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Bipheryls are the starting materials for‘the
synthesis of marny compounds of therapeutic value and also
commercialy important compounds. Although small amounts
are present in coal tar the biphenyl of commerce 1is
obtained by the pyrolysis of benzene, Ore successful
scheme has been to pass benzene vapour through molten
lead at temperatures of about 750 C.

Therapeutic and commercial uses 3

Druckrey found that 4,%-dihydroxybiphenyl has
est¢rogenic as well as antimiotic activity. Kraftz reported
that 2-hydroxy-,3-hydroxy-, Lr-—*qydrowcy‘—,2-hydroxy—l+-—nitro—,
4, 4»d1hydroxy- b, 4 dihydroxy-3, 3 dichloro- and 4, 4~
dihydroxy-3, 3 5, 5»tetrachloro»b1phenyl are bactereo-
statically actives Biphenyl derivatives are effective on
mycobacterial metabolisms. Soap in bar and liguid form is
rendered germicidal by incorporating 0.5 to 10 4 of a
halogen derivative of 2,2idihydroxybipheny1 such as
S,Eidichloro,E,Sidibromo or 3,3:5,5:tetrabromou.

Johnson and Mussell5 reported that 3,3idipropyl—,
3,5ldiallyl— and 3,§Lbis(24nethallyl) %,%idihydroxyw
biphenyl are effective in combating coccidiosis.
Halogemted 2,2:dihydr0xybiphenyls are found ;o possess

a godbd protective action against termites. Massarani et al?
reported that 3(4-biphenyl)acrylic aeid‘has got anti-

inflammatery activity. Derivatives of biphenyl$ such as
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g,gidj_hydmxy-_?,,3/-5‘;“5itetrach}.oro—,4,’+/-dihydrowv-3,3;/—.5,5’-
tetrachloro-, 2-nitro-‘.}}initro-,kk—chlore-—ing,hmdiamim-—
were found to have fungistatic activity’”s. 2,21Dihydr9:c3r—
biphenyl derivatives, especially the 3,3/,5, Sitetrachloro
derivative, are found to be effective as mot,h proofing
agents for woo].9. ‘

2,2:-Dihydz~oxybiphenyl is used as an antioxidant
in the oxidation of lubricating oil _ as well as in the
catalytic oxidation of rubber solutionsll. Hydroxybiphenyls
are also used in synergistic antioxidant combinations
which effectively inhibit thermal oxidation of polyolefinsia.
Biphenyls can be used in the preservation of eitrus fruits
during storage and shipment“.

), 4-Dihydroxybipheryl and its 3,3-dimethyl
derivative are found to be useful as stgbilizers for
polyesters“ and for vinylehloride polymers”. Substituted
dihydroxy biphenyls having the general formulae
[3,’4—,5-1?{ (0H) RI'CéHz:——J 2 where R and R are alkyl groups
are effective stablizers for cx'acked~ gasolineslé.
| Octachlorobiphenylw is used in the preparation
of self-extinguishing fire resistant epoxy resins and
c::ctabromohipheznyl‘L8 isv found to be effective in making
polyethylene fire-proof. Isojima et al.i9 reported that
derivatives of biphenyl such as 3,3idihydroxy-,l+,’+,—
dlamim-, N, N-diethyl-3,3~dinethoxy -l k-dianmimo- ard .

N, N-dibutyl-3,3-dimethoxy -k, k-dianiro~ are effective in
making polypropylene fibres resistant to heat and light.
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Voskresenskii et al. found that biphenyl has
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got both plasticizing effect as well as compatibility.

The most important of the biphenyl derivatives
is benzidine, an intermediate in the mamfacture of
various azodyes. The effectiveness of ultraviolet
absorbers in improving the fastness to light of level-
dyeing dyes, such as Celliton disperse and Gemacryl basic
types, on Dacron, is found to be distinetly increased
when biphenyl is used as a carrieraL.

