 1s more or less alike., 1t con-
sists of schizogony (esexual reproduction) in man, the inter-
mediate host, and of sporogony {(sexual reproduction) in the
mosquito or definitive host. The infected mosquito injects
the plasmodium into man by biting. The sporozoite enters the
red blood cell and grows in slze, becoming a so-called
trophozeoite or schisont, which in time undergoes schizogony or
maltiple fission. When the red blood cell bursts, numerocus
small bodies (merczoltes) are liberated into the blood stream.

The periodic bursting of red cells produces the characteristie



chills and fever of malarla. The fever which follows the
¢hill 1s due to liberated foreign proteins. The free swimming
merozoltes attach themselves to new corpuscles, become
schizonts and repeat once more the process of asexual malti-
plication. After several generations of schizonts and mero-
zoltes, and when growth conditions become unfavorable es a
result of medication or developing immunity, some of the
merogzoltes ﬁrép the asexual patiern of reproduction and dif-
ferentiate into male and female gemetes or gametocytea. After
full grswﬁh‘ia attained the gametss burst from the red cells
into the blood stream, but do not divide again. In this
stage, ﬁhey do not produece symptoms in man. The mosquito can-
not transmlt the dlsease when tha/malarial patient is in the
schizont stage. Only when the disease has reached the stage
of gamete reproduction can e mosguitc become infected with

the Plasmodium by bitling the patient.

l*,ggininﬁ

GQuinine is the chief alkalold of the cinchona bark. A
bitter drug, it was used as early as 1630 for cure of malaria
in Equador. For almost two centuries the berk was used as a
powder, until Pelletler and Caventou {1820) isolated quinine
and cinchonine. The Cinchona trees require special conditions
of growth cultivation. Untll the middle of the nineteenth

century they were indigenous to certain regions of South
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Americe. Indlscriminate removal of the bark incressed the
mortallity rate of the trees, so that the rising price of
guinine stimuleted cinchbona culbdivation in other parts of the
world., Today more then ninety per cent of the quinine is pro-
duced in Jave. The alkaloeid content of the cinchona bark is
gix per cent, and of this never more than seventy per cent is
guinine.

3ince the gemetes and schizonts of the different species
of plasmodia exhibit different chemctropisms, the first step
in the treatment of melarie is to ascertain the species of
Plasmodium Infecting the patient. In genersl, quinine 1is
antischizontal, and is therefore sultable in the treatment of
acute malaria. The benlgn tertian form (P. vivex) shows an
immediate response to quinine, but relapses are frequent.
Quinine is even more potent agalinst the schizonts of P. falel-
parum, end 1ts efficacy epsinst P. malarise lies intermediate
between the two others. The route of adminlstration is
generally oral. The solubility of the moat soluble salt, the
bisulfate, is one part in nine of water, Intresmuscular or
subcutaneous administration is painful aﬁﬁ may result in
abscees formation aﬁ,@th@r‘fa?m of tissue Injury. To lessen
gastric irritation, the drug ls best adminlstered after meals.
The gelatin capsule, which enclosea the drug, masks the bitter
taste and ensures rapid intestinal absorption.

Aside from the personal idliosyncrasy (hypersensitivity)

case, quinine polsoning ls not infreguent. Repeated
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administration of full doses may produce a train of symptoms
termed cinchonlam. The syndrome consists of impaired hearing
and vislon, nausea, and headache, and may extend to sericus
disturbances of the gastro-intestinal and central nervous

systems.

2« Plasmoquine

The introduction of synthetic mediocinals with antiplas~
medial properties egual or superlor to those of quinine 1a
the result of systematlc chemotherapeutic research. Xore than
12,000 compounds werse prepared and examined by chermlsts
throughout the world in discovering plasmoquine and atebrine.

Whhilens ® and Roehl”’® introduced plasmoquine into medie
cine in 1926, but the synthesls of the compound by Sehulemann?’®
was not reported until later. Plasmogquine is cne of the most
potent antimalerials; 1t ls about sixty tinmes as effective as
guinine in avian malaria. It exerts a slight effect on the

tertisn and qa&rtan aahizantg, but manifests a powerful action

?53 ?ﬁuﬁlﬁﬂg, ﬁi’*ch. uﬁhiffﬁ "'u Tmﬁﬁ*‘“ Eﬁ > 503 25 (1926)0

76. Schulemann et al., Cer. Patent 486,079 (1924) /C. 4., 24,
1937 (1930)4 For the preparation of the intermediates s see:
a) U. 8. Patent 1,747,531 (1950) /C. A., 24, 1705 (1930);
{a) U. S. Patent 1,747,532 (1930) /C. ., Z4, 1705 (1950
(c) scer. Patent 492,250 (1927) /C. £., 24, 2472 (1930
(4} U. 8. Patent 1,768,378 (19307 /CT. A., 24, 3251 (193

7. {a)} Roshl arﬂh, uehiffﬁ - Trn agn~Hyg., 30, 311 (1926)
{b) Barb&§, Komp and ) g%%hi ﬁgg. Wash., 44’
%éGQ g&gﬁﬁ}; {e) Kikut h, Baut‘ maé Wochschr., 58, 530

1922).

U W
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againat gemetocytes in general, and against the gametes of

P. falcipasrum in partiaular.?v Strangely encugh, it is com~

pletely iﬁaffaetiva against the schizonts of P. faleciparum.

'Whereas quinine and atebrine are generally sntischizontie,
plasmogquine is gemetocidals In faet, 1t is the most powerful
gametoclide known, and continued administration to malarial
carrisrs should aid in the eventusl eradication of the disease,
Plasmoguine doss not produce cinchonism, but its adminis-
tration is safe only under medical supervision. The most
common toxle effects are cyanosis and meithemoglobin formation. o
Clinicsl practice today employs & combination of quinine and
plasmoquine, thereby attacking both the schizonts and the

gametocytes.

S+ Atebrine

Atebrine was introduced to malarial therapy in 1930, but
its structure and synthesls were not reported until later,”9+80

En its antiplasmodial action it resembles quinine more than

78+ Fischer and Rheindorf, Arech. Schiffs -u Tropen-Hyg., 32,
594 (1928).

79. (&) Mietzsch and Masuss, Klin. Wechschr., 12, 1276 (1933);
(b) Ger. Patent 553,072 {1930) /Chem. zﬁnﬁ»’., 1T, 1201
{1832)/; (¢ &@ro Patent 571,449 (1930 ms, Zentr., I,
3069 (1933)/; (4) Angew. ahemﬁ, 4.-*7, 833 }; {e) Ber.,
€98, 641 (1936); i U. 8. Patent 2 0'7'7,249 (1937) /Ci A.,
'Si"’ 4060 (1937);

80. {a) Chelinﬁssv, Enunyantz and Benevolenskays, Compt. rend.
auad;{am,l;* _?Q)s* Be, [H. 8. % 63 %954) gc’i“ E’“ﬁi, é‘é“"’____,g
2126 (1934 b) Enunyantz et al., Bull. acad. sci. U. S.
S. R+, Classe scl. math. nat., 165 (1934) /Q. A., 28, 4837
(19347~
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plasmoquine, since 1t is more sehismnéocidai than gameto-
¢1dal.8) In svian mslaria, 1t is fifteen times less effective
than plasmoquine, bubt four times more effective than quinine.

| The toxicity of atebrine 1s relatively 10w.52  Abdominal
pain, headache sand eanorexia are occaslionally noted. The skin
turns yellow in about BO per cent of the patients, but no hamm
results from this coloration. The color usually disappesrs in
about [ifteen days after discontinuaticen of the treatment.
- Ite advantage over quinine is that 1t lacks the intense bitter
taste of the latter, and does not cause cinchoniasm. Final
clinical appraisal of this drug remsins to be established, but
it appears teo be at least as effective as quinine in the three

types of the dlisease.

8l. Eikuth and Giovesnnola, Riv. Malariol., 12, 657 (1933).

82. {a) Martin, Cominole and Clark, J. Pharmacol., 685, 156
(1939); (b} Clark, Cominole and Kartin, ibld., 65, 166
{1959).



w G2 -

YIT. CHEMICAL CONSTITUTION AND ANTIMALARIAL ACTION

1.« General

Quinine, plasmoguine and stebrine aserve az points of de-

parture in the synthesis of new antimalarial agents.

CH=CH
H ‘u!* *
Ho-C ﬁ”z \
“cHsof/
o/ OOQ
; N r -
g HNTH Pyl o
3 ~ Cz H{
I. Guinine I¥. Plasmogquine
2. _poCils
o3 N\ Cls

II1. Atebrine (Achrichin)

-M

Two closely related derivatives which merit attentlon are

rhodoquinine or Fourneau 710 {(France) or plasmozid (Russis)
and achrigmn 5. HH-Ch)5=NCah),
N | /l NN

H-N-Cts)s -NG:Hs),

IV. Pourneau 710 (Plasmozild) V. Achrichin N5
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Both of these compounds approach thelr respective guinoline
and scridine homolegs in effectiveness.

In this study of chemical structure and antiplasmodial
action emphasls will be placed primarily on synthetic thera-
peutlics, because independence from qQuinine as a starting
materlial must be achleved, if the gosl toward cheaper drugs
is to be reallzed. The discussion of quininsas and closely
related compounds® will be limited only to pointa which
enlighten the relationship between structure and Eielbgieal
action.

Guinine (I) has yot to be synthesigzed in the laboratory.
The structure assigned to it is the one generally accepted by
chemists on the basis of a large variety of degradative re-
actions, GQuinine is levorotatory. It 18 & quinoline mole=-
cule having s methoxy group in the 6-position and a nltrogen-
containing molety, knawa a8 the gquinuclidine ring, attached
to the 4~position through a secondary aloeoholle group. A
vinyl group is attasched to the quinueclidine ring. The lerge
numbey gf guinine derivatlves are the result of alterations,
produced sometimes by nature,; oftentimes by chemiats, on these
various groups.

The blologlcal aetion 1s not confined te levorotatory
forms. BStrangely enough, quinidine, the dextrorctatory fomrm

83. Goodman end Gilman, "the Pharmacological Basis of Thera-
peutics”, Mecmillan and Co., Wew York, 1941, p. 904.

84, Cohen and King, Proc. Eoy. Soc. {(London), B125, 49 (1838).
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of quinine, is more effective than the latter in canary
malaria.8® Similarly, Sanders found that in the treatment of
1300 human cases quinidine was guperior to quinine.sﬁ Cin-
chonidine and einchonine, which are the levo- aﬁé dextrorota-
tory forms, respectively, of demethoxylated gquinine, approach
the latter in antimalarial efficacy*as Apparently, the
wethoxy group is helpful, but not essentlial to entiplasmodial
action. Cuprelns, the phenoliec or demethylated form of
quinine, oocecurring in nature, ls alaso effectlive against
malarla. However, etherification of the phenolic group
atr@ﬁgly augmenbts the motiony the same effect 1s obaserved
when hydrocupreine is etherified.®® Nor is the vinyl group
essential for the blologlical setlon of the cinchona drugs,
for the activity of hydroquinine, dihydroeinechonidine, di-
hydroquinidine, and dlhydrocinchonine approximate that of
the dehydrogenated parent cempaanda‘sa
The powerful antiplasmodial action of plasmogquine and
Fourneau 710 brings out three important painta:- (1) that the
basic slide c¢chain need nol be in the heterocyeclic ring, nor
{2) in the same position relative to the cyclic nitrogen as
it is in the cinchons drugs and (3) that the basic side chain

may be of more than one type. The synthesls of plasmoquingnxav

85, Glemas, Welse and Tropp, Arch. Schiffs -u Tropen-Hyp., 30,
334 (1928). '

86. Goodson, Henry snd Macfie, Bilochem. J., 24, 874 (1930).

87. Knunyantz et al., Bull. gcad. gei. U. S. 8. R., Clagse
sci. math. nat., 1, 165 (1954) /C. K., o€, 4837 1934}/,
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will also 1llustrate the synthesis of Fourneau 710.58

mwr%“ aaetyl&tian\cmﬂi:)\ nitration ¢ /’I
a:-cocn;

X Ny N Mweocts

NOy

B0 cuo/ Skraup 4/ Hy N\
HCL | Teaction’ | — 4T J
X SNH N\ W ’/

NOg NH,

NOy

01-CHOHg~{ CHp) 5~N~(Colg)p cm@@

]
HN- CHCH3 - (CH2)5 N (G Hs),

The potency of atebrine (III) and achrichin K5 (V) shows
that antiplasmodial ag¢tivity need not be confined to the
qainnlina molecule. Accordingly, Berkenheimsg has promised
the ayntheais of compounds in whlch the quinoline ring would
be replaced by carbazole, indole and isoquincline. The
replacement of quinoline by naphthalans,ssa’go biphenyl,as“'gl

88. {a) Fourneau, Bovet et al., Ann. Inat. Pasteur, 44, 503
(1830); (b) ibvid., 48, 514 (I931)37 (e) Ibid., 50, 731
(1933); (4) 1bid., 5I, 528 (1934). -

89. Berkenheim, J. Gen. Chem. (U. S. S. K.), 6, 1039 (1936)

L8 A., 31, T778 11937}/,
90. King and Work, J. Chem. Soc., 1307 (1940).
91, Work, ibid., 1315 (1940).
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888 phenanthridine, %% venzothiazole9%:94 ang

banzimiﬂazmlaga has, however, proved frultless.

The synthesis of atebrine by the Russian workers is

carried out in three main atﬁgaaaa

I. CHs COOH

CH3

Sandmeyer N\ N

NH, tatw&zatiaatiag; /'Ico Kﬁnsa /'v|c4_£ranisidine}
¢t
WHa o T

¢l
/N %/ POC1 VYA VA
\ \N/ yad N WNF

H .
PR
HpS04  crso/ \ N POCly |
- OO0, =
N

IT. 5
H
CHg=C=C=C00CHg + CHp=CHp > CHg=C-GeCO0CoH
ba o 0 Chig
CH,
{2
OH
hydrolyais > Her .
6CRrboOXy ation C}%QOC%G%QEQQH {fﬁsuﬁQIigCIlgChgﬁr
92. Walls, 1bid., 104 (1934); iblid., 1405 (1935).

93.

