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ABSTRACT

'QUATERNARY SALT FORMATION OF
CINNOLINE

.This study was initiélly undertaken with a
view to preparing quaternary salts of cinnoline
simulating the structire of the alkaioid papaverin@
This would be possible by the synthesis of two
compounds, viz., 6,7-dimethoxycinnoline and 5?4-
dimethoxybenzyl-chloride. Some difficulty has
been encountered in the synthesis of the former

énd from experimental evidence Aow at hand the.
latter can be considered to be unstable.
Some new examples of quaternary salts
of 4-methycinnoline are reported but in general
isolation of salts from 4-methycinnoline and
benzyl-halides has been found impractical

.due to their hygroscopic properties.
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INTRODUCTION

_The quest for new and improved moleculés
poségssing varying degrees of'pharmacological
activity dates back to antiquity. The plant
alkaloids have been the greatest storehouse of |
active compounds, however, due’tq the great
strides in organic synthesis in more recent times,
an ever increasing number of active synthetic
'cqmponnds is being reported, King41.has renently
put forth a plausible structure for d-tubocurarire

cholride (A) a quaternary salt having curariform
activity and in part responsible for the arrow

poisons of the South American Indians.




Greig4? in his accar nt of curariform activity.lists
ﬁin‘tébular ib:m.ﬁe pages of quaternary ammonium salts,
the majority of which haveicurariform activit&.' The
c}inical“use of papaverine, (B) aﬁd itsvsuﬁstitute
6,7émethylenedioxy;l;g-pyridyl-Zamethyl iéoquindline,
(C) ciearly demonstrates the activity of the iso-

quinoline nucleus.

7

(B) - (c)

Papaveringiitself 1nvémall doges produces light
_8leep whigh doeg not become devper as the dose is
increésed. Larger dosgs-produce reftex irritability
and.some tetaniéing action may ensue. In modern
clinicél medicine it is used for i?s paralysing action
of the smooth muscle of the intestines and blood

42‘has shown that the benzyl group

' vessels. 'Gyeig
is freguentlyvassopiated with paralyzing,aotion.

In pyridinium, strychninium, coniinium and bruciniﬁm
salts the N;benzyl'derivatives have the greatest curare
actions‘wheréas l-benzylisoquinolines have relaxing

actions.

IT



~In view of the coincidence between activity of
quaternary salts and the benzyl group, the synthesis
of a mode; compound containing the isoquinoline like
structure, with a benzyl group attached to a guaternary
nitrogen and having a constitution simulating

papaverine was attempted, (D).

The only referegce in the liferature to quater-
nary salt formation in the cinnoline series isw31mp-
on?0 who obtained the methyl and ethyl iodides of

éome cinnoline derivatives, but did not make any
reference to pogsible activity. Leonard16 in his
éccount of the chehistry of cinnolines,repqrts no
suggested use for cinnolines as medicinals, .
Although the compound (D) has not beemn prepared
an explanation of the.difficulties involved in the

synthesis of such sirictures is set out, and a

number of new cinnoline salts are reported.

ITI



THEORETIGAL I

Cinnoline is a hetrocyclic binuclear basehaving
the same numbéring as guinoline and containing two
vicinal nitrogen atoms. It is the least well known
of the four isomeric structures.

§§>d' ~

Cinnoline Quinoxaline Phthalazine Quinazoline

The discovery of cinnoline dates back to 1883

when V‘on'Richterl

claimed to have obtained a deriv-
ative of the di-nitrogen base. The compound or its
derivatives received little attention until 1945
when'Simpson attempted to prepare compounds contain-
ing the cinnoline nucleus having antimalarial.activity;'
The discouraging factor in cinnoline chemistry haé
doubtless been the lack of a convenient method of .
preparation in contrast to the more readily accessible
isomeric compounds.

To date six main methods for the preparation of
cinnolines have been guoted. The method of von

Richter involves the cyclization of diazotised o~

aminophenylpropiolic acids, (l).



Coon

OH
///J : "//f\\T X\ CooH
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(1)

A somewhat easier route to the cinnoline ring system
was explored by Stoermer and Fincke 2 using a reaction
discovered by Widmanz involving the cyclization of
diazotised‘o—aminoarylethylenes_to produce the cor-
responding 4-arylcinnolines., The recuisite di-aryl-
ethylenes being obtained from ﬁhe appropriate diafyl—
ketones and Griganard reagent, followed by dehy&ration

of the resulting carbinols. (2).

1) CHy Mq Br- /J |
\\I’ 2) ~ HZ : . \| :&CNoz
C=o -
\ /‘NHg \\._/JNH‘!

(2)




Stolle” and Becker® in an attempt to,prepare N-amino-
isatin synthesized 3-phenylcinnoline-4-carboxylic

acid by the folling series of reactions, (3)

E/\\l cocl, (/L c, =0 KOH

™ NH_N=CH-Ph
—cu ~Ph
" COOH
/\/C\CooH Xy Ph
| —
RN N—N=¢-Ph
: 0 b |

In 1941 Borsche and Herbert® discovered the acetpphenone
synthesis of 4-hydroxycinnoline by diazotisation of

o-aminoacetophenone, (4) In l942vaanns£ill and

Janeeke6 obtained highly substituted cinnolines by
dehydration of an o-carboxyphenylhydrazine, but their
yieldé obtained were very porr,. It is weli to state
here that in all examples mentioned, except in the

case of von Richter, the formation of “the cinnoline



- was incidental to the main purpose of the investigation.

& obtained 4—methylcinnoline

In 1947 Jacobs et'al.7 and Simpson
by the Widman-Stoermer reaction.
They started from readily accessible methyl-
anthranilate and by treatﬁent with methylmagnesium
bromide and dehydration, followed by diazotisation

and cyclization of the resulting o-iso propenylaniline

obtained 4-methylecinnoline in overall yield of 70%.(5).

