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ABSTRACT

Convertional methods for the synthesis of biaryl compounds Involve

free radicals as intermediates and,in the case where unsymmetrLeal bi-

aryls are desired,give rise to mixtures of products. A more elegant,

and certainly more specific, approach would be to define the site oE

substitution on the aryl substrate by suitably positioned electron-with-

drawing substituents for attack by an aryl anion. Generation of the

latter by using aryl lithium compounds, and their use as partners in

coupling reactions with aryl halides formed the basis of this study.

As the literature on organolithium chemistry is highly controver-

sial and confusing, the present study initially involved a thorough in-

vestigation of the reactions of aryl halides with various organolithium

reagents. It was found that the aryl halides could couple with them-

selves after metal - halogen exchange to give rise to biaryl and tnaryl

products. The reaction explored most fully was that between 2,4, 6-tn-

bromophenol and methyllithium.

The effects of varying the nature of the substituents and their

position on the aromatic ring were also investigated. When the para

substituents on a series of brominated phenol derivatives were varied

through -F, -Cl, -Br, -H, am. -CH”, it was found that as the substituent

became more electron-withdrawing the yield of biaryl product trom the

reaction increased. In a parallel series of reactions, the hydioxyl

group of the substrate was replaced by -OCH”, -CHj, -H and -Br. Biaryl
products were then obtained only from those brominated aromatic com-

pounds containing substituents capable of metal - hydrogen exchange.

These results led to more specific reactions to clarify wvarious

points of mechanism and to the proposal that the aryl lithium species

resulting from metal - halogen exchange may exist as dimers in solution.

Two types of dimers are postulated to occi one type which collapses

via an ionic pathway with elimination of lithium halide to form a biaryl

product, and a second type of dimer which yields a biaryl product via a



radical pathway with the concomitant and transient production of lithium

metal. Evidence for the existence of both pathways is presented.

Finally, applications of the results of this research were studied.
Several avenues to the syntheris of a cannabinol analogue related to the
constituents of Cannabis sativa were pursued but this target remained
elusive. Other unsymmetrical biaryl compounds were howevel prepared in
yields comparable to those quoted in the literature (usually by different
methods) and a successful instance of "ionic " steering ot an ionic

pathway for such a reaction was realized.



(X)

"The first attempt at generalization
seldom succeeds; speculation anticipates

experience, for the results of observation
accumulate slowly."

J.J. Berzelius (1830)



CHAPTER 1
THE ORIGIN OK THE ENQUIRY.

A control on the synthesis of unsymmetrical biaryl compounds
through the strategy of defining the sites of substitution on the
aryl substrates by suitably positioned electronegative substituents
and then attack by an aryl anion was desired. The possibility of

using organolithium compounds for this purpose initiated this study

INTRODUCTION.

Org. nometallic chemistry had its beginnings over one hundred years

ago when Frankland unintentionally prepared ethylzin, in 1849 when he

reacted ethyl iodide with zinc in an attempt to prepare ethyl radicals.

It was some sixty years later that fV first pure organolithimn com-

pound was prepared by Schlenk? Only after Gilman' and Wittig indep-

endently in 19 8 discovered that the treatment of an organohalide with
an organolithium compound resulted in halogen-metal interconversvon,

were further significant contributions made to this field of chemistry.

Some forty years have passed since their discovery and i wealth
of literature has been published on organolithium compounds and the
reactions they have been found to underg). Yet many fundamental dgues-

tions remain unanswered or arc in dispute. This, amongst Other factors,

prompted our studies into tne reactions of organolithmm compounds with

aromatic halides.

A survey of the literature on organolithium chemistry leaves one
with a confused picture with regard to many aspects of this area.

1.1 The Carbon-Lithium Bond

No consistent satisfactory description of the C-I.i bond has as yet



emerged.

I, 1944 Morton5 reviewed the salt-like character of organoalkali
compounds and round that alkyl lithium compounds were non-electrolytes

which conducted poorly and whose ionic character was doubtful.

Further evidence for covalent bonding came from comparing ' 'c chem-

A

ical shifts and 13C-1H coupling constants for the t-carbon «'™'

nHty.lithium compounds and their corresponding hydrocarbons

tive charge.

The fact that some configurationally stable optically active organ,-

could be expected to undergo rapid inversion.

Recent Self-Consistent-Field (SCF) calculations on methyllithium by

ved' that would explain the formation of the molecular aggregates

alkyllithium compounds both in solution and in tin g

on the other hand, a high degree of ionic character is predicted

methyl group.

11% This i



resonance (NMR) spectra of phenylmagnesium bromide, phenyl lithium

pyridine are quite similar. As the phenyl anion is i.oclectron,c wi
pyridine, the NMR results have been

interpreter' by formu lat i.u, tic arc

lithium compounds as salts of anions.

, 1s likely that the C-Li bond is .ore ionic in eryllithiu. com-
pounds than in alkvl lithium compounds. Wakefield sugr.est.. that fur
»,rCc complex type ft bondin,..

than either simply covalent or route may be

The Structure of n.fenollthium Compounds.

From colligative property measurements alkyl lithium compounds are

known to exist as polymeric aggregates,

generally hexemer, or tetramers,

in solution. The bonding within these aggregates is approximate, to a

localised multicentre bond involving one alkyl group and three lithium

,oms - the carbon of the organic group and each lithium atom contributes

one orbital towards the bond but only one pair of electrons is found
within the grouping!6 '1l7 While the hexamor, and tetramers are of simi-
lar energy, a dimeric species involving only a three-centred bend Uuf.
an alkyl group bridging two lithium atoms) 1is significantly less stable
than either the hexnmer or the tetramer!7? Relatively electron-with-

drawing groups such as phenyl or benzyl give rise to dimeric (it!..)2

species.

NMR gives no evidence of Li-U bondingl8 (I.e. no 6Li-7U coupling)
within the' aggregate but Hattesonl9 believes that the uncoupling

constant for the Li-U bond in the methyl lithium tetramer

(J “-0.3Hz,
Hbe du

to the chance cancellation of two terms of opposite sign.

Ward20, on the other hand, is of the opinion that the lack of Ll- L,
splitting merely suggests electron del icien.y "

, t.uw Li L1 b,,"'1 e2l
tore.

x-ray analysis of the structure of solid (CII,1.i,4 ,y ",ss
gives the Li- Ii distance as 2.f,X which does allow for overlap between the

orbitals of the two atoms.

,—Butyllithium exists as a hexamer and methyllithium as a tetramer

in benzene and cyclohex.ne” The degree of association is found to

c
constant over wide ranges of concentratin,

with no evidence of dissocia-



tion in dilute solutions!5 Aryllithium compounds are dimers in hydro-

carbon solvents and recently phenyllithium has been shown to be a dimer

in diethyl ether and THt as well.

Alkyllithium compounds were found to be more reactive in the pre-

sence of electron-donor solvents (Lewis bases) such as TUP and”diethyl

ether than in hydrocarbon solvents. It was therefore thought that

these solvents in some way caused the alkyllithium aggregates to disso-

ciate to dimers. Recent studies by Quirck have shown that, without

exception, no dissociation of the hexamers and tetramers to smaller ag-

gregates occurs 1in hydrocarbon solvents to which small amounts of Lewis
bases were added. In pure THF or diethyl ether, however, hexamers no

longer exist but the tetramers do still occur”' It is generally accept-

ed that some kind of complex is formed between the electron-donor solvent
and the organolithium aggregate which increases the reactivity of the
latter7 by increasing the polarization of the C-1.1 bonds on co-ordination

of the solvent to the lithium atoms or, if a”one-electron transfer pro-

cess 1s operative, by solvating the electron.

In the presence of chelating agents such as N,N,N'.N'-tctramethyl-
ethylenediamine (TfRDA), alkyllithium compounds are most reactive.
The alkyllithium-TMEDn chelate is regarded as monomeric with the C-Li

bond of the organolithium molecule strongly polarized. The complex

is depicted as in (1),

Li >Alkyl

/\

ce3 cH3

<I>

[TMEDA should be used with caution in metal-halogen exchange reactions

as it has been found to accelerate metallation (metal-hydrogen exchange)

more than the former reaction':-*]



1.3 The Metal - Halop.en Exchange Redction.

The work of Gilman and of Wittig has shed much light on the metal
-halogen exchange reaction between an organoli thium compound (RLi) and

an alkyl or aryl halide (R'X).

When the halogen (X) is iodine or bromine, the reaction is rever-

sible and may be written as
RLi + R'X -———=1 R'Li + RX1i0 (1)

The lithium atom becomes attached to the R group most capable of
sustaining the negative charge. If there is little difference between
the electronegativities of R and R', an equilibrium mixture containing
the four species above in comparable amounts will be formed. Apple-
qgquist3l has suggested that the equilibrium constants for reaction (1)
may serve as a semi-auantitative measure of carbanion stability. In
the case of ar aryl halide and an alkyl lithium compound, the equilibrium

is displaced far to the right.

If the halogen is fluorine, metai-halogen exchange does not occur.
Instead the fluorine, owing to its strong inductive effect, labilizes
the hydrogen ortho to it on the ring and metallation occurs3.2 Repro-
tonation of the anion so formed competes with the loss of LiF from the

3
ring to form a benzyne intermediate.

RH (2)

LiF (3)
) ) ) ) .32
It may be assumed that reaction (3) 1is reversible as Wittig ob-
tained 3 - 47. of eh lorobenzene from the reaction ol 2-f luorobromoben-

zene with magnesium in the presence of 1lithium chloride .

Aryl chlorides may react via either metal-halogen exchange or met-

allation ortho to the chlorine.

The ease of replacement of the halogen by lithium is proportional



to the degree of polarization of the halogen atom i .£ 1, Rr/>Cl)>1

thus showing that a positive halogen 1is replaced by the nthium atom.

Optimium yields of Hthiated product R'Li (reaction (O)“are nor-

mally obtained in less than half a minute at room temperature. Tf
the reaction is left for longer then the R'Li is consumed in one of

several s;de reactions (to be discussed later). If the temperature

is lowered to -80°C, the rate of interconversion decreases and the yield

drops.5’ However, 1in the case of replacement of halogen by 1lithium in

compounds containing reactive functional groups such as carbonyl or
nitro, it 1is essential to lower the temperature to -75 1 to get the

36
desired metal-halogen exchange reaction.

As mentioned earlier, electron-donor solvents tend to increase the

reactivity of organolithium rnmnounds. The metal-halogen exchange teact-

ion is fastest in di-n-butyl ether) diethyl ether ) dimethylaniline )

benzene y cyclohexane and petroleum ether. Tilt' is also effective tor

the exchange reaction but it has been found to speed up one of the com-

peting side reactions vhc. coupling between R and R’ more than the metal

-halogen exchange reaction'57 Thus, diethyl ether is usually the solvent

of choice for the reaction.

n-Butyllithium is the organolithium compound most extensively use

in the interconversion reactions because it generally gives the highest

yields of desired R'Li (reaction (1)) and because of 1its greater stabi-

lity. Gilman found that methyllithium was of no value for the inter-

. 3
conversion reaction.

In most instances, reactions were carried out by adding the organo-

lithium reagent to an anhydrous ethereal solution of the alkyl or aryl

halide in a nitrogen atmosphere at a given temperature. After some
specified time, the reaction was gquenched by being poured onto solid

carbon dioxide. The mixture was extracted with aqueous base and acid-

ified and only the carboxylic acids so obtained from the reaction were

examined. Up to 75% of a tar could he obtained from the reaction which

was not examined further. Thus, while the results of these reactions

are indicative of the way to obtain the maximum yield of a desired or-

ganolithium compound, they unfortunately do not give much insight into

the extent and nature of the competing side reactions and hence, the



mechanism of the reaction. In Wakefield's words” 'no systematic study

of the relative proportions of metallation and alkylat ion under diff
erent conditions has bean published. Such a study would be high'y Mg
nificant in view of the suggestion39 that both reactions may involve a

common intermediate.'

Other features of organolithium reactions witn aryl compounds that

have become apparent over the years are as follows. (Her-' metal lot ion

is used 1loc.sely for exchange of either a halogen or a hydrogen atom).

(1) Elect ron-wi chdrcwing substituents facilitate metallaMon of
aromatic ring while electron-donating substituents hinder it. The
presence of several halogen atoms on an aromatic ring not only facili-
tates metallation but also stabilizes the organolithium intermediate.
Shirley43 demonstrated the deactivating influence of alkyl groups to-
wards metallation through their inductive effect by treatment o ( 4-t-
butyldiphenylsulphone (2) with n-butyllithiurn.

He obtained the intro-

duction of 69% of the lithium into the unsubstituted ring and only 11%

69%
SO t-butyl

31%
@)

into the ring containing the t-butyl group,

fii) 1if a substituent containing lone pairs of electrons 1is pre-

sent in the aromatic ring being lithiated, a high proportion of metal-

lation ortho to that substituent occurs. This is attrib ced to co-

ordination of the 1lithium cation from the RLi compound to the lone pair

of electrons on the substituenti4 An intermediate (3) 1s postulated

» LiH

(2) (X-H,halogen) (4)

the



leading to the transition state (4).

The \ 0- Li* bond will weaken the attraction between the lithium
and R- making the latter more available for attack on the ortho halogen
or hydrogen. This 1is substantiated by the fact that compounds lacking, a
donor atom are metallated slowly, if at all, by n-butyllithium. Co-
ordination of the metal atom to the donor oxygen will increase the elec-
tron-withdrawing inductive effect of that substituent. This will be
felt most strongly in the ortno position and will increase the polaiity
of the C - X bond thereby aiding the removal of X by the incipient cai-

3
banion of the RLi compound.

Metal-halogen exchange and metal-hydrogen exchange (metallation)
are viewed as analogous reactions involving a similar type of mechanism.
Metal-halogen exchange 1is generally the more lacile reaction owing to
the hiflier polar izabil ity of halogen atoms as compared with hydrogen
atoms'?’ This was demonstrated by the treatment of 2-bromcanisole with
n-butyllithium? After work-up only 2-methoxybenzoio acid was obtained
and no further metallation of the starting material had occurred. How-
ever, wo found that treatment of 4-bromophenol with methyl lithium follow-
ed by quenching with heavy water (C\0), gave only 2-deutoro-4-bromo-
phcno 1) as product, J .e. motal lation ortho to the metboxy group had
occurred in preference to replacement of the para bromine showing that
the position of the halogen is important. This reinforces the argu
r "t that co-ordination of the lithium atom to a lone pair donor atom

is important (as before).

(1ii) Roth the metal-halogen and metallation reactions have a very
low steric requirement. For example, when phenyl-t-butyl ether was
metal lated with t-butyll ithium,’* ortho lithiation occurred in more than

99% yield despite the bulkiness of both reagents.
1.4 Alkylat ion of the Substrate R'X - The Coupling Reaction
As was explained earlier, in the intensive study of metallation

and metal-halogen exchange reacti' ns after their discovery by Gilman and

Wittlg, usually only the major acidic carboxylation products of the



reaction were 1isolated and identified. Thus, some time had elapsed
before it was found that products of the nature R-R* were also often
present in the reaction mixture. Gilman had alluded to these 'se-
condary coupling reactions' in 1951 stating that they may take place
'in many 1if not all halogen-metal interconversion systems'. However,
'prior to 1963, regardless of the choice of alkyl group in the react-
ions of alkyl lithium,-sodium and-potassium compounds with aromatic
hydrocarbons, alkyl at ion had never been reported as a significant re-

. ,46
action course

One of the earliest discoverers of this phenomenon was Dixon who
in 1963 found that the treatment of an aromatic hydrocarbon with an al-
kyl 1ithium (RLi) reagent resulted in addition of the RLi to the aromatic

substrate foil -wed by the loss of lithium hydride. For example,

RLi + (4)

48
Hot on his heels, 1in 1964 Ziegler was surprised to find that
metallation of perylene with n-butyllithi um at room temperature gave

both 1- and 3-n-butylperylene.

Other researchers soon adopted this technique to accomplish desired
alkylations and in 1969 Harvey'' stereospecifically alkylated anth acene
by treatment with n-butyllithium followed by the addition of excess alkyl

halide (R'X) to give (5).

n-buty”

(J_.e. addition of n-butyllithium followed by Li-R* exchange such that
both the n-butyl and R groups are above the plane in which the aryl

rings 1lie.)

The most interesting results in this field come from the work of



Cassman and Atkina50 vho recantl, studied the following react ion

(7372)

(+)-2-methyl-3"deutehobicyclo
[2.2.1]heptene-t

Neither replacement of deuterium nor inversion of configuration

occurred. It was thus felt that this coupling reaction did not pro-

ceed via either a cycloalkyne (route 6)

nor an addition - elimination
process (route 7) but that a direct coupling occurred. Unfortunately,
no suggestion for the mechanism was offered.
ICH

(6)

Li

(N
CH.,Li

cH CH, CH

Tt was found*? that for aromatic substrates electron-withdrawing

groups on the ring accelerated the coupling reaction as did the more
stable alkyllithium reagents (viz. t-butyl- ~ s-butyl- ) n-butyllith-

lum ) Thus, this relatively facile reaction was

interpreted as a nu~

cleophilic attack (sic!) of the carbanion on the aromatic ring.

Wakefieldb5l also "formalized" the reaction as nucleophilic substi

tution where the enrbanionic part of the organolithium reagent dis-

placcd a suitable leaving group.

The reaction of aryl halides (ArX) with organolithiurn compounds

(RT.1) was also found to give products of the type Ar-R. As halogen#

attached to aromatic rings are not, in general, readily displaced by



-11 -

nucleophiles it has been suggested that these coupled products arise

via metal-halogen exchange followed by interaction of the aryl lithium
with the alkyl halide so formed in the reaction
Jj_.e. ArX + RLi » ArLi + RX (8)

ArLi + R X —-—————— » ArR + LiX (a)

or by an elimination-addition reaction involving an aryne-intermed-

iater'"

It has been shown’S that the rate of the coupling reaction is en-

hanced in the presence of electron-donor solvents, (e.g. amines such *

as piperidine and pyrrolidine’")

and especially in T . lor example
ArCl + Ar'Li > 17% Ar- Ar’ without amine (10)
| 2 61% Ar—- Ar' with amine (11)

In contrast, Korte”’ found that if the coupling reactions of reso-

nance-stabilized organolilhiurn reagents such as benzyl- and allyllithium

with cycloalkylhal id-‘s wore carried out in THF, elimination became an

important side reaction. His solvent of choice for these systems is

diethyl ether.

Several kinetic studies have been carried out on the coupling re

action but ' the usefulness of much of these studies is lessened by the

fact that simultaneous reactions may have been involved but the product

o] .51
analyses were not always carriea out.

1.5 The Mechanism of the Exchange and Coupling Reactions.

The most contentious point about the mechanism of the exchange and

coupling reactions is whether an ionic or a (free) radical pathway or a

mixture of both 1is operative. A wealth of conflicting evidence in fav-

our of both mechanisms is now available. We shall prosent the .ebuits

of workers and their interpretations followed by any support or opposing

opinions and finally attempt to summarize all the results.

Initially, the best evidence pointing towards tree radical inter-

mediates came from the work of Russell and Lamson/’ They showed that



free radicals were easily detectable by electron spin resonance (esr)

spectroscopy in the reactions of organolithium reagents (R M ) with alkyl

halides (R'X). These free radicals were detected before an appreciable
amount of metal - halogen exchange had occurred. They put forward the

following one-electron transfer mechanism,

R~Li+ + R ' X ————— * R* + R" + LiX (12)
R* +R'X RX + R'* (13)
R" + R1i *» R'Li + R* (14)
R* + R''" ————alkane + alkene (15)

They suggested that a base 1like TMEDA would increase the rate of
reaction (12) and the steady state concentration of radicals. This
hypothesis was substantiated by the work of Panek who showed that a

base like hexamcthylphosphoramide (HMPA) facilitated one-electron trans-

fers from orgaoometallie compounds to an organic substrate. Ward and
Lawler* believe thatthe concept of lithium atomtransfer ( cqg. (14))
is not necessary and that R'Liwill only beformed if halogen - metal

exchange 1is exothermic.

The disproportionation reaction (15) is supnorted by the work of
Nugent5% involving a thorough materials balance of a reaction between
peroxides and organolithium reagents to give a product distribution
which could be quantitatively related to known values for the relative
rates of combination and disproportionation of the intermediate radicals.
Nugent's work 1is not conclusive evidence for a free radical mechanism
being operative generally in reactions of organolithium reagents with
organic substrates as peroxides (ROOR) are well known for their ease of
homolysis into two RO* groups. Also, Krusic and Kochf59 showed that
photolytically generated t-butoxy radicals attack orgauometallic com-
pounds (e.gy (CH.3)B, (Ethyl) "0a, (t-butyl)”Al, (n-but yl) 2Hg and n-butyl-
lithium) to produce an easily detectable steady statr concentration of
alkyl radicals; but in the absence of the t-butoxy radicals only a very
weak spectrum of the alkyl radicals was recorded which disappeared when

the radiation source was removed.

Studies of enhanced emission or absorption (chemically induced
dynamic nuclear polarization - CIDNP) in the NMR spectra recorded during

the reactions of alkyl lithium and Qrignard reagents with alkyl hal-



20,60,61,62
ides furnish strong ev.\dence for a homolytic component aris-

ing from both geminate and diffusive encounters. However, positive
CIDNP results have only been obtained from reactions under conditions
where coupling and exchange occur simultaneously. This suggests

that exchange does not involve a radical pair mechanism but rather a
four-centre mechanism. As yet, the relationship between the concentra-
tion of radicals and the degree of enhancement of the NMR signals has
not yet been calculated. Ward himself admits that the polarization
may arise from a chemically insignificant radical pathway while the maj-

ority of the product is formed in some other manner.

Virtually all the systems studied which gave positive CIDNP results
have been composed of ALKYL halides and an ALKYL1li thium reagent or a per-
oxide” Likewise, the esr spectra recorded’ the reaction
studied by Bryce-Smitht'' and the systems in which radicals were trapped
by —methylstyrenezo all involved AIKYL species only.

When Shirley/0 examined six AROMATIC substrates undergoing metal-
lation in hydrocarbon and ether solvents, no CIDNP results were obtained.
Ward20 has suggested (vide supra) that CIDNP is effective only under
conditions where coupling and exchange occur simultaneously. Thus,
Shirley's results could be due to either the fact that only exchange
was occurring in the systems he studied or that ARYL species do not react
via a free radical pathway under normal conditions (i.¢". no peroxides nor
irradiation). We favour the former reason as the substrates chosen by
Shirley were metallated only (and rather slowly at that) by n-butyllith-

ium - TMEDA.

Further evidence for free radicals being involved in the mechanism
came from the elegant research of Screttas on the metal let ion ot thio-
phene in the 2-position by lithium and lithiumhydroarylides (aryl - naph-
thalene or biphenylene) . Product yields and magnetic titrations indi-
cated that the transformation wei a two electron process which might be-
come one —electron in the presence of a substance that could dimerxze
under the reaction conditions (e.g. styrene). Paramagnetic decay in

solutions of thiophene and the dihydroaryl ides was of the first order



and the rate constant correlated with the n-energy chanty *» for the r-

act ion
ArHT | 4 Aril + e

A mechanism involving an unstable thiophene radical was suggested
The initial electron transfer was found to be the rate-determining step

followed by the relatively fast fission or dissociation of the”radical

anion to a carbanion?l There 1is ample experimental evidence7 ' that

certain organolithium compounds can function as single electron donors

and thus generate a radical anion from an aromatic substrate.

Work by Robertson the reactivity of mono- and tetra-l-adamantyl

derivatives of silicon , germanium,tin and lithium indicated that the

closely related Wurtz coupling reaction'” involved in the production

of these compounds from organometallic compounds and l-haloadamantanv

also, in part, involved a one -electron transfer process. In contrast,

studies by Le Goff7’ on the absolute configuration of three compounds

prepared by the Wurtz reaction, showed that the reaction was definitely

of the Sn2 type.

The results of these one-electron transfers cannot be extended to
reactions of all aromatic and aliphatic halides with organolithium com-
pounds. The requirement for electron tram fer to occur is that th

substrate should possess a vacant orb " > lower energy than the odd

electron of the alkali metal ion"’ quirement is met by many

aromatic compounds with extended conj. .2 systems like naphthalene,

biphenyl and ot’i r condensed aromatic hydrocarbons which have a fairly

a) The Ti-energy change,A E for the reaction ( 1 vMlent to
-m where m , 1s the Hlkkel value of the coeffinv the molecu-
m+1 m+1

4

lar orbital resonance integral in the expression foi the energy ot cie

lowest unoccupied orbital i.e. the electron lost from ArH' in reaction
(16) must have occupied a Tt orbital of the aromat i< ti'ljy
b) The Wurtz - Fittig reaction;

2M  + RX » RM + MX

RM + R X ————————- » R-R + MX



high electron affinity, but the simple aromatic hydrocarbons are much
poorer electron acceptors” In fact, all the research which has led

to the prediction of an electron-tvansier process has involved only those
species that would readily accept an electron?78 viz. anthracene,
naphthalene7 biphenyl and rhiophcne. Also, the most recent studies
on reactions via the S”1 mechanism' ' involving aromatic radical anions
has shown that the order of reactivity of the aromatic moiety is naph-
thalene ) biphenyl ) benzene - the order of ease or reduction of

81
the arene.