Conant and Seifertz2 found that Dowtherm A, a
eutectic mixture of biphenyl arnd biphernyl oxide can be
used as liquid or vapour upto 750°F with m corrosion in
mild steel, m decomposition and m toxicity. Chlorinated
bipheﬁyl is used to prepare a resin by which the concrete
surface is treated te prevent the evaporation of water
during hardeningzs.

General methods for the synthesis of biphenyl :

derivatives :

2y
(1) Ullmann synthesis : A general method for

the preparation of a biphenyl derivative is the Ullmann
reaction. It consists inthe cordensation of two molecules
of an aromatic halide in the presence of a metallic agent

with the elimimation of a metal halide.
‘I
RX + RX + M ———3> BRR + MX,

This synthesis is of general applicability and

has found wide use in the preparation of many symmetrical



and unsymmetrical biaryls amd polyaryls which would
otherwise be difficult to obtain. The success of the
Ullmann reaction is dependent upon the nature of the
aromatic halide. The opder of reactivity of halogens is
I> Br> Cl. The work done on the Ullmann regction upte
1945 has been revieweﬁ by Fantaag.

Certain electronegative groups in the ortho or
para positions with respecﬁ to the halogen atom asctivate
the latter through -~ T effectae. The nitrs group is the
most effective activator. An ortho or para carboxyl or
carbalkoxyl group alse activates markedly. Substituents
which exert a + T effect would be expected to lead to
deactivation when they occupy pesitions ortho or para
to the halogen atome

4 decrease in yield probably because of the
side reactions is gererally observed when certain groups
are present in the aromatic mcleus. eg.-NH, ; -NHCOCHj3,
-NHCH;, =S0,NH,, ~S0,NHC¢Hs, -COOH and -OH which can
give rise to amination, decarboxylation or ether
formation as a side reaction. Bulky substituents in
positions adjacent to the reactive halogen hinder biaryl
formations.

Unsymmetrie I:d.:a.z.'yls27 have been successfully
synthesised by a e¢ross Ullmann reaction with appropriate
halogen derivatives. When a mixture of two \aromatic
halides RX and RJX are subjected to Ullmann reaction
R-R and R -R are also formed along with the desired R-R

>
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and hence the success ‘of the cross Ullmann reaction
depends upon the selection of proper starting materials
and optimum ratio of the two starting materials. ‘
(2) Biphernyls can be prepared by the catalytie
hydrogenation of halogenated aromatic compounds. ﬁromo—
benzeme with 5 £ potassium hydroxide in methyl alcohol
in the preseme of palladlum—calcium carbomate at 140
gave about 10 £ of biphernyl in 6 hrs. When other.
substituents are presenmt in benzere mecleus, the yield
of biaryl is governsd by the e‘as‘e of elimination of the
halogen. g-Dibromobenzerp remains unchanged or on more
energetic treatment yields benzem,* while p-dibromo-
benzers gave terpheryl with biphenyl and a halogemated

- 28
quarterphenyl. p-Dilodobenzene behaved in the same way .

(3) Bamberger = and Kuhling = have developed
a method for the preparation of bia;'yls by replacing
. the amirno group of an aromatic amine by an aryl group.
The amiro group of aromatic amimes can be replaced by
' two gereral procedures : (a) by the reactionofthe
aryl diazo hydroxide or .aéetate with aromatic compounds
and (b) by the reaction of nitrosoacetylamime with
aromjat ic compounds.
In the first method an aromatic amire 1s diazotised
to get the diazonium salt which is then reacted with an

k1
aromatic compound in the preserce of sodium hydroxid93 .
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the
In the second methodﬂaromatic amine is agetylated

@andi is then nitresated with nitrogen triexide er nitresyl
chleride. The nitressacetyl amire thus ebtained i,s thez_l

treated with an éromatj.c compound te get the biaryl
32
derivative .