_ CH, i
. !
COOCH : cC—¢
(\1 . cHyMgBr (\]/éﬂ Hy o
_— —_—
>\~ NH; \§§//JN%
o,
/\/c§ic}l
] 2 HoNo
- i >
\\\‘ Nuz

(5)
This was the first synthesis of a cinnoline where the
ring was free from functionai groups thereby opening
the way for a study of the basic properties of the
cinnoline nucleus,

O0f the six_methods available for the preparation
of the cinnoline nucleus, Siﬁpson9 has showh that
they all proceed by the same mechanism, He has found
that cinnoline formation is dependent on a highly

positive diazonium kation and at the same time,



on the availability of electrone at the -carbon atom
of the ortho substituted chain.

Consideration of thevﬁechanism of the Richter
reactioh shows th:t the carboxyl of the o-aminopropriolic
acid, (6), has a relatively negative ¢-carbon atom
and, at the same time, the inductive effect of the
carboxyl group on the ring increases the positive
charge on the diazonium kation and so cinnoline formation

is favoured.,

(=]

. .
K/‘(C\\C_COOH
N ®
SN,

(6)
In order to elucidate the mechanism of the

10 studied the in-

Widman—Stoermer reaction Simpson
fluence of substituents Ra and Rb, (7), with respect
to ‘the ease with which o-aminoarylethylenes ring |
closed to give cinnolines. Stoermer and Gausll
discovered that o-aminocinnamic acid, (7), Ra=H,

Rb = COOH, does not yibld a cinnoline, Considerably
more evidence is available to show that when Eb is

negative cinnoline formation is inhibited. In the

Pschorr reactioh, (7), Ra= H, Rb=Ph, Rc =COOH,

q RP .
\C/
Re (7)




RA=H, diazotisation leads to phenanthrene-9-car-
boxylic acid. In any such reaction where both Ra,

'and Rb#H, cinnoline formation is impossible owing

to the absence of the necessary hydrogen on the %~
cérboh. However in compounds of the type, (7),

Ra= C0OH, Rb=H, Rc =Fh, R4 =methyl, This hydrogen
is available and now the Pschorr and Widman-Stoermer
reactions are both possible. Mayer and Balle12
have shown that diazotisation of fhié latter ethylene
yields z2-methylphenanthrene-l0-carboxylic acid, (8),

CHyg
x

|
(/L N
_ CooH \\\(47 "~ COOH

HONoO

i
—_— !

/’\\\‘//‘

|_ y
(8)

The non-formation of cinnoline in these cases is at-

tributable either to the aryl residué on the ®-carbon

or the carboxyl on the <-carbon or to both. Furither

Sachs and Hilpertl5 have shown that 2-aminostilbenes

in which both <-and ¢ -ethylenic carbon atoms carry

hydrogené decompose on diazotisation, However,

Ruggli and Staubl% have shown these were trans

derivatives and if the cis forms are used phenanthrene 

can be obtained in 80% yield. Ruggli and Dingert®



have diazotised other cis- and trans-stilbenes and

have inno‘case isolated any nitrogen containing

compounds. We must therefore conclude that cinnoline
formation is inhibifed when, (9), Rb# aryl or other

negative group and , Ra=H, or COOH.

Ra

P
\)N“a,

' (s)

This ié in agreement with Simpson's suggested mech-
anism, viz, that the ® -carbon atom must be relatively
'negative. ‘

The mechanism of the 4-hydroxycinnoline synthests,
discovered accidently by Borsche and Herbert, (footnote)
and so aptly used.ﬁy Simpson and co workers, has
further supported Simpson's theory of cinnoline formation.
During the diazotisation of o-aminoacetophenones,
enolization of the ketone must occur at some stage

in order that cyclization may take place, (10).

o OH
ol o
/\Wl/c\cn3 /\I/C\(gﬂz
\/ Ny AN N,*
‘ \
5 (10)
RN
| +
. i N + H
. NNF

footmote: They were carrying out the Sandmeyer reaction
to obtain o~-Br-acetophenone,

7

>
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Leonard has suggested that the reaction may involve

an intramolecular coupling &f the diazonium kation
with an eholate anion, this would be akin to the coupl—l
ing reaction of diazonium'salts with phenoxide ions

to form azo dyes.. This mechanism is highly untenable -
as’cinnoline cyclization‘takes place in concentrated
acid whereas diazonium coupling takes place in basic .
solution., Further Hodgson and Marsden~ have stated
that in the coupling reaction of diazomium salts under
alkaline conditions the reactive species is not the
simple diaﬁonium ioh. Waysonls sets out the accepted
mechanism for édid-Catalyéed enolization of a carb-
onyl group and Simpson19 has interpreted the mechan-

ism of cinnoline formation by the following series of

transformations, (11).




.He has found that the yield of cinnoline from a given
diazotised ©6-aminoacetophenone is a competition react-~
ion of the diazonium kation for the negative @-carbon
atom or-the reaction of the.diazonium kation to form
a hyd:oxyl group. In keeping with this theory he has
found a high yield of cinnoline using high acid
concentration and low temperature. Simpson has also
studied the formation of cinnoline when groups that
will vary the basicity of the amino gfoup are present
in the ring of the o-aminoacetophenone. Electron
atiractive grbups para to the amino'group will produce
a relatively weaker base, On diazotisation these
weak bases will prbduce a relatively more positive
diazonium kation, and an expected higher yield of the
corrésponding cinnoline, Included is a table compiled
from Simpson's separate papers which clearly bears

out this theory.