In general, the reactions of RLi compounds with unsaturated organic

compounds to give radical anions,

RLi1 + Aril > (ArH',Li ) + R , (17)

- 7
appear to be slow with the yield of ArK" usually not highg

In the case of an aryl halide, if the one-electron transfer were to
occur to produce ArX~, (reaction (18)) this species readily loses the

halide ion to produce the aryl radical
Le. RLi + ArX —-——p» ArXT + Lix* + R* (18)
ArX)" » Ar’ + X (19)
and the overall reaction reduces to that proposed by Russell and Lamson 'J
and Fisher88

viz. RLi+ Ar X ————» Ar" + LiX + R" (12)

Thus, until proved otherwise, any pathway involving a radical anion,
if operative, can only be of minor importance in reactions between simple

aromatic or aliphatic species and organolithium reagents.

83
In favour of an ionic mechanism, Winkler, in studying the follow-

ing reaction
ArLi + Ar'Br— ArBr + Ar'Li, (20)

found that it adhered to a second-order rate law. The same results
were obtained for salt-free and salt-containing (e.f£. lithium bromide)

aryl lithium reagents. He concluded that the equilibrium constant for



reaction (20) wa;, dependent on carba. io> stability. The reaction fol
lowed the Hammett per relationship which he took to imply that an ionic
mechanism was operative. A value of /o - +4,0 for the reaction constant
was obtained suggesting a build-up of negative charge in the transition

state which would be in accordance with acceleration ol the exchange re-

action in better ion-solvating solvents.

Ironically, Batalov8 * obtained a similar value of yO = +3,66 for
the exchange reaction of phenyl radicals (sic!) between phenyllithium
and substituted bromobenzeno in diethyl ether. batalov explained the

results by invoking a polar four-centre transition state in the reaction.

The most compelling evidence in favour of an ionic mechanism is an
example of a coupling reaction (21) which proceeds with 100” inversion

, 8
of configuration.

CH3 c.3
ChH5-C-C1 + (C6H5) 2CHL1i ----" C6L5Y"~CH”C6H5)2 + L1C1 (21~
H ! «
optically active optically active

The fact that stereoselective coupling reactions have been found
to occur between allyl- and benzyllithium reagents and sec-octyl halide
strongly favours a conventional S”2 mechanism and is not compatible with

a free radical pathway.

(Stereoselectivy does not always imply an IONIC mechanism. Koenig
has pointed out 8f’ that geminate combinations of radical pairs are invol-
ved in some of the fastest of all chemical reactions and they may there-
fore be highly stereoselective giving products with essentially complete

retention of configuration.)

Simple alkyllithium compounds give largely racemi zed products from

their coupling reactions with optically active orgu slides. 'or
example, when Zook$§' reacted (+)-2-bromobutane wit' outyllithium he
obtained 37% (-)-3-mothylheptanc. An inversion o: configuration is -ndi-

cated in the coupling process as the configuration of the two compounds
can be related. From the maximum value of the rotations of the com-

pounds, racemization to the extent of Y8 was calculated.



Interestingly, if silicon is the metal used in coupling reactions

of organometallies with organofluorides and -chlorides then a stereo-

selective reaction occurs in some cases with 100% inversion and in other

cases 1007. retention of configuration.88 So mechanism to explain this

phenomenon was put forward.

Thus we see that most information on the mechanism ot the coupling

and exchange reactions can be explained in terms of either a radical or
an ionic mechanism and no clear and conclusive explanation has yet been

proposed.

82,89 ..

4 4

To further complicate the issue, it has been suggested that
the solvent may play a role in diverting a reaction from homolytic to

heterolytic and vice versa. It is known"' that hydrocarbon solvents

favour a radical pathway while electron-donating solvents,

bett,

which can
olvate an ionic species and increase the charge separation in

the transition state, would enhance a heterolytic pathway. The acti-

vating effects of some solvents on reactions of lithium alkyls are sim-

ilar to those generally observed for bmolecular organic reactions m-

82
volving anionic nucleophiles.

Hine90 suggests that a radical mechanism may be operative for re-

actions between organoalkalis and organohalides in the vapour phase at

elevated temperatures but reactions as ordinarily carried out in solu-

tion may be satisfactorily explained on the basis of an ionic mechanism.

Wakefield60 has summed up the state of knowledge on the exchange

reactions as it 'may involve some degree of homolytic fission given by

R'X + RLi * [R- .L1i.X.R"] ;=% R'Li + ™ (22)

The symbol in brackets represents some kind ol intermediate invol-

ving unpaired electrons which gives rise to the magnetic resonance phe-

nomena and also to the coupling and disproportior.ation products.
In summary;

Metallation and metal-halogen exchange may be purely ionic with

the coupling reaction alone involving radicals'.O The extent to which

radical intermediates are present may be greatest in hydrocarbon sol-



vents and in reactions involving alkyl species poorly able to accomo-
date the carbanionic state whilst allyl, benzyl and phenyl compounds
m polar solvents will react predominantly via an ionic pathway; but
the possibility of radical species in these reactions as well cannot

be i'ly eliminated.

general points on the mechanism of the reaction should be men-

tion ?d.

n-Butyllithium in the presence of an equimolar amount of TMEDA

rapidly metal lates 2-methylanisole to give 75% of (6) and 25%, of (7)

OCH OCH }

s “ J * CA

(6 <

28
The n-butyllithium-TMEDA complex 1is monomeric' with the lithium
atom chelated to the nitrogen atoms of the TMEDA and unavailable for

complexat ion to the oxygen of the ani sole group. Thus, prior complex

ation of the organoliIbium reagent to the substrat e cannot be a pre-

91 92
requisite for the exchange reaction.

In 1908, Shirley59 proposed a detailed mechanism for the reaction

in which the first step was given as

(RLi) -"~221. (RLi) Sol™ nt RLi SO0l1-"nr R=~ + [i' (23)
n dependent ~ dependent dependent

He believed this step (23) would be favoured by the presence of amines,

particularly those capable of chelation, which would cause dissociation

of the organolithium aggregates to more reactive monomers. fhis was

supported by studies9 ' of reactions of organolithium compounds in hydro-

carbon solvents which had shown that the reaction was 6th order in alkyl

-lithium reagent and first order in organic substrate
i.e. Rate » k[Rl1 iJ"R'X]

However, 1t 1is now generally accepted20, 9’ that direct reaction between

the most stable intact oligomer and the substrate occurs in most systems.



A cross-association between the initially formed met. 1Kited product on

.70
the surface of the intact aggregate 1is proposed.

1.6 The Use of Copper in the Coupling Reaction.

In 1940 Oilman 5’ noted the catalytic effect of some finely divid d
metals on tne metal-halogen interconversion reaction. He found that it
increased the w he of the exchange reaction but reduced the yield 'poss-
ibly by accel rati . th> "oupling reaction* but he did not pursue this
observation further. His students had prepared methyleopper in 1930
and Li(CH"1Cu(l) in 1952 ~ Dbut it was not until Corey in 1967 dts
ered an efficient method for coupling an allylic group to an alkyl, vin-
yl or aryl unit using ally! nickel reagents and extended his investiga-
tion to other organotransit ion metal compounds that the use of copper

96
for the coupling reaction was fully realized.

One could now, for example, effect the following reaction in 90%
yield96

I )
1l4hrs 25 C

(24)
2CH3Li + CuX

Methyllithium alone was foiad to be a totally unsatisfactory re-

agent for the above transformation.

Since 1967 much research has been done in this sphere and two ex-
cellent articles reviewing the entire field have been published by PoS—
ner97’98 who pioneered the initial research with Corey. A review by

Juke599 has also ippeared.

Some general comments about the use of copper in the Corey-Posner
reaction ( as it 1is now known).

(1) Optimum yields are obtained in the temperature range -95 C to
0°C?6

(ii) Secondary halides are much less suited to the coupling reac-

96
cion with lithiumdialkylcuprates than primary halides Tertiary alkyl



98
halides show virtually no reactivity with organocopper reagents.

(iii) The reactions are generally executed in diethyl ether. THF
can also be used.

(iv) Oxidation of the resulting mixture with nitrobenzene or oxygen
prior to work-up markedly increases the yield.

(v) Stereospecifie. countings have been accomp lisncd with predomi-
nantly, inversion of configuration.

(vi) Replacement of iodine by R usually proceeds in high yield,
bromine is satisfactorily replaced although more slowly and chlorine is
sluggish in reaction but can be replaced in reasonable yields at high
temperatures? Tosylate as a leaving group dramatically increases the
rate and the yield of the coupling reaction.

(vii) Strong electron-attracting groups ortho to the halogen in-
crease the coupling rate signiflcantly}oz

(viii) A complex free radical mechanism for the reaction was advan-
ced initially!0 ’ Recent research by Pearson'O 'mitigates against a
radical mechanism and favours the sequential oxidative addition — re-
ductive elimination process suggested earlier by Whitesides and John-
son! 01l Other metals have been tried for the coupling reaction but
copper 1is unigque in this role - this has been attributed to the relativ-

98
e)y low ionic character of the copper-carbon bond.

Briefly, other metals that have been employed to give good yields
of biaryls, and the limitations of these techniques, are outlined in

Table I.

One of the original methods for preparing biaryls viz. the Ullmann

biaryl synthesis reaction has not yet been discussed. Iliis reaction

involves the condensation of two molecules of aromatic halides in the

presence of copper to form a new aryl—aryl bond with the cIimination of
copper (I) halide. Initially, it was thought that radicals were inter-
mediates 1in the reaction. However, as early as 1964, Ianta in his
second review of the Ullmann reaction, suggested that a ff-organocoppei

intermediate might be involved in the reaction i.e. that the halogen in
one of the aryl compounds was replaced by a copper atom and it was this

species that reacted further with a second aryl halide to lorm the aiyl

aryl compound with the elimination of copper hailde. In 1»/(), Nilsson

showed conclusively that the above postulate was true by reacting crude



pec ae SECEV“viGQ 5\058C3

s=

/\zuv”-_; 8§o~o§ m o

ot

o4
r-4
-4

44

-4

to
*H
cn

To

cn
cd

of4
k'

14

groon

<

o

=
we

te
k4

u
»H

s R

Omgas 05 2oV = & compoenis Have v Mool

=
=]

Ol
O
6=
” 8
>
k«
g is
o)
5q
m C
O
m
3
U
r
CL
O
u
4
e-
<
K
>
>
m u

21

-3

o

44
to
44

44
to
O

4

=

f o

ord

44

«f4

to

CL

=z

/1

22 prEflec ro-

IS

BL=

oo A cawl

o8

g ce fafe

al

OwN

374 Aagdds Gooartoogk &F

L"‘ch

W
Qry

to
44
14

to

) L_'C:wi

8oL < o<
B Bafw

O
(@]

I SIS COmglmw

2151

a

X

P

cw

r-4

H3
P4

144

A

Q’W

*H

Né_ﬁ (@)

wo cowo

Q
=1

a Vg

aq=z

X<



(70% pure) 2-thicnylcopper with 4-icdonitrobenzene to give 70% of coup-
led product (8)

i.e.

®@)

Thus, the Corey- Posner reaction was 1in effect an extension f the

Ullmann reaction.

From this brief review of the literature one finds that research
into the field is far from complete and much could be gained from study-

ing such reactions more fully.



CHAPTER 2

2.1 Total Product An.;ly;is of the Reaction.

when one delves into the literature on organolithlum reactions, one
oon becomes aware of the fact that all the products of a reaction were
oldom examined. Each researcher did a reaction with .. ' objecttvc
,i,d - normally, to determine the degree and position of metallatton
,r less often, the amount of alkylation that had occurred, and only
hose products from the reaction were studied. If,by chance, some by-
jroduct were identified, mention was made of it in passing. Conoral vy.
though, up to fifty percent of reaction products could be left uniden-
tified. Nugent58 and co-workers were one of the few groups to under-
take a thorough materials balance of a reaction and that, as mentioned

previously, was of a reaction involving peroxides and 30 the results

are not generally applicable to organolithium reactions.

Thus it was realised that a full analysis of all the products of the

reactions was essential.

The first reaction studied in depth was between 2,4, 6-tribromo-
phenol and two equivalents of methyl lithium for twenty-two hours in
refluxing diethyl ether. The reaction mixture was then cooled in ice
and quenched with aqueous acid. 2,4,6-Tti.bromophanol and methyl .. ..-

were chosen as the reagents so that the products ol the react too

would then be easily identifiable and characterised. The results are

given in Table 11.

These results were indeed interesting. Not only could a halogen
be replaced by the oik: 1 group in the overall reaction but also by an
aryl group and the latter reaction seemed as facile as the former. *
aryl products had been reported from organolithium reactions before.
The triaryl species are not entirely new either. A trtaryl species
(11) had been obtained from on Ull.annbi.ryl synthesis when a species

v,.al,y0»n«; had been employed although the na-
JNltrine two reactive 2% pLloy ( g



ture of the substituents here was very different.)

NO NO
26
Br'v'/ (26)
W +
200 C
NO 2
a1
We then studied a series of reactions between 2,4.6-trilromophanol
and methyllithium. The temperature, reaction times and moi" ratios vt
TABLE 11

Products from the reaction between methyllithium and tribromophenol.

COMPOUND § YIELDS
) 4,7

2,4* dibromophe.nol (DBF)

2,4-dibromo-6-methylphenol (DBMU) 0,5

4-bromo-2,6—dimc thyIphcnol (BUMP) 4,5

5,5'-dibromo-3,3’-dimethyl-2,2'-dihydroxybiphenyl

(SYMMETRICAL BIARYL) 29,0
Br
OH C
lic I . LI 1 cH
J '"YiT 1 T (SYMMETRICAL TRIARYL) 29,5
L J OH
Br (9) Br
OH | A OH
Br (UNSYMMETR1CAL TRIARYL) 20,0
& (10) Rr
TOTAL 88,2

PERCENTAGE METHYLATION o:>»U

PERCENTAGE ARYLATION /,8»°

Percentages are based on the amount of starting matet Lai consumed.

i.e. 30% biaryl implies 30% starting material consumed in produc-

tion of that compound although only 1 coupling occulted.)



the two reactants were varied to oetermine the effects these factors
had on the product distribution. Table III gives a summary of these

findings.
Certain trends can be seen.

(1) n accordance with Gilman's findings” optimum yields cf the
monomers are Dbtained at low temperatures and very shu t reaction times.
As the reaction time 1is extended those monomers ( with the exception of
4-bromo-2, 6-dimeLhylphenol) are consumed in the production of biaryl and

triaryl compounds which then become the major products of the reaction.

(ii) Although the percentages of biaryl and triaryl products out-
weigh those of the monomers, alkylation ah-ays predominates over aryl-

ation.

(iii) As found by Gilman”' methyl lithium is of no wvalue in the
lithiation reactions as no conditions produce greater than 2'5] of 2,4-
dibromophenol, the product from quenching 2,4-dibromo-6-1lithioli thium-
phenolate with aqueous acid. Mos of the dibromophenol 1is consumed

in the numerous side reactions.

The incorporation of the alkyl group into the products is

not peculiar to methyl lithium alone.

When 2,4, 6-tribromophenol was added to 2 moles of phenyl lithium
and refluxed at 37°C for 21 hours, 25% of 2,4-dibromophenol was obtain-
ed1l'y( However, when the reaction time was extended to 71 hours and 3
moles of phenyl lithium were employed, the major product of the reaction
(35%) was 4—bromo—2—hydroxyhiphenyll.19 When the reaction was repeated
with 4 equivalents of phenyl lithium and the reaction time extended to
95 hours, the major product (31%) was igain 4-bromo-2-hydroxybiphenyl

i.e. exchange of the para bromine by lithium did not occur.

When 5 equivalents of n-buty!lithium were refluxed with 1 equiva-
lent of 2,4,6-tribromophenol in diethyl ether for 40 hours, 27% of 2-
butylphenol was obtained. It is significant that in this case the bro-
mine para to the hydroxyl group was also exchanged. lhe ortho bromine

atoms are generally far more reactive in these cases than those para to
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Explanation of Table III

a) TBP solution added to methyl lithium within 10 seconds.

b) TBP solution added to methyl lithium over 5 minutes.

c) TBP solution added gradually drop by drop over 25 minutes to the
methyllithium.

d) () implies that the compound was present but the exact amount was
never determined.

e) () impliesthat this product was not investigated.

TBP = 2,4,6-tribromophenol

DBP = 2,4-dibromophenol

DBMP = 2,4-dibromu-6-methylphonol

BMP = 4-bromo-2-mcthylphenol

BDMP = 4~bmmo-2, 6-dimethylphcno!

SYMMETRICAL Bl1ARVL = 5,5'-dibromo-3,3'-dimethyl-2,2'-dihydroxybiphenyl

UNSYMMETRICAL BIARYL = 2,21-dihydroxy-3-methyl-3',5,5"'-tribromobiphenyl

SYMMETRICAL TRIARYL = 3,3"-dimethyl-5,5',5"-tribromo-2,2"',2"-trihydroxy-
m-terphenyl.

UNSYMM1.TRICAL TRIARYL - 3"-mcthyl-2,7?',2"-trihydioxy-3,5,5"',5"-tetra-

b rorno-m-terpbeny 1.



the hydroxyl group. However, the fact that alkylation occurs ortho
to the hydroxyl group cnly suggests some kind of assist from the hydroxyl
group during the reaction as the ortho position is more sterically hin-

dered than the para position.

This type of alkylation has been found before. Porzi and Con-
120
ciiio " found that when 2,7-dibromonaphthalene was reacted in TrtF at
-351C with one equivalent of n-butyllithium, 2-bromo-7-butylnaphthalene

was obtained quite rapidly and 2, 7-dibutylnaphthalene appeared after

15 minutes. (The yields were not quoted.) However, -'"n the reac-
tion was repeated in refluxing diethyl ether only 2-bi, cphtbalene
(91%) and naphthalene (3%) were obtained. This favouring of alkyla-

1
tion in THF is well known.

We later showed that n-butyllithium col Id replace a bromine para
to hydroxyl group even when there were ortho halogens present. The
reaction between 2,4,6-t ribromophenol and 2 equivalents of n-butyllith-
ium at 25°C for one hour followed by 5 hours at reflux temperature gave
18% of 2,4-dibromophenol and 4% of 2,6-dibromophenol as well as small

amounts of both 2- and 4-bromophenol as products.

122
These results are in contrast to those o.' Gilman who found that

when 2,4,6-tribromoanisole was treated with excess n-butyllithium only

the two ortho bromine atoms were replaced.

2.2 The Effect of tlie Position oI thr Halogen 01l the Course of

tin React ion.

While metal-halopen exchange 1is generally far more facile than
metal-hydrogen exchange, the latter inaction will occur if no halogen
is suitably placed ortho to a substituent bearing a lone pair of elec-

trons .

For example, when 2-hromophcnol was reacted with 2 equivalents of
methyl 1ithium in ref luxing diethyl ether, 80% phenol, 16% of 2-methyl-
phenol, some starting material and a small amount of 2,2'-dihydroxy-
biphenyl were obtained. An identical reaction with 4-bromophenol

seemed unsuccessful even when left for 72 hours. However, when the



rci<iction was repeated and quenched with deuterium oxide at least 19/, of
the total reaction product was 2-deutero-4**bromophenol i.je. metal— hy-
drogen exchange ortho to the hydroxyl group had occurred in preference
to metal—halogen exchange in the oara position.

123
ilar results with 3- and 4-bromoanisole.

Gilman obtained sim

If the positions ortho to the hydroxyl group were blocked as, for
example, 1in the case of 4-bromo-2,6-dimethylphenol, refluxing for 48
hours in diethyl ether with 3 equivalents of methyl lithium yielded only
a minute amount of 2,6-dimethylphenol. Treatment of the same starting
material with only 2 equivalents of n-butyllithium for » hours caused
50% of the pa:a bromine atom to be replaced. Thus, n-butyllithium is
a strong enough base to remove a bromine atom without the assistance of
an ortho substituent bearing lone pairs of electrons for co-ordination
to the lithium atom, but methyllithium is not.

(The two methyl groups

alreadv present 1in the substrate significantly deactivate the aromatic

42
ring towards metal - halogen exchange. )

2.3 The Effect of the Typo of Halogm on the Course of the

Reaction.

After studying the reactions of various bromophenols with n-butyl-,
phenyl- and methyllithium, we turned our attention to the other halogeno-
phenols to determine the effect of the type of halogen on the course ot

the reaction.

The first reaction undertaken was that between ?-f£luorophenol and

n-butyllithium. As mentioned previously, the fluorine atom does not

undergo metal-halogen exchange! ' In fact, the fluorine cation is

not thought to exist! Instead the fluorine, by its particularly strong

inductive effect, 1labilizes the C-H bond ortho to itself and metallation

occurs.*2 This proton abstraction is thought to be the rate-determining

127

step for the aryne formation process. (See Scheme 1) ihis is gene-

rally followed by the loss of lithium fluoride from the aromatic nucleus

to form an ar,ae intermediate. Only at temperatures below -70°C can

128
loss of LiI be prevented.



SCHEME 1

OLi
FAST
+ n-BulLi
IRREVERSIBLE
SLOW, kj
+ n-BulLi
+ Vv, 0
n (a)"ll
kv FAST (k2™> k j
OLi
n-Ru .
+ n-Buli
+ LiF
FAST
n-Bu

a) Only when the halogen Is fluorine

is this equilibrium ostahl shed.

With the other halogens elimination of LiX 1is faster than the metalla-

) 129
tion step.

We reacted 2-fluorophenol with 3 equivalents of n-butyllithium for

24 hours at 40°C and obtained 48% of 2-butylphenol and 11% of 3- butyl-

phenol. When only 2 equivalents of n-butyllithium were used, some
starting material (26%) was recovered from the reaction. Thus, it is

apparent that the subsequent addition of n-butyllithium to the henzyne

intermediate must be faster than the initial metallation reaction.

The mixture of products from the reaction 1is expected. The inter
mediate aryne 1is a soft acidl 10 and the nucleophilic portion

(electron
donor)

of RLi attacks the aryne fiist.

A substituent (Y) already pro

sent on the ring stabilizes one of two possible transition states m

131
the nucleophilic addition.



If Y is inductively electron-withdrawing it will preferentially
stabilize the developing negative charge in the ortho position and so
favour meta attack by the nucleophile. The conjugative effect gene-
rally does not have a marked effect on the preferred position of attack
except 1in the case where Y is 0 when the power Iul mesotnei ic eftec t of
this substituent leads to 85 - 90% of ortho attack by the nucleophile
and only 10 - 15% meta attack! Our results are indicative of 18%

meta and 82% ortho attack.

When 2-fluorophonol was reacted with 3 equivalents of methyl lithium
at 37°C for 24 hours, only starting material was recovered from the re-
action. Methyl lithium is obviously not a strong enough base to abstract

a hydrogen cation from the aromatic nucleus.

When phenyllithium was employed in the reaction with 2-fluorophenol,
17% 2-phenyl phenol and 7% 3-phenylphenol were obtained 1i.£. /1% ortho,

29% meta attack; 24% overall reaction.

With n-butyllithium we obtained 82% ortho, 187, meta attack 58%
overall reaction. Thus the ratio of the isomers must also be dependent
on the nature of the attacking nucleophile since the aryne intermediates
in the above two reactions arc presumably identical. It seems that the
stronger the nucleophile, the less selective 1is the addition}29 How-

ever, the reaction occurred to a greitcr extent with the strongei base,

n-butyl lithium (58%), than with phenyl lilnium (only 24%).

The effect of replaci ig the bromine para to the hydroxyl group in
2/ 6-tribi mophenol with f.u .rine or chlorine will be discussed in sec-

tion 2.6.1.

When a bromine atom ortho to the hydroxyl group in 2,4,6-tribromo-
phenol was replaced by fluorine (as 1in the case of ,4-dibromo-b-fIuoro-
phenol ) and this was reacted with two equivalents oI methyl lithium in
refluxing diethyl ether for 24 hours, the expected reaction products
from bromine-1it hium exchange plus 47 of 2,4-dibromo-5, (V-dimethylphenol

and 2% of 4-bromo-2,3,6-lrimethylphenol were obtained.

