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I. INTRODUCTION

Qf'all organometalllie compounds, the organcalkell com-
pounds are the most reactive types known, the order of in-
creasing reactivity being RLi, RNa, RK, RRb and RCs. Of these
the organolithium compounds are the most useful in synthetio
organic¢ chemistry due to their ease of preparation and han-
dling, as well a&s their freedom from toxicity. Furthermore,
the organolithium compounds are not spontaneously inflammable
when exposed to the atmosphere and may be obtained satisfac-
torily by procedures similar to those used for the prepara-
tion of Grignard reagents., From the preparative point of view
RLi and RMgX compounds admirably supplemeni each other inm the
senge thet RI compounds which will not form Grignard reagents
frequently yield the corresponding organolithium compounds in
good yleld, and vice versa.

Certain very highly reactive types of organclithium com-
pounds are gcapable of the halogen-metal interconversion re-
astion. The application of this reaction has led to the
preparation of some reactive organometalllc compounds which
either could not be prepared by previously known methods, or
heretofore could only be prepared with diffioculty in highly
unsatisfactory yields. Of greatest significence is the forma-
tion of RLi compounds from structures having otherwlise reac~

tive funetional groups like -OH, -38H, NHZ, COCH, and >C=R-.
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Broadly speaking, organolithium compounds show all the
reactions of Grignard reagents. They differ, however, in
their getion towsrd an olefinlie linksge. Certain organo-
alkall compounds are capable of addition to this linkage while
Grignard reagents are not. A second difference is brought out
in the relative reactivity of Grignard reagents and organo-
lithium compounds toward the cyclic anmono aldehyde ethers,
pyridine, quinoline and isoquinoline; for Grignard reagents
either do not add at all to the azomethine linkage of these
heterocycles, or add with difficulty. Organolithium compounds,
on the other hand, have been found to react with facility.

We have attempted to extend the applicability of thege
addition reactions to quinoline and isoquinoline by use of
typical organolithium compounds, and organolithium compouﬁds
having otherwise reactive groups like ~§Ea and -S5H. An effort
has been made 1o throw some light on the possible course of
these addlition reactions. Beocause of the structural relation-
ships to known antimelarial and antituberculous compounds, the
series of compounds which were prepared was examined for
pharmacologieal aectivity.

The preparation of derivatives of quinoline and isoquin-
oline as therapeutic agents ils of interesti for several reasons.
(1) The molecular structure of drugs now useful may be altered
so as to become even more beneficial. Nolecular structures
designed after the pattern of useful or active drugs may lead

to an improved chemotherapeutic agent. (2) Methods of prep-
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aration of these compounds may be adepted by analogy to other
types of syntheses. (3} The synthetic sequence involved in
the preparation of a possible therapeutic agent may have
theoretical value and other chemical applications. (4) Viewed
from a theoretical aspeoct, such new compounds inorease our
knowledge concerning the complex relationship between molec~
ular structure and physiological eactivity. (5) Incidental to
specific testing for antimalariasl and antituberculous aetivity,
new chemotherapeutic agents showing activity toward other
dlseages may be evolved.

The investigationa in this thesis desoribe the preparation
of nitrogen~ and sulfur-containing derivatives of quinoline and
isoguinoline which may be useful in the manner outllined, espe~
cially in the treatment of malaria and tuberculosis,.

These syntheses have been effected through the introdue~
tion of nitrogen- and sulfur-containing groups into (&) molec-
ular struetures possessed of pharmacological activity, and
{b) molecular structures which as yet are not known to have
any pharmsoologlcal activity, but which contain chemlically
active groups which are known by analogy tc confer certain
specific activity to given molecular struetures.

In the course of these studies a new synthesis was devel-
oped which consisted of the addition ef organclithium compounds
to a eyclic ammono ketone ether such as 2-phenylquinoline.

This resulted in the preparation of hitherto unknown types of
compounds, namely, the 2,2-disubstituted~l,2-dihydroquinoline
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derivatives. The mechanism of thls reaotion is discussed in
the light of our experimental findings.

It is therefore the purpose of this dissertation to exam-
ine the meohanlsms involved in the interactlon of organo-
lithium compounds with quinoline and isoquinoline examples of

the oyclic ammono aldehyde and ketone ethers.
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II. HISTORICAL

A. Relationship of Pyridine, GQuinoline and Isoquinoline
to the Ammonla System of Compounds

It soon becomes apparent upon perusal of the chemical
literature that many theories which have long before been
devised, or have in other ways acquired common acceptance as
the result of the investigations of many workers, may be
expressed in different terms. Thus, the explanation of the
reactions of many nitrogen-~containing compounds such as
pyridine, quinoline and isoquincline in terms of the ammonia
system in many respects constitutes a restatement of funda-
mental theories pertaining to the aquo asystem of chemistry.

The similarity of the reactions of «« and ve-methyl~-
pyridines énd 9~ and v-methylquinolines to thoge of methyl
ketones was recognized as long ago as 1901 in the work of
Koenigs% Since that time several workers, inecluding Chichi-
babinf and Mills and 3mith3 have had ocecasion t¢ remark on
Koenigs®' concepts. In several instances, pyridine, quinoline

and lsoquinoline have been referred to as eyclic Schiff bases

1. Koenlgs, Ber., ik, &322 (1901).
2. Chichibabin, ibid., 60, 1607 (1927).
3, Mills and Smith, J. Chem. Seec., 121, 2724 (1922).
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with the implication that, like the latter, certain chemical
properties may bve found in common with the aldehydes end
ketones of the aquo system.

A proper understanding of this viewpolint necssgitates e
brief explanation of the nitrogen or ammonia system of com-
pounds as applied to this work,

The alkylamines may be considered to be alcohols of the
ammonia system, for they are produced by the substitution of

one or both hydrogen stoms of aumonia by an alkyl group, thus:

CHg0H C JHMH (CoHg) NE

Primary aquo alcohol Primary ammono aleohols
When both hydrogen atoms of weter are repleced by groups,
an ether is formed; when sll three hydrogens of ammonls are

replaced, an smmono ether is obtained as follows:

Giig CH3
c DO N
25002li5 o
Aguo ethey Ampono ether

Sinee nitrogen is trivalent, whereas oxygen is divalent,
then 8ll aldehydes of the ammonis system are mixed compounds,

as indicated below.
GﬁﬁBGﬁﬁ GéH5GH=ﬁH 063503=N0635

Agquo aldehyde Ammono aldehyde alcohol Ammono aldehyde ether
(benzylidenimine) (venzalaniline)
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Weny cyclie niirogen compounds ineluding pyridine, quine-
oline and isoquinoline mey be regarded as oyclic ammone

aldehyde ethers.

H H H
C

' C
v oYY YT
|
Hcg\Ngg:H Hc;\ PN ZCH 'JCQEC/"\C?’N
H H H
Pyridine Quinoline Isoquinoline

Ketones of the ammonia system arise as follows:

(CH4) 500 (CgHg) oC=NE (CgHs) 2C=NCgHs
Aguo ketone Ammono ketone alcohol  Ammono ketone ether
{(acetone) {benzophenonimine) {venzophenone anil)

The following formulae are indicative of typical cyclie

ammono ketone ethers.

Hﬁ/ \TH uc/c\?/c\cu HCéc\Cl:I/\CH
|
™
Hc\ N//GC H3 Hc\c/ N/L.c 3 Hc\c/c\N/
M B
2=Picoline Quinaldine 2-Phenylquinoline

0f these three c¢ompounds, 2-picoline and quinaldine illus-
trate nitrogen analogs of a methyl ketone of the water sys-
tem; while 2-phenylquinoline illustrates a phenyl ketone.

The action of a given organometallic compound toward
pyridine, quinoline and isoquinoline (samples of cyclic ammono
aldehyde ethers) would them appear to be comparable to its

sction on either open~chain ammono or aguo aldehydes. However,
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these nitrogen heterocycles have the bond system of benzene
and its homologs, with considerable attendent resonance

SLneITLY .

Table 1

Resonance Energy

Kilcealories per mole

Benzene 39ka (56)
Pyridine % (54)
Naphthelene 75 (103)
Quincline 69 (91)

ke {a) Pauling, "The Nature of the Chemical Bond", Cornell
University Press, Ithaca, New York, 1939, pp. 128~131;
(b) wrinoh, Science, 92, 79 (1940).
The first set of values in Table 1 have been taken from
Paulingka and those in parentheses from Miss wrineh?b
It will be seen from Teble 1 that the resonance snergy
of & nitrogen heterocycle parallels rather olosely that of
its nearest carbooyelic analog. It would appear that pyri-
dine, quinoline and isoquinoline would have & reactivity much
less than that of the open~chain analogs of either the water

or amaonis syatem where benzenolid resonance is absent.



-9

B. The Action of Grignard Reagents on
Pyridine, Quinoline and Isoquinoline
As & logical result of the known similarities between

water and ammonia, Franklinsa and StrainSb have suggested that
substences containing the azomethine grouping, ~CH=N-, may be
regarded as aldehydes of an ammonia system, comparable with
aldehydes of the water system whieh contain the analogous
grouping ~CHO. The simplest aromatic representatives are the
Schiff beses of whieh benzalaniline, 6635GH=K6635, is an
example. These are found to possess very distinoet aldehydiec
propertiesfb’é

If the KOrmer formula be correct for pyridine (1), there

N

L.
N

(1)

occurs the same ~CH=N~ mup that is present in the Schirf
bases, and that is characteristic of aldohydes' of the ammonia
system. Furthermore, all compounds containing a pyridine
nucleus also partake of the nature of ammono aldehydes. Be-

cause of the remarkeble stability of the six-membered ring

. Yrenklin, J. Am. Chem. Soe. 2150 (1924); (b)
4 f‘sgai;, ng., 49, 1558 (19277, R

6. (a) Busch, Ber., 37, 2691 (1904); ibid., 38, 1761 (1905);
Eb) Miller and P18ohl, ibid., 25, 2020 (1 3 '



with alternate double and single bonds, the aldehydie proper-
ties which one might expect these substances to demonstrate
are suppressed. A comparison of the divergent properties of
the atable and relatively saturated benzene and the typically
unsaturatved cyolohexadiene is in order. Yurther evidence of
the stability of pyridine is indicated by the faot that
pyridine is not appreciably attacked by hot concentrated sul-
furice or nitriec acid. Guinoline (II), however, may be oxi-
dized to quinolinic acld by permanganate in alkeline solution
resulting in destruection of the benzene ring, but retention of

the more stable pyridine ring.

s x
Ii\;‘ N7
{11}

Becauge of these relationshipas it ia posaible that meny
of the famliliar reactions of an aguo aldehyds may have their
partially suppressed counterpart in the corresponding reactions
of a oyclic ammono aldehyde such as pyridine, quinoline or
isoguinoline.

The smooth addition of orgapnometallic compounds to most
aquo aldehydes and ketones is familiar. Evidence to be pre-
gented on the addition of organometallic compounds to ammono
aldehydes and ketones supports this analogy. Furthermore, the

jdea of subordinated aldehydiec properties due to stability of
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the pyridine ring iz emphasized by the action of Grignard re-
agents aﬁ,thesa cyclic amuono aldehydes.