94 .

95

ﬁnunganta and Benevolenskaya, J. Jen. Chenas (U. S« S« Re),
7, 2980 (1938) [C. A., 32, 5404 (1938)7.

(a) Kﬁunyanta and Benevolenskaya, J. Gen. Cbem‘ (U. 8. S.
Ee}, 7, 2471 (1938) /C. A., %%’ 2119 TI038]/; (v) Bogert

and Fox, J+ Am. Chem. S0c., 2013 (1939).
() Izmail'skii and Siminov, J. Gen. chem. (Ue S+ S« Re),
10, 1680 (1940) 4E$ A., 86, 28707 (1941)/; (v] Siminov,

J. Cen. Chem. (U. 5. 8+ K.J), 10, 1588 1940) [C. A., 35,
2870 (1941)/.
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I {Continued).

(ColipJoWEH H,NOH
2 ﬁzﬁv >  CHzCOCHgCHoCHRW(Colig) o Hall -

G G G Ne/BgHy,OH | |
; .
OH (B)

CIII. A+ B Heat in ,  Atebrine {(III)
Phenol to 100°

2. Quinoline Compounds

E-Alkoxy~4~imine Quinolines. On the basis of analogy

to quinine, 8 large number of 6~$ath@xyqninaline derlivatives
have been prepared with & basic substituent of some kind or
another in the 4-position. 7The earliest efforts?® were

slogsely patterned after guinine..

‘ CN COCH3 COCHtGP
CHg /\{\) Gﬁsﬁgiﬁ , Chs V4 ' N Bry @
4

én; ?n;
CHOH-CHh_ {*_chy

. ‘ / \
RoliH  or RiHp ‘ CH30( I j

Reductlon i N

Vi

96. {a) Kaufmann, Ber., 46, 1823 (1813); (b) Rabe, Pasternack
and Kindler, Ber., 50, 144 (1917).



But in the years following, considerable variation was em~
ployed in regard to the nitrogen-containing side chain. The
pharmacological actlon of the Kaufmann type of compound (VI)
18 quite different from that of quinine.97 It 1s toxic to
paramecla, but not to the plasmodial protozocan. It should be
noted thst a methylene or substituted methylene group bridges

the secondary carbinol to the piperidine nitrogen atom; both
>in quiniﬁe {1} and in compound (VI).

More recently, King and co-workers®%r98 pegumed the

study of synthetic snalogs of guinine and einchonine. Quini-

cine (VIIL), an isomer of quinine, is devoid of

CH
e M CH
- CH= M
CHa cI:m CH=CHy cm/ ém\f— CiHy
CO-CH, Tv “':./C H CHOH ~ lH,, (I.Il-./C Ha
cHso/ ¢ N H cww(::[jD N
N
Vii. Quiniecine VIII

antiplaamadial &G%i?it?mgg S8ince retention of the J>CHOH group
in the cinchona molecule is essential for antimalarlsl action}aé
it appesred logical that reduction of (VII) to the carbinol
(VIiII), whick oecurs in two diasterecisomeric forms, might

restore actlivity. DBoth carbinols were prepared and found to

97, Schénhdéfer, in "Medlcine in Its Chemlcal Aspects', Vol.
111, "Bayer", Germany, 1936.

98« Ainley and King, Proc. Koy. Soc. (London), B125, 60 (1938).

99, Giemsa and Oesterlin, Arch. Sc¢hiffs -u Tropen-Hyg., 37,
Belheft No. 4, (1983}.




be inactive, as was a methylation preduet.gg It was therefore
ceongldered highly desirable to prepare molecules in which the
piperidine ring would be as near the guinoline nucleus as
pogsible with retentlon of the >CHOH group. Accordingly, come
pounds of types (IX) end (X) were prepared, in which R= H or
CHgO~. The F-butyl derivative (X) sppeared especially attrac-
tive, sinece 1t differs In molecular weight from quinine

(R=CHz0=) and from cinchonine (R=H) by only four H atoms.

N H

R | R/I\ [
4 AN /

Ix X

The syntheses were difficult, and the over-all ylelds very

. 98

low,. CHy
CHL/ (i"z
CO, Et co-bi 3
/ anﬁﬂ COOEt NH
(Y\j + ELO.C-(CH)s~NH- co—< N 2, R | N 1
N W by

CH,
ol e o e
CO-CH,  GHy co-CHEy H

/
drastic RN M ger . A Y N NH, . 2HBy
hydrolysis ' ‘

W N\
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N

NagCo H
evis, R / ‘\\

‘ Hy 7x -8llyl lodide , N-allyl
N W

PtO erotyl lodide N-crotyl

: H-propyl
Pt0O H-butyl (X)

HTbﬂ compounds were btested on avian malaria. Compound (IX},
when R = H, wae inactlve as were 1lts H-methyl, allyl, crotyl,
propyl and butyl derivatives (X). The two dlastereoisomerides
of 1X, when R =:CH3G’, wore both biologlcally active, being
about one-~-half as effective as Qainine. Surprisingly enough,
none of the N-alkyl derivatives in the methoxy serles (X)
showed esctivity. Yet, N-alkylatlon makes both nitrogen
atoma tertiary as in the cinchona molecule (I), and increases
the molecular weight towards that of (I). The two methoxy
carbinols (IX) are the first synthetic molecules, closely
patterned after quinine, which show antimalerial activity.
The importance of the methoxy group should be noted.

Later,90 the o(~piperidyl group of IX (when R = OCHg) was
replaced by a series of homologous aemines from ~CHpN(CHglp to

*ﬂﬁﬁﬁigqﬂzﬁlg‘ cuon-can,

R
CHs 74 \
N\ |N/

AX
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The dibutyl-, diamyl- and dlhexzylecarbinolamines (XI) werse
actlive. Twenbty-seven yearz earlier Kaufrmann?® had almnat
made the First synthetlc antimalarials.

- When the &-methoxyquinoline base of (XI) was replaced by
quinoline or by G-methoxynaphthalene the blological activity
was ﬁéﬁtreyad.gg

8inece the «~CHOH- grauy may be converted by oxidation to
a carbonyl or by reduction to a m@thylem@,'it is not lmpossible
for guinine to undergo simlilar changes in the body. It is
also posslble that the changed form, neot quinine, is the
active antiplasmodial agent. Although quiniecine (VII), also
mown as quinotoxin, is devoid of aectivity, nevertheless
relatively simple substances (XII, XIII) were prepared, con-

taining a carbonyl or methylene group in place of the

carhinal*gv‘lga
H
CO-(CHa)y - NGz Hs), CHe N CH CHy - N(GaHg),
akjfijid\ o/ I‘\
A .
A1IX XIIX

' These were insctive. Iikewise, the introduction of
~CO0CHgCHoN(CgHg)p in positions 4-, 5-, or 8- of G-methoxy-
quinoline proved to be ineffective.®’

in general, little or no activity 1s manifested when the

100. Wojshn, Arch. Pharm., 271, 539 (1933).
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basic side chain 1s an amino~ or an N-acetylamino group.
4~Amino~B=~ethoxy~-2~phenylguinoline, and J-amino-2-phenylquino=-
line ethiodide were slightly active in canaries infected with

k. graeeox*lgl ¥o influence was exerted by 4-aminc-G«methoxy-

3§phany1quinalinﬁ and 4-amlno-2-phenylquinoline. Likewisé,
when the amine group is in the 8-position of 6-methoxyquino-
line, the b&s@‘faf plasmoguine and Fourneau 710, no thera-
peutic actlon 1s observed.508:102 1, i4antally, the sctivity
of the 3-amino compound is the first of its kind and points
to the possibility of introducing baslic substituents in

positions other than the 4~ and 8B-. However, compounds {(XIV)

o7
H i:::
N~ CH,CH, N,
(/ﬁCH‘CH;‘N@;HA—)‘ (cz“‘)‘”aﬁK \I(\ : CH;O( A\
NAw? M \/\NJ Abers
X1V xv

Xvi

and {XV)} were found to be inactive.

Kermack and smith®3 preparved 4-piperidino-2-methyl-
guinoline, 4~piperidino-8=methoxy-2-methylquincline,
4-plperszino=-2-methylquinoline and 4-/F«N~piperidinocethylamino-
g~methoxy-2-methylguinoline (XVI) for antimalarial studies.
Biologleal data for only the last named éompaund were reported,

and this was inactlve.

10L. John and Glowazky, Z. ImmunitBts, 78, 280 (1933) /C. A.,

102, Hagldson end Strukov, Arch. Pharm., 271, 359 (1933).

103. Kermack and Smith, J. Chem. Soc., 1356 (1930); ibid.,
3096 {1931).
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Likawisﬁ, certain compounds (XVil) related to atophan, were

innetive.,562

R | N R'= -NHy, -OH, «eggﬁﬁ |
A = ~ong, -ongon(¢ L
,‘Hg ’
AVIX 7 N\ Z N\ 7\
LD, L o L Sm
on

But when the dlalkylamincalkylamino groups of the type found
in plasmoquine and releted compounds were introduced in the
4-position of G-methoxyquineline, acbivity was raatored.104
Also, the 4- derivabtives were less toxle then the correspond-

ing 8-isomers. The groups Introduced were:

Introduction of the «0H group in the side chain of the 4-
compounds lowered the toxiclity and ralsed the therapeutlc
index, which is exactly the opposite effect produced in the
B~compounds by such & change {(p. 78).

106 the

g~lethoxy-d-methyl-2«hydroxyquinoline, B8-methoxy

104. Magidson and Rubstov, J. Gen. Chem. (U. S+ 8. R.), 7,
1896 (1937) /C. A., 32, 564 (193B)/.

105. Nonti and Verona, Gezz. chim. 1tsl., 82, 14 (1932) /C.
A., 26, 2080 (1932)/.
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isomer, 105 ang ﬁ«-mathaxy—éfaeewawtquainelirxe have also
been prepared as potentiasl antirﬂalarials*las

Arsenle compounds (XVIII, XIX) of 6-methoxyquinoline have
also besn prepsyed for antimslarial g;urpcses.lm Féurneauag"
found that certain sodium srsonates of S-alkoxyquinoline {XX)
exhibited some activity toward bird masleris, but wars without

affect 1n humen malaria.

HM-@AS O@H); : HN@@ As OpH),,
N

CH30 / l CH30: ‘ \
\Y |N/
AVIIX : XX

R0~/ NN

As Oz HNa,

XX

A gesrch of the literature failed to reveal the usse of
phosphorus«~containing compounds in antimalarial studles.

6~4lkoxy-B~Amino Quinolines. Like the 4-amino lsomers,

the simples E-alkoxy-8=aminoquinolines manifest little or no

106. Linnel and Rigby, Luert. J. Pherm. Pharmacol., 11, 722
(1938) [C. 4., 33, 3524 (Te38]7.

107. Slater, J. Chem. Scoc., 1209 (1930).
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actlivity. 6~ilethoxy-~8~aminoquinoline is ocompletely inectivs,
while the 6-ethoxy homolog shows some activity toward avisn
maleria. However, the latter 1s impotent against human
malaria. P8  When the =NHy group of 6-methoxy-8-sminoquinoline
is replaced by the ~NINHy group, some actlvity ls restored as
indicated by the behavier of the compound toward P. rellctum. ®
Although in quinine end the other cinchona alkaloids only two
baslc genters are necessary for antiplasmodial acetion, in the
synthetic compounds three basic centers appear to ba mnore

favorable for the én&owwent of such aetian‘vs’ve’?va’ga’loz'

109,110 in the acridine series of synthetic drugs, three
basic centers aleso favor the menifestation of antimalarial
actlivity. It even appears that four basic centers mlght
exaggerate the activity still further. The series of com-

pounds prepared by Baldwln, Robinson and atheralgg

contaln
from two to four niltrogen atoms, according to the pattern

indicated by general formula (XXI).

108. Nandl, J. Indisn Chem. Sog., 17, 449 (1940).

109, (a) Baldwin, J. Chem. Se¢c., 2959 (1929); (b) Brahmachari
and BhattacheTjee, J. indien Chem. Soe., 8, 571 (1931);
(e) Baldwin and Robinson, J. Chem. 50C., 1264 (1934);
(d) Melsel and Robinson, 1ibid., 1267 (1834); (e) Robinson
and Tomlinson, ibid., 1524 (1934}.

110. (&) Megldson and Strukow, Arch. Pharm., 271, 569 (1933);
(b) Maegidson, Madajewa and Rubzow, ibid., 273, 320 (1938);
(¢) Krichevaki¥, Shternberg and Halperin, J. Microbiol.,
Epidemiol., Immuniol., (Us S. 8. R.), 14, 6427 (1935)
* T80, 4218 (1936)/. Tee also ref. 104.
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RY=CyHg=, CgHyy-

R"= w(Gﬁg}ﬁﬁﬁé, wﬁﬁﬂﬁﬁ~ﬁﬁgﬁﬁg, wGE2C52~O~CEZCH2§HQ

n= 2, 3, 4, &

RS (Gl ) g-NEH~ (Gl ) gNHp, = (Gl )5-NEH~(CH, ) ,~NE,,

w(ﬂﬁg}éwﬁﬁn(ﬂﬁé)sﬁﬁg, w(Cﬁé}4~RH~(Ch2)é~Hﬁé

The methoxyquinolines were more active than the ethoxyquino-

lines. The R" derivatives were described as ;ood curstive

&gants,lagé and the R" as powerful antimalarial agenta.loge

The R' compounds when R = ucﬁﬁﬁ were all inactive. Likewise,
the N,N-di-iscamyl derivative of G-methoxy-8-aminoquinoline

was found to be inaetivs.lag

The effect of length of the basic slde chain has been

112

gstudied by ?Qurnﬁau,gﬁb*@*d ¥agidson and their co-workers.