It had been hoped to include 2,4-difluoro-6-bromophenol in this



series but several attempts to prepare the compound from 2 ,4-difluoro-

aniline were unsuccessful.

When two bromine atom:, one ortho and one para to the hydroxyl
j?ioup, ware replaced by chlorine, the products from the reaction were

not very different from those obtained with 2,4, 6—tribromophenol.

For the reaction

OH
Br Cl
+ 3CH. Li (C£13Ci12) 20 PRODUCTS (27)
37 C, 1Ihr.
c1
D

the products obtained arc detailed in Table TV.

TABLE IV
COMPOUND % YIELD
2 ,4-dichlorophenol 8,0
2,4-dichloro- 6-methyl phenol 9,5
4-chloro-2-methyl phenol 11,2
4
3—methyl—3'r5,ﬁ&—trichloro—Z,ZI;dihydroxybiphenyl 31,7
3,5,5"-ttichloro-2,21-dihyd roxybiphenyl 10,6
cl
OH OH
CtrIx
Y | £ CH3 12 8,3
]i. E OH L J 12) !
Cl Cl
Cl
OH OH
Ccl . S 13) 1,8
OH
kJd v
Cl Cl

TOTAL 81,1

1) A preliminary study of this reaction by P.Bert produced similar re-

sults but the triaryl species were not examined by him.'*



PERCENTAGE ALKYLATION 38,4

PERCENTAGE ARYLATION 28,0

These results are similar to those in Table II for the identical
reaction vith 2,4, 6—tribromophonol 1lor 5 hours. 1lie dcci ease in the
percentage of hiaryl and triaryl products with the dichloro-compound
is most 1likely due to the fact that the reaction was left for a shorter
period of time. The difference in the type of dimers is expected owing
to the fact that the replacement of chlorine on the ring by lithium is
more difficult than the replacement of bromine. (The strength of the
C-Cl bond is 340 kT/mole, while that of the C-Br bond is 285 kJ/mole)
Chlorine does not generally undergo metal-ha logon exchange but,analogously
to fluorine, causes metal lation ortho to itself followed by aryne form-
ation on the loss of lithium chloride from the compound. In this case
where only one mole of methyl lithium was available for reaction on the

ring, it reacted preferentially with the bromine.

When 2,4,6-trichlorophenol was reacted with 3 equivalents of methyl-

lithium for 18 hours at 3?'C, 48,7% of the total product consisted of the

. ) 132
) and (15) in the ratio 1:2,1

OH OH
Cl
4 vV’
‘cH3
CH3
(14) (15)

The remainder of the products were biaryl and triaryl species

The monomers probably arose via the reaction sequence given in Scheme IT.

Thus, one secs that the chloro- and fluoro-derivatives give the
same basic t;pe of products as the bromo-compounds viz. monomers, bi-
aryl and triaryl species but, owing to the fact that th t the chloro-
and fluoro-compounds can react via an aryne intermediate, a greater

variety of products is possible.

A reaction between 2,4,6-tri xodophenol and 2 equivalents of methyl —



SCHEME II

lithium yielded 11% ofA-iodo-2-methylphenol, 33% of 5, 3'-di:odo-3,3'-
dimethyl-2,2'-dihydroxybiphenyl and 24% of 3,5'-di iodo-2,2'-dihydroxy-
3-methylbiphenyl. Again, the products and yields arc analogous to

those from reactions between ,4,6-tribromophenol and methyllithium.

2.4 An Epoxide as a Possible Intermediate in the Alkyl at ion

Reaction.

A new general method for obtaining an epoxide was advanced by

Caine11i in 1969' i! and again in 1972! "' The following mechanism

was suggested



HC/ + e . 0 _ I:' — | ;>0 + UBr<28)

Br R / «2< H2c /

Thus it was felt that a possible explanation tor the almost exclu-

sive ortho reactivity of aromatic species containing a substituent with
lone pairs of electrons could be due to the intermediacy of an aryne-

oxide derivative or its electronic equivalent.

LiBr

Further attack by R- Li to open the epoxide would give the alkylated

products obtained in the reactions of aryl halides with alkyl lithium com-

pounds .

To determine whether an epoxide was involved in the reaction se-
quence between aryl halides and organolithium compounds the following
reaction was undertaken:
2,A,6-Tribromo-3-methylphenol was refluxed with 2 equivalents of methyl

lithium in diethyl ether for 2 hours before quenching with aqueous acid.

The reagents were so chosen that, again, any alkylated products would

be known and identifiable compounds (xylenols). The methyl group in

the 2,4 ,6-tribromo-3-methylphenol would act as a marker to indicate

whether any migration of the hydroxyl group (leading to cine substitu-

tion) had occurred since the epoxide, once formed, may be opened from

either side when attacked by FLi (See Scheme III). The possible pro-

ducts from the reaction would be brominated 2,3- and 2,5-dimethylphenol

from direct substitution and brominated 2,4- and 2, 6-dimethyl phenol

from cine substitution.

The products from the reaction were dchalogcnated over palladium

hydroxide on calcium carbonatel and analysed by gas chromatography.



SCHEME TIII

However, no operating conditions could be found under w,ii , ,4- nnd

2 ,5-dimethyIpbenol could be separated. Various technic:-s, namely

silylationl36 acetylation, nitrationlW and benzoyla' <a oi the dimethyl-

phenols proved unsuccessful with the 2,4- and 2,5- derivatives always

appearing as single peaks on all the gas chromatographic traces. It

was thus decided to re-brominate the dehalogenated product as 2,5-di-
methylphenol would yield a dibrominated product whereas 2,4-rlieethyl-

phenol would be mcnobrominated. The two brominated compounds were

readily separated on the gas chromatography column.

Co-injection of the brominated authentic dimethyIphenoIs with th

re-halogenated reaction material showed that the major monomeric product

of the reaction was 2,5-dimethylphenol with a small amount ol the 2,1-

isomer formed. Neither 2,4- nor 2,6-dimethylphenol was obtained al-



though amounts as small as 1/1000th per cent of the reaction products

»re detectable under the conditions employed. The reaction was re-

peated with the authentic dimethylphenols and the dehalogenated pro-

duct of the reaction being chlorinated by a novel simple method (see

experimental section.) These results confirmed the above findings.

Of the two dimethylphenols obtained from the reaction (about 407, of

the total reaction product) the distribution was as shown

5,97 v94,1%

CH.

by measurement of the relative areas -ader the peaks on the gas chrom-

atography trace (assuming equal flame io-,” ion detection (KID) re-

sponses for the two dimethylphenols )

A similar distribution of isomers was obtained when 2-1itlno-3-
methylanisole was refluxed in diethyl ether for 15 hours w th :'.4,b-tr]-

bromo- 3-Methylphenoi. Thirty-three per cent of (16) and 1% of the high-

ly hindered speci, (>J) in which the two aromatic rings”are perpendt-

cular to each other were obtained after dchalogenation.

H
OCH, ¢

HO CH CH
HO

(16) (17)

8,37 91 ,77

CH



From the results, then, it seems uniiKely that epoxide formation
occurs during the reaction sequence unless the epoxide opens only from
that side from which it was formed. Johnsonl18 found that saturated
epoxides were opened in good yield by lithiumdimethyle uprate in such a way

that the methyl group was introduced at the least hindered carbon of

the epoxide.

+ (CHj) ,Culi — . — CH3CH2CHCHZ2CH3 (88%)

OH

(No mention of the alternat. -attack product is made)

In (18), an unsaturated epoxide, one could argue that C-1 is more

hindered than C-6 , leading to exclusive attack at C-6 by CH".

Br

CH

2.5 Veri ficat ion oj the Route of Alkylation.

alternate mechanism for the alkylation reaction could be that

i 'vv/ Wakefield*'

1 <0 + ArX ArLi ~ RX (8)
RX ¢ ArLi ArR + I.iX (9)

i.e.

metal-ha logen exchange followed by replacement of the lithium by

the alkyl group in an electrophilie aromatic substitution reaction.

Treatment of 2,4,6-tribromophenol with 3 equivalents of roethyl-

lithium yielded as one of the products of the reaction (after quench-

ing with water) A-bromo-2-methylphenol. When the reaction was repeat-

ed and gquenched with H,0, incorporation of the deuterium atom ortho to



the hydroxyl group occurred indicating that (19) is ar ntcrmednte in

the reaction.

CH Br

(io)

Furthermore, when species (20) was generated from 2,4,6-tribromo-

phenol by treatment with 2 equivalents of n-butyllithium (a good 1litl'i-

ating reagent but known to be sluggish in the alkylation reaction )

and then treated with increasing amounts of methyl iodide (the methyl

group now a carbocativn source.) increasing amounts of methylated pro-

duct, (viz. 2,4-dibromo-6-methylphenol)

were obtained. See Table V.
TABLE V
MOLES MOLES MOLES %DBP" $DBMP MOLAR RATIO |
TBP n-BuLi CH.JI DBF : DBMP
1 2 1 85 15 1 :0,168
1 2 7 47 53 1 : 1,07
1 : 5,88
1 2 19 14 86b ,

(TBP = 2,4,6-tribromophenol; DBF = 2 ,4-dibromophenol; 9BMF = 2,4-di-

bromo-6 methylphenol)

a) The percentages are calculated in terms oi the area v ' the peak

of the g.c. trace due to that compound relative to the area under both

peaks.

The molar ratios arc calculated taking into account the rela-

tive FID responses of the two compounds.
b) Reaction products were separated and purified to give 6% of 2,4-

dibromophenol and 22% of 2,4-dibromo-6-methylphcnol in terms of recover

ed pure products.

These results strongly indicate that the reaction is, indeed, a

two-step process in which metal-halogen exchange precedes replacement




of the 1lithium in the aryllithium intermediate by a positively charged

alkyl group.

2.6 The Effect of Varying the Substituent on the Ring.

A gquestion we came to ask ourselves was whether the formation of
the biaryls and triaryls was peculiar to phenols or whether other spe-
cies reacted in like fashion. Scant mention of biaryls from reaction
of an aryl halide with an organolithium compound appeals in the litera-
ture. Heaneyl*/ had fovnd that treatment of 1,2-di iodobenzcne with
n-butyllithium gave 2,2'-diiodobiphenyl and Gilman"" had reported tha'
treatment nf 1,2-dibromobenzene with n-butyllithium in THE gave up to

74% of the 2,2'-dibromobiphenyl but that 'there was a strong inference

that the solvent may play an important role in the re. “tion' as no coup-

led products were isolated in diethyl ether. Other examples of pro-
duction of biarylsl were shown to proceed via a benzyne intermediate
which was captured by furan to give a Diels-Aldcr adduct. We also

wished to know whether the yield of biaryl product could be incieased

by altering the substituents on the aromatic ring.

Two series of reactions were undertaken.

2.6.1 The Effect of Varying Y in 2, 6-dlbromo-4-Y-phenol.

First Y in (21) was varied in a series of reactions to determine
the effect this had on the product distribution. Table VI summarizes

the results of reaction (29) for Y =CH",H,i>r,Cl ,F.

R + 3CH-Li-——-—----—- » PRODUCTS (29)

(21)



MONOARYL PRODUCTS

OH OH
CH,
11,7
CH
OH
CH
CH
OH
CH, CH.
OH
A/ :H
OH OH
Br
OH

10,0

TABLE VI

BIARYL PRODUCTS

OH
CH,
OH
CH.
OH
OH
CH,
CH,

10

HIGHER

MW prods

-42

$L’'-CH3 ZLi-Ar

exchanfije.

80



TABLE VI cone.

Cems i
Y MONOARYL PRODUCTS BIARYL PRODUCTS  iCibR UL=CHI Ui-Ar

; ; MW J-'ods cxchange.
C" < f \
5.2 71
cl "45 -78 -55
OH
OH r 1
o £ -
Ccl
Cl
- 124 10
F
OH f |1
F \v O Nf>0 —70 _60
F
F
3,0 34

(All reactions were duplicated and the percentages quoted are the
average of the two results which differed by no more than +27,. The per-
centage of triaryl product was estimated as the symmetrical and unsymmet-

rical species could not always be fully separated.)

From a study of Table VI it appears that as the electron-donating
ability of Y increases so the percentage of lithium-methyl exchange in-
creases , and the percentage of lithium -aryl exchange decreases and more
monomeric material is obtain d. It seems strange, though, that the pro-
duct distributions for Y = chlorine or bromine are fairly similar while
that for Y * fluorine 1is so markedly different with virtually no monomeric

products being formed.

139
The Hammett <r values and electronegativities for the halogens are

given in Table VII.



TABLE VII
HALOGEN cr o ELECTRONEGATIVITY.
P
F 0,34 0,06 -0,28 4,101/°  (3,98)141
cl 0,37 0,23 -0,14 2,83 (3,16)
Br 0,39 0,23 -0,16 2,74 (2,96)
(1) 0,35 0,28 -0,07 2,21 (2,66)

The resonance effect (R) of a substituent: involves the interaction

of the orbitals of the substituent which are in the same plane as the

electron orbitals of the ring. This interaction affects alternative

positions around the ring relative to the point of attachment of the

substituent giving rise to it. i.e. ortho and gara positions only. Thus

o' 1is taken to be an approximate measure of the inductive effect (!)

m .
of a substituent and cr is the sum of both the resonance ana inductive

only

effects.
lefe °p " 1 + °“R

= a + Or, since o' s o'T
i ,

A study of the a values in Table VII shows that they are not sig-
nificantly different for the three halogens under discussion. This is
rather surprising when one considers that the inductive effect origin-
ates in the polarization of the electrons of the o bond due to the effec-
tive electron attracting ability of the substituent and should in this
case be proportional to the electronegativities of "he hr logons. Thus,
induction alone could not be responsible for the vastly different results
obtained even though a kinetic study of the rate of metal Iat ion of ,uyl
compounds with n-butyllithiurn by Shirley"' suggested that the reaction

as controlled oy the inductive effect of the ring substituents.

The resonance values,”,, of the halogens are signi fi<ant. ly different

with that of fluorine far greater than any other halogen. In fact, the

'

0 value of fluorine is fairly close to that of hydrogen (taken to be

zero) showing that for fluorine the inductive and resonance effects ml-



most cancel cacti other. Thus, ?,6-dibromophcnol (Y=H) was included in
the series. One would expect to obtain similar proportions of monomer
and biaryl products for Y=H and Y=F. As can be seen from Table VI, the

results were very different.

142
A search through the literature revealed that when Klabunde stu-
died the relative rate of ionization of some meta and prra substituted

2-phenyl-1,3-hcxafluoropropanes (22) to form the carbanions, he obtained

the following results:-

(22)

TABLE VITI

SUBSTITUENT RELATIVE RATE
meta para

H 1,0 1,0
F 18,5 1,57

Cl 27,9 10,9

Er 47,1 16,2

I 33,7 19,1

The relative rates in the meta position are as expected for the in-
ductive effect of the four halogens but the rate for fluorine in the para
position is markedly different from thos : for bromine and chlorine and

is, again, close to that for hydrogen.

Klabunde suggested that he destabilizing mesomeric back donation
of the electron density from the substituent was important in the para
series as this would explain the relative rates of ioniza on of the
para substituted compounds and the large differences between the meta

and gara series.



Accepting that the inductive stabilization is more effective in the

met a position than in the fara, their results showed that the inductive”

effect was the overriding factor in the stabilization of the carbaniona.

The two competing reactions for the formation of the monomer and the

biaryl product are (30) and (31).

)L
Br

4 CH"Br 4 LiBr (30)

Z + LiBr (31)

(Zz=Ch ,,Br or Li)

If one regards these two reactions as electrophilic substitution on

the aromatic ring with the Li/ as a good leaving group, then as the elec-

tron-withdrawing power of Y increases, greater stabilization of the inter-

mediate (23) will occur

OLi

El

Y (E1 = electrophile)

(23)
but this will be equal in both reaction (30) and (31). It is only when

one considers the reaction in terms of Pears, ,'s Hard-S<-' t Acid Base

Principlel” '1"' ’1,1 that one finds an explanation for the results.

(See Table IX).

In reactions (30) and (V) there is direct competition between CH,

and Ar+ for Ar". Any factor that increases the hardness of Ar would

favour its reaction with Ar". It is knownlW that replacement of a

hydrogen in an organic species by a more electronegative group e.é& .Br,

F, makes the acid harder as it increases the relative positive charge on



TABLE IX

ACIDS
softest organic acid
Ar soft
Li+ hard
BASES
Br" borderline
_ 1)
Ar soft, but harder than CH"
the carhocation. As one proceeds down Table VI from V CH® to 1, Ar

becomes increasingly hard and thus improves its cl incea of reaction with

Ar

2.6.2 The Effect of Varying X in 2,4t6-trihromo-1-X-benzenc.

Table X is a summary of the products from the following set of re-

actions (X

Br,H,CHj.OCH".OH)

- (Et)20 PRODUCTS (32)
CHALL 25 C,5 hrs.

Br

On reviewing the results initially it seemed that as the electron
density on the ring increased in the order h / CH® ~ IxCil® / tzH3 \ 01,1«
the amount of monomer decreased and the percentage oi biaryl and higher
molecular weight species increased Lt. as the electron density on the
ring increased replacement of the lithium atom in (24) by an aryl group

became more favourable than replacement by a methyl group.
Li

(24)

replaces Br4 to co-ordinate to Ar rather than to t.H®
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TABLE X
BIARYL PRODUCTS HIGHER MW
MONOMERS. products
CH OH
25%
OLi OH
ICK OCH’CH ocH,
372
OCH CH.
8.0 10,2 21,3
4
217
CH 'CH
CH CH CH
48
CH CH INSEPARABLE MIXTURE that Baseline mat-
Hr Br ial i
S»le shows to be four eria 1hopure
CH hexane
compounds .
cH 21%
4 compounds.
15m%s of each.
8,0
Main products
ome C1? 1ABr6, 4 other com- ZI® high MW.
Br
pounds, / 1lOmgs ot each. e.g.. 14% of
MW 861!

i.e.Starting mater,at

60%



In summary then, initially it seemed that ar. electron-donating group
ortho to the carbanionic site or an electron-withdrawing group meta to
it, favoured metal-aryl exchange and enhanced biaryl and triaryl form-

ation. X

Y

We then turned to the literature to find the effect of substituents
on other biaryl syntheses. Fanta',* ’/'' on reviewing the Ullmann reac-
tion, had found that strongly electronegative groups orjjio to the halogen
replaced had a powerful activating effect which was aomewhat reduced in
the meta and para positions. This seemed contrary to our results unless
the -OCHj and-Obi groups were co-ordinated to a (further) lirhium atom at
the time of biaryl formation. Wake field had made the point that co-
ordination of the lone pairs of electrons on a substituent would render
those electrons unavailable for mesomeric bad donation and leave the
substituent inductively electron-withdrawing. This line of thought fin-

ally provided a clue to the mechanism of the coupling reaction.

It is well known that organolithiurn compounds form aggregates in
22 . . .
solution (and in the vapour phase) and that aryllithium compounds exist

as dimers?* For example, phenyl lithium exists as the dimer (25)

0

(25)

We now postulate that the biaryl products obtained in the reactions
of aryi halides with organolithium compounds arise from dimeric reaction
intermediates similar to (25). The two aryl groups, while held together
in this manner, may react further if suitable atoms or groups are close

enough to cause the necessary polarization of electrons leading to new



partial bend formation.

The first type of dimer we propose — called DIMER 1 — 1is one in
which the lithium atoms will be bonded to a carbon atom of one arvl ring
and to ar atom of a substituent on the other aryl ring. This dimer is
further postulated to collapse via an IONIC pathway to the biaryl product
The aryl carbanion attached to the lithium will attack a suitably placed
carbocation (bonded to a halogen) on the adjacent aryl ring to form a new
C-C bond with th< concurrent elimination of lithium halide from the dimer

(DIMER II will be elaborated in Chapter 3.3)

The highest percentages ofbiaryl and triaryl produi tswere obtain-
ed from compounds in which the substituent ortho to the bromine atom re-

placed possessed a lone pair of electrons or had a replaceable hydrogen.

For example, when X - OLi, dimei (?h) t”~ formulated to occur in sol-
ution where the electropositive lithiumatom is attracted to the highly

electronegative oxygen atom. This has a two-fold effect:-

DIMER I

CH

Br,

(26)
(1) the mcsotneric (back-donating) effect of the oxv or methoxy

group on ring B is decreased and it becomes inductively electron-with-

drawing” making C* more electropositive.

(ii) the lithium atom is brought into close enough contact with the
bromine for partial Li» ee+-Br bond formation to occur. The carbon atom
attached to that bromine will assume greater elect rophi Iit' character aa
the Br - C* bond weakens. Halogens attached to aromatic rings are not,
in general, readily replaced by nucleophile..131 and dire, t nucleophilic
substitution of an aryl halide only occurs when a Meisenheimer-type inter-

mediate (22) stabilized by strongly electron withdrawing groups on the



partial bond formation.

The first tvpe of dimer we propose - called DIMER L - is one 1in

which the lithium atoms will be bonded to a carbon atom of one aryl ring

and to an atom of a substituent on the other aryl ring. This dimer is

further postulated to collapse via an IONIC pathway to the biaryl product

The aryl carbanion attached to the lithium will attack a suitably placed

carbocstion (bonded to a halogen) on the adjacent aryl ring to torn a new

C-C bond with the concurrent elimination of lithium halide trum the dimer

(DIMER II will be elaborated in Chapter 3. ))

The highest percentages of biaryl and triaryl products were obtain-

ed from compounds in which the substituent ortho to the bromine atom re-

placed ©possessed a lone pair of electrons or had a replaceable hydrogen.

Tor example, when X » OLi, dimer (26) 1is formulated to occur in sol-

ution where the electropositive lithium atom is attracted to the highly

electronegative oxygen atom. This has a two-fold effect:-

DIMER I

Br

26)

(1) the mesomeric (back-donating) effect of the oxy or methoxy

group on

-ing B 1is decreased and it becomes inductively lectron-with-

drawingA® making C* more electropositive.

(11) the lithium atom is brought into close enough contact with the
bromine for partial Li

Br bond formation to occur. The carbon atom

attached to that bromine will assume greater electrophilic character as

the Br - C* bond weakens. Halogens attached to -omatic rings are not,

in general, readi’y replaced by nucleophilesll' and direct nucleophilic

substitution of an . y' halide only occurs when a Meisenheimer-type inter

mediate (27) stabilized by strongly electron-withdrawing groups on the
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NO NO

(27)

NO

ring can be formed. 11 is therefore highly unlikely that @ is still

tightly bonded to the bromine when the carbanion of ring A attacks it.

149
This dimer is analogous to that postulated by Matteson to form

between A1”"CH.” and acetone.

CH.
CHt " x " X X CL,3

~Al Al

CH CH

(28)

CH

is the shorthand representation adopted by Matteson

Al

for

als are involved in two such bonds to carbon atoms, this

is represented as

/1IN

adily bond to two metals and the bond is quite
The oxygen can re

149 Lithium has an even greater tendency to favour bridge bond-

strong -



- S 1 -

ing than aluminium or magnesium!50 In the case of lithium, the wvacant

2p orbitals will hybridise with the 2s orbitals to form four sp orbitals

In the aggregates with n ) 4,
20

species’.

each lithium is always bonded to four other

X-ray studies by Weiss2 ' on the structure of met! 1llithium yielded

the following interatomic dis tancos.

Li .. I‘Li Z’lA
Li. . ,,C 2’6A
C »C 3, 6A

If a Dreiding model of (26) is constructed and ¢l i C...0 distance is

taken as 3,6& (it will probably be shorter due to the 0 - Li bond being

stronger than the C - Li bond) , it is found that ring B must be out of

the plane in which ring A lies as otherwise Br - H interference occurs.

However, the Li - Br distance as measured is found to be 2,4A and it be-

comes greater as ring B tilts further away from ring A. Thus, simple

rotation around the C - 0 bond in ring B will bring the bromine within

bonding distance of the lithium and ring B almost parallel to ring A.

The dimer (26) 1is different from that postulated by oilman and

Shirley39 for the initial 1lithiation of the aromatic ring by the organo-

lithium compound. There the intermediate 1is envisaged as O) and a mo!

(3) (X = H,halogen)

ecular model of this intermediate now shows the halogen to be closer to

the carbanionic R group than the lithium so that R would be expected

to attack the halogen and that the lithium atom could move onto the ring.

In the .ase of tribromomesitylene and tribromotoluene, the situation

is slightly different.



