PART ITT

Synthesis of bis-hydroxyquinoline methanes
by cyclisation of methylene bis-(cyanacet-
arylamides) using polyphosphoric acid as a

eyclising agent.
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Snyder and Werber (1) réported for the first time
the application of polyphosphoric acid as a reagent in
organic chemistry; In recent years polyphosphoric acid
(PPA) has achie&ed prominence in synthetic organic chemistry
as is seen from the review made by Frank D. Popp and William
E ,McEwen (2). Polyphosphoric acid is a mixture of phosphorus
pentoxide'and syrupy phosphoric acid. It 1s used as a
condensing agent as well as a general acid catalyst § and
in the present investigation it is described as a hydrolytic
agent as well as a cyclising agent.

Bell R.N. (3), while determining the compositioﬁ
of strong phosphoric aclds, found four acids between
H,0.P,05 and 3H,0.P,05 and an unidentified acid, all of which
occured'as mixtures down to 3H,0.P,05. He showed that at all
phosphorus pentoxide levels, orthophdsphoric acid, pyro-
phosphorie acid between 72 and 85 % P,05 and a highly
polymerized metaphosphoric acld above 83 % P,05 were present.

The unidentified acid, occuring at a slightly lower
phosphorus pentoxide content than the highly polymerized meta
acid, is believed to be a lower polymer of meta-phosphoric
acid. No difference in composition was found between strong
phosphoric acids prepared by heat and those prepared by
addition of phosphorus pentoxide. )

The structures of some of the individual phosphoric
aclds found in polyphosphoric acid are shown by Thilo and

Sauer (&), as follows :
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The contents of the commercial phosphoric acid by
filter paper chromatographic method were found to be ortho-
phosphoric acid, pyrophosphoric acid and linear polyphosphoric
acids, having a thedretical P,05 content of 81-85 %. Although
commercial polyphosphorie acid (82-84 % P,05) does not
contain any detectable quantity'of‘cyclic phosphoric acids,
small amount of these acids have been found in mixtures
having a theoretical P,0; content greater than 85 7.
Polyphosphoric acid, having content of 90 % P,0s, contained
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three percent trimetaphosphoric acld and also a trace of
tetrametaphosphoric acid.

It has been shown that condensed polyphosphoric
acids 3 having P05 content greater than 85 %, contained
some cross-linked (branched) pdlyphosphoric acids. Since,
the evidence for the presence of the cyclic aclds gppears
only when eross-linked polyphosphoric acids are also
present, there is some possibility that the cyclic acids
grise only upon hydrolysis of the cross-linked acids.
although this problem has not been resolved the cyclie

and cross-linked structures are as follows :
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Polyphosphoric acid is a clear, colourless,
extremgly viscous,’hygrdscopic liquid, having a specific
gravity of 2,060 at 20 C, when theoretical content of P;0j
equals 83 Z and it~is conveniently fluid at 6006. Another
point of interest with regard to condensed polyphosphoric
acid is that, for any given content of phosphorus pentoxide,
the same ratio of cemponent acid results, no matter what
the metha@ of preparation of the acid, provided that a
‘homogenous melt is obtained during the preparation. The
versatility and general utility of polyphosphoric acid
arise from the fact that it is a mild reagent even though-

a strong dehydrating agent. Generally, it does not bring
about charring of organic compounds and it doés not undergo
violent reaction with hydroxylic compounds. It does not |
bring about the phosphonation of aromatic coﬁpounds. For
these reasons it is a better reggent than the other
reagents, such as sulphuric acid, hydrogen flouride,
phosphorie anhydride or aluminium chloride (5).

Various workers have prepared and used different
concentrations of polyphosphoric acid to bring about the
reactions. Fritz Uhlig (6) prepared polyphosphorie acid by
slowly adding 150-210 g. P,05 with stirring and cooling to
100 ml. phosphoric acid (d. 1.709 ) and subsequently heating
in a boiling water bath for several hours. This mixture
contained 80-8% % P,05 content and was found to be highly
active'pclyphosphoric acid.

Hauser and Murray (7) used commercial polyphosphorie

acid (15.0 g.) to cyclise erotonates (3.0 g.) into their

-~
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quinoline derivatives. Stephenson (Miss) (8) prepared
polyphosphoric acid by adding phosphorus pentoxide (63.0 g.)
in phosphoric acid (36.0 ml.) at 105°C till the mixture
became clear and this amount was used for 0,01 mole of the
reactant.

Sukh Dev (9) prepared this reagent by dissolving
phosphorus pentoxidé (140 g.) with syrupy orthophosphoric
acid (60 ml, § 85 %) in a flask, which was immediately
stirred with a glass rod till homogenous § the heat of the -~
reaction sufficed fér the almost complete dissolution of
the anhydride, and in’case any particles remained undissolved,
the flask was heated on a steam-bath at 60 C till clear, and
this quantity was applied to cyclise 0.0é mole of the
reactant. Further, Krishpa Rao and Sukh Dev (;0) prepared
this reageﬁt from P,05 (270 g.) and syrupy phosphoric acid
( d. 1.75 5 116 ml. ). Mbrsover, Fritz Uhlig (6) observed
fhat for determining optimum operéting conditions, the
amount of organic substance was mixed with 10-30 times the
amount of polyphosphoric aci&. If the mixture darkens
immediately, ice-cooling is reqﬁired 3 Lf the colour changes
slowly, room temperature is preferable, if any little colour
change occurs, heating is necessary. |

Polyphosphoric acid as a hydrolyting agent :
" In the hydrolysis of nitriles to acids, the use

of 100 % phosphoric acid has been known for some long time
(11). The effectiveness of polyphosphorie acld in the
Beckmahn fearrangement (12) indicated the rather exceptional
sﬁaﬁility of amides in polyphosphoric acid reagent. Again ,