The first evidence of the interactiion of an organometal-
lic compound and a cyclic ammono saldehyde ether is that attri-
buted to Qdda7 who studlied the action of the Grignard reagent
on pyridine and quinoliné in ether umder ordinary conditions.
0ddo found that addition compounds of'law selubility were
formed. Hlis concept of these complexes with pyridine took the
form (2G5K5H + CKBMEI +-(0235)20)8and (205ﬁsﬁ +-06H5Mg3r-+
(Cpl5)20). According to Bergstrom it is probable that the
complexes take the following form, as in the partial forn~

ula {I1II).

l_\:’—» Mg‘CaHS Be”

N\ _/

(111)
At least ons pyridine molecule becomes attached to the

Grignard reagent through the heterocyclic nltrogen by a
colrdinate bond. Thus it is seen that the nitrogen will bear

& positive charge, and it is probable that this may exert some

7. (a] 0ddo, Attl acced. wincei, /¥ 7 16, I, 538 (1907);
(b) Odée, &azz. gnm. 11;&1. % :{I 1,22 (1904); ibid.,

s 5 T inid., 568 (1907); Reale acoad.
ne&i, [% 5 i3, XI 101 ( G&}.

8. Bergstrom, Chem. Rev., 35, 111 (1944).




activating effeot on the reactions that follow in the same
mapner that the ketonie resctivity of 2-methylpyridine is
increased by the formation of a guaternary salt of the type

of the methiocdide. For example, p-nitrosodimethylaniline will
not oondense with Z2-methylpyridine under any conditions that
have besn-triaﬂ» Despite this fact, in the presence of
piperidine the compound will react with Z2-methylpyridine
methiodide with difficulty to form the methiodlde of the

9
p~dimethylaminophenyl anil of pyridine~2-aldehyde thus:

~ |V N I~
\ /—cH5+ochH4N(cH5)z~> |N/—Cu=Nc6H4~(c-\5]2 +Hao

N+ *
cH, CH,

Further evidence of the activating effect of quaternary
salt formmtion is found in the work of Frsnnd%e who studled
the addition of Grignard reagents to pyridine methiodide, and
other similar compounds. This resetion will be discussed

later (see p. 15).
0ddo found that under ordinary conditions the complex

addition compounds were precipitated from the ether solution

§. Esufmann ond Velleite, Ber., 45, 1737 (1912); ibid., 46,
49 (1913).

10. Freund, ibid., 37, 4666 (1904); ibid., 42, 1101 (1909).



and that, on hydrolysis, the pyridine (or quinoline) was re-
generated, together with the hydrocarbon corresponding to the
Grignard reagent.

In another study the same suthor discovered that these
Grignard reagent-pyridine complexes were capable of reaction
with aldehydes of the aquo system, quite analogous to the re-
action of the Grigpnard reagent alone%l Thus, in a typical
experiment, benzaldehyde was added to a methylmagnesium
iodide~pyridine complex to yield x-methylbenzyl sleohol upon
‘hydrolysis. In this manner it was found that pyridine, while
not undergoing any addition remction, could form oomplexes of
a type which would act as “carriers” of the Grignard reagent.

As a further outcome of his study; Oddo found that 2-
phenylquinoline was formed by heating quinoline with benzene,
phenyl bromide and magnesiumza Tohe yield was low. DBecause
of this faoct, and because he was not primarily concerned with
the preparation of 2~-arylquinoline types, thls phase of the
work was dropped. IHowever, the reaction constituted the first
addition of an orgenometallliec compound to a cyelic ammono
aldehyde ether.

Almost simultaneously Sachs and Sachslz reported addition
compounds of quinoline and phenylmagnesium bromide, or ethyl-

magnesium bromide, of the type CgH7N.RMgX. The analyses did

11, 0ddo, Gezz. shim. ital., 37 /2 7, 356 {1907).

12. %aahs)anﬁ saehs, Ber., 37, 3091 (1904); ivid., 38, 1087
1905).
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not conform too well to the formulae suggested by them. As
with eddcz quinoline was regenerated on hydrolysis.

In continuation of his work with Grignard reagents and
their action on pyridine, Oddo prepared pyrrylmagnesium
lodide which was obtained by the addition of pyrrole to
methylmagnesium lodide. The magne sium compound so obtained
formed an addition compound with pyridine, to which Oddol3
assigned the following structure.

IN35B5

{1v)
On carbonation, the complex yielded pyrrols-dJ-carboxylic acid
in 25-30% yleld.

4 point of interest in connection with the action of the
Grigoard reagent on pyrldine is found in Tenberg's studylk of
the use of pyridine as & solvent in the estimetion of hydroxyl
groups by means of alkylmagnesium balides, as recommended by
Zarewitinartfﬁ Tanberg obtained over twice the theoretical
volume of gas from d-naphthol and methylmagnesium leodide in
pyridine. In investigating the action of carefully purified

pyridine alone on methylmagnesium lodide, Tanberg found that

13, Cddo, Gazz. ehim. ital., 39, I, 649 (1909).
1h. 'Tanberg, J. Am. Chem. Soce., 36, 335 (1914).

15. Zerewitinoff, Ber., 40, 2023 (1907); ibid., 41, <233 (1908);
ipid., k3, 359G {19107; ibid., k5, 238% [ 13157
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8 considerable amount of gas, which was presumed to be meth-
ane, was evolved. For this reason he dlsparaged the use of
pyridine in thls determination, no further examination of the
reaction being made. The gas which Tanbargl# obgserved to be
evolved was probably hydrogen and the phenomenon will be
understood in the light of the work of subsequent investiga-
tors.

Another early svidence of RigX addition to a cyelie
ammono aldehyde ether 1s recorded in the works of Freund}o who
showed that the methiodides of gquinocline, isoquinoline and
acridine were capable of addition of the Grignard reagent,
With all but acridine, 1,2~addition oceurred to produce, upon
heating, l,2-dlalkyl-l,2-dihydroguinolines or iscquinolines.
With aeridine, reaction could only take place at the end of
the conjugatved system, resulting in l,4h~-sddition. According

" %0 Fround the reasctions took the following course.

CG Hs R CG Hs

RMgBr
+Mg Brl
|



The c¢ompounds so¢ obtained sre dihydro derivatives which can-
not be converted into the aromatic systems.

In 1930 Bergstrom and M@A&listerxé succesded in preparing
2-alkyl- gad 2-aryl- pyridines and quinolines, as well as
l-sthylisoquinoline through interaction of the appropriate
Grignard resgent and cyclic ammono aldehyde ether such as
pyridine, quincline, or isoquinoline. It will be recalled
that Oﬁda7a obtained a poor yleld of Z-phenylquinoline on
heating a mixture of quinoline with benzene, phenyl bromide
and magnesium. in the work of Bergstrom and MeAllister,
gquinoline {(or an analog) and the required Grignard reagent were
brought together to form the complex of Oddo. The complex was
autoclaved in diethyl ether solution at }.50--1.60D in a special
preasure vessel to form the 2-alkyl- or 2-aryl- quinoline
(or analog) in yields varying between L4% and 66%. The ad-

dition complexes were thought to have the structure of a

substituted ammonium salt (V).

V)
Upon heating the complex, the phenyl group of (V)

16. Bexgstrom.aﬂd McAlllster, J. Am. Chem. S0c., 32, 2847
(1930} .
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migrates to the adjacent carbon atom to give (VI).

A
-
N7 e,

\ €5
Mst‘

(VI)
As a final result, the Grignard reagent was added to the
-QH=H~ group, the -kighr radical accepting the nitrogen of the
anmono aldehyde group exactly as it accepts the oxygen in an
aguo aldehyde., In the further course of the reaction the oon-~
vergion of (VI) to 2-phenylquinoline (VIII) may take either of

twec courses.

(VII)
N\
A
-
N "¢ H
Y\OY\ H 5
AN
‘ y ~2H
R \*'e
MqBr o
| AN
(V1)
N/ -t.:el--l5
(VIII)

The view that compound (VII) loses hydrogen finda its counter-

part in the lozs of hya{?gon from the intermediates in the
n;bner-&illar synthesis of quinaldine. The loss of MgBrH

17. Dobner and vilier, Ber., 16, 2465 (1883).



{or MgBry and MgHp) from compound (VI) to form compound (VIII)
is in agreement with the preoposed mechanism for the reaction of
organolithium compounds with the -CH=N- group, which will be
discussed later. Certainly, magnesium bromohydride or mag-
nesium hydride have never been isoclated in these reactions
because under the conditions of high temperatures employed in
these reactions, according to Bergstrom and McAllister}é‘they
doubtless reduce "organic matter" that 1s present. In support
of this ldea it wes found that the evolution of hydrogen
always fell considerably below the theoretical amount.

Shortly after Bergstrom and MecAllister had demonstrated
the addition of Grignard reagents to the pyridine nucleus
under forced conditions, and following the c¢lassical work of
Ziegler and Zeiserla on the use of organolithium compounds
under normal conditions, Bergmann and Rosanth3119 published
a paper on the alkylation of azomethine compounds by use of
benzylmagnesium chloride. In thelr work, quinolipe and
benzylmagnesium chloride were shaken for two days ln an ether-
dioxane medium. On hydrolysis 2-benzyl-l,2-dihydroquinoline
was obtained whioch, according to Bergmann and Rosenthal, under-
went spontaneous dehydrogenation to form 2-benzylquinoline.

They further maintsined that in the case of quinoline, although

I8, Ziegler and Zeiser, Ann., 485, 174 (1931).

19. Bergmann and Rosenthal, J. prakt. Chem., /2 7 135, 274
(1932). "
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not in all experiments, some Lf-benzylquinoline was isolated
83 the plcrate. The L-benzylquinoline plerate was not identi-
fied by a mixed melting point determination. However, the
melting point wes in agreement with that given in the litera-
ture., In addition, they reported some 2,i-dibenszylquinoline.
These amutbors explained the formation of the latter by the
primary addition of benzylmagnesium chloride to quinoline,
The primary addition product then presumably split off MgBrH
(or MgBrp and MgHp), to form 2-benzylquinoline, which was then
further attacked in the 4~position by benzylmagnesgium chloride
through l,4-addition. The compound, however, was obtained in
an exceedingly small amount. Furthermore, the 2,4~dibenzyl-
guinoline had not been previously reported in the literature
and no structure proof was performed to characterize the com-
pound. Moreover, Bergmann and Rasantﬁallg made no attempt to
support their view of the reaction mechanlsm by the addition
of benzylmagnesium chloride to 2~-benzylquinoline.

It is of interest at this point to note the action of the

Grignard reagent on acridine (IX) whiech also contains the

“

(IX)
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pyridine nucleus. Senier, Austin, and Clarke studied the

addition of alkylmagnesium halides to acridine and attempted
t0 extend the reaction by substituting calcium for magnesium
in the organometallic reagent. With the organomagnesium com-
pounds they were succesgsful to the extent that well-defined
erystalline additive compounds were obtained, but thelir attempt
to prepare organoccaloium compounds failed, due to echemical re-
actions analogous to the Fittig reaction.

The magnesium-contalning complexes, which were readily
formed and difficult to purify, possessed no definite melting
points. Analyses becams thelr only method of charscterization,
The compounds were insoluble in inert solvents and were decom~
posed ih solvents containing funetionsl groups. Aleohol, for
example, decompoged = glven complex to regenerate the original
acridine and the hydrocarbon corresponding to the Grignard
reagent .

For these reasons they devised & preparative procedure
by which the acridine, dissclved in anisole or phenetole, was
added to an ether sclution of the previously prepared Grignard
reagent. On warming, the lnsoluble, orystalline, additlon
compounds wers formed. According %o these workers the com-
pounds generally consisted of two molecules of the base, ocom-

hined with three moleoules of the Griguard reagent, and took

30, oCebier, Austim, and Clarke, J. Chem. Soc., 87, 1469 (1905).
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H” TR

However, under the mild conditions of preparation which they
employed, apparently no slkylation of the acridine system took
place, since acridlne may be recovered quantitatively from
these ¢cmplexes upon hydrolysis.

