CHAPTER IT

Studies_in the synthesis of 2-hydroxycinchoninic acids




- . GHAPTER II
Section I_

Bromoguinolipgs
Tgeo;égigal

The present work deals with the synthesié of
bromoquinoline derivatives, it will be, therefore, of
interest to review the preparation and properties of
halogenated quinolire derivatives. Jansen and Wibautl
were the first to carry out the bromination of quinoline
" in gaseous phase between'300-500° and found that the
first bromine atom only entered in the pyridine nucleus.
3-Bromoquinoline (1) was prepared by passing preheated
vapours of quinoline and bromine through a tube, filled
with pumice at 300O while at #50—5000 the product was
2~bromoquinoline (2) in 50-60 % yield.



Edinger2 howéver, prepared 3-bromoquinoline mo st
conveniently by direct bromination of quinoline in the
presence of a relatively large amount of sulphur. Presumably
sulphurylbromide is the actual brominating agent.Similarlj
Edinger and LubbergerB, Baker gg,g;;“ carried out the
chlorination of quinoline at 3—pos1tion by refluxing 1t
with sulphur dichloride;

Renshaw ard Friedmans observed that bromination
of quinoline with sulphur and bromine gave 3-bromoquimlir;e.
Heatirng 3-bromoquinolire with cornc.agmumonium hydroxide and
copper sulphate as catalyst in a rocking autoclave at 160"
for 2 hours and after extraction with ether gave 3-amino~-
quinoline, Mills and watsoné prepared 3-quirolinol (3) by
diazotisation of 3-aminoquinoline, which is in turn
prepared by treatment of 3-bromoquinoline with ammonia
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in the presence of copper.
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- l:,acoa;ta8 obtained a-bromoquinoline when a

solution of quinoline in hydrochloric acid was warmed with
bromine. Claus ard Cfr.)llis,chonn9 obtained the same compound
by heating the quiroline dibromide hydrobromide
CoHyN.HBr.Br, ard assigned it the structure of 4-bromo-
quinolire. But Deckerlo found that the above conipound was
3-bromoquiﬁoline by converting it into 3-bromocarbostyril(i)’

as under.,
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Meyer and Heilman  studied the action of bromine

“N

on 2,4-dihydroxyquinoline and obtained (?)-bromo-2,4-
dihydroxyquinoline in cold acetic acid in a quantitative
yield and with excess of bromine in hot got 3-bromo-2,4-
dihydroxyquinoline (5). Now 2,4-dihydroxyquinoline and

(?) -bromo -2 44+ -4 ihydroxyquinoline on oxidation with hot
potassium permanganate gave the same 2,4-dihydroxyquinolinic
acid while 3-bromo-2,4-dihydroxyquimlire on similar
oxidation gave 3~bromo-2,4-dihydroxyquinolinic acid(6).
Herce the bromine atom in (?)-bromo-2,4-dihydroxyquinoline
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is in undectected position in the benzene ring. Again(
2,4-dihydroxyquinoline,(?)—bromo—2,4-dihydroxyquinoline
and 3-bromo-2,4~-dihydroxyquimline on t}eatment with
phosphorus pentabromide gave 2,4-dibromo,(?),2,4kstribromo
and 2,3,4—tribrom0qu;noline (7) respectively. Therefore
the (7)-bromo derivative must not be the same 3—bromo—%,4—

dihydroxyquinoline (5).
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Riegel gg_g;tz have prepared 3-bromo-i-quimolinol
(8) from 4-guinolimol by'reacting it with bromine. Further
j—bromo-#-quinolinoll with phosphorus oxychloride gave
3-bromo-4-chlorogquinoline (9) but this compourd was
unreactive towards amines in the coupling reaction,so a
search for more reactive compound was made. 4-Quinolinol

on-treatment with phosphorus tribromide gave 3,4-dibromo-

quinoline (10) which was the starting material for the
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synthesis of the antimalarial drugs.
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Hardman and Partridgel3 studied the bromimation
of 2-amino-h-hydroxy-7-methylquinoline and observed that
the bromine sntered into the 3—position. The 3 ~bromo
derivative (11) on treatment with nitrous acid,furnished
the bromohydroxyquinoline and the removai of bromire by
reduction with raney alloy gave the dihydroxyquimline
from which the dichloroquimoline (12) was obtained on
treatment with phosphorus oxychloride. 2,4~Dihydroxy-
quiroline was also obtained when 2-amirmo-4-quinolinol was
fused at 250-—2900 with potassium hydroxide amd then
acidified with hydrochloric acid. Further bromination of
2-amirno~4-quinolinol in glacial acetic acid gave a mono-
bromo derivative which on treatment with nitrous acid
furnished the same bromo-2,h4-d ihydroxyquinoline (5) as

was obtained by a similar bromination of 2,4-dihydroxy-

-
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quiroline. Herce it 1is concluded that the bromine atom has
occupled the 3-position both in bromo =2 444=d 1hydroxyquinoline

and in 2-amino-bromo-i-quinolinol (13).
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Schofield and Swain™* carried out the brominstion of
6~-chloro- and é-bromo-4-hydroxyquinoline with bromine in
acetic acid and obtaired 6-chloro-3-bromo- (14) and 3,6-
dibromo -i-hydroxyquiroline (15) respectively.

oH OH
O ([S0F
>
Cru), K= &

CIs), Rz Ba
© Surrey and Cutlert®obtained ethyl L -hy droxy =3 =bromo -
quinalda‘t:e16 (17) from ethyl l+-hydroxyquinaldategg/;x
bromination with bromine in acetic acid in the presernce of

iodine as a catalyst.
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" Pajino et 5118 carried out the bromination of
quinaldine (20) in the presence of berontrifluoride acetic

acid and obtained monobromoquinaldire (21) with a small
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quantity of “W-dibromoquinaldine (22).
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Zaruma g&,g;i9 carried out the synthesis of
5=~bromoquiroline viz; bromiration of 8-acetamidoquinoline
(23) at 0° in acetic acid and adjustment to pH 9 with sodium
hydroxide gave 92 % yield of 5-bromo-8-acetamidoquinoline
(24) from which 5-bromo=8-amiroquinolins (25) was prepared
by hydrochloric acid.
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In the present work, bromination of 2-hydroxy-i-
methylquinoline derivatives and also the bromination of
acetoacetarylamides and their subsequemnt ring closure were
studied with the oﬁject of determining the reactivity in
the quinoline nucleus § whether the reaction was taking
-place on the pyridine part of the benzenoid part of the
quinoline rirg system. The problemr of proving structures
of the bromoguinolinejand bromoacetoacetarylamides is of
congiderable importance because it has created a large amount
of confusion in this field. Many controversial reports are
found in the literature about this. Direct bromination of
different 2-hydroxy-i4-methylquinoline derivatives 1n acetic
acid has been carried out and the corresponding 3-bromo

derivatives have been prepared.
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Krorr®® brominated acetoacetanilide (26) in chloroform
solution and cyeclised it to 3 =bromo -4 -methylcarbostyril {20).
He reported that the latter compound was identical with the
compound obtained by the action of bromine water on Y-methyl-
carbostyril. As under these conditions the bromine would
almost certainly occupy the 3-position so he claimed that

he had prepared a-bromoacetoacetanilide (27).
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(29) (30)

Later on Hasegawaa} and Cook?22 repeated the abéve
experiment in chloroform and regarded the product as
W-bromoacetoacetanilide (28)

Mehta et_all® brominated acetoacetanilide in
acetic acid with iodire as catalyst and claimed to have
obtaired a-bromoacetoacetanilide (27). They further

claimed that this product on cyclisation gave
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3=bromo ~4-methylearbostyril (30) which was identical with
the product obtained on bromination of Y-methylcarbostyril.
In view of these contradictory reports, it was
thought of interest to repeat the work by both the
procedures. In both the cases, however, the same produet
was obtained which 1s assigned W-bromoacetogcetanilide
structure (28) as it gave on cyeclisation L-bromomethyl-
carbostyril (29). The latter was different from the
3-bromo-4-methylcarbostyril (30) obtained by bromination
of L-methylcarbostyril. 4-Bromomethylecarbostyril (29) on
reduction with zine dust and acetic acid gave the knpwn
LY-methylegrbostyril while the 3-bromo derivative (30)
under similar condition remain unaffected. The structure
of W-bromogceto geetanilide (28) was further confirmed
by its NMR Spectra and also by its conversion to known

2-hydroxycinchoninic acid.

NMR_Spectra of w-brompacstoacetanlide (28) Fig.I
(56 445 M/S CDC13)

shift (&) ‘ Sigmals Assignﬁent
7427 Maltiplet S5H (Aromatic)
4,06 Singlet 224qBr-CH,-CO)
3.79 ginglet 2+ (C0-CH,-CO)

In view of the above results of bromination

WOI acetoagcetarylamide, it was thought of intersst to
31

study chlordnation of this compound. Bulow and King

reported that acetoacetanilide on chlorination with
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sulphuryl chloride gave a-chloroacetoacetanilide. The same
was prepared and its structure was confirmed on the basis

of NMR spectrum.

