CHAPTER I




_ Cyanoethylation of some dihydroxy derivatives of diphenyl,

diphenyl methane, benZODhggpne and diphenyl sulfone and the

synthesis of bichrbmonz;_derivatQVes :

Aerylonitrile reacts readily by addition with a
variety of organic and-inorganic compounds that possess a
reactive hydrogen atom, with the formation of P-substituted
propionitrile derivatives. The proplonitrile residue
~CH p-CH ,-CN, is termed the P-cyanoethyl or 2.cyanoethyl

group, and the reaction is therefore known as cyanoethylation

I
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- (;: -XH + CH 2 = C H-—CN “? wXe=CH 2-—01{ 2 —CN

where X 1is an electronegative atom such as N, p, S, P and
As. Thus the reaction may be effected with hydroxyl compounds,
thiols, nitrogen compounds, some carbon compounds,\hydrochloric
aeid;iﬁydrogen cyanbde, hydrobfomic acid, sodium bisulfite

and hydrazoic acid as well as with arsines, boranes, germanes,
phosphines, silanes and stannanes, In general, all compounds
eXxcepting carboxylic and sulfonic acid, containing reactive

hydrogent atom add to acrylonitrile, Multiple cyancethylation

takes place. provided the compound contains Several active



hydrogen atoms.
The eéflier work on cyanoethylation has been

i
reviewed by Bruson--. #nother more recent review is by

2
Bikales .

' égplicaﬁgons of the reaction :

Cyanoethylation may be effected Sn carbon if the
substrate has at least one hydrogen atom adjacent to ore
or more powerful electron Qithdrawing groups, such as
carbonyl, nitrile, nitro or éulfone. Rogers3 cérried out
cyanoethylation of compounds containing a reactive methylene
group, €.« benzyl cyanide on cyanoethylation gaée a-phenyl\
glutaronitrile. Many reactive methylene compounds have bben
cyanoethylated:. successfully,f’s. If several hydfogen atoms
are available, mixtuBes of mono., di., and tri.cyanoethylated
products are obtained, e.g. cyanoethylation of acetaldehyde
gives a mixture of mono. and di.cyancethylene aldehydesé.
Bruson and Riener7 have cyanoethylated a-ethyl-P-prOpyl-
acrolein, even though an a_hyd;ogen atom"is lacking and

obtained 2 50 ¢ yield of the product (4).
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Apparently, shifting of a hydrogen atom and the
double’bond permits the introduction of cyanocethyl group
in the réarranged product. Acetone and acrylonitrile in
equimolecular proportions give 2 small amount of mono.

cyanoethylation produ.ct8 with three moles of acrylonitrile
in the presence of sodium hydroxide or Triton B. The
crystalline‘tz}cyanoethylation derivative9,i°‘ is obtained
in 75.80 %Zggd upon further cyanocethylation a'tetra a&dition
product can be isolated. '

Alicyclic ketornes react like their aliphatic
analogs but more readily. Aromatic aliphatic ketones react
very readily, e.g. acetophenore, p-methoxyacetophenone,
p-methyl acetophenone, p-ChloroéhbT0m07 phenyl ?fetOpherones
give tricyenocethylation products in good yields---s Several
1,3-diketones fail to react with acrylonitrile. The explanation
is that the high degree of acidity effectively neutralises
the catalyst. It is essential that the reaction‘mixture be\
alkaline to moist litmus for the reaction to occuriz « In
general, reactive methylene compounds are more reactive
than methyl groups. Although cyanoethylation takes place
normally at the position s to the cerbomyl group, there
is at least one report of y-cyancethylation in the case of
a steroidiﬂ.

Nuclear cyanoethylation has been carried out on a

7uudqufaromatic compounds. Mesitylene and o-xylene react

more readily than benzene and chlorobenzene in the presence



of adhydrous aluminium chlorideik. Chatterjee et al.fS
carried out nuclear cyanoethylation of aniscle and its
derivatives successfully.

Hydroxy compounds react readily with acrylo-
nitrile in the presence of a strongly basic catalyst to
form P-alkoxy propionitriles, Water reacts with acrylonitrile
to give P-P’-dicyanoethyl ether - . °-%, practically all
primary alcohols react with aecrylonitrile rapidly when
the more active basic catalyéts*are used. Secondary alcohols
react somewhat slowly but tertiary alcohols requiée drastic
conditions. Tertiary alcohols are used as solvents in most
eyanoethylation reactioné, carried out beiow 500. Primary
and secCiondary, but not tertiary hydroxy groups in glycols

K L9920 2%
and polyhydric alcohols ar@ cyanocethylated-- "y

Complex substances such as cellulose, starch
and polyvinyl alcohols do not give cyanoethylation products.
Oximes and hydroperoxides may also be cyanoethylated in the
presence of strong base to form oximino ethers in 60.-90

22946
yields .

-

Phenols require relatively high temperatures of
90_1500 and the presence of alkalirne catalysts. Simple
phenol gives P-phenoxy propilonitrile in good yie1d23.
Various substituted phenols, such as m..chlorOphen.ol,23
p_naphtholzs, cresols? xylenols, hydroxybipbenylsz& and
‘ bisphenolszs reaét with acrylonitrile to yield the

26927928
corresponding cyanoethyl ethers + However, the



‘cyanoethylation of B-naphthol in the presence of an equi-
molecular amount of sodium hydroxide suspended in benzene
ylelds 2.hydroxy-1~naphthalene propionitrile 1n excellent
1e1d « The Cyanoethylation of 6—bromo-2-naphtnol glves
a 10 ¢ yield of the corresponding cyanoethyl ether;
whereas 2.-naphthol gives 279 4 yield of P-(2-naphthoxy)
propionitrile when Triton B is used as’'a qatalyst26.
Polyhydric phenols such as hydroquinone, catechol
and r°sor01nol can be cyanoethyTated in the presence of 1 ¢
by wéight of basic catalyst at 120..%0 to yield the momo-nor
di.cyanoethyl ether depending upon'the‘amount of arrylonitrile
ﬁsedf3; When resorcinol is cyanoethylated in the presence
of hydrochloric acid and zinc chloride as the cgt‘alyst the

‘ 30
lactone of B-(2,4-dihydroxyphenyl)propionic acid is obtained .