Alkylaromatic compounds are metallaled in the side chain (>-metal 1>

tion)91 as well as on the ring to give a mixture of products. For example,

treatment of 2-methylanisole with n-butyllithium for 10 hours gave as

products after carbonation 19% of (29)and 38% ot v 'O>

OCH OCH

HOC CH

(29) (3°)

Thus, the dimer formed in the reactions cf tribromomesitylene (R =

CH3) or tribromotoluene (R = H) with methyl lithium is formulated as spe-

cies (31)

CH
Br
4,1
Br
Br
Br
(31) (R = H,CH3)

In tribromomesitylene the two rings will be further apart than in

dimer (26) owing to the bulkiness of the particular methyl group on the
ring. In tribromomesitylene fhere are three methyl groups available !<r

K-metallation relative to only one in tribromotoluene and so the proba-

bility of formation of dimer (31) is higher in the former and hence its

yield of dimer 1is greater.

The methyl group is electron-donating and will decrease the electro

philic character of ring D in (31) relative to ring B in (26). However,

a kinetic study (see experimental)

of the rate of metal-halogen exchange

of tribromomesitylene showed that there was an appreciable amount of

starting material present after 40 minutes. This decreased but still
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had not disappeared after 100 minutes (obviously, any .!,4,6-tnbromo-

3,5-dimethylbenzyllithium present will revert back to starting ir Serial
on quenching with water.) Thus, for a significant period of timv spe-

cies (31) with three bromine atoms on ring D will be present in solution.

These three electron-withdrawing bromine atoms on ring I must compensate
for the electron-donating methyl groups to make ring I sufficiently el-

ectrophilie for 11% of biaryl product to be formed in the reaction.

It had been hoped to include 2,4,6-tribromobenzotrichloride in the

series 2.6.2. Two attempts were made to prepare this compound from

2,4,6-tribromotoluene according to the method for the «., (X,oc-trichlor-

ination of toluene. The first attempt gave a mixture of 6 compounds

in virtually equal amounts and inseparable on thin layci or by column
chromatography. Repetition of the reaction using a 500W incandescent
light source to aid the production of chlorine radicals gave as the main
product a C"H”Cl, species (i.”.all the bromine atoms on the ring had been
replaced by chlorine) and about 10% of the desired compound Cyl”Br~Cl
contaminated with some C"Br~Cl” U.e.all the hydrogen atoms had been re-

placed by chlorine.) Furthermore, the desired compound was a crystal-

line solid which was insoluble in all the usual organic solvents for met-

allation reactions.

2.7 The Order of Events in a Typical Reaction.

Scheme IV is a proposed reaction pathway for the sequence of events

in the reaction between 2,4,6-trihromophenol. and methyllithium.

To verify some of the proposals, three further reactions we.e under

taken.

(1) 2,4,6-Tribromophenol was reacted with 1,5 equivalents ot methyl-
lithium. The species present in the reaction mixture after 5 minutes
should be equal amounts of (32), (33) and methyl bromide. Thus, there

would be a direct competition between (32)and the methyl bromide for the

lithiated species (33) and the ratio of monomer to biaryl product would

afford an impression of the sequence of events in the reaction. Inter-

estingly, over 50% of the product of the reaction was the triaryl species
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Br

Br,

OH

Br Br

(34)

(34) with only 4% of 2 ,4-dibromo-6-methylphenol formed and a total of
about 14% for both the symmetrical and unsymmvtrical biaryl products.
Conversion of (J)2) to (33) sliould be so rapid that no appreciable amount
of the tribromo-species should exist at any time in the reactions as nor-
mally carried out (i.e. equimolar amounts of 2,4,6-tribromophenol and
methyl lithium employed). In the reaction described above, the concen-
tration of (32) is large. The three electron-withdrawing bromine atoms
considerably decrease the electron density on the ring making it extre-
mely susceptible to nucleophilic attack by the carbanionic part of (33)
thus leading to the biaryl (Vi), 2,2'-dihydroxy-3,3’,3,5'-tetrabromobi-

phenyl.

OH

Br,

OH

Br

(35)

119
This statement is verified by ‘erold's results. When he added
less than one equivalent of phenyllithium to 2,4, 6-tribromophenol in di-
ethyl ether, the major product of the reaction (44%) was the non-phenyl -

ated symmetrical biaryl (35)

Now, a phenyl group is normally inductively electron-withdrawing''e* 11
so a phenyl group containing two electron' live bromine atoms should
be even more so. Thus, the biaryl (35) will also be a good electro-
phile and will readily be attacked by yet another carbanion at either of
the carbon atoms bonded to a bromine atom ortho to a hydroxyl group to

form the trimer (34) on elimination of lithium bromide.



(ii) A reaction in which 2,4-dibromo-6-methylphenol in diethyl
ether was refluxed with two equivalents of methyl!ithium for 5 hours
produced 33% of 4-bromo-2-methylphenol, 6% of 4-bromo-2,6-dimethylphenol
and only 3% of the biaryl species. Forty-nine percent of the starting
material was recovered unchanged from the reaction. Thus one concludes
that lithiation of (36) is slow and unfavourable,as expected in view of
the electron-donating properties of the methyl group. Also, as the per-
centage of dimethylated product is so low, the equilibrium between (37)
and (38) must be displaced well towards the lithiated compound (viz.(37)).
Since the amount of dimer recovered from the reaction is so small, it
appears that the symmetrical hiaryl product does not arise from coupling
between (36) and (37) but must arise from the lithiation of the unsym-
metrical biaryl product (39) followed by methyl-lithium exchange. Ob-
viously, the symmetrical and unsymmetrical triaryl compounds can only
arise from the unsymmet rical biary] and this accounts for the low percen-
tage of unsymmetrical biaryl relative to symmetrical biaryl recovered

from the reactions.

(1ii) A reaction in which equimolar amounts of 2,4,6-tribromophenol
and 2 ,4-dibromo-6-ethylphenol were refluxed with insufficient nethyl -
lithium (three equivalents) for 5 hours in an attempt to determine the
difference in the ease of lithiation of (32) and (JUS) gave bark 92% of
the 2,4-dibromo-6-ethylphenol. This suggests that in the normal reac-
tion sequence most of (32) would be lithiated in preference to (36) 1 .f.
that the amount of (33) present should far exceed (37) and that (36)— *

(37) — » (JU3) 1is a minor pathway.

Consideration of Scheme IV shows that replacement of the para bromine
in (32) by a more electron-withdrawing atom or group would enhance the
speed of lithiation of that compound. Also, the stability and hence the
standing concentration of (33) during the reaction would be increased.

Thus one would expect an increase in the amount of biaryl and triaryl pro-
ducts from the reaction. This could explain the increase in the percen-
tage of biaryl and triaryl species obtained as the electron-withdrawing

power of Y increased. (See section 2.6.1)



CHAPTER 3

During vhe course of this research several reactions yielded most
unexpected results. This chapter deals with the significance of
these results and with further elaboration of the mechanism of the re-

action between alkyllithium compounds and aryl halidos.

3.1 Proof of Free Radical Intermediates.

When the following reaction was undertaken

OH
DEE 37°C
EMPRODUCTS 33
+ 2 n"BuLi 12¥''T + 20 C"]: M (33)
1 hr

in an attempt to verify the mode of alkylation, the major product of
the reaction ( 29% after isolation and purification ) was found to be
2-iodophenol. The course of formatio of this product was initially

formulated in overall terms as follows:—

OLi
i
- i + n-BuBr + C .H.
+ 2 n-BulLi i1
0l.1
CH
+ Lil
OLi
+ CH (I
.OLi

+ CH3Li



as the metal - halogen exchange reaction had been shown to be reversible

IF THE TWO CARBANIONS INVOLVED WERE OF SIMILAR STABILITY. However,

the equilibrium in reactions of
aryl halide + alkyllithium ------ alkyl halide * aryllithium

are displaced far over to the right.1l' In fact, Gilman30 had found

that reactions of the above type are essentially IRREVERSIBLE.

Thus, an alternative mechanism , possibly involving free radicals,
had to be considered. This was further supported by the fact that
when the reaction described on page 38 was quenched with D?0, only 73%
of the product molecule had been deuterated. This implies that 27%
of the hydrogen ortho to the hydroxyl group must have been incorporated
into the product prior to the hydrolysis in accordance with a radical
mechanism 1i.£. at some stage a phenyl radical must have been present in
the reaction mixture which abstracted a hydrogen radical from the sol-
vent prior to work—up. Whitesides obtained similar lesults waen he
hydrolysed an aliquot from the reaction between (CgH*""fuli and 1l-iodo-
naphthalene with 1)70.

The naphthalene recovered had the isotopic com-

position 80% <], 20% do.

Aryl radicals are known to react with methyl iodide to produce the
aryl iodide and a methyl radicall - a halogen abstraction reaction.

The abstraction of a halogen atom from alkyl halides by carbon radicals

is in the order INNBA Cl. Also, phenyl radical abstraction of halide

154
from alkyl iodides is more facile than from aryl iodides.

Thus, a reasonable explanation for the production of 2-iodophenol
in this reaction is a radical mechanism formulated in broad outline as

either

ArBr + n-BulLi (34)

ArLi (35)

Ar* + CHjl ArT +  Cctl3 (36)
10

1) Shown to be non-radical by Ward and Lawler.

2) See page 66 for suggested route to Ar*.



or, less likely;

Li* + ArBr =TT TTT7 > ArBr- + Li4" (37)
ArBr- /T > Ar* + Br" (38)
Ar* + cH 1 TTTTT > A-1 + ciy (39)

and at least 291 of the reaction must follow this pathway.

A related incorporation of iodine into the products was again en-
countered when a reaction was undertaken to determine the position of
ljthiation of 2 -fluorophenol. 2-Fluorophenol was stirred in diethyl
ether with two equivalents of n-butyllithium for 5 hours at 20 C; 20
equivalents of v thyl iodide were then added and the mixture refluxed
for 40 hours. Eleven per cent of the total product of the reaction was
2-n-butyl-3-iodophenol; 1,5% of the isomeric 3-n-butyl-2-iodophenol was
obtained and 24% of the starting material was recovered. The struc-
tures of the iodobutylphenols were verified by dehalogenation oxul pal
ladium hydroxide on calcium carbonatel35 when the known 2- and 3-butyl-

phenols were obtained.

This "halogen transfer" reaction had been observed before. For-
restl"” found that reacting equal quantities of 2-bromonitrobeuzenc and
l-iodonaphthalene at 200°C in an Ullmann reaction yielded 30% of l-bromo-
naphthalene. The yield was reduced by decreasing the temperature.

He rationalized the product in terms of the aryl iodide reacting with

the cuprous bromide , but a detailed mechanism was not advanced. Nil
aeonlb56 obtained 1”-dichlorobcnzene as one of the major products from a
reaction of 2-chloroiodobenzene with copper, He suggested that the

intermediate was a phenyl-copper species which could eliminate cuprous
chloride to give an aryne intermediate but did not elaborate further .
In our first case and that of Forrest, after Li - Br exchange there is
no ortho halogen available for the loss of LiBr so an aryne 1is an un-
likely intermediate and halogen abstraction by an aryl radical 1is more

acceptable.



3.2

Oxygen on the Reaction.

Molecular oxygen 1is a biradical

venger.

reaction was therefore studied.

Th

species known to be a radical

is

involved two reactions.

Further Proof for Radical Intermediates -

the Effect of

sSca-

The effect of its presence on the products obtained lrom the

In one

oxygen was rigorously excluded from the reaction by degassing the two

reagents
at 37°C for 5 hours.

medical air ( 20%

oxygen,

In the other,

79, 9%

in peroxide-free diethyl ether prior to mixing and refluxing

the reaction was performed under

nitrogen

). The results of these two

reactions and those normally obtained from a routine reaction under

nitrogen are detailed in Iable XI.

37 a

TABU. Xf.
(For the reaction TUP * 2CH,Li 5hrs ,
COMPOUU/
No 09
DBP2) o 1
BMP 0
DBM? 5
BUMP 8
Sym. biaryl upecies 35
unsym. biaryl species. 10
sym. triaryl specie:;
22
(9)
unsym. triaryl species
6
(10)
TOTAL 86
% ALKYLATION 77,5 (1,88)
% ARYLATION 41,0 ( 1)

1)

tribromobiphenyl j .e.

The unsymmetrical biaryl

.Products)

PERCENTAGE YIELD

high purity N*

30,0

15,0

11,0

79,4
60,0 (1,67)

36,0 ( 1)

20% 02

30

17

18

64
50 (1,43)

35 (I

in this case was 2,2'-dihydroxy-3,5,5

the lithium was not replaced by a methyl group

to give the usual biaryl product,

2) See page 27

for an explanation of the abbreviations

in Table XI.
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Some conclusions may be drawn from a study cf these resultu:-

(1) Exclusion of oxygen from the reaction aftords the maximum
recovery from any reaction. Generally about 807 of product relative
to the starting material is recovered. Oxygen can cause oxidation of
phenols to semiquinones and quinonesl137 The products from the reac-

tions were always red-brown in colour, an indication of such oxidation.

(i1) No products in which the lithium atom was not replaced by
a methyl group (£.£ . 2,4-dib* omophenol and 4-bromo-2-methylphenol) were

obtained in the oxygen-free experiment.

(iii) The percent.-glL- arylation is normal taking into account the
increased yield of product hut the percentage methylation is signifi-

cantly increased from 60 to 7 % in the oxygen-free expei imert.

Oxygen reacts rapidly with free radicals. Methyl radicals react
with oxygen to form a highly reactive intermediate which breaks down

to formaldehyde and a hydroxy radical.

Phenyl radicals also react with oxygen but about 600 times more slowly

) 159
than do alkyl radicals.

Radical anions also react with oxygen in cactions of the tvpe:-

Na+ ;RT + C(C2 L4 IR + ~'+,0./ (42)

Shirley39 and others7' have proposed that organoiithium reactions
involve radical anions. Thus, the exclusion of oxygen should increase
the longevity of these radical anions and promote the reactions they

undergo.

The fact that exclusion of most of the oxygen from the reaction
mixture increases the amount of methylation suggests that methyl ra-
dicals ( or radical anions ) arc generally present in the reaction but

a significant proportion of them react with oxygen.



Ward and Lawler2J have shown that radicals arc only involved when

both coupling and exchange occur simultaneously U.e. not during ex-

change only ) suggesting that the methyl radicals are produced during

the coupling reaction only.

When the reaction is run under medical air there is a stait ling

absence of monoi.”"ric products and a concomitant increase in the hiaryl

coupled products (taking into account the decreased yields due to oxi-

dation of tne phenols). This increase 1in the yields of hiaryl products

in the presence of oxygen had been noted by other workers. White-

sidesl160 found that reaction of aryl iodide with LitCH.”Cu usually

[

yielded 30 - 50% of arylmethane but oxidation of the organometallu
components prior to hydrolysis increased the yield to 60 - 70%.
Housel6l had noted that treatment of excess phenyl lithium with Cu(1l)
bromide to give P1”Culi and then further reaction of this with 1,8-

diiodonaphthalene gave the supposed intermediate (40) which on hydro

Cu— Li

(40)

lysis yielded iodonaphthalene (67%) but on oxidation prior to work-up

gave l-iodo-8-phenylnapnthalene (21%). Other oxidants. £¢&. nitro-
benzene, have the same effect showing that the role of the oxidising

agent in the production of biaryl is merely one of an electron acceptor

This will be discussed further

3.3 Attempts to Trap the Free Radicals .

One method of proving the presence of aryl or methyl radicals in
the reactions of methyl lithium with aryl halides would be to add to the
reaction mixture some reagent which would react rapidly with these radi-
cals,

anu then to isolate the resulting compounds from the reaction.

In theory the technique is simple but the choice of radical scavenger



Presented some problem as virtually all known scavengers h.ve funct.ona

groups (e.£ . carbonyl, nitro ) vbich react with organo,ithium compounds.
L t was” required here was a compound which would couple wtth the radi-
cals in a manner such that the products could unambiguously be sard to

arise from reaction with the radicals only and not with the organo t-

thium compound as well. Finally chosen for this purpose the lug -
ly hindered stable free radical known as galvmoxyl

bisd,l-dimethylethyl)-4-0X0-2,5-cyclohexadien-1-ylidenel methyl) -

bis(l,l-dimethylethyl)phenoxy radical (41)

0—-1
0

(41) (42)

The advantage of this compound as a radical

scaveng is that tn.
radicals

(IV> couple at *C to give (42) which can then be cleaved with
basic alumina to yield 3,5-di-t-butyl-4-hydroxybenz, ldehyde

(43) and
162

the substituted phenol (44).

44
(43) (44)

In initial attempts to trap radical

intermediates, an equimolar

amount of galvinoxyl was added to the aryl halide substrate. This
caused great difficulty in purification of the products as all the
column fractions were contaminated with the intensely coloured galvi-
¥yl The following reaction was then undertaken. 5 mmole, of 2,4,6-

tribromophenol was reacted with 10 mmoles of methyllithium in diethyl

ether at 0°C for 30 minutes before 0,335 moles of galvinoxyl

in ben-
zene were added.

The reaction solution went a deep purple on addition

of the galvinoxyl and then rapidly faded to a light orange within 5



minutes. The reaction was quenched with the minimum amount of water
and refluxed over excess aluminium oxide prior to work-up in the usual
manner. Attempts to cleave the supposed (42) (R = CH”) were unsuccess

ful. All the galvinoxyl was found to have been converted to a single

crystalline compound which exhibited no carbonyl stretching frequency

in the infrared. Mass spectral and NMR data unambiguously verified
the compound tc be (45). This product must arise from addition of
HO OH
(45)
methyl lithium across the quinone - methide double bond in (41).

The important finding that emerged here was that methyllithium

was still present in the reaction mixture after 30 minutes; this was

indeed striking. One factor that was always puzzling in these studies
was the apparent "excessive" reactivity of the methyllithium. If
metal - halogen exchange precedes coupling in both methylation and

arylation then all reactions involving two moles of methyllithium seem
to give greater than 100% reactivity (See for example. Table II: 113%

reactivity with only 88% of the products analysed.)

"l the alkyllithium solutions were gquantitatively analysed by the
double-titration technique of Gilman” * When one equivalent of methyl-
lithium was added to one equivalent of 2,4,6-tribromophenol only the 0-
lithiate was formed i.e. no bromine - lithium exchange occurred thus

verifying the titration.

We deduced, therefore, that the methyllithium was being regenerated
during the coupling reaction. Van Tamelen164 had found that UV irra-
diation of lithium aryls resulted in aryl coupling with the apparent
concomitant production of metallic 1lithium. Clearly, if lithium metal
were produced in the reaction it could react with the methyl bromide

formed on metal - halogen exchange to regenerate methyllithium and form



lithium bromide - the commercial mode of production of methyllithium.

Van Tamelen postulated the following reaction sequence

ArLi ArLi
+ hVv

LiAr

Li

Li°® + Dbiphenyl

He proposed the more stable biphenyl radical anion rather than the
simple resonance stabilized radicals as the reaction did not resemble

an ordinary homolytic aromatic substitution!

On the basis of these results and considerations we propose that
a second type of dimer - DIMER II - (c. Dimer I, (26) p 49) may

be present in solution and may play an important role in these processes

DIMER II

(z = H, CH3)
(46)

In Dimer It both the lithium atoms are now directly bonded to car-
bon atoms of the aromatic rings. This dimer is formulated to collapse
via a RADICAL PATHWAY to biaryl products with the elimination of a 1li-

thium radical (vide infra).



To explain the results of the reaction run in the presence of 20%

oxygen we suggest that Dimer I will be the species which gives rise to

most of the bi- and triaryl products of the reactions via an ionic path-

way. Dimer II will be more stable and exist for longer periods of

time in solution. On work-up with agqueous acid Dimer II will be pro-

tonated to yield the monomers 2 ,4-dibromophenol and , or 4 biomo
methylphenol. However, in the presence of oxygen, which is known to
help cleave C-metal bond6”'' Dimer II collapses to the biaryl species
and lithium metal. To account for the "excessive" reactivity of methyl
lithium, some biaryl product must necessarily arise via this route. On

breakdown of Dimer II via a radical pathway, the aryl radical formed
need not couple with the other aryl ring but may abstract a proton from

the solvent (see section 3.1) or react with a methyl radical if there

is one present in the immediate vicinity.

A possible mode of breakdown of Dimer II may be formulated

as
Li 0 ~ + Li + Ar-Ar + Li
W 2
Li [Ar-Ar*] 'Li — * Ar-Ar < Li
Our postulate of Dimer II is supported by the explanations offered

by Whitesidesl100 for the increased yields of coupled produce on oxida-

tion of mixtures of aryl iodide and lithium dimetu/l1 uprat, (1) prior to
work-up. He proposed a (Ph) (CH"CulLi complex which on oxidation gave

PhCH.v but he did not elaborate on the mode of oxidation nor detail the

structure of (Ph) (CH ,)Culi but merely formulated the reaction as

(Ph) (CHj)CuLi  -—-=-—-- °2 "> PhCtl13

In fact, the crux of the usefulness of metals for the coupling

reactions may be their varying abilities to form dimers of this kind

nnd the ease of subsequent collapse of such dimers on losing an electron.



3.4 A Test for the Mechanism of the React ion.

Dimer I and its mode of breakdown are novel and further work was
necessary to bolster this postulate. The following reaction was ini-

tially undertaken for this purpose.

OCH ,CH
> hrs, PRODUCTS (43)
OCH B B 31°c
r r
H3C 3 DEE
NH
2

(See Chapter 4 for the reason for the choice of these reactants

and for further research done on the coupling of these two compounds.)

The main product of the reaction was expected to be the biaryl (47)

arising from the dimer (48). Instead, the two starting materials and the
CH
CH
OCH
Br
Br
NH H,CO
H OCH
3
OCH
(47) (48)

exchange products (viz. 2-bromoorcinol dimethyl ether and 2-bromo-4-
methylaniline (20,8%)) were obtained from the reaction. The main bi-
aryl product (18%) was 2,2'-diamino-3-bromo-5,5’-dinethylbiphenyl and
none of the desired product,2-amino-3-bromo-2}6'-dimethoxy-4,5'-dime-
thylhiphenyl, was obtained. This resu’t did however lead to further

understanding of the mechanism of the reaction.

119
When Perold had reacted 2,4,6-tribromo-3-methy'phenol with two

two



moles of 2-1lithio-3-methoxytoluene, he had no difficulty in obtaining

33% of the desired coupled product 3,5-dibromo-4,6'-dimethyl-2-iiydroxy-

2 '-methoxybiphenyl. In this case, however, the use of one partner of

the desired biaryl product to lithiate the other must have tacilitatvd

the formation of the required dimer - i .£. a QUASI-IN IRAMOLhCULAR

reaction as sketched below may have occurred.

OCH OH

Br Br
CH

CH CH H
3J2 CH * Br
Br

(dimeric)

0ClL

23
The 2-lithio-3-methoxytoluene should exist as a dimer in solution

and this dimer will kx'-. "k down on lithiation of the hydroxyl group of
the 3-methyl-2,4,6-tribromophenol. As the monomeric O-lithiate ot the

3-methylphenol derivative is produced it may form a mixed dimei with

the other molecule of 2-1lithio-3-methoxytoluene still in the micro-

environment. at the instant of the reaction.

(The crucial need for this 2:1 molar ratio of lithiating reagent to

substrate may explain the success of the lithium cuprates, £.gy (CH ),Culi,

104
This had been suggested by Pearson who

stated that 'the unusual reactivity

in the coupling reaction.

and usefulness of the lithium



cuprate reagent was probably as x result of its dimeric structu-e'.”

Copper, like lithium, forms a bond of low ionic character to carbon. )

If the two aryl compounds to be coupled (A and B) arc lithiated

prior to mixing, each exists as a dimer in solution and formation of

the desired dimer would demand the pre-dissociation of these existing

dimers - an equilibrium phenomenon and hence thermodynamic and kine-

tic factors are introduced.

at' ;A + b; ;b 2

A'-B1l

This interpretation would also explain why meth>lation always pre-

dominates over arylation. The lithiation of the aryl halide will occur

on the surface of the methyllithium aggregate7” in an IKTRACLUSTER re-

action. Methyl bromide will be eliminated. The newly formed arylli-

thiate 1is now conveniently attached to the (CH”Li)aggregate for

further reaction to occur.

To substantiate the above proposals, three further reactions were

carried out.

1)Two moles of O-lithiocanisole were refluxed with 1 mole of 2,4,6-tri-

bromophcnol. i.e. the O-lithiocanisole was now serving as the lithiating

agent for the hydroxyl group of the tribromophenol. lhe results from the

reaction seemed disappointing initially in that only 18% of the desited

biaryl species (49) was obtained.

OH

OCH

(49)



However, 8% of the trimer (50) was also isolated from the reaction

Br
OCH OH
Br
OH
Br
(50)

mixture showing that some of (49) had been consumed owing to the fact
that a second ortho bromine atom was available for further reaction.
Also, 2,4-dibromophenol (15%), 2-bromoanisole and 3,3' ,5,5' -tetrabromo-
2,2'-dihydroxybiphenyl (22%) were formed during the reaction. 2,4,6-
Tribromophenol 1is a more electronegative species than anisole and the

following reaction

(51)

may be formulated to occur within the dimer (52) formed on lithiatinn

of the hydroxyl group of the tribromophenol.