The type of compound studied is given in formula (XXII).



ro—/ N\ and when n= 6

N 26.5
«':H:)m -N (Cl H.f)z

H-N 10.6

256.0

13.3
IXIT
53.3

w < o o e W

40.0
1l 5.0

The figures in the above table are those of Magidson and
Erichevski¥. 10¢ The chemotherapeutic index (c.1.) is Gefined
as the ratlo of the minimum curative to the minimum lethal
dose. In Fournesu's serles, n= 2, 3, 4, 5, 6 and 11. The
last five were very effective. It should be noted that the
effectiveness of the undecylamino compound as reported by

£88¢59 3568 not agree with that of the Russian

Pourneau and Bove
investigebors. 1t is also claimed that the salt of thls base
with m-acetylamino-p-hydroxyphenylarsonlec acid acts on the

asexual and sexual forms of the malarial parasite and In addi-

tion is only slightly tmxie;lll Altmant1® nas practically

11l. Fr. Patent 769,263 (1934) /C. 4., 29, 556 (1935)/. In
addition to this reference and references 112 and 114,
ses also Brit. Patent 504,024 (1939) [T. A., 33, 7494
(1939)7, for further methods of making the leng chain
dlalkylaminoallkyl halides, employed in the condensation
with the B-aminoguinoline compounds.

112. Altman, Kee. trav. echim., 57, 941 (1938).




completed the series by preparing the compound where n = 8,
a8 well as the n= ¥ and 9 homologs., The three compounds are
reported as being very effectlve against bird mslaris, attack-
ing the gametes. In the Maegldson series, the compounds from
n=3 to n = 9 are very effective. The periodicity of blologi~
cal properties with alternating odd and even numbers is to be
noted, the odd numbers being strikingly more effective than
the even. The chemotherapeutiec index when n = 3 {Fourneau
710 or the Eussian plesmozid) is somewhat less than that of
plasmoguine, but the toxicity was so 1ittle that the com-
pound was tried in the c¢linics of the MHoscow Tropical instle
tute and other melerliael stations. It was reported to have
cured completely B0 per cent of the cases of tertian and
quarten maleris and BO per cent of the tropleal malaris
cases. Like plasmoqulne it is effective chiefly against the
gameteg. Earlier, FourneauSol claimed this very compound was
more active than plasmoguine, producing & quick effect in
avian malaria in doses as smal% as 0.000003 g+, and he pre-~
dicted the compound would eventually replace plasmoguine
becauss 1t is less toxle, offers & greater safety of margin
end is less expensive to make than plasmoguine.

éTh& introduction of an -0H group in the slde chain on
basis of analogy to quinine lowers the c¢.l. of the resulting

molecule {(1XITI)
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w0/ ?
| W

CHy CHOH CHy N(C,H5),

AXITX

to 14, chiefly as a result of inoreased toxicity.t19% 14
will be recslled (p;‘?a} that the same basle side chain in the
4-pogition produces the opposiie effect. In quinine and in
King's compounds the carblnolamine is also in the 4-position.

When an slkoxymethyl group is introduced into the baslc
side chain {(XXIV), a marked inhibition of activity 1s ob-

N
ny
CH-CH:0R

|
CH)m
/IV (Cl Hf)&

served ar%b

XXIV

Since on the principle of isosterism an ~0« atom ls the
equivalent of a «(Ho~ group, the diminution of blological
activity may be due rather to bﬁanching of the side chain. In
compounds of type {¥XII), where n= 3, 4 and 5, the normal or
straight chain dislkylaminoalkyl groups were shown to be more

88c

affective than the branched chalns. A simlilar effect of
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inereased branching on therapeutic activity was demonstrated
by ﬁagiéaon.lla

Replacement of the methoxy by an ethoxy group in plas-
mozid or Fourneau 710 (n=3) lowers the g.i. from 26.5 to

1$¢5ﬁlla A 8hift of part of the basic side chain to the

alkoxy group {ZXV) destroys the activity complately.gab’llg'll4

A further dilscussion of the effect
(C,JQZ,V‘CH.C% | \)
N
NH,
v

of varlation of the alkoxy group on biological activity 1s
given elsewhere (p. B4).

Especlally striking was the complete disappearance of
therapeutlic activity when the amine group in position 8- was

converted to & tertiary amine {(XxVI, Xﬁ?II)‘llg

eHz0 :j') cu,o@

NN
Colg-N-(CHh ), NET, CzHs-N - CHLCHORCH =N Et,
XXVI XXVII

In the plasmoguine type of antimalarlel, ths basic ailde
chain is attached to the B-position of the qulinoline nucleus
through a nitrogen atom. Interposition of a methylene group
between the nitrogen of various side chains and the quinoline

ring produced a series of compounds, none of which were

113, Hagldson, Delektorskaya and Lipowitsch, Arch. Pharm., 292,

114+ Matejka and Robinson, J. Chem. Soc., 1322 (1934).
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gffective in svian malariaﬁlls

Unfortunately, none of
Kermack's compounds oontained s methoxy group, so that com=-
parison with plasmoguine is not strictly valid.
¥hen the B-dimlkylaminecalkylamino group 1s replaced by an
S8wazohydrocupreine group, compounds are obizined which have a
pronounced efficecy against the malarial par&site.118’117’118
These products are prepared by coupling the diazo compounds
from B-aminoguinoline or 1ts substitution products with hydro-
cupreine or a substitution product thersof. Some examples are
qainalinﬁaanazﬂhyéroaapreina,Tﬁwmﬁthsxygninﬁl1ne-8~azohyﬁre~
cupreine sulfonic aeid -{?} and S-methoxyquinoline-B8~-azohydro-
CUPTreine .. &lthaughfﬁha position of coupling in the cupreine
molecule is not given, it appears to be ortho to the hydroxy
group in the bH-poaltion, so that the drugs probably have the
‘eonstitution indicated in formule XXVIII.
cu,o(ﬁ
\“

N
i CaHs

N
CHOH
HO 4 , N N
N

XAVITI

115. Kermack et al., ;39__;__@., 1143, 1421 (1925).

116. Ger. Patent 551,094 (1931) /T, A., 26, 4417 (1952_;_7.
117. Brit. Patent 399,818 (1833) /C. A., 28, 1816 (1934)7.
118, U. 8. Patent 1,972,988 (1934) /T. A., 28, 6947 (1934)7.
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A serlies of @iyeridinea, including piperidincacetyl~8e

amino«~8m=methoxyquinoline (XXIX), failled to show antimalar-

Ciml actian‘llg

CHs0 | N
W/

HN-CHyCO~NZ ><

XXTX

The series of interﬁsting¢xh{6wmﬁth0xyquinely1~8)~f?~

120 also shows

alkylureas of type (XXX}, prepared by Boehmer,
that not all basic side chalns are sultably squipped for anti-

malarial endownenbt.

CH3z0 l j
R=

fxgﬁ, Et’ ._I'._I‘*?I‘, ﬂ""‘Bu,
2
CO-NHR

XX

H,
iso~Bu
Only when R = Me does the substituted urea appear to have any
action againast P. relictum.

2= Baslcally Substituted Quinolines. Very little work

has been done on compounds containing a basic substituent in
the £-position of quinoline. Therefore, the statement that
this position (insofar as besic substituents are concerned)

is not favorable towards antimalarial endowment is made with

119. Brahmechari, Caloutte Med. J., 34, 327 (1938) /C. A., 33,
9448 (1939)/.

120. Boehmer, Rec. trav. chim., 56, 201 (1937).




~ B -

reservations. The introduction of »HEQBQGS%HCHQI&?( Cgﬁs)z in
the 2-position of 6-methoxyguinoline doss not produce a bio-
logically asctive compound, whereas the same substltuent In
either the 4- or B~ position éaea.iﬁé’liga The 2-dialkylemino-
quinolines (XAXI) of Pourneasu were all inactive. Recently,

ﬁ«/3~(Eﬁlegidylamiaa}athyimﬁwyhalina {X¥x11),

"@ iy R= H, Cl, CHgO-
N/ s 3 5
\ \CZH"

XXX

aynthesized for antimalarial purposes, was found wan&ing.lal

CHs

7N N
mm«ww cu;-qu
XA
ﬁlﬁhaugh.the blologlcal reports are lackling, the com~
pounds (XXXIII~XXXV) of certain English investigators are

cited here.l82
CHy

Vo g
N I % cH,cu;zcﬂs NP o ____=\>NH3.
XXXITT XXXIV

121, Krahler and Burger, J. Am. Chem. Scc., 63, 2367 (1941).

122. {8) Kermack end ¥ulr, J. Chem. Soe., 3089 (1931); (b)
Nurray and Turner, ibid., 666 (1954); {c) Mathur end
Robinson, 1ibid., 1520 (1934).
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XXXV

Effect of Varietion of the Hethoxy Group. Krichevskil

and Sternberg state that the chemotherapeutic action of quino-
line derivatives éép@mﬁﬁ on & 6-0H (or & 6~ OCHg ) graup.lgs
The guinolylecarbinolamines of King constitute an excellent
example of this point of view, However, a more accurate
statement is that the methoxy group, although not essential,
is decidedly helpful toward antimalarial endowment. This
principle has been established in the cinchona drugs as well
as in the synthetic compounds. In human maleria the super-
iority of guinine and gquinldine %o cinchenidine and cin-
chonine, respectively, has been known for a long time, 124,125
Likewlse, the ﬁctian of quinine and cinchonidine, of hydro-
guinine and dihydrocinchonlidine, and of dihydrequinidine and
dihydrocinchonine in evian malaris demonstrated the super-
iority of the methoxy compounds over the demethoxylated

a58¢

farms«gﬁ In the synthetic series Fourneau observe reten~

tion of bicloglcal aection, although with diminished

123, KrichevskiY snd Sternberg, Z. ImmunitBts, 80, 438 (1933)
[C. A., 28, 5532 (1934)7.

124. ¥eGilehrist, Ind. J. Med. Res., 3, 1 (1915).

185. Pletecher, Studles from the Inst. Med. Res. Kuala Lumpur
F. M. 8., no, 18 (1923), Heference taken from ref. 85C.
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effectiveness, when the CHgO- group of compound XXII was re-
placed by H~-, HO-, or Cpl 0-. In this particular series n
was S. Noteworthy is the high degree of effectivensss re-
| tained when the a&sem group was raplaéed by He But replace-
ment with methyl destroyed the activity completely. To clear
up the effect of the alkyl radical in the 8-alkoxy group,

%agiﬁsanlaﬁ

examined a serles of compounds of type XXII,
where n= 2, and R= ¥, Gﬁﬁm, Colg~, g»ﬂz,ﬁ.,~, i80-CgHy-,
n~CyHg, 180-Cglyy, n-Cglyy and allyl. The phenol and methyl
%éﬁhaw were the most potent. Effectiveness diminished with
ineressing number of carbon stoms, and disappeared when the
isoamyl group was reached. The igo-propyl and allyl deriva-
tiveg were inasctlve. The phenolic form is twliee as active

as the methyl ether, which is surprising because cupreine is
much less effective than quinine.

Little is known concerning the effect prodused by a shift
of the methoxy group to other positions of the molscule.

When the S-methoxy greup.af plasmozid is replaced by a
chlorine atom, the c.i. drops from 16.5 39'2*5*126 Recently,
a series of blologicaelly active quinoline compounds contein-~
ing ehlorine has been reported 1in the patent 1itarature.127

These compounds which contain a basically substituted amine

126. Magldeson and Bobyshev, J. Gen. Chem.(U. 8. 8. R.), 8,
899 (1938) /C. A., 33, 1327 (1956)/.

129. Andersag, Breltner and Jung, U. 5. Patent 2,833,970
(1941) /C. A., 35, 3771 (1941)7.
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group In the 4~posltion and a methyl group or preferably a
chlorine atom In the 7-position, are claimed to be especially
effective agalnst the schizont feorm of the parasite. The

absence of a methoxy group should be noted.

3. Acrldine Compounds

The aeridines comprise the next largest group of com=
pounds studled for antimalarial purposes. Atebrine (II11},
also known ass achriehin to the Russians, 1is the most commonly
employed by elinlclans. The numbering of substituents in this
discussion is indicated in formula XAXVI.

C.H
1 9 8 NH- CHCHs ~(CH2)3'/V< 2
CaHs
1990/ fm
3\ 26
\4 10 ¥ N W/ s
XEXVY XXXVII

The atudies of Mietzach and lauas demonstrate the im~
partaﬁaa of & chlorine atom or a mebhyl group in the 6-poaltion
of 2-methoxy-9~basically substituted acridines.’® For example,
atebrine and compound XIXVII are strongly active agalinst the
schizonts of malaria, but removal of the Cl- atom or the CHg-
’grﬂup destroys this sctivity. These findings, first demon-

strated on canaries,Z®

were oconfirmed by Kusslan obaservers
on the sgarraw.lag ‘anlaaamsnt of the Cl- by a ~-NOg group

128. Mietzsch, in "Medicine in Its Chemical Aspects”, Vol.
111, "Bayer", Germany, (1836).

129, Feldman and EKopeliovieh, Arch. Pharm., 273, 488 (1935).
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practically destroys all activity,1100¢,128,130 e 4 shift of
the ~NOp group from position 6~ to 7- raises the c.i. to
about 2-4 units. 1 0%2180:33L  gpo snproduction of a nitre
group into the 4-poslition of atebrine (XXXVIII) decreases the

antimalarial effect,
NH- CHCHz ~(CHo)s ~ N~(C2 Hs),

| W\/) o
o, ,
XXXVIIT
and replacement of the ~NUy group by an ~NHp or dialkylamino
group destroys the effect an%irﬁlyglaz In contrast to the
effect of the nitro group, replacement of the H-chloro stom

with the =-CH radical ylelds compounds which retain the biologi-
cal activity to a high degréarlﬁs The ¢e«i.'s of the oyano
compounds corresponding to achrichin H5 and stebrine are 10
and 23.3, respectively. The therapsutic index reported for
achrichin K5 is 15, which is equal to that of atebrine.133’134

A shift of the Cl- atom from position 6- to 7- lowers the %

gt 110¢,130,135

considerably, an effect exactly opposite to that

obgserved 1ln the quinocline series. The introduction of a

130. Kagidson and Grigorovskii, Ber., 69B, 396 (1936).

131. Magidson and Grigorovskil, Khim. Ferm. Prom., 187 (1933)
/G- A+, 28, 1138 (1934)7.

132. Knunyants and Bensvolenskaya, J. Oen. Chem. (U. 8. S. R.),
10, 1415 (1940) /fC. A., 3B, 5642 (I941)/.

133. ¥agidson and Travin, Ber., 88B., 537 (1838).