Cinnoline Con@itions Yield
4-0H 75% HpSO, and Hic, 10-90° 10%
n
- ~ 3.5N"HC1, room temp. 4
" cone. HOl 50-60o P 78%
7-C1-80H 51\T a3
n . SN H , 28 days e 20° ' 3ok
] then 7 -8 O for 1 hour 81%
ot conc HC1 - 90%
4-0H-3-methyl 2N HC1, room temp. 18%
" ~ conc HC1, ' 83%
6~Cl~-4-0H~ - ’ ‘
7-methyl 5N HCl 70-—80° 90%
2N HC1, 70-80° 5% an
of
Phenol



From the foregoing consideratioﬁs we conclude that‘
the ease of formation and the yields of cinnoline
depend on two factoré, the availability of electroans
on the g¢-carbon atom and the weakness of the amino

group of the‘ortho-amino compound.

*

THERRETICAL TII

20 pas shown that the basic center of

Simpson
4-methylcinnblines is at Hy. He attempted %o pfoduce
quaternary salts of 4-methylecinnoline and by a study
of their decomposition reactions detérmine the position
of attachment of the quaternary group thereby locating
the center of basic character of the compound.

The methiodide obtained from 64chloro-4-amino;
cinnoline, (11), on treatment with hot alkaii proved
to be 6-chloro-l-methyl-4-cinnoldne, (12), identified
as the same product obtained by tmeatment’of 6~
chloro-4-hydroxycinnoline with methyl sulphate.
Whereas‘treatmenf of 4,6-dichlorocinnoline with
sodium methoxide yielded the isomeric 6-chloro-4-

methoxycinnoline, (13).

10



ocH3
cl (\\ X c\( ] ‘\' dK\’ X
AN N 5 N '
™ N >SN e te
' CHy CHy
(1la) | (12) (13)

The pesition of quaternary salt formation in 6-chloro-
4-aminocinnoline is thus established at Ny,  Further
the condensation of 4-methylcinnoline ethiodide with
p-dimethylaminobenzaldehyde21 to produce dyes shows
enhanced activity of the 4 position due to the basic
character of Njp. Jacobs et al.”2 we able to condense
4-methylcinnoline with benzaldehyde in the presence of
zine chloride, (14), a reaction akin to the condensat-

ion of benzaldehyde with 2,4-dinitrotoluene, (15).

ugﬁ‘ CH=CH Ph
F AN AN X
» _Phcho ] (14)
‘ . .
\\ . N Zhcl, _ \ -N¢N

CHy | cH=chPh ' |
(//,//JJN% PhcHo . {fﬁﬁ\\T‘Noz
K ‘ (15)
\§ho | \§”//J
2 NO,

These facts point to Nj as the basic center of 4-

substituted éinnolines, this being the position of
highest electron density.

Because the duthor was interested in the'formation
of quaternary salts of cinnoline, a consideratien
of the factors affecting quaternary.salt formation

in general was undertsken.

Menschutkin®3 studied the reaction of triethy-
11 :
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amine with,alkyl-halides in acetone at lOOo'_He

found the reaction to be bimolecular and his
relative veloclity cofficients are given in the

following table,

methyl . 1140,0
ethyl : 10.0
n-propyl : : ‘ 1.93
n-butyl 1.28
n;heptyl ' ‘ .1,08 .
n-octyl | | - 1.0 |

Long24-has measured the rates of interaction of cyelie
teriary bases with organic halides to form quaternary
salts. -His pesults were of the same order as

Menschutkin's, Thoma325 studied the effects of

various alkyl groups and some nuclear substituents

on theAreactivities of tertiary aromatice béses with-

orgapohalides, however, as was the-mode_of the dgy,

he explained any variations in reactivity of

substituted bases or hélides by steric hindrances,

A-modern theory of reaction mechanism and
reactivity of variouﬁ substituted bases and halides

is now at hand. It has been often said that the

elements lying between helium and neon cannot

gxpgﬁd their yalence sheil beyond and octet. All

bfforts_to obtain derivatives of 5-covalegt nitrogen

@gvé been unsuccessful. Schlenk and Hotlzasprepgred
‘compounds containing |

12



3} hydrocarbon groups ie, té%ameﬁhylammonium benzyl,
however they found them to behave as ionized salts

(CH5)4N5+ R . Attempts to obtain compounds with

5 simple alkyl groups by the interaction of guater-

nary ammonium halides with metal alkyls were unsuccess-

ful®7, Further in no case was the alkyl group derived

- from the metal found enter the valence shell.of the

‘nitrogen atom, It must be assumed then that the

nitrogen atom with its 5 valéncé eledtrons can coo-

rdinate 3 alkyl groups; each ﬁonating anﬂ;electron;

and then will share its pair of electrons with any

electron seeking reagent, but it will not coordinate

more than 4 groups directly in its valence shell.
Baker28'has make ani: exhaustive study of the factors

affedting quatérnany salt formation. He has shown

the reaction of substituted benzyl-halides with

pyridine to form salts proceeds by two steps, a),

the anionisation of the halogen and, b), coordinat-

ion of thevnitrgen atom with its electron pair to

the now eleétron deficient Méthylene system} We

‘see then that in salt formation the electron pair

of the nitrogen accepts the free aryl residue only

after agionisation has taken place. It is theréfore

clear that nuclear substituents ih thé halide which

'enhance accession of electrons to side chain, ié,

CHz, OCHz, will enhance salt formation and vice versa.

Hence anionisation of the halogen is the main factor

13



in determining relative reactivities of benzyl-halides
in reactions with pyridine.