NMR Spectra of a-chlorocacetoacetanilide F.‘?.E

( 56445 M/S CDOL 3)

shifrs (§) Signals Assignment
727 Miltiplet 58 (Aromatic)
.4.‘;6 Sirglet 1H -CO-CHC1-CO-
2 46 Singlet 3H -CO-CH,

It is interesting to note that bromination of
acetoacetanilide gives Y-bromo derivative while chlorination
gives a-chloro derivative,

Cook _ej:__git' studied The bromination with
N-bromosuce inimide. They prepared 3-bromo-4,8-dimethyl-
carbostyril (31) from 4,8-dimethylearbostyril with
N-bromosuccinimide in the presence of aluminium chloride
as catalyst. 8-Bromomethyl-4-methylearbostyril (32) was

the product when benzoylperoxide was used as catalyst.
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Campbell ég_gj?u prepared h-bromomethylquinoline,
an extremely unstable substance by‘the action.éf N-~bromo ~
succinimide on lepidine; It is well krown that N-bromo-
succinimide is a useful reagent for the side chain
bromination in aromatic methyl groups. However the bromine
will enter in side chain or nucleus depends upon the
reactivity of the compourd concerned. It was, therefore,
thought of interest to carry out the brpmination of
Yemethylecarbostyril and its derivatives with N-bromo-~
succinimide to establish the pattern of substitution
with this reagent. When bromination of 4-methylcarbostyril
was carried out with one mole of N-bromosuccinimide,no
def;nite pure product could bhe isolated from the reaction
mixture and so it was brominated with two ﬁoles'of
N-bromosucc inimide.In this reaction L4-bromomethyl-3-bromo-~
carbostyril was isolated in pure state and was identicél
with the product obtained by bromimation of L-bromomethyl -
carbostyril with bromine in acetic acid. It is interesting
to note that both side chain bromimation as well as ring

bromination eccurred in this case.

Bromination method of acetoacetgrylamides with

P T e e

(a) Bromine in acetic acid :

Acetoacetarylamide was dissolved in minimum
amount of hot glacial acetié acid and bromine in acetic
acid was added and left overnight: Some bromo compourds
separated on standing while others were obtained on
dilution with water.They were crystailised either from

alecohol or dilute acetic acid.



(b)
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Beomire in chlorofornm :

Acetoacetarylamide was dissolved in minimum

amount of chloroform and bromine in chloroform was added.

The product either separated or obtained on evaporation

of the solvent crystallised from dilute acetic acid or

alcohol or benzene.

4.
| 3 ?“LP)IL
OC\ : ocC
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(2%)

The melting point and the mixed m.p. of the

Webromo derivative obtained in both the cases was the

same. The following acetoacetarylamides are brominated

in the present work.

1)
2)
3)
)
5)
6)

~ ~ o~ — P .~ ~~ Ly
~3
N

8)
(9
(10)
(11)

Acetoacetanilide (28,R,=R,=Rj=H)
Acetoacet-p-toluidide(28,R;=R,=H,R3=CHj)
Acetoacet -p-anisidide (28,R;=0CH;,R,=R3=H)
Acetoqcet~p—chlo:oanilide(é8,Rl=”l,Rz=R3=H)
Acetoacet-m-chloroanilide (28,R;=R3=H,R,=C1)
Acetoacet—m—xylidide(é8,31=R3=GH3,R2=H)
Acetoacet-p-bromoanilide (28,R,=Br,R =R ;=H)
AcetOgcet—g-cthroanilide(é8,R1=RzzH,R3:G1)
Acetoacet-o¢-maphthylamide (28,R,-R3=benzo,R; =H)
Acetoacet-p-phenetidide (28,R;=0C ,Hy R ,=R3=H)
Acetoacet-p-toluidide (28, R, =CH; R ;=R 4=H)



Cyelisation of the W-bromoacetoacetarylamides to
L -bromomethylearbostyril derivatives with conc.
sulphuric acid : |

W-Bromoacetoacetarylamide was heated on a water
bath with conc.sulphuric gcid for 2-3 hr. The reaction
mixture gave the product on dilution with ice cold water.

It erystallised from glzeial acetic acid or alcohol.

&n ‘ ‘
EQL : Sy
Ry (7 l ° Sev, R & }/j
o N
R, Ry
(£9)

All fhe w-promo derivatives deseribed above were
cyclised with conc.sulphuric acid to the followirng
corresponding #-bromo—methyiigg;gﬁgiives.

1) 4~Broﬁomethylcarbostyril (29,R1=R =R 3=H)

2) 8-Methyl-k-bromomethylcarbostyril (29,R;=R,=H,R3=CH;)

3) 6-Methoxy-4-bromomethylearbostyril(29,R,=0CH;,R,=R;=H)

4) 6-Chloro-l4-bromomethylcarbostyril(29,R,=C1,R,=R=H)

5) 7-Chloro-li~bromomethylcarbostyril(29,R;=R3=H,R,=C1)

6) 6,8-Dimethyl-i-bromomethylearbostyril
(29,R;=R3=CHj3,Rp=H)

( 7) 6-Bromo-4-bromomethylcarbostyril(29,R,=Br,R,=R;=H)

(¢ 8) 8-Chloro-l-bromomethylcarbostyril(29,Ry =R =H,R3=C1)
(9 7,8-§enzo—4—bromomethylcarbostyrilk29,32—R3=benzo,RL=H)
(10) 6-Ethoxy-t-bromomethylearbostyril(29,R;=0C ;Hs,Re=R3=H)
(11 6—Méthyl-h—bromomethylcarbcstyril(29,Rl=GH3,Rz=R3=H5
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Reduction of Wabromomethylearbostyril to l=methyl-carbostyril

The above bromomethyl derivative (29) on treatment
with zine dust and glacial acetie acid was reduced to
Yumethylearbostyril, . The mixed m.p. with the Yemethylearbostyril
derivative prepared from eyeclisatiocn of acetcacetarylamide
with cone, sulphurie acid was not dépressed. No reduction

would have taken place if bromine werzin the three position
of the quinoline ring system,

cH By ‘ _ Ctig
- ]/j N ”Zh”+u4’;_wv+< \ /?
AN N ~/ OH \N/ OH
(LY
3
i
:
\ é
2],

4 CH:_:BJL
/j Ba
\ N/ OH

Bromination of Yemethylearbostyril derivatives ¢

(a) With bromine in acetic acid (b) With N-bromos
Suceinimide. in chloroform

(a) The h.methylecarbostyril was dissolved in warm
glacial acetic acid to which dbromine in acetic aecid
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was slowly added with stirring and left overnight. The
separated product was purified by crystallisation.

(b) 4-Methylearbostyril suspended in chloroform was
refluxed with N-bromosuccinimide for 7-8 hr. The separated
product on repeated crystallisation gave the dibromo
derivative which was also prepared fronm hvmethy1-3~br6mo-
carbostyril as well as %—brémomethylea:bostyril. In all
the cases the h—bromomethyl-3—bromocarbo§tyril was obtained.

In 5 very similar manner théﬁ%-gzﬁﬁylcarbostyril
derivatives are brominated. The following is the list of

the compounds prepared in this series.

1. 3-Bromo-%-methylearbostyril
2. 3-Bromo-k-bromomethylcarbostyril
3. 4,8-Dimethyl-3-bromocarbostyril
4, 8—Nhthyl—3—brom9—A-Bromomethylcarbostyril
5« 6-Methoxy~-3~bromo-4-methylearbostyril
6. 4%-Methyl-7,8-benzo-3-bromocarbostyril
7+ 4,6-Dimethyl-3-bromocarbostyril
8. 6-Chloro-3-bromo-4-methylecarbostyril
9. 7-Chloro-4-methyl-3~bromocarbostyril
10. 3,6-Dibromo-4~-methylearbostyril
11l. 4,6,8-Trimethyl-3-bromocarbostyril
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. EXPERIMENTAL
Bromipation of acetoacetarylamides :

W-Bromoacetoacetanilide :

Acetoacetaniltide (1.7 g.) was dissolved in warm
glacial acetic acid (5 ml.) to which bromine in acetic
acid (16 ml. § 10 %) was slowly added with continous
stirring. The reaction mixture was kept overnight at room
temperature. The separated product was filtered and
crystallised from dilute acetic acid in white plates,
m.p.135-360. Yield 1.2 g.

Analysis : Found : N,5;85 3 Br,3l;69 %o
Gy oH; o0, NBY requires : N,5.4% 3§ Br,31.25 %.

The same “-bromo derivatives was obtained by
brominating acetoacetanilide (1.7 g.) in chloroform(2 ml.)
with bromine in chloroform (8 ml., § 20 %). The separated
product was filtered and crystallised from dilute acetie
acid, m.p. and mixed m.p. was 1350.

W-Bromoacetoacet-o-toluidide :

Acetoacet-o-toluidide (1.91 g.) was dissolved
in warm glacial acetic acid (5 ml.) to which bromine in
acetic acid (16 ml. 3 10 %) was added with stirring and
left overnight. The reaction mixture was poured into ice
cold water and the precipitate obtained was filtered and
crystallised from methyl alcohol,m.p.SSo. Yield 0.9 g.
Analysis : Found : N,4.98 § Br,29.45 %.

Cy1Hy ,0,MBr requires : N,5.18 5 Br,29.63 %.
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The same®«~bromo derivgtive was obtained with
bromine in chloroform in the usual manner as described
above.