These addition compounds are reminiscent of the complexes
of Odéa? and Sachs and ﬁaansiz previously disoussed.

Years later, Bergumann and Rosentnallg obtained a small
vield of 9=-benzyl~9,l0-dihydroacridine from the addition of
benzylmagnesium chloride to soridine. The dihydro dexrivative
50 formed resisted all attempis at oxidation to 9~-benzyl-~
acridine.

It will be recalled that substances containing the ~CH=N-
group may be regarded as aldehydes of the ammonia system
comparable to the aldehydes of the water system. These alde-
hyde properties, insofar as the action of the Grignard reagent
is concerned, were not well demonstrated in the case of

pyridine, quinoline, isoguinoline and even aeorldine. This

apparent anomaly has been attributed to the remarkable degree



of aromsticity possessed by the pyridine nucleus. In consider-
ing other compounds also possessed of the -CH=N- group, but
without the attendant ecomplications of inelusion in an aro-
matic ring, the Schiff bases serve as admirable examples of
amuone aldehydes.

The Grignard reagent has bheen found to ééd to the ~(CH=N-
linkage with faellity in these types, according to the fol-
lowing sehame?a

H H
-N=C - +RMg R — —N—CI—
<:> O Mg ®
x
N
-'.V- —C>+ HQH T -h"-c‘—
Mg - R

X

2-0-1

This reaction represents the addition of an orgeanometal-
li¢ compound to an open-chain ammono aldehyde forming an
arunono alceohol, and ls analogous to the addlition of an organo-
metallic compound to an aquo aldehyde ylelding an aquo
alcohol. Buseh and Laathelmzl found that the reaction was
generally applicable by a study of the addition of various
alkyl- and arylmegnesium halides to N-benzylidenamines.

21, Busch and Leefbelm, J. prakt. Chem., 77, 20 (1907).
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Substances which contain the >C=N« group, as has been

denocted, may be classified as ammono ketones analogous to the

!//

familiar aquo ketones. The eromatic ammono ketones (keto
anils) react with the Grignard raagent22 in the ssme manner as
has been lindicated in the case of the ammono aldehydas.“
However, the aliphatlic keto-anils react, for example,
with methylmegnesium lodide in amyl sther solution to give one
mole of methane. Practically all of the anil may be recovered
by decomposition of the resulting Grignard eomplex. Short
and W&'&th in & study of the phenomena, state that these anils

mugt be capable of reacting in the enamic form:

CHg CH
Conan == 8N,
CHa CH3

These workers were able to show that the complex obtained by
the interaction of acetoneanil and ethylmagnesium bromide
reacted with dimethyl sulfatezh to yleld methylisopropenyl-
aniline, and thus demonstrated tautomerism in the allphatioc
keto-anils. They further investigated the Sohlff bases of
the type Aryl.CHp.CH:N.Aryl'. The exlstence of functional

tautomerism of this type has, however, been poatulated to

Z2. Gilman, Kirby, end Kinney, J. Am. Chem. Sec., 51, 2252
{1929).

23. sShort and Watt, J. Chem. Soc., 2293 (1930).
24, Gilmen and Hoyle, J. Am. Chem. Soc., 4k, =625 (1922).
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account for the activity of the «-methyl groups in pyridine,

3
quinoline and isoquinoline, and will be discussed later.

C. The ;ddition of Organolithium Compounds
to Pyridine, Quinoline and Isoquinoline

In contrast to the relatively sluggish action of the
Grignard reagents toward the cyclic ammono aldehyde ethers,
the organolithium compounds react with faclility through addi-
tion to the ~CH=N- group.

In 1930 Ziegler and Zaiserfﬁ ineidental to a study of the
electrolytic behavior of dimsthylphenylmethylpotassium dis-
solved in pyridine, observed that unlike the alkall metal com-
pounds of triphenylmethane, the deep red e¢olor of dimethyl-
phenylmethylpotassium was instantly decclorized by the pyri-
dine solvent. The reaction was so rapid that the two sub-
stances could be titrated egainst each other, one mols of
pyridine decolorizing one egquivalent of the organocalkell com-
pound. However, all attempts to carry out reactions with the
prisery product resulted in the formstion of intractable oils
or resings. For thls reason Ziegler and Zelser substituted
aliphatic and aromatie organolithium compounds for the complex

dimethylphenylmethylpotassium. They further observed that

25. Zlegler and Zeliser, Ber., 63, 1847 (1930).
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when a one to two normal solution of an alkyllithium compound
was added to pyridine, heat was evolved until one mole of the
lithium compound had been added. Upon heating to 70-100o the
solution became turbidband deposited a powdery precipitate of
lithium hydride,’which, when the heating was continued long
enough, evolved one mole of hydrogen per mole of pyridine,
upon hydrolysis with water. The solution was found tc contain

a 2-alkylpyridine. They also found that the primary addition

products, (X) were quite stable in the cold, and in some cases

A
| "

N7 R

i

(X)

could be isolated in crystalline form. With water, they
formed 2-alkyl-l,2-dihydropyridines (XI).

o HOH
| w T I o * Lon
N8R NAYR
H

(X1)
Their new reaction thus permitted the smooth, direct substi-
tution of pyridine, and demonstrated a new synthetic field in
the application of organoalkall compounds, especially alkyl-

and aryllithium compounds.
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The next year (1931) the same authors, Ziegler and
Zsiserfs recorded their researches concerning the ramifica-
tions of the reaction as applied not only to pyridine, but
also to quinoline, and to a lesser extent to isoquinoline and
acridine. In their work both aryllithimm and alkyllithium ocom-
pounds were studied in addition reactions to these heteroccycles.
The dihydro compounds whioch were obtained upon hydrolysis were
suitably transformed into alkylated or arylated heterooyclio
derivatives by a mechanlam which is to be discussed later.

Pyridine, quinoline and isoquinoline were found to add
the organoclithium compound et the ~CH=N~- linkage, which cor-
responds to the addition of an organometallic compound to an
aquo aldehyde. The dihydro derivatives sc formed may be
considered to be cyeclic ammono alecchols and their formetion
corresponds to the similar formation of an aquo aleohol from
an aquo aldehyde. With quinoline, predominantly, 2-substi-
tuted-1l,2-dihydro derivatives (XII) were obtained.

N AN N
OO~ =00
N N ‘R R
L:

Isoquinoline yielded a l-substituted-l,2-dihydro compound

(XII1), thus:

o= Ny  HOH ‘ oS
| /N+R\.i——-> | e N-H
R7H /\H

R
(XIIT)
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Acridine (XIV) can only undergo addition of organolithium com~
pounds at the termination of the 1,4-conjugated system, that
is in the 9,10 positions, Ziegler and ZGiserls found that

the decomposition products from the addition of butyl- and
phenyllithium to acridine, after treatment with water,

ylelded the corresponding 9-butyl- and 9-phenyl-9,10-dihydro-

acridine compounda (XV).

HL R Hl R
X RLi HOW
50000000
N r N
Ly

(XIVv) (xV)

I

With regard to the question as to whether pyridine or
quinolipe is capable of 1,4~addition to form the L-substi-
tuted compounds, after consldersble effort Ziegler and
Zeisarls were unable to supply a conclusive answer. They
mainteined that the quantity of L-derivative, if 1t were
present; would only emount to a very small percentage of the
total yield. Fracticnal erystallization of the plorate of
their butylquinolins produced a small amcunt of a uniform
product whick differed from the pierate of the main product.
The amount, however, was insufficient to make possible unques-
tionable identification.

In contrast to the stability of the 9-substituted-9,10-~
dihydroacridine compounds, the dihydro derivatives of the

otner heterocycles were found to have varying degrees of
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stabllity. 2legler and Zeiser found isoletion of the

<-alkyl-l,2-dihydroquinolines, by distillation, to be quite
practicable. However, the 2-alkyl-l,2-dihydropyridine ocom-
pounds were found to be extremely unstable. The correspond-
ing isoquinoline derivatives adopted a middle position.

One of the most ocutstanding observations which Ziegler
and Zelser made concerning the mechanism of these additions
was the thermal splitting of the N-lithio dihydro derivatives
of pyridine, to produce lithium hydride and the 2-alkyl- or

2-arylpyridines.

() ()
LS w e e

'
Li

These authors found that the process could be carried out
smoothly and without any side resctions, thus restoring the
conjugation of the pyridine ring.

Surprisingly, the resction could not be carried out with
the same precision on the previously mentioned higher homologs.
Thus, the addition product of butyllithium to guinoline gave,
upon heating and hydrolysis of the lithium hydride formed,
only about 50% of the theorstical hydrogen. The analogous
derivative of iscquinoline yielded 11%, and with the N-lithio-
-n-butyl-9,l0~dihydroacridine, lithium hydrids formation

could not be demonstrated even though the substances were
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decomposed by heating. As would be expected with the use of
heat, the yields of nuclear alkylsted produots were moderate
with quinoline and poor with isoquinoline and acridine. In
the quinoline series it was presumed that the lithium deriv-
ative reacted upon the alkylquinoline previously formed. 1In
aupport of this argument, Ziegler and Zeiserlg showed that by
heating the lithio- derivatives with quinoline, the formation
of lithium hydride was completely inhibited. The apparent
ssparate position which the pyridine compounds take is ex-
plained in that the aromatle charscter of the ring is least
disturbed subsequent to addition, and its ability to react
with lithium hydride is lower in comparison with that of the
higher anslogs. Furthermore, the tempersture at which the
splitting of the lithium hydride takes place in pyridine
apparently does not induee reaction of lithium hydride on
either the N-lithio-2-alkyl-l,2-dihydropyridine or 2-alkyl-
pyridine compounds.

The practical value of the thermal splitting of lithium
hydride lay in the possibility of bringing about restoration
of the pyridine ring, that is, the conversion of the dihydro-
pyridine system to a nuclear alkylated or arylated pyridine.
Splitting of l1lithium hydride by heat is not practical, except
in the case of pyridine. In these researches the heating of
the N~lithio- compound was effected in sealed tubes. Later,
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26
Walters and MecElvain found it more practical to effect decom-

position of the addition product into lithium hydride by dis-
placing the reaction medium (ether) with toluene, and heating to
lﬁﬂg for four hours.

In continuation of thelr investigation, Zlegler and Zsiserls
found means of obtalning dehydroalkylated or arylated systenms
smoothly, and in good yields. The alkyldihydroquinolines or
isoquinolines were transformed, by oxidation with boliling nitro-
benzene, into the corresponding substituted quinolines or iso-
guinolines in approximately 80% yield. In their experiments,
Ziegler and Zeliser ascertained the completeness of reaction by
means of the faot that the dihydro products produce red molecular
eompounds with plerle acld, whereas the dehydrogenated bases pro-
duce yellow piorates. The 2-arylquinelines and l-arylisoquino~
line compounds were apparently formed spontanecusly toc some ex-
tent from the dihydroantecedents by dismutation. The dlhydro
types were never obtained in pure form. Accordingly, to bring
about complete dehydrogenation, the compounds were oxildized with
nitrobenzene. With the acridine system, however, dehydrogena-
tion of the 9-alkyl-9,l10~dihydrcacridine was only accomplished
by use of mercuric oxide in bolling ethanol,

Thus it will bé seén that the thermal process as epplied to
the dehydrogenetion in the pyridinme series, and the proceas of
oxidation with nitrobenzene as applied to the debydroquinoline

and isoquinolines, complemsnt emch other satisfactorily in

26. Walters and Mckivain, J. Am. Chem. Soc., 55, 4625 (1933).



the preparation of these nueclear alkylated or arylated hetero-
eyclic systems by the use of organolithium compounds.