(52)

As the lithium on anisole is replaced by bromine, dimer (52) may
break down and yields of the biaryl product decrease. Also, once 2-
lithio-4,6-dibromolithiumphenolat e (51) is formed, it can attack another
molecule of tribromophcnol-0-lithiate present in solution to form the

3,3',5,5"'-tetrabromo-2,2'-dihydroxybiphenyl obtained.



(ii) To overcome this problem of Br - Li exchange leading to the break

down of dimer (52), reaction (44) was carried out.

OLi OH
i .Br

DEE

¢« PRODUCTS (44)

37 C.18 hrs

Dimer (53) should form on lithiation of the hydroxyl group ol 2,4,6

tribromophenol and if lithium-bromine exchange should occur then dimer

OLi Br

Bf

Br

(53)

Br
Lio.

(54)

(54) could form in solution which could collapse to form the desired

biaryl product. When the reaction was carried out about 33% of a mix-

ture of (55) and (56) 1} was obtained together with 8% of (57), i.e.

an increase from 26 to 41% of the desired coupling reaction.

Br Rr
OH
Br
OH OH
(55) (x
1) The two compounds could not be separated

the relative amounts of the two were made,

Br

OH OH
OH

Br
(57)

fully so an estimate of



(Hi) When two moles of 2-lithioanisole were reacted with two moles of
the already Ivhiated 2,4,6-lribromophcnol, the yield of 3,5-dibromo-2-
hydroxy-2'-methoxybiphenyl (49) dropped to below 10%. (The yield was
probably enhanced by some metal - halogen exchange between the two di-
meric aggregates facilitating formation of the dimer required to yield

(49) on loss of lithium bromide.)

To eliminate this undesirable metal - halogen exchange between the
two dimeric aggregates, 2 moles of 2-lithioanisole were reacted with
one mole of 2,4,6-tribromo-3-methylphenol. Bromine - lithium exchange
on the methylphenol is reduced us an alkyl group retards lithiation.
The yield of coupled product (38) now rose sharply to at least 30%,

The other products of this reaction were not investigated, nor was this

yield maximised.

(58)

These results do suggest that dimers are formed in solution facili-

tated by the lithiation of the one aryl partner by the other.

A schematic outline of the possible pathway of the reaction between
an aryl halide and alkyllithium compounds may then be presented as in

Scheme V.

The species in square brackets are of the type shown by the NMR
studies of Brownl/' to be present in a solution containing both phenyl-
lithium and methyl- or ethyllithium. Ar-R will be lithiated more
slowly than Ar-Br owing to the fact that the alkyl group is inductively
electron-donating - this allows Dimer I to form. Dimer I will only
form if the substituent ortho to the bromine on the ring has a lone pair
of electrons or a hydrogen atom which may be replaced by a lithium atom

(vide supra, section 2.6.2). Dimer I will collapse to Ar-Ar only if



there 1is a second bromu e on the ring allowing for the loss of lithium

bromide from the dimei.

—RBr A A +ArBr
ArBr + (RLil ArR"Li Ar2R2L14
-RBr
-LiBr
+hdr

ArR + R-Li~

DIMER I
R—A;_B,rArL"i e 2 ArRLi2
ArBr
-LiBr DIMER 11 “RBY
Ar~Lli,
R-Ar-Ar
0

Ar-Ar +  Li"

>RBr

LiBr + RLi

SCHEME V



CHAPTER 4.

SOME APPLICATIONS OF THE COUPLING REACTION BETWEEN ARYL HALIDLS AND

ARYLLITHIUM COMPOUNDS.

Applications of the results of this research were studied in two
directions. First, a suitable natural analogue was chosen and its syn-
thesis by the coupling reaction was explored. Secondly, the optimiza-
tion of the parameters favouring reaction via an ionic mechanism was

investigated.

4.1 Choice of a Natural Product Analogue.

Cannabinol (59), a substituted biaryl system, was selected as a
target for the synthesis because of the presence of the two (modified)
hydroxyl groups ortho to the site of the biaryl ring junction,
earlier studies (see section 2.6.2) had shown that the coupling reaction
was particularly favoured when there was a hydroxyl or methoxyl group
on the aromatic ring adjacent to the position of lithiation and subse-

quent coupling.

OH

(59)

Cannabinol is a minor constituent of the Cannabis plant and is not
psychotomimetically active! [ Much of the earlier work on ihe position
of the linkage between the two rings in the cannabinoids was done by

Adams! 68 More recently, Mechoulaml60’'70*W 1’’ 2 has been one of the



most active researchers in this field. As it is well known that treat-

ment of resorcinol with n-butyllithium results in metallation between

the two hydroxyl groups X' it was considered that the coupling reaction
between aryl lithiums and organohalides would be well suited for the syn-

thesis of the cannabinoids. Adams' * had indeed used the dimethyl

ether of 2-lithioresorcinol to verify the position of linkage between

the two rings but had employed it in a different type of reaction.

CH, 0 CH, O

“w 0O -0

4.2 Attempted Routes to a Cannnbinol.

Cannabinol can be dissected into two portions; olivetol and an aro-

matic ring bearing a methyl group and another functional group in para

positions. Rather than olivetol, the readily available orcinol was
chosen for ring F where the methyl group would represent a general alkyl

function. Ring E had to carry some functionality which would be ortho

to the site of the proposed ring junction and which could later be modi-
fied for the elaboration of the pyran ring. Various functional groups

were studied. The functional groups chosen and their wvalue in the syn-

thesis of biaryls via coupling between an aryl halide and an aryl lithium

compound are discussed hereunder.

4.2.1 Via the Arylcarbenol.

One of the first routes studied for the synthesis of a cannabinol

analogue was via the arylcarbinol.



HOCH

Instead of the desired coupling occurring, extensive Br - Li ex-
change took place to yield 48% (isolated) of 2-bromo-4-methyIbenzyl
alcohol, 18% of 4-mothylbenzyl alcohol, 66% of 3,5-dimethoxytoluene and
18% of 4-bromo-3,5-dimethoxytoluene (based on the sum of the moles of

arylcarbinol and orcinol derivative used)

This bromine - lithium exchange may be explained by the circumstance
that the aromatic ring of orcinol 1is more electronegative than that of
the 4-meth'lbenzyl alcohol. Bromination of the benzyl alcohol ring
could make it sufficiently electronegative to prevent this exchange.

As it was furthermore possible that O-lithiation of the carbinol group
(in addition to lithiation on the ring) might also be a complicating
factor in the reaction, protection of the alcohol by etherification was

undertaken.

The methoxymethyl ether group was an immediate choice as a protect-
ing group in view of its case of removeV J*1' after coupling of the
two rings. Initial attempts to prepare this compound according to the

method of Fieser'” yielded interesting but unexpected results: only 20%



of the desired methox>-nethyl ether of 4-methylbenzyl alcohol was formed,

while 74% of the crystalline bis-ether (60) was obtained.

v0O0)

Even the very gradual addition of the sodium salt of the benzyl al-
cohol to a twenty-fold excess of the chloromethyl methyl ether did not

greatly improve the yield of the methoxymethyl ether of 4-methylbenzyl

alcohol. Difficulty was also experienced in purifying the latter com-
pound. The methyl ether of 4-methylbenzyl alcohol was therefore pre-
pared instead. A reaction to monitor the rate of lithiation of this

compound showed that some undesirable side reaction was occurring.
17
Lansbury had found § that with some ethers e.f. ArCH"OR, if ot-metalla-

tion occurred to give (61), rearrangement could occur resulting in (62).

©
Ar— CH"0/ - R Ar CH R
00
(61) (62)

This probably occurred in the case of the methyl ether of the aryl-

carbinol.

This possible (X.-metallation and positive inductive effect of the
carbinol render it unsuitable as a functional group on substrates in-

tended for coupling reactions with aryllithium compounds.

The possibility of using the carboxyl functionality was also ex-

amined . The carboxyl group 1is a powerful electron-withdrawing group



and could reduce the electron density on the aromatic ring considerably

to make it more susceptible to attack by a carbanionic species.

Gilman had found36 chat treatment of benzoic acid with n-butyllith-
ium for four minutes at — 75 C followed by quenching the reaction by
pouring the reaction mixture onto solid subliming carbon dioxide gave
phthalic aci ! ,s the major product (yield not quoted). On the basis of
this work, 4 meta ¢ benz ic acid was allowed to react with n-Lutyllithium
at -75°C for —'ar minutes before eight equivalents of methyl iodide were
added to determine, the position of lithiation. Forty per cent of butyl
4-tolyl ketone and 45% of methyl 4-tolyl ketone were isolated: the major
position of reactivity was therefore at the carboxylic carbon and not on

the ring as desired.

The methyl 4-tolyl ketone probably arose because all the n-butyl-
lithium had not been consumed within the four minute period prior to the

addition of the methyl iodide so that the following could then occur

n-BuLi + CH—JI CH-jLi + n-Bul (47)

«1l eq.) (8 eq.)

CH3

H,,0/HC1 (48)

L1+

OH

These results show that the carboxyl group is not suitable as a
functional group in these coupling reactions of aryl halides and organo-

lithiurn compounds.



4,2.4 The Ortho-Ester as a Function”l Group.

The use of the ortho-esterl7 jof 4-nu.thyl-2-bromobenzoic acid in

coupling to 2-lithiocorcinol dimethyl ether was next explored. Here the

absence of ”7-hydrogen atoms on the ortho-ester carbon would prevent any

undesirable rearrangement from occurring. The group is furthermore

highly elecron-withdrawing and would hence favour the coupling reaction.
A survey of the literature revealed that the yields of ortho-esters from

aromatic (as opposed to aliphatic) nitrilesareloW”™"«27 %) and espec-

ially in the case of ortho-substituted benzonitrilesOrtho-esters

are furthermore attacked by organolithium reagents to yield a ketone and

182 v
an alcohol by way of side reactions.

4.2.5 Via the Aniline.

The suitability of the amino functionality in coupling reactions of

aryl halides and organolithium compounds was then investigated. Here,

as in the case of the hydroxyl group, the amine itself can be lithiated

by the aryllithium if desired and could thus facilitate the formation of

a dimer analogous to Dimer I ((26), p 49). The substrate chosen was

2,6-dibromo-4-methylaniline, to be coupled with 2-lithio-4,6-dibromo-

orcinol dimethyl ether.

Before this reaction was undertaken it was necessary to conduct an
experiment to determine the rate of metal-halogen exchange of 2,4,6-tri-

bromoorcinol dimethyl ether by n-butyllithium. A reaction to this
effect in diethyl ether monitored by glc showed that 1lithiation was com-

plete within one hour at 0°C and if left for longer a second product

started forming. As the resultant lithiated compound was not very sol-

uble in diethyl ether, the lithiation experiment was repeated in teira-

hydrofuran but in this case glc analysis of a sample taken at Let 15 min-

utes already exhibited fo r products. Thus, despite the solubility

problems, diethyl ether was chosen as the solvent for the reactions.

The product from lithiation, isolated after quenching with aqueous

acid, was initially thought to be 2,6-dibromo-3,5-dimethoxytoluene but

was later found to be the 2,4-dibromo- isomer. Coupled product3 (63)
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and (64) (vide infra) from the reaction, of the lithiated dibromo-3,5-

dimethoxytolucne further confirm that lithiation occurs between the
methyl and a methoxyl group in position two and not between the two me-

thoxyl groups 1in position four as anticipate'..

Three reactions between a brominatec aniline and ?-litluo-4,6-di-

brorao-3,5-dimethoxytoluene were carried out.

Firstly, equivalent amounts of 2, 6-dibromo-4-methyl-N,N-dilithio-

aniline and the .-.

it h i

o-1,6-dibromo-3, 5-dmethoxytoluene were allowed

to react. See Chapter 3.4 for the discussion of the results oi this

experiment.

The reaction was then repeated using four equivalents of 2-lithio-
4 ,6-dibrem =3 ,5-dimethoxytoluene to each equivalent of :\6-dibromo-4-
methylaniline i.e. the former reagent was now used to lithiate the ani-

line.

Two dimeric products were isolated from the reaction. Both arose

from coupling of the dimethyl ether of dibromoorcinol with itself to

yield 38% of (63) and 17% of (64).

Br, CH

cH OCH ,

Br CH.7 OCH? Br



As di-Uthiation of the amine might have been a complication pre-

venting the formation of dimer (65) the reaction was then carrre
Br. OCH
CH
Br OCH
(65)

out on

the methyl derivative of 2,6 dibromo 4 mcthylaniline with four cqui-

valents of 2-lithio-4 ,6-dibromo-3,5-dimethoxytoluene.

amount (< 10%) of a compound whose mass spectra "
pound C./H. ANQ4- 1 ’- <66)
OCH

)CH, (1\/]]

v, 1M

cH3  Cltf OCH,

Hr

(66)

(67)

products from the reaction were once again (63) and

a large amount (30%)

V.hiU

(64),

of 2,4-dibromoorcinol dimethyl ether.

together with



It thus seemed that 4-1lithio-2,6-dibromoorcinol dimethyl ether (68)
could exist as a monomer in solution. Benzyl lithium, believed to be”
dimeric in benzeneV’ is known to exist as a monomer in diethyl ether
and it is possible that the lithiated species of the dimethyl ether of
dibromoorcinol (68) 1is similarly sufficiently stable for it to exist as

a monomer in solution.

CH OoCH

68)

4.3 Physical Measurements on the State of Aggregation of Arylj"

lithium Compounds.

There is still uncertainty as to the state of aggregation of aryl-

lithium compounds in various solvents. While ebullinscopic measure-

ments by Wittig23 and others!8 ' NMR studies by Brown'/ and differential
vapour pressure studies by Westl8 ' have suggested that phenyl lithium
and 2-methyllithium are dimeric in diethyl ether solution, Li - NMR
studies by Laddl8 ' on equimolar amounts of phenyllllhium (PhLi) and 4-
methylphenyllithium (TolLi) at temperatures down to -100°C have been
interpreted in terms of monomeric aryllithium species. Ladd’s results

are not conclusive: the NMR spectrum of the PhLi : TollLi mixture at

-100°C shows one sharp peak with a shoulder and one rather broad peak
which may have split further had the temperature been lowered sufficient-

ly. (£.£. NMR of CHjLi : C~”L i mixture studied by Brown ).

To substantiate the suggestion that (68) is monomeric in diethyl

ether, a study of its colligative properties was undertaken. The cryo-

scopic technique was initially chosen for the measurements. Unfortun-

ately, while the dimethyl ether of 2,4,6-tribromoorcinol is soluble in

diethyl ether and benzene, the product arising from Br - Li exchange is
not. In fact, the product obtained by quenching 2-1lithio-4,6-dibromo-

3,5-dimethoxytolueo* with aqueous acid viz. 2,4-dibromo-3,5-dimethoxy-



toluene, 1is soluble only in acetone and sparingly at that. As the state
of aggregation of organolithium compounds varies in different solvents,
with greatest aggregation occurring in the less polar solvents, one can-
not undertake the study of the colligative properties in one solvent and
then extrapolate to other solvents. Thus, no measurements of the col-
ligative properties of 2-1lithio-4,6-d)bromo-3,5-dimethoxytoluene was
possible. (This insolubility of the lithio-compound may also account

for its lack of the reactivity desired.)

Formation of a dimer analogous to Dimer L (p 49) requires that the
aryllithium itself exist as a dimer in solution at the time of its lith-
iation of the functional group on the aryl halide partner. Thus, 2-
lithiocanisole (believed to be dimeric in diethyl ether”'’) was allowed
to react with 4-methyl-2,6-dibromo-N-methylanillLne in a further study
of the eligibility of the amino group as a functional group on the aryl
halide in its coupling reactions with aryllithium compounds. Once

again the desired coupling did not occur.

Finally, 1in a reaction more precisely analogous to that between 2-
lithiocanisole and 2,4,6-tribromophenol (see section 3.4) which gave at
least 18% of the desired coupled product ( and overall 26% coupling be-
tween aryl halide and ar lithium compounds ), 2,4,6-tribromo-N-methyl-
aniline was allowed to react with two equivalents of 2-1lithioanisole
for 24 hours at 37°C. If coupling between the anisole and aniline rings
did not occur it would have to be attributed to the presence of the ni-
trogen functionality on the ring: coupling also occurredwith 2,4,6-tri-
bromoanisole so the methyl group on the hetero-atom should not as such

affect the coupling reaction.

When the reaction was performed, extensive decomposition occurred
and half the product of the reaction was a black tar insoluble in all
organic solvents. TLC and glc analysis of those compounds soluble in
organic solvents showed them to be mainly anisole and unchanged 2,4,6-

tribromo-N-methylanilinc.

Accepting the intrinsic differences between nitrogen and oxygen,
comparison of the results of these analogous reactions with the three

functional groups,



strongly suggests that both lone pairs of electrons on tho oxygen a.om
are involved in either formation or the stabilization of any dimers

formed in solution.

The above reactions also suggest that the amino group is unsatis-
factory for the coupling reaction on account of the extensive oxidation
of the amine possibly followed by react'on of the aryl lithium with the
resultant oxidation products. Further study would be necessary il the

effect of working in degassed media were to be evaluated.

Attempts to prepare the cannabinol analogue in this manner there-

fore failed on three counts:

(1) The undesired position of lithiation of 2,4,6-tribromo-3,5-dimeth-
oxytoluene.
(ii) The possibility that the resultant lithiated compound (viz. 2-

lithio-4,6-dibromo-3,5-dimethoxytoluene) exists as a monomer in solution,

together with its inherent insolubility in diethyl ether.

(iid) Our lack of success in finding a suitably functionalized aroma-

tic ring with which to couple \e orcinol moiety.

These studies did show that the presence of the functional groups
-COOH, -CH”OH or -Nil,, on the aromatic ring in the coupling reactions of

aryllithiums and aryl halides 1is not satisfactory.

4.4 Maximization of Ionic Steering in the Coupling Reaction.

In this application of the coupling reaction a substrate was so
chosen as the aryl halide partner in the coupling reaction that the out-
come of its reaction with an aryllithium in terms of an ionic mechanism

could be predicted.



fo this end, 2,3,5,6-tetrabromo-4-methylphenol was chosen as the
substrate. The polyhalogenation of the ring should greatly increase
the electrophilicity of the aromatic ring. The tetrachloro species
was not chosen even though chlorine 1is the more electronegative halogen,
owing to the fact that chlorinated intermediates, after metal - halogen
exchange, car react via an elimination - addition pathway invc iving a

benzyne interned.ate.

The purpose of the alkyl group was three-fold : It would serve as

an analogue for any other alkyl group, it has potential for elaboration

to further functionalities, and it should d crease the possibility of
metal - halogen exchange. * The hydroxyl functionality would ensure
the attack of the aryllithium dimer on the substrate during lithiation

of the oxyger. and facilitate the formation of a dimer of type I (69).

Br CH3

(69)

Two equivalents of 2-lithiocanisole (ArlLi) were reacted with one
equivalent of 2,3,5,6-tetrabrom< -methylphenol (Ar'Br,). The reaction
was expected to proceed with ease to give the coupled product (70) in

high yield on collapse of (69) via an ionic pathway with attack of the



carbanion of ring G on the highly electropositive ring H. The possi-
bility of some Br - Li exchange occurring to produce (71) as well could

not be discounted.

When the reaction was carried out, 1,5 mmoles of 2,3,5,6-tetrabromo-
4-methylphenol were added slowly in two portions (see experimental) to 3

mmoles of pre-generated 2-lithiocani sole - RUN 1.

Fourteen per cent of the starting material was recovered from this
reaction together with 9% of (71), 18% of (70) and, highly significantly,

at least 12,5% of the triaryl species (72)

CM

CH CH

(72)

On repeating the reaction on a slightly larger scale (4 mmoles
ArLi, 2 mmoles Ar'Br,), the mixed reactants were left for a longer pe-
riod of time so as to reduce the amou of starting material recovered
and to increase the yields of couple ducts. Again the tetrabromo-

cresol was added slowly to the 2-1 it .iocanisolc in two portions - RUN 2.
The increased amount of tetrabromocresol (2 mmoles as opposed to 1 5

in the previous run) resulted an even greater proportion of the com-

pound being added in the secone aliquot, 'this caused an even greater

percentage of starting material to be recovered from the reaction des-
pite the longer reaction time. The results of this and the proceeding

reaction are detailed in Table XITI.

These results suggest that the reaction is ao fast as to be DIFFU-

SION controlled and 'hat it is complete before the second aliquot of

tetrabromocresol in diethyl ether was added . he 2—1lithioanisole must

couple so rapidly to both sides of the tetrabromocresol that almost all
of it is consumed by the time the second aliquot of tetrabromocresol is

added.



carbanion of ring G on the highly electropositive ring H. The possi-
bility of some Br - Li exchange occurring to produce (71) as well could

not be discounted.

When the reaction was carried out, 1,5 mmoles of 2,3,5,6-tetrabromo-
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CH

CH CH
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(72)

On repeating the reaction on a slightly larger scale (4 mmoles
ArLi, 2 mmoles ArlBr/), the mixed reactants we' C left for a longer pe-
riod of time so as to reduce the amount of starting material recovered
and to increase the yields of coupled products. Again the tetrabromo-
cresol was added slowly to the 2-lithioanisole in two portions - RUN 2.
The increased amount of tetrabromocresol (2 mmoles as opposed to 1,5
in the previous run) resulted in an even greater proportion of the com-
pound being added in the second aliquot. This caused an even greater
percentage of starting material to be recovered from the reaction des-
pite the longer reaction time. The results of this and the proceeding

reaction are detailed in Table XII.

These results suggest that the reaction is so fast as to be DIFFU-
SION controlled and that it is complete before the second aliquot of
tetrabromocresol in diethyl fiber was added. The 2-lithioanisole must
couple so rapidly to both sides of the tetrabromocresol that almost all

of it is consumed by the time the second aliquot of tetrabromocresol is

added.



TABLE XII
ANISOLE Ar 'Brd (70) (71) (72)

RUN 1
(3 mmoles ArLi, Jos ™, ™ 0 12,5
1,5 mmoles Ar'Br”
in 2x10 ml Et.,0)

RUN 2.
4 1 Av1i A .
@ mmodes AvEL 30% 27% T%* 7% 24%*

2 mmoles Ar 'Br®

in 2x10 ml Et”0)

(* this corresponds to 62% coupling [? + 7 + (24x2)%] between aryllittvum
and aryl halide - the highest percentage ever obtained during the course

of this work.)

To substantiate this, the rate of the reaction was monitored and
shown to be complete within 10 seconds after mixing the two reagents.
When a two-bulb reaction flask was employed in such a manner that all
the tetrabromocresol was added essentially simultaneously to the 2-lichio-
anisole, virtually no starting material was recovered and, more important-

ly, no triaryl species (72) was obtained - RUN 1.

When the tetrabromocresol was added over 8 minutes to the 2-lithio-
anisole, the triaryl species became the major product of the reaction
with smaller amounts of the two biaryl products being obtained - RUN 4.
Table XIII gives a comparison of the relative amounts of products obtain-
ed from the two reactions.

No compound of the nature of the triaryl species 02) (i..e. Ar coup-

ling to both side of Ar'Bri to give [Ar - Ar' - Ar] ) had been obtained
from any previous coupling reaction. The usual triaryl species (cf.
(50) and (50) arose from Li - Br exchange on Ar'Br to produce Ar'Li

which then coupled to the already formed At Ar to give an

[Ar - Ar' - Ar'] spec! s.



TABLE XIII

Mode of Addition % Ar'Br4

S (.70) $ (71 s (72)
RUN 3 0
9 59 32
(rapid mixing)
RUN 4
36 23 14 26
(slow addition)

(Percentages are based on the area under that peak on t,it git trace,

relative to the sum of the areas under all four peaks.)

It is unlikely that there is sufficient time ( and there is cer-
tainly insuffic. mt 2-lithioanisole

on (70)

) for Br - Li interchange to occur

to enable a dimer of type II (73" to form which can collapse

via a radical pathway to the triaryl product.

CH

CH

OCH

(73)

The isolation of 46' -dibromo-2 ,2"-dimethoxy-2'-hydroxy-5"'-methyl-
m-terphenyl (72) from this reaction therefore provides the strongest
evidence that the reaction between an aryllithium and an aryl halice
can proceed via direct attack of the carbanion (of the aryl lithium) on
a suitably functionalized electropositive ring of an aryl halide.

The results of this reaction also answer the query posed at the be-

ginning of this work: unsymetrical biaryl compounds can be synthesized



via an ionic mechanism if on one of the aryl partners a negative charge
can be established sufficiently strongly and, more importantly, 1f the
other ring is made sufficiently electron-deficient for such a nucleo-

philic substitution to occur on it.