U—Bromoaeetoacet-p—anisidide‘:

Acetoacet-p-anisidide (2.0 g.) and bromine in
acetic acid (1.6 g.) were treated as above and the
W-bromoacetoacet-p-anisidide thus obtained was crystallised
from benzene in shining white leaflets, m.p.137-38°.

Yield 1.3 g.

Arelysis : Found Br, 28.11 %.

(2]

C,1H; ,0;M8r requires s Br, 27.97 %.

The same ¥-bromo derivative was obtained by
brominating acetogcet-p-anisidide in chloroform with

bromine in chloroform.

w -Bromgace*;oaceﬁ -p —chloroé nilide
Acetoacet-p-chléroanilide“(2;11 g.) and bromine
in acetic acid (1.6 g.) were treated as above and the
separated product was filtered and crystallised from dilute
acetic acid,m.p.l30—320. Yield 1.2 g.
Amalysis : Foumd : C,hli?l $ Hy3.40 5 N,Lo64 %o
Cy oHg0,MBrCl  : requires : C,41.31 § H,3.09 5 N,4.82 %.

Bromination in chloroform also gave the same
W-bromo derivative.

“-Bromoacetoacet~-m-ghloroanilide :

Acetoacet-m-chloroanilide (2.11 g.) ard bromire

in acetic acid (1.6 g.) were treated as above and the

)
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*

W-bromo derivative separated on dilution with cold water
was filtered and crystallised from methyl alcohol in

0 s
white bU.dS, m;pa97 « Yield 1.0 e

Amlysis : Found 2 Cylle63 5 Hy3432 3 N,4a52 %o
Gy oHg0,NBrC1 requires : C,41.31 ; H,3.09 3 N,4.82 %.

Bromination in chloroform gave the same “W-bromo
derivative.

W.Bromoacetoacet-m-xylid ide :

heetogcet -m-xylidide (2.0 g.) and bromine in
acetic acid (1.6 g.) were treated as above and the product
obtained on dilution with ice cold water was filtered and
crystallised from benzene-petroleum ebher mixture(l:1)

(e}
in W’hite bu.ds, m.p.98 . Yield 1'2 g.

Analysis ¢ Fourd : Br, 28.28 %.
Gy 2Hy,0,1Br requires : Br, 28.17 %.

It gave the same W-bromec derivative when

bromination was carried out in chloroform.

wABromoacg&ggcet—p;bromoan;lide :

Acetoacet -p-bromoanilide (245 g.) and bromine
in acetic acid (1.6 g.) were treated as above amd the
“Yebromoacetogpet -p-bromoanilide, thus obtained was
crystallised from benzene-petroleum ether mixture(l:1),
m.p.1260. Yield 1.5 g.

Br, 47.49 %.

Cl 039021\1'83?2 I'equires : Br, L”?o?é %c

Amalysis : Found

”»
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The same w-brémo derivative was obtained when
bromiration was earried out in chloroform.

W-Bromoacetoacet-o-chlorpanilide :

Acetoacet-g-chloroanilide (2.1 g.) was dissolved
in minimum quantity of acetic acid and bromine (1.6 g.)in
acetic acid (16 ml.) was added. The reaction mixture was
left overnight. On dilution the product which separated
crystallised from benzene-petroleum ether mixture,m.p.

0 .
71-2 . Yield 0.8 g.

Analysis : Fourd : Cohl.5k 3 Hy3.22 5 N,4a77 %.
Cy oHg0,MBrC1 requires : C,41.31 ; H,3.09 3 N,4.82 %,

The same Webromo derivative was obtained when
bromination was carried out in chloroform. Mallams and

Isrgelstam 4 report the same m.p.

W-Bromoac et‘toac et-g-naphthylamide :
Acetoacet -u-naphthylamide (2.2 go) was dissolved
in minimum quantity of acetic acid amd bromine(1.6 g.) in
“acetic acid (16 ml.) was added and left overnight. The
Nproduc’c which separated crystallised from acetic acid in

0
light yellow needles, m.p.237 (decomp.)., Yield 1 g.

Apalysis : Fourd : Br, 26.0 %.
Cy4H; 20,NBr requires : Br, 26.19 %.

Bromimation in chloroform gave the sam @-bromo:

derivative.,
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W-Bromoacetoacet~p-phenetidide :

Acetoacet-p-phenetidide (2.2 g.) in acetic acid
(5 ml.) was treated with bromire (1.6 g.) in acetic acid
(lélml.). The reaction mixture was left overnight. The
product which separated crystallised from benzene,m.p.l%??
Yield 1.1 g. |
Anmalysis : Found : Br, 26.40 %.
Cy 2H;,03NBr requires : Br, 26.66 %.

The same‘w~bromo derivative was obtained when

bromination was carried out 1in chloroform.

“eBromoagcetoacet-p-toluidide :

Acetoacet-p-toluidide (1.9 g.) in acetic acid(5 ml,)
was treated with bromine (1.6 g.) in acetic acid (16 ml.) .
The regction mixture was laft overnight. The product which
separated crystallised from dilute acetic acid in needles,

0
m.p.148 . Yield 1.2 g.

Apalysis : Fourd s Br, 29.61 %.
CllHl QOZNBI' requires : BI‘, 29063 %‘w

The same W-bromo derivative was obtained when

bromingtion was carried out in chloroform.

Cyclisation of W-bromoacetoacetarylamides to_ L-bromo-
methyl carbostyril derivatives with cocpentrated sulphgric
acid: 4 -Bromomethyl carbostyril :

W.Bpromoacetoacetanilide (3 g.) as described earlier

was treated with conc.sulphuric acid (6 ml.) ard heated
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on a water bath for 1°1/2 hours. The reaction mixture was
poured in water and the product which separated crystallised

0
from alcohol in needles,m.p+254-56 (decomp.). Yield 1.8 g.

Apalysis : Found : N,5.68 ; Br,33.79 %.
Cy oHgONBr requires : N,5.88 ; Br,33.61 %.

Reduction of W-bromomethylegrbostyril:
Y-Methylcarbostyril :

The above 4-bromomethylcarbostyril (0.5 g.) was
dissolved in glacial acetic acid (10 ml,) and zine dust
(1L g.) was added to it. The regction mixture was heated
on a sard bath for 45 minutes. It was then filtered hot
and diluted with ice cold water.‘The separated product was
filtered and crystallised from water in needles,m.p.2220.

Again Le-methylecarbostyril was prepared accordirg
to KnorrZLG by cyclising acetoacetanilide with conc.

-sulphuric acid. The mixed m.p. of the above compound was

not depressed with guthentic specimen,

8-Methyl-i-bromomethylcarbostyril :

w-Bromoacetogecet-g-toluidide (3 g.) as described
before was cyclised with come.sulphuric acid (6 ml.) by
heating on a water bath for 1 1/4 hours. The crude product
obtained on dilution with water was filtered and crystallised
from acetic acid in needles, m.p.éhlo. Yield 1 g.
Analysis : Fourd : Ny5.3% 5 Br,31.27 %.
C; 1 H; oONBp requires : N,5.59 ; Br,31.75 %.
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4,8-Dimethylcarbostyril :.
8-Methyl-4-bromomethylearbostyril (0.5 g.) dissolved
in glacial acetic acid (10 ml.) was refluxed on a sand
bath with zire dust (1 g.) for half an hour. The product
obtained on dilution with ice cold water was filtered
and crystallised from dilute acetic acid. The melting point
and mixed m¢p. with 4,8~dimethy}carbostyyil prepared

25
according to Mnti and Cirelli  from acetogeet-p-

0
toluidide by cyeclising with conc.sulphuric acid was 218,

€ ~Methoxy-4=bromomethylcarbostyril

w-Bromoacetoacet-p-anisidide (3 g.) as described
egrlier was heatsd on a water bath with conc.sulphuric acid
(6 ml1.) for 1 hr. On working up as usu2l the product which
separated crystallised from dilute acetic acid,m.p.249-500.
Yield 1.2 g.

Analysis : Fourd : Br, 30,04 %.

cllHL QOZNBI’ I‘equix‘eS H BI’, 29.85 %o

6-Methoxy-k-methylecarbostyril :

The above bromomethyl derivative (0.5 g.) was
refluxed with zinc dust (1 g.) and acetic acid (10 ml.)
for 40 minutes. On working up as usual the product which
separated crystallised from dilute acetic acid,m.p.2680a
Mixed m.p. with 6-methoxy-4-methylcarbostyril prepared

25
according to Mnti and Cirelli  was not depressed.

6-Chloro-t-bromomethylcarbostyril

W-Bromoacetoacet-p-chloroanilide (3 g.) described

-
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¢
earlier was treated come.sulphuric acid (6 ml.) and heated
on a water bath for 2 hr. On working up as usual the
o
separated product erystallised from alcohol,m.p.247 .

Yield 1.8 g.

Analysis : Found s Culbk iy 3 H,2.51 5 N,4.99 %.
Cy oH701BrC1 " requires : C,44.,03 § H,2.96 3 N,5.13 %.