Alteration of the halogen atom for any given
benzyl nucleus introduces. a striking anomaly. Since
thé velocity of the reaction is determined mainly by
the ability for anionisation of the halogen it would
be expected to increase in the order of electron
affinity I<Br<«Cl, However the experimental order
for quaternary salt fdrmation ig found tQ be the
reverse Cl< Br< 1. This suggests a consideration
as ﬁo whether the ease of separation of the halogen atom
‘as a negative ilon is necessarily the same as the
order of anionic stabilities of the halide ions.

Considering again nuclear substitﬁents, Bakei'29
found that p-methoxybenzyl-halides formed pyridinium
salts so fast the velocity could not be measured. He
suggests that the resonance effect of the p-methoxy
group is strong enough to produce an "ipnized salt"
from of the halide, (16). We see then in this case
anionisatién? the rate determing step in the reactiony
has occurred even before the pyridine is present.

Footnote.

(16)

footnote. See under discussion.



As a further‘consideration in salt formation
mechanism Bakerzo has shown that asctivation energies
for the reaction of benzyl-bromide with pyridine are
almost identical with those of ol -picoline. If basic
strength is a measure of electron aveilability then
as O.-picoline is ten times as strong abase as pyrid-
ine, electron availability can have little»effect on
quaternary salt formation.  “w..u i,

In summary Baker has shown that the reaction
between benzyl-halides and tertiary bases is bimolecular
and involves simultaneous addition and dissociation

denoted by the electron cycle, (17). Although the
R e
0511531:"\1;1--[}3:-. — — CgHgN: Ar}Br

an
energy of activation is unaffected by substitueht o
groups in the aryl nucleus the velocify of the reéct-
iof is altered. Electron accession increases react- a
ilon veloéity up to a point but on the other hand
‘electron recession decreasesfthe velocity.  Greater
recession from the side-chain thahm that produced by
para-nitro in the nucleus, alters the mechanism_
and greatly increases the velocity. It is to be con- .
sidered that the electron cycle above is to be comp-
leted before salt formation-will occur, however,
initiation of this_cycle can occur by the incipient
aniohisation of the halogen; (a above), or the electro-

striction of the tertiary base, (b above). Baker has

15



found -that the critical point where the probability
for initiation of the reaction by methods (a) and

(b) is equal is at para-nitrobenzyl-halide. We

can therfore say that all groups in thevnucleus

that repel electrons and all attracting groups down
to para-nitro react by method fa) and all more power-
ful electron attracting gfodps.react by method (D).

Such a view also accomodated the experimental
effedt of solvent on salt formation. The gréater
the ionizing power off the solvent the more pronounced
will be the effect of substituent groups in the halide
nucleus in enhancing or retarding the anionisation
of the hélide ion, Baker51 showed that the retarding
influence of a paranitro substituent is clearly
existent in 90% ethanol but is absent in dry acetone.
in the face of such results it‘seems difficult to any
longer assume that in non ionizing solvents, the
general inductive polar effect of substituents in
the halide hucleus is concefned With the'polarizability
or polarization}of the carbon-halogen bond.

The author would like to point out that Baker
ﬁeasured his rates of reaftion by titration of‘the
halide ¥én with siliver nitrate. He therefore made
the assumption that the rate of sélt formation was
a true function of the concentration of ionic halide
present in solﬁtion. The @uthor has found that some
of these quaternary salts do ndt behave as ionized

salts,

16
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DISCUSSION.,

.In order to synthesize the guaternary salt which
is the analogue of papaverine twoﬁproducts, 6,7,-41-
methoxycinnoline and 3,4-dimethoxybenzylchloride are

required.

cH, d
CH.0 \ /\
H, Y/f ] (////H
CHzo \\\ i ) \\\6 < OCH,
H

Neither of these compounds are reported in the lit-
erature and so an attempted synthesis of these two

compounds was undertaken. (18) and (19).

/\ Iy : f
Al R ’ ©CHy HNgy R 7 l" C-CHy
cH,coc! i i No

\\, ' : 2 ’

R
N .
b e -
chy ' ey
i '
ML | &n  =Heo |
R ! T i
. 1\\\ NHZ ‘ R \

e £

CH, _
- K\ S .-.) Ph cHo
HoNo I i) Kmnog
AN NéN R




| . ‘ CH, 0 CHpel
/ \[ HCl ' / \l
' ;

L\ )cscu3 A J ocH,
" OCHa

OCH, (19) |
Erlendsqnaz'hé.s studied th? Blanc re'a.cf.Aion and
gide chain chlorination using sulphuryl chloride.
Although he did not obtain d,4~-Gimethoxybenzyl chlor-
ide by either bf the above’methéds he did obtain the
following alkyl substituted benzyl chlorides. (19a) .

gt{acl
N | CHy0 7
/!, Hel | !
.o N o
CH, - CHy
lv CHao /
\c”z \\\
cH,
ock, oc (19a)
3
/\l CHyo 7 es,cl
‘\\\ /" | Hel . c);na\\\/,
oCHy OCH,
/\ CH 7 /\ICHQCI
, 3 So,cl,
§ ‘cns catylst N JcH

18



From the theoretical considerqtions alrgady
presented, page.7, it is seen &hat the 2-iso propenyl-
4,5-dimethoxyaniline, (18f), will produce a weakly
positive diazonium kation and an expected lower
yield of cihnpline than the co?responding ansubstitut-
ed derivative; .Simpson has oﬁtained the ketone, (184),
and has converted it to the corresponding 4-0H-6,7-
dimethoxycinnoline., No referénce has been made to
the reaction of this ketone by}thé method proposed by
the author. The ketone has been obtained but
reduction of the nitro group tq the amine has consist-
ently given poor yields and difficuly has been
encountered in the reaction of this ketone with CHgﬁgI

For considérations regardihg the formation of
substituted benzylchorides theireader is referred to
H.M. Earlenton®2, He has in éonjunotion with the
author_prepared a'number of mono~ and di-substitutéd
benzyl-halides. In ggneral the reactivity of the
halide increases with Baker's theory of substituent
groups in the nucleus, page (13).. Para-methoxy: -
benzyl-dhloride was found to be so reattive that
it decomposed even on distillatioh at reduced pressure.
The chloromethylation of hydroquinonedimethylether
proceeded to the disubstituted product, and the three
2ylyl chlorides converted to the éorresponding iodides
with sodium iodide were sfable only a few days. From
.this experimental evidence it would‘seem that 3,4-

dimethoxybenzyl-halides are diffieult to obtain and unstable.