HO OH Zmcl,  HO
O + CHy=CH—CcN —2—

In the presence of Triton B, resorcinol gives

‘ 3% .. .
a 40 g4 yield of 1,3-di-(P-cyancethoxy)benzene . The

presence of electronegaﬁive substituents teﬁd to hinder the
32 C : A

reaction . ,Thus, ~halogenated phenols add only slowly to .

acrylonitrile, whereas p-nitrophenol and methyl

. . 3
salicylate apparently do mot react at all” . The



cyanoethylation of p-cresol in the presence of aphydrous
aluminium chloride cives 6.methyl.3,k-dihydrocoumarin along

33
with 2-(2-cyancethyl).lt.methylphenol .

Ammonia and most amines react with acrylonitrile
without thé aid of a catalystsk. Ag a general ryle, acyclic
secondary amines react more slowly than do primary amines.
The size and branching of the substituent alkyl groups
affect the rate of the reaction and yield. Thus, di.n.
propylamine gives a 88 # yield of cyanoethylated product,
whereas, di.lsopropylamine gives only a 12 g yield 35’36.
Cyclic secondary amines are considerably more reactive than
the acyelic seconﬁary amines. The use of a strong base has
been recommended to cetalyse the- cyanocethylation of certain
amines37.

The hydrogen atoms of hydrazine are active in
cyanoethylation. The -NH, hydrogen atom of hydroxylamine
is more reactive than the hydroxyl hgdrogen atom and
cyanoethylation yields HONHCH,CHCN . Amides, ’imides
and lactams are readily cyanocethylated. & number of aromatic
aliphatic sulfonamides can be cyanoethyiéted. Compounds such
as phosphines, phosphine oxides, phosphonates and phosphinates

32338
readily yield the 2-cyanoethyl derivatives ’ .

Mechanism : vVarious mechanisms have been postulated for
the cyanoethylation reaction. Some of them take into account

the normal polarisation of acrylonitrile. The nitrile group
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is a powerful electronegative substituent and attracts
electrons from the -CH = CH. double bond of écrylonitrile
molecule. The B-carbon atom is thereby rendered reclatively
positive and the nitrogen otom relatively negative. It can
be indictted in structure T.

CH, £ CH C.—Qﬁ(—-—-—-}%)ﬂz -CH=2C :?

(D

Thus, the true acrylonitrile molecule is & resonance
hybrid of the above two canonical structures. The molecule
is therefore susceptible to attack by nucleophilic reagents
at rthe P.position. These.nuclgophiles may be anlons such
as alkoxide ions, or neutral molecules having 2an unshared
pair of elactrons such as amines.

The generally accepted reaction mechanism for
cyanoethylation may be summarised as follows using methyl
aleohol as the active hydrogen compound. The strongly baslc
catalyst abstraets the hydroxyl hydrogen a&tom of the alcohol,
produc ing an alkoxide ion.

CH30H + :B—-——-—)CH3@O)+ HiB crmemm- (a)
(Base)
The methoxide ion attacks the relatively positive carbon
atom of acrylonitrile, forming the intermesdiate ion II

which is stabilidged by resonance.

=) @
CH30 + CHp = CH - CN T[CH3OCH, - CH - CN4—>CH;0CHLCH = C = %
(II)  cmmmeeee (b)
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The anion then reacts with a substance caﬁable of donating
& proton, to produce the final product, 3-methoXy propio-
nitrile (III) and the methoxide ion is regenerated.
CH3Oé32:€h—CN + CH3OH=CH30CH, ~CH, -CN + CH;;:8 ---- ()
(IID)

The methoxide ion can start the process of
equation (b) again, thus confirming the need for only a
smell quantity of catalyst. Neutralisation of (IT) may
Lalso take place with other active hydrogen combounds if
present, e.g. water or another solvent. If so, an anion
other than methoxide will be produced which, in turn, may
participate in equation (b). Tt is to be noted that all

_ ~ 32
steps in the sequehce are reversible .

The validity of this mechanism has recently been
confirmed by kiretic investigations by Ogata and Okano3?ﬁnui
Feit and Zilkhauo. ?he rate of the reaction was found to
be proportional to the concentrations of alkoxide ion and
of acrylonitrile, independent of metal\catipn, and to
inerease with increasing basic strength of the alkoxide
ion. These results'indicate that the slow, rate determining
step ié equation (b), whereas equation (c) must be very
rapids This is in agreement with the known behaviour of .

anions.
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The anionic polymerisation of acrylonitrile can
. be explained on the basis of the above mechanism. Anion
from step (II) should be capable of adding ancther molecule

of aecrylgnitrile prior to methanol.

, @
- CH3(CH,.CH-CN + CH,=CH-CN<=CH, ocHz_CH.Cﬁa-?H ....... ()
(V) - CN CN

The product (IV) could then repeat the process
to produce eventually polyacrylonitrile (V).
CHs OCHz..C‘!H eew (CHp-CH)yemm H
o ox
(N
The fact that essentially mo polymer is formed
under most ordinary cyancethylation cornditions provides

additional evidence that reaction (c) must be very rapid,

The above mechaniém is believed to apply to all
base catalysed'cyanoethylaticns, Suéh as those of alcohols,
mercaptans, phosphines and carbon compounds activated by
the presence of adjacent electrpnegative groups. Carbanions
of the following type are formed with strong bases and
may then react in the normal way with acrylonitrile.

CH3
H5C200C-§H-COOC2H5 ; CH3-C.C.H ; CH3-<(?H.N02
g
This variation is a specific case of the classical Michael
addition of nucleophilic reagents to d-P-unsaturated

{

compounds and illustrates the formal amalogy of cyanoethylation
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to this well-known reaction.

/‘cooc Hs © C4HsCHCH,C00C 5H;
CH, + C¢H4CH = CHCOOC ;Hs ‘—"B-‘—‘H:.c'i,cooc M
COOC,Hs " , COOC H s

Catalysts : Cyanoethylation reaction generally reéquires

the presence of an alkaline catalyst, Catalysts generally
emnloyed for the purpose are %he amides, alkoxides,cpanides
hydrides, hydroxides and oxides of sodium and potassium as
well as the alkali metalg fhemselvas. Quaternary ammonium
hydroxideé sucﬁ as benzyl trimethyl amﬁonium hydroxide
(Triton B) and choline are strongly basic and are used
advantaéeou81y. Holstenzs carried out cyanoethylation of
bisphenols using Triton B or sodium &as tng basic catalyst,
but they observed excessive polymerisation of acrylonitrile.
The same difficulty was observed by Cook and Reedzu in the
cyanbéthylation of dihydric phenols using sodium or Triton
B as a.catalyst. However, with sodium methoxide as the

'catalyst, polymerisation of acrylonitrile was only slight.