6=Chloro-tt-methylecarbostyril s

6-Chloro-4-bromomethylecarbostyril (0.5 g.) was
refluxed with zine dust (1 g.) and glacial acetic agcid
(10 ml.) for 40 minutes. The reaction mixture was then
filtered hot and diluted with water. The product which
separated crystallised from dilute acetic acid,m.p.292o.
Mixed m.p. with 6-chloro~4-metinylcarbogtyril prepared

28
according to Monti and Cirelli was not depressed.

7-Chloro-4-bromomethylcarbostyril :

W-Bromoacetogcet~-m—chloroanilide (3 g.) as
described before was treated with conc.sulphuric acid(6 ml.)
ard hzated on a water bath for 2 hr. It was poured over ice
water. The product which separated was filtered and
crystallised from dilute acetic acid,m.p.261—62o.

Yield 1.8 g.

Apalysisg : Fourd t Cylel3h 3 H,2.31 5 Nyhka92 %.

Z-Chloro-i-methylcarbostyril :

The above bromomethyl derivative (0.5 g.) was

refluxed with zinc dust (1 g.) and glacial acetic acid{10 ml.)
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for 30 minutes. The p;oduct obtainsd’on.diliting the clear
filtrate was filtered and crystallised from dilute acetic

acid,m.p¢27l-72o. Mixed m.p. with the authentic specimeﬁzg
prepared by cyelising acetoacet-m-chloroanilide with conc.

sulphuric acid was not depressed.

6,8-Dimethyl-4-bromomethylcarbostyril :

w.Bpomoacetoacet -m—xylidide (3 g.) described
sarlier was heated on a water bath with core.sulphuric
acid for 2 hr. On dillution with cold water it gave a white
product which was filtered amd crystallised from dilute

0
acetic acid in needles, m.p.254 . Yield 1.5 g.

Apalysis : Pourd : Br, 30.53 %.
Gy ,H; ,0NBr requires : Br, 30.08 %.

4,6,8-Trimethylcarbostyril :

The above bromomethyl deriv,tive (O;S g.) was
refluxed with zine dust (1 g.) and zlacial acetic acid
(10 ml.) for 40 minutes. It was then filtered hot and
diluted with water. The product which separated crystallised
from dilute acetic acid, m.p. 2520. Mixed m.p. with
4,6,8-trimethylcarbostyril prepared according to Kaslow
and Sommerzq was not depressed.

6 =Bromo~4-bromoethyvlcarbostyril :

WeBromoacetogcet-p-bromoanilide (3 g.) described
earlier was heated with conec.sulphuric acid (6 ml.) for

2 hr. On working up as usual the product which separated

-
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\ : o
crystallised from gcetic acid, m.p. 278 . Yield 1.8 g.

Amalysis : Found ¢ Br, 50.17 %e.
G| oH,0NBr , requires : Br, 50.47 %.

6 —Sromo =+-methylearbostyril :

6 -Bromo -4+-bromomethylcarbostyril (0.5 g.) was
refluxed with zirne dust (1 g.) and glacial acetic acid
(10 ml.) for half an hour. The reaction mixture was Filtered
hot and diluted with water. The product which separated
crystallised from acetic acid,m.p. 2920. Mixed m.p. with
6 ~bromo -4 -meethylecarbostyril prepared according to Monti

-

A
and Cirelli was mot depressed.

8-Chloro-4+-bromomethylecarbogstyril :

w-Bromoacetoacet-g-chloroanilide (3 g.) as
described before was cyclised using cone.sulphuric acid
(6 ml.). The erude product obtained on addition of water
was filtered and crystallised from dilute acetic acid,

0
m.p.218 . Yield 0.8 g.

Analysis : Fourd : Cuhke19 3 Hy2.33 5 Ny5e3h %
C, oH,0NERCl reguires : C,44.03 § H,2.5 5 N,5.13 %.

&5-Chloro-4-methyledrbostyril

The above bromomethyl derivative (0.5 g.) was
refluxed with zine dust (1 g.) and acetic gcid (10 ml.).
On working up as usual the product crystallised from dilute
acetic acid in needles, m.p.2280. ¥ixed m.p. with
8-chloro-k-methylcarbostyril prepared according to lonti

5
and Cirelli  was not depressed.



6-Methyl-4-bromomethvlicarbostyril :

W-Bromoacetoacet-p-toluidide (3 g.) was cyclised
using cone.sulphuric acid (6 ml.) and heating it on a water
bath for 2 hr. The regection mixture was poured in ice water
and the product which separated crystallised from acetic

0
acid in needles,m.p. 265 . Yield 1.6 g.

Analysis : Fourd : Br, 32.0 %.
Cy1H, oOlBr requires : Br, 31.75 %.

4. 6=Dimethyvlcarbostyril :

The above bromomethyl derivative (0.5 g.) was
refluxed with zinc dust (1 g.) and glacial gcetic acid
(10 ml.) for half am hour. It waé then filtered hot and
dilute with water. The product which separagted crystallised
from dilute acetic geid in needles,m.p. 2%90, Mixéd m.p.
with 4,6-dimethylecarbostyril prepared according to lonti

)
and Cirelli  was rot depressed.

7.8-Benzo-h-bromomethylcarbostyril :

W.Bromoacetoacet-q -naphthylamide (3 g.) was heated
on a water bath with conc.sulphuric acid (6 ml.) for 2 hr,
The regetion mixture was poured in water and the product
which séparated crystallised from acetic acid in light
yeliow needles, m.p. 2490. Yield 0.8 z.

Analysis : Fourd : Br, 27;99 o
CyuHy oONBr requires : Br, 27.79 %.
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Le-Methyl-7,8-benzocurbostyril :

The above bromomethyl derivative (0.5 g.) was
refluxed with zine dust (1 g.) and glacial acetic acid
(10 ml.) for half an hour. The clear filtrate on dilution
with water gave the product which was filtered and
crystallised from gcetic apid in needles,m.p. 2920. Mixed
m.p. with Y-methyl-7,8-benzocarbostyril prepared |

Z

according to Mallams et _al. was not depressed.

6 -Sthoxy-4+-bromomethylearbostyril :

w-Bromoacetoacet-p-phenetidide (3 g.) was heated
with conc.sulphuric gcid (6 ml.) on water bath for 2 hr.
On dilution the product which ssparated crystallised from

0 -
acetic acid,m.p. 257 . Yield 1 g.

Apalysis : Found : Br, 28.03 %.
Gy ,H; ,0,MBr raquires : Br, 28.37 %.

6-Bthoxv-4-methyvlecarbostyril

The above bromomethyl derivative was refluxed
with zinc dust (1 g.) and glacial acetic geid (10 ml.) for
4O minutes. The clear filtrate on dilution with water gave
the product which was filtered and crystallised from acetic
acid, m.p. 2320. Mixed m.p. with 6-ethoxy-i4-methyl-
carbostyril prepared according to Backeberggg was not

depressed.

Bromination of 4-methylecarbostyril: 3-Bromo-L-methvl -

carbostyril :

h-Methylcarbostyril (1.9 g.) was dissolved in
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warm glacial acetic acid (20 ml.) to which bromine in
acetic acid (16 ml. j; 10 %) was slowly added with continuous
stirring and left overnight. The separated product

(o]
erystallised from acetic acid in needles, mep.274% .

Yield 1. g.
Apalysis :+ Found : Ny5.84 3 Br,33.97 %.
C, oHg ONBr requires : N,5.88 5 Br,33.61 %.

Bromipation of Y-methylcarbostyril with N-bromo-
succinimide : L4-Bromomethyl-3-bromocarbostyril :

L-Methylecarbostyril (1 g.) suspended in chloroform
(30 ml.) was treatsd with N-bromosuccinimide (3 g.). The
regetion mixture was refluxed for 7-8 hr. The separated
product was filtered and the residue washed with acetic
‘acid and water. The product crystallised from acetic acid,

0
m.p.303 . Yield 0.5 g.

Apalysis : Found : Bry, 5042 %.
CLOH‘;OI\‘BI‘Z I‘eq'llires H BI‘, 5’0.)'{'7 % e

The same dibromc derivative was also obtained
when 3-bromo-4-methylcarbostyril (0.5 g.) in chloroform
(15 ml.) was treated with N-bromosuccinimide (0.5 g.)
and the }eaction mizture refluxed on a steam bath for 6 hr.

i-Bromomethylcarbostyril (1.1 z.) in acetic
acid (15 ml.) on bromination with bromine (0.8 g.) in
acetic acid (8 ml.) also‘gave the same dibromo

derivative.
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Bromination of 4,8-dimethylcarbostyril
4,8-Dimethyl-3-bromocarbostyril :

4,8-Dimethylecarbostyril (1.7 g.) wa.s dissolved
in warm glacial acetic acid (20 ml.) to which bromine in
acetic gcid (16 ml. ; 10 %) was slowly added with
continuous stirring. The bromo derivative separgted within
half an hour. The separated product crystallised from acetic

.0
acid, m.p. 241 . Yield 1 g.

Apalysis : Found : Br, 31.60%.
Ci1H, (ONBr requires : Br, 31.75 %.

Bromination of 4,8-dimethylcarbostyril with N-bromo-

suceinimide : 8-Methvl-4-bromomethyl-3-bromo-

carbostyril
4,8-Dimethylcarbostyril (1 g.) suspended in

chloroform (30 ml.) was treatedwith N-bromosuccinimide

(3 g+)« The regction mixture was refluxed for 7-8 hr.