134, KrichevskiY, Y¥agidson, Hslperin end GrigorovekiX, Giorn.
batter., 13, 685 (1934) /C. A., 31, 3208 (1937)/. ~How~
ever, Tareev, Therap. Arch. (U. S. S. R.), 12,7102 /C. A.,
31, 6756 (1937)]/states that achrichin N5 has a somewhat
Teebler effect than atebrine,

Sy : ; 3

135. Feldman and Kopeliovich, Org. Chem. Ind. (U. S. S+ R.), 1,
31 (1936) /€. A., 30, 3821"%19‘56’17: .




second chlorine atom in the 7~position also lowsrs the thera-

peutic affiaaey,lsﬁ
Replacement of the CHz0- group by a CoHg O~ or CHg-

radical in the atebrine type of compound {III) lowers the

110¢,150 mpe same effect was ob-

therapeutic effectivensss.
served in the quinoline seriegs. The introduction of &

second methoxy group brings the g.l. down to zero,1100,130
Subatitution of the methoxy group by the methylmercapto

{Sﬁgsﬂ} radiecal lowers the anbtimslariel effect considerably.
Chemieochine is chemiecally like atebrine except for the hydroxy-
136

methyl group which repleces the methoxy. It 1is clsimed to

act promptly on F. vivax and P. maslarise, and less effectively

sgainst P. falolparum.
Some of the dimlkylamincalkylemino groups used by the
Russian investigators with considerable success are listed in

order of decreasing effectlveness:

(Cgligdghi~(Chy ) 4-NH~
(GpHg ) ph~(CRy ) 5-NE-
(CpHy ) pN~( CHy ) o =NH~
(Colig ) pN-CHoCHORCHy N H~

Achriechin HS, or Zemethoxy-6-chloro-@~dlethyleminobutylamino=-
acridine 1s reputed to have a therapeutlic Index greater than

that of atebrins ﬁrwaahriehin §5.1$4

136. Di Meuro, Gazz. ospedall elin., 60, 544 (1939) /T. 4.,
33, 8610 (TOXB17



Hydrogenation of the acridine ring destroys the anti-
malarial activity. For example, &1l nitro and chlore deriva-
tives of 1, 2, 3, 4~ tetrahydroscridine containing a dialkyl-
aminoalkylamino group were inactlve, and were more toxie than
the corresponding dshydrogenated eem@ﬂunés.l37

Other acridines ss possible antimelarisls have been pre~
pared, but since the pharmacological asssys have not been

reported these studiestO8s159

140

will not bgﬁéisau&aeé‘ Basu and
Das~Gupta expected thelr acridine aemﬁsunda to be thera-~
peutliocally active because the molecular weights of 400-450

were within or near the llmlis suggested for an entimalarial

4. Fhenanthridines and Benzoquinolines

None of the phenanthridines {XXXIX, XL) reported by
Wallsgz possess antimelarial activity. In XZXIX nelther a
ah&arina atom nor & methoxy group ls present, and in XL the

methoxy group is mets to the N atom, and not para as it is

137. Magidson _and Travin, Jd. Gen. Chem. (U, S. S. R.), 7, 842
(1937) /T. A., 31, 5800 (1937]/. See also Das-Gupta and
Eaau,{&}aﬁne& and Culture, 2, 654 (1937) /C. A., 31,
7060 (1

138. Cleme and Hook, J. Chem. Soc., 608 (1936).
138, Coodall and Kermack, ibid., 1546 (1836).
140. Basu and Das-Gupta, J. Indlan Chem. Soc., 15, 160 (1938).

141. Slotta end Behnisch, Rer., €8, 754 (1935).
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4
7N N
CHsz0 \/\/ ':‘ CHCHy(CH)s Nt&”ﬁ')&

AXXIX XL

R=  ~CHyCHpN(CoHg)g

»Gﬁgﬁﬁgﬁo

~OHpOHoH-(180-C,Hg)g
- in plasmoquine and atebrine.

The bioclogical activity of the benszoquinolines (XLI,
¥LII) prepared by Untermchlen and Hamilton have not been re-

y&rteﬁ,m‘z but similer compounds {(XLIII) are claimed to be

suitable for combating malaris.s i
R CHz
N | q
N/ cH3 Pt
/ VR B= N X, <N
k. / , ) TN
N\
XLI XLIT *ﬂHCHgCHgQH,
H «~NH(CH, ) N< ><
N~- C”C”}'@"’z)_g”(c;";)z HZ 4

-NH(CHp ) 4N(CpHg) g

-NH(CH,) 530

XLIIT

l42. ’?ni:ax*s;@,nhlen and Hamilton, J. Am. Chem. Soc., €3, 160
{1941). -

143. U. S. Patent 2,231,844 (1941) /T. A., 35, 3394 (1941)7.



*Z3USN}TEI5QNE BAT10® Jo oouesexd oyy uUT ueasv £3TATL0W®

IBTIBTR@TUR Ja8dWiT 40U BOOp SNSTONU TOZYIUIOZUS] OUYJ IBUY

8380TpUT sjuswiaedxe eEeiy pe I0OIIO INOUITA BT STOZWLHOZUOQ

~1igou=g-Lxoqjew~g JO wuoi3isod=y euq oquy dnoal outuwiidead

-QUTWETAIO TP~ ©ATIO® LamA 90Ul JO UOISOTPOJIRUT oUy TOSTASHTIT
ATY

Rusdng
NH

n:w%\i N

L

Y £4D

*oaTyoBuT ATegeTdwoo 8%
Yotum {ATY) punodwoo ® Eplell oTOZBTU3OZUSq LAY Su-2~LX0UGou=-G

«~QUTWe=}, O9TJIO0B06T B8Ug Aq sneTonu sUITOUINDOUTWE-T-LT0U]oU~Q

ATTY
) J
«I.vz_
8y} Jo
qusuweswidea ‘JIeAsmopy *UOTH0® TelIeTRulauE Fuodays Fuisseseod

¢6
oTnoeTow B sednpoad suljrouinbourws-g-Axoujen~y IO UOTLIs0d=-g

ay3 ogul (ATIX) dnoa8 pfurdny eyjl JOo WOTIONPOIIUT UL

FBTor e TUIoFUSE '

‘.ﬁmi



-~ 92 -

6. Other Ring Systens

A lsrge variety of ring systems have been examined as
potential sources of antimelsrial action. Generally, where
the results have been negative, the compounds under guestion
contained Q few or no active substituents. FHence further
study is necessary before one can conclude with some degree of
certainty, as in the benzothlazolss and the naphthalenes, that
a glven ring system 18 unsuitable for antimslarial synthesis.

It is therefore likely that the conclusions of Wa11392

in
regard to phenanthridine may b6 unjustifisble. For example,
the Introduction of the active substituents of plasmoquine and
atebrine into triphenylmethane, thiazine and xanthine have

798 144

produced sctive compoundss The furanoquinolines (XLvI),

the yyrrelaauinalin&al*ﬁ (XLVI1), and the glyoxalinoguino-
linealéﬁ (XIVII1) prepared so far leave mueh to be desired .
before any definite ﬁﬁnalmsiéns can be drawn concsrning thelr
gntimalarial possiblilities. The O(«plcolyl-l-isoquinolines

are mentioconed here merely as a metier of interest,147

XIVI XIViL- XIVIIX

144, Haq, Kapur end Kay, J. Chem. See., 1087 (1933).
145. Barger and Kobinson, ibid., 2047 (1929).

146. Harang and BRay, ibid., 976 (1931}.

147. Clemo, McIlwalin and Worgan, ibid., 610 (1936).



were prepared as likely antims-
larials because of their analogy to harmine, & non-~cinchona
alkalold reported to have antimalarial propertles. Berken-
neim®? has already declared intention to investlgate the
field of carbazoles, Indoles and isoquinoclines. FPreliminsry
&téﬁa.in the carbazole field have slready been taken by

Robinsont?® and Hottier.1%® fThe latter demonstreted that the
4~amino- and 4-)-aminopropylaminecarbazoles (XLIX) were in-

affective asgainst the malariasl orgenlsm, but this study does

NH=CHz CH, CHy NH;

not establish

the ineffectiveness of the caerbaszole ring as & base for antli-
malarial synthesis.

. Siminov®® is of the opinion that the structure of thera-
peutic reagents may be greatly aimgiifiad; and accordingly
embarked upon the synthesis of antimslarisls (L, LI, LII, LIII)

containing nelither guinoliine nor acridine.

148. %ggarﬁalg Gureshl and Ray, J. Am. Chem. Soc., 54, 3988
1032} . '

149. Robinson and Tomlinson, J. Chem. Soc., 1524 (1934).
156. Mottier, Helv. Chim. Acts, 17, 1130 {1934).
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LIII. 2-Methyl-6-

{3-diethylamino~ methoxy«l-(3~diethyl-
propyldbenzimidazole aminopropyle-)
benzimidagole

Compounds {(LII) and (LIII) when tried on birds showed no
activity to P« rellctum.

The ineffectiveness of naphthalene as an antimalarial

80

nucleus has already been demonstrated. Likewlse large molec-

ular weight derivatives of biphenyl, bipiperidyl, and open~

81

chain compounds were ineffective. ¥ost of Fourneau's amino-

alcohols of nephthalene, biphenyl, and benzene displayed little
or no activity egainst bird malaria, and all were lnactive in

human malariawaaa
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clain that sulfanilaside and "orontosil”
pogness no therepsutie value in maleria iz not supported by
other workers.> oo CoEe &ﬁ%&l&lﬁa found sulfanilanids therepy
to e suceesslul in monkeys Infeeted with 2. knowlesl. 4
residuel lewunlity lasted for three monthe affer eradiecation
of the infection. Sulfepyrldine, when adminietered ln mag~
sive doses has e definite lethel astion szslnet F. koowlesl
in r@a;mg‘mﬁ&kﬁgmmiﬁﬁ Sulfathiezole was slec found effective
in %iﬁi&ﬁWﬁﬁ%ﬂ?@%miﬁ%
The stetus of 1, ll-undecanedienidine ss an antimelarial

188,157

romaing to be ewtasblisbed. The very simple moleoule,

dwalanine, 1& without action sgsinst %&wﬁ‘maxarﬁaglﬁg

181« Paget, Palwmer and Sherwood, U. 8. Pub. Health Repts., 53,
1364 (1958). ’ T !

- Das~Oupta snd Chopra, Indlsy
Cx Bhey 38, 1818 {2%3@ /

1%’&* %@g{g‘;&ﬁmzi; mn Q}”* é”@@ Eﬁﬁ# # %ﬁ, ?1‘5 iig&g) k3
154, ﬁxagh ﬁaﬁvﬁingh, J* %ﬁlﬁfiﬁifﬁﬁﬁw

Ked. Gage, 78, €85 {1938)

indis, 2, 181 (1939)

165, Dikshit snd Gonmpathl, J. Falarie Inst. indle, & 58S
(1940) /Go Ae, 55, 5567 (1540174 ==

186« Glyn~dughes, Lourie sod Yorke, Amn. Irop. ¥ed., 32, 103
{1838} fC. ., 88, 5487 (1938)7

157. Christopher snd Pulton, L. Trop. Med., 32, 267 (1938)
Zﬁ&w &J«; 33* 2458 ii@ﬁﬁ ‘

158. Sternberg, . ges. sxptl. Hed., 79, BT (1832) /T. A.,
26, 4879 {1@&}7’“

r_ig
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IV. PUEPCQSE OF INVESTIGATION

The purpose of thls study wes to syntheslze an antiplase
modial sgent which would be schizontocidal and gametoclidal.
Plasmoqgquine and the related compounds of Msglidson and Fournesau
are of the latter type, whereas atebrine is of the former.
Atebrine (IiI) may be locked upon as a chlorobengzo derivative
of G-methoxy-4~-dislkylamincalkylaminoquinoline. It was there-
fore hoped that through replacement of the chlorobenzo group
by a chlorophenyl group the resulting gulnoline molecule (LIV)
would incorporate the blologieal properties ef both the quino-
line and acridine medicaments, and behave,‘thﬁrefbre, ag @
gametocidal as well as e schizontocidal agent.

NH-CHCH3 -@n,), -N{CaHs),
CHz0 N N
|”¢L—-l,/c1
v

The molecular welght of (LIV) approaches that of aeridine
and is within the limits conslidered desirable for an antl-
melarial @ﬂmpauaé,zél The methoxy group 1is In the same posi-
tion relative to the heterocyelic N atom as in guinine,
plasmoguine and atebrine. Although not essentlial, the use-
fulness of the methoxy group haes already been established.

The basic side chain is paras to the py-nitrogen atom as in
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guinine and atebrine, and the same type of side chaln is

employed a8 1in plasmoquline and atebrine.

It has also been

shown that retention of antimalarial aetivity with diminished

toxicity may be effected by a‘ahift of the dlalkylaminosalkyl-

amino group from position 8~ to 4« of B-methoxyguinolinse.

Furthermore, 4-basically substituted derivatives of 6-methoxy-

guinoline, closely patterned after quinine, were found to

possess antimslarial action.

Hence, it appears that the

presence of a ¥~ containing residue in the 4-position of

quinoline is favorsable toward antlumelarial endowment.

atebrine (II1I) to {(LIV) the following synthesis was carried

To effect the proposed change in chemical structure from

out:
chso~7 N "\ N\
0.0~
"N Z
v vl
&Q CH,D-/ Y\ / \
autobxidation \/‘\N,,‘_”\)c:

LVII

c /

Li

CHy
gerb&azois,
acid

cl

ZAVA

\ A

L




ngan

¢l
N
POC1y \}_O
% l-diethylaminoede-
— >
\”/ l// ¢l aminopentane ” Lty
A

Lix

¢l ‘
o N0 N /N
M)+ )
,’/ Ll\/c'
X ,

The m~chlorophenyllithium {LVI), employed for the -m~chloro-

phenylations of {LV) and (LX), was available in 70% yleld
from m-chlorobromobenzens and n-butyllithlum at -35° C. for
ten minutes. Oxidation of the 2«{3'-~chlorophenyl)~-6emethoxy-
quinoline to ite Neoxide (IVIII) waé effected with perbenzolc

acid by the method of ﬁsisanheimsr.lﬁg’lﬁl*le4

Phosphorus
oxyechloride converted the N-oxlde to 2-(3f-chlorophenyl)-—4=
chloro~6~methoxyquinoline (LIX); the position of halogenation
was established by an alternate synthesls (LX —— LIX)

which left no doubt aa'ta the position of each substituent.