*
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Snyder and Elston (13) f?und polyphosphoric acid to be
effective in the reactlons of carboxylic acids with

weakly basic amines to yield the corresponding amides,

i.e. acetic acid and 2,4-dinitroaniline gave 92 % yield

of 2,4-dinitroacetanilide. Further, these authors also
observed that the simple aromatic and aliphatie nitriles
were hydrolysed to the corresponding aiides in high yields
by reaction with polyphosphorie acid for approximately one
hour at 11000. Benzonitrile for example,‘was converted to
benzamide in a 96 Z yield. Ethyl malonate was isolated in
65 7 yield from the hydrolysis of ethyl cyamoacetate. But,
this method was not found to be suitable for the hydrolysis
of sterically hindered nitriles. Thus, 2,4,6—triisopropyl—
benzonitrile and l-hydroxy~2-cyanb-3-methylnaphthalene were
inert even at 16000, while at this temperature, cyano-
mesitylene underwent both hydrolysis and decarboxylation to
give mesitylene,

Hauser and Murray (7) prepared 4-hydroxyquinoline
from anil, which was obtained from aniline and B-ketonitrile;
and they observed that polyphosphoric acld was effective in
order to bring about both the steps, viz,, partial hydrolysis
and cyclisgtion in.a single process to form a quinoline
derivative, Thus, a-acetyl-a-tolunitrile I (B-ketonitrile)
with polyphosphoric acid at 110°C is partially hydrolysed
to B-ketoamide (II) as under :

CH 3 COCHCN PPA CH3 COCHCONH,
. -

. o
CeHs { (+ Hp0) 110 C CeHs

(1) . (I1)
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Again, Hau;se; and Eby (14) hydrolysed some
B-—ketonitrile‘s into their corresﬁonding B-ketoamides by
the method of Hauser and Hoffenberg (15) with boron ‘
fluoride in aqueous acetic acid as well as by the method of
Snyder and Elston (13) with polyphosphoric acid, and the
conclusion was drawn that both the boron fluoride and
Polyphosphoric acid methods génerally gave yield of
P-ketoamides. Also these methods were considered superior
to other known methods, one of which involved the ammonolysis
of the respective PB-ketoesters (16). Moreover, most other
B-ketoesters that would be required for the preparation of
B-ketoamides (III), which are not readily available have
been obtained-from B-ketonitriles as under :

(1) NaNH, BFa-H;c or PPA
CH3CN —m—ermememme » RCOCH CN =-cmemmerc e ncm e -RCOCH, CONH,
+ (2) RCOOCH; ( + H,0)
( III)

( R = -CgHs or ~Cl.C¢Hy,-m). f

The'boron fluoride method involved the rapid
saturation of a mixture of P-ketonitrile and aqueous acetic
aclid with the reagent, under which condition the temperature
rose sgpontaneously to 120-1#006. The reaction was complete
within a short time of about 10-20 minutes. The phosphoric
acid method consisted generally in heating the PB~-ketonitriles
wlth the reagent at the steam bath temperature for 30 minutes.
It should be pointed out that the reaction of B-ketonitriles
with boron trifluoride in aqueous acetic acid produced a
boron difluoride complex of the B-ketoamides from which
the B-ketoamides were siubgegueritlty liberated by means of

hot sodium acetate solution.
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R&bert Conley (17) described the method for
effecting the Schmidt transformation of ketones employing
'polyphosphoric acid both as the solvent and the catalyst.
For example 2-cyanocyclohexanone (IV), on rearrangement
and ring expansion, gavé two products of 7-member ring, viz.,
7 -cyano -2-keto ~hexamethylenimine (V) and 7-carboxamide-2-

ketohexamethyenimine (VI) as under :

. c=N c- NH,
{::ji::] (Ppazsﬁ : ;

Qav) W) v

The above amido-lactam (VI) was found to be. formed from
product (V) by hydration of cyano group using polyphosphoric
acid at 60 C. It was also found that the cyano-lactam (V)
could be quantitatively converted to the amido-lactam (VI).

Polyphosphoric acid as a condensing agent
Polyphosphoric acld has been widely used as a

condensing agent in the synthesis of numerous hetrocyclic
compounds, ®.g., in the Fischer indole synthesis and
Pomeranz-Fritsch reaction § in‘the preparation of cyclic
ketones by intra molecular acylation reactions j in the
cyclodehydration reactions of aldehydes,ketones and alcohols j
in the Beckmann, Lossen, Wagner-Meerwein and Schmidt-
rearrangement, in the intra molecular acylation and alkylation
. and in some other miscellaneous uses, viz., nitration,

bromination, dehydration, hydrolysis, polymerization and

LN
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phosphorylation-reactigns.

Witkop et al. (18) used polyphosphoric acid and
obtained 2-phenylindole in good yield, not only from
acetophenone phenylhydrazone but also from a mixture of
phenylhydrazine and acetophenone by the method of Fischer
indole synthesis. Singer H, and Shive W. (19) carried out
simila; Fischer cyclisation of ethyl pyruvate-o-nitro-
phenylhydrazane with polyphosphoric acid and obtained ethyl-
7-nitro-2-indole carboxylate (VII). Herz and Tsai (20)
carried out the Pomeranz-Fritsch reaction on thiophene-
carboxaldehyde and aminoacetal using polyphosphoric acid
and obtained thianaphtheno (2,3-c)pyridine (VIII) derivatives.
A mixture of pquphosphoric‘acid and phosphorus oxychloride
here was used with better yield than that obtained with
concentrated sulphuric acid. Leavitt et al. (21) carried
out the Phillips benzimidazole synthesis using polyphosphoric
acid with o-phenylenediamine and benzoic acid to give
2-phenylbenzimidazole (IX). (Miss) E.F.M. Stephenson (22)
obtained 3-methyl-3-phenyl-oxindole by cyclisation of (+.)
-atrolacetanilide with polyphosphorie acid. Hill R.XK. (23)
cyclised nitrocycloalkanes into spirolactams usingq

polyphosphoric acid.