The separated product was filtered and the résidue washed
with acetic aecid and wabter. The product crystallised from
acetic acid, m;p. 3150. Yield 0.5 g.

Amlysis : Found : Br, 48.44 %,
G, HoOMBr, - requires : Br, 48.3% %.

The same dibromo derivative was'algo obtained
when k4,8-dimethyl-3-bromocarbostyril (0.5 g.) in chloroform
(15 ml.) was treated with N-bromosuccinimide (0.5 g.) and
the reaction mixture.refluxed on a steam bath for 6 hr,

8-Methyl-h-bromomethylearbostyril (0.6 g.) in

-
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¢
acetic agcid (10 ml.) on bromination with bromine (0.8 g.)
in acetic acid (8 ml.) also gave the same dibromo

derivative.

Bromipation of 6~methoxy-i-methylcarbostyril :

8-Methoxy-3-bromo-4-methylcarbostyril :
6-Methoxy+-methylcarbostyril (1.8 g.) was

dissolved in glacial acetic acid (15 ml.) and bromine (1.6 g.)
in acetic acid (16 ml.) was added. The reaction mixture was
kept for 3 hr. The product which separated crystallised

from dilute acetic acld,m.p.2600. Yield 0.9 g.

Amlysis : Fourd : Bry, 29.45 %.
C“_HJ_OOZNBI‘ requix’es H BI’, 29.85 %.

Bromipation of L4-methyl-7.8-benzocarbostyril :

4~thhyi-7.8~bengg—§~bromocarbostyril s

L-Methyl-7,8-benzocarbostyril (1 g.) in acetic
acid (20 ml.) was treated with bromine (0.8 g.) in acetic
acid (8 ml.). The reaction mixture was kept for 3 hr.“The
product which separated crystallised from acetic acid,m.p.
3130. Yield 0.6 g. .

Apalysis =~ & Fourd : Br, 27:61 oo
C; 4 H; oONBr requires : Br, 27.79 %.

Bromination of h,6-dimethylcarbostyril : Lk, 6-Dimethyl-
3-bromocarbostyril :

" 4 6-Dimethylearbostyril (1.7 g.) was dissolved

in warm glacial gceticracid (25 ml.) to which bromine in

L2
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“

acetic acid (16 ml. § 10 %) was added and the reaction
. mixture was kept for 3 hr. The produef which separafed

- o
crystallised from acetic acid, m.p. 29% , Yield 1 g.

Apalysig ¢ Found : Br, 31.48 %.
Gy H; (ONBr requires : Br, 31.75 %.

Bromipation of 6-chloro-le-methylearbostyril : 6-Chloro-
Y-methyl-3-bromocarbostyril : “

6-Chloro-t-methylcarbostyril (1.9 g.) was
dissolved in warm glacial acetic acid (25 ml.) to which
bromine in acetic acid (16 mi. 3 10 %) was slowly added
with contimous stirriﬁg; After 12 hr. the separiated
product waé filtered and crystallised from acetic acid,
m.p;273°. Yield. 1. g.

Analysis : Fourd : Colhkall 3 Hy2.42 3 N,4o76 %e

G, oH,0NBrC1 requires : C,44.03 ; H,2.56 § N,5.13 4.

Bromination of 7-chloro~b-methylcarbostyril :_7-Chloro-

L-methyl-3-bromocarbostyril :

7 -Chloro-4-methylcarbostyril (1;9 Z.) was
dissolved in warm glacial acetic acid (25 ml.) and bromine
in acetic acid (16 ml. 3 10 %) was added. The reaction
mixture was kept for 3 hr. The separated product was
filtered and crystallised from dilute acetic gcid,m.p.
298°. Yield 1 g.

Apalysis : Fourd : C,hk.36 3 H,2.98 5 N,5.08 4.
G, oH4ONBrC1 requires : C,44.03 3 H,2.5¢ 5 N,5.13 %.

re



[N
P
[wwiegn)

Bromipation of 6-bromo-k-methylecarbostyril :_3,6-
Diﬁromo-4-methzlcarbostyril s

6 -Bromo -4-methylcarbostyril (2.3 g.) was dissolved
in warm acetic acid (25 ml.) and bromine in acetic acid
(16 ml. 3 10 %) was slowly added with contimuous stirring.
The regction mixture was kept for 3 hr. The product which
separated crystallised from glacial acetic apid,m.p.303o.

Yield 1 Ee

Apalysis : Fourd : Br, 50.03 %.
Cl 0H7ONBI‘2 I‘equires H BI’, 50;14'7 % .

Bromination of Y,6,8-trimethylcarbostyril s _4,6,8-

Trimethyl-3-bromocarbostyril

4,6,8-Trimethylecarbostyril (1.8 g.) was dissolved
in warm glacial acetic acid (20 ml.) and bromine in acetic
acid (16 ml. j 10 %) was addéd. The reaction mixture was
kept for 6 hr. The product which separated crystallised
frgm‘alcohol,m.p.272o. Yield 0.9 g.
Apalysis : Fournd : Br, 30.11 %.
Gy oHy ,0MBr requires : Br, 30.08 %.
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+CHAPTER IT
Section II

Syntheges of 2-Hydroxycinchoninic acid derivatives :

Theoretical

The present work deals with the synthesiscof
2-hydroxycinchoninic acidsit will be, therefore, of interest
to review some of the methods for synthesis of cinchoninie
acids. Quinoline-4-carboxylic acid (cinchoninic acid) and
its derivatives have close relationship to the cinchona
alkaloids and to the number of therapeutic agents derived
from it. Two derivatives of cinchoninic acid have been
isolated from natural sources. Beattiel obtained 3-methyl~

cinchoninic acid (1) from rue ancmone(Syrmdesmon thalictroides

Hoffmg.) which showed marked fasciation.Sahashi2 obtained
2,6-dihydroxycinchoninic acid (2) from.crude oryzanin from
rice polishings. Schmid and Karrer3 isolated 2-hydroxy-
cinchoninic acid (3) as mtural product from Poppy Straw

(Mohnstroh) after removing important alkaloids.

Coow

cotH
X My R A
\'N/ \N/ ot

(0 3), R=H

&
Weidel oxidised lepidine with chromic oxide to

5 .
cinchoninic gcid (4). Bllinger and Flamand obtained it in
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better yleld by oxida%ion of Yevinylquimline with nitric
acid. 1,4-Dimethylearbostyril with selenium dioxide gave
'1-methyl-%-carbostyril carboxaldehyde which with silver
oxide and alcohol yielded l-methyl-+-carbostyril carboxylic ,
acidé(S). Similkarly 6-chlorolepidine in dioxane gave

4
6-chlorocinchoninic acid (6).

i ) &0oH
e — : N
- Ooxicddakiow N f([::::I//N:J
. P .
SN

N

thy ° R=H
s, (6 R= @&
//4§3L
N0
{
tHy
J‘Sdh/
7 eo coot
/\L | b0 X
N/\O ﬁ\ﬁa\'\bl - \N/\O
1
CHy £a3
- o (5)

8
Marais and Backeberg oxidised 5-nitro-4,6-
dimethylquinoline with sodium dichromate and sulphuric acid

to 5—nitro—6—methyl—4—quinolinecarboxylic acid (7).

NOg_ w& , NO, oy
‘ N/ H)‘SOQ / ( \N =

(1)



Oxidation of the 4-styryl derivative of &-methoxy-
quinoline and 6-chloroquinoline with potgssium permang anate
gave quininic acid9(8) and é-chlorocinchoninic acidlo(é)
respectively in good yield . Renshaw and Friedman%l
decarboxylated 2,4-dicarboxylic acid %o cinchoninic acid
(3) in boiling nitrobenzene. W-Athyl-2-methylquiroline with

dichromate and dilute sulphuric acid gave 2-methylcinchoninie

ac idl 2(9) .

CH=CH - {Hs CeoH

SeliE-"Ree
Ny
“NZ NNF

(gy R=CtHsy

~

ch R=¢&
g ' Coot
g ,:\\" - kl&l2.057 . ¢ " \\
N msey o b
4)

3 ) T Ln
Camps , Ainley and King gave the most convenient

and economical method of preparing cinchoninic acid from
N-acetylisatin (10). 2-Hydroxycinchoninic acid(3) on
treataent with phosphorous oxychloride gave 2-chloro

derivative(1ll) from which the chlorin atom could be removed
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with either ¢ palladium or nickel catalyst.

covH
—_D
L NaoH o A
}
Cﬂﬁlé
(l&}
EooH ‘
e poH
}%\ N &4/
SORE 90
Y
N N'/ _ . ﬁf’ o
(1)
, 152
Kaufmann and coworkers synthesised cimchoninie

acid in good yield by hydrolysing 4-cyanoquimolire which
was obtainedefrom methiodide of h4-cyanoquinoline. The
latter was prepared by treating quimoline dimethylsulphate
with potassium cyanide and subsequent treatment with

iodine and pyridine in alcohol.