The foregoing spplications, as ocompared to the use of
the Grignard reagents at high temperatures found in the work
of Bergstrom and Maﬁlliater%é serve to emphasize the high
reactivity of organclithium compounds toward the oyclic ammono
aldehyde ethers. 1In this respect the organolithium compounds
differ only in degree of reactivity, since both they and the
Grignard reagents yleld the same productis by the same mecha-~
nism. The preparative advantages entailed with use of lithium
compounds is self-evident.

In continuation of their work on the alkylation of the
pyridine nucleus by means of organolithium compounds, Ziegler
and Zeimrm studled the aotion of p-butyllithium on a sub-
stituted pyridine, namely 2-butylpyridine. According to these

workers the reaction took the following course:

+0-CaHoli R + LiH
CH | H AH |
4”9 N Catlg N7 CH, A C4H9‘ N/.‘C4H

1 =

Li
{XV1) (XVII)
AS in the case of 2-butylpyridine, heating of the addition
product (XVI) split off lithium hydride, with attendant forma-
tion of Z,S-dibutylpyiiﬁina (XViI)., The sddition of n-butyl-
lithium to 2-butylpyridine was carried out in benzene medium,

required a one-~hour reflux period, and the yield of 2,6-di-
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butylpyridine was considerably lower then was the case when
f-butyllithium reacted with pyridine itself. In the 1light
of the work which is desoribed in the Experimental Seetion of
this dissertation (1,2-addition of an organolithium compound
to a 2-substituted quinoline), it is entirely possible that
some 2,2-dibutyl~l,2-dihydropyridine might have been formed
in this reaction since the position of the azomethine group is
not fixed in pyridine, but resonates between the 1,2- and the
1,6~ positions (ef. the primary 1,2-addition of p-butyllithium
to pyridine, and the secondary "l,6-addition"” addition of
n-butyllithium to 2~butylpyridine, to form 2,6-dibutylpyridine).
When 2«-methylpyridipe or Z2-methylquinoline was reacted
with an organolithium compound, a ocompletely different reaction
was cobserved. These compounds may be oonsidered to be cyclic
ammono methyl ketone ethers, Their similarity to methyl ketones
of the aquo system has already been pointed out%’z.3 Zlegler
and Zeiaarlg found that phenyllithium, for example, and
2-methylpyridine yielded 2-pieolyllithium (XVIIIa), (XVIIIDb)

and benzene.

C H L —
C;’g 'C"‘ZL'\ =CH
' Ls

(XVIIIa) (XVIIIb)



-3 e

2-Methylquinoline exhibited the same phenomenon. This re-
action demonstrates lateral metalation in preference to ad-
dition to0 the azomethine linkage. From a study of other
examples in the literature, prediction as to the course of
reaction with such oompounds appears difficult. ILater,
Tguda27 found that 2-p-propylpyridine added p~butyllithium.
The metalation of 2-methylpyridine by methyl- and phenyl-
1ithium, as discovered by Ziegler and Zaiser}g was confirmed
in the next year by Bergmann and Raaanthal%q

The marked superiority of n-butyllithium over methyl-
and phenyllithium in metalation has been unquestionably estab-
lished in many studies from this labaratary?s In the case
of Z2-n-propylpyridine and 2-p-butylpyridine one might expect
lateral metalaticn rather than anil addition using n-butyl-
lithium. However, ss has been pointed out, Zisgler and Zelser
found that with 2-p-butylpyridine, addition of the organo-
metallic compound occurred. Tsuda made the same observation
using 2-p-propylpyridine. This apparent anomaly may be
explained by the gradient reaoctivity of alkyl hydrogens,which
has been observed in metalation studles of alkyl-aryl sul-

29
fides. Methyl phenyl sulfide is capable of lateral metala-

7. Tsuda, Ber., 69, L29 (1936).

28. (a) Gilman and Jacoby, J. Org. Chem., 3, 108 {(1938);
(5) Gilman and Moore. 'l- Am. Ghem: Sece, 62, 1843 (1940);
(¢) Gilman, Moore, and Balne, Ibid., 63, 2k79 (1941).

29. {a) Gilman and Webb, ibid., 62, 987 (1940); (b) vebd,
¥. J., Doctoral Dissertation, Iowa State College, Ames,
Towa, 1941.
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tion, whereas the longer alkyl phenyl sulfides undergo nuclear
metalation. Further support of this explenation 1ls found in
- the studles of Tsuda  who obtained metalation of a R-methyl~
group with n~butyllithium, and additiocn of p~butyllithium when

a 2-{p-propyl)~ group was present in the same type of mole-

sule, thas:

N
/ ‘CH3
- :
N —_—
N

The organonetsllie compound obtained in lateral metalation of
the 2-methylpyridine type must exert some sort of peculier
desctivating effect upon the azomethine linksge, for it is

30
incapable of intermolecular anil addition. That such com-

30. Recently, Mr. v. A. Beel, of these laboratories, has been
eble to demongtrate nuoclear metalation of benzothisgole 1in
the 2-position, to yield 2-benzothiazelyllithium: s
using p~butyllithium at ~75 , fifteen minutes, as Il
was shown by cerbonation of an aliquot. Further-
more, the benzothiszolyllithium was found to be oapable of
intermolecular anil addition. However, this organolithium
compound is not strietly comparable to the plcolyllithium
types, since the latter are laterally metalated organo-
metsllie compounds and the former is a produet of puclear
metalation. Benzothiazolyllithium would be more strioctly
comparable to the pyridyllithium end quinollithium com~
pounds of Gilman and Spatz, to be discussed later (see

Dpe 39=40 ).
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pounds are capable of functioning as RLi compounds according
to formula (XVIIIs) was shown by Ziegler and Zeiserts who found
that the alkyl halides couple with them to alkylate at the
methyl group. '?hug, from the reaction of quinaldyllithium and
propyl bromide, 2~butylquinoline was formed which was identical
with that obtained from the addition of n~butyllithium to
| guinoline, subsequent to oxidation with nitrobenzene. Berg-
mann and Roseathalw found that 2~picolyllithium and benzoyl
chloride yielded R-phenacylpyridine in an analogous reaction.
Noteworthy also is the faet that these authors obtained
A= (2=~picolyl)~benzyl alcohel (XIX) by the action of 2-picolyl-

lithium on benzaldehyde, thus:

N O :

T B S S Q
-cH L He! 0 -CH;C -
OCH2L AZO HowH N~ EHhC O

(XI1X)
In addition, Ziegler and Zelser were able to add quinaldyl-
lithium to benzophenone.

Important, however, are the cbservations of Bergmann and
Rosenthal in their work on 2,6~dimethylpyridine (XX) . They
were able to decide in fsvor of a C-IL1 configuration on the
following basis. 2;6-Dimethylpyridine (XX} when treated with
two equivalents of phenyllithium, followed by reaction of the
resultant laterally metalated product with benzyl chloride,



yielded 2,6-di~(8-phenylethyl)-pyridine (XXI) , thus:

20 Hyli c HgCH Lﬁf
_O c.u H, CH
CH3 cﬁzl_.

(XX} (xx1)
The authors conclude that metalation of 2,6-dimsthylpyridine
(XX} could only yield a monolithium compound, if the config-
uration of formula (XXII) be correct, and thus would be
incapable of yielding compound (XXI) , but rather would yleld

only a monobenzyleted product. This reasoning, however, is

N
CHS' N =CH2

Li

(XX11)
based on the assumption that the compound represented by
formule (XXII) is incapable of metalation at the remaining
d-methyl group, and that the tautomsrism 1s not dynamic in
the sense of also being capable of existence ln the CHoL1i
form, for if it were, conceivably & dilithio- compound of the

following type might exist:

[f¢i]
CH; N - CH, Li

Li
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From the interaetion of one equivalent of phenyllithium and
one equivalent of 2,6-dimethylpyridine followed by treatment
with benzyl chloride, Berguann &nd Rasenthallg obtained sone
2,6-~di-(B~phenylethyl)~-pyridine (XxXI).

Thus, by use of these types of organolithium compounds
and an appropriate reactant, a new meens of obtaining 2-sub-
stituted pyridines and quinolines is available, Such a pro-
cedure admirably supplements the direot introduction of gub-~
stituents inte the pyridine nucleus by means of organolithium
compounds.

In the interim period between the announcement by Zliegler
and Zeiser of the action of organolithium compounds on

25
pyridine and the full publication of their subsequent re-

18 31
gearches, Bergmann, Blum-Bergmenn, and v. Christiani pub-

lished a paper, a part of which anticipated and confirmed
much of the work of Zlegler and Zelser.

Bergmann and co-workers were able to add phenyl- and
p-anisyllithium to isoguinoline, the resultaat l-aryl-1,2-
dihydroisoguinoline addition products were presumed to undergo
autooxidation to the l-arylisoquinoline subsequent to hydroly-
sis. The mechanism of the reaction which they proposed is in
agreemsnt with thet given in the cases of pyridine and quin-

31. Bergmaenn, Blum-Bergmann and v. Christiani, Abn., 483,
80 (1930).
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oline, and took the following form:

N

l AN
-H aufo—

N oxidation P N
(IXIII) (XX1IV)

They established aryl subgtitution in the l-position of
isoquinoline by the formation of the pierate of thelr x-phenyl-
isoquinoline, the melting point of whioh agreed with that
given in the literature for the plorate of l-phenylisoquino-
line. The product which they obtained as l-phenylisoquinoline
melted at 300. The pext year, however, Zlegler and Z»iserls
reported the same ocompound prepared by the same method, except
that the intermediste l~phenyl-l,2-dilydroisoquinoline {XXIII)
was oxidized with nitrobenzene to form l~phenylisoguinciine
{2XIV) which, after rkpeate& cryatalligations, melted con-
stantly at 970. The melting point of their piocrate agreed
“with that of the piorate of Bergwsnn and co»workers?l Ziegler
and Zeiser attribute the lower melting free base of the former

authors to be due to their assumption of auto8xidation, which
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they thought was not well founded.

As has been seen, under ordinary conditions RL1 com-
pounds add promptly to the anil linkage. The organclithium
compounds formed from compounds like 2-methylpyridine and
2-methylquinoline were exceptions in thet they were incapable
of addition to themselves. Noteworthy in this regard are the
organolithium compounds of pyridine and quinoline. Gilman
and Spatz?z by proper selection of conditions, were able to
prepare 3-quinolyllithium in 52% yield through the halogen-
maetal interconversion of 3-bromoquinoline with n-butyllithium
at ~350. In continuation of their studies in this laboratory,
the se researchers were able to show halogen-metasl interconver-
sion of 2-iocdo~h-msthylquinoline with p-butyllithium (-50,
five minutes) in preference to either metalation of the methyl
group in the 4-position, or addition of the p-butyllithium to
the anil linkaga?B Moderately low temperatures and short-time
reaction periods were essential. It was found that under con-
ditions effective for halogen-metal interconversion in a com-
pound such as 3-bromoquinoline (-350. fifteen minutes), quino-
line itself added n-butyllithium promptly to give 93.5%
of 2-butylquinoline. The explanations for the preferential

halogen-metal interconversion reaction have been discussed by

35, Gllman and Spetz, 4. Am. Chem. Soc., 62, L46 (1940).
33, Gilmen end Spatz, ibid., 63, 1553 (1941).
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34
Spatz. The most important of these may be mentioned. Firstly,

the nuclear halogen may deactivate the anil linkage toward
RL1 addition, for there is no evidence of either halogen~
metal interconversion or addition to the »C=N linkage of
Z»thorﬁquinalina.s A chlorine-metal laterconversion re-
action has been cobserved only raraly?s Secondly, the C-L1
linkage that forms subsequent to halogen-metal interconversion
may also reduce the activity of the >U=N group. In support of
this view are the cbservations ¢cncerning the acetivity of the
C-11i linkege in R-metnylpyridine and Z-methylquinoline.
Further studies on helogen-metal intereonversions in the
pyridine and quinoline serles have resulted in the preparation
of & number of hitherto difficultly obtaineble, or completely
inaccessible, organolithium compounds from the corresponding
bromo or leodo compe&nda.ﬁ Some of the types rapegted are:
2-pyridyllithium (62%)36b 3-pyridyllithium (70%)? and
5-bromo~3-pyridyllithium (41%) from 3,5-éibromopyr1dige and
slightly more than two equivalents of gpbutyllithiumf Also

3L. GSpatz, S. M., Doctoral Dissertation, Iowa State College,
Ames, lowa, 1941,

35. {(a) Gilmen, Langham, and Moore, J. Am. Chem. Soc., 62
2327 (19407; (b) wittle, sngew. Chemm, 53, 24T (19407.