NOy, H )

jonNdutidw:
N coocgg‘ s - . N CcHs .
3 s H

(Vi) A ~(VHI) : (1x)
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Koo, J. (24).condensed resorcinol with each of
P-ketoesters, ethyl acetoacetate, ethyl q-methylacetoacetate
and ethyl benzoylacetate in polyphosphoric acid anmd obtained
respectively 4-methy1—7—hydroxycoumariﬁ, 3,4~dimethyl-7 -
hydroxycoumarin and Y-phenyl-7-hydroxycoumarin in 80-95 %
yield. The chalcone (X) has been converted by Nakazawa and
Matsuura (25) into the flavanone derivative (XI) in 80 ¢
yield by the action of polyphosphoric acid.

H3CO, OH o ot
. /Jca OCH3 : OCHz

H,co

(X) L (X,

Elston (26) prepared 4,7-dimethylcoumarin in 76 %
yield from m-cresol and ethylacetoacetate using polyphosphoric
acid and found that polyphosphoric s¢id 1s about as effective
a catalyst as sulphuric acid.

Sukh Dev (9) converted Br or yd unsaturated acids

‘to cyclonones with the ald of polyphosphﬁric acid, viz.,
eycloheptylidenesuccinic acid was cyclised to cyclohepteno-
eyclopentanone (XII) by treatment with polyphosphoric acid.
Cope and Smith (27) carried out the eycligation of
0 -(B-phenethyl)phenylacetic acid to 1,2,5,6—dibenz;l,5—
eyclooctadiene-3-one (XIII) in 93 % yield using polyphosphoric
acid.
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COOCH3_ 0

. QU
(xi (xm)

Phillips (28) prepared 4,7~dimethyl-l—tetralone
from Y~p—tolyl§aleric acld by polyphosphoriec acid catalyzed
cyclization. Hauser and Murray (29) synthesised 5-phenyl-
benz-acridine (XIV) in 87 ¥ yieid from 2-phenacyl-3-phenyl-
qulnoline using polyphosphoric acid. Poller et al. (30)
carried out several conversions of diarylarsinic acids into

.9—arsafluo:ene oxides (XV) by the use of polyphosphoric acid

0
at 160 C for 3 hours.

As

/
O

, COQH
(Xtv) (xv)

Pratt, Rice and Luckenbaugh (31) prepared 3,k-
dihydroisoquinoline from N-formylphenethylamine by Bischler-
Napieralskl synthesis with polyphosphoric acid. Further,
Proctor and Thomson (32) carried out the synthesis of 2-tosyl-
1,2,3,4-tetrahydroisoquinoline. Snyder and Werber (1)
subjected the Bischler-Napieralskl reaction to N-acetyl-
phenylaianine with a mixture of polyphosphoric acid and
phosphorus oxychloride and obtained l-methylisoguinoline.
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Ghosh,BHattacharya and Dutta (33) studied the
prgcess'involving cyclodehydration probably followed by
decarboxylation and dehydrogenation, when q-methyl-a-
acetamido-P-phenyl-propionic acid was treated with a mixture
of polyphosphoric acid and phosphorus oxychloride, yielded
1;3—dimethy1isoquinoline. Popp and McEwen (34) also used a
mixture of polyphosphoric acid and phosphoius oxychloride
for preparing 6,7-dimethoxyisoquinoline from veratrylidene-
aminoacetal, ,

Horning et al. (12) studied the Beckmann
rearrangement of oxiﬁes with polyphosphoric acid e.g. syn
‘anZaldoxime treated with polyphosphoric acid at 13000 gave
formanilide and benzamide, while anti form at the same
temperature gave only benéamido.

C¢Hs5-C-H . PPA

H eeemege--= CgHsNHCHO + CgHgyCONH,
N-OH 130 C
(syn)
CeHs5~C-H PPA ,
I eeeeeog—e-b CgH5CONH,
HO -N 130 ¢C
‘ (antl)
Hence, it was concluded that the syn-isomer usidergoes partial
isomerization to the anti-form in contact with polyphosphoric
acid,

The conversion of aromatic carboxylic acids to
arylamines commonly callqd Lossen rearrangement has“been
carried out by the reaction with acid and hydroxylamine
hydrochloride in polyphosgsphoric acid. Ketones are also

€
K ~—
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converted to amines “by this method. Polyphosphoric acid is
also applied to Wagner-Meerwein rearrangement, amd in this
case when Spiro(cyclopentane—l,3’—N—methyl—21hydroxyindole)
(XVI) is treated with the above reagent gave 9-methyl
tetrahydrocarbazole (XVII)

== QC
H
N “onx N

{ i
CH3 CH3z

(xv1) (xvi)

Klaéer et al. (35) carried out the nitration of
diethyl alkylmalonate with polyphosphoric acid and obtained
a high yield of diethyl alkylnitromalonate. Po%yphOSphoric
acid 1s also used as a dehydrating agent for the preparation
of olefins from alcohols. Benzyl esters of amino acids,
useful intermediates for the synthesis of peptides, have
been prepared in high ylelds with polyphosphoric agid soclution.

Cherbuliez and Weniger (36) carried out the
phosphorylation of alcohols, e.g. methyl phosphate, benzyl
phosphate and cetyl phosphate have been prepared by the
reaction of the respective alcohols with polyphosphorie acid.
Schaad (37) prepared alkylazides by the acid-catalyzed
addition of hydrogen azidé to alkenes.