The otherwise active ﬁhlerine}at@m in 4-chloro-Gemethoxyquino-
line was not expected to interfere with the addition of the

RL1 compound to the -N=C< linksge because {1) the chlorine

atom is g@narally'inagfective in X~¥ reactions; (2) aryllithium

compounds are wesk X-H interconverting agents; and (3) the

chlorine atom 18 at a relatively great distance from the

- 158, {a) Melsenheimer and Stotz, Ber., b8, 2335 (1925); (b)
Helsenhelmer, Ber., B8, 1848 (19267.
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-N=0< group, so that the deactivating Influence of the halo-
geﬁ is reduced to s minimum and the predominant resction
becomes anil addition. Compare, for example, the difference
in bebavior between Z-bromo~ and 3-bromopyridine towards
alkyllithium compounds.l®® However, the exelted resctivity
of the chlorine atom in the 4-positlon permitited condensation
with the ﬁiathylamine;é-aminepﬁntana.

Although a shift of the chlorine atom from position é- to
7~ in atebrine nullifies the entimalaerisl action, the same
effect could not be predicted for compound (LIV) if the m-
ehlorophenyl group were replaced by the p-chlorophenyl group.
It will be recalled that 6~chlore-B-dialkylaminocalkylemino-
guinoline is weakly &ative,‘but a ahift of the chlorine stom
to the 7~position confers Increased aotlvity upon the molecule.
To affect the shift of the £l atom in compound {LIV), parallel
to that of the atebrine snalog, the following syntheses were

carried out:

CH30 'l\\ ad Dt |ensa N\ c HEO S
‘ ? ,\\ L l/, autobxid.’

iy — -
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00— 0po—30

IXI ‘ LXIII
cHso/ , \
‘ «@Ghlorophe
N P P je nyllithium

LXiv

/V-CHCH_; ~(CHe)3 N(CaHs),

CﬁjO{ l @C’
NN N\

LXV

The Eﬁ@hlereyhanyllithium‘waa prepared by X-M inberconversion
fram,gfehlﬂrah@emebenzane,lao The position of halogenation
(ILXIT——— LXIII) wae esteblished by the K~p-chlorophenyla-
tion of €-methoxy~4-chlorogquinoline (ILXIV———1XII1I). 1In
the amination of (LIX) and (LXIII) to (LIV) and (ILXV), respec-
tively, the quinoline chlorine 1is assumed to be replaced,
because 1t is generally well known that the of~ and -<yhuhlo~
rine atoms of pyridine, qﬁinelina, acridine and homologs show

exalted reactivity towards amine condensation. In a large

180. ?ilma?, Langham and Moore, J. Am. Chem. Soc., 62, 2327
1940}).



- 101 -

varliety of amination reactions with 4,x~dichloroquinolines
| and 9,x-dichloroseridines, the 4« and 9~ chloro atoms are the
ones slwsys Involved.

Although 1t was congidered possible that the schizonto-
cldel or gametocidal effect or both might be destroyed by
removal of the chlorine stom from {(LIV) and (LXV), nevertheless
such a ochange (LXVI ——— LXIX) was undertsken because gquino-
line antimslarials are known to maintain their biologic effect
without the presence of a chlorine atom. The change was

effected through the following seguence of reactions:

o/ NN CHsLl o\ N\
| ) — OOI/j[\ i PV
¢

LXVI 0
LXVII

H
N-CHCH3(CHa)s N(C2H5)2

Cl
POCLy o NN ctso/ N N
2% M Ny —— )
el adh
LAVIII LXIX
¢/
cH,/'/j Li
N

It was also considered deslirable to study the effect of
tranaposing the methoxy group from the quinoline ring to the
phenyl nucleus. Accordingly, 2-(2'-methoxzyphenyl)-4-/Tc(~
mathyle;ﬁiﬁthylamineﬁutyl)aming7huinaline {LXXV) was prepared
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by the method developed abovs.

/i
‘ :w quinoline (/ \ N ‘\ (\ A \
N N W /

OCH3 00”3

XX LXXT
LXXII

N CHCH3 @HI)J’N @z”!)z.

= 000 — 038

OCHS 0CH3

LXXTIL LXXV

Halogenation of pyridine and guinoline compounds by the
action of inorganic acid halides such as phosphorus penta-
chloride, phesphorus oxychloride and sulfuryl chloride on the
corresponding N-oxides éaﬁurs always ortho or pars to the
nitrogen atom (1. €., in the o~ and )epositions); generally

a mixture of the two lsomers is abtainsd.lsg’ 161,104

By
blocking the o~position in every one of the four N~oxides

deseribed above {(LVITII, LXiI, LXVII and LXXIY), we have been

161. b’fm’mki, Kochanska and Kowaleska, Ber., 71B, 2385
1938).

N
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able to direct halogenation exclusively to the J-position.
The eorollary therefore follows that blocking of the aaposiw
tion with & suitable substituent will direet halozenatlion
excluslvely to the o(-posltion. Since meta halogenation of
giinoline, isoguincline and homologs is effected by molecular
rearrangement of the pers~ or hydrohalide dlhalides at high
tﬁmgaraturaa,lﬁg general methods now exist fér the specific
orlentation of halogen to any of the three positions in the

Py~ ring. The halogenation reaction 1s discussed in further

detail elsewhere (p. 132).

162. (a) Claus and co-workers, Ber., 19, 2763 (1886); J.
rakt« Chem., /% 7, 50, 235 (180173 ivid., /27, 39,
§17 (1089); ibid, /27, 40, 389 (1889); ibid., /57,
42, 233, 328 (1890)3 1vid., /27, 50, 31 (1894); ibid.,
27, 51, 477 {18§5); ibid., 57 3, 109, 198, I
1 96)3 1ibld., 898); (b) Edinger, ibid.,
, 48,182 ( 851 5
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by means of EL1 we have never been able to isolate the dihydro

compound, and these findings coneur with those of Bergmenn.oP
The melting points of our product and its plerate agree

with those of ﬁ%hnerlﬁa who prepared G-msthoxy-2-phenylquino-

line by decarboxylation of Efmethaxgcinchaninia aeld, which

in turn was prepered in 18% yleld from p-snisidine, pyruvic

acid and benzaldehyde.

E~Nethoxy~2~phenylauinoline~N«0Oxide.~~To & solution of

22.9 g. (0.17 wole) of perbenzoic acid in 400 cc. of chloro-
form was added 26.5 g. (0.1l mole) of G-methoxy-2~phenyl-
guinoline. The solution, which colored to red shortly alfter-
wards, was kept In a refrigerator for one to three days. The
golution was concentrated to one~half the original volume and
poured into 8 hot solution of 30 g. of pleric acid in 250 co.
of 95% athanél* on cooling, 44 g. {80%) of a yellow erystalline
picrete came down, which melted at 107-108°. Decomposition of
the plerate was effected by bolling with 104 sodium hydroxide
solution. The N-oxlde, recrystellized from hot ethanol as
ﬁard, thick, lustrous crystals, melted at 170-171°. The over-
8ll yield was BE8~65%Z. The compound iz difficultly soluble

in cold ethanol.

Anal. Caled. for CygHyzOpN: N, 5.58. Found: N, 5.66.
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4~Chloro-8-methoxy~2-phenylguineline.~~{(a} Fifteen and

seven~tenths g. {0.063 mole) of the crystalline G-methoxy-2~
phenylquinoline-l-oxlide was placed in a 200 ce. three-necked
flask with ground glass connections, to which was attached a
dropping funnel and & long condenser protected by & calcium
'ebi&riﬁa tube. After chilling the contents with an lce bath,
7645 g. {0+5 mole) of phosphorous oxychloride was added with
caution through the dropping funnel. The reaction was vigor-
ous and immediste. After the initiel reaction subsided, the
contents were warmsd on a water bath for thirty minutes, and
then refluzed gently over a direct flame for ten minutes.
During the warming, a8 orystalline body may settle out, which
redigsclves on heating. The contents were poured onto 1200 g.
of chopped lee; the colly materisl, after gradual solldifica-
tion, was filtered off and washed with weter. The flltrate
and washings were made slkellne to glve an additional erop of
 4~chloro=B-methoxy~2~phenylquinoline. Hecryatallized from
ethanol as long, hard needles, the compound melted at 110-1115,
and & mixed melting point with an suthentlic specimen prepared
by the o~phenylation of 4-chloro-€-methoxyquinoline showed
no depression. The yield was 13.7 g. (81%).

In smaller runs, esmploying one to five grams of the
N~oxide, the yield of chlorination product was 88-91%.

The over-sll yleld by ocur three-step procedure, begin-
ning with 6é-methoxygquinoline, is superior to that obtailned

by the lonzer method of John,'®%

164. John and Lukas, J. prakt. Chem., /27, 150, 328 (1931).
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{(b) One g. of the N-oxlde was treated with 10 g. of
sulfuryl chloride {Lastman's practicsl) at 0% then boiled on
the water bath for ten minutes. The contents were poured upon
chopped i1ce, but the red oill which was obtained could not be

transformed into a crystalline body.

6-Methozyquinoline~N-~0xlde Hydrochloride.--In accordance
104 |

with ths procedure of Magidson, 28.6 g. (0.18 mole) of

6-methoxyquinoline was added to 0.216 mole of perbenzolc

aeiélﬁs

In 750 ce. of chloroform. 7The solution colored to red
shortly afterwards. After standing in the ice«box for two
days, the solution was eaﬁc@ﬂtratéﬁ to & volume of about 300
cc. and extracted with 20% hydrochloric acid. The extract
.was washed with e little chloroform and evaporated to dryness
under vecuum. The realdue was reorystallized by dissolving

in ethanol and precipitating with ether. The yleld of XN~
oxide hydrochloride, melting at 192-4%, was 33.2 g. (87.5%).

The yellow, finely crystalline plcrate melted at 173-4°.

4-Chlore~ and 2-Chloro-é-methoxyquinclines.--Following

the procedure of ﬁagiﬁaom,lg% 10 go (0.057 mole) of 6~methoxy~
quineline-N-oxide hydrochloride was warmed with 50 g. (0.33
mole) of phosphorus oxychloride in an oil bath. At 585°, a

vigorous resction set in; the contents were heated under

165, Brsun, Orz. Symthaaé&, 13, 86 (1933).
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gentle reflux on & wire gauze for thirty minutes, and then
poured upon 280 g. of chopped 1ce., On neutralizing the aolu~
tlon barely to the acid side of congo red, colorless crystals
gseparated out and were filtered off. The yleld of Zechloro~
6-methoxyquinoline, melting at 108-7°, was 5.6 g. (58.4%).

The filtrate was made alkaline; the pale yellow prscipiQ
tate, after coolling in the ice-box, was filtered off and
rﬁafyatalliamﬁ from Skelly B. The yield of the 4-chloro
isomer, melting at 77-8%, was 3.4 g. (35.5%).

4~-Chloro-8-methoxyquineline and Phenyllithium.--In an

atmosphere ar.nitrbgaa 2.8 g. (0.015 mole) of the quinoline
compound in 20 ec. of ethyl ether was added to 0.022 mole of
phenyllithium in 30 cc. of ether at 0°. Addition was complete
in two minutes, the solution coloring frum.y@llew through
orange to orenge red. At the end of about two minutes, l-
lithio=-2«phenyl~l,B~dihydro~d-chloro~6-methoxyquinoline
settled out as oraenge-colored arystals. After hydrolysis, the
ather layer w&ﬁAﬁriaé over Drierlte, filtered, and ths ether
removed by ﬁiatil&atien. The dark gummy residue was twice
recrystallized from ethanol to glve pale yellow crystals of
4-phloro=G-methoxy~2-phenylquinoline, which melted at 110-111°
The yield was 2.4 g. (61.5%).
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ﬁrﬁﬁﬁhexxﬁgyyhanylfgﬁétggumethxlﬁé:~diethylaminobutyl)

amino/quinoline.~~Four g. of 4-chloro~Gemethoxy-2-phenylquino-

line and 5.15 g. (2.2 mole egquivalents) of l-diethylamino-4-
amin@penhan&iﬁe were heated in s metal bath at 135° for twenty-
four hours, at 175-180° for another twenty~four hours and at
2109 for forty-eight hours. On cooling a glassy melt was ob~
tained, whilch was dissclved In warm ethanol. The alcoholic
animtian was added dropwlse with stirring to a slight excess

of 2¢ sodium hydroxide solution. After evaporation of the
water and aleochol, the dark gummy oll wasa dried in a vacuum
desiccator over caleium chloride, redissolved in absolute
ethanol, boiled with Norit and filtered. The alcolol was re-
moved by distillastlon, the last traces under vacuum., The
glassy, dark brown melt obtalned thereby is very hygroscople.
Dissolved in water, it forms a colloidal solution, from which
the compound settles out as a volumlinous, tan preclpliteate on
gentle warmings the precipltation is hestened by the additlon
of 2~5 ce. of 6% sodium blcarbonate solution. The compound was
filtered on a Blichner funnel, and after drying in vacuo over
calelum chlorlide, 1t was obtasined sas & psle tan amorphous
powder. In this form, it ls lnsoluble in water; soluble in

ethanol, acetone and benzene. In the latter two, 1t exhibits

& week bluish fluorsscence. The yield was 4.0 g. {69%).

Anal. Calcd. for CpcHesONg: N, 10.74. Found: N, 10.60.

166. Kindly furnished by Dr. L. A. Sweet of Parke, Davis and
Coa
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gyig}Meth&xyphanx;)Qainaline.unThia synthesis makes use

of the X~} interconversion reaction. The sequence of steps

follows:
(2)  p-GgHgli + @B’ > K l %% 4 n-C,lghr
& - OCHs .1
@ (1) - (] > (L
N\ ™ OCH3 S |/

Aside from the preparatlion of n-butyllithium, which requires
about two to four hours, the synthesis l1s completed within
thirty minutes. All steps were execubted in an stmosphere of
nitrogen, and steps (2) and (3) et -14° C.