19



~ If Bakers theory of quatgrng?y salt formatiod
is correect, [page 15), then, é,?-dimethoxycinnoline
and 3,45dimethoxybeniy1 chloride would be éxpected
to readily form a salt, ie, N3 of the cinnoline is a
relatively strong basg due to the electron releasing
groups in the nucleus. " The anion&sation of the chloride
of the d,4-dimethoxybenzyl chloride is made more facile
by electron accession in the side chain due to the
~electron releasing para-methoxyl group.

Almost no work has been reported on quaternary

salt formation in the cinnoline serieszo. While
the attempted synthesis of 6,7—q1m§thoxycinnoline‘
and 3, 4-dimethbxybénzyi chloride wés being under-
taken the author made a study of salt formation
of the readlly available 4-methylcinnoline and some of
the more common organ;c-halides. The results of this
investigation are summarized in the table, (20), and
shows for the majority of aryl-halides used for
reaction With,é-methylcinnoline,fcomparatively_few
salts wefe.isolafed in a qrystaliine condition.

Ba,ker28

-studied the rates of reactionAof benzyl-

halides with pyridine in dnj ace%oné. In order to
.preveht errors in his results from hydrolysis of the
unused bénzyl-halides due to theipiésence of moisture in
the solvegt he used the hygroscopic properties of the

quaternary salts to dry the-aceténe before use, He

20



e o Table (20)

base halide - color change

Quinoline CHSI _ ' - clear-yellow 1
" CBH5I o clear-pale yellow 2
n benzylchloride . clear-red 3
n benzylbromide clear-cream 4
n benzyliodide 1 clear-yellow S
n _ «p-NOz-benzylbromideﬁ _- clear-red 6
z,é_-aimethyl- CHzX yellow white 7
quinoline Gzﬂsl ’ i i‘ yellow-red 8
LI benzylchloride no resction - °
4—methyl— CH,I , | _ yellow-orange 10
cinnoline CoHsI o yellow-red 11
" n-C4HgBr B yellow-green 12
n - benzylchloride & : yellow-green 13
n benzylbromide | yellow-brown 14
" g benzyliodide yellow-red 15
n 3-Me~benzylchloride l no reaction .16
n 2-Me-benzylchloride . yellow=blue 17
" 4-Me-benzylchloride - no reaction 18
" 2-0H-4-NOg-benzylchloride yellow-green 19
n 5,4~diMé—benzylch;oride yellow-green 20
" 2,4-&£Me—benzylohloride yellow-blue 21
" 1,4-a1me-pegzylchioriae 'yellow-blue 22
" 0-Cl~benzylchloride u yellow—dérk.specks 23
" p~-Cl-benzylchloride yellow~-dark specks 24
2w - 2,4-aicl-benzyloh1§r;de ~ yellow-blue 25
" f 3,4saicl-benzy1chloriae ~ no remetion @ 26

w p-KOo-benzylbromide yellow-pink-white 27
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time

form-of salt

: mp.OC.

22

remarks

1 g hour fine yellow needles 135 reported 133
2 8 days fine yellow prisms | 1454 n 158
5 reflux coarse red prisms 113 " 65 & 170

: 24 hours ,

4 " coarse cream prisms- 192.5d

5 ". coarse yelldw needlgs E-15§ 'fep&rted 135
-6 n red prisms 198 turns yellow at mp.
'7 o dBys yellow white needle§ 240 reported 237
8 10 days ‘

-é lo_days

16 4 hour oranée needles 1964 reported 169
11 4 hours  red needles 154 " 1sa
12 8 days green soiid hygroscopic
13 90 days greén 0il

14 18 hours yeilow needies ~hygroscopic
15 3 hours yeilow red needles "

16 8 days -

17 8 days clear blue prisms hygroscopic
18 16 days .

19 30 seconds green prisms 76

20 -8 days green oil

21 - 8 days blue prisms hygroscopic
22 4 days élear blue prismé undér 50 "

23 8 days dark scales ' decomposition
24 8 @ays _piue green'prisms | nggﬁoscgpio
25 8 days clear prismas 91

26 8 days ‘

27 3 nours fine green needles 262



did not isolate any of‘the salts but merely titrated the
halide ion at various times with agueous silver nitrate.
The author believes that certain of the salts
described in the pable are so0 hygroscopic that their
’isolation as crystallihe compounds is not feasible.
Farther it is considered that salt formatiop has
occurred in all cases due to the-separation of a
hydreated oillffom the original homogeneous solution.
That this is so isseen 1@ the formation of yellow
needle like crystals»from a solution of’é-methylcinn-
oline and bénéyl—iodide in dry ether in a sealed ampoule,
These orystols.liouify to a greén 0il on exposure to
the atmosphere. As»fufther evidence that salt formation
has ocourped(tho aophor presonts the}following ex-
'po?imeotai_evideooé.“_ The precipitationAof silver
halides on addition of aqueous silver nitrate to
etheral solutions of the oils tekes place at a velocity
far exceeding the rate of hydrolysis of.the free
organic-halides. This would iﬂdioate the presence
of an ionized halide ion. The ad@ition of aqueous
alkali to both isolated crystallino salto and hydrated
0ils results in the formation of blue dyes indicative

of quaternary ammonium hydroxides,43.z
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It has already been stated,?page (15), Baker

studied the rates of reaction of benzyl-halides with
electron repelling groups in the nucleus of the basic
constituent. In order to examine the effeet of electiron
attracting sgbstituents an attempted synthesis of 6-
‘gitro-éémethy1cinnoline was undertaken by way of the
following reactions, (21). This synthesis was not
completed as it was felt that if salts of 4-methyl-
cinnoline could not be isolatedﬂ there is no reason

to expect thé less resctive 6-nitro—4~methyloinnoline

would form salts capable of isolation and analysis.