Good resulfs are obtained when sodium. tertiary
butoxide is used as a catalyst. It was found to be mors
effective than sodium methoxide because of its greater

.basicity. Cuprous chloride 1is added as a stabilizer of
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acryionitrilek}. Large number of phenols haﬁe ‘been cyano-
ethylétéd using Triton B as a catalyst@ The presence of
Triton B 1increases the yield in the cyanoethylation of
‘anilines of lower basic strength -. Cyanoethylation of
phenols using copper compoundsu3 such as cupric oxide,
cupric hydroxide and copper salts of organic acilds has been
carried out with good results. Excess catalyst had no effect.
Concentration of the catalyst may vary from 0.01 to 10 7 of
the weight of the phenol. Cupric acetate has been found to
be highly effective catalyst for the mono-cyanoethylation
of a variety of aromatic amines. It is effective even with
sterically hindered o.substituted amines. It improves the
yield and also shorter time is reQuiredhu. Ketones can be

4, o+ 43 tp +3
mono-cyanoethylated in the presence of a Cu, Cu, Co, Co,Ni,

Ni, Ag, Zn, Pb, Pb, M, Mn, Fe, Fe, CA4 salts of - Cu-Cgem

aliphatic aromatic carboxylic aciésgs. Catalysts such as

zine chloride, zine bromide, boron trifluoride or BF3 Bt ,0
have been .used to cyaﬁoe#hylate secondary aminesk6g Kambe

and Yasudak? have reported potassium fiuoride as a’catalyst

in the cyanoethylation of ethylcyanoacetate. Mérchantws has
used saturated potassium carbonate solution 2s a catalyst

in the cyancethylation of hydroxy coumarins. Sometimes organic -
bases such as pyridine, quinoline,tdimethylanilinﬁ and

48923
trimethylamine are used as the cyanocethylation catalysts ’ .

‘ beén.
A mixture of cyclohexylamine and acetic acid has/used as a

b9
catalyst in the mono cyanoethylation of ketornes . Many aleohols
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have been cyanoethylated in the pressnce of gquaternary
; ) 50
ammoniwn type resins (Amberlite IRA . 400) .« 4Anfon
‘ 54 ’ 52
eXchaénge resins are also used --. Howk and Langkammerer
have used cross.linked polyquaternary ammonium hydroxide
resin as a catalyst and have obtaired mono cyanoethylated

products in high yields.

Solvents and temperature

Cyanoethylation regctioﬁs are frequently highly
exothermic and require safety measures to ensure control
,of the reaction. This may be achieved in part by the use
of inert solvents such as acetonitrile, benzene, dioxan,
pyridine, toluene or tertiary butyl alcohol. Tertiary-butyl
alcohol is particularly a good solvent since it dissolves
appreciable amoﬁnts of potassium hydroxide to give an
'effeétive catalyst solution. The reaction of acrylonitrile
‘with phenols takes place at a temperature in the range of
120-40°. Feit et aln53 have discussed the effect of solvent
composition on the kineties of the cyanoethylation of
metnanol} They have also discussed the cyanoethylation of
methanol in mixed methanol.aprotic sc].veni',35u such as
dimethyl sulfoxide, dimethyl formamide, dimethyl formamide.
dioxan (1 : 1), dioxan, tetrahydrofuran.ard benzene. Dependireg
upon the aprotie solvent the rate of the réactian.decremsed
in the order dimethyl sulfoxide > dimethyl formamide >> tetra.
hydrofuran.ECL'dioxan 5 benzene., Yun et al.55 have carried

out .- . 1 .. eyanoethylation of alkyl aromatic compounds such



as toluene, m-Xylene, isopropylbenzene, mesit&lene,
diphenylmethane and tetralin at 200--3000 in the presence

of sodium tert.butoxide in an autociave. In some cases an
excess of reacﬁants may be used as diluents under some
circumstances,as in the cyancethylation of cellulose, excess

acryloﬁitrile is a suitable reaction medium.

Reversibility of the reaction : Decyanoethylation

Cyanoethylation reaction is usually carried out
at moderate temperatures, High temperatures temd to reverse
the cyancethylation and therefore, lower yields are obtained.
ﬁ.p’,Dicyanoethyl ether yields water and acrylonitrile when

0 56
heated to about 200 in the presence of an alkaline material .

NCCH ,CH ,0CH ,CH,CN T > 2CH, = CHCN + H,0

B-Alkoxy and B.aryloxy propionitriles get decyano.
ethylated when heated with an alkalire material or with

. 57958
uncyanoethylated bases » .

) ROCE ,GH CN + Na(H (Y %) ——>ROH
ROCH ,CHCN + C¢HsNH, + 0.025 g. NaOH }—(—)—h—rr—:\-06}I5NHCHZCHZCN+ROH
The reaction of aromatic amines with N-mono and W,N-dicyano-
ethylated q- and B-amino acids result in the formation of
the decyanoethylation productssg.

Present work

While there are a number of methods available for
the synthesis of 2-methyl chromones, 2.phenyl chromones

(flavones) and 3.phenyl chromones (isoflavores) there are only

g
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a couple of methods available for the synthesis of chromones
without any substituents in the heteroceyecliec ring. In one
of the methods o.hydroxy acetOphenone'is treated with
etnyl»formatg“;n presence of sodium and the intermediate
keto a;dehyde%%s cyelised inthe presence of sulfuric acid

é
(95 ) to chromone 0.