To a filtered solution of 0.246 mole of n-butyllithium
in 250 cc. of ether was added 49.5 g. (0.26 mole} of o-bromo-
anisocle in 80 e¢o. of ether over a three-minute period with
vigorous stirring. No color change was observed, but vigorous
reflnx may set in iIf the sdditlion is too rapid. Stirring was
&antinnsd for one more minute before 28.5 g. (0.22 mole) of
freshly distilled quinoline in 30 ¢e. of ether was added over
& four- to five-minute peried to the sclutlon of o-anisyl-
lithiuwm,. After elight additlional minutes of stirring, the
contents were hydrolyzed in ice-water. The ether layer was
dried over Drierite; after removal of the sther, the olly

residue was diluted with & little ethanol, and added to a hot
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golution of 55 g« of ploric meld in BOO ae; of ethanol. A
yellow erystalline picrate cams down at once. The crude ple-
rate was decomposed by boiling with 5% sodlum hydroxide solu-
tion. The oll was extracted with benzene from the hot mixture,
and the extract dried over E?ierita; After diatilling off

the benszene, the residual oil was fractionated under vacuum.
The largest fractlon, a heavy yellow oil, dlstilled at 201-4°
at 2mm., chiefly at 205.5%°. The yleld was 24 g. (41.2%).

Anel. Caleds for CygHyx0N: N, 5.86. Found: N, 6.11.

In two subseqguent runs approximately the same ylelds
of 2-g-anisylquinoline wers obtained, an 187 recovery of quino-
line was effected, and no bubylquinoline was ismolated. It
appears therefore that the prepsration of o-anisyllithium is
complete, but that eddition of the latter to the -N=C< bond
QgKQﬁiﬁﬁliﬂﬁ is Iincomplete. Hence, to lmprove the yleld of
p-anisylquinoline 1t ls suggested that the time allotted to
step {3) be prolonged bsyond that employsd above.

2-(2'~lethoxyphenyl)guinoline Hydrochloride.~-~Four g. of

the base, dlssolved in sodlum~dried ether, was treated with
dry HC1l gas. The white product was dissolved in ethanol;
addition of dry athéf precipitated the hydraehlarideias CIream-
colored, fine erystals, which melted at 184.5-185° with
decomposition., The yield was quantitative. The salt is easily
hydrolyzed to the free buse.
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Anal. OCalod. for CygHy,ONCl: ¥, 5.16; Cl, 13.06.
Found: N, 5.17; Cl, 12.74.

2-{2'~Methoxyphenyl)gquinoline Plerate.--A sample of the

haaa,*dia&al?aﬁ in hot glacial aecetic acld and ethanocl, was
treated with a hot aleohollie selution of pieric acid. (n coole
ing, a yellow crystalline pilerate ceme down, which melted at
177-8%. The plerate may also be prepared from the hydro-
chloride.

Anal. Caled. for ngglﬁﬁaﬁéz K, 12.07., Found: W 12.01.

2-(2'~iethoxyohenyl)guinoline-N~0xide.-~(a) A one-liter

chloroform solution of 46.4 g. (0.2 mole) of Z«(2'-methoxy-
phﬁnyl)qninaiiné and two equivalents of perbenzolic acld were
kept in a refrigerator for two days. The gsolution was concen-
trated to & volume of sboub 300 ¢o., and o it was added a hot
solution of 52 g. of pleric acid in 300 ce. of sthanol. The
erude plerate, decomposed with dilute alkaii, gave a dark ten
preducts Crystallized from ethanol-water as large, glassy
tan-colored cryatals, the compound melted at 178-178.5°. The
vield was 34 g. (88.6%7).

{2) An alternate procedure for isoclating the N~-oxlide 1is
as Tollows: the chloroform solutlon was concentrated to one~-
third its volume, and extracted with dilute alksll to remove

the benzoic acid. The chloroform layer was dried over sodium
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sulfate. The chloroform was removed by distillation, the
last traces under vacuum. The brown crystalline residue
welghed 16.2 g. (90.5%). After several recrystallizations
from ethanol, the N-oxide was obtained as tan, hard glassy
erystals, which melted at 178~178.5¢ with softening from 177-
178%. The yield was 11.7 g. (64%).

Anal. Caled. for Glﬁﬁla%ﬁ: H, 5.58. Found: B, H.76.

2~(2'~jiethoxyphenyl)guinoline~N-~0Oxide Picrate.--4 hot

alechelle solution of pleric acld, added to a hot solution of
the H-oxide, gave a pale yellow picrate which melted at 133.5~
134,5%,

inel. Caled. for OpgHygOgly: N, 11.67. Found: N, 11.66.

4~Chloro-2~(2'~-methoxyphenyl)quinoline.--The reaction

between 5.8 g. (0+.023 mole) of 2-g-anisylquinoline-N-oxide and
21.5 g« {0414 mole) of phosphorus oxychloride was immediate.
After the vigorous reasction subsided, the contents were heated
to gentls reflux for ten minutes and then carefully poured
upon 300 g. of chopped ice. Agitation of the gummy mixture
with a thick glass rod yielded & sclld product. Crystalllzed
from hot petroleum ether (b.p. 60-68°), the pale yellow,

hard needles melted at 96-98°. The yield was 3.5 g. (56.5%).
The chloro compound 1a very soluble in ethyl ether, hot

methanol, ethanol and petroleum ether. It ls difficultly
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soluble in cold methanol, ethanol and petroleum ether.

Anal. Caled. for CygHo0HCl: W, 5.20; C1, 13.15.

Found: H, 5.37; €1, 18.91.

A mized melting point with an euthentlic specimen pre-
pared by the o{-sryletion of 4-ghloroquinoline with o-anisyl-

lithium showed no deprassion.

4~Chlore-2-(2'-methoxyphenyllgquincline Plorate.--The

picrate was prepared 1in the customary manner. The dull yellow

fine crystals melted at 200-2019,
Anal. Calod. for Coolyg0p¥,C1l: K, 11.24. Found: N,

11*190

Qminalig&ggaﬁxiﬁe‘gyér@chlsrié@;m»%aisanheimer‘a proce-
169

dure was am@layaé with certain variations. Chloroform was
employed as the solvent instead of bengene, because the former
ia an exceedingly convenlient solvent in the preparation of per-
benzolc asid. A 600 ecc. chloroform solutlion of 25.2 g. (0.2
mole) of quinoline and 32.2 g. (0.23 mole) of perbenzoic seld
was kept in the refrigsrator for thirty-six hours. Concen-
trated to & volume of about 400 ce., the solubtion waes extracted
with 10% hydrochloric acid, and the extract washed with echloro-

form. The extract was evaporated to dryness under reduced

pressure. The residue was reorystallized by dissolving ln hot



-~ 115 =

absolute sthanol followed by additlion of dry ether. After
thorough cooling, the product was quickly filtered off and
dried 1p vacuo over calclum chloride. The melting pointe of
the hydrochloride and the plerate were 130-2° a@ﬁ 142-3°,
raspectively, in close conformity with the values reported by

167

Helsenhelimer. The yisld of the N-oxlde hydrochloride

approached the theoretical.

4-Chloroguinoline.--in accordance with the procedure of

ﬁeia@nhaimag}ﬁg

35 g. {0.19 mole) of guineline-¥-oxide hydro-
chloride was treated with 350 g. (0.38 mole) of aulfuryl
chloride. The yield of 4-chloroquincline was 23 g. (73%) as
reported by Melsenheimer. The melting point (212°) of the

picrate also checks with the reported valus.

ﬁ*ﬁhierﬁquinmlina'and g»ﬁniéyllithium.~nThe sequence of

steps in'th;s ayntheslis follows: B~CyHgbr 2L1 > n~C4Hgld

g~br0mganms¢i®;¢> o-anlayllithium 4-C1-9 -  4~-chiloro-

2(2'-methoxyphenyl )quinoline. To a filtered solution of 0.17
mole of p-butyllithium in 50 cc. of ether at 0° was added

5548 g« (0419 mols) af’g~bremeanisole in 30 cc. of ether over
a four-minute pericd. Stirring was continued for tw@ minutes.

To the solution of g-anisyllithium was added 23 g. (0.14 mole)

'167. The melting points reported by Melsenhelmer, ref. 159,
are 131-2% for the guinoline-N-oxide hydrochloride and
143° for the plerate.
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of 4-chloroQuinoline in 30 co. of ether over a three-minute
period; stirring was continued for three wmore minutes. After
hydrolysis, the ether layer was dried over Drisrite for three
hours, and {iltsred. From the athereal filtrate an amorvhous
yellew body settled out slowly for two days. The unknown sub-
stance was crystallized from ethanol as pale yellow nesdles,
which welted at 227-228° with decomposition. It was soluble
in dilute base, insoluble In dilute acld and gave a green color
with ferriec ehloride. It could not be scted on by diago-
methane. |

The etheresl Filtrate was evaporated by distillatlon and
the reslidual oll converted to the plerate, melting at 199-
201°. &4 mixed melting with the picrate of 4-chloro-2-{2'-
methoxyphenyl)quinoline showed no depression. Decomposition
of the plorate ylelded 2.4 g. (6.3%) of 4~chloro-2-(2'-
methoxyphenyl)quinoline melbting at 97~908°. Admixed with the
chlorination product of 2-{R2temethoxyphenyl)quinoline-¥~oxide,

the compound melted at 96-98°.

ggigf~%@tﬁaxgphamg&}ﬁ%ﬁfnﬁhmethy;»dgfdisthylaminobutyl)-

amigﬁ]gmimai@ga*~~Fau? g+ Of dmchloro-2«(2!-methoxyphenyl )~
guinoline and 5.15 g. (2.2 mole eguivalents)} of l-diethylamino-
4~gminopentane were heated at 190-200° for seventy-five hours.
The glessy melb, obtalned on cooling, wes dilssolved in the
minimam smount of hot sbsolute ethanol and poured into 300 ecc.

of 57 alkali solution. The pale yellow gum dissolved In
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ether and the solution dried over Drierite., Removal of the
ether left an orange-~colored transparent jell. The product
was purified by dlstillation under high vacuum (b.p., 248-255°
at 0.025 mm.)}» The yellow o0il cooled at room temperature to

& glass~like substance, transparent %o llght, The yleld was

4.0 g- (%%%}&

B~Yethoxy-2-(4*~chlorophenyl)iquinoline.~~The sequence of

ateps 1s:

CH’ + c:{ﬂ\ o
w7 -

Both steps were carried out at 0°.

W

To 0.19 mole of n-butyllithium was added 38.2 g. (0.2
mole) of p~chlorobromobenzense in 50 c¢. of ether with vigor-
ous stirring. The addition was completed in two minutes, and
stirring continued for five minutes. To the solution of
p~ehlorophenyllithium was added 27 g. (0«18 mole) of B-methoxy-
gquinoline in 30 co. of sther over a four-minute period, and
stirring continued for an additional four minutes. An orange-

colored crystalline precipitate, the l-lithioc-2~(4'-chloro-
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phenyl)~1,2-dihydro~6-methoxyquinoline, settled out lmmediately.
After hydrolysls, the ether layer was drled over Irierite.
Removal of the ethsr left an olly residue which molidified on
cooling to a crystalline mass. Collected on & Blichner funnel,
and washed with cold ethanol the white, long needles melted

at 194-5°, Recrystellization of a sample from ethanol-
pyridine mixture dl& not raise the melting point. The yield
was 23 g. (5ﬁmﬁ%};

fnal. Calcd. for CygHypONCl: K, 5.20; C1, 13.15.

Found: N, 5.3, €1, 12.99.

E-jethoxy~2~({4'~Chlorophenyl )quinoline Picrate.--A sample

of the guinoline compound, dissoclved in hot glacisal acetic
acid, was treated with & hot aleobolic solutlion of pileric acid.
On cooling, bright yelleow glistening crystals of the plcrate
came down which melted at 205°.

Anel. Caled. for CpoHy0gW,Cl: N, 11.24. Found: N,

11430,

ﬁwﬁﬁthéxgwgy(g;mehlarsphaayl)guineline-gfaxide.--A

tetrachlorcethane solutlon of 19 g, (0.07 mole) of G-methoxy-
Z2«{4'«chlorophenyl)guinoline was added very slowly and with
sheking to an lce~-cold solubtlion of 18.4 g« (0.13 mols) of
perbenzoic acid in 500 ecc. of chloroform. The solution was

kept in the refrigerator, and shortly afterwards most of the
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parent quinoline compound reprecipitated, Oxidabtion wes slow,
as Indicated by the gradual conversion of the diffieultly
soluble parent compound to the more soluble H-ozxlde. At the
end of one wesk, the red solution was concentrated to a volums
of about 400 ce., and extracted with dilute base. The neutral
layer was drled over sodluwm sulfate, and concentrated by
vacuum distillaetion te a volume of about 100 ce. The o0lil was
diluted with 100 cec. of sthanol, brought to a boll, and
treated with a hot concentrated alooholie solution of a slight
excess of pleric éaiﬁ‘ The yleld of the yellow, finely
erystelline plerate (m.p. 171-2%) was 27 g. (73%).

The unreorystallized plerate was decompossd by bolling
with dilute bese. Twice recrystallized from ethanol, the
H-oxide melted at 166-168% with softening from 164° on. The

L)

}“"?31(‘3 was 11 Eae (5&%}6

————

N,

Anel. Caled. for CygHoOpiCl:s N, 4.91; C1, 12.42,

Found: N, 4.74; C1, 12.22.

-

4-Chlorg~G-metboxy-8~(4'~chiorophenyl)guinoline.-~2even
g» (0.025 mole) of Gemothoxy-Z-(4'-chlorophenyl)}quinoline«ii~
oxlde was treasted with 40 g. {(0.26 mole) of phosphorus
oxychloride in the menner described for the other chlorlina~
tions. After hydrolysis, the gummy material solidiflied into
an amorphous body, which ecrystallized from hot ethanol, The
yield of pure produet, melting at 163.5-164%, was 5.7 g.
(76.5%1)«
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Anal. Caled. for CgHy;0NClgs N, 4.61; Cl, 23.33.
Found: N, 4.72; Cl, 23.06.