™~
K l co0ch cHycocl - /\] COOoCH,
\./iN“z \\/ENHJ{.H,

coocM3 CHBMqI No. /\/C_,CH3

NH CCH \\



EXPER IMENTAL .

o-isopropene-agiline_

A solution of 50g. of methylenthranilate in
56000. of ether was added &uring stirring over £
hour to CHgMgI. (made from Mgé 4Qg.; CHzI 240&.
ether 750cec., 4 moles of Grignerd;are required for
each mole of ester used. ). A The temperature was
meintained below 0°C. during the addition and the
yellow suspension was then heated<under reflux for
| 5 hours. The mixture was cooled and poured into
NH4Cl and ice and ether layer allowed to separate.
The water layer was further extrecFed with fresh
epher and ;hé comb;ned»extractswdried over anhydroue
MgSO4 and the solvent removed by distillation. eSg.
of the oily carbinol was recovered} Acetylation with
cold Ac20 gave a solid derivative after % hour.
reeg%stallizetion from benzene-ligrein gave.needles,
mp. 146o , Simpson, mp. 146-1470.

The tertiary.alcehol was then dehydrated in a
Dean and Stark tube with the ai& o; 250cc; of dry
toluene and a small crystal of iodine. The theo-~
retical amount of water was obtained in 4 hours.
The toluene was removed under redueed preséure and
the residue distilled using a mirror Jacketed.
Vigreux column, bp. of the olefin 84°/4mm; Jacobs
et al] bp. 83.5 - 87,5 /l-2un.~B5g. 79% of the

theoretical was recovered.
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4;methquinnoline" ' _ o

- 30g. of the olefin was dissolved in a.solﬁtion
of 60cc. of Qqné. HCl in ZOOcc.;of'watef. The sol-
ution was cooled to 5° and thesuSpqnsion obtained
was diazotised with 20% NaNOp until a positive test
was immediately obtaiﬁed with starch-iodide paprer.
The clear dark green solution was diluted to 400cc.
and warmed during 3 hour to 50° on a water bath

and held at that temperature till the coupling
reaction with alkaline %-naphthol became negative.
.At this stage the rgaction mixture had changed
color to a deep red. The systém was connected to
a gas burette to determine the amount of deaminat-
iqn egcuring in the reaction; 200cc. qf gas were
collected which is a neligible amount. The sol-
ution waé maﬁe‘baéic with aqueous NaOH and extracted
with ether in a contimuous extractor for 3 days. '
The ether eiktracts were dried and evaporation of
the ether yielded yellow green cryétals, A samﬁle
recrystallized frqm'hexane gave mp, 72 - 7#0.
Jacobs et al. mp. 72.5 - 74°, Distillation of
-the ether residue under reduced pressure yielded
24g. of a grey green solid, bp.1155° /4mm, Jacobs
et al bp. 185-137° / Zmn. Recrystallization from -
hexeane ggve;grey-yellow needleé#mp; 740. Nitrogen
‘cale. 19.4%. found 18.9%. Yield from methyl-
anthranilate used was 50% of the theoretical.
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Acetoveratrone

62g. of acetyl chloride was added to lOOg. of
vertrole in 260cc. of carbon disulphide in a 1 liter
conical flask cooled to below -'10°, 100g. of
powdered AlClgy (prattical grade), was added in
small portions with constant shakihg. As the reaction
-proceeded the magenta colored cémplex settled out
in round rough stones and hydrogen chloride was évolved.
After all the AlClz had been added to reaction mixture
was heated under reflux to 50° on a water bath for %
_hour. The resulting clear 1ayer 6f CSg was decanted
and the addition of crushed ice decomposed the | |
complex giving & brown oily lajer end & collodial
Al{OH)é layer. The whole was filtered through sint-
ered glasg using a ﬁilﬁer aid and the gily layer
separated.' The water layer was extracted with CHClz
and the extracts added to the oil whereupon emulsificat-
ion of the oil took place, On drying over MgSOs and
evaporation of the solyent the résidue was distilled
under reduced pressure. Yield 83g; of clear oil bp.
127-130° / lmm. 63% of the theoretical. The‘oil
erystallized on standing to a white solid ‘mp. 50 °.v
Koepfli and Perk1n53, bD.. 160-162° /10mm.,
Oxime mp. 137.5 - 128°
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E;gitrqgcetqyeratrong 34}

54g.“6f powdered of ligquid scetoveratrone was
added in small portions to a mechaniocally stirred
mixture of HNOZ (88cc. d 1.42 ) and conc. HyS0, (80cc.)
the temperatgre maintained betwpen -50 ang -2° during
the addition. The nitroketone‘usually but not always
began to crystalliée after the last of the ketone had
been added. The mixture was stirred at the reaction
temperature for a further %.hour ﬁnd the mass was
then poured into water. The nitro-compound was worked
up in the usual way and recrystallized from ethanol.
515._of long golden needles mp. 132-134°, Simpson,34
mp. 133-135°, Yield 75% of the theoretical.