OH
+ HCoOGHy —N& on
cocHs . D1y eikey COCHgCHO
. VI

61
Use- of diethyl oxalate gives 2.carbethoxychromones --.

Hydrolysis and decarboxylation of these esstérs give the
chromones unsubstitute@ in the heterocyclic ring. The yields

are generally poore

Phenols can be cobverted into B-phenoxyacrylic
aci&s by- adding their sodium derivatives to ethyl acetylene
dicarboxylste., Similar products are also formed %hen ethyl
chloro fumaratéiés treated with sodium phenoxide. The

Vil
B-phenoxy acrylicyacids[obtained by saponification of the
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esters can be eyclised to chromones either with acetyl
: : 62 " :
.¢hlloride or sulfuric acid or through the acid chloride

63
with anhydrous aluminium chloride .

cl—C—coolHgs '
ONG. . C-CooCHs

—+ ) n
H —C—C00CHg | CHCooGHs
NI
NO.OH
N/
. ‘ ‘
y O C-COOH
N ]
CHcooH
) , T

Cyanoethylation of phenols provides a good method for
the preparation of chromone deri&éfives, unsubstituted in the
heterecyclic ring. The intermediate P-phenoxypropionitriles can
be hydrolysed to the corresponding acids and the acids cyclised
to chromanones using c¢yclising agents suchignhydrous hydrofluvoric
, acidsk or conc. sulfuric acid, Alternatively, the corresponding
' acylchorides can be cyclised using Friedal.Crafts catalysts ¢ -
’such\as anhydrous aluminium chloride . . Heiningefgu\ ;yclised

B-aryloxy propionitriles to chromanones through the



’ v . . 31
intermediate formation of chromanimines. Bachman and Levine
. eyclised various B.aryloxy proplonitriles to chromanones using
either sulfuric acid or phosphoric acid. These chroma2nones can
be dehydrogenated to chromonss by using palladium on charcoal
or selenium dioxide.
: 4836716 f . ,

Merchant et al, have built up & y-pyrone

ring on various‘hydyoxy coumadrins through cyanoethylation.

There is no reference in the 1literature to the synthesis of

2

bichromonyl derivatives from diphenyl derivatives through
cyanoethylation., It was therefore thought of interest to study
the cyanoethylation of dihydroxy diphenyls and use the
intermediate cyanoethyl derivatives to synthesise bichromonyls.
The application of this reaction to 2,2’-dihydroxydiphenyl,
%,%’.dihydroxydiphenyl, 2,2’.dihydroxydiphenyl methene ;
%,4’dihydroxydiphenyl methane, 242’ -dihydroxybenzophenone
4,#’,dihydroxybenZOpnenone, and 4,4’ .dihydroxy diphenyl sulfone
has now been studied.,

The ecyanoethylaticn of 4,47-dihydroxydipheny1 methane,
2,2’ _dihydroxydiphenyl, 4,H’QdihydroxybenZOphenone and 4, 4°.di.
hydroxydiphenyl sulfone was studied using a number of condensing
agents such as, sodium hyd:roxide, sodium methoxide, cuprous
chloride, cupric oxide and Triton B. It was found that the
highest yields were obtained when cupric oxide was used as a
condensing agent., In the case of 4 L -dihydroxydiphenyl however
the best yield was obtained when sodium hydlyoxide was used as a

condensing ragent,
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Synthesis of 8,8)-bichromonyl :

2,2’-Dihydroxydiphenyl’on reaction with acrylo-
nitrile in the presence of cupric oxide gave 2,2’ -di-
(B-cyanoethoxy) diphenyl (IX) which, when hydrolysed with
conc. hydroehloric: acid gave 2,2’-di(P-carboxyetnoxy)diphenyl
(X). This acid was cyclised in the presence of polyphosphoric
acid to the bichromanonyl derivative (XI). It ggve in I.R.2
band at 1680 cmt~, characteristic of a carbonyl group and
in U.V. ) max (dioxan) 252 and 328 mm . It was dehydrogenated
in the presence of palladium on charcoal in boiling diphenyl
ether to bichromonyl derivative. 8,8’.Bichromonyl structure
(XII) was assigned to the dehydrogenated produwet. Its I.R.
showed absorption at 1640 cmtﬁ, characteristic of a carbonyl
group and in U.V.)max, (dioxan) 25F and 306 mﬁﬁ 1t gave
a~hydroxyketone on alkaline hydrolysis as seen by a blue
colofgration with aleoholic ferric chloride, solubility in
alkali an@ the formatbon of ‘a di~(2,4.dinitrophenylhydrazone)
derivative with 2,4.dinitrophenylhydrazine. It has been assigned
the 2,2’.dihydroxy-3,3’-diacetyl diphenyl structure (XIII).
T.R. 1625 cm?— (C=0), 3200 cm?-;(b, H.B) o

This incidentally provides a method for the preparation
of this ketone. It could hot be prepared by the Friedel.Crafts
acetylation of 2,2°.dihydroxydiphenyl or through the Fries
migration of 2,2’-diacetoxydiphenyl. The 5,5’.diacetyl derivative
i1s formed ir these reactions.

Synthesis_of 6,6 -bichromonyl

#,4’_Dihydroxydiphenyl on condensation with
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=
OH . X ! O-CHg~CH5CN

+ CHy=CH-CN ~uo

O J8 0-CHg-CHgCN
lco*nc- Hcl

e ~CHg~CHg~COO0H
’ : = ~CHg-CHy-COOH
.
X

COCH3

=l

OH

7
OH
COCH3
X
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Sockium
acrylonitrile in the presence of i ivihrydvoxide yielded

4 4’.ai-(p-cyanoethoxy)diphenyl (XIV), It was identical
with the compound prepared according to Cook and Reed - o
using sodium methoxide as the condensing agent. The above
cyano derivative on acid hydrolysis gave 4,#’.&1-(p-carbexy;
ethoxy)diphenyl (XV). This dicarboxylic acid was cyclised
in the presence of polyphos;ahoric acid to the correSponding
bichromanonyl derivative (XVI) I.R. 1679 em.-- (C..O).

cdioxam)
T.V. }\ max L21+8 330 'mm. It was dehydrogenated with
palladium on charcoal to the bichromonyl derivative. 6,67~
Bichromonyl structure (XVIT) was assigned to the dehydrogenated
Qroduqt. I.R. 164? cm?— (C=0)s UsVe A- maxCL ggf)z’ia, 310 M .
On alkaline hydrolysis it gave the knqwn 3,3?-diacetyl.
4,4 dihydroxydiphenyl (XVIII) .r‘?ixed’m_.p. with an authentie
' specimen prepared according to Nara Boon-long69 by the Fries
migration of k4,4'.diacetoxydiphenyl was nbt depressed. .