36. {(a) Speatz end Gilmen, Proe. lowa Acad. Soi., y 262
(1940); {(b) Spatz, Iows State Coli. d. S6L., if, 129
(1942); (e) For the preparatlionm of 3,4,b-triphenyl-2-
pyridyliithius, see:; Gilman and Melstrom, J. Am. Chem.
g}g@_o’ é§,§ 193 (19&6)'
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36b
prepared were 6-b§om9~2~pyridyllithium (45%), 4and 2-lepidyl-
b

lithium (28~53%)?

It is interesting to note at this point that the r-quin-
olyl- chlorine of L-chloroquinoline and 4-chloro-6-methoxy-
guincline, whieh 1s sufficlently reasctive to undergo condensa-
tion with dialikylaminocalkylamines like l-diethylamino-i-
aminopentsne but which 1s unresctive toward an RLi compound,
does not show any deactivation of the anil linkage. Gilman
and Spat337 were able to add m-chlorophenyllithium to these
compounds in 35-48% yield.

In recent works from these laboratories the addition of
organolithium compounds to cyclic ammono al dehyde ethers, like
pyridine and quinoline, has found much prectical application
in the syntheses of new possible antimalarials% In connection
with studies on attempted correlations of constitution with
antimelarial sction, Gilmen and spat337a prepared "open models"
of atebrin (XXV). (ne of the models was 6-methoxy-2-(3'-
ehlorophenyl)~k [{+#-methyl-s-diethylaminobutyl)-amino_/-

quinoline (XXVI).

HN-CH (cn's)(cnz)an(cz\-ls)a H!\'\“GH(CHS)(CHQ)_gN(CZ ”5)2
CH3° CHao
N -t N -cl
{XZV) (XXVI)

37. (a) Gliman and Spatz, J. Am. Chem. So08., 66, 623 (1944).
{b) For the preparation of some open quinoline models of
atebrin, baving a methyl group in place of the methoxyl
group, see: Gilman, Christian, and Spatz, ibid., 68, 979
(1946); Gilman, Towle, and Spatz, ibid., 68, 2017 (1946).



-l R

In the sequence of reactions required to synthesize the
compound, m-chlorophenyllithium (prepared in 70% yield by
halogen-metal interconversion of m-bromochlorobenzene with
n-butyllithium) was added t¢ the anil linkage of 6-methoxy-

quincline, thus:

CH,0- |\ . cH,0 N
J- L L—"T7T Ll L
N
w
Li

The intermediate dihydro compound formed upon hydrolysis of
the addition product was purified thraug@, he piorate, which
procedure seemed to effect axidationfggﬁ' e dehydro ecompound.
h-~Chlorophenyllithium was added by a similar procedure.

In eonnection with the pharmecological examination of
gsome fluorine-containing heterocycles, Gilman and WoedSBS had
ocecasion to prepare 2-{m-triflucromethylphenyl)-quinoline and
2-{m-trifluoromethylphenyl)-8~methylquinoline by the additicn
of m~trifluoromethyllithlium to quincline and 8-methylquinoline,
respectively. ZEarller, Gilman and Blumng prepared
2-(p~tolyl)~7-trifluoromethylquinoline by a simllar reasction

involving p~tolyllithium and 7-triflucromethylquinoline. These

38, Gllman end Woods, 4. Am. Chem. Soe., 66, 1981 (1944).
39, Gilmen and Blume, ibid., 65, 2467 (1943).
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workersg favored oxidation of the intermediate dihydro com-
pounds with boiling nitrobenzense.

In & study of antimalarials patterned after plasmochin
and atebrin, several pyrryl- derivatives of pyridine and
gquinocline have been desoribed in the work of Gilman, Stuck-
wisoh, and Rohis?o The addition of p-dimethylaminophenyl-
lithium to 2-(2,5-dimethyl-l-pyrryl)-pyridine and 6-methoxy-
8-(2,5~dimethyl~1-pyrryl)~quinoline; and the addition of
p~{2,5-dimethyl-l~pyrryl)-phenyllithium to quinocline, 8-methyl-
quinoline, and pyridine is desc¢ribed. 1In oxlidation of the
dihydro addition products formed with the pyridine ocompounds

and the orgamolithium compounds, a dry stream of air was used

previous to hydrolysis, thus:

CH, N CH3 CH3 NN
=\ ‘ + Li- N\_’ —\ | H :CH3
N- ~ CHy N- -N,
y N N

4 =4 ' CHy
CHy C

Li
"y
rorm
[0] [a'\r
CH, i N
-\ ,CH
LiOH + N N -N‘ 3
== CH
CHy 3

0. Gilmen, Stuckwisch, and Nobis, J. Am. Chem. Soc., 68,
326 (1946).




This method avolded heating the lithium-containing dihydro
addition products to split out lithium hydride, or the alter-
nate oxldation with either nitrobenzene or pierie acid to form
the dehydrogenated pyridine compound. The dihydroquinoline
compounds prepared were oxidized by use of nitrobenzene, the
dry air method being unsatisfactory. i

The optimum temperature at whioch a given RLi adds to
the anil linkage to give maximum yield of product seems to
depend in part upon the specific nature of the RL1 compound

38,39,40
itselrf. Most investlgators run the reaction for only

18,25,26,31,32,33,37,41
& few minutes in the cold. Gilman and

Spatzzz’ja added n~butyllithium to quinoline at --350 to obtain
93.5% of 2-~butylquinoline. With 6-methoxyquinoline and m=-chloro-
phenyllithium the ylelds of anil addition products were as
follaws?7all.l% (»356), 29.6% (-7 to -50), L9-54% (00), and
16.7% (360). o-Methoxyphenyllithium added in 41% yleld at
~lhg. gpwriflacremathylphanyllithium38 and p;tolyllithiumBg

in additions to quinoline, B-methylgquinoline, and 7-trifluoro-
methylquinoline, respectively, were refluxed in ether for

three hours prior %0 hydrolysis and oxidation. In the reaction
of p-dimethylaminophenyllithium and 6-methoxy-8~(2,5-dimethyl-
l-pyrryl)~-quinocline and 2-(2,5—§ém3thyl-l-pyrryl)—pYridine, a
two-hour reflux period was used.

In the work reported in thigs dissertation, the orgeno-

LI70Idham end Johns, 3. Am. Chem. Soc., 61, 3289 (1939).
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lithium compound was refluxed with the oyclic ammono aldehyde
42

ether until a negative color test was cbtained.

The necessity of dehydrogenation of the additiom product
is debatable. In the preparation of l-phenylisoquinocline, as
described by Bergmann and conwarkers?l an inferior product was
obtained when autofxidation was relied upon. Dehydrogenation
has been effected in the majority of cases by means of nitro-
benzene. However, mercurle oxide may be necessary, as 1s the
case with the 9-substituted~9,10-dihydroaecridine typasfs Re-
cently zine dust has been usad%l In our work, nitrobenzene
has been used exclusively.

The possibility of 1,L-addition to the conjugated system
of pyridine and quinoline has not been overlooked by early
investigators. Bergstrom and ﬁeﬁlliaterlé did not isolate
h-phenylpyridine or L-phenylouinoline from the high tempera-
ture reaction of the Grigpnard reagent with pyridine and quino-
line. %he 2-isomers were the predominant products. The pos-
sibility that 1,h-addition may occur under proper conditions
cannot be ruled out. Acridine mesy be thought of ag a dibenzo-
pyridine or a benzoquinoline. V‘ihen addition of either the
Grignard reagent or an organolithium compound occurs to acri-
dine, the 9-position is taken up by the entering group, this
entailing l,4~addition to the conjugated system. No 1,2-ad-

dition has been reported. This, however, is a theoretiecal

LZz. Giimen and Sohulze, J. Am. Chem. Soc., 47, 2002 (1925).
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possibility which is borme out in our 1,2-addition of phenyl-
lithium to 2-phenyl or 2-(p-tolyl)-quinoline, an "open model"
of atebrin. With acridine, one would expeot there to be a
compstition between 1,2~ and 1,4-addition. Since the 2-posi-~
tion is apparently effectively blocked by the presence of &
fused benzenold system, l,4~addition would appear to be the
natural result,

With quinecline, an emmono aldehyde ether, if 1,2-addition
is expected by anslogy te open-chain ammono aldehyde ethers,
and 1,4-additlion is possible by analogy to aoridine, then
sore L-substituted isomers could reasonably be predicted.

For instance, from the product of resetion between n-butyl-
lithium and quinoline, Ziegler and Zeiserm were able to
isolste a uniform plerate differing from the pilorate of the
main body {2-butylguinoline) by fractional erystallization of
the plierate. This they considered to be the L-butylquinoline
isomer. However, in their own words, "the amount wes insuf-
ficient to make am ungueationable identificationv,

In the last mother liguor from reorystallization of the
product obtained from phenyllithium and quinoline, Ziegler
and Zelser obtained & small amount of & lower melting sudb-
stance. No furtner.wark was done by them on this uwaterial.
They suggested that the compound might ga L-phenylquinoline.,

Although Bergstrom and ﬁaﬁllisterl did not isolate any

isomers in their work with the Grignard reaction, Bergmann and
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19
Rosenthal 1maintained that some 2,4-dibenzylquinoline was

formed in their reaction of benzylmagnesium chloride with quin-
oline in dioxane. They accounted for this product by postule-
ting the expeoted 1,2-addition to the anil linkage, followed by
some splittling off of MgBrH (MgBrp and MgHo) to form 2-benzyl-
quinoline, which was then further attacked by benzylmagnesium
chloride through 1,4-addltion to yield z2,4~dibenzylquinoline,
subsequent to hydrolysis and auto8xidation. These authors,
however, made no attempt to add benzylmesgnesium chloride to
2«-benzylgquinoline to support this view.

That 1,4-addition does not occur more readily with
quinoline and the Grignard reagent is surprising in view of
the evidence for 1l,if-addition in other conjugated systems
embracing the ammono aldehyde group., Thus, Gilman, Kirbdby,
and Kinneyh3 showed that phenylmegnesium bromide reacted with
benzophenone-anil (XXVII) through 1,4-addition, to yield
o~phenylbenzohydrylaniline {XXVIII) as follows:

2 Ma B M'gBr
O-C:N—O Cil:li__g-—-; O-C—N-Q
HOH

3 ’74 H rearrar\ﬂe-
ment
{(XXvII)

L3. ?ilmar;, Kirby, and Kloney, J. Am. Chem. Sog., 51, 2252
1929).