It is believed that metallation of the aromatic ring occurs without
marked disturbance of the 1Y electron system of the molecule during the

processl86 and is assisted if an ortho-substituent bearing lone pairs of

electrons 1s present on the ring for co-ordination to the lithium atom.

Likewise, formation of dimers of type I accompanied by partial Br - Li
bond formation may facilitate coupling between the two ring carbons in
an assisted "pseudo-nucleophilic" substitution in such a way that the

TVelectron system is again essentially undisturbed.

Electron-withdrawing groups on the aromatic ring will decrease the
electron density on the ring and make it more accessible to attack by a
nucleophile, but the actual coupling reaction with concomitant loss of
LiBr may not involve the TTelectrons of the aromatic ring but merely a
relocation of the electrons of the C - Li and Br - C bonds in 4-ccntre

mechanism.

The results uf the reaction between 2-lithiocanisole and 2,3, >,b-
tetrabromo-4-methylphenol show that reactions between aryl lithium and
aryl bromide compounds can proceed by a pathway involving charged spe-
cies and that the reaction proceeds faster in accordance with a more
pronounced development of charge polarization on the aromatic ring of

the substrate.

While the latter reaction therefore seems to proceed via a hetero-

lytic pathway, our other results (see chapter 3) even so provide evidence

for the presence of radical species in these reactions. The extent to

which either pathway is followed for a specific reaction between an aiyl
halide and an organolithium compound will therefore depend on”the nature
of tha two species and, from cue results of other workers, ' on the.

solvent employed in the reaction.



4.5 Summary.

The following points have been established for the reactions between

aryl halides and orgat-UthLum compounds here studied:

(1) TWO types of dimers are postulated to exist in solution, viz.

dimers of type 1, (see p 49. (26)), which break down to biaryl

products via an ionic or semi-ionic pathway involving charged species

with elimination of lithium bromide, and

dimers of type II (see p 65, (46)), which require an electron ac-

ceptor (oxygen) to cause their collapse to biaryl products via a radical

(or, less 1likely, radical anion) pathway with the elimination of metal-

lic lithium.

(2) Tb- e 1is eviaeoce that as much as 29% of the aryl raactants exist
as radi 3 at some stat - of the reaction in some of the reactions stu-
died.

(3)

it is highly 1likely that alkyl radicals are also present during

the reaction, especially when methyllithium is used to generate the

aryllithium species.

(4) The organolithium reagent is probably regenerated during the
reaction.
(5)

Bromine was the halogen used extensively during this research

and 1is the halogen of choice for the coupling reaction. Iodine is not

sufficiently electronegative and the more electronegative halogens,

fluorine and chlorine, may react via a benzyne intermediate which can

then give rise to further products.

(6) This coupling reaction can be used for the synthesis of unsym-

metrical biaryls, and is specifically of value for the synthesis of

unsymmetrically substituted biphenols where one of the aromatic rings
contains a hydroxyl groun or«-ho to th« site of the ring junction.
(7) These studies have shown that homolytic and hetero'ytic processe:

occur together in the reactions of a range of alkyllithium reagents with



4.5 Summary.

The following points have been established for the reactions between

aryl halides and organolithium compounds here studied:

(1) Two types of dimers are postulated to exist in solution, viz.
dimers of type I, (see p 49, (26)) , which break down to biaryl
products wvia an ionic or semi-ionic pathway involving charged species
with elimination of lithium bromide, and
dimers of type II (see p 65, (46)), which require an electron ac-
ceptor (oxygen) to cause their collapse to biaryl products via a radical
(or, less 1likely, radical anion) pathway with the elimination of metal-
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(3) It is highly 1likely that alkyl radicals are also present during
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and 1is the halogen of choice for the coupling reaction. Iodine is not

sufficiently electronegative and the more electronegative halogens,
fluorine and chlorine, may react via a benzyne intermediate which can

then give rise to further products.

(6) This coupling reaction can be used for the synthesis of unsym-
metrical biaryls, and 1is specifically of value for the synthesis of
unsymmetrically substituted biphenols where one of the aromatic rings

contains a hydroxyl group ortho to the site of the ring Jjunction.

(7) These studies have shown that homolytic and heterolytic processes

occur together in the reactions of a range of alkyl lithium reagents with



halogenated aromatic substrates; they also indicate the role that may

be played by intracluster interactions in these reactions.
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CHAPTER 5

EXPERIMENTAL

A . General Proreiluros .

All melting points were obtained using a Kofler micro-hotstage and
are uncorrected. Infrared spectra were recorded on a Perkin-Elmer
model 521 spectrophotometer or on a Jasco IRA-1 di ffraction grating
spectrophotometer. Liquids were run as films between sodium chloride
plates while the ptassium bromide dispersion technique was used for
solids. Band positions are given in cm_l. Abbreviations used are

s = strong, m = medium, w = weak, br = broad.

Nuclear magnetic resonance (NMR) spectra were recorded on a Hitachi
Perkin-Elmer R-20A high resolution spectrometer (60 MHz) or on a Varian
HA-1G0 spectrometer (100 MHz). The chemical shifts were measured on

the 6 scale in ppm. relative to tetramethylsilane used as an internal

standard. Coupling constants (J values) were read directly off the
spactra. Abbreviations used are s = singlet, d = doublet, t = triplet,
g = quartet, m = multiple!, imp = imperfect.

Mass spectra (ms) were recorded on a Varian CHS spectrometer at
70eV and 10ClpA. Only peaks of relative abundance greater than 5% are
reported. Data are quoted; m/e value (relative abundance %). Mass
spectral peaks due to halogen isotopic abundance arc quoted by giving
all the peaks in the multiplet but the abundance of the largest peak

only is given (e.g. doublet at m/e 188/186 (53)).

Gas chromatograms were run on a Pye Series 105 (model 5) chromato-
graph. Column packings used were 5% GE SE-52 on Supelco (0,006 x 1,5m)
57 GE SE-30 on Supelco (0,004 x 1,5m) and 10% GE SK-30 on Anakrom (0,004
x 1,5m). Nitrogen was used as the carrier gas. Unless otherwise

'

stated, the following conditions were used; N, 0,6 kg cm the column

was preheated to 150 C and immediately after injection of the sample



the temperature was programmed to increase at 12°C/minute to 300°C.

Generally 100 ™jg of reaction products (mixtures) and 10 to 20 of
pure samples were injected. Abbreviations used are = retention
time.

Hie silica gel used in all the column chromatography was Merck

Kieselgel, 0,063 - 3,200mm particle size.

All thin layer chromatograms (TLC) were run on (Merck) silica gel
~n254 plates. Alter running the plates, they were first viewed under
ultraviolet 1light. The phenolic components were made visible by spray-
ing with Pauly's reagent!” Other compounds were detected either
by exposing the plate to iodine vapour for several minutes or spraying
with chromic acidl188 and then heating the TLC plate in an oven at 120°C

for 3 minutes.

All the diethyl ether used in reactions was dried over calcium chlo-
ride for 2 days with intermittent shaking before filtering and adding

soldium as a finely extruded wire.

All n-butyllithium and some methyl lithium was supplied by Merck.
The remainder of the methyl 1' hiurn and all the phenyllithium was pre-
pared according to the method of Gilman. All organolithium samples
were analysed according to the Gilman double titration u hniquel63
using 1,2-dihromoethane. The organolithium reagent * stored in

dark bottles fitted with a rubber septum and were 11 uterred with sy-

ringes to the reaction flasks. All apparatus wa >yen dried and cooled

in a stream of nitrogen.

General Procedure for all Reactions between an Aryl halide and an

Organolithium Compound .

Unless otherwise stated, all reactions were carried out in a nit-
rogen atmosphere. A two-neckea round-bottomed flask containing a bar
magnet was fitted with a condenser carrying a nitrogen balloon. The
whole apparatus was flushed with nitrogen before the second neck of the

reaction flask was closed with a septum. A calculated amount of the

organo]ithium reagent was drawn up into a graduated syringe from the
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reagent bottle and transferred to the reaction flask via the septum.

The flask was then cooled ir ice. A weighed amount of aryl halide was
transferred to a second twr-necked flask fitted with a nitrogen balloon.
This flask was flushed gently with nitrogen before sealing it with a
septum. Ten ml of diethyl ether was idded. This solution was with-
drawn into a clean dry syringe and added dropwise “rom the syringe via
the septum intc the organolithium solution while the latter was stirred
vigorously. The syringe and second two-neckcd flask were then washed

with a further five ml of diethyl ether and added to the main reaction

flask. The ice bath was removed and the reaction flask immersed in
an oil bath which washeated ro the required temperature. On comple-
tion of the reaction,the flask was ajain cooled in ice before 4 ml of
2M hydrochloric acid were added slowly via the septum. The apparatus
was then dismantled and the solution extrar ?2d twice wi'’’ a benzene /
diethyl ether 2:’ mixture. The organ¥*c I v. s were washed with brine,

combined and dried over anhydrous c¢ iw.i ;lphate before filtering into
a round-bottomed flask The solvent wasremovedfrom the product under
vacuum on a rotary evaporator to constantweight.This sample was then
taken up in solvent and 100 "lg were analysed by gas chromatography.
After a suitable s.-lvi t system hadbeen found by thin layer chromato-
graphy, the product; Ye separated by column chromatography. The
amounts of starting materials were chosensuch that about one gram of

product was obtained from the reaction.

Column Chromatography.

The product of the reaction was dried on to twice its weight of

silica gel. This was loaded on to the top of a pre-packed column of dry
silica gel. Unless otherwise stated, the dimensions of this column were
constant at 32 mm diameter and a height of 190 mm - COLUMN A. This re-

quired 80 g of silica gel. The sample was protected with a 10 mm layer

of sand and some cotton wool. The column was usually eluted with

Pet. ether (40 - 60°C) + benzene (1 + 19) 200 ml

Pure benzene 200 ml

Benzene + ethyl acetate (29 + 1) 150 ml

Benzene + ethyl acetate (19 + 1) 200 ml
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Benzene + ethyl acetate 9 + 1) 200 ml
Benzene + ethyl acetate 1+ 1) 200 ml.
Twenty millilitre fractions were collected. To follow the course

of the separation, 10 pi of each fraction were spotted on TLC and run
in benzene + ethyl acetate (9 + 1). On the basis of the TLC, after
detection of the compounds, the fractions from the column were combined,
dried and analysed by glc. The triaryl products were not eluted from

the gas chromatography column under the conditions employed.

Melting Points of Known Compounds.

Unless otherwise stated, the literature m.p. of all known compounds

are those quoted in Beilsteins Handbuch der Organischen Chemie.



B. Experimental Procedures Reliting to Chapter 2.

The Reaction between 2,4 ,ftl:ribromophenol and methyll ithium.

Six or 9mmcle'; (2 or 3 equivalents) of methyll ithium were transferred
by means of a syringe to the reaction flask which was then cooled in ice.
Three mmoles (0,993 g) of 2,4,6-tribromophenol dissolved in diethyl ether
(10 ml) was added dropwise to the methyllithium. The ice bath was re-
moved and the reaction heated to a specific temperature for a certain
period of time before gquenching and working up the reaction in the general
manner and separating the products by column chromatography using solvent

system A.

Pur ification of t. 3 products of the reaction between 2,4, 6-tribromophenol

and methyllithium.

The vmmetrical biaryl product and 4-bromo-2-methylphenol always
emerged from the column simultaneously. They were separated by micro-
distillation. The monomer distilled over at 65 - 70°C at 2mm Hg and
then crystallised in the tube leaving the crystalline biaryl product in
the rear bulb of the tube. All products from the reactions were puri-

fied and analysed as follows:-

(1) 2,4-dibromophenol. The crude reddish oil obtained from the column
was distilled under reduced pressure of 2mm Hg at 70°C. The resulting
colourless liquid was cooled and scratched to initiate crystallization.
The compound was recrystallized from benzene, m.p. 38 C (lit.m.p. 40°C)

Analysis: C, 20.78; H, 1.76 (C"H, Br ."Orequires C, 20 ; 11, 1.50)

ms M+ at m/e 254/252(100)/250,other major peaks at m/e 223(3)
172(8)145(16)127(5)92(10)63(14) .

IR vma (Ktir) 3400 (br,0H) 1580,1470(m,Ar OC) 1160 (m.C-Q) 1060,1030,
X

857,800 (Ar C-11,1,2 ,4-trisubs ring)

NMR (CDC13) 6 6,82 (d(1H)ArH-6,Js £-9Hz)7,36(dd(1H)H-5,J3 1n«2Hz,Jc f=9Hz)

7,51 (d(1H)H-3,J.1i 9-2Hz)5,0(s,br (1H)-0H, peak disappears in D"O)
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ii) 4-broTnc-2-Tacthylphenol was re-crystalliz*”* from pcr. other i>:
60cC'i after distillation,it.p. 63'C (lit .m.p. "4 1

Analysis; C, .5.19; K, 3.74 (C,E.BrO require* C, 45.00; H. 3.-'

, M* at n./e 188/186(68), other peak ft m e ieO/V'8(7)HS'.8.

107(107)90(10) .

TR v (KBr) 32-X mhr ,OH «29tN) .< ..lint'.tie CH ' 7 M m,« -0 &'
max

1030,860,802(1,2,4-trisubs Ar ring,C-fi>
KMSCCCiJ 67,19(s(m*rH-3)7,10<dUmH-5,J5>6-8M.)6,5Kd(IH)B-6.JS|6

“1iHz)4,17 (sOH) -OH, disappears in T20) 7, 1" (s( o'i’

To prove the position of the methyl group on the aromatic

ring, the benzoate of 4-broBKi-2-wthylphenol was prepared. The NMR

spectrum of the benzoate in CCl” showed no shift in the position ct the

methyl peak relative to the position of the peak for 4-broao-2-methyl”
phenol in CC1 No shift in the peak implies an ci”ho methvl group '
as meta and rlra methylphenols show a resonance shift of about n\1l ppm

on formation of the benzoate.

(1i1i) A-b-oro-2 .6-dimethylphenol was purified either ©b> microdistilla-

tion at 80°C and 2mm Hg where it crystallized on cooling or by suMmo-"

tion. It was recryst 'llized from pet. ether, m.p. 79°C (lit.m.p. )

Analysis: C, 48.04; H, 4.55 (Cgh,BrJ requires C, 47.85; H, 4.481

s M+ at m/e 202/200(42), other major peaks at m/e 121(100)10 t
(21)93(21)91(71) .

IR v (KBr) 3300(br,o0H)2900,26,0(w,aliphatic C-H)1600,1465(n,

max'
Ar C=C)1170(m,Ar 0-0)840(1 free Ar H)

NMR (CC14) 6 6,93 (s(2H)ArH)4,3(s(1H)-0H, P™k disappears in "~0)2,17
(s(6H) -CH3)

(iv) 2 .4-dibroiro-6-methylphenol always emerged from the column Iirst

and crystallized on removal of the solvent. It was putH hy subli *

mat ionat 40 - 50°C and 0,09mm Hg und had a m.p. 56 - 57(C (lit.m.p. »8 <>

Analysis; C, 31.43; H, 2.16 (C"1lgBr” requires C, 31.5'; I

ms. M+ at m/e 268/266(j00) /264, other peaks at m/e 18//185C,/)

169(5)158(10)106(15)77(96) .

Td v (KBr) 3400 (s, hr,011)1580,1460(m.Ar C C)1?00(Ar 00)840
max

(1 free Ar H)
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MR (€cid) 6 7,31(d(1H)Ii-3,J3 5-2,3Hz)7,07 (d(1H)H-5,J3>5=2,3Hz) 5,39 (s

(IH)-OH, peak disappears in Dy 0)2,22 (s (3H)-CH3)

(v) 5.5"'-dibromo-2,21-dihydroxy-3, 3»-dimethylbiphenyl (s>mimetrical bi-
aryl product) was separated from any monomeric material by microdistill-
ation, and recrystallized from benzene + ethanol (1 + 1) to give white
needles, m.p. 175,5 - 176°C.

Analysis; Calc, for “» 43.36; H, 1.23

Found: C, 45.77; H, 3.04

ns M* at m/e 374/372(25)/370, other majvf peaks at m/e 293/291
(7)212(100)184(7)169(8)139(5)106(11)105(12)91(10)82(8)76(13)

IR \Y (KBr) 3350(s,br,0H)2900 (w, aliphatic CH)1560, 465(m,Ar
max

C=C)1200(s,Ar C-0)840(CH bend of 1 free Ar H)
NMR (CC14) 6 7,09(d(2H)H-4,H-4,,3, 6-2,2Hz)7,26(d(2H)H-6,H-6",J4 "&-2,2Hz)

5,08(s, (2H) 0H, peak disappears in D20)2,26 (s (6H)Ar-CH3)

(vi) 2,2"'"-dihydroxy-3'-methyl-3,5,5"'-trihromobiphenyl (unsymmetrical
biaryl product) was obtained as tiny crystalline clusters on removal of
solvent. Recrystallized from benzene + hexane (4 + 1) to give cream
needles, m.p. 193 - 194 C.

Analysis; Calc, for C"HgBr~"~; C, 35.55; H, 2.06

Found: C, 35.52; H, 2.00

ms . M+ at m/e 439/437/435(78) /433, major peaks at m/c 359/357(12)/
355, 344/342(54) /340, 315/313(15)/311, 278/276(100)263/261(12)
250/248(15)236/234(2w)197(31)169(46)I39(71)125(29)115(35)

IR (KBr) 3400 (br,0H) 2900 (w,aliphatic CH3)1545,1450(Ar C”C)
max

1200 (Ar C-0)850(1 free Ar H)
NMR (DMSO) 6 7,65(d(1H)H-4,J4 b=2Hz) 7,21 (d(1H)H-0, >6«2Hz) 7,20 (d(111)

H-6' ,Jv f),-2.0Hz)7,02(d(1H)H-4" , ,~,=2,0Hz) 3,5(s(2H) -0H)

2,17 (s (6H)Ar-CH3)

(symmetrical triaryl product) was recrystal lized from a benzene + hexane

(6 + 1) mixture,m.p. 275°C



Analysis; Calc, for C20H15Br303 C’ H* 2'f
Found: C, 43.3; H, 3.)

ms . m+ at 546/544/342(100) /540, 384/382(86)364(31)303(26)302(2 )

192(31)191(32).

1R v (Kér) 3400 (br,0H)2910(w,C-H)1465(s,Ar C=C)1200 (m,Ar C-0)
max

855(s,1 free Ar H) .

NMR ( (CD.3j)vc0) 6 7,0 - 7,15(m(6H)Ar-F's)4 - 5(br,s(3H)Ar-0H, disappears in

D20)2,19(s (6H)Ar-C1lI3)
(viii)

3,tmethyl-2,212,~trihydroxy-3,5.5:5",~tetrabromo-m-terphenyl (m)

(unsymmetrical triaryl product) did not melt below 340°C and could not
be analysed by ms. as the melting point was so high.
NMR ( (CDJ) .C0)6 7,47(d(1H)H-4,',J4, 6,-2,5H4)7,20(s(3H)H-6,H-41,H-6')7,0 -

7,10 (s+d (2H)H-4,H-6",J4,, £6,,-2,5HZ) 5, 60 (s, Ar-0H peak dis-

appears in D20)2,20(s(3H)Ar-CH3)

The compound was dehalogcnated over Pd(OH)2on CaCOj to give a com-
pound recrystallized from ethanol with a m.p. of 136-137 C.
Analysis; Calc, for C*gH"03; , 74.60; H, *

Found: C, 74.11; H, 5.69

ms M+ at 292(100) and other major peaks at 274 (73)202 (14 >I< r, (13)

131(13)105(14).

IRt v (KBr) 3400 (br,m10H)2900 (w,CH3)1560 (w)1450 (m) 1429 (s,Ar C-C)
1200(C-0)835(m)818 (m) 796 (m) 764 (m) 744 (s.Ar C-H)

NMR ( (CD3)2C0)g 7,47 (d(1H)Ar H-1.J, 2=2hz)7,20(s(3H)Ar H-3,H-4,H-5) 7,10

(s+td(2ri)Ar H-2,H-6)5,62 (s (3H)Ar-OH.peak disappears in D20)

2,20 (s (3H)Ar-CH3).

(ix) 2,2'-dihydroxy-3-met hyl-5.5"'-dibromob iphenyl.

In the reactions run in 20% oxygen and those to which galvinoxyl was

added, thi= new biaryl product was obtained which had the same Rf value
on TLC in benzene + ethyl acetate (9 + 1)

duct (2,2" ainyva-

as the unsymmerrteal biaryl pro-

oxy-3+—methyl-3,'',5'"-tribromobiphenyl) and the same re-

1) Difficulty was experienced in separating the two trimers fully as

they are so similar in overall structure. There was always slight con-

tamination of each by the other.
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tention time cn glc as the symmetrical biaryl product (5,5'-dibromo~
2,2'" -dihydroxy 3,3' -Jimethylbiphenyl) . It w.ie rccrystal lized from
benzene + hexane (6 + 1), m.p. 158,5 - 159,5 C.

Analysis; Calc, for C"H”"Br”~; C, 43.60; H, 2.79

Found: C, 43.33; H, 2.79

ms. M+ at 360/358(85)/356,279/277(13)278/276(11)199(31)198(100)
197(23)170(24)169(24)141(22)139(18)155(24)99(28).

IR. \Y (KRr) 3360(s,0H)2905(w,aliphatic C-H)1460(s,Ar C=C)
max

1200 (s,Ar C-0)850(m,1 free Ar H)805(s,2 adj H)
NMR (CDCT3) 6 7,50(d (IH)Ar U-4',J,,, =7Hz) 7,35 (d (1H) Ar H-3',J3,4 ,=7Hz)

7,32(s (2H)Ar H-4,H-6) 7',03(m (1H)H-61)2,30 (s (3H)Ar-CH3>

Every time products (i) to (viii) were obtained from the reaction
their identity was confirmed by on TLC, R” on glc, an IR spectrum and

a melting point.

Gas Chroni.itography.

Products from these reactions were analysed using the 5% GE SE-52

on Supelco packing. Using the general conditions (see page 92) the
compounds had the following retention times: 4-bromo-.'-methylphenol and
2.4-dibromophcnol (4,5 - 5 min.) 4-bromo-2,6-dimethylphenol (5,5 - 6 min)
2.4-dibromo-6-methylphenol (6,5 - 7 min) 5,5'-dibromo-3,3'-dimethyl-2,2
-dihydroxybiphenyl (-19 min), and 2,2'-dihydroxy-3'-inethyl-3,5,5"'-tri-
bromobiphenyl (22 min). The 4 -bromo-2-methylphenol and ,4-d ibromophenol
were separated on the same column hue using the following conditions:

0,4 Kg an""2, and the temperature isothermal at 125°C. The retention

times were then 9,0 and 8,5 minutes respectively.

The reaction between 2,4, 6-tribromophenol and r butyllithium.

n-Butyllithium (15 mmoles) and 2,4, 6-tribromophenol (3 mmoles, 0,993qg)
in diethyl ether (10 ml) were refluxed at 37°C for 40 hours. After
work-up, the product of the reaction (299 mgs) was dried on to silica gel
(1,2 g), loaded on to the top of a column of silica gel (50 g, 28 x 140 mm)
and eluted with pet. ether (40 - 60 C) + benzene (1 + 19) (50 ml) followed
by pet. ether + benzene (1 + 9) (300 ml). Ten-ml fractions were collect-

ed. Ten /JI of each fraction were spotted on T!,(. and run in the lat ter
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solvent system. Thv following products were obtained:-

(1) 2-butylphenol (120 mgs) was purified by microdistillation (& - 70°C
at 0,5 mm Hg) to give a colourless liquid.

Analysis: c, 79.89; H, 9.28 (C"H”O requires C, 80.0; H, 9.34)

ms. M+ at m/e 150(100) Other peaks at m/e 121(13)108(61)107(98)

94 (17)91(18)79(40)77(61) .

IR v (film) 3500 (br,0H)2965,2940(s)2880,2870 (m) (aliphatic
: max
- ,—CH.3) 1595,1500,1495(m) 1458 (s) (Ar C=C;1170 (m,Ar C-0)

845 (w) 750 (s, 4 adj.Ar H)

NMR (CCT4) 6 6,95(dd(1H)Ar H-5,J" f=8Hz,J, ( 5=3Hz)6,83 (d(1H)H-6,
J, 6=8Hz)6,65(d(1lH)H-3Y93 4=10Hz)6,57(dd(1H)H-4 ,J3"=10Hz,
J, 's-3Hz)5,5(s (1H)Ar-0OH, peak disappears in D20) 2,51 (t(2H)

Ar-CH9-)1,75 - 1,15 (m(4H)Ar-CH2-CH2-CH2-)0,89 (t (3H)R-CH3)

(ii) 2,6-dibromophen was recrystallized from water or purified by

sublimation, m.p. 55°C (Lit.m.p. 36 Q)

Analysis: c, 28.25; U, 1.57 (C"~Br” requires C, 28.55; H,1.59)

ms. M+ at m/e 254/252(100) /250, other peaks at m/e 173/171(33)
172/170(40)145/143(46)144/142(40)119/117(40)92(45)091 (43)

86 (33)85(34)82(26)74(40)72(41)71(34)63(100) .