Breuer and Hofferth (38) observed that coumarone-
indene resins,having low softening points may be upgraded
by the treatment with/polyphosphorio acid and a source of
formaldehyde. Finally,polyphosphorie acid has been found to

be of use in the catalytic reforming of petroleum stocks,
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containing significant amounts of nitrogen compounds and

here ammonia formed,during the eracking operation, is removed.
L-Hydroxyquinolines have been obtained on thermal

cyclisation of several ethyl P-arylamino -g-unsaturated esters

obtained from ethylacetoacetate and primary a.rylam.".xrze:~">~ (39)

(40) (41). Eglns and King (42) synthesised 2-hydroxyquinolines

by a modified method of Knorr (43) using concentrated

‘sulphuric acid as a cyclising agent. Bangdiwala and Desal

(44) obtained W-hydroxyquinolines on cyclisation of

crotonates and acrylates using a mixture of aéétic anhydride

and concentrated sulphuric acid as a cyclising agent.
2,k-Dihydroxyquinolines (XVIII) which are found

to be important intermediates, have been synthesised from

malon arylacids and malonmonoarylamides respectively by

Mehta and Patel (45), using polyphcsphoric acid as a

3

cyclising agent. The course of the regction 1s as under ¢

WO  0H
, . o
P o 5
PPA CH = A
CHy  wemew- gt C': —*-‘-2'9-»
N 140 C N7 o NFOH
CONHR

(Where, R is phenyl,tolyl,xylyl,naphthyl,etc.groups).

Further, they obtained 2,4-dihydroxyquinolines from cyanacet
arylamides (RNHCOCH,CN) in two steps using polyphosphorie
acld,when it acted first as a ﬁydrolytic,agent to give

malon mono arylamides - (RNHCOCH,CONH,),which,when further ¢-
. treated with polyphosphoric acid gave 2,4-dihydroxyquinolines.
During the course of reaction malon mono'arylamides,furthef,

are hydrolysed to ﬁalon arylacids with the elimination of
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ammonia and then these acilds simultanéously’underwent
cyclisation to give 2,4-dihydroxyquinolines (XVIII)

eliminating water as under :-

" _CN : CONH, 0 e OH.

CH/ A PPA 140°C O'u\\‘cn
2 g O iy e-on

N Ha0 ' N\ ( + H,0 5 -NH3) NZ

CONHR . CONHR
OH
N
_% _
- Hg0 N7 oM

'(;xnfm)

' Kaslow and Reck (46) have stated that very few
diquinolylmethanes have been recorded in the literature.
Schuller (47) prepared 5,5:methylene bis-8-hydroxyquinoline
bﬁ treatment of 8-hydroxyquinoline with formaldehyde in
concentrated sulphuric acid. Borsche and Kienitz (48)
obtained 6,6:methylene-bis—quinoline by a Skraup reaction
on h,hidiaminodipheﬁyl methane ; while Borsche and Meyer
(49) synthesised 6,61methylene bis-2-methylquinoline by
the action of alcoholiec alkali and acetone on 5,5idiisatyl—
methane and decarboxylation of 6,6lmethylene-bis—2-methy1—
cinconinic acid which was obtained from this reaction.
Monti and Verona (50) have reported the preparation of
methylene bis-6-hydroxyquinoline,

Further, Kaslow et al., (46) reported on the
synthesis of several 6,6:methylene bis-lepidine derivatives
from corresponding 6,6:methy1ene bis-acetoacetanilides
through the carbostyrils and chlorolepidine derivatives.

4,41Methylene bis-acetoacetanilide was prepared from
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‘ ’
4,kzdiaminodiphenylmethane in acetone with diketone. 6,6~

methylene bis-4-methylecarbostyril (XX) was obtained by

cyclising #,%:methylene bis-acetoacetanilide (XIX) with

concentrated sulphuric acid. This reaction is expressed as :-

CH
_cH, 3
H,504 = i
=2H20
z OH \N

(xix%)

2 *

cHgy
CHy =
N/ OH
( *x%)

Mills and Hamer (51) condensed quinaldine

ethiodide (¥XI) with formaldehyde and obtained methylene

diquinaldine. They concluded that the above reaction is a

strict parallel to the condensation of acetoacetic ester

and related compounds with formaldehyde, which gives

methylene bis-acetoacetic ester and the compound diethiodide

of methylene-diquinaldine (XXII) has actually been isolated

as under :~
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Price, Leonard and Stacy (52) prepared t-hydroxy -
quinolines with sulphur containing substituents using boiling
diphenyl ether as cyclising agent. For this they have applied
the ethoxymethylmalénic ester synthesis to p-aminophenyl
sulphide proceeded successfully to produce 6,6:bis Yo (Y
diethylamino -1-methyl butylamine)-quinolyl sulphide (XXIII)
as under :- '

5
'ss’oa 01.‘\ OH

c -
~ ‘ N @ \C'({' S N coon
: —> b - _

X NH, XN "N

| 2 - -2 L

Hac t):HCcHa)aN(CZH5)2- HaC CH(CH2)3N(C2Hg) 2
MR . NH
e e
=
¥ . N
(xxlu)

Edgerton et al. (53) prepared some antiamebic
agents which while preparing they obtained 5-chloro-7-
diethylaminomethyl-8-quinolinol (XXIV) and ‘7,‘7?-methylene
bis (5-chloro-8-quinolinol ) (XXV) as an insoluble high

melting by-products

! ct cl <

(Ca¥g) N H2C N N
OH QOH OH

(xx1v) | (xxVY)
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During the period of reflux, the insoluble 5,51
methylene bis-(7-chloro-8-quinolinol ) an isomer of (XXV)
gradually formed in:appreciable amounts. It was found that
methylene bis-compounds were inactive towards amebicidal
activity.