(XXVIII)
The different reactivities of organolithium compounds

and Grignerd reagents might lead one to expect that some
structures, more especially those with poly~-functional groups,
will undergo dlstinective end different reactions with cor-
responding members of the organometallic types. keuctions

of this type have been observed with benzophenone-anil (XXVII).
On the one hand, phenylmagnesium bromide reacts with the former
{(XXVI1I) under forced econditions through 1,4-addition to the
conjuzated aystem (a conjugation whieh is partly lateral and
partly nuclear). On the other hand, phenyllithium in ether
adds 1,2~ %0 the anil linkage yielding triphenylmethylaniline
(Xt

‘c N c HsL! H
Thown TCoN-

(XX1X)
L. Gilmen and Kirdy, d. sm. Chem. S08., 55, 1265 (1933).
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As a result of an exhaustive study of sddition re-
actions of organometallic compounds with other conjugated
systems, Gllman and Klrbyk“ have shown that in general the
more reactive Ri oompounds (for example, organoclithium com-
pounds) tend to 1,2-addition end the less reactive RM com-
pounds (for example, organomsgnesium ocompounds) tend to
1,4~addition,

Further evidence of l,4~addition of the Grignard reagent
to a conjugated system involving an aromatic ring and its
unsaturated side-chain, 1s found in the work of Kohler and
Nygaaréfs who demonstrated the addition of phenylmagnesium

bromide to tetraphenylpropenone to occur as follows:

/  \_ C H;M4q8
(C%vt%g:c:——q.—-c cu-————————’-( ng_c c- C-——-CK j?”
o HC—CH

MaBr !
S CGHS

Again (as in the case of 1l,4-addition to benzophenone-
anil) the ethylenie double bond involved in the addition
reaction 1s situated in a benzene ring.

0f greatest interest, however, is the addition of phenyl-
magnesium bromide to a compound embracing a similar type of

L5. Xohler and Nygeard, J. Am. Chem. See., 52, 4128 (1930).
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ring-chain conjugation in which an ethylenic double bond
is situated in the side~chain, and 1s conjugated with the
nitrogen-carbon double bond (the anil linksge) contained in
the pygiﬁine ring of quinoline. Thus, Hoffmen, Farlow, and
Fusonh were able to add phenylmagnesium bromide to benzasl-
quinaldine, which underwent the following transformetion to

vield o~benzohydrylquinaldine.

C H5M33r‘ \
_J-CH=CH Cehs =CH- cu(% Hy), ‘ N =CH-CH(CHs)2
Mg Br L H
| AN
N/ -cHZCH(CGHs)Z

As will be observed, 1l,4~additlon of orgenometalliec
compounds to pyridine and 1ts higher homologs has been poorly
demonstrated by the low ylelds of the L-isomers which have
been obtained., Aeridine is an exception., The 1,4-addition
whieh ooccurs with acridine has been explained by the blocking
effect of the fused benzencid structures which are present in
the aoridins system. If the fine bond structure which has
buen assigned to isoquinoline be correct, then 1,4-addition

cannot ocour.

A ‘ﬁbffm?n, Farlow, and Fuson, J. Am. Chem. Soe., 55, 2000
(1933).



IIl. EXPERIMENTAL

The starting meteriesls used in these preparations were
commercial products of the highest purity, unless otherwise
indicated, and were used without further purification. All
of the melting and boiling points are uncorrected.

Hitrogen was determined by the miero~Dumas method.

Certain of the organolithium compounds to be deseribed
were preparsd by means of the halogen-metal interconversion
reaction. The preparation of the required p-butyllithium is
adsquately described in the literature. Until recently47 the
latter organometallic compound was generally prepared at room
temperature in the conventional three-necked flask, which
procedure 1is relatively time consuming aﬁd is limited to small
runs because of ether ocleavage by p-butyllithium at the reflux
temperature of athsr?g Since halogen-metal interconversions
involving one or more acilive hydrogens require additional
equivalents of organometallic compound, a more rapid method
of preparation of p~butyllithium, which has recently been
described by Gilman and Stuckwisehf7a wag utllized. The double

L8
titration method deseribed by Gllman and Heaubein  for the

7. (&) Glimen end Stuckwiseh, J. Am. Chem. Soc., 65, 1461
{1943); (b) Stuckwiseh, c. 7., Dooctorel Dissertation,
Iowa State College, Ames, Iowa, 1943.

4L8. Gilmen ani Heubein, J. Am. Chem. Soe., 66, 1515 (194k).



5P

determination of p-butyllithium was used in every case where
halogen-metal interconversion products were employed in the
preparation of substituted quinoline and isocquinoline oom-
pounds.

In all of the reactions involving the active organo~
lithium compounds, the usuel three-necked flask equipped with
a mechanical gstirrer and Hopkins condenser was used. By
constantly melintaining a slight positive pressure of dry
oxygen~free nitrogen over the reaction, an anhydrous, inert
atmosphere was provided. Filtrstion of the organclithium com-
pounds from unreacted lithium, prior to addition to a reac-
tant; was effected by pouring the organclithium solution
through a gas inlet tube, stuffed with glass wool, into a
large dropping funnel previously swept out with nitrogen,

2-(p-Aminophenyl)-guinoline. In a three-necked, two

liter, round-bottomed flask equipped with a stirrer apd con-
denser having facilitles for the introduction of nitrogen, was
placed 27.5 g. {0.16 mole) of p-bromoaniline in 200 ml. of
anhydrous ether., To this solution was added dropwlse, and
with vigorous stirring 0.47 mole of filtered pn~butyllithium
in one liter of ether. After 300 ml. of the organometallic
solution had been added, refluxing ceased, and the eolor of
the solution changed from a deep violet to pale yellow. The
remaining 700 ml. was added mere raplidly, the last 350 ml.

being introduced in a rapid stream. The mixture was refluxed



-53=

and stirred with external heating for one and one-quarter
hours. After approximately fifteen minutes of stirring, a
yellow gummy preeipitate of the p-N,N-dilithiocaminophenyllith-
ium#7’h9 was formed. At the end of the heating period, 42 g.
(0.32 mole] of freshly distilled quincline, dissolved im an
egual volume of ether, was added dropwise and st such a rate
as to maintain reflux. The solution gradually darkened to a
deep red cclor and the organometallic precipitate dissolved
very slowly. After the addition was complete, the solution
wag stirred and refluxed for twelve hours. At the end of this
“time conmplete solution had been effected. The ether solution
was then hydrolyzed by pouring iantoc an exocesa of water in a
two-liter separatory funnel., After extraction and drying over
sodium sulfate, the ether solution was evaporatively distilled.
The residual orange colored oil was then heated to 1900 for
one~half hour with 40 ml., of nitrobenzene {0 oxidize the inter-
mediate 2-(p-aminophenyl)~l,2~-dihydroquinoline. The nitro-
benzene and all low bolling material was subsequently removed
under vacuum of the water pump and the material bolling up to
120e {05 mm.) was discarded. This material consisted chiefly

of a smalihamﬂunt of nitrobenzene not removed by the water

LS. la) Giimen end otuckwisch, J. Am. Chem. Soc., 63, 284k
(1941); (b) Stuckwiseh, Iowa State Goll. J. Sei., 18,
92" (1943) /C.a., 38, 728 (19
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pump, unreacted quinoline and some 2-butylquinoline. The
final product was obtained as an extremely viscous liquid
whilch solidifled to an orange glass, after distillation at
165--175Q (0.005 mm.) with the aid of a mercury diffusion pump
and & metal bath between 225~2503. By this msans 17.5 g.
(71%) of orude product was obtained, based on 70 percent
halogen-metal interconversion. For reetification, the glass
was dissolved in benzene and, after charcoaling, set aside

to crystalllze, Filltration and drying eiforded a product
melting at llS«lZﬁc. In subsequent attempts to orystallize
this material; it was found that a pure product could not be
obtained even through fractional orystallization, or by
attempted use of selective solvents. Isomers of some sort
were suspected, Accordingly, all the fractions were combined
and the solvents removed., The white orystalline residue
weighing 8 g. (0.036 mole) was dissolved in hot 95 percent
ethanol and treated with a hot ethanolie solution containing
17 g. (0.072 mole) of dry plerio acid. A yellow-orange
precipitate immediately formed. After refluxing for ten
minutes, the mixture was allowed to cool., Filtration afforded
the yellow-orange solid, melting at 170~180°, in quantitative
yield. Incidental to an attempt to reeryatalliza a sample of
the picrate from methyl callosalva; on oooling, it was observed
that two plerates separated. One was yellow, and erystal-

1ized in very fine feathery needles which appeared to be quite



w55

insoluble in the solvent. The other, an orange plorate,
separated simultaneously in the form of hard dense orystals.
These two plcrates were separated by hand after corystal-
lization appeared to be complete, The yellow picrate melted
at 215-217Q. The orange plcrate melted at l92~l960.

The yellow pierate was found to be more soluble in 95
percent ethanol than the orange. Nevertheless, separation
could not be effected with the latter solvent since the two
compounds deposiied c¢rystals simultaneously. On testing wvarious
solvents for selective solubility toward ome of the plcrates,
it was found that benzene dissolved the yellow plorate slight-
1y to give a yellow solution, while the orange plerate seemsd
to be unaffected. After evaporation of the benzene, a small
amount of the yellow picrate was obtained which melted at
218u2190, after recorystallization from 95 percent ethanol. The
orangs plerate in the residue, when reorystallized from 95 per-
cent ethanol, melted at 196-1970.

Accordingly, 7 g&. of the mixed plorates, after recrystal-
lization once from 95 percent ethanol {to remove any excess of
pieric aeid), was placed in the filter tube of a Soxhlet
extractor and continuously extracted for thiee hours with
500 ml., of benzens., By this time a small aumount of the orange
plerate had precipitated from the hot yellow benzene solution.
The solution was filtered, while still hot, and continuous

extraction was resumed for another three-hour period with s
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fresh 500 ml. portion of benzene. After filtration, the two
benzene extracts were combined and evaporated gently to dry-
nresg. During this time srall quantities of the orange plerats
separated and were removed by successive flltration. The
yellow residue from evaporation weighed 0.5 g. When orystale
lized once from methyl cellosolve, the product melted at 215-
3&76. A further erystallization reised the melting point to
226~221°.

The orange pilorate in the Soxhlet filter melted at 195
1966. Un reorystallization to constant melting point from a
95 percent ethanol-methyl cellosolve mixture, the picrate
melted at l?é~l97°~

In another preparation, 17.5 g. (70%) of heavy viscous
glass, which distilled ai 180~1900 {(0.003 mm.}, was cbtained.
When this glass, dissolved in hot 95 percent ethanol, was
treated with 55 g. of pleric acid in boiling ethanol and
refluxed for fifteen minuites,there was obiained 30 g. of
the mixed picrsteg which melied at 170~l99a. On reorystal-
lization from an acetone-95 percent ethanol mixture, the
pleorates melted at 183~190°.

Subsequent (o continuous extraction of 22 g. of the mixed
pierates, as described avove, there remained in the Soxhlet
filter 20 g. of the insoluble orange picrate, melting at 194~
1950. Evaporation of the benzene extract, after filtration of

a small amount of the orange picrate, yielded 1.8 g. of the
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o
yellow picrate melting at 200-210 .