Synthesis of 8,8 .bichromonyl methane

. 2,2 .Dihydroxydiphenyl methane on condensation
with aérylonitrile in the presence of cuprie oxide gave
2 2’-di-(p—cyanoethoxy)diphenyl me thane (XIX) On acid
hydrolysis it yielded the corresponding dicarboxylic acid
(XX) which on cyclisation in the presence of polyphosphoric
acid gave the bichromanonyl derivative (XXI). I.R. 1685 cm.1

celioxowm)

(C=0)« U.V. ) max L25l+, 320 ww. . The bichromanonyl derivative
vas dehydrogenatéed using palladised charcoal (10 ) in boiling

diphenyl ether. 8,8'-Bichromonyl methane structure (XXII) was
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+ CHy=CH-CN

NaoH Cio/) |
/

OH
‘ X
2
y PPA
[ X
=
Xvi
Pdjc
aq, Na.oH

»

O-CHy—~CHo-CN

,,..—-.—-

Conc. Hcl

<_._._.____._

2 CHz COOH

i ~CHp~CHg-COOH

l’éi




OH
My +CHy=cH-cN —CUO
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N
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#
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S
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O-CHy-C Ho-CoOH
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assigned fo the dehydrogenated product. I.R. 1630 cmti(C=0).
U.V. ) mex (dioxan) 242, 296, 306 WM. On alkaline hydrolysis
it gave an 5.hydroxy ke tone as seen by a violet colouration
with aleoholic ferric chloride solution, solubility in
i alkali and the formation of a di-(é,4-din;trophenylﬂfdrazone)
de}ivative.'2,2’-Dihydroxy-3,3’-diécetyldiphenyl methane
structﬁre (XXIII) was assigned to t his ketone.I.R.1630 cm:i
(c=0), 3200 cnw- (b, H.B). '

This ketone could not be prepared by the Friedel.-
Crafts acetylation qf 2,2’-dihydroxydiphenyl me thane or by
the Tries migration of 2,2’-diacetoxydipheﬁyl nethane as in
both these cases the 5,5’-diacetyl derivative is obtained.

Synthesis of 6,6’-bichromonyl methane :

4,¥ -ﬁihydroxydiphenyl methane when>c9ndensed with
acrylonitrile in the presence of cupric oxide gave ,4%’.di
(P-cyanoethyxy)diphenyl methane (XXIV) Mmepe 115_16°.Hblsten25
ﬁrepared( the same compound using a mixture of sodium-tert.
butoxide and cuprous chloride. They have reported the same m.p.
The above cyano derivative on hydrolysis with copc. h&drochloric
acid yielded the correspording dlcarboxylic aeids;(¥XV), which
was converted into its acid chloride using tnlonyl chloride.
The acid chloride was cyclised using anhydrous aluminidém chlorlde
to the correSponding bichromanonyl derivative (XXVI). I.R.
1680 cm. o (C=0) U.V.) max (dloxan) 252, 324 1vnt. It was
dehydrogena*ed in the presencer of palladlum on charcoal,
using diphenyl ether as the solvent._é,é -Bichromonyl

methane structure ( XXVII ) was assigned to the
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dehydrogenated product. I.R. 1650 cme- (C=0)e UV, ) maxX.
(dioxan), 252, 300, 310wmOn alkaline hydrolysis it gave

o 3,3%.dlacetyl, k’.dihydroxydiphenyl methans (XXVIII).
Mixed m.ps With an authentic sampls prepared by the Fries
migration of & #’.diacetoxydiphenyl methane - described on- page 79

 was not depressede

Synthesis of 6,6 -bichromonyl ketons s
4,4?.Dihydroxybenzophenone when condensed with
acrylonitrile 1ﬁ the presence of cupric oxide gave 4,40 di.
(p-cyanoethoxy)benzOphenona (XXIX) » This nitrile on hydrolysis
with sulfuric scid (40 %) yielded the corresponding dicarboxylic
acid (XXXb, which was eyclised in the presence of polyphosphorie
acid to the corresponding bichromanonyl ketone (XXXI); I.R.
1690 em. (C=0)s U.V.) mex (EtOH), 246, 266, 2827w+ This -
was dehydrégénated to bichromonyl kstone.‘é 65.Bichromony1 '
ketone structure (XXXIT) was assigned to the dehydrogenated
product. I .R. 1645 cm.1 (C=0)« UsVe ) max (BtOH), 252,
286, 296, 306 mm. On alkaline hydrolysis it gave the known
3,3’-diacety;-%,h’.dihydroxybenzOphgnona (XXXIII). Miiednm.p.
- with an authentic sample prepered according to Balani and
Sethna?°$ by the Fries migration of 4,4+?.diacetoxybenzophenone

was not depressed.

Synthesis of 6.6 .biehromogz; Sulfone 2

4,4+ -Dihydroxydiphenyl sulfone on cyanoethylation

‘with acrylonitrile in the presence of cupric oxide gave
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%,%?_di-(p-cyamoe thoxy)diphenyl sulfone (XXXIV) which on

hydrolysis with sulfuric acid (40 £) yielded b ai
(B-carboxyethoxy)diphenyl sulf;né‘(XXXV); This dicarboxylic
acid on cyciisation with polyphosphoric acid gave bi.
(6-chromanonyl) sulfone (XXXVI); I.R. 1690 cm:i (C=D). UV,
A mex  (Chloroform), 248, 310 mm « This when
dehydrogenatad using palladised charcoal in boiling diphenyl
ether gave 6, 6 ~bichromonyl sulfone (XXXVII). I.R. 1630 cm.1
(C-G). UsVs ) max  (chloroform),270 429% o 3ohgyWe It
gave 3,3’ -diacotyl-k, 4’ dihydroxydiphenyl sulfone (XXXVIII)
when éubjected to alkaline hydrolysis. Mixed me.pe With an
authentic specimen prepared according to Kulkarni7: by the
oxidation of 3,3’.diacetyl.4, 4’.dihydroxndiphenyl Sulfide

was not depPGSSed.

Attemgted cyanoethylation of 2,2’.d1hxﬁro;xbenzonhenone :

_ 2,2’.Dihydroxybenz0phen9ne on refluxing with _
acrylonitrile in the presence of condensing agents such as
cupric oxide, cuprous chloride, sodium methoxids,'atc., did
not undergo any reaction. When sodium hydroxide was used as
the condensing agent, xanthone was obtained instead of the
cyanoethylated prodfcts M.p. and mixed m.p, with an_authentic
sample of xanthone prepared by the distillation of salol

, 72
according to Holleman was not depressed.
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EXPERIMENTATL

Cyanoefhylation of 2§2’,dinydrozydiphenyl : 2,27.Di.