IR. v (KBr) 3400 (br,OH) 1570 (w) 1468,1450, 1440(in) (Ar C=C)
max

1240,1135,758(s) 710 (m) (Ar C-H.3 adj H)

NMR (CC1/( 6 7,31 (d(11)Ar u-3 ,8-5,J3>4=8Hz) 6,57 (£t (1H)H-4 ,J3"-SHz)

5, 6 (s (1H)Ar OH)

The reaction between 2,4,6-tri.bromophenol and phenyl lithium.

Phenyllithium (14,8 mmoles) and 2,4,6-trib.omophenol (3,7 mmoles
1,224 g) 1in diethyl ether (10 ml) wererefluxed for 94 hours.The pro
duct of the reaction (1 '>g) was loaded onto acolumn ofsilica gel

(100 g, 35 x 196 mm) and eluted with;

Benzene (pure) 100 ml
Benzene + ethyl acetate (39 + 1) 100 ml
Benzene + ethyl acetate (19 + 1) 40 ml

Benzene + ethyl acetate (9 + 1) 40 ml
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Benzene + ethyl acetate (1+1) 40 ml
Ethyl acetate (pure) 40 mlL
Methanol (pure) 100 ml.
Twenty ml fractions were collected. The major product of the
reaction (288 mg) was distilled at 110°C and 1 mm Hg. A light yellow

liquid was obtained which solidified in the tube. When hydrogenolywd.
over palladium hydroxide on calcium carbonate it gave a syrup (170mg)
which was purified on a column (15 g,16 x 130 nun) eluted as above.

Fractions of 10 ml were collected.

2-phenylphenol. Fraction 2 - 10(70 mg), light yellow needles,

wasre-

crystallized from hexane, m,p. 55,5 C (Lit.m.p. >6 0)

Analysi ; C, 84.60; H, 5.95 (C"H”O requires C, 84.65; H, 5.90)

m3. (M+1)171(14) ,M+ at m/e 170(100), other peaks at m/e 169(47)
142 (15)141 (35)139(14)115(59)89(14)77(11)

1R. v (KBr) 3560,3520(m,OH)1580(w)1485,1480,1450, 1435 (m,
Ar C%“C)1350(0-0)750(4 adj. Ar H) 730,695(5 adj. ring H)

NMR (CDC13) 6 7,32(s(5H)Ar H of phenyl ring)7,3 - 6,2 (m(4H)Ar H of
phenol ring)5,0 (br,s (1H)Ar-0OH)

Reaction between 2-bromophenol and methyllithium.

To meLhyllithium (8,5 mmole *as added the 2-bromophenol (2,84
mmoles, 0,493 g) in diethyl ether (4 ml). The mixture was relluxed
for 24 hours before quenching the reaction. Attempts to separate the

products on a column were unsuccessful and so preparative 11.C was em-
ployed. A 20 x 40 mm plate was spread to 1 mm thickness with Kiesul-
gel G,)y (Merck). The plate was activated at 120°C for 45 minutes
before 200 mg of reaction product was applied along a line 25 mm from
the base of the plate and it was developed in benzene + ethyl acetate

9 + 1). The 2-methylphenol and phenol were identified by co-injection
of the authentic compounds on glc, comparison of the TR spertra against

the known samples and mass spectral data. A small amount of a hinryl

product was also obtained.

2,2"'-dihydroxybiphenyl was recrystallized from benzene + hexane, tn.p.

110 - 112°C (Lit.m.p. 109<C ex toluene). It was identified by ms and
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infrared spectra only.

ms. m/e at 187(13) 186(100,M*) 185(14) 1"™H(11) I")/(11) I lu(

127(18)105(34)77(31)

IR. \ (in CHC1") ~3200(br ,m,0-11) I6()<) (w) I4 1440 (v) (A1
max 3
7170 (m)1095(w) (C-H in-plane).
The amount of material was insuffi' lent for ¢n HMI imihi
run, and no commercial material wa'. av il-ibi for n i/< tn.p.

Reaction between



- 103 -

infrared spectra only.

ms. m/e at 187 (13)186(100V ) 185 (U) 158(31) 157(31) 130(26)

127(18)105(34)77(31)

IR. v (in CHCL.; ~3200 (br,m,0-H)i1i600 (w)1475(m) 1440 (s) (Ar C=C)
max

1170 (m) 109."'"(w) (C-H in-plane)
The amount of material was insufficient for an Ni"R spectrum to be

run, and no commercial material was available for a mixed m.p.

Reaction between 4-bromophenol and methyllithium.

This was carried out in a manner identical to the reaction with
2-bromophenol but quenched with D,,0 to obtain 2-deutero-4-bromophenol
as a product of the reaction.
ms . Peaks at 174/172 due to C*11"DBrO 18,7% of the abundance

of the peaks at 173/171 due t'i C"H"BroO.

IR. v " (KBr) . When compared with that of authentic 4-bromo-
nifciX
phenol the peak at 935 (C-H out-of-plane bend) had virtually
disappeared. The peak at 1095 had increased and the peak

at 1110 (C-H in-plane bend) had decreased in size.

HMR. (CC1L"+THF) 6 7,20 (d(2H)At H-5,H-3)6,60(d(1,7H)H-2,H-6)8,07 (s (1lH)Ar
OH, peak disappears in D"0). This was identical to the
NMR spectrum of authentic 4-bromophenol except for the

decrease 1in the integral of the peak at 6,0 ppm.

Reaction of 4-bromo-2,6-dimethylphonol with methyl lithium and n-butyl-

lithi uni.

The alkyllithium (9 mmoles) was refluxed with the 4-bromo-2, 6-di-
methylphenol (3 mmoles, 0,603 g) in diethyl ether (5 ml) lor 48 hours
after mining the reagents at 0 The TLC of the product of the reaction
between methyllithium and 4-bromo-2, 6-dimethylphenol showed virtually no
2,6 dimethylpbenol. However, tht product of the reaction between n-butyl
lithium and 4-bromo-r, 6-dimethylphenol (0,418 g) was shown by TLC and glc
to be mainly 2,6-diuiethylphenol. The two compounds were separated by

microdistillation. The 2,6-dimethylphenol distilled over at 46 - >4 C
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at 0,05 mm Hg and crystals formed on cooling (240 mg, 65%). It was
purified by sublimation (175 mg), m.p. 491c, undepressed when mixed with
authentic 2, 6-dimethyIphenol (Lit.m.p. 49°C). The IR spectrum (KBr)

was identical to that of authentic 2 ,6-dibromophenol.

EXPERIMENTAL PROCEDURES RELATING TO CHAPTER 2.3

Reaction between 2-fluorophenol and n-butyllithium.

To n-butyllithium (10 mmoles) cooled in ice was added 2-fluorophenol
(3,33 mmoles, 0,373 g) in diethyl ether (2 ml). The mixture was re-
fluxed for 24 hours prior to work-up. The product (0,486 g) was dried

on to silica gel (1 g) and loaded on to he top of s prepacked column of

silica gel (30 g, 21 x 100 mm). The column was eluted with SOLVENT
SYSTEM A. (pg. 94). Two main products were obtained.
(1) 2-butylphenol (236mg) This compound had been obtained before in

the reaction between 2,4,6-tribromophcnol and n-butyllithium (see pg 101).
Its IR spectrum was shown to be identical to that of the earlier product;
it had the same Rp value on TIC in benzene + pet. ether (9 + 1) and co-
injection of the two compounds on glc gave a single peak; the ms gave M

at m/e 150.

(ii) 3-butylphenol (51 mg) This was purified by distillation under

reduced pressure and analysed by spectra only.

ms. m/e at 151 (22)150(75,M+)121(33)109(38)108(100)107(84) 101
(22)79(30)77(42) .

IR. (film) 3300(br,s,0-H)2920(s)2860 (m) (Aliphatic CHg)1590 (s)
1490 (m) 1450 (s) (Ar c=c) 1150 (m)1100(w)1060 (w) (Ar C-H in-plane)
870 (m,1 free Ar tl1)775(m,3 adj Ar H)

NMR (CCL1/( 6 7,1 - 6,6 (m,11-4 ,h-5,H-6)6,50 (s,H-2) (area under 6 « 6,5
7,1 (4H))5,50(s(1H)Ar-0H)2,45(t (2H) Ar-CH2-CH2- -)1,2 - 1,7

(m(411) -C»2-CH2-CH2-CH3) 0,90 (imp .t (311) R-CH"-CHgqg)
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Reaction between 2-fluorophenol and phenylli.thi.um.

This was carried out on the same quantities of reactants and followed
the same procedure as in the previous reaction with n-butyl lithium. The
product (351 mg) was loaded on to the top of a prepacked column of silica

gel (30 g, 21 x 100 mm) and eluted with;

pet. ether (<t0 - 60°C) + benzene (1 +4) 250 ml,
pet. ether + benzene (1 +9) 250 ml1,
benzene + ethyl acetate (9 +1) 200 ml.

Two main products were obtained.

(1) 2~phenylphenol (130 mg),m.p. 55,5°C, m.p. undepressed when mixed

with the 2-phenyl phenol obtained previously, (see pg 102).

(ii) 3-phenyl phenol (35 mg) was purified by microdi, filiation and soli-
dified in the tube. It was reciystallized from hexane, m.p. 76 C (Lit.
m.p. 78°C).

Analysis: C, 84.29; H, 5.62. (C"H”O requires C, 84.60; H,5.88)

ms . m/e at 171(35)170(100,M+)141(43)115(32)105(14).

IR. v (KBr) 3400 (br,0-H) 1590,1560,1480,1470 (all m.Ar OC)
1V10(s,00)1160,1185,1199(08 in-plane)780(w,3 adj Ar H)

879 (m,1 free Ar H)/45,690(s,5 adj Ar H).

NMR (CCl.) 6 7,4 - 6,5(m(9H)Ar-H)5,8 - 5,2 (br (1H)Ar-OH)

Reaction between 2-bromo-4,6-dichlorophenol and methyllithium.

To a chilled solution of methyl lithium (15 mmoles) was added 2-
bromo-4,6-dichlorophenol (5 mmoles, 1,210 g) in diethyl ether (20 ul)
The ice bath was removed and the solution refluxed for one hour before
work-up. The products were separated by column chromatography a cording

to the standard procedure to give 7 products.

(1) 2 ,4-d ichloro- 6-mcthylphenol (86 mg) was purified by sublimation at
37nC and 1 mm Ug, m.p. 53 - 54°C (Lit.m.p. 54°C), and was analysed by
spectr i only.

ms. m/e at 178(40)176(60)143(34)141(100)1. K13)112(11)111(15)

77(75)7, (27) .
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IK. v (KBr) 3400 (br,m,0-H)2980,2955,2925(w,CH-)1600(m) 1470 (s)
max |
(Ar C=C)1405(m,C-0)1235(0OH deform)1160,1100(C-H in-plane)

855(s,1 free Ar H)

NMR (CDC13) 6 6,94 (d(1lH)Ar H-5)6,80(d(1H)Ar H-3)5,32(s(IH)O-H)2,20

(s (3H) Ar—-CH3)

(ii) 2,4-dichloropher. 1 (65 mg) had a m.p. 44,5 - 45°C (Lit .m.p.45°C) ,
undepressed when mixed with authentic 2,4-dichlorophenol.
NMR (CDC13) 6 6,95(dd (1H)Ar H-5,J3"5=3Hz,J5>6=15Hz)6,8:.(d(1H)Ar H-6,

Jc ,=15Hz)6,61(d(1H)Ar,H-3,J, =31 ) ,40(Br ,s (IH)O-H) .

(iii) 4-chl.oro-2-methylphenol (79 mg) was distilled at 48 - 55°C at

0,5 mm Hg to give a colourless liquid which crystallized,m.p.50 C (Lit.

m.p. 51 Q)

Analysis: Cc, 58.32; H, 4.5. (C”CIO requires C, 58.8; H, 4.8)

ms. Peaks at m/e 14%(25)142(67)107(100)99(14)79(26)77(53)

IR. v (KBr) 3300 (hr,OH)2920(w,C1U 1600 (w) 1480 (s) 1450 (m)
max
(Ar ¢c=C)1410(m,0-0)1200(0-11 deform)1180,1120(0-8 in-plane)
800 (s,2 adj Ar H) 890,880(m,1 free H)

NMR (001, ) 6 6,97 (d(1lH)Ar H-v.J , 5=2,5Hz) 6,64 (dd(1H)Ar H-5,J5>6=9Hz,
J3 s-2,5Hz)7,19(d(1lH)Ar H-6,J¢Y 6=9Hz)5,80 (s (1H)0H, peak
disappears in D,0)2,16 (s (3H)Ar-CH ).

(iv) 2,2'-ii ydroxy-3-methyl-3|5,51-1richlorobiphenyl (240 mg) was

recrystallized from benzene,m.p. 165 - 167 0.
Analysis: Calc, for c, 51.75; H, 2.97

Found: 0, 51.63; H, 2.97.

ms. m/e at 306(33)/304(95)/302(100)269(28)267(44)232(60)203(18)
139(18)
IR, vm v (KBr) 3400(-;,hr,011)2920,2960 (w,CH3)1585(w) 1560 (m) 1460 (s)

(Ar 0=0) 1390(0-0) 1200(011 deform) 11 50, 1220 (m ,0-H)855(s ,1
free Ar H)

W~ ((CD3)2Cc0) 6 7,20 (d(1lH)Ar 11-4,3", >0,“3Hz)6,'>7(d(1lH)Ar H-6"',3",>6,=3Hz)
7,00 (s(lH)Ar 11-6)6,89 (s (1H)Ar 11-4)4,5 - 5,5 (br,s(2H)0H, peak

lis 'pf. .".rs in D _0) 2,20 (s (3H)Ar-01"3)
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M ?,9'rlihvdroxv-3. .5*-trichlorobiphenyK7A mE) vas recry.tallized

:rom benzene, B.p. 177 - 178,5°C and analysed by spectra only.
is

pgaks at m/e 292(30)290(95)288(100)255(24)254(22)253(36)
227(14)225(22)220(18)219(15)218(50)217(14)189(25)162(22)

161(13)160(10)155(13)126(28)99(14)98(13) -

\4 (KBr) 3350(s,br,0H)1560(w)1490(m)1460 (s) (Ar C=C)

(C-0)1192,1100,1050 (to,Ar C-H)860(m,1 free Ar H)810(m,.. adj H)

NMR (CD,),CO0) 6 7,22(d(1H)Ar H-4,J,y2.5Hz)7.04(d(1l»)Ar K-b',"*,"*,-=-")

7,02 (d(1H)Ar =2,5Hz) 7,01 (dd (1H)Ar H-4

j £ ~i=0T',)6>80(d(1H)Ar H-3',13, j4,=9Hz)tOH peak under

aromatic* - integral decreases on addition on DgO.

(vi, 3-methvl-2.2'2"-tr ihvdroxv-3'.'5i515"-tetr achloro"m“teffbg (byj.

This product was recrystallized LIrOM benzene * acetone,

m.p. 263 t.

Analysis: Calc, for C*"H”C1"0,; C, 53.20; H, 2.80.

Found: 0,53./; H, 3.109.

m/e at 434(11)432(51)430(97)428(76)398(8)396(27)394(30)
ms

167(27)149(100) .

\Y (KBr) 3400 (br,s,0H)2920 (w,CH3) 1560 (v) 1460 (m) (Ar 0=0)
IR

1400 (0-0)1200 (OCH deform) 1140 (m,C-H in-plane)860 (m,1 free

Ar H) .

NMR (0DJ, CO) 6 7.17(d(1lH)ArH-4\J,,,",r2Hz)7,02 (s (4H)ArH-4,H-4"', "6,

H-6") 6,9 (d(1H) Ar H-6" ~6,-2Hz)4,6 -5,1 (br,s,01) 2,1

(s (3H) Ar-0H3)

(vii) 2.2;2""-trihydroxy-3,5,Siy'-tetrachloro® <tcnphenyl (13) was puri-

fied by sublimation, m.p. 243*0 and analysed by ms only.
mg- Peaks at m/e 420( )4 8(10)416(19)414(16)188(32)186(33)

167(18)149(39)144(21)142(47)107(U)0) .

Reaction between 7,4 6-lriiodopbenol and metbxUUbium.

2 4 6-Triiodnphenol (3 mmoles, 1.416 q)

and methyllithium (6 mmoles)

= z
A. Three main products mere obtained. The monomeric and major bt.ry

products emerged from the column simultaneously. Microdist:.latton
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separated the monomer from the biaryl species.

(" 4-iodo-2-methylphenol (70 mg) was distilled at 80 - 90 C at 0,5
mm Hg and was recrystallized from hexane, m.p. 70 - 710C (Lit.m.p. 72 C)

Analysed by spectra only.
ms-— Peaks at m/ 23A(100)220(100)127(11)107(38)93(49)79(18)

78(18)77(47)65(46)
IR- v (KBr) 3300(br,0H)1570(m)1475(s)1415(m) (U C C 1160,1100

(c-n 1in-plane)sio0(s,l free Ar m)79s5(m,2 adj Ar =) .

'exfR (CC1") 6 7,52 (imp.d(2H)Ar u-3.u-5, ~=10Hz) '6,60('. AH)Ar 1 o6,
Jr f=»10Hz)5,3(br,B(1H)0OH, peak disappears in D20)2, O

(s (3H)Ar-CHY).

(ii) 2f2'-dihvdroxy-5,5*-di iodo-3,31-dimethylbiphenyl (221 ,) was the
major product from the reaction and was recrystallized from benzene,
m.p. 159 - 160 C.

Analysis: Calc, for C14H1212°2; C' 36,10; H> >>rj8-
Found: C, 36.46; H, 2,69.

ms. Peaks at m/e 467 (12)466(70)354(17)340717)213(19)212(100)
211(20).

IR- v (KBr) 2900 (br,C-H) 1450 (m,Ar C=C)1200(s,0H deform)1140
max

(m,C-H in-plane)850(m,1 free Ar H) .

NMR ( (CD3) 2CO) 6 7,57(d(2H)Ar H-6, J” 6»3Hz) 7,40 (d(2H)Ar ,J4 >6"” 3Hz)

7.10(br,s (2H)Ar-0H, peak disappears in D"0) 2,27 (s(6H)Ar-C")

(1ii) 2.2"'-dihydroxy-5,5,-diiodo-3-methylbiphenyl (165mg) was recrys-
tallized from benzene, m.p.177 - 178,5 C.
Analysis: Calc, for C®»jH"IgOg; C, 34.6 1i; H, 2.2)
Found: C, 34.79; H, 2.18.
ms. Peaks at m/e 453(23)452(100)452(100)340(43)325(15)213(26)
212(13)199(29)198(100)197(30)170(22)169(24)141(25)115(28)

99 (26) .

JR. v (KBr) 3380 (br,s,0H)2940,2900 (w,C-H) 1480 (m) 1400 (s)
max

(Ar C=C)1200(w)1120(m)1060 (w) (C-H in-plane)860 (m,1l free Av

H)798 (" " adj Ar 1I).
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NMR«CD,),C0) 6 8,00Cbr,S (2H)At-OH,P1l,k diSappea,S in 0,0) 7,59<dd (1H)

Ar H-4'.J3, 4,.10H%Z,J4,i6,.2H2)7,60(d(1H)Ar H-6',J,,>6,.2Hz)
7,45 (s (2H)Ar H-4,H-6)6,88 (d(lH)Ar H-3’,J3,J4 .M10Hz>

2,29 (s (3H) Ar-CH-),

EXPERIMENTAL PROCEDURES RF.1.ATING TO CHAPTER 2.4

nation between 2.4 .6-tribrnmo-3-methvlPhenol and methjAlUhi~j.

To a chilled solution of methyllithium (6 mmoles) was added 2,4,6-

tribromo- 3-me thylphenol (3 mmoles, 1,035 q)
The

in diethyl ether (5 ml).
ice bath was removed and the solution was heated to reflux tor 7

hours before qgquenching. The product (0,757 g) was dissolved in ethanol

(40 ml) . Pd(OH), on CaCO fe%, "as added and the solution stirred

under hydrogen until no fnther uptake of gas occurred. Calcium carbon-

ate was dissolved by the careful addition of HCl and the solution was

filtered through celite to remove all palladium and then analysed by glc

on 5/, GE SE-52 on Supelco. The conditions used were; temperature 100

to start and then increased at b°C/minute. N, 0,4 Kg cm . The”vanou.

dimethyl phenols emerged at the following temperatures: 2,6- <1)2 0 ,2,

and 2 5-(137°C) and 2,3-d:nethylphenol (141PC) .

Bromination of the dimethyl phenol

Each dimethylphenol (12 mg) was dissolved in CO, (3 ml) and titrated

with a 0,5M solution of bromine in CO, to the first permanent red colour.

The solution was shaken for 10 minutes before both the solvent and excess

bromine were removed in vacuo. The dehalogenated product of the reaction

was treated in the same manner. The brominated compounds were analyse

on the glc on the 5/. (. SE-52 column,

-2
N2 0,4 Kg cm

temperature isothermal at 160 C,
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A NOVEL MODE OF CHLORINATION OF AROMATIC COXPW \p2'

Chlorination of the dimethylphenols>

Chlorine gas was bubbled through a weighed solution of CCl4 cooled

in a dry ice /acetone bath until there was no further colour change in
the CCV.

The increase in weight and hence the concentration of t e

chlorine in the CCl” was determined. The solution was then titrate

against the product of the reaction

(40 mg) in CCl, to the firs, perma-

nent yellow colour. (The C1JCC1l, solution was stored in the dark in a

sealed container for 6 months and was still effective after that time

even though the erect molarity was no longer known.) The solution wa.
stirred for 20 minutes before the excess Cl, and CCl, were removed and

theproduct was analysed by glc against the similarly chlorinated authen-

tic dimethyl phenols under the same conditions as were employe, for the
brominated dimethy,phenols. The results showed that co injection of

the chlorinated product of the reaction and chlorinated 2.4- or 2,
dimethylphenol resulted in new peaks appearing on the gc trace (reten-

tion times 6,0 and 8,7 min. respectively) while co-injection of the

chlorinated product of the

reaction and chlorinated 2,3- or 2,5-dimet vy

phenol caused an increase in two peaks of retention time 6,7 and 7,.

rvprnTMENTAI, PEOCEDUKKS kF.1.ftTINC TO

To 2,4,6-tribromophenol (3 mmoles, 0,993 g) in diethyl ether (8 ml)
cooled in ice was added n-butyllithium (6 mmoles) dropwi.e from a syringe
while stirring the tribromophenol solution rapidly. Th. uc bath wa.

removed and the solution stirred at room temperature for one hour before

retooling in ice and the appropriate amount of methyl iod.de

(1,1 or
mmole.)

in diethyl ether was added. Then the solution was "fluked or

5 hours before work-up. The product was analysed by glc on the

SE-52 column - temperature isothermal at 125°C, N, 0,4 Kg cm . The

reaction products were worked up in the normal way and the products sep-

o

;, »a hv the standard procedure on column A using SO01.Vt.NT SToTk.l 4.
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.vcc.TMFNTA, . PROCEDURES RELATING TO CHWTOLLJj1l1

) m A using SOLVENl SfSH-M A,
,11 otirAnl-flhPcl

nR Y CHI1 (i-e. 2,6-dibromo-4-methylphenol.)

he following products were obtained: -

malysis:
peaks at m/e 202/200(100)187/185(20)122(13)121 (22)9L(54)
as.
77 (40)
v (film) 3500(m,O0H)2910(m,CH )1440(m,Ar 0-01240,1180,
max
llOO(C—H in—plane)840(w, 1l free Ar
* (co,) 6 0,78 (br,s(lH)Ar H-1)6(58(Bt.s(1u)at H-5,5,12 (s (1lH,At on)
2,15(b. ,s(611)Ar-CH3)
HMR (cc14, 0 6.44 (S (2H)A,-H)4,42(b,, . (1H)A, -OH. peak disappears in
D,”0)2,06 (imp s (9H)Ar-CHg) .
(iii) 2 .4-dimethvlipl enol (88 mg) vs. puriliod =Y dUtiilation Crom a
biaryl product at 70 - 80°C at 0,5 mm Hg. U s structure was verri.

by ms and comparison of 1R (liguid f£ilm) with that of authentic

dimethyl phcn N 123¢18) 122¢100, 121 (94) 108 (15) 107 <97)91 (10)

. X -tr, /1
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(iv) 2.2'-dihydroxy-3.3:5,5"-.ceramethylbiphenyl (254 mg) remained as

a solid in the rear of the distillation tube after removal of the 2,4-

dimethylphenol and was recrystallized from ethanol, m.p. 137 - 138 C.