No
NoO3z o |
@NHCO@HS -——»——~—————>—N:: @ N- COCH3

NQs NOg
O s 1 cwggoo
NO,

There are ether methods which are either used

for the preparation of some specific compound or are of

A
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limited applicability: Amongst these may be mentiened ™
the preparatien ef biphernyl from boiling ’chlcrobenzene
by the action of s@dium33 and the preparation of some
biphenyl derivatives by the alkali fusion of fluoremnes

34
and sulpheflueremnes N

Sterdechemistry of biphemylsg ¢ An interesting
feature of biphenyls which has stimulated a good deal of
work in this field isfggtical activity shown by some of
the biphenyl derivativesdue to melecular dgsymmetry.
Christie and Kenrﬁrss reported in 1922 the reseolution of
6,6:dinitr@diphenic acid. Many similar compounds were
later investigated by several other workers who fourd
that geﬁerally compounds in which at_least three of the
four ortho positions are substituted with c\er,tain groups
could be resclved. It was tHer grgr found that twe
conditions are necessary for diphenyl compoqnds to
exhibit optical activity (1) neither ring must have a
vertical plane of symmetry. Thus (I) is mt resolvable,
but (II) is

(2) The substituents in the ortho positions must have a
large size so that they prewent the rings from becoming
coplamar. The following compounds were resolved, 6-Nitro-
diphenic acid, 6,6-dinitrodiphenic acid, 6.6-dichloro-
diphemic acid amd 2,2-diamim-6,6-dimethyldipheryle
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‘ In biphenyl the two benzemns rings are co-axXial,
and in optically active diphenyl derivative, the rings
are ineclined to each other due to the gpgtial aBd
repulsive effects of t he g roups in the ortho positions.
The actual angle of inclination of the 2 rings deperds
on the nature of the substituent groups.

Diphenie acid is m%t optiecally active but
Lesslie and Turrer 3 resolved 2,2idisulphonic acid (III)

and the arsonium compound (IV). These groups are large

emugh to be impeded by ortho hydrogen atoms.

H 039 By
So.H {*‘As (cHz)g
i v L

| The latter example is a unique one in that only
one substituent in the ortho position produces optical
activity inidiphenyl compound$3?.

Diphenic acid 1s mwt optically active and its
configuration is most probably (VI) . Mew €alculations
show that the effective diameter of the carboxyl group
is large emugh to prevent configuration (V) from being
coplanar and consequently if the two rings could be held
more or less in this configuration the molecule could ot

be coplanar and hence would be resolvable.
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(coocgHs), (coocH 5)2
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Such a compound (VII) was prepared and resolved
by Adams and Kornblumsa. Ii‘fland and Sieg9139 have also
prepared the optically active diphenmyl (VIII) which has
a 2,2’—bridge and two amino groups in the 6,6:position.
These authors also prepared (IX) in optically active
forms. This compound has the 2,2f—bridge but m
substituents in the 6,6iposition.

Since the optical activity of diphenyl compounis
arises from restricted rotation, it might be expected
that racemisation of these compounds ‘wﬁuld ot be ’possible.
In practice, it has been found that many op‘tically
active bipheryl compounds can be racemised under suitable
conditions eg. boilirg in solution. The gemeral theory

of this racemisation is that heating ircreases the

/



amplitude of the vibration of the two benzene rings with
respect to each other, thereby permitting the substituent

groups to slip by one/a\gtherg S

Substitution in biphernyls

Substitution in simple biphenyls gives rise to

moro, 4i and tetra substituted bipheryl, the substitution .

taking place in the 2,4,2},)4-’—}30 sitions depending upon the
reaction conditio nsv and reagents usged. The substitution
in substituted biphenyls depends upon the substituent
already present.

(a) Nitration : Biphernyl on nitr%‘tion in cold
acetic acid with core. ntric acid gives 4-nitro- and
2-Iiitro-biphenyluo, but when the nitration of biphenyl
is carried out with cor.nitric acid in preseme of
sulphuric acid 2,2:4,4!~tetranitrobiphenyl is formed .
Buck and ’.I.‘homsonqh2 studied ths nitrations of biphenyl .
using both ascetic anhydride and acetic acid as solvents
under a variety of conditions. In acetic anhydride at

0
-18 , a mean ortho and para ratio of 2.3 : 1 was obtained

0
while mitration in acetic acid at 85-90 gave a mean ratio.

of 0.6 + 1 .