N\ 4
\
7\
2\
s”‘*Q§ /
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Similarly Kaufmann and Peyer prepared

quininic acid but the yieldg were not so favourable.
Aeschlimannl6 synthesised 2-hydroxy-3-phenyl-
cinchoninic acid by boiling N-phenylacetylisatin with
dilute alkali. Pfitzingerl7a first carried out the reaction
in 1886 with isatic acid and ketomes to synthesise
cichoninic acid,which bears his neme, it was not until
isatin became available from the oxidation of indigo
some eleven years later bthat the method assumed great
importance. The general course of the reaction with - .

acetone is represented _as follows :

COoH
i
e=0

CorH

-~ ZaN R
L, KL e
N A, X NN Py

He also found that methyl ethyl ketone reacts
with isatin to give 2,3-dimethyleinchoninic acidl7b(12).
This proved that the methylene group belonging to an
ethyl group was far more reactive than the methyl group.
Surprisingly this effect was complately reversed in the
case of higher homologues of the ethyl radical the
methylene group becoming less active than the methyl.

Thus isatin reacted with methyl-n-propyl ketone to give



. 18
2-n-propyl cinchoninic gcid which was previously
X 19
synthesised in & different way .« Symmetrical dialkyl
ketones reacted normally, i.e.di-n-propyl ketone and

isatic agid gave 3-ethyl-2-n-propylcinchoninic acid.

LBy
o Uy, g CooH
N7 \ Lb /}/\jwj
f ) ’ .
X NH, e X WP A
(%)

In later years the Pfitzinger method has been
employzed for the synthesis of a great variety of
¢inchoninie acids which showed promise of serving as \
valuable intermediates in the preparation of "=
therapeutic agents. Various substitutents in isatin such
as alkyl,nitro,chloro,bromo,iodo,fluore were subjscted
to the reaction with different types of compounds having
ketonic group. A nmmber of heterocyclic ketones were also
studied., Only a few illustrative reactions are mentioned
here,

20
Isgtin confensed with phenylacetic acid and

with its anhydride21 to give 3-phenylcarbostyril-y-
carboxylic acid in each case.22 This acid was also obtained
by the action of hot dilute alkali on l-phenyl
acetylisatin which was prepared by the action of
phenylacetyl chloride on l-sodioisatipn. From malonic

acid and isatin 2-nydroxycinchoninic acid resulted when

*
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acetic acid was the‘corﬁensirg agent or by the action of
heat alone. The acid,on reduction gave the dihydro acid
(13) which was identical with the oxirndole-3-acetic acid
(13): of Gramacher ard Mahal.’

' CooH
‘O COOH
T —C1),
S~ ’H/\O ‘\(’M’H \‘/ N'/
B ,

CODH

7))
NN \N//\\O

H

(1%)

Lindwall énd coworkers“ condensed 1satin with
reactive methylene compounds under”varying experimental
condition. Thus acetopherone gave é—phenyleimhoninic acid
(14), ethylphenyl acetate gave 2—hydroxy-§-phenyl- ~
circhoninic acid (15) in the presence of diethyl amire
while ammonium malomate yielded 2-hydroxycirchoninie -
acid (3). )

Halberkarn'® reacted 5-methoxylsatin with
acetopherone, acetone and g-acetofuran and obtaired
6-methoxy-2-phenylcinchoninic acid(17),6-methoxy-2-
methyl-(18) and 6-methoxy-2-a —furyie irchoninie ac 1d§19)
respectively. He also synthesised the geid (19) from
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\ L encogH
“ | iL CHetoetsy, T GHis
A >
AN ﬁ/‘O N0
" | ;-{
| e, (CopNHy )
> )L acid
J
e (CrBNH ' EoOH
= | ), X
A \. )
X g/‘o N¢%H§'
(1)
aeid
W
COoH LOOH
l./ \ X G H
N\ \N/yﬂlf N'/ OH
) (IS
M'«sl
i
0H GHe
. —r 0 /
S EEI N ]‘-—CH
XN § S0 X L, eeogi
H nNooo

H
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furfural,pyruvic acid and p-anisidire. Carboxylic acids

reacteg with isatic acid to yield 2-hydroxycinchoninic
25

acid derivatives (20).

v
g0 o "&0©/ﬁ
Y
XN\ 0 NEd

Ci7), Rz GHs

Q)Q—)J R= (’/Hs

cooH
Ho h

()
sWOH Coolj
Z I t=o H)_cl,- R /j
nf'
. - (2¢)

The methods of Lindwall, Bardes and WQinberg ¢
for the preparation of 2-aryleirchoninic acids were
exitended to symthesise a variety of substituted

: 27928429
cinchoninie aclds. -
30 L )

Thielepape synthesised 2-hydroxycinchoninic
acid from N-methylacetanilide and diethyloxalate., -

31
M.Colona -- synthesised 3-nitroc irchoninic acid

from isatin and nitro methare,.
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‘. 32 '
Wislicems and Bubeck  synthesised 243-dihydroxy-
cinchoninic acid (21) from ethyl g-amirophernyl acetate =
ard diethyloxalate.

‘ ( Covty

-, CoooHs I&O‘D Ghe /j OH
—_—

N Ny T eovgus N OH

(2

Diels and &eesp” synthesised the same acid (21)

by the followirg method.

’ c
» + l” '
NHEGHy- C
601.7(4{3

F”" etk =~ N NH Hy
L —
NH Nen coven, X n oM
S

CoOH

@6'—{‘
Ok
*'\(/
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Bun-Foi and cagniant” synthesised
2-(1-mphthyl),2-(2-naphthyl) ,2-(2-anthryl) ,2-(3-pyreryl),
2-(_2-cﬁrysery1)c1mheninic acids from the appropriate
ketories ard isatin, o

Iesesne and Henze” utﬂised«c-alkoxyketones |
- with isatic acid and isolated the appropriate cimhoninic
acid. Similarly Calaway and <:mn'.~rkers36 condensed isatic
acid with a variety of aryloxyketones ard obtaired
3-aryloxy-2-methylcinchoninie aci1d(22), '

took ” o CoOH

- Ax
LN ©/\jo Ar

. + ¢z=o >

‘ CH,
~ N-Hl {‘ ~ N < 3

CHy J _
(2%)

| 3 g

Walther ? condensed isatic acid with aceto.
dinitrile and obtained 2-methyl-3-cyanocinchoninic acid
(23).

COo0H .
' .
- ¢— M
/c‘ o HL' X\ oy
+ 6 "'C’H,
M, i = Hy .

NH

(23
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2-Pheryl-and 2-methyl-3-hydroxyeinchoninic acid,
which irhibit vater diuresis in dogs were prepared as

38
follows .

. CoOH
- ~ ‘ CHOH .
[o ;.'l /joh
-+ eo . 5
%R

R= ey 1 GHg

Jones and Hemf.e39 as well as Granacher and
80
Kouninlotis condensed 1satin with rhodanine (2#) and
obtained a 3—thiol (25) compound.

eook -

X NH- O H«,f‘\s L5 SNZ .

(24) (28
Circhophen,2-phenylginchoninie acid also known
as atophan was formerly given as an amigesie and
antipyretic. It is still used to a limited extent in the
treatment of chronic gout, c-Fury}.—B-methyl- -7-methy1-
and -6-mothyleinchoninic acids v . were roundL_less toxic

than atepha Ne-
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In view of the pharmacdlogical properties of
einchoninic acid derivatives, 1t was thought of interest
'to synthesise different cinchoninic acid derivatives
haviﬁg substituents 11keibromo,chloro,methoxy and methyl
groups in the benzenold part of the quinolire ring
systenm,

In continuation of the work described in
section I,an attempt was made to comvert direcﬁf#—bromo-
methylearbostyril derivative into 2-hydroxycinchoninie
acid derivative by oxidation with alkaline potassium
permangamate, but it met with failure. Hence these
k-bromomethylcarbostyril derivatives were first convefted
to heacetoxymethyl derivatives (33) by reacting them with
acetic arhydride and fused sodium acetate. They were then
hydrolysed by aqueous sodium hydroxide to Y-hydroxymethyl
derivatives (34) which on oxidation with alkalire
potassium pefmagganate gave a-hydroxyc;nchdniﬁic acid
derivgttves'(35). These<s§ries of reactions undoubtedly
confirmed that bromirs isz;he side chain and mot in
3-position of the quinoline muclegus and at the samé time
gave a good method for the synthesis of cinchoninic acid

derivgtives.
_Seperal progedure fof the preparation of heacetoxys
ethvlcarbo tyrils from Y-bromomethylc rbost 3 3

The 4-bromomethylearbostyril described in
ssction I,on treatment with acetic aphydride and freshly
fused sodium acetate,gave the acetoxymethyl derivative(33)
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on pourirg the reaction mixture in ice water.