‘ (g,ganoethoxy)diphemﬂ :

A mixture of 2,2°.dinydroxydiphenyl (2 g.),
acrylonitrile (5 ml.) and cupric oiide (0.2 g.) was refluxed
on 2 steam bath for 30 hr. The reaction mixture was then
treated with chloroform and the chloroform layer wéslwashed
successively with dilute sodium hydroxide solution, dilute
hydrochlorid acid and finally with water. The product obtained
on removal of the Solvent crystailiseé from alcohol in white
plates ( 0.7 Ee), M.pe 100-01°4
Apalysis : Found : C, 74%.135 Hy 5.57;5 N, 9.22 4.
CigHigNz0, : requires : C, 74.00; H, 54835 Ny 9459 7o

2,2’.Di-(B-carboxyethoxy)diphenyl ' 3

The aﬁove cyano derivative (1 g.) was refluxed
with conec. hydrochloric acid (50 ml.) for 4 hr. The product
separating on cooling was extracted with sodium bicarbonate
solution. The product obtained on acidification of the
bicarbonate extract was crystallised from dilute alcohol
in 1ight pink plates (05 g.), mepe 157-59 «

Analysis ; Found c, 65;54; H, 5.2% .
CagHig0s . requires : C, 65.46; H, 545 4.

8,8’ Bichromanonyl : ’

1

The above dicarboxylic acid (0.9 g.) was heated

with polyphosphoric acid (20 g., P20j53 10 ml, o-phosphoric
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acid) on a steam bath for 7 hr. It was then poured into
jice cold water and kept overnight. The separateé'product
was filtered, washed with sodium bicarbonate solution and
crystallised from acetic acid in pale yellow needles
(015 g4) 4, Mepo 229-300. |

Analysis + Found : C, 73.16 ; H, %.55 4.

CagHinO requires : C, ?73.50 ; H, hf76 % .

8,8’-Bichromonyl :

A mixture of 8,8’.bichromanonyl (05 ge) in
diphenyl ether (% ml,) and palladised charéoal (10 4 3
0.25 g.) was refluxed for 7 hr. and filtered hot. The
product obtaired on cooling crystallised from glacial acetic
acid in brown shining needles (0.2 g.), Mepe 3260.
Apalysis : Found : C, 74.69 53 H, 3.81 %,

Cy gHa O . requires ‘: C, 74.50 ; Hy 3.45 4.

292’-Dibyd;oxy-3,3’_diacetyldipheny;_ :
8,8 -Bichromonyl (50 mg.) was refluxed with
sodium hydroxide solution (10 ml; 10 ) for 20 minutes. The
clear alkaline solution was acidified with cone. hydrochloriec
acid. The separated product crystallised from alcohol in
pale yellow needles, mep. 167-680. It gave a violet colouration
with alcoholic ferric chloride solution.
;AnalySiS : Found : C, 71.1% 3 H, %81 «.
éléﬂLuou . requires : C, 71.10 ; H, 5.18 7.



The di,(2,kudinitroghepzlhgdrazone) :
The above ketone was dissolved in aleohol and
2,4%.dinitrophenylhydrazine in aleohol was added. The product

separatlng on standing crystallised from dlphenyl ether,

M.Pe. 302-03 (@ecomp o) I

Analysis : Found : N, 17.60 4.
C 26H 22Ng04 4 : requires : N, 17.78 4.

Cyamoethylation of 4,4’.dihydroxydiphenyl : k4 4'.Di.

{B-cyanoethoxy)diphenyl :

A mixture of 4,’-dihydroxydiphenyl (2 g.),
acrylonitrile (jomls), > .- <. - . 7,7 .° and sodium
hydroxide solution (2 ml.; 10 4) was refluxe@ on a sfeam
bath fﬁr'as hr. The reaction mixtufe was worked up a&s before.
The product obtained was crystallised from aleohol in yellowish

E 0
brown plates (Om‘a’g.), m.p. 180—'81 L]

Analysis : Found : C, 73.605 H, 5.32; N, 9.20 %.
0148H1-6N202 : requires : C, 71‘1'.00; H, 5.“‘85 N, 9.59 7 o

4.4’-Di,(B_carboxyethoxy)diphegz; :

‘ The above cyano derivative (l g+) in hot acetiec
acid (25 ml.) was refluxed with conc. hydrochloric acid
(20 ml.) for 7 hr, The reaction mixture was then diluted
with water and the separated product was purified by sodium
hicarbonateAextraction. It crystallised from glacial acetic

0
acid in silky grey plates (0«4 g.), me.p. 24142 ,
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Analy'Sis H Fomld : C, 65086 ; H, 5a33 %o
CigHig0g . requires : C, 65.46 ; H, 5.45 ¢,

.6 -Bichromanonyl

4,#’-Din(p»carboxyethoxy)diphenyl (0.5 g.) was
heated with polyphosphoric acid (20 g.; P,05 ; 10 ml.
o-phosphoric acid) on a steam bath for 7 hr., The product
obtained on :working up as before crystallised from glacial
acetic acid in bale vyellow needles (0.2 g.), m.p. 205&060¢
Analysis : Found : C, 73.07; Hy, 4.37 2.
C1 gHiy 0y . requires : C, 73.05; H, 4.76 4.

6,6’ -Bichromonyl

A mixture of 6,6’-bicnroﬁanony1 (05 g4) in
diphenyl ethe} (5 ml,) and ﬁalladised charéoal (10 25 0.25 g4)
was refluxed for 7 hr. vand filtered hot. The product
separating on coélipg crystallised from glacial acetic acid.
M.P. 298-99  (decomp.). Yield 0.1 g. It zave Light blue

fluorescence vith cone. sulfuric acid.

Analysis : Found  : C, 74.82 ; H, 3.06 7.
S AN © requires : C, 74.50 ; H, 3.45 4.

Hydrolysis :

6,6-Bichromonyl (50 mg.) was refluxed with sodium
hydrozide solution (10 ml. ; 10 %) for 10 minutes. The
product obtained on acidification of the clear alkaline
solution crystallised from acetic acid. M.F. and mixed m.p.

with 3,3’-diacety1-4,4’.dihydroxydiphenyl,prepared by the



ce
94|

Fries migratlon of L, y? dlacetoxydlphenyl according to
62
Boon-Long was 209»10 .

Cyanoethylation of 2,2?.dihydroxydiphenyl methare : 2,2°.Di.