10

Hydroxy bipheryls on nitration give rise to different

nitro derivativesdependlng upon the number of hydroxy

1
grocups and the reaction conditions. Borsche and Scholten 3

studied the nitration of 2-hydroxybiphenyl and isolst ed
a 7/
the 3,5-dinitro derivative. 3,3-Dinitro derivative is the

product when L+,’+/-d:‘.hydra:)Xy‘m'.phenyl is mikrated with
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nitric acid at OOC in'acetic acidw. Methylation of one
of the hydroxy groups reduces the getivity as usual.
Thus L¢~‘~methoxy—li-l—h;yrclro}:,y'b:i.phenyl with nitric acid in
chloroform gives thse 3,—-nitro derivative whereas when the
Axn:i’.tration is done with excess of nitric acid in chloroform
it gives the 3,3I,5:-trinitro deriVativeus. Borsche and
Scholtenka have reported that 2,2-/—dimethoitybiphenyl on
warming with nitric acid in glacial acetic acid gives
the 5,51dinitr@ derivative, but when first sulphonated
and then nitrated with fuming nitric acid in presence of
conc. sulphuric acid it gives the 3,3/,5,5:tetranitro
derivative.

athyl nitrate is found to be a stronger
nitrating agent. In the nitration of 2,2-dimethoxy-
biphenyl with ethyl nitrate 3,3/,5,5;tetranitra derivative
is the product%.

Nitration of 4,¥7dimethoxybiphenyl with nitric
acid in chloroform at 60 or in acetic anhydride at 0 C
gives the 3, 3,-dinitro derivative which on further
nitration gives the 3,3/,5,5:tetranitro derivative®’ and
2,2;6,6/-tetramethnxybiphenyl gives the 3,3idinitro
derivative when the nitration is done with fuming nitric
acid in acetic anhydride. .

Orientation of the nitro group in the nitration
of alkyl biphenyls largely depends on the mmber and
position of the glkyl groups. 3-Methylbipheryl on
nitration gives the L-nitre or ’-b,l;-dinitre derivative

L s
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depending on the reac!tien eonditiensw. k,lrl»Dimethyl-—
biphenyl gives the 3J-nitre and 3,2i-dinitra derivative
at ordinary temperature, but on heating the mixture te
50-550, 2-nitro and z,a-l-dinitm derivative are formed .
When t he methyl groups are replaced by ethyl groups in
4’1{,90 sitions, the nitration is mere smooth and 3,31
dinitro derivative is the result”. Nitration of 2,%,6-
trimethylbiphenyl at room temperature gives the 3,4/-
dinitre derivative, but if the temperature is raised
to 79-—800 the 3,5,4,—trinitr9 derivative is i’e‘medso.

Mascarelli apd Gattisé Hawg reported that in
the nitration of 2-chlerobipheryl the Y-nitro and 3,4~
dinitro derivatives were formed. Similarly, 3,3}-diehlare—'
biphenyl on nitration with fuming nitric acid gives the
5,5-dichloro-2, 2k, k-tetranitrobiphenyl. When the chlerine
is in the 2,4- or Z;l;vpositiens the nitration takes place
‘at the ortho or para positions with respect to the
chlerine atom. Thus lt-,li-/-d:i.c':hleor@bipl'nanyl gives the
3,31-dir§:tre> derivative on nitratieng,;,f thg i’;otmerszo
3,3,5,5-Tetrachlorebipheryl on nitration gives 2,2-
and 4,’4{-dinitro derivative v:hei'eas 3,131,11-,’-;-tetrachloro-\
biphenyl gives the 6,6:-dinitro compound which can be
readily converted inte 2,3,6,7-tetrachlore carbazole by
reduction and cyclisétionss.

Bams an& Medram o reported that the nitration
of Y-bromobiphenyl with fuming nitric acid in the presence

o P
of sulphuric acid at 70-80 gave the 2-nitre and 4-nitre
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2’,’4-—(11(:510:'0 or tetrachloro derivative (structure mt
assigned) respectively are the productse.