‘ Price, Leonard and Reitsema (54) treated B-m-
chloroanilinoacrylates (XXVI) in concentrated diphenyl
ether and obtained bis-(m-chlorophenyl) urea (XXVII). But
at high dilution 7-chloro-t-hydrozyquinoline (XXVIII) was
obtained along with 1-1-bis-(7-chloro-4-hydroxy-3-quinolyl)
ethane (XXIX), which'could also be formed by condensation
of 7—chlor6—4—hydroxyquinoline with acetaldehyde.

oR,
<
@ § sosan,(” ] Q@
ry .
ct Nﬁ‘m 260 o \ NHCONH A a
5| (»xvi
3 Cexvn) { xxvn)
% OH OH OM
. s
= + X\— cH = l

(xxvi) | (yx‘g)

Jean D ecombe (55) used sodium acetate as a
catalyst in the condensation of aldehydes with compounds
containing active hydrogen. Acetoacetanilide in aqueous
‘ aleohol with trichloroacetaldehyde in the presence of
sodiun acetate yielded trichlorohydroxymethyl acetoacet-

" anilide (XXX) which on cyclisation with sulphuric acid gave
2-hydroxy-3-(1-hydroxy-2,2,2-trichloroethyl) -4-methylquinoline
(XXX1),



CH3
0CH,
HgSOu N CC‘
Cl3C'C*Hm—C€ - o o wn - - - o o wein ?o‘-:‘ 3
5
0H CONHCH; N “on
() ()

Lydia Montil, Valeria Girelli and Berenica Romano
(56) carried out the reaction of formaldehyde on Y-hydroxy-
quinolines in presence of sulphuric acid giving the cyeclic
methylenic ethers of the general structure (XXXII) as under.:
( R = CH3 or CgHs )

N CHa.
ZR

(xx 1)
This reaction is analogous to the reactions with

6 -hydroxyquinoline and p-nitrocresols or p-nitrophenols.
The identity in behavioum of 6-hydroxyquinoline and

Y -hydroxyquinoline is attributable to the positions of the
OH with respect to the N = abtoms in the two compounds. In
6 -hydroxyquinoline, the oH may be regarded as in p-position
to the N, as in p-nitrophenol, the OH and NO, are in
p-position, whereas in y-hydroxyquinoline, the OH is in
the p-position to the N in the same ring. The relatively
greater activity pf Y-hydroxyquinolines is explainable

by the Bonino theory of consitution of aromatic nucléi,i.e.
the presence of OH and N in the p-position to each other

disturbs the system of negative atoms and increases the
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activity of the PB-N-atom. In a-hydroxy-r-alkylquinolines,

the OH in the o-position, forms an active system, which
makes the former react with formaldehyde as do'Yéhydroxy-a-
alkyl quinolines.

The Y;hydroxyquinolines were prepared by Lydia
et al. (56) based on the method of Limpach (40). Thus,they
prepared cyclic methylene ether of 2-methyl-r-hydroxy-3-
quinoline alcohol'; and cyclic methylene ether of 2,8-
dimethyl- and 2,6-dimethyl-,-k-hydroxy-3-quinoline alecohols.,
Methylene-quinoline alecohols are insoluble in aqueous
alkalies but soluble in concentrated sulphuric acid and
they do not give acetyl derivatives with\acetic anhydride.

In the Borsche-Berkout modification of Lederer-
Manasse reaction (56) (575,both 2- and Y-hydroxyquinolines
give cyelic ethers (XXXIIT) (XXXIV).

R
CH2
= HCHO N N
—
P dil- Hz2804 _ |
N7 ou N o~ Mz
Ootxan)
CHy
N,
on [
. CH
# l = Hewo A
e e dhl. H250y WA R

( xRr¥ tv)"
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Price and Jackson (58) carried out the Mennich
reaction of #—hydroxyquinoline with formaldehyde and
n-dibutylamine,giving 3-n-dibutyl aminomethyl derivative

(XXXV) as under :-
oH

Q N HCHO N N —cHyN(Catta)2
P N-(C Ha)aNH .
Haco NT cHg H ») HaCo” NZ oy

Cx KX V)

The Lederer-Manasse reaction with (6-or 8-)hydroxy

OH

quinoline ,formaldehyde and alkali gives carbinols or
methylenebis-diquinolyl derivatives (59) (60). The typical
reaction with 8-hydroxyquinoline,formaldehyde and sulphuric
acid gave 5,53methylene bis-(8-hydroxyquinoline) (XXXVI) 7).

(4 / [\ N

HO CH2

(xxx\/!) _

_ Kaslow and Raymohd (61) obtained 6-hydroxy-5-
quinolinemethanol (XXXVIII) by eareful cleavage of dioxino
(5,4-1) quinoline (XXXVII). The carbinol and dioxino compounds
can be transformed by hydrochloric acid to 5 ,S—methylene
bis-(6-hydroxyquinoline) (XKXD()..
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CH20AC cH-,_oH

l-lz_c \CH'L
= A0 o gﬁa&"‘i_;.
/ Hz.5°4
‘é>\\k
(xwevn) "'“”‘EEEEE; (}Cﬂﬂwn;)

(§<xxe

Piscopo et al., (62) condensed L-hydroxy-6-iodo-
coumarin with formaldehyde and obtained 3,3zmethylene bls~
(%-hydroxy -6 -lodocoumarin (XL). Further, Mentzer et al.(63)
observed that the two hydréxy groups are essentlal for the
antivitamin K activity of 3,3:methylene bis-(4-hydroxycoumarin)
and methylation or esterfication of both groﬁps destroys t.
the physiolegical activity.

Bis(#—hydroxy—3—coumarinyl) acetic acid- (Pelentan-)
has been prepared by Fucik, Prochazka and Cechova (64) by
condensation of k-hydroxycoumarin with a solution of glyoxilic
acid. Hais (65) used a paper chromatography for the detection
and identification of pelentan and dicoumarol aﬁd some of
their degradation products in blood and urine.