A mized m@lhing,paint with an authentlc specimen pre-
’paraﬂ from the <ngwehlaroph&nylaticn of 8-methoxy~4~chloro-
quineline showed no depression.

4 mixed melting point with the parent N-oxide was 138~
1459,

émﬁhlerajﬁfmethﬁxyguinalina and p-Chlorophenylllthium.--

A solution of 5.5 g» (0.029 mole) of pwehlorobromobengene in
20 cc. of ether was added at 0° to 0.027 mole of n-butyllithium
in 35 cc. of ether. The resctants were stirred for three
minutes, and then $.86 g. {(0.02 mole) of 6G-nsthoxy-4~chloro-
guinoline in 25 cc. of ether was added during & four-minute
intervai,x Stirring was'cﬂntinued for four minutes, bsfore

the contents were hydrolyzed in ice-water. The ether was
evaporated, and the gummy resldue crystalllzed from ethanol.
The white orystals melted et 163-4%. The yleld of 4-chloro-

Semethoxy~-2«(4'~chlorophenyl)quincline was 2.9 g. (48%).

§§%@tmoxzfgw€gf«ahloraphemg§)fﬁféfiﬁ~mathzlﬁélndiethzl—
aminobutyl jemino/quinoline.~~Two and one-half g. of 4-chloro-

g-mathoxy-2=(4=~chlorophenyljguinocline and 2.85 g. (2.2 mole
equivalents) of l-diethylamino-4-aminopentane were heated at

200° for 72 hours. The melt was dissolved in warm ethanol,
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and added to & slight excess of dllute base. The gummy prod-
uct was dissolved in warm ethanol and preciplitated as a yellow
amorphous product by careful dilution with water. The powder
was dried in a current of warm air (about 40%) for several
hours, and then overnight in a8 vacuum desiccator over calclium
chloride. The yield of 6-methoxy-2-(4'-chlorophenyl)-4-/T« -
methyl- Jlﬁiethylaﬁinabutyl)amiaé7§uinaliﬁe was 2.4 g. (69%).

m1 . galed. for 625};{52@&5@1 H K, G.87. Found: H, 8.728.

The compound ig soluble in cold ethenol, forming & brown

solution which possesses a blue~green fluorescence.

gfﬁhlaraghangllithiam*wwia} To a clear filtered solution

of 0.2 mole of p-butylllithium in 250 cc. of ether, cooled to
-35°, was added 38.3 g. (0.2 mole) of m-chlorcbromobenzene in
50 oo. of ether under vigorous stirring. UNo reflux set in.
Theoretically, 0.2 mole of gpahlsrayhanyllithium was present
in 300 ce. of solution. Fifty cc. aliquots were withdrawn at
intervals of three minutes and carbonated with finely powdered
dry 1lce. Since the addition of m-chlorcbromobengene reguired
cne minute, the first sliquot was withdrawn two minutes later.
Hach a&fbwn&tiﬂn’mixture was worked up in & customary manner.
Acidification of the aqueous alkaline lsyer with dilute
mineral acid yielded in each case 8 white crystalline aeid

of relatively high purity, as indlcated by the meltling
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a8
pmint*lﬁ Therefors, the ylelds of m-chlorophenyllithium

glven in the table below are based on the unrecrystallized
m~-chlorobenzolc acid. The dets of Table II show that at -35°
the optimum yield of m-chlorophenyllithium is obtained over

a range of 6 to 12 mlinutes.

TABLE 1X

Yield of m~Chlorophenyllitbium at -35°

Time in Crude

% ) Hepo oOf

minutes yleld vield Unrecrystallized

o dpramal acld

3 2.6 503 149.5~151°
B4 66.0 148 -150°
8 3.6 66,7 149 -150°
12 | Se8 67.7 148 -150°
16 . 2.5 . 4B.4 152 -153°

(v} During & three-minute interval, 11.5 g. (0.06 mole)
of grahlarmbramébenzanﬁ in 60 cc. of a?her was added at room
temperature to e repldly stirred solutlon of n-butyllithium
(0.05 mole) in 1850 ecc. of ether; wvigerous reflux cccurred.
Toward the end of aboul twelve minutes a white crystalline
material began to settls out. Carbonation was effected in a
customary menner at the end of fifteen minutes to yleld 2.3 g.

(29.4%) of orude m-chlorobenzolc acid, melting at 137-141°.

168. The melting points reported in "Beilstein", 4th Ed., Vol.
1%, pe 337, vary from 152 to 1587,



- 1BE -

Me. %rigﬁt'ﬁaﬁghamlag obtained & 41% yvield of acid,
melting st 138-145%, in & twenty-minute reaction between
eguimolecular gquaniities of the two reagents. The occurrence
of refluxz wae noted. When 0.03 mole of p-butyllithium was
added all at once to U.02 mole of m-chlorobromeobenzene, car-
bonation at the end of two minutes geve a 50% yield of crude
acid, melting at 14@414@9. Recrystallized from weter, the
acid, melting at 149-151°, was obtained in 42% yleld.

Although the temperature of -35% appears to be admirably
sulted for the preparation of m~-chlercphenyllithium, this
temperaturs nmay be unsultable for the resctlion of the KL with
& glven reagent., With powdered dry-lce, which is inherently
a low tewperature reagent, this effect 1s not noticed. But in
the reaction betwsen mw-chlorophenyllithlum and the -N=¢{ group
of 6-methoxyquincline, the yleld of anil addition product 1is

definitely & function of the temperasture. Ses Table I[I1I.

TABLE II1

Effect of Temperature on Addition
of m~Chlorophenyllithium to 6-Methoxyquinocline

‘%$m§gra’amé ‘ ;A
(° c.) ' Yield
35 | 11.1
o 49 to B4

36 1647

189. Private communication to author.
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é~lethoxy~2~(3'~chlorophenyllquincline.~~This preparation

constitutes snother example of the applicstion of the X-M
-interconversion reaction to synthesis, In an atmosphere of
nitropgen, 38.3 g; {042 mole) of ﬁrehlarabrnmabenzené in 90 cc.
of ethyl ether was adied over a three-minute period to a
vigorously stirred sclution of 0.2 mole of p-butyllithium in
200 cc. of ether, cooled to 0°. After five additional minutes
of stirring, 15.9% g. (0.1 mole} of Bemethoxyquinoline in 100
ccs of ether was added to the solution of m-chlorophenyl-
lithivwm over a four-minute interval. The ice-bath was removed,
and stirring continued for ten minutes. The entire contents
of supernstent liguid and yellow crystalline precipltate were
poured Into ice-water. When hydrolysis was completed, the
ether layer was separated &né concentrated to sbout one-half
the volume. To the hot ether solutlon was added a hot alco-
holic solution of 27 g. of pleric secid. The plocrate was
ohilled in the refrigerator overnight, flltered off, dried

and decomposed by boiling with dilute base. The crude red-
brown product wagz dlssolved in hot Skelly B-benzene mixture,
and flltered off from an inscluble dark-colored gum. On
cooling, the G-methoxy~2«(3'~chlorephenyl)quinoline settled
out in slmost coloriess crystals, melting at 110-111%. The
yield wae 11.9 g., and an additionel crop of l.4 g. obtalned
by concentration of the filtrate incressed the total yleld

£0 13.8 ge (49.3%).

In a duplicate run under the same condltions, the yleld
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was approximetely the same (53%). When the synthesis was
carried out at 359, a tem§$rature'wall suited for the prepa-
ration of m-chlorophenyllithium, the yleld of anil addition
product was only 11.1%. Reising the temperature of both
reactions {Xwﬁ‘intsraanvaraimn in the preparation of m-chloro~
phenyllithium, and addition of the latter to the -N=¢< bond)

to ~7% increased the yield to 20.6%. However, when the entire
syntheslis was run st room temperasture, the yleld dropped to
16.7%, 1In the last cawxe the poor yield of end product was
probably due to the poor conditions employed in the preparstion

of mwchlorophenyllithium.

Anal. Caled. for CyglljpONCI: H, 5.20. Found: N, 5.28.

8-Nethoxy-2~(3'~chlorophenyl)iguincline Piecrate.~-Prepared

"

in the customary manner, the glistening yellow crystals

melted at 196-197°.

Anal. Calcd. for ﬁgzﬁlﬁﬁaﬁ4ﬁlz‘ N, 11.24. PFound: N,
11435 |

g~Yethoxy-2-(5'~ghlorophenyl)guincline~li~0xide.~~A 700 cc.

chloroform solution of 32.5 g. (0.12 mole) of G-methoxy-2-(3'-
chlorophenyl)guinoline and 32 g. (0.283 mols) of perbenzolc
acid was kept in the ice box for three days. The ruby red
solution was eenaahtrated to a volume of about 250 ce.,

diluted with 100 ce. of ethanol, brought te a boll, and then
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added with stirring to a hot concentrated alcohollic solution
of 32 g. of hydrated pleric asid. On cooling, a yellow
erystalline gierﬁta {m.p. 155~158°) precipitated. The unre-
cerystellized plerate, was drled and then decomposed by bolling
with dilute base to yield 25 g. (73%) of crude N-oxide, melt-
ing at 147-149°. Reerystallized from an aleohol benzene mix-
ture (1:l), the N~oxlde melted at 153-154%. The yield of

pure product was 23 g. (679).

Anal. Caled. for CygH1500HC1: N, 4.81. Found: H, 4.93.

S=liothoxy=2«(3'~chlorophenyl)lguinoline-N~0xide Picrate.--

A hot solution of pieric gcld was added to a hot alcoholle
solution of the N-oxide. On cooling, rosettss of the pale
yellow plerate crystallized out. The plcrate melted at 1568.5-
159°.

inal. Caled. for CpghicOgi,Cl: N, 10.89. Found: W,
10.96.

4-Chloro-B-methoxy«-2«-(3'~chlorophenyl)guinoliine.~~Toen g.

{0.035 mole)} of G-methoxy~E~{3'~chlorophenyl)quinoline was
treated with 42 g. (0.28 wele)} of phoasphorus oxychloride.

The reaction was instantaneocus. After the reaction subsided,
the contenbs were heated, first on a water bath for ten

minutes, then gently over asbestos for twenty minutes. The

contents were poured upon 300 g. of chopped ice, and after
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hydrolysls was complete, the crude chlorinetion product was
filtered off. The filtrate was made alkaline to yield an
additional crop of 4-~chloro-B-methoxy«2«(3'~chlorophenyl)-
guinoline. The compound ils diffilcultly soluble in cold or
hot ethanol. Tt is soluble in hot acetone, and In hot pyri-
dine. Crystellized from an ethanol-pyridine (3:l) mixture,
the compound melted at 153-4%., A mixed m.p. with the parent
N-oxide was 120-133°%. The yield was 6.7 g. (63.2%).

In a second run between B.4 g. (0,029 mole)} of the Nw
oxide and 37 g« (0«24 mole) of phosphorus oxychloride, the
vield of chlorination product was 5.7 g. {63.8%).

Anal. Celed. for CygH,4ONClys N, 4.61. Found: ¥,
477

,ﬁfchi&raﬁgwmeh&axyquinalina and m-Chlorophenyllithium.=-

To 0+01 mole of p-butyllithium, cooled to 0°, was added 1.9 g.
{0.01 mole) of m-chlorobromobenzene in 20 cc. of ether. After
the reactants had been stirred for three minutes, 1.1 g.
{0.00567 mole) of 4-chloro~B-methoxyquinoline in 20 cc. of
ether was added over a three-minute period. Ths reactants
ware stirred for five minutes more, and then hydrolyzed in
ice-water. The hydrolysis mixture was bolled to remove the
sther. The oily residue solidified fto a gum on cooling.
Crystallized from absolute ethenol, the compound melted at
153-4%; a mixed melting point with a sample of the chlorina-

tion product of G-methoxy-2«(3!'=-chlorophenyl)quinoline~N~oxide
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showed no depression.

The yield of anil addition product was 0.6 g. (34.7%).

ngchﬂxyfgﬂ(ﬁ'~eh1&rcphanylk§gzxggfmethyl—ngéiethyl-

aminobutyl)amino/quinoling.~=iour g« of 4-chloro~6-methoxy-2-

(3'=chlorophenyl)quinoline and 5.0 g« {2+4 equivalents) of
1=dilethylamino~4«aminopentane were heated together at 200~
205° for 100 hours. The melt was worked up in the manner
desoribed for the prgp&ratian of the 4'«shlorophenyl lsomer.
The G-methoxy~2«(3'~chlorophenyl)=4=/T «methyle -diethyl-
aminobutyl)aming/quinoline was obtained as a yellow, amor-

phous powder. The yleld was 3.4 g. (60.7%).

Anal. Calod. for CogHzpONgCl: N, 9.87. Found: N, 9.63.

The compound 18 soluble in cold sethanol, forming & brown
solubion with a marked greenish fluorescence. The compound
is also soluble in cold acetone and in cold benzene with red-

blue fluorescence. It 18 éifficultiy soluble in ether.
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Vi. DIGCUSSION

Very 1ittle is known concerning the mode of action of
antimalarial ﬂrugs on the plasmodium organism. Provision of
such information should be of inestimable aid to the organic
chemist. Hegner, Shaw and ﬁanwelllva observed that the
methoxylated cinchona drugs were more soluble in the red bloocd
cells than the demethoxylated forms, and they therefore at-
tributed the greater curative effect of the former to this
differsnce in aeiubilityw If the only requirement for a
potential antimalarial is that 1t be able to penetrate the red
blood cell, the problem must narrow down to the qusstion:
what enables & wolecule to penetrate the cellulsr membraene?

Is the presence of fat-solublilizing (or water-solubilizing)
groups the determining factor? Perhaps, the cellular absorp-
tion of the drug is governed by’the selective psrmeabllity of
the outer cell membrane to certain chemical groups and arrange-
ments of groups. The asnswers to these guestions may some ésy
provide the clue to new and better antimelarials.