6~éminoéc§toveratrone.

8o b5g. of 6-nitroacet0veratrone in acetic acid
(4009.) was heated on a steam bath with iron powder
7.5g. added in small portions during 1 hour with
- frequent shaking. Addition of 10ce. portions of
water were made at the start of the reaction and after
£ hour, After a total of 13} hours the.mixturexﬂas
diluted with 50% sodium acetate till cloudy and |
extracted with CHClé $111 extracts were no longer
colored. The mxtracts were dried with kgCOz ani the
solvent removed on a steam bath; the.residue was
taken'up in dilute HCI1, treated with Darco and
precipitated with dilute NaOH. 2g. of yellow erystal-

28



line méterial.were obtained. A sample recrtstallized
from ether gave yellow_brown needles mp. 100-1040.

Simpson34 mp. 103-105°,

b. Reduction of Gfpitroacetoverétrone with an. Adam's
machine using Raney nickel catalyst was attempfé&

with varying pressures and temperatures, however no
good yields were obtained and in all cases the product
was contaminated with dark.material which could énly

be removed by distillation.

C. Reduction of the nitro compound was atfémpfed
using thg method of West:55 by iron powder in HC1l and
methanol. However reduction was incomplete by this

method.,

Note; all the amiﬁoacetoveratrone.obtained in
geveral runs was distilled under greatly reduced
préssure when a total of 20g. of yellow crystalline
dolid was obtained, bp. 150o /b.lmm. |

(2-amino-4,5-dimethoxy -phenyl}-dime thyl-carbinol.
(19;55, .1 mole) of 6-aminoacetoveratrone in

lOOcc.'of_toluene was added during stirring to

CHzMgI (.31 moles) méde frém Mg, and'CHgl in ether.

The temperature was maintained at 0° during the ad-

difion and,a yewllow green suspension was obtained,

A further 200cc. of toluene was added and the mixture

[}
I
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warmed and the ~ether removed by distillation. When
all of the ethe: had_been driven off the mixture was
refluxed for 2 hours, cooled and poured into ice and
NH,4C1. The toluene layerlwas éepérated and the Water
layer made neutral with sodium ?detate, and extracted
with CHClz. The toluene and CHClé lajers were separately
evapbrated and the residue from both taken up-in d4il.,
HCl, filterea through Darco andﬂon making basic with
dil. NaOH.3g. of a white solid washobtained.

The difficulty in this reaction is the slight
. solubility o& the amino-ketone in solvents suitable for

the Grignard reaction.

N-acetyl-mefhyl anthranilate

1 mole of methyl anthranilate was added to 1.1
moles of acetic anmhydride aﬁd warmed to Just below
the boiling point for 1 hour. The mixture was then
cooled and poured into dilute sodium acetate and the
white crystalline solid recrystallized from ethanol.
180g. of feorystallizea matepialAmglooo was obtained.
yield 93% of the theoretical. o

5-nitro-N-acetyl-methyl anthranilate
Nitration of N~acetyl-methyl anthranilate was

36 ; The crude

carried out ﬁsing the method of Vogel
nitro-compound was recrystallized from ethanol,

mp.162°.

20



‘Note; It was hopgd to carry out a Grignard reaction
with this nitro compound as the table (21) shows.
.However the nitro compound is insoluble in Grignard
reaction_solvents and so it was;decided to hydrolize
the nitro compoundvto the correépohding amino-acid
.and esterﬁy and then to try the Grignard reaction

on the more soluble amlno ester.

S-nitro- anthranilic acid. .

The hydrolysis of the amide (5-hitro—N-acetyl—methy1
anthranilate) was carried out in 70% H2S0, using the
method of Vogelzv. Difficulty was encountered in
recovering the amino acid from the 70p HZSO4. The
best method was to dilute thevacid solution with an
equal volume qfvwatgf gnquop>cooling in an ice bath
a yellow sludge settled out. This syudge was collected
on & sintered glass funnel using a Iilt;r aid, and
was dissolved from the filter cake using boiling
ethanol, Evaporation of some of the SOlvenf gave

fine yellow néedles mp. 265°, Reported °° 280° (263°)

Qnaternary Salts - - - -
411 sslts were maie by mixing equal molar ouant-

ities of base and halide in dry ether and-allowed to
standat room temp. tillvsalt formation hed occurred.
When possible they were recrystailized from ether
containing a little ethanol. Note:i In most cases
| refluxing to incerease the rate of reaction lead to

3l
decomposition.



Benzvl chloride _
B.D.H. benzyl chloride was distilled under ‘
reduced préssure anmd the fraction boiling at 46 ,5°

/ 7Tmm. was collected.

Benzyl bromide

2 moles of bromine was added“th?ough a dropping
funnel to 2.1 moles of boiling toluene irradiated with
a 150 watt lamp. After addition of the bromine
was complete ( 1 hour ) the mixture was refluxed till
the evolution of HBr had ceaeed. The mixture was
then distilled and afternforerun of toluene the
benzyl bromide was collected bp. 195-205°, Sehramm59
196°. and 127°/80mm. Redistillation through a |
short column gave 2208. of‘clear licuid bp. 68 / 5mm
Yield of pure product 65% of the theoretioal.

Benzyl iodide.