In order to prepare anticoagulants, Fucik, Prochazka,
Hach and Strof (66) condensed Y-hydroxycarbostyrils with
formaldehyde and 3,31methylene bis-(4-hydroxycarbostyril)

(XLI) was obtained. “

CHz
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OH oY
N/ OH HO \N
(xu1)

Further, these authors condensed Z,M-Gihydroxy—
quinoline and glyoxilic acid and obtained 3,31bis-(4-hydroxy—
3-carbostyril) acetic acid (XLII) ; whereas 2-l-dihydroxy-
naphthyr;dine with glyoxaiic acid yielded 3,33methylengbis-
(2,4-dihydroxynaphthyridine ) (XLIII)

OH foo" A OH
= CH -
N’JOH HOKN l
ou xun) oH
Zh N <
N | NP OH

QNI

Rastogi, Khanna and Dhar (67) prepared 1,2-bis(8-
methoxy-4~-quinolyl oxy) ethane (XLIV) from 4-chloro-8-
methoxyquinoline and the di-sodium salt of ethylene glycol.

O —em CHy ——= CHz —0O
N 7
N7 SN
H3C O ' QCH3

(Xuiv



97
Max Boetius et al. (68) treated l-substituted

carbostyrils with carbonyl compounds at raised temperatures
or with unsaturated ketone; to give 3,3Lmethylene bis-(4-
hydroxy carbostyril). Rice et al. (69) from 4-carbethoxy-
6 -hydroxyquinoline with formaldehyde and appropriate secondary
amines synthesised cémpounds of low toxicity, characterised
by physiological activity, as antihistamine, bronchial
dilators, medicaments of respiratory disorders and
arthritis. "

Over and above the diguinolylmethane derivatives
a number of biquinolines are also available. Biguinolines
are generally obtained either by application of standard
quinoline synthesis to bifunctional molecules, by pyrolysis
of various quinélina derivaxives; or by application of
the Ullmann’s synthesis. Thus, Nieuwenhuis, Wibaut and
Willink (70) obtained 2 21biquinoline (XLV), when quinoline
was heated in a sealed tube at 325 C with nickel or aluminas

Weidel (71) prepared 2 6-biquin011ne from aniline
and quinoline hydrochloride which were heated at 180 C with
platinised asbestos in the presence of oxygen. Reich and
Serpek (72) reported the formation of 3,31b1quinoline vhen
quinoline was heated with caleium hydride at 220°C. Ueda
(73) obtained 2,22and 5,5-biquinolines by the application
of Ullmanné reaction on catalytic reduction of 2-bromo
and 5-bromoquinoline réspectively. Ruttan (74) obtained
8,8ldimethyl-6,6-biquinoline (XLVI) by Skraup reaction
applied to o-toluidine. o
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(xLv)

o 1
N SN
\ A,
Xy ,/ N
' (xLvi)

Ward and Waring (75) obtained 5,5:7,71tetramethyl—
8,8:biquinoline by coupling two molecules of 5-nitro-4- iodo-
1,3-dimethyl benzene with copper powder and the resulting
dinitrotetramethyldiphenyl was reduced and converted by
Skraup synthesis. (

b ]

3,3-(2-methoxy-4-methyl) quinolines of the type
(XILVII) have been preparéd by Mehta and Mehta (76) by
the application of Ullmaﬁn’s reaction on 3-bromo-2-
methoxy -4-methylquinolines with copper bronze in boiling
diphenyl ether,

CHs CHs
N M~
] ]
N="OCH;3 HyCO™ NN
(XLVH)

In the bresent investigation, ﬁgthylene bis-
(cyanacet arylamides) (a) have been cyclised using

polyphosphoric acid as’a cyclising agent, to give the
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corresponding 3,33methy1%ne>bis—(2,4~dihydroxyquinolines)
(d) . The methylene bis-(eyanacet arylamides) have been
prepared on condensation of cyanacet arylamide with sodium
hydroxy methane sulphonate as deséribed in part II. Here,
polyphOSphoric acld acts both as hydrolytic and condensing

agent. These reactions are given below :

NC CN
CH2 + OHCH2803N3, + Hzc
~ RHNOC (-H10) | ENaHsO3)  CONHER
NG . CN -
\*— */
HC CHa CH (a)
RHENOC ~ CONHR
(2H,0) ( PrPA)
H,NOC CONHZ
\ « /
HC CH, CH (b)
RHNOC GF2H20) | (-2NH3) CONHR
. HOOG ' COOH
N\ /o
E}C - CH, : Cg (e)
RHNOC G2H,0) | (PPA) CONHR
)

(where R, is phenyl,tolyl,xylyl and naphthyl radicals).
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_ Here, the .hydrogen atoms of the reactive methylene
group marked in asterisks (% ), situated between two ‘
negative groups (~-C0.CH;.CN) in the methylene bis-(cyanacet
arylamides) are enolizable. Under the influence of poly-
phosphoric ;cid acting as hydrolytic agent; the methylene
bis-(-cyanacet arylamides) (a) are partially hydrolysed by
addition of two molecules of water, giving fhe'corresponding
methylene big-(-malon mono arylamides) (b), which are not
isolated but remain as intermediates. These intermediary
amides (b) undergo further hydrolysis with the elimination
of two molecules of ammonia to yield the corresponding
methylene bis-(-malon arylacids) (c¢), which, simultaneously,
under the influence of polyphosphoric acid,acting as a
condensing agent with elimination of two molecules of water,
undergb cyclisation, giving the corresponding 3,3:methylene
big~-(-2,l-dihydroxyquinoline) derivatives (4).

| (a) Methylene bis~-(cyanacet arxlémides )

Two moles of cyanacet arylamide and one mole of

sodium hydroxy methane sulphonate were refluxed in 90 %
methanol for three hours. The crude product, obtained on
dilution with water, was filtered and crystallised from
acetic acld (Part II.) o

(d) 3,3Methylene bis-(2,%-dihydroxyguinolines)

Methylene bis-(cyanacet arylamide) (0.01 M ) was
dissolved in a clear solution of polyphosphorie acid
prepared by dissolving phosphorus pentoxide (20 g.) in
phosphoric acid (12.0 ml, 3 d. 1.75 ) and the reaction
mixture was heated in an oil-bath at 14000 for 3 hours,

with a calcium chloride gaurd-tube. After cooling,
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hydrochloric acid (60 ml. § 1 N) was added and the mixture
was neutralised with sodium hydroxide solution (P 4), when
the crude product was precipitated. It was then filtered and
erystallised from glacial acetic acid.