For guinine 1t is definitely established that the drug
does not exert its effect by direct plasmocidal action. In

vitro treatment of malarial blood with high concentrations of

170. {a) Hegner, Shaw and Nanwell, Amer. J. Hyg., 8, 564
{(1928); (b) Shaw, ibid., 8, 583 (1925).
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guinine does not destroy the infsctliveness of the blead,171

whereas the 1ln vlve concentretion 1n blood 1s never high and
1s meintained for only & short time after either oral or intra-
vonous aﬁminia%rati&nplqz Furthermore, these facts suggest
that in the body not guinine but a derivative thersof, pro-
duced by enzymic degradation, exeris the antiplasmodial effect.
Magidson has suggested that a ghenolle derivative of atebrine
may be the active therapeubic agent;lﬁﬁ

The limitations of guinine, stebrins end plasmoquine with
r@#peat»tﬁ gost, speciflcity towsrds stage and type of invad-
ing organism, toxliec side reactions, persconal idicsyncrasies
and special condition of the patient (1.s8., pregnancy) justi-
fies the ocontinuation of regesreh offorts boward irproved
ahemathara§autiaa; bowever, an additlional point of view, that
of ahamﬂﬁraghylaxis,i?g must be stressed, since prophylaxis
must be the goal of all malariasl control. wuinine, plasmo-
-guine and atebrine, although therspeutically effective, are
prophylactically ineffective. Pretreatment with any of these
drugs does not prevent Iinfection. Eﬂliterlvz urges that
future efforts should be also dlrected toward the synthesis of

prophylactic antimalarials.

171. Kirschbaum, Klin. Wochschr., 2, 1404 (1923).

172. Chopre, Roy and Das-Cupta, Indisn med. (az., £8, 561
{1934).

173, Nolitor in "Human MNalaria"™, American Association for the
Advancement of Science, 19841.
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Our potential antimslariesls designed for gametocidal as
well ag schizontocidal purposes were based on the viewpoint
that atebrine 1s a echlorobenzo derivative of &-wmethoxy-4=-
substituted aminoguinoliine. Atebrine mey also be considered
a8 a methoxybenge derivative of 7«chloro-4-substituted amino-

quinoline, so that compounds of type (LXXVI) may be worthy of

investigation.
CHCH5(CHL)3 N Cakls),
AN
o0~
(CH;:), X \I// : /
LXXVI

Because 7eshlorogulineline is diffieultly accesslble wheress
Se-methoxyquinoline ls commereially available, we have ap-
proached the problem from the viewpoint described earlier.
8ince replacement of the chlorine by a methyl group in
stebrine retains the therapeutic propertles, analegous conm-~
pounds of type (LXXVI) may also be worthy of synthesls,
especlially since Anﬁarsaglg? elaims that 4~baslically substl-
tuted Y-methylguinolines can be used for combating malaria.
7~Methylguinoline ls commerclially available.

In naking the compounds described earlier for antl-
malarial possibilitles, we have introduced substituted aryl

groups into relatively complex guinoline molecules through
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RLi addition to the -§=C{ bond. The preparation of 2-(4'-
chlorophenyl }=4«chloro=6-methoxyquinoline by the action of
p~chlorephenyllithium on 4-chloro~6-methoxyquinoline constli-~
tutes an intsresting example. It 1s 4ifficult to conceive of
a slmilarly successful preparation by means of the (ddo-
Bergstrom methed with the corresponding Crignard reagent,
because the drastic conditions of high temperaturs and pres-
sure necessary for decomposing the Inltielly formed complex
salt would surely lntroduce certain side reactions such as
ether cleavage and coupling, especlally when an active
ghlorine is present.

The introduction of substituents into the gquinoline mole-
cule is limited to definite pesitlons, depending on the sub-
stitusnt introduced and the method of introduction. Nitration
and sulfonation occur ‘in the 5~ and 8-~ positions, generally
producing a mixture of the two lsomers. Amination with soda-
mide and mlkylation {or arylation) with RL1 involve the 2~
position. Halogenation through the perhalide occurs in the 3-
posltion, but in the 2- and 4~positions through the N-oxide.
By the method of blocked halogenation, the substlituent may be
introduced exclusively to the 4« {or £~) position.

& mechaniam for N~oxids halogenation hes already been

advanced by ﬁaiaanh@imer‘l5gb

I's explains the formation of 4-
chloroguinoline from the N-oxide as follows: first, the
oxygen atom is replaced by two chlorine atoms (II). A

chlorine atom then wanders to the 5~?O$itiﬁn (111), a change
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which corresponds to the Decker rearrangement of quaternsry
pyridinium bases. Finally, the hydrogen wanders to the
nitrozen atem {(1IV), a8 change which denotes the re-establish=-
ment of the stable aromatic ring systenm.

¥hatever the true mechanism of Neoxids halogenation may
be, it 1s our contention thatatﬁa one offered by Melsenheimer
is incorrect. In the first place, the perhalides of guino-
line, isoquinoline, and benzoquinoline have been isclated in
crystalline form with definlte melting point. In general,
these addition-complexes are somewhat unstable, continuously
emitting vapors of bromine at room tempersture, so thet the
halogen anelysis, 1s usually a little below the theoretical.
This physical phenomenon of instability suggests that the
chemical structure of these halide salts 1s of a type akin %o
Meisenheimer's compound II. It 1s imposaible to concsive of
a way in which this loose halogen 1s attached to the py-ring
except by way of the nitrogen atom through resldual valence
forees. It 1s the halogen attached to the nitrogen which must
get as the brominating azent when heat 1s applied. The loose-
ness of the nitrogen-halogen bond, already manifest at room
temperature, 1ls completely dlsrupted at 18@«2000, resulting

in rearrangement and nuclear halogenation (i.e., C-X formation).
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The position of halogenation always ocours meta to the nltro-
zen atom. Hence, the intermediate formation of (II) in
Keisenheimer's scheme cannot be correct, becsuse metas substi-
tution has never been found to oceur by the method of N-oxide
halogenation,

Therefore, any theory which proposes to explein the mech-
snism of the resction between eyeclic N-ozides and inorganie
acid halides must dlsregard the formstion of an intermediate
halogen addition complex. It is the author's opinion that the
oxygen atom displays a special affinity for the o~ and
{w%yéreganﬁ~af the py-ring, an affinity which may perhaps be
egﬁalyﬁeé by the presence of the inorganic acld hallds, so
that the H-oxlde appears to behave as an o~ or Y-bydroxy-

pyridine or an o or Y-pyridone. The mechanism proposed here

follows:
@

o OH H

. N . Hﬁ” — — . ]i\7

P=0=e=0.=0.
H ¥
v
¢
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The feaets in support of the above mechanism ars four-
fold:
(1) Bamberger and Tsehirnerlv4 found that the action of
sulfuric acid on dimethyleniline~N-oxide, g very rapid reace-
tien even at 09, gave in addition to the main products of
o~ and p-dimethylarinobenzene sulfonic acids, a 22% yield of
dimethylaniline and 0.6% yileld of g-dimethylaminophenol.
The isolation of the latter two products, eepeclally the
phenol indicates the lability of the=N—0 oxygen atom in the
presence of certain reagents. The formetion of o~dimethyl-
aminophencl wes explained as due to an Intramoleculay shift

of the oxypen atom.

\\ ‘ ”/ A\
|/ - N Za
CHy),N:0 CHYN

(2) o~ and )Y~Bydroxypyridines and quinolines and the
corresponding pyridones and guinolones react with the halides
of phosphorus to give the corresponding halogenated pyridines
and gquinolines.

(%) The action of phosphorus oxychloride on pyridin3161

and 6~m@th0xyquinmlinelsé yields mixtures of the corresponding
2« and 4-chloro substituted derivatives.

{4) If the above mechanism is correct, replacement of

174. Bamberger and Tsshirner, Ber., 32, 1882 (1899).
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the &= or [~ hydrogen atoms by another group should direct
nalogenation to the - or o« position, exclusively to that
poslition, and to no other position. This wes actually the
case when the of-H atom of G-methoxyquineline or of quinoline
wag replaced with a phenyl~, g-anisyl~, m~chlorophenyl- or a
p=chlorophenyl radical; halogenation occecurred in the 4-posi-
tion end no mets isomer (or any other lsomer) was ever
isovlated.

¥hy the oxygen atom should display a particular affinity
for the o~ and ahhyérmganm is difficult %o say. An elec~-
tronle consideration of the N~oxide structure points to a ¢lue.
Since the nitrogen must donate its two unused outer electrons
to the oxygen étam in the formation of the =N-—0 link, it
{the nitrogen atom) becomes poaitively charged and the oxygen
negatively charged, The charge on these two atoms auto-
matically determines the polarity of the remaining atoms in

the ring, since the poles of an electrical force are
+

mw

~-LHt
f\N//

i -
:Q:

oppositely charged.

it 1s interesting to speculate whether bloekting of the
o~position with 8 methyl group would effect halogenation of
the N~oxide in the active side chaln or in the (eposition

of the nueleus. Witration and sulfonation studles of
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pyridine and guinoline are slso worthy of study. Pyridine
is not easlly nitrated by the customary methods, and quinoline
nitrates and sulfonates in the 5« and B.positions. Perhaps
through means of the N~oxlde, pyridine may be nitrated with
great ease, and quinoline in positions other than the 5~ and
B-o

Bromination of benzothimzole through the perbromide occurs
in the hg%rimg* In bengothlazole the same type of nitrogen
ls present as in pyridine or quinocline. Direct halogenation
of the heterocyelic ring of benzothlazole is yet to be
achieved. This may be actomplished by the method of N-oxlde

halogenation.
P N\—s S N\ s
’ L§,' w0 /LH | /i«u
W / N
{
o

Carbazole and He-alkylecarbezoles undergo nitration, sul-
fonation, halogenation, mercuration and the Friedel-Crafts

reaction in the 2~ and B-positions. DN-Acetylcarbazole

8/—-]/\
I,

2
AN ”/\)3
6 H 4

Carbazole
acyletes in thﬁ S-position with aluminum chloride, and carba-

zole and Nealkylearbazoles metalate in the 4~ and 6« (?7)
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pogsitions. Irf caybazala‘ﬁr its Ne-alkyl derivatives can bs
oxidized to the N-oxide, it wmay be possible to introduce sub-
stituents In the 4+ and 6-positions other than by metalation,
a procedure which lesves much to be desired in regard to
yields in the carbazole series. Bambergert ¢ has already
shown that sulfonatlion of dimethylaniline H-oxide pives about

60% of the g-sulfonie moid and 20¥ of the p-sulfonic acid.
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VII. SUMMARY

Maleria results iﬁ greater mortality than any other in-
fectious dilsease. 1t is not confined to reglons of the
troples, contrary to common belief. Although quinine, plas-
moguine amé atebrine sre therapsutlcally effective, each
suffers certain disadvantages wiﬁh respect to cost, undee~
sirable side resctions and personsl idiosyncerasies. Further,
sach 1s effective only in certsin stages and types of the
diseases In general, quinine and atebrine are schlzontocldal,
whereag plasmoqguine is pgamebtocidal. HNone of these medicaments,
- howevey, possesses prophylactle properties against the
malarial organism.

¥ore than 12,@59 compounds have been studled for antl-
malarial action. Of these, the guinoline and acridins mole-
cules have been the most favorable. COther ring systems
investigated as possible sourecss for antimalarial therapeutics
are phenanthridine, benzoguinoline, benzothlazols, carbazole,
isoquinoline, bengimlidazole and naphthalene. But the anti-
malarial inefficacy of a given ring has been establlshed in
only & few cases, sueh as naphthalene, bensothiazole and
benzimidazole.

‘The guinoline nucleus has been studied the most thore
oughly. In this nucleus only two functional groups are

RBCOSsary: the basic side chain and the alkoxy (or hydroxy)
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radical. The basic side chain may be Introduced with advan-~
tage into the 4« and B«poalitions, but not in the 2-posgition.
Little ls known concerning the effectiveness of the basle
glde~chaln in other poslitions. Some of the more notent basioc
reglidues are the naturally occurring gquinueclidine and lupinyl
radicals, and the synthetic dlalkylaminoalkylamino chalins of
¥letzaseh and Yauss, Fourneswu, and Magidson. The methoxy group,
although not essential, 1s deecidedly helpful. Its effective~
ness in positions other than the 6« is not known. But effec~-
tiveness ls retained when 1t is replesced with a Cl atom or a
Cliz~ group in the 7-position.

Analyses of the various publications show that in the
acridine medicaments three functional groups play lmportant
réles contributing to the blological efficacy of the compound.
These are the basic side chaln in the 9e-position, the methoxy
group in the Z2-poslition, and the chlorine atom or methyl group
in the G-position. Removal of any one of these groups de»l
stroys the potency of the compound,.

The iwportance of molecular size and weight has been
stressed by Slotta and ﬁehmisshlél and intimated by Fcurneauaa
and King,gg but the broad limits of 270450 cover a multitude
of sins. 4 wors accurate view is that for compounda of
molecular welight 270-370 two functional groups are desirable,
whereas three funaﬁian&l groups appear to be more desirable
in compounds of molecular weight 370-450. Overlapping is to

 be expected at the borderline, and this is illustrated by
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gome of the lonpger-chain dialkylsminoalkylaminoquinoline com-
pounds of Magldson. According to this view, phenanthridine
compounds possessing the three motive functional groups in
the propeyr positlons should exhibit antiplasmodial activity.
In this investligation, & series of guinoline compounds
were prepared, designed for schizontocldal and gemetocidal
action. For the preparation of certain intermediates two ine
frequently used reactlong were comblined in what may be looked
upon ag o one-step synthesis. The two reactlions were X-M
interconversion and anil addition of RLI compounds. A series
of new guinoline-N-oxldes wes pfaﬁared, containing an aryl or
a subastituted aryl group in the E~position. HNo Slfficulty was
encountered in the preparation of thess N-oxldes, salthough

ﬁ@iaenh&imsrlﬁ§h

observed that Z,4,6-triphenylpyridine was
more difficult to oxldlige to the l-oxide than pyridine, quino-
line or isogquineolins. By Intreducing the method of blocked
halogenation we have extended the usefulness of cyclic N-
oxldes to synthetic chemistry. This method makes posslble the
exclusive orlentation of halogen to elther the o~ or )J~posl~
tions of guinoline. Since P-halogenation is effected through
thermal rearrangement of the di- {or per-) halide, methoda now
'.exiﬁt for the orlentatlion of halogen to any one of the three

positions in the py-ring of quinoline.
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