To. 100g. of gsodium iodide in 500g. of acetone
was added 63g. of redistilled benzyl chloride. The
solution was refluxed for 4 houre, cooled and the
precipitate of sodium chloride filﬁered off. The
acetone was removed and the benz&i}iodide distilled
undenreduced pressure bp. 82° / 7. The distillate
was shaken with s smali portion of msrcury to remove
tfaces of iodine and then redistilled, bp. 83° / Tmm,
Heilbron® ©3° /10 mm.
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- SUPPLEMENT

_ In_an investigation being carried out by Mr.
G.G;Sw Dutton it was re@uired to synthesize all the
o~ and p-hydroxy-n-alkyl-phenols'with alkyl groups
containing ffom 1l to 7 carbons._ This suoplement
represents a portion of the eyperimental work done
by the author during the period in which the main

thesis was being prepared.
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Acid Chlorides _ , _ ‘

.Ehe acid chlorides of all acids“usgd to make
esters were m&de in the following way.

-1 mole of the acid was addedjslowly through a

dropping funnel to 1.1 moles of redistilled thionyl

chlroide cooled to 0°cC. The réacfion mixture was
shaken periodicaly and when all of the acid had been
added the mixturé was warmed till the evolution of
HC1 wa.s complete and then heated under reflux for
1 hour. The mixture was then distilled and the
forerun of thionyl chloride collected and then |
' the crude acid chloride. Redistillation through
a short.column gave acid chloride of a purity suitable
for use. - Yields range 76-90%.
Phenyl esters

Phepyl esterms were prepared in the following
manner .,

1. mole of the acid chloride was pomred in &
thin stream onto 1.1 moles of pﬁenél. ‘The mixture
wes heated until the evolution of hydrogen chloride
was complete an§ the ester distilled. If a large
boiling range was observed the estgr wasg redistilled

through a short column. Yields ranged 80-90%.
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p-hydroxygqetpphenope | N
To 27Zg.lof bphenylacetate in‘ll40cc. of

purified hitiobenzeng in a flask cooled to below
209C, was addedAéobg. of powdered Al1Clz (practical
grade) with shaking, The temperature was maintained
below 20°C. during the addition and the resulting
brown suspepsion allowed to stand overnight at room
temperature.' The solution was then warmed on a water
bath té 50°C. for 1 hour, cooled and poured into
vice and HC1l. The nitrobengene was removed by steam
distillation ané.the residue crystallized from the
water on cooling. Yield of crude product 200g.

The product was found difficult to purify without
loss of material. Distillation under reduced
pressure gave a pink 0il b.p. 155-16090 /2mm,
which solidified on standing. Treatment of the
crude product with NaOH, charcgal and a filter aid,
followed by acidification yielded yellow crystals,
MmeDe ;06-1Q7°C.‘m.p. of the pure compound 1098C.

In 4‘runs the yields varied.fro@ 50-60%.
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o-and pfhydroxyggetophenpne.

| __IZQg. pf phenylagetate was added in small

portions o 180g. of AlCly (practical grade) which
had been preheated to 70°C.  The evolution of HC1
was very rapid and the temperature of the mixture
rose to about 150005- Heat was applied to maihtain
the temperature at 140°C., for %Thour. The reaction

' mixture‘waé cooled somewhat and a miiture of 500cec.
of conec. HClvin'soocc. of water waé added in portions
to the flask. A violent reaction followed and the
dark complex gave way to a red‘oil.# The 0il was
separated and washed with 50% HCl and with warm
water, The water layer and washings were cooled

and extracted with two 100cc. pobtions of ether.

The ether extracts were added 'B‘o'. the oil and
the ether ahd water removed at the pump. . Distillation
of the résidual 0il gave 34g. 28%, of clear oil

bp. 77-80°C. /lmm. and Vsog. '50%; of a pink solid

bp. 155-160°C. / Llmn. |

#. It would be more profitable to hydrolyze
lower members of the series with ice and HC1l due

to the rate of hydrolysis.
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0- and‘p-hydroxyﬁutyplphenone_

100g. (.6 moles)_of the ester was added in small
portions to 119g. (.8 moles) of AlCly which had been
preheated to 70°,  The evolutioh of HCl was rapid and
the temperature of the mixture rose to about 135°.
- Heat was applled to maintain the temperature at 140
for £ hour. The reaction mixtqre»was cooled to 3Q
amd a mixture of 300cc. of conc. HCl and 450cc. of
warm waperAwas added in portions to the resasction
mixture. The yellow grey.complex dissolved and gave
way to a bright red oil. The mixture was again cooled
to 30° and the o0il separated, washed with 50% HC1 and
with warm water, The wet oil Was distilled and after
removal of the water 32g. 32% of clear oil, bp.
105° /2mm., and 40g. 40% pf a white solid, bp 160-
173° /2mm, were obtained.

o~ andvp;hydroxy-n-valerophenone

89g. of ester at 70° was added in a thin stream
to 90g. of AlClp (practical grade) preheated to 50°
and the temperature rose to 14095 U’The mixture was
then heated to 150°-160° for £ hour and then cooled
to 400. 250ce. of cone. HC1l 1ne250g. of water
was poured onto the orange mass. The mixture was
warmed until tbe cpmplex decomposed and while still
hot the brown 0il was separated,‘wgshed with warm

50% HCl and then with warm water., The wet oil on
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distillation yieled 39g. 44%, of the ortho isomer
bp. 1259 /'émm..and 40g. 45%,‘§f the para isomer bp.
185—1909‘/2.5mm. The pars isomer crystallized on
standing. -

o= and p-hydroxy iso valerophenone

178g. (1 mole) of the ester and 195g. (1.3 moles)
of AlCly was treated in the same manner as for n-
' valerophenones. Distillation under re&uged pressure
yielded 6500. 34%, of the ortho iébmer bp,‘101-105°
/ lmm. and 50cc. 41% of the para isomer bp. 160-168°
/ 1 mm. '

Hote: This work is still under way and the constants
for tﬁe'derivafives has not been completed@ although
2,4-dinitrophény1hydrazines, semicarbazones and
hydagtoina_of all the compounds listed have been

made.
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