The following methylene bis-(cyanacet arylamides)
have accordingly been prepared. :

Methylene bis-(cyanacetanilide) § Methylene
bis-(cyanacet-o-chlorcanilide) ; Methylene bis—(cyanécetfp—
chloroanilide) j Methylene bis-(cyanacet-m-toluidide) 3
Methylene bis—(cyanacetﬂp-toluidide) § Methylene bis-(cyanacet-
lzzzk-xylididej 3 Methylene bis-(cyanacet-l:3:l4-xylidigde) ;
Methylene bis—(cyanacet;u-naphthylamide) and Methylene bis-
(cyanacet -B-naphthylamide).

The following 2,2)k,k4-tetrahydroxy-3,3-diquinolyl
methane derivatives have,further, been synthesised on
cyclisation of the‘ébove mentioned methylene bis-(ecyanacet

arylamides). Thus,

R, OH OH R,
R, v " N CH, s R'z
Rs N/ OH HOR N R"_;
. Ry R'l‘
A)

1. 2,zzk,hiTetrahydroxy—3,3:diquinoly1methane.
' (4, Ry=R’y =Rp=R’; =Ry=R’; =R, =R, = H )
é. 2,2:4;#:Tetrah&drox&-8,81diéhidfq~3,3idiquinolylmethanc.
(A, By=R’;=R,=R =R3=R 3=H ; R,=R ,=Cl )



3

5e

6.

7

.8
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b b ]
2,2,%,%-Tetrahydroxy-6,6-dichloro-3,3-diquinolylmethane .
( A, Ry=R’;=R3=R 3=R,=R’,=H 3 R,=R’;=Cl )
_ TR ” _
2,2:%,44Tetrahydroxy-7,71dimethyl-3,3:diquinolylmgthane.

) 9

( A, R1=R’1=B.2=R,2=R“_=R gFH 3 R3=R,3=,C'_H3)

) y :
2,24 45 Tetrahydroxy-6,6-dimethyl-3,32diquinolylmethane.

b 9 ? k]
( A, R;=R 1=B.3=R 3=R;,_=R 1‘,=H 3 Ro=R 2=CH3)
-y - . - 3 = -
2,24, 4-Tetrahydroxy-6,6.8,8-tetramethyl-3,3-d1iquinolyl-
297 L A B b ]
methane .,
9 9 ) ?

( A, Rj_'-"'R 133333 3=H H Ro=R 2=RQ=R,;_‘_=CH3)

TN - =y
2,2k 4 Tetrahydroxy-6,6.7 ,7 -tetramethyl-3,3d1iquinolyl-

b Aok BLE ) Ivei ?

methane,
( 4, Ry=R’;=Ry=R’,=H § Ro=R ,=R3=R 3=CH;)
2,234, 4 Tetrahydroxy-3,3-dibenzoquinolyl-(7:8) -methans .

OH OH
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EXPERIMENTAL

2,224 i Tetrahydroxy-3,3 diquinolyl methane
Methylene bis-(cyanacetanilide) (3.32 g. § 0.1 mole)

was dissolved in a clear éolutién of polyphosphoric acid
prepared by dissolving phosphorus pentoxide (20.0 é.) in
phosphoric acid (12.0 ml., d. 1.75 ), and the reaction
mixture was heated in an oil-bath at 140 C for three hours
with a clacium chloridelguard-tgbe. After cooling,
hydrochloric acid (60.0 ml. ; 1 N) was added and the mixture
was neutralised with sodium hydroxide solution (P 4), when
~ the crude product was precibitated. It was then filtered
and crystallised from glacial acetic acid., M.P., > kOOOC.
Yield 1.4 go '

Aﬁalgsis : ]

%.32% mg, of the substance gave 10,780 mg. of
carbon dioxide and 1.668 mg. of water.

7.256 mg. of the same substance gave 0,574 c.c.‘
of nitrogen at 3500 and 745 mm. pressure.
68.03 % ;3 H
68.25 % 3 H

Found : C 8.595 %

8.38 %.

4.316 %
4,22 %

s
]

s

"
"
n -

N

-wse
e

CyoHi 0N, requires : C

2,2:#,41Tetrahzdrozx—8,81diehloro-3,31diguinolxlmethane
Methylene bis-(cyanacet-o-chloroanilide) (4.01 g.)

dissolved in a ¢lear solution of polyphosphoric acid péepared
by dissolving phosphorus pentoxide (20.C g.) in phosphoric
acid (12,0 ml, j d. 1.75 ) and the feaction mixture was
refluxed and treated as above. The product, on precipitation,
was filtered and crystallised from glaciél acetic acid. M.P.
> 400°C. Yield 1.95 g. |
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Analysis : -
7. 036 mg. of the substance gave 0.450 c.c.
of nitrogen at 36 C and 745 mm. pressure.
‘ Found : N = 6.926 4.
Cy9H; 20,N5C12 requires: N = 6.948 %.

2.20% W Tetrahydroxy -6,6-dichloro-3,3-diguinolyl-

methanes

il

ft '

Methylene bis-(cyanacet-p-chloroanilide) (4.0l g.)
dissolved in a clear solﬁtion of polyphosphoric acid
prepared by dissolving phosphorus pentoxide (20.0 g.) in
phosphoric acid (12.0 ml; j de 1.75 ) and the reaction
mixture was reflﬁxed and treated as above. The product on
precipitation éas filtered and crystallised from glacial
acetic acid. M.P. > 4oo°c. Yield 2.1 Ze

Analysis

4,792 mg. of the substance gave 10.380 mg. of
carbon dioxide and 1.138 ﬁg. of water.