(B-cyanoethoxy)diphenyl methane

A mixture of 2,2°.dihydroxydiphenyl methane (2 g.),
acrylonitrile (5 ml.) and cupric oxide (0.2 g.) was refluxed
on a steam bath for 30 hr. The reaction mixture was worked
up as before. The product obtaired was erystallised from

0
aleohol in pale yellow needles (2.2 g.), m.p. 14647 .

Analysis : Found :'C, 7%.275 H, 5.62; Ny 8,97 %o
CigHigNo0, . requires : C, 74.50; H, 5.88; W, 9.15 7.

g,2’-31,(?-carboxyethogy)diphenyl methane

The above cyano derivative (1 g.) was refluxed
with cone. hydrochloric acid (50 ml.) for 20 hr, The product
obtained on cooling and diluting with water was filtered,
washed with water and extracted with sodium bicarbormmte
solutioﬁ. The product obtained on acidification of the
bicarbonate extract crystallised from dilute alecohol in
light pink needles (O.k g.), Mmap o 170-?10.
Analysis : Found : C, 66.24 3 Hy 5.49 4
01952006 . requires s C, 66.26 ; H, 5.81 4.

8 8’ -Bichromanonyl methans

2,2’ .Di(B.carboxyethoxy)diphenyl methane (0.5 ge),
was heated with polyphosphoric acid (20 g. P205 3 10 ml.

o-phosphoric acid) on & steam bath for 7 hr. The product



36
obtained on addition of_icé cold water to the reaction
mixture was washed with sodium bicarbonate solution and

crystallised from aleohol in pale yellow needles (0.15 g.),
o
m.pe 14647,

Analysis s Found : Cy 73.89 5 H, 4.88 4.
CigHig0y : requires : C, 74.01 5 H, 5.19 .

8,8’.Bichromonyl methane :

8,8’ -Bichromanorpl methane (0.5 g.) in diphenyl
ether (5 ml.) was refluxed with palladised charcoal (10 4;
0.25 g;) for 8 hr. The reaction mixture was filtered hot,
cooled and petroleum ether was added. The separated
precipitates crystallised from toluene-petroleum ether
nixture in orange buds (0.2 g.), m.p. 222a23°.
Analysié : Found : Cy 75.4 5 Hy 401 4. .
CigHa 204 i requires : C, 74%.99 5 H, 3.95 <.

2,2’-Dihydroxy-3,3’.diacetyldiphenyl methane

8,§ -Bichromonyl methane (50 mg.) was refluxed
with sodium hydroxide solution (10 ml. ; 10 #) Tfor 20 minutes.
The clear alkeline solution was acidified with corc. hydroch-
1pric acid and the separated product crystallised from
dilgte alcohol in pale yellow needles, m.p. 108—090. It gave
a violet colouration with aleoholie ferric chloride solutidn.

Aralysis : Found : C, 72.0% ; H, 5.33 4.

C-l?HléOl& ; réquires H c, 71.83 H, 5055 7’;.

e
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The di.(2,%-8initrophenyl hydrazope) :

The above ketone was dissolved in aleohol and
2,%-dinitrophenyl hydrazine in aleohol was added . The
separated product crystallised from glacial acetic acid.

Mopa 227—780 (decompo)t

Analysis ¢ Found : Ny 17.05 .
CaogHayNg0Oy, . requires : N, 17.%0 #.

Cyamoethylation of k4 4’-dihydroxydiphenyl methare

#.%’yDi-(gfgyanoethoxyjdiphenyl methane

A mixture of 4,4’.dihydroxydiphenyl methane
(é g4), acfylonitri;e (5 ml.) and cupric oxide (0.2 g.)
was refluxed on a steam bath for 30 hr. The product obtained
on working up the reaction mixture as before crystall ised
from aleohol in brown shining needles (2.2 g«), Mepe 115—160.
Analysis : Found 1 C, 7%40; H, 5.5%; N, 9.00 7.
CigHiglN20; requires : C, 74.50; H, 5.88; N, 9.15 .

4,4 D1 (B-carboxyethoxy)diphenyl methane

The above cyano derivative (1 g.) was refluxed
with conc. hydrochlorie acid (50 ml.) for 7 hr. The product
obtained was purified by sodium bicarbonate extraction. It
crystallised from dilute aleohol in white shining plates

(05 84)y Mape 188-890.
JAnalysis : Found :t C, 66433 5 Hy 5.53 4
H, 5.81 4.

A 1]

C1oH 2404 : requires : C, 66+26

3
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6,6lBichromanonyl methane

%,%°.Di.(B.carboxyethoxy)diphenyl methane (1 g.)
was reflﬁXed with thionyl chloride ( 3 ml.,) for 1 hr. Excess
thionyl chloride was removed by distillatién and the acid
chloride was mixed with anhydrous aluminium chloride {2 g.)
in dry nitrobenzere (5 ml.). The reaction mixture was kept
overnight, dgcomposed with ice.cold hydrochloric acid and
the nitrobenzene was removed by steam distillation. The
product obtained crystaliised from butyl @lcohol-petroleun
ether mixture in white buds (0.2 g.), m.p. 131-32°.
Analysis : Found 2 C, 73.91 3 H, 5.16 4.

CigH1 04 . requires : C, 74.01 3 H, 5.19 %;

6,6’ -Bichromonyl wmethane

6,6 -Bichromanonyl methane (0.5 g.) in diphenyl
ether (5 ml.) was refluxed with pallaaised,charcoal (10 23
0.25 g.) for 8 hr. The reaction mixture was filtered hot
and cooled. The separated product crystallised from absolute

alcohol in pale brown plates (0.1 g.), mep. 193_940.

-Analysis : Found : C, 74.80 ;AH, .08 7.
Ca gHy 20y « requires  : C, 7%.99 5 H, 3.95 4.

Hydrolysis
6,6?.Bichromonyl methane (50 mg.) was refluxed
with sodium hydroxide solution (io ml.; 10 £) for 30 minutes.

The product obtained on acidification of the clear alkaline
solution crystallised from alcohol in light brown plates.
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M.Pe. and mixed m.p. with 3,3’-diacetyl_4,4’.dihydroxidiphenyl
methane, prepared prevzously by the Frles migration of b4

diacetoxy diphenyl methane, was 155. 56 .