(ii) Bromination : Bromination of unsubstituted bipheryl

or biphenyls with negatiﬁe substituents requires
cafalysts such as phosphorgus tribromide, ferriec chloride
Qor 'irogl__pai¢de:1§é,6 4-Bromobiphenyl can be prepared by
adding bromime to biphenyl in chloroform contginire
im‘o;rypoﬁ:ders?a Berliner et a1.68 have reported the
bromination of biphenyl to 4-bromobiphernyl along with
a small amount of 2-and 3-bromobiphenyl.
Pentabromobiphenyl was obtained by adding
bromirne and chlorine to a mixture of biphenyl, carbon
tetrachloride and powdered i-rmn69. If the bromination
of biphemnyl is carried out with core. sulphuric acid
and bromine in presence of iron iodide as catalyst
octabromo and decabromo biphenyls are the pr@.ﬂﬁct‘si?zo
Runeberg“ has carried out the bromination of
2,2/—-dihydroxybiphenyl with bromine in chloroform and
acetic acid and obtainsd E,S:dibromo- and 3,3/,5,5:-
tetrabromo-biphenyl respectively. “.’amash:‘u:'o?2 has
carried out the bromination of a mwmber of nitro-
hydroxybipheryls and obtained morm, di and tribromo
derivatives. Thus they prepared 3-bromo—5,5:dinitro~,
3,3idibromo~5,5:dinitro~, 3-brc;mo-3/,5,E:trinitro-»,
5-bromo-3, S:dirvitro-—, 3, 5-jdibromo-3: 5-dinitro-,
5-bromo-3 ,3/, 5-/—tri nitro-, S-kreme-3,3,9-trinitre and
T, 5idibromo -3 ,3{-di nitro-2, 2: -dihydroxybiphenyl by the

t
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bromination of the cori-esponding biphenyl derivatives.

. / / 7/
Bromination of 2,2,6,6-tetrachloro-i,t-dihydroxy~-
bipheryl gives an octabromo compourd in which the

0 63
bromine exfhanges with chlorine even at =20 .

4-Methoxybipheryl, on bromination with
bromire in chloroform, gives the lc-/-bromb derivative
which on further bromination gives the 3,l+/-d1bromo
derivative“. 1+,’+‘{-I}imethm:sa'biphemrl gives the 3,3:di‘ipromo
derivative, but if the k,le»dimethoxybiphenyl is exposed
to bromire vapours a tetrabromo derivative ( structure
ot assigred) is formed“. Bromimtion of 3;3./-dimethow—
bipheryl gives the 6,6’—dibmmo derivative . l-Methyl-
biphele” and 2,’+,6~trimethy1bipherw15° on bromination
gives the 4-bromo and 3,5,¥-tribromo derivatives

respectivelye.

Nitrobiphernyls react less 1;6ad11y in bromination
but they can be brominated by using a catzlyst. Thus
2-nitrobipheryl in the presence of ferric chloride gives
the 4ebromo derivative and 3-nitrobiphenyl gives the

4 76
Lhebromo derivstive .

Amimobipheryls are easy to brominste.
53
van Roosmalen has reported the bromination of
/ .
benzidine and 2,2-dinitroberzidirme and obtalned the

/ / .
3,355,5-tetrabromo derivatives. They also brominated
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Baon-lorng .failed to get 3,3-diformyl-k,k-dihydroxy-
87

bipheryl zccording to their method. Apsimon et al.

' ¢attermann
carried out the formylation of 2, 2 L k—tetrahydroxy—
biphenyl and obtained the 5,5-—diformyl derivative.

(e) Fries rearrapsement and Friedel-Crafts
. aeylations ¢ Fries rearrangement a;nd Friedel-Crafts
acylation have been extensively studied on various

Wovk done
biphenyl derivatives by varions workers amd thdj; has
been reviewed in chapter IV of this thesis.