5.220 mg. of the same substance gave 0.306 c.c.
of nitrogen at 32 °c and 746 mm. pressure.

Found : C=59.11 % 3 H=2.66 % ; N=6.44 %.
C, oH; 20,N,Cl, requires: C=59.55 % 3 H=3.97 % ; N=6.%% %.

e

»

g.Z:E.MiTetrahzdroxy~7.71dimethyl-3.3:diquinoly;—

methane |

Methylene bis-(cyanacet-m-toluidide) (3.6 g.)
dissolved in a clear solﬁtion of polyphésphoric acid
prepared by dissolving phosphorus pentoxide (20.0‘g.) in
phosphoric acid (12.0 ml. § d. 1.75 ) and the reaction

mixture was refluxed and treated as above., The crude product,
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on precipitation, was filtered and crystallised from

glacial acetic acid. M.P. > 400°C. Yield 1.3 g.

Analysis

4,814 mg. of the substance gave 12.216 mg. of
carbon dioxide and 2.332 mg. of water.

8.036 mg. of the same substance gave 0,573 c.c.
of nitrogen at 3306 and 746 mm,. pressure.
C=69.,25% 3 H= 5.42 %
= 69.60 % 5.00 %

7.80 Z.
7.73 %o

N

i
It
1

Found

-9
e
g 1]

i

N

o
i

e
i

e

C21Hy 804N, requires : C H
2,2k, 4 Tetrahydroxy-6,6 dimethyl -3,3~diquinolyl -
methane i

Methylene bis-(cyanacet-p-toluildide) (3.6 g.)
dissolved 1in a clear solution of polyphosphoric‘acid
prepared by dissolving‘phosphorus pentoxide (20.0 g.) in
phosphoric gcid (12.0 ml. § d. 1.75 ) and the reaction
"mixture was refluxed and treated as above., The crude
product, on precipitation, was filtered and crystallised.
from glaclal acetic acid. M,P, 2 #0000. Yield 1.5 g

Analysis : - | ] ’

8.672 mg. of the substancé gave 0.643 c.c. of
nitrogen at 3460 and 746 mm. pressure. \

Found N = 8,09 %,

*n
i

Co1H; g0uN, requires : N = 773 %e

2,2:4,432etrahxdroxz-6,6:8,8:tetramethzl-3§33
diguinolylmethane X
Methylene bis(cyanacet-l:2:4-xylidide) (3.38 g.)

dissolved in a clear solution of polyphosphoric agcid prepared

-
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by dissolving phosphorus pentoxide (20.0 g.) in
.phosphoric acid (12.0 ml. 5 d. 1.75 ) and the reaction
mixture was refflluxed and treated as above. The product, on
precipitation was filtered and crystallised from glacial
acetic acld. MJP. > 400°C. Yield 1.9 g.
Analysis ) .
7.328 mg. of the substance gave 0,509 c.c. of
nitrogen at 3500 and 744 mm. pressure,
754 %o
7.18 %.

i

Found s N
N

Co3H,20,N; requires

2,2:%,%1Tetrgggdroxg-6,6:2,Z’atetramethxl—i,31

diguinolylmethane
Methylene bis-(cyanacet-Ll:3:l4-xylidide) (3.88 g.)

dissolved in a clear solution of polyphosphoric acid'
prepared by dissolving pbosphorus pentoxide (20.0 g.) in
phosphﬁric acid (12.0 ml. 5 do 1.75) énd the reaction
mixture wés refluxed and treated as above, The product,on
precipitation, was filtered and crystallised frqm glacial
acetic acid. M.P. > %00°C. Yield 2.3 g. |
‘ Analysis v

_ 4,722 mé. of the substance gave 12,160 mg. of

carbon dioxide and 2.373 mg. of water.
7.146 mg. of the same substance gave 0.484% c.c.

of nitrogen at 3600 and 745 mm. pressure.
70.28 % 3 H= 5.62 %
70.75 % § H = 5.68 4

7.33 %,
7.18 %.

Found s C

-e
== R~
]

"
B

L~ L

02 3H220;+N2 requires s C



107

JPetrah droxy-3.31dibenchuin01yl—(7=8)
- .

methane
Methyléne bis—(cyanacet—a—naphthylamide} (4.32 g.)
dissolved in a clear solution of polyphosphoric acid prepared
by dissolving phosphorus pentoxide (20.0 g.) in
phosphoric acid (12.0 ml. § d. 1.75 ) and the reaction
mixture was refluxed and treatéd as above. The product, on
precipitation, was filtered and erystallised from glaecial
acetic acid. M.,P. > #OOOC.‘Yield'Z.l ge
Analysis
7.664 mg. of the substance gave O.445 c.c. of
nitrogen at 3500 and 745 mm. pressure.
N = 6.30 %.
C29HLgOyN, requires : N = 645 7.

2,204 4’ Tetrahydroxy-3,3-dibenzoquinolyln(5:6)

methane

Found

n

Methylene bis-(cyanacet-B-naphthylamide) (4%.32 g.)
dissolved in a clear solﬁtion of polyphosphofic acid
prepared by dissolving phosphorus pentoxide (20.0 g.)
in phnéphoric acid (20,0 ml. § de 1.75 ) and the reaction
mixture was refluxed and treated as above. The pfoduct, on
precipitation, was filtered and erystallised from glacial
acetic acid. M.P. > 400°C. Yield 2.0 g.

Analysis ) ‘
7.624% mg. of the substance gave 0.430 c.c. of

o
nitrogen at 36 C and 745 mm. pressure,

Found : N =6.11 4%,
' CopH; g0yN, requires : N = 6.45 2.
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