9
Cyanoethylation of %,%’-dinydroxybenqupenona : 4,42Di.

(B-cyanoethgxy)benzophenone

A mixture of 4 4'.dihydroxybenzophenone (2 g.)s
acrylonitrile (10 ml.) aha cupric oxide (0.2 g.) was reflu¥ed
on a .steam bath for 30 hr. and the reaction mixture was
worked up as beforg. The product obtained crystallisea from
aleohol in white shining plates (1.5 g.), m.p. 136-370.
Analysis : Found : C, 71.06; H, 4.96; ¥, 9.12 7.
019316N203 X requires t C, 71.25; H, 5.00; N, 8.75 %+

4, L9 Dz-(B-carboxyethoxy)benzOphenone :

4,4 -Dl,(P_cyanQethoxy)benzophenbne (L g.) was
refluxed with sulfuric acid (20 ml.; 80 ¢) for 1 hr. and
worked up as before. The product obtained crystallised

,from dilute alcohol in white shining plates (0 584, m‘p.
203 o’

Analysis : Found

: C, 63.92; H, 5.00 %.
Ca gH1 g05 : requires : C, 63.70; H, 5.03 4.

6,6’ -Bichromanonyl ketone 3

A mixture of the above dicarboxylic acid (0.5 g.)
and polyphosphoric acid (20 ge. P,055 10 ml. o,phosPhorié
acid) was heated on a steam bath for 7 hr. The product

obtained on dilution of the reaction mixture with water
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crystallised from alcohol in white needles (0.2 g.), Mape
193°. ‘

Apalysis ¢ Found : C, 70.76 3 Hy %48 7.
H, 4.35 ¢#.

L 1]

CigHiy05 . requires : C, 70.80

6,6°.Bicahromonyl ketone

A mixture of 6,6%-bichromanomyl ketore (0.5 g.)
in diphenyl ether (9 ml.) and palladised charcoal (10 ¢ ;
0429 g.) was refluxed for 7 hr. The product obtaired on
dilution of the filtrate with petroleum ether crystallised

‘ o
from aleohol in white needles (0.1 g.), m.p. 249-50 «

Analysis : Found : C, 71.69 5 Hy, 3.29 %.
CigHig0s . requires : C, 71.70 ; H, 3.15 4.

Hydrolysis s \

6,6*-Bichromonyl ketone (50 mg.) was refluxed
with sodium hydroxide solution (10 ml.; 10 ¢) for 30 minutes.
The product obtained on acidification of the clear alkaline
solution was crystallised from acetic acid. M.p. and mixed
Q.p. Wwith an authentic sample prepared according to Balani
and Sethna63 vas 180-81° .

Cyancethylation of i.4’.dihydroxydiphenyl sulfone : 4,50 Di

(B-cyanoethoxy)diphenyl sulfone

ﬂ A mixture of 4,%’-dinydroxydiphenyl sulfore(2 g.),
acrylonitrile (10 ml.) and cupric oxide (0.2 g.) was fefluxad
on & steam bath for 30 hr. The reaction mixture was worked

up as before and the product was crystallised from alcohol
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' [¢]
in white needles (008 g-), MeP e 155“‘56 .
Analysis : Found : C, 604535 H, %.03; N, 7.51 4.
Ci gHigN 20,8 requires s C, 60.70; H, 4.49; W, 7.87 4.

1]
Y. -Di-(B-carboxysthoXy)diphenyl sulfone :

The above cyano derivative (1 g.) was refluxed
with sulfuric acid (20 ml.; 80 ¢) for 20 minutes. The
reaction mixture was cooled and diluted with water. The
separated product was filtered and purified by extraction
with sodium bicarbonate solution. The product obtained on
acidification §f the bicarbénate extract was crystallised
from dilute acetic acid inwhite shining needles (0.4 g.),
m.pe‘l98—990. ’
Apalysis s Found C, 55.04; H, 4607+
CigHig0g8 requires : C, 54.82; H, 4.57 4.

.t

6,6 -Bichromanonyl sulfone :

A mixture of the ;bove dicarboxylic acid (0.5 g.)
and polyphbSphoric acid (20 g. Pz05 5 10 ml. o.phosﬁhoric
acid) was heated on a steam bath for 6 hre The product
obtained onworking up the reaction mixture as before
crystallised from aleohol inlwhiﬁe‘Shining plates (0.2 g.),
Mepa 177n790e S
Analysis . : Found : C, 60.40; H, 3.4 2.

CigHin0gS requires : C, 60345 Hy, 3.91 %.

6,6'-Bichromonyl sulfone

! 3
6,6 -Bichromanonyl sulfone (0.5 g.) in diphenyl

ether (5 ml.) was refluxed with palladised charcoal
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(10 % 3 0s25°84) fo: 8 hr. and filtered notsiThe prodﬁpt
obtained on addition of excess petroleuﬁ etherito the
filtrate was crystallised from xylene-petroleum ether \
mixture in yellowish.orange plates (0.1 g.), m.p. 266p680-
Apalysis  : Found : C, 60.82; H, 3.23 7.
'Cy g 4068 requires 3 C, 61.03; H, 2.82 2.
" Hydrolysis 3 o

6,6*-Bichromonyl sulfone (50 mg.) wasarefluxed
with sodium hydroxide solution (10 ml. 3 10 ¢) for 30
minutes, The product obtained on acidification of the clear
alkaline soclution crystallised from acetic acid in pale
brown needles. M.p. and mixed m.p. with an authentic sample
of 3,3’.diacetyl.k,4’.dihydroxydiphenyl sulfone according

n 0
to Kulkarni was 187.88 o

Attempted cyanoephylation Qg_g&g’“dihydroxybenzonhenone

A mixture of 2,2%.dihydroxybenzophenone (2 g.),
acrylonitrile (5 ml.) ana-cuprous chloride (0.2 g.) was
refluxed on a steam bath for 30 hr, The reaction mixture
was worked up =S before. Originel alkali soluble 2,2°.di-
hydroxybenzophenone was recovered unchanged. Conﬁens%ﬁion
did not take place when different condensing agents such
as cupric oxide, sodium hydroxide, sodiumcmethoxide,
metallic sodlum and a mixture of cuprous chloride and

sodium hydroxide were used. In all cases e@ither the original
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2,2’ -dihydroxybenzophenone was obtained back or xanthone
was obtained, M.p. 8rd mixéd m.p. with the xanthone

70
prepared according to Holleman by the distillation

)
of salol was 169 .
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