CHZ 3/ L C/HLQ‘CO u’l 3

/j e L)
o Nowhe X \/ N?OH

" Usipg the above procedure,the following 4-acetoxy-
methylcarbostyril derivatives are prepared:
1, 4-Acetoxymethylearbostyril (33,X = no substituent) p
2, 8-Mathyl-k-acetoxymethylcarbOstyril (33, X—O-—methyl)
3. 6—lhthoxy—k-acetoxymethylcarbostyril (33, x-—6—methoxy)
4, 6-Chloro-i-acetoxymethylcarbostyril (33, X=6 -chloro)
5. 7-Chloro-l-acetoxymethylcarbostyril (33, X=7-chloro)
6. 6, B-Dimethyl-h-acotoxymathylcarbostyril (33, X=6, 8-dimethw1)
7. 6-Bromo-4-acetoxymethylearbostyril (33, X=6 ~bromo) l‘
8. 8-(2!1101'0-k-acetoxymethylcarbastyril‘ (33, X=8 <hloro)

‘11‘ oxyme Ll bogtyrils to

- oxyme tyrl

The above h-acetoxymethylcarbostyril was heated
on a water bath with aqueous sod fum hydroxide; The clear
solution on meutralisation with dilute hydrochloric ac id
gave the hydroxymethyl dari\rative; -



143

Using the gbove prgcedure the following hydroxy-
méthylcarbostyrils are prepared.
1. k—Hydroxymetnylc_a_srbosty;n (34, X= no substituent)
2. 8-Methyl-li-hydroxymethylcarbostyril (3%, X=8-methyl)
3+ 6-Methoxy-#~hydroxymethylcarbostyril (34, X=6'-methoxy)
4o 6-Chloro-4-hydroxymethylcarbostyril (3%, X=6-chloro)
5« 7-Chloro-k-hydroxymethylcarbostyril (34, X=7-chloro)
6. 6,8-Dimethyl-k-hydroxymethylcarbostyril (34, X=6,8-dimethyl)
7+ 6-Bromo-4-hydroxymethylecarbostyril (3%, X=6-bromo)
8. B-Chloro-k-hydroxymethylcarbostyrn' (34, X=8-chloro)

thyoco i, ei,0 H
= N NeoH . N
X—g | Jon > % |
N \/ N/ OoH
(33) (3h)
Oxidation of 4-hyd

¢irchoninic acldg s

The h-hydroxymethylearbostyril was treated w{th
alkaline potassium permangamate solution with stirring;
The elear filtrate on neutralisation with dilute hydrochloric
acid precipitated the cinchoninic acid derivative.

Using the above procedure the following
cuinchoninie acid derivatives are prepared. ‘
1. 2-Hydroxyeinchoninic acid (35, X= o substituent)
2. S—Mathyl-a-mdroxyginchoniﬁic acid (35, X=8-methyl)
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[Sa=

3 be!athoxy-z—hidrqi:yci‘gxchoninic acid (35, X=6-methoxy)

4. 6-Chloro-2-hydroxycinchoninic acid (35, X=6-chloro)

5« 7-Chloro-2-hydroxycinchoninic acid (35, X=7 -chloro)

6. 6,8-Dimethyl-2-hydroxycinchoninic acid (3_5,‘1§=6,8-dimethy1)
7. 6-Bromo-2-hydroxy_c_1mhoxii‘n1e acid (35, ¥=6-bromo)

8. 8-Chloro-2-hydroxycinchoninic acid (35, X=8-chloro)

eHOH <

CoDH
L Jy—22s L)
NN 7 AT NP 0H

(34 (35)




EXPERIMENT

Lh-Bromomethylecarbostyril (1 g.) was treated with
acetic anhydride (5 ml.) and fused sodium acetate (1.5 g.)
anl refluxed for 2 hr. It was poured over ice water with
stirring. The separated product was filtered and
‘crystallised from gleohol in shining needles, ; .1
m.p.212°s Yield 0.7 go Cook g;_éfi’” reported the same
Bepe - - -
-Hydroxymethylecarbogtyri . o
4-Acetoxymethylearbostyril (1 g.) was treated
with potassium hydroxide solution (50 ml. 3 10 %) and
heated on a water bath for 6 hr. The clear solution on
neutralisation vith dilute hydroschloric acid gave
4-hydroxymethylearbostyril which erystallised from
aleohol, m.p. 271-2", Yield 0.7 g. ﬁook.gs;gifé'obﬁiinad

the same meps

ummmmm : %_..Am__.i_hx.m.idat
methyvlcarbogstyril with alkali tagsium mas te 3

The above hydroxy methyl derivative (1 5.8e)
was dissolved in warm sodium hydroxide solution (60 ml. 3
10 4) . Potassium permarganate (5 g.) in about 50 ml. of
water was added and stirred machanieally for 2 hr at room
temperature and leff overnight. It was then filtered and
the clear filtrate on neutralisation with dilute
hydroechloric acid gave the product which was filtered and

he ]
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purifisd by_tréé.tmént with sodium bicarbomate solutien .
It crystallised from alcohol,m;p.318° which after drying
at 110" for 4 hr.in vacuum gave m.p.338°. Yield 0.5 g«
Jacobs gs,gﬁg who prepared the sgme geid by treating
l-acatylisatin with sodtum hydroxide has reported the
n.p.31+3 . ] ‘
Apalysis . : Pound s C,63.24 § H,3456 § N,7.1% 4.
Calcnlated for C; oHp03N 3 6,65.’4»9 3 Hy,3470 3 N,7;0’+ %o

= =2-hvdroxyein: a

«Mathyl =i cet oﬁt" ethyle t ey lim.) o
= — page ish
C,cmi\'w\-u) ‘ﬁ”‘o"'l ’ —dtbfﬂ!?

prge (Y —5 8eMathyl-lei=idmethylearbostyril (13.) was
treated with aqueous-sodium hydroxide (50 ml. 310 2) and
heated on a water bath for 6 hr. The clear selution on
reutralisation with dilute hydrochloric acid gave the
product which was filtered aml crystallised from alecohol,
n.g.‘géeo. Yield 0.6 g.

Apalysig ¢ Found s 0,69;—17 3 H,6;22 Do -

Cu1H 00,N requires & C,69.46 § H,6.31 %.

 ozidatio ; y1--hydroxymethylearb 1
alkaline potassium permargamste s §-Mathyl-2-hydroxy-

‘¢ipchopinic acid

The above hydroxymethyl derivative (1‘..~ 5 g.:) vas
disgsolved in warm aqueous sodtum hydroxide (60 mle $ 10 Z)e
To this was added potassium permanganate __(5~g.) in about
50 ml, of water portion wise. It was stirred mechanically
for 2 hr. and left overnight. Next dai it was filtered

~
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and the clear £1ltrate on neutralisation with dilute
hydrochloric acid gave the product which was purified
by treatment with sodium bicarbomate solution. It
erystallised from alcohol,map.323° which after drying
at”1§0° for 4 hr. in vacuum gave 9.p.3350. Yield 0.3 ge

Apalysis s Found s €,64.91 3 Ho27 3 N,6.41 %
8,1 HygO3N requires 3 C,65.02 § Hykk3 § N,6.89 %o
6 -Mothoxy -2-hydrexyeipchopinie geld

=Mgth e ato thylcarbogtyril

6-Mathoxy-l+-bromomethylcarbostyril (1 g:) was
treated with acetic anhydride (8 ml.) and freshly fused
sodium acetate (1 g+) and refluxed on a wire gauze for
2 hr. It was poured over ice water with stirring. The
separated acetoxymethyl derivative was filtered and
erystallised from benzene in shining needles,m.p.215?
Yield 046 g.

Aglggis s Found H 0,63009 tH H,5.18 "%Q

,Cl3Hl30g,N , requires H 0,63016 3 H,5026 %Q

ﬁ-ggthoxz:&-gzdroxgmathz;cgrbostzri; H

The above acetoxymethyl derivative (1 go) was
treated with sodium hydroxide solution (50 m1. 3 10 .2)
and heated on a water bath for 4 hr, The clear solution
was reutralised and the product which separated
erystallised from alcohol,m.p.252é. Yield 0.7 g.
Apalysis : Found : C,66.22 § H,5.05 %.
C,  Hy, 0,8 requires 3 C,64.39 § H,5.36 %.

-



Oxidatiop of 6-methoxy--hydroxymethylecarbostyril

11 ot ermapganate ¢ 6~Mathoxy-
2-hydroxycipchopipie acid @

6 -Methoxy -4~-hydroxymethylcarbostyril (1;5 ge) .
was dissolved in aqueous sodium hydroxide (60 ml. ; 10 %)
and potassium permangamate (5 g.) in 60 ml. of water was
added portion wise during 2 hr. with mechanical stirring.
Fext day it was filtered and clear filtrate after
corcontration was neutralised with dilute hydrochloric acid.
The separated product was purified by treatment with
sodium biearbonate soluﬂon and then cryst#llised from
aleohol in light yellow needlas',m.p.323o. M.P. after
dégigg at lldo for 4 hr. in vacuum was 33190. Yield 0.3 g.

Apalysis : Found : C,60.23 3 Hyke55 § N,6.16 %
C,i1HoOWN requires : C,60.30 § Hy4.11 3 N,6.39 %.
g-Chlore-2-hydroxycipcheniplc acid

- ro-i-acetoxymethylcarbost H

6-Chloro-l~bromomethylcarbostyril (1 g:) was
treated with acetic arhydfide (10 ml.) and freshly fused
sodium acetate (1.5 g.) and refluxed for 2 hr. On workirg
up as usual the. separated product crystallised from
alqol;ol,m.p.221t°. Yield 0.6 g. '
Analygis : Found : 0552_—.90 § Hyboli8 %0
Gy 2H; o0;3KC1 requires : C,52.74 H,ll-.39 %o

= o-4-hydrozyme legrb ril
The abwe\acetoxyﬁethyl derivative (1 g.) was
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treated with aQueo‘us sodium hydroxide (40 ml. 3 10 %)
and heated on a water bath for 4 hr. The clear solution
~ was reutralised with hydrochloric acid. The product which

separgted crystallised from acetic acid in needles,m.p.
3og°. Yield 0.6 g. ;

Apalysis + Fourd s C,5%456 § H,3+8F 2.
CyoHg0,8C1 requires @ G,S’?.éé 3 H,3.81 %‘.