Migscellaneous reactions : Mercuration of
2,2I-dihydroxybipheryl with mercuric acetate gives
2,zi—bis(acetomercurci:iy)—3,3:5,5:tetrakis(acetoxy-
mercuri) biphenyl an:i 2,2{-dihydroxy—x,xibis(acetoxy-—
mercuri) biphenyl. Similarly ‘4,4/-dihydroxybiphemrl
also gives L+.,l\fl--d:i.h,yél:co:x'y--3,3/-’91‘.3(axce‘x:o:;yme:ecmr:i.)
biphenyl and 4,4,-dihydroxy—3,3/,5,S:tetrakis(acetoxy-
mercuri)bipherwlsa’ag.

Hazletgohas prepared the various sulphonic
esters of 4 l:—dihydroxybiphemrl by treating the hydroxy-
bipheryl with benzene;p-toluene;0,m,p-nitrobenze ne=and
p_-bromobenzene«.sulphoryl chloride;e.

Coup}ing reactions have been Carried‘out on
substituted —2,2:dihydroxybiphenyl and dyes of various
shadés preparedgl. Krasovitskii9 RBas: prepared varlous
azodyes of 2 2—dihydroxybiphenvl with amirmo 5roup in
the 4,4-posi1;ion. Anderson and Babigan” Rrexaprepared
various azo dyes from 24-,14—/--c1:i_laydrroxybiphemrl. Thus they

¢
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coupled this compound-with diazotised amirm salicylie
acid, naphthionic acid, m~and g-phemtidi:m naphthyl
awine B-sulphonic acid, anthranilic acid, o- and
Q-anisidi;xe, 2~ and p~toluidire, p-bromoanilire,
p-chloroanilire,melfanilic acid, benzidire, 2-amim-
toluidirme~5-sulphordc acid, primulire and safranire
and obtalred dyes of various shades.

Dibenzofuran derivatives are formed when
substituted 2,2’-diacetozybiphewls are mixed with

3-volumes of anhydrous alkalire carbonates or barimm
M

¢

oxide, or lead moroxide or zinc oxige vanﬁ heated at
2()\’.)-—:!70‘0 for 0.5-2 hours“. The influerce of
substitution on the formation of a furan rirg hasl been
studied on 2,2-dihydroxybipheryl and its nitro,
bromonitro and bromo derivatives”. :

Whalley and his co—workers” in their recent
studies onthe chemistry of Fungl have carried out
Pechmann condensation on 2,2)k,4~tetrahydroxybipheryl
and obtaired 6,6-bicoumarinyl derivatives

~ The presént work 1s a part of the systemgtic
study of bipheryl derivatives undertaken inthe laboratories
here and deals with some studies on hydroxybipheryl and
their methyl ethers with a view to see if the reactions
such as substitutlions,rearrangements, condensations and _
cyclisations take place simultareously in both the rings
and to synthesise some heterocyelic compounds such as

biflavoryls from bipheryl dei'ivative Se
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| Chapter II deals with thé chloromethylation of
2,2)k,ki-tetralydroxy~, 2,2,k,4-tetranethoxy-, 2,2,5,5-
tetramethoxy- and 2 3246, 6—tetramethoxy-biph§§ga}ne%nd the
conversion of thegé chloromethyl derivativesAinto
various other compounds.

Chapter IIT deals with the synthesls of
biflavoryl derivatives t{hrough the condensation of
formyl derivatives of hydroxybipheryls with arc‘matic
ketores and tﬁe eyclisation and dehydrogenation of the
bichalcoryls so obtalred with selenium dioxides

) In chapter IV the Friedel-Crafts acetylation
of some hydroxybipheryls and their methyl ethers and
the Fries migration of the acetoxy derivatives of
bipheryls has been described. "

Chapter V deals v with the Beckmann rearrangement
of the oximes ofi%ﬂfacyl biphenyl derivatives and the
synthesis of the/ amiro derlvatives required for
comparison by the nitration o.ffthe biphenyl derivatives and
the subsequent re’duct.to_n of the nitro derivatives.

In the appendii, the synthesls of some

biquimlyls 1s described.
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