The orange picrate in the Soxhlet filter was deoomposed
by boiling & few minutes in 500 ml, of dilute ammonium hydrox-
ide (1:1). The resultant yellow heterogensous solution was
filtered and washed repeatedly with hot water. BEight grams
(25%) of product melting at ll§~125° was obtained. Upon char-
coaling and crystallization to constent melting point from
benzene, the eompound melted at 138~138.5° and weighed 4 ge.

An additional 2 g. meltlng at 135~1360 wes obtained by concen-
tration of the mother liquor.

A mixed melting point determinetion was made with the
material melting at 136~138.5a, and an suthentic specimenso
of 2-(p-aminophenyl)-quinoline. There was no depression and
hence the compound melting at 138-138.50 is Z-(p-aminophenyl)=-
quinoline. Jahasx reported the melting point of the compound
to be l3a?. The piorate of the authentic specimen melted at
l97w1980. The latter was shown to be identical {mixed melting
point) with the orange picrate, which is therefore the plcrate
of 2-{p-aminophenyl)~-quinoline.

x-Butyl-x-{p-aminopbenyl}-quinoline. The yellow picrate

obtained from the procedure given above was recrystallized from

o
methyl cellosolve and melted at 217-218 . After decomposition

50.  Kindly furnished by S. M. Spatz.

51, John, J. prakt. Chem., /2 7 133, 13 (1932); ibid., /27
139,97 (BHT. T

L
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with boiling smmonium hydroxide (1:1), filtration and thorough
washing with hot water, the compound melted at le-lkSo. After
charcoaling and crystallizing from benzene, the white erystal-
linse materisl melted at 146~1¢8.59.

Anal. Caled. for CygHogN,: N, 10.10. Found: N, 9.60
and 9.75.

x~Butyl-x-{p-aminophenyl)-quinoline Picrate. The yellow

picrate was reformed by treating a 95 perecent sthanolic solu-

tion of x-butyl-x-(p-aminophenyl)-quinoline, melting at 1,8~
[+

148.5 , with a hot solution of ethanolic pioric acid. The

resultant yellow lnsoluble plerate was reorystallized from
o]
methyl cellosolve and melted at 220-221 .

Anal. Caled, for 025ﬁ230?5§5: ﬁ, 13.80. Found:

K, 13.C2 and 13.20. v/

The snalyses cobtained from the yellow picrate melting
o
at 220~-221 , and those obteined from the free base of the lat-
o
ter, melting at 148~148.5 , would most nearly satisfy a quine-

oline structure contalining the butyl- and p-sminophenyl-
groups as substituents.

2»(g;galieyliéaaaminophenyl)—quinoline. A mixture of

1 g. {0.0045 mole) of 2-{p-~aminocphenyl)-quinoline and 0.6 g.
(0.149 mole) of salicylaldehyde were hested together in a

50 ml., round-bottomed flask for four hours by means of an oll
bath held at 1500. After a few minutes an insoluble, yellow,

erystalline mess formed. Al the end of the heating stage the
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excess salicylaldehyde was removed by washing with 95 percent
ethanol., ¥Filtration afforded a quantitative yield of product
melting at 185—1866. After reorystallizing to constant melt-
ing point from methyl cellosolve, the produet for analysls
melted at 188~188.50.

Anal. Calcd. for O, Hy¢ONs: N, 8.65. TFound: N, 8.74.

242~Diphenyl-l,2-dihydroquinoline. In & three-necked,

two~liter, round-bottiomed flask equipped with a stirrer and
condenser having facllities for the introduction of nitrogen,
was placed 40 g. (0.2 mole) of 2-pheﬁquuinolinels completely
dissolved in 200 ml. of ether., With vigorous stirring, 0.3
mole of phenyllithium?a in 350 ml. of ether was added at such
a rate as t0 maintain reflux. The ethereal solution immediate-
ly turned dark green in color and a very small amount of &
yellow precipitate formed. The solution was stirred and re-
fluxed for twelve hours., Hydrolysls of the green-black solu~-
tion was effected by pouring the latter into a large excess

of distilled water in a two~liter separatory funnel. The dark
eolor in the sether was immedlately dissipated and gave way to
a deep red color which slowly changed to pale yellow. A small
amount of insoluble yellow material was removed by filtration.
The ether was then evaporatively distilled from & Claisen
flask, 50 ml. of nitrobenzene was added, and the solution

§2. Gliman, Zoellner, and oelby, J. Am. Chem. S06., Jk,
1957 {1932). =
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o
heated for one~half hour by an o1l bath at 190-200 . No

reaction appeared to ococur. The nitrobenzene was distilled
under the pressure of the water pump, and all the meterial
which distilled up to 150O (0.5 mm.) was removed. The Claisen
flask was then inecorporated into the mereury diffusion pump
and the material distilled under a high vacuum (0.02-0,03 mm.).
Unreacted 2-phenylquinoline began to distill up to 11;00 and
solidified in the receiver. As soon as a thiek glassy dis-
tillate began to appear in the receiver, the latter was changed
and 36 g. of material distilling at 155~165° {0.02-0,03 mm,)
was collected, The procedure required a metal bath temperature
between 225~25@°. All efforts to rectify samples of the glassy
distillate by erystallization failed. Noresover, a plecrate
would not form, but rather deep red oils were chtalned in all
attempts. It was found that the glass, when treated with
dllute hydrochloric acid (1:1) in the presence of & little
ethanol, formed an extremely insoluble tan-golored powder.

The acid solution was gently warmed to 600 and the lumpy
material broken up. Inesmuch as 2-phenylquincline is soluble
in dilute hydroehloric aeid (1:1), this medlum constituted a
separation of the product from unreacted starting material.

The balance of the glassy distillate was treated with dilute
hydrochloric acid (1:1) (subsequent to removal of the dls-
tillate from the receiver with hot 95 percent ethanol, which

was evaporated off under vaocuum), and the hydrochloride so



formed was filtered off at the pump. At this stage it was
negessary that all lumpy material be broken up under the acid
reagent. Heating to 600 assisted greatly in the complete
eonveraion. The hyﬁroahlq;ide was thoroughly washed with fresh
portions of dilute hydrochlorie aclid and finally with distilled
water. On drying, 22 g. (35%) of erude product melting at
150-16$0, with decomposition, was obtained.

The hydroohlorlde was then decomposed in excess 10 per-
cent sodium hydroxide, the solution finally being warmed to
600 to effect complete reaction, 4 very viscous brown-colored
0il resulted which readily ocoalesced on cooling; hence the
alkeline solution was readily decanted. After washing several

times with cold distilled water, the oil had solidifled., The

s01id sc obtained was taken up in 95 percent ethanol, char-
coaled, filtered and allowed to cool slowly. When the material
tended to oil out, orystals (from a test tube orystallization)
were added. The product was obtained as white needles weigh-
ing 13 g. and melting at 32~84°. The final predust for analy~-
sis was orystallized to constant melting point from a solution
contalning a few drops of benzene and a larger quantity of
petroleum ether {(b.p. 66‘*«68@), and melted at 86—870,

Anal. Caled. for 021317Ez N, 4.98, Found: N, 5.13.

2~?h@nyl~2~gg;talyl)~l,2«dihydrequinaline. This compound

was prepared by two methods. In Method 1, p-tolyllithium was
added to 2-phenylquinoline. In Method 2, phenyllithium was
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added to 2-(p-tolyl)-quinoline.

Method 1. By a procedure like that used for the prepara-
tion of 2,2~diphenyl~1,2—d1hydroqainoline, 40 g. (0.2 mole) of
zuyhenquuiaolinelg in 500 ml, of anhydrous ether was inter-
acted with 0.3 mols of gftalyllithiumsz in 375 ml. of ether.
The solution immediately turned dark brown to black in color
and was refluxed for twelve hours. The pale ysllow ethereal
solution obteined on hydrolysis was filtered from a small
amount of yellow insoluble materisl and worked up exactly
aceording to the procedure given for z,zédipnenyl~l,2-dihydro-
quinoline. By this means 27 2. (45.5%) of & glass which dis-
tilled at 172~l880 {0.004 mm.), was obtalned. A small sample
of the glass was converted to the hydrochloride whioh was
extrencly insoludble in the dilute hydroehloric acid used (l:1}.
When a portion was warmed above rocm temperature, decomposi-
tion occurred and a dark red-brown guumy mass resulted, The
hydrochloride formed satisfactorily when the temperature was
held below 200 and thus éeparatian from any unreacted
2-phenylquinoline was effected. On meutralization with cold
10 percent sodium hyaréxiﬁé a flocculent, gummy precipliate
.’was fe?msd which was thoroughly washed with water. Filtration,
drying and erystailiz&tian, aiter charcoaling in petroleum o
ether (b.p. 60-68 ), yielded white erystals melting at 82-85 .
It was found advantageous to add a minute amount (about 5%) of

absolute ethanol to the petroleum ether to ald in crystal-
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lization by inhibiting the tendsncy toward oily precipitation.
The main product was crystallized directly without oconversion
to the hydrochloride. This was accomplished by dissolving the
glass in petroleum ether (b.p. 60»686), charcocaling and fil-
tering twice, addling a trace of absolute ethanol, and chilling
and seeding. The product melted at 83-8@6. After recrystal-
lization to & constent welting point from absolute ethanol,
the compound melted et 85.5»870.

Method 2. By a procedure like that used for the prepara-
tion of 2,2-~diphenyl-l,2-dihydroguinoline, 0,15 mole of phenyl-
lithium in 190 ml, of ether was added with vigorous stirring,
to 22 g. (0.1 mole) of 2~(g¢tolyl)~qninolineko in 300 ml. of
anhydrous ether. The solution immediately colored dark brown
to black and was refluxed for twelve hours. On hydrolysis
the ether layer was dark green and in a few minutes turnsd
dark red in color. The red color finally gave way to pale
yellow, A small amount of & pale yellow precipitate was depos-
ited on standing overnight. This wss removed by filtration.
The ethereal solution was worked up exactly according to the
procedure given for 2,2-diphenyl-l,2-dihydroquinoline. By
this means 15 g. (51%) of a thick viscous glass, which distil-
led at l75~1850 (0.0 pm.), was cbtained. The seed requlred
in erystallizing the main product was cbiained by purifiocation
of a sample of the glass through the hyﬂrocnlozide, exactly as

deseribed in Method 1. The main run was orystallized from
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petroleum ether (b.p. 60~68Q) (5 percent with respeoct to
abgolute ethanol), exactly as recorded under Method 1.
Reerystal 1lzation from absolute ethanol to constant melting
point ylelded a white ¢rystalline product which melted at
,85»360.

A mixed melting point involving the products obtained
by Methods 1 and 2 was not depressed. The two compounds are
therefore identical, indicating that 1,2-addition of the
organolithium compound to the 2-substituted quinolines occur-
red.

A mlxed melting point involving the 2-phenyl-2-(p-tolyl)~
l,2-dihydroquinoline and 2-phenylquincline was depressed to
melt at 55~660¢ A mixed melting point embodying the product
and 2-(p-tolyl)=-quinoline melted at 60-650. These depressed
melting points indlcate that the product was not starting
material.

Anal. Caled. for CpoHjgN: N, 4.72. Found: N, 4.8k

and L‘-n 9l¢
g;Brsmnbiphsnyl, This compound was prepared by modifica-

tion of the method of Zaheer and Faaichfj In our work the
diazotization of o-aminobiphenyl was carried out in hydro-
bromiec aeid solution, rather than in hydroehloric acid, in
order to secure pure o-bromobiphenyl free from possible con-

tamination by any o-chlorobiphenyl.