The above hydroxymethyl derivative (1;5 ge) was
diséolved in warm aqueous sodium hydroxide (60 ml. 3 10 %).
Potassium permanganate (5 g.) in abous 50 ml. of water
was added in portioris dﬁring 14.5 hr, of mechanical stirrirg
at room temperature and left oﬁernight. The clear
filtrate was neutralised with dilute hydrochloric acid
and the separated acid was purified by treatment with
sodium bicarborate solution., It crystallised from alcohel‘,
m.p.'3’+§°. M.P. after heatirg in vacuum at 1,100 for 4 hr,
was 370-20. Yield 0.5 ge.

Analysis ¢’ Fourd 3 Q,53_.‘f.8 3 3,2-.21 3 C1,15.69 %.
€, oHg03RC1 requires t ¢,53.69 3 H,3.68 3 €1,15.88 %.
Z=Chlore2-bydroxycinchopnipic acig

7=Chlopo-h-acetoxymethylearbostyril :.

7=Chloro«lt-bromomethylearbostyril (1 g.) was
treated with acetic anhydride (10 ml,) and freshly fused



sodium acetate (1.5'g.) ami refluxed on sand bath for
"2 hr. The aeeﬁox}methyl derivative obtained on wérking‘
up as usual crystailised from acetic acid,m.p.239?
Yield 0.6 g« |
Anglysis ¢t Pound t C,52.55 § Hy4.37 %.

€1 2H; 003NC1 = requires. : €,52.74 3 H;h.39 %o

-

_Z:Chloro-hydrozymethylecarbogtyril : y
The above acetoxymethyl derivative (1 g.) was

treated with sodium hydroxide solution (50 ml. 3 10 )
ard heated on a water bath for 5 hr. The clear éolution
was neutralised with hydrochleric acid. The produet
which separated crystallised from aleohel,m .p.303?
Yield 046 g. ‘ _
Apalysis : Pound 3 C,57.11 H,3».66 %o
é;;ﬁgezm:l. requires s C,57.28 ; H,3.81 %.

idation of 7-chloro-i-hydroxymet le; rbost

with alkaline potassium permargarate : Z-Chloro-

2-hydroxycinchoninie acid :

clrgre ‘ : X
The; hydroxymethyl derivative (1.5 g.) was

d1ssolved in aqueous sodium hydroxide (60 ml, 3 10 %)
and potassium permanganate (5 g.) in about 50 ml. water

" was added portion wise. It was.stirred mechanically for
2 hr. and left overnight. On working up as usual the acid
crystallised from dilute acstic aeid,m.p.33l°. Melting
point after. heatirng in vacuum at 110o for 4 hr, was
34@—&0. Yield 0.5 g. _
Amlygis : Found . 1 G,53.61 § H,2.51 § €1,16.30 %.

€, o001 requires i ©,53.69 § H,2.68 ; CG1,15.88 %.



o

§,8—D;1meth&1—l+-bromomethylc arbostyril (1 g. ),
was treated with acetic anhydride (10 ml,) and :reshli
fused sodium acetate (1.5 ge)s It was refluxed for 2 hr.
and poured over ice water. The product which separated
erystallised from benzeno,m.p.azko. Yield 0.7 g
Aralysis 3 Found t 68,44 3 H,6.03 %o

C“‘H1,03N requires ] 0,68056 ’ H,6012 %o

~

6,8-Dimethyl -l -hydroxymethylcarbogtyril

. The above acetoxymethyl derivative (1 g_.) was
treated with sodium hydroxide solution (60 mlj. 3 10 %)
and heated on g water bath for 6 hr. On"working up as
usual the product crjrstallised from aleohol,m.p.ZSBo.
Yield 0.6 go ‘

Analysis ¢ Pourd s C,70.89 3 H,6.22 %,

€, 2H, 20,8 requires 3 C,70.97 5 H,6.40 Z.

Oxidation of 6,8-dimethyl-i-hydroxymethylearbostyril
with alkslire potaggium permapnzanate 3 ~Dimethyle~
2-hydroxyeinchonipic geid : '

The above hydroﬁxymethyl derivative (1:5 g.)~fwas
.d:lssolved in sodium hydroxide solution (5d mll § 10 %)
and potassium permanganate (3 g.) in 50‘ml. water was
added and stirred for 2 hr.‘On working up as usual the
acid erystallised from glacial gcetic acid,m.p.372-'50.

-——
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M.P. after heating in vacuum at 110 for & hr. was

. o :

396~400 (decomp.). Yield 0.3 g.

Armalvsis : Found t C,66427 3 Hy4e92 3.N,6.10 %
Cy oHy 403N requires t C,66.3% § H,5.06 3 N,6.45 %
- -l O
~Bromo e methyle :

6 -Bromo -l -bromemethylcarbostyril (1 g;) was
refluxed with acetic anhydride (10 ml.) amd freshly fused
sodium acetate (1.5 g.) for 2 hr. On working up as usuwal
the product whiéh separated crystallised from acetic acid,
m.p.219 .+ Yield 0.7 ge ,

Analysis s Found s c,u8;99 3 Hy3.72 2.
Gy 2Hy o0 3MBr ‘requires 1 C,48.65 3 H,3.33 %.

6 -Bromo :&-—gxd roxymethylearbogtyril :

- The above acetoxymethyl derivative (1 g;) was
heated on a water bath with sodium hydroxide solution
(50 ml1, § 10 %) « On working up as usual the product
which separated crystallised from alcohol,m.p.BlSo.
Yield 0.6 g

Apalysis : Found 2 G,47.70 5 Hy3.16 %.

Cy oHgOa NBY requifes 1 G,47.25 § H,3.15 %.

Oxidation of 6-brome :&-mdggxzmethzlcarbogtzril
with alkaline potggsium permargapate : 6-Bromo-

2-hydroxycipchoninic goid
The above hydroxymethyl derivative (1.5 g.) was

dissolved in sodium hydroxide solution (60 ml. § 10 2)
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and potassium permarganate (5 g.) in 50 ml, ;ater was
added. It was stirred for 2 hr. and left overnight. On
working up as usual the acld crystallised from aleohol,
m.p.356°. M.P. after heating in vacuum at 1100 for 4 hr.
was 367-80. Yield O+ go

Apalysis s Found : Cyhlso51 § H,2.22 § Bry29.40 %.
Gy oHgO3NBY requires : C,44.78 3 Hy2.24 § Br,29.71 %.

8-Chloro-4-acetoxymethylcarbostyril :

8«Chloro-4-bromomethylcarbostyril (1 g.) was

refluxed with acetic arhydride (10 ml;);and fused sodium

acetate (1.5 g.) for 2 hr. On'wérking up as usual the

product thch separated crystallised from dilute acetie

acid in ne&dles,m.p.aoo—zo. Yield 0.7 go _

Amalygis : Found t C,52457 3 Hy4e68 %o

Cy2H; o03NC1 requires 3 C,52.74 3 Hyk.39 %.

§—Cg;ogo:&-gzdgg;zmethglcgrbostzril :

The above acetoxymethyl derivative (1 g;) was
heated on a water bath with sodium hydroxide solution
(50 ml; $ 10 2) for 4 hr. On working up as usual the
broduct which separated crystallised from alecohol,m.pe
24 °. Yield 0.7 g. ) *

Apalysis : Found : 0,57;28 3 HyleO9 %o
Cy ofig0, NG requires 0,57;28 3 H,3;81 %
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2-hydroxyeipchopiplc acid :

The above hydroxymethyl derivative (1.5 g.) vas
dissolved in sedium hydroxide solutinr (60 ml. § 10 %)
and potassium permanganate (4 g.) in 50‘m1. water was
added and stirred for 2 hr. On working up as usual the
product which separated crystallised from acetic acid,
m.p.3141+v6°. M.P, after heating in vacuum at 1100 for
b hri was 360-2 . Tield 0.4 g.

4

Analysis ¢ Pound 1 C,53.4 § H,2.55 5 C1,15.4% 4.
C, oHg0 301 requires 1 G,53.69 3 H,2.68 3 C1,15.88 %.
~Math cato th 1 arb i1

| M‘nﬂw@ -?""““
baqe l% — 8-Methyl-h-bromomethylcarbostyril was treated

with acetic anhydride (8 ml.) and freshly fused sodium
acatate (1.5 g.)/_wea.s rofluxed for 2 hr. It was poured
over ice water with stirring. 'l‘he separated product was
fi{ltered and erystallised from alcohol, m.p. 23#0.

Yield 0.7 g S

Apalysig ¢ Found t 0,67,% § H,5.88 § N,5.96 %,
Cy 3Hy 303N | requires 1 6,67 53 § H,6.06 3 N,5.62 %.(

. ~Mathyl - hydrox meth*le gtvril 4> w‘j;wﬁ‘

-

- N - . e
¥

- - e - ~ ke
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