T3 Zaheer and Fasloh, J. dnd. Chem. Soe., 21, 27 (1944).
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A stirred suspension of 117 g. (0.70 mole) of teohnical
o~-aminobiphenyl and 238 g. (1.40 moles) of 48 percent hydro-
bromic acid in 700 ml. of water was cooled below 50, and
dlazotized with a solution of 49 g. (0.70 mole) of sodium
nitrite in 100 ml. of water. This required about one-half
hour, when the temperature was maintained between 0~-5O by
means of an efficient loe~salt bath.

A five-liter, round-bottomed flask equipped with a
stirrer and containing 100 g. (0.70 mole) of cuprous bromide
in a solution made up of 700 ml., of water and 119 g. (0.70
mole) of 48 pereent hydrobromic acid, was arranged for steam
distillation. After the ouprous bromide solution was heated
to boiling, the diazonium solution was gradually added from
a gsepsratory funnel while a vigorous current of steam was
passed through the reaction mixture. This procedure regquired
approximately two bours.

The small amount of produet in the agueous distillate
was taken up in ether and the main reactlon mlxture exhaus-
tively extracted with ether., The combined ether extraqta were
then dried, the ether evaporatively distilled, and 106 g.
(65%) of the product distilling at 120--130Q (0.3 mm.) was ocol-
lected.

For further purificetion, the product in ether wasa

extracted with excess 20 percent sodium hydroxide golution.

An emulsion formed which separated only with diffioulty,
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resulting in the formation of three layers. The upper ether
layer was removed and dried; the ether evaporatively distil-
led; and 58 g. (35%) of pure o-bromobiphenyl, distilling at
158*1606 (11 =mm.), was collected.
2—(2;Bipheny1yl)—quinalin&. By a procedure like that

described for the preparation of l-(p~dimethylsminophenyl)-
isoquinoline, 22 g. (0.095 mole) of redistilled Eastman white
label O~bromobliphenyl 1n 50 ml. of enhydrous ether was re-
acted with 1.5 g. (0.21 g. atom} of lithium, suspended in
50 ml. of anhydrous ether, to form o-biphenylyllithium in
80% yield, as assayed by titration for total alksli. The
filtered organometallic solution (derk brown in color) was
added with rapid stirring to 25 g. (0.2 mole) of freshly
distilled quinoline in 50 ml. of enhydrous ether. After the
first 10 ml, had been added, the solution refluxed vigorously
and a yellow meal separated., The solution was refluxed over-
night. Subsequent to hydrolysis, the ether was evaporatively
distilled, 15 ml. of nitrobenzene was added and the solution
heated for one~-half hour at 186-1900. After vacuum distil-
lation of excess nitrobenzene and lower bolling excess quin-
oline, l4 g. (50%) of a thick viscous glass which distilled
at léZ-l&éﬂ (0,007 mm,) was eollected.

For rectification, the glass was dissolved in hot 95
percent ethanol and filtered from a small amount of insoluble

o
material which melted at 172-175 . Concentration afforded
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a gecond orop of the same material. On charcoaling, filtra-
tion and cooling, the ethanolie solution deposited hard, white,
dense corystals melting at 98-1820. Reerystallized to constant
melting point from 95 peroent ethanol, the compound mslted
at 102*1030‘

Ansl. Calcd. for 021315K: N, 4.97. ¥ound: N, 5.05.

The high melting material, only slightly soluble in
95 pereent ethanol, was recrystallized from methyl cellosolve
to melt constantly at 176-1?79. This proved to be an isomeriec
biphenylylquinoline, as was shown by the analysis. Further-
more, the compound was shown to be identical with p-biphenylyl-
gquinoline which was subsequently prepared for charaeterization
purposes.

Anal. Caled. for CyHygN: N, 4.97. Found: N, 5.10.

Two repesat runs were made beginning with samples of
Hastmen white label o-bromobiphenyl obtained from separate
purchases., In each, the same two 2-biphenylylquinoline
isomers were obtained. Carbonation of an aliguot of the
organometallic compound obtained (supposedly o-biphenylyl-
lithium) yielded & erude acid whioch melted at 115-1200. On
reerystallizing once from 95 percent ethanol, the product
melted at 190-2800. This material was then extracted three
times with hot petroleum ether (b.p. 60-680) to remove the
isomerie o-phenylbenzoic acid. The residus was then reorystal-

¥)
lized from ether and melted at 223-225 . A mixed melting
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point, using this material and pure p~phenylbenzoic aeid,
welting at 223-2296, was not depressed. The compound melting
at 223»225a is therefore p-phenylbenzoic acid.

The mother lliquors from these recrystallizations were
combined and the solvents svaporated. The isomeric aoids
could not be separated by fractional erystallization. Aeccord-
ingly, various solvents were itrled for selective extraction.
Of those tried, petroleum ether (b.p. 60-680) was found to be
most satigfesotory, having a seleotlve solvent power for the
o=-phenylbenzoic acid. The p~isomer was almost oompletely
insoluble 1n the petroleum ether. The product obtalned upon
erystallization melted at lQﬁvllGeQ Cn recorystallization, the
melting point was raised to llO«llQQ. A mixed melting point
of this material, with an authentic speocimen of o-phenyl-

benzolc aclild, was not depressed.

2-(p-Biphenylyl)-quinoline. By a procedure like that

used for the preparation of l-(p-dimsthylaminophenyl)-
isoquinoline, 35 g. (0.15 mole) of Eastman white label
p~bromobiphenyl dissolved ln 150 wl. of anhydrous ether, was
reactad with 2.1 g. (0.3 g. atom) of lithium suspended in

75 ml. of anhydrous ether. On completion of the ensuing
reaction, titration of an aliquot for total alkall showed an
87% yield of p~biphenylyllithium. A 75 ml. portlion of the
filtersd organolithium compound was added jJjetwise to a solld

carbon dioxide-ether alurry, for carbonation purposes. The

valance (150 ml.) of the organometallic solution was edded to
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50 ml. of an anhydrous ethereal solution containing 13 g.
(0.10 mole) of freshly distilled quinoline. Immediately a
pale yellow insoluble meal was formed. The mixture was
stirred and refluxed for twelve hours. At this point, the
ethereal solutlon was only slightly colored and a copious amount
of en insoluble orystelline material wes present. The ether
wag decanted from the residue which, after filtration and dry-
ing, weighed 11 g. and melted at 175~1789. Subsequent-to
hydrolysis end evaporation of the ether solution, there was
obtained 10 g. of c¢rude product melting at 150-1620. The
total yield was 21 g. (86%). Reorystallized to constant melt-
ipng point from methyl celloasolve, the compound formed pale

o
yellow platelets which melted at 178-179 . A mixed melting
4]

point with this material and the materiel melting at 176-177
(obééineﬂ«aa an isomer in the preparation of 2-(o-biphenylyl)-
quinoline from Eastman white label o-bromobiphenyl) showed no
depressicon.

2-(p-Biphenylyl)~quinoline has been prepared in a dif-
ferent manner by Steinkopf and Pstsrsdorfrsa who give a melt-
ing point of l?ﬁ»l??o for the éampannd. By their method,
2-{p~biphenylyl)-4-carboxyquincline {prepared from isatin and
p-phenylace tophenone in the presence of potassium hydroxide)

was decarboxylated by heating to yleld the desired 2-(p-bi-

phenylyl)~-quinoline.

5L. Steinkopf and pretersdorff, Ann., 543, 119 (1940).
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The heterogeneous ethereal solutiocn from carbomation,
containing the insoluble carbonation product, was treated
with distilled water but little solution of the insoluble
material was effected. The ether solutlon was separated and
the aqueous layer acidified with hydroehloric acid. ¥Filter-
ing and drying afforded 8 g. {80%) of erude acid melting at
215—2190. Recrystallized to constant melting point from
95 perecent ethanol, the p-phenylbenzoic acid so obtained
melted at 228-2290. Liebermann and Zauffass give & melting
point of 224O for the se¢id when prepared by the Fridel and
Crafts resction involving bighenyl and oxalyl chloridse.

5-(2,5~Dimethyl-l~pyrryl)-isoquinoline. The 5-amino-

isoquinoline required in the preparation of this compound was
obtained by the catalytie reduction of S5-nitroisoquinoline in
the presence of Raney nickel, as deseribed by Cralg and Gass?6
Nitration of isoquinoline by the method of Le Fevre and Le
Fevre57 yielded the desired 5-nitroisoquinoline. The
5«(2,5-dimethyl-l-pyrryl)~isoquinoiine was obtained by conden~
gation of the 5~aminoisoquinoline so cbtained with acetonyl-

58
acetone, by a general method described by Lions and co-workers.

35, Llebermann and Zsuifa, Ber., L, 857 (1911).

56. Craig and Cass, J. Am. Chem. Soc., Ok, 783 (1942).

57. Le Fevre and Le Fevre, J. Chem, Soe., 1470 (1935).

58, (a) Lions end co-workers, J. Proc. Roy. 3c0c., N. S.
: Epecy

wales, 70, 43 (1936)/C.A., 31, 665 7‘3?17; N
(b) Tbi ': 71, 92 (19 %g%%;s 2, 1695 ( 938)i;;
(¢) Toid., 7L, 443 (1940)/C.A., 35, 4771 (1941)_7.
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In & 500 ml. one-necked flask equipped with a reflux
condenser was placed 50 g. (0.35 mole) of s>-aminoisoquinoline,
and to the amine was added 39.9 g. (0.35 mole) of acetonyl-
acetone. Two drops of hydrochloric acid (1:1) were added as
catalyst to the reacticnm and the solution actively refluxed
for two hours. In subsequent runs on other amines 1t was
found adventageous to use an excess of acetonylacetone over
that required by theory. After cooling somewhat, the mixture
was poured upon chopred ice. The cerude product separated as
2 brownish-gray erystalline preciplitate. After filtration end
‘drying, the product weighed 73 g. (95%), and melted at 78-800.
Upon reerystallization to constant melting point from 95 per-
cent ethanol the yield of product, meltlng at 83-8&0, was
6he5 ge (83%).

Anal. Caled. for C;gHy, N»: N, 12.61. Found: N, 12.61.

5-{2,5-Pimethyl-l-pyrryl)-isoguinocline Piorate. The

piorate was prepared by dissolving 0.5 g. of 5-(2,5-dimethyl~
l-~pyrryl)~isoguinoline in a minimum amount of 95 percent
ethanol. To this solution was added 10 ml. of an ethanolle
sclution of pieriec acid, previously saturated at 250. The
resultant mixture was heated to reflux temperature for five
minutes, end then allowed to cool slowly, whereupon yellow
platelets were deposited. The plcrate was recrystallized to

constant melting point from 95 percent ethanol and melted at
1]
174-175

Anal. Caled. for Cp3H3709Ns: N, 15.58. Found: N, 15.59.
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5
ﬁnﬁrgmgiaoguinolin&‘g This compound was most satisfac-
56
torily prepared by refinement of the method of Cralg and Cass.

To & tw@«lltgr Clalsen flask contalning 387 g. (3 moles) of
isaquinaline,o 350 ml. of LB percent hydrobromic acid was
gradually added with external cooling. After mixing thor-
oughly, the walter and excess hydrobromic acld were removed by
distillation under reduced pressure of the water pump, with
the use of a boiling water bath. The side-arm of the Claisen
flask was then convenliently sealed off with a rubber tube and
screw clamp for the subsequent operations. The Claisen flask
wgs fitted with an alr reflux condenser in one neck and &
dropping funnel in the other neck. To the crystalline hydro-
bromide, 480 g. (3 moles) of bromine was graduelly added from
the dropping funnel. The mixture turned a deep red