(Lit m.p. 137,5 - 138,5°C)

Analysis; c, 78.9; H, 7.17 (C"H”~0, requires C 79.2; H, 7.44)

ms. Peaks at m/e 243(25)242(100)241(11)227(47)226(15)225(20)
209(17)199(21).

1 R v (xsr) 3400 (br,s,0-H)2900 (w,CH3)1480(s)1430(w) (Ar C-C)

1220,1170,1110(ai.1l m, C-H in-plane) 842 (s, 1 free Ar H)
NMR (CCl1l4 + 6 6,64 (br s(4H)Ar-H)4,52 (s (2H)Ar-0OH,peak disappears in D”0)

(CD3) 2C0) 2,16 (5(12H)Ar-CH))

FOR Y = H U.e. 2,6-dibromophenol)

Three main products were obtained.

(1) 6-bromo-2-methylphenol (80 mg) was purified by microdistiliation

at 50 - 55°C at 1 mm Hg (Lit b.p.? 71 - 73°C) and analysed by spectra

only.

ms-— Peaks at m/e 188/186(33)187/185(12) 142(32) 141(27) 107(100,)
105(23)79(30)78(36)77(68) .

NMR (CC1l.) 6 7,04(dd(1H)H-5,J3 5=2Hz,J4>s-7Hz)6,85(dd (1H)H-3,J3j4-7HZ,

J3 s-2Hz) 6,44 (dd (1H)H-4,J314-7Hz,J4>5-7Hz) 5,32 (s (1H) Ar-0OH)
2,22 (s (3HUr-CH3).
(ii) 2,6-dimethylphenol (32 mg) was recrystallized from ethanol, m.p.
48°C (Lit.m.p. 49°C) undepressed when mixed with an authentic sample of

2, 6-dimethyl phenol. Its ms (M+ at m/o 127?) confirmed its identity.

(1id) 2,2'-dihydroxy-3-3*-dimethylbiphenyl (230 mg) was purified by
sublimation,m.p. 112 C (Lit.m.p. 111 C)

Analysis: c, 78.41; H, 6.56 (C"H"Og requires C, 78.50; H, 6.54)
ms . Peaks at m/e 215(17)214(100)213(12)199(23)197(16)195(13)

186(14)185(12)171(25) .

1R v (KBr) 3200 (hr s.0H)1600(w)1555(w)1426(s) (Ar C-C) 1280

(C-0)1169(m)1120(w)1078 (w) (C-H) 768 (s,3 adj Ar H)
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h6,45 - 6,95 (m<6H)Ar H-4,H-4" ,H-6,H-6"')4,50

(CD.XCO) (s (2K)Ar-0H,pcak disappears in D20) 2,22 (s (6IDAr-CH '.

FOR y a Br (i.e. 2,4,6-trioromophenol)

see pages 96 - 99

FOR Y * Cl (i.£. 2,6-dibromo-4-chlorophenol)

Two monomeric and two biaryl products were obtained.
(1) A-chloro-2,6-dimethylphenol (32 mg) was obtained pure and crystal-

line from the column and was purified further by sublimation,m.p. 83 -

84°C (Lit.m.p. 83°C)

Analysis: C, 62.01; H, 5.38 (CgHgCIO requires C, 62.00; H, 5.75)

Peaks at m/e 158(25)156(75)121(100)103(25)91(33)7 7(50).

ms .

\Y (KBr) 3350 (br,s,0OH)2900 (w,CH3)1470(s,Ar C-C)1180(s,0H
IR. nisx
deform) 850 (m, 1 free Ar H) .
© 6,95 (s (2K)Ar H) 4,40 (s (1lH)Ar-0H)2,20 (s (6II)Ar-CH3).
NHR (CClA)
(1i) 4-chloro-2-methylphenol (80 mg) was obtained fro.a the column

gether with a biaryl product and was separated from the latter by micro-

distillation at 50°C and 0,5 mm Hg as a colourless liquid which crys-

tallized on cooling,m.p. 50°C, undepressed when mixed with the 4-chloro-

2-methylphenol obtained in a previous reaction (see page 106). Its ns

confl -id its identity (M+ 144/142)

(U1i) SE5’'-dicMoro-2.2'-dihydroxy-1,,V-dinnthylbiphenyl 0 53 mg) »as
obtained as cream coloured crystals in the re.u of th. mix after
distillation (vide supra) and was recrystallized from benzene hexane

(4 + 1) ,m.p. 154'cC.

Analysis: Calc, for 12(1we2 » cxrme” 1,2 *'

Found: C, 59.53; H, 4,24

mSi Peaks at m/e 286(9)284(45)282(57)249(19)247(57)212(100)

TK v (KBr) 3300 (br,m, 0H) 1468 (m,Ar C=C)858 (s,

1 free At 1)
max
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NMR ((CD3)2C0) 6 7,0 - 7;3 (n,Ar-H, peak due to -OH under Ar-H signal caus-

ing broadening of the latter)2,30(s,Ar-CH3)
(iv) 3-bromo-5,5"'-dichloro-?..2*-dihydroxy-3'-methylbiphenyl was obtained

from the column contaminated with small amounts of higher molecular weight

species. It was not possible to obtain a pure sample of it. Analysis

was only by ms in which the base peak was due to C"HgCl”~rO - no peak

of higher m/e greater than 2% abundance.

ms. Peaks at m/e 330(24)328(91)326(71)250(10)248(57)246(53)
212 (100)

FOR Y = F (i.e.

2,6-dibromo-4-fluorophenol)

One major product and one minor product were obtained.

(1) CytlyBrO ( 10 mg) was obtained together with some biaryl product

and was”recrystallized but remained impure. The position of the second

methyl group was uncertain. Attempts to dehalogenate it over Pd(0OH)2

on CaCO. to the dimethylphenol for comparison with the known dimethyl -

phenols3 (xylends) were unsuccessful. An NMR of the mixture suggested

that it was mainly 2,4-dimethyl-6-bromophenol (meta splitting of the

aromatic protons).
(ii) 5.5'"-difluoro-2.2'-dihydroxy-3,31-dimethylbiphenyl (130 mg) was
the major product of the reaction and it was purified either by subli-

mation at 120°C and 1 mm Hg (m.p. 128 -
- 90°C at 0,2 mm Hg.

130°C)or by distillation at 85
It solidified on cooling and was recrystal li*ed
from a net. ather (40 - 60°C) / acetone/benzene mixture,m.p. 130 C.
Analyser by spectra only.

ns . Peaks at m/e 251(30)250(100)235(20)234(15)233(13)232(10)

231(21)230(13)229(10)207(21)203(15)203(15)202(39)201 (46)

133(38)125(17)

\% 3100(br,m,0H)2990(w)2935(w) (CH3)1590(m) 1470 (s) (Ar C-C)
IR.

1225(m,C-0)U78,11-0(s,C-H)860(s,1 free Ar H)

6 6,95(dd (2H)Ar H-4,H-4' ,J4 >6=8 »5Hz »JHF=3Hz) 6 ,B0(dd (211)
NMR (CDC1”™ +

Ar w-6.u-6'.1/ ~8,5H,,Jhf="'"3Hz) These peaks coincided
(cp3).co)

to give a triplet of doublets in the itio 1:2:1) 6,30

6,0 (br s (211)0-11, peak disappears in D20)2,31 (s (6H)Ar-CH3)
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EXPERIMENTAL PROCEDURES RELATING 'lI0 CKAPII-K 2.A.2

The same general method of reaction was followed and the column
dimensions for the separation of the products were unchanged (viz. 80 g,

32 x 190 mm) but the solvent system vrried for each species.

FOR X - OH (i.e. 2,4,6-tribromophenol)

See pages 96 - 99

FOR X = OCH , U.£. 2,4,6-tribromoanisolc)

The products were separated by eluting the column with 100 ml of
each of the following solvents; benzene + pet. ether (60 - 80 C) (1 + 1),
(4 + 1), (9 + 1); benzene + ethyl acetate (24 #®1), (19 + 1), (9 + 1) to

obtain:-

(1) 2 ,4-dibromo-6-methylanisolc (34 mg) which was distil led at 80 (.
and 1 mm Hg ; a colourless liquid.

Analysis: Cc, 34.04; H, 2.90 (CgHgBr"O requires C, 34.30; H, 2.86)

ms Peaks at m/e 282/280 /278(87)268/266/264(60)267/265/263(75)

253/251/249(34)725/223/221(32)158/156(57)157/155(20)90(30)

89 (45)77(100) .

IR. v (film) 2950 (m,C-H)1580(w)1465(s)1420(m) (Ar C-C) 860
max

(1 free Ar H) .
NMR  (CC1/0 6 7,44 (d(1H)H-5,J,) 5=3Hz) 7,18 (imp. s (1H)H-5 ,Jg "r.=3Hz)

3,72 (s (3H)Ar-OCH }) 2,28 (s (3H)Ar-CH") .

(ii) 2,4-dibromoanisole (60 mg) was purified by microdistiliat ion at
40°C at 0,1 mm Hg.

Analysis: c, 31.75; I, 2.33 (C"HgBr.”0O requires C, 11.60; H, 2.25)

ms. Peaks at m/e 268/266/264(100)253/251/249(54)225/223/221 (.14)
172/170(12)96(16)95(28)75(27)74(21)63(96)62(37) .
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1R v (film) 29A5(m,CH3)1470(w)1445(m)1430(m) (Ar C=C)1380
(stc-0)1180,1000,968(s,C-H)815(s , 1 free Ar H)745(m , 2 adj.

Ar H),

(1i1i) 5.5'"-dibromo-2,2"'-d imethoxy-3,3'-dimethylbiphenyj (61 mg) war
obtained as a solid and was recrystallized from iat. ether, m.p. 131 C.
Analysis: Calc, for c, 48.00; H, 4.00,

Found: C, 4/,79; H, 4.03.

ms> peaks at m/e 402/400/398(100)388/386/384(9)306/304(60)
291/289(48)240(40)226(26)210(36)182/181(26)163/162(25).

IR v (KBr) 2948 (m)2920(m)2825 (w) (CH")1568(w)1463(s) 1420 (m)
(ArMc=C)1400(s,C-0)1155,1005(s,C-H in-plane)862(s , 1 free
Ar H) .

NVR (CCl,) 6 7,14(s(4K)\r-H)3,39(s(6H)Ar-OCH3)2,25(s(6H)Ar-CH3)

(iv) s 45 ys '-tribromo-2,2'-dimethoxy-3-methylbiphenyl (148 mg) was
recrystallized from benzene + hexane, m.p. 73 - 74 C.
Analysis: Calc, for c15Hi3Br3°2 C* 58,8t); 278°

Found: C, 39.3; H, 2.7/.

ms . Peaks at m/e 468/466/464/462(75)453/451/449/447(100)

371/369/367(41)357/355/353(65)139(50) .

IR. v v (KBr) 2925(C-H)1540(w)1487 (m) 145/ (s)1410(m) (Ar C=C)

1235(s,0-H)856(m , 1 free Ar H) .

NMR (CC1/0 6 7,20 (s (4H)Ar-H) 3,41 (s (6H)Ar-0OCH3) 2,29 (s (6H)Ar-CH3)

FOR X = 3 x CIL (i.e. 2,4,6-tribromo-1 ,3,5-trimethylhenzene)

The products of the reaction were separated on a column eluted with
pet. ether 4 hexane (3 + 2) throughout to give two products.
(1) 4.6-dibromo-1.2. 1.5-tet 'amethylbenzene (322 mg) was a crystalline
solid and was recrystallized from benzene, m.p. (sealed tube) 198 C.
(Liv.m.p. 198°C)

Analysis; c, 41.7; H, 4.08 (C]J(OH12Br2 requires C, 41.3; H, 4.13)

ms Peaks at m/e 294/292/290(100)280/278/276(14)213/211180)
199/197(26)132(25)131(22)117(33)116(25)115(35),
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XH v (KBr) 2960 (m)2860 (w) (CH-)1450 (m,Ar C=C) .
max 0

t<HR (C"D") 5 2,04 (s (3H)Ar-CH” .bonded to C5) 1,67 (s(6ti)Ar-( Hj,bonded

to C1,C3)1,40 (s (3H)Ar-CH;j,bonded to C2).

(1i) 3.3'-dibromo-2.214 .4 6, 61l-hexamcthyIbiphenyl (65 mg) was a solid
and was recrystallized from benzene,m.p. 112°C (Lit.m.p.112 - 113 C)

Analysis: c, 54.59; H, 5.31 (C"H"Br,, requires C, 54.60; H, 5.05)

ms . Peaks at m/e 398/396/394(67)317/315(5)302/300(22)236(100)
221(80)206(27)205(18)203(10)191(19) and several m/2e peaks

from 118 to 95,5.

IA. v (KBr) 2980 (w)2950(w)2920(m)2860(w) (CH3)145u(s,Ar C-C)
max

1055(s,C-H)865,870(m 1 free Ar H)

NKR (C6D6) 6 6,01 (s (2H)ArH-5,H-5")1,61 (s (6H)Ar-CH3)1l,36 (s (6H)Ar-CH3)

0,94 (s (6H)Ar-CH3)

FOR X = CtL (i.e. 2,4,6-tribromotoluene)

Great difficulty was experienced in separat"r; the two products
which had virtually identical R ( values 1in hexane. The product was
loaded on to a column (usua size) and eluted with hexane in a cold room
at 5°C. The first fraction contained only one compound, two fractions
contained both and the re)t contained the second compound. The frac-
tions containing both products were recolumned twice more to obtain

further pure samples of the two compounds.

(1) 2.6-dibromo-1,4-dimethyl benzene (239 mg) was a solid and was re-
crystallized f.om ethanol, .m.p. 35,5 C (Lit.m.p. 36 C).

Analysis; c,36.46; H, 2.70 (C"IgBr., requires C, 36.30; H, 3.0)

ms. Peaks at m/e 266/264/262(100)185/18 1(67)104(42)103(37)

102(14)77(32) .

1R, v (KBr) 2955(w)2920 (m)2865 (w) (CHL) 1600 (m) 1540 (m) 1460 (a)
max

(Ar C=C) 1053 (Ar C-11)850(s , 1 free Ar H)

NMR (CC1J 6 7,17 (8(2H)Ar-H)2,46 (s (3H)Ar-CH3)2,20 (s (3H)Ar-CH3).
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(i) 3 5-dibroPo-t.2-dimethylbenzene (187 mg) was recryst&llized iroro
.—O

ethanol, m.p. 63 C.

Analysis; Calc, for "g"g®r2 1 1% IR

Found: C, 36.17; H, 3.38.

ms- Peaks at m/e 266/264/262(100)251/249/247(13)185/183(69)

105(6) 104(45) 103(46) 102 (U ) 77 (36) .

IR y (KBr) 2950 (w)2920 (m)2860 (w) (CH3)1580(m) 1500 (m) 1458 (s)

(Ar C=C)1160(Ar C-H)860(m)850(s) 1 free Ar H).

NMR (CC1") 6 7,49 (d(1H)Ar H-4,J""=2Hz)7,15(d(1H, "Ar H-0 .J4 i6=2Hz)

2,30 (s (6H)Ar-CH3)

FOR X = H (1'£* 1,3,5-tribromobenzene)

Initial reactions between 1,3,5-i:ribromobenzene and methyl lithium
gave very poor yields as the products were quite volatile and hence
readily lost while removing the solvents unlesa the temperature of the
water bath was kept quite low. The products were separated by column
chromatography eluting with benzene + hexane (1 + 9) 100 ml; @ + 1)
100 ml; and finally with pure benzene. One major product and three

minor monomeric products were obtained;

(1) 1,3-dibromo-5-methylbenzene (332 mg) was a crystalline solid \hich

was purified by microdistillation to yield a colourless liquidwhich

crystallized in luminous feathers, m.p. 19 (Lit.m.p.39 ()

Analysis; Cc, 33.63; H, 2.44 (C"H"Br” requires C, 33.62; H, 2.40)

ms. Peaks at m/e 252/250/248(100)171/169(48)90(40)89(28).

1R. v (KBr) 3070,2960,2920,2840(all v, C-H)1585(w)1555(w)
max

1430 (m) (Ar C=C)860(w, 1 free Ar H) .

NMR (CC1l"%) 6 7,37 (imp s (lH)Ar H-2)7,15(imp s (2H)Ar-H-4,H-6)2,30
2,30(s (3H)Ar-CH3).

The other three monomeric products were identified on the basis

of their m only.
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Monitoring the reaction between 2 ,6-tribromomesitylene and methyl-

lithiuni.

2,4,6-Tribromomesitylene (1,071 g, 3 mrnoles) was dissolved in dry
benzene (20 ml) and cooled in ice. Methyllithium (3 mmoles) was added
over 2 minutes anrt immediately after addition, an aliquot (1 ml) of sol-
ution was withdrawn and injected into 2M HC1l (2 ml). Ibis was then

shaken up with a benzene / diethyl ether solution and the organic layer

analysed by glc. Meanwhile, the :.ce bath was removed and the solution
heated to 25°C. Further samples were withdrawn at 5, 11, 16, 20, 37,
60 and 100 minutes after mixing of the two reactants. Glc analysis of

the samples showed that some lithiation had occurred within 5 minutes
but the starting material was still the major species present for the
first 30 minutes. Co-injection of the starting material with the sam
pie taken after 100 minutes showed that a small amount of starting mat-

erial was still present.

EXPERIMENTAL PROCEDURES RELATING TO CHAPTER 2.7

Reaction between 2.4 ,6-tr ibromophenol and insuf ficient methyli ith.iunj*

To an ice-cold solution of 2,4,6-tribromophenol (1,65 g, 5 mmoles)
in dry diethyl ether (10 ml) was added methyllithium (7,5 mmoles) over
3 minutes. The solution was then heated and refluxed for J hours be-
fore gquenching and working up in the usual manner. lhe products were
separated on column A using SOLVENT SYSTEM A to yield as the major pro-

duct

2.2", 2"-tr 'hydroxy-3.3"5.515"-pentabromo-m-terphenyl (34) (602 mg)

which was recrystallized from benzene / acetone to yield tiny clusters

of crystals, m. p. 207 - 208°C. The compound was analysed by its spec-
tra only.
ms. Peaks at m/e 678/676/674/672/670/668(100)598/596/594/

592/590(25)516/514/512/510(57)354/352(28)126/ (46)125(29)

82(54)80(57) .
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Monitoring the............. non 2.4.6-tribromomerityUne

lithium

2.4 ,6-Tribromomesitylene (1.071 g, 3 mmoles) was dissolved in dry

benzene (20 m1l) and cooled in ice. Methyllithium (3 mmoles) was added
over 2 minutes and immediately after addition, an aliguot (1 ml) ot sol-
ution was withdrawn and 1injected into 2M HC1 (2 ml) . This was then

shaken up with a benzene / diethyl ether solution and the organic layer

analysed by glc. Meanwhile, the 1ice bath was removed and the solution

heated to 25°C. Further samples were withdrawn at 5, 11, 16, 20, 37,

60 and 100 minutes after mixing of the two reactants. Glc analysis of

the samples showed that some lithiation had occurred within 5 minutes

but the starting material was still the major species present for the

first 30 minutes. Co-injection of the starting material with the tam-

ple taken after 100 minutes showed that a small amount oi starting mat-

erial was still present.

EXPERIMENTAL PROCEDURESREh/Vt ING TO CHAP IhR 2.7

Reaction between 2.4.6-tribromophenol and insufficl enc”ethyllithium.

To an ice-cold solution of 2,4 ,6-tribromophenol (1,65 g, 5 mmoles)

in dry diethyl ether (10 ml) was added methyllithium (7,5 mmoles) ever

3 minutes. The solution was then heated and refluxed for 5 hours be-

fore quenching and working up in the usual manner. The products were

separated on column A using SOLVENT SYSTEM A to yield as the major pro-

duct

2.2:2"-trihydroxy-3.T".'S. 5 5,,~pentabromo-tr, -terphe nJ. (34) (602 mg)

which was recrystallized from benzene / acetone to yield tiny clusters

of crystals, m. p. 207 - 208°C. The compound was analysed by its spec-

tra only.
m9.

Peaks at m/e 678/676/674/672/670/668(100)598/596/594/
592/590(25)516/514/512/510(57)354/352(28) 126/ (46)125(29)

82(54)80(57) .
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1R v (KBr) 3400 (br,s,0-H)1600 (w) 1535 (w)1440(s) (Ar C-C)

1370(011 aeform) 1200 (m,C-0) 840(s, 1 free Ar H, .

NMR ((CD,),CO) 6 7,72 (d(2H)AY u-4 ,5-a» ,J4 6-3H=)7,19(s(2H)Ar H-V ,11-

7,42 (d(2H)Ar 6=3Hz) 6,20 (s (3H)Ar-0H, peak

disappears in D"O) .

Reacr ion between 2 .4-dibromo-6-methylphenol and

2 ,4-dibromo-fi-methylphenol (0,798 g, 3 mmoles) in diethyl ether
(7,5 ml)

was cooled in ice and stirred rapidly while methyl Lithium (6

mmoles) The solution was then heated to re-

was added over 3 minutes.

flux for 5 hours before the reaction was quenched with aqgqueous acid.
The products were separated by column chromatography according tu the

general procedure using SOLVENT SYSTEM A to yield 49% (0,391 g) of the

starting material and 2-methyl-4-bvomophenol (0,202 g) which was puri-

fied by sublimation at 30°C and 0,05 mm 1llg and identified by its 1R and

m.p. (63 - 64°C) which wa-. undepressed when admixeu with the 4-bromo

2-methylphenol obtained previ -usly. The 4-bromo-2,6-dimethylphenol

obtained was identified only by its Rf on

TLC and by co-injection on

glc with fully characterized material, as was the biary! product.

Reaction between 2 , 4 ibromophenol, 2r4-dibromo-6-ethylphenol and

methyllithium.

2,4 ,6-tribromophenol (1,65 g, 5 mmoles) and 2,4-dibromo-6-ethyl-

henol (1,40 g, 5 mmoles) were weighed into the reaction flask. The

flask was then flushed gently with nitrogen and sealed with a rubber

septum before diethyl ether (15 ml) was added. After cooling the flask

in ice, methyllithiurn (15 mmoles) was added and the reaction was then

heated to reflux for 5 hours. The reaction was quenched, worked up
and the products separated in the usual manner. The products were

identified by their Rf value on TLC in benzene + ethyl acetate (9 + 1),
RT on glc, and mixed melting points with the known compounds. The fol-

lowing compounds were obtained:-
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(1) 2 .A-dibromo-6-ethylphenol (1,228 g) was distilled undcn reduced
pressure and an IR spectrum run which was found to he identical to that

of the starting material.

(i) A-brQtno-2-ethvl—6-methylphenol (111 mg) was recrystallized from

hexane + benzene (3 + 1), m.p. 44°C. It was analysed by its spectra
only.
ms-— Peaks at m/e 216 /214 (100 M+)201/199(94)135(46)115(17)

92(43)91(38)77(17)

IR v (KBr) ss00 (s,0 ~H)2960,2920,2870 (w,CH2,CH3) 1470 (m,
Ar C-C)1310(tn,0H deform) 1190 (s,C-0) 1010 (m,C-H in-plane)
960 (m, 1 free Ar H)

NMR (CDC13) 6 7,31 (s(lH)Ar H-5)7,19 (s (IH)Ar H-3)4,35(br s(lH)Ar-0H,

peak disappears in D"0) 2,60 (gq(2H) Ar-CH"-CH" ,J"-THz)
2,24 (s (3H)Ar-CH))1,23(t (3H)Ar-CH2-CH3 ,J=7Hz)

(iii) 4-bromo-2-ethylphenol (58 mg) was purified from the biaryl pro-

duct by distillation under reduced pressure at 80°C at 0,3 mm Hg.

(Lit.b.p.3 - 110°C)
ms . Peaks at m/e 202/200(97,M+)187/185(100)121 (36)91 (19)

78 (41) 77 (33) .
1R v (film) 3400(s,0-H)2960,2920,2860 (w,C-H)1600 (w)1480
(s) (Ar C=C)1400(m,0H cez0:xn) 1240(0-0)1100(s,C-H in-p ne)

870(m, 1 free Ar H)800 (s, 2 adj.H).

(iv) 5.5'-dibromo-2,21-dihydroxy-3.3"'-dimethylbiphenyl ( > mg)

(v) 2.2'" -dihydroxy-3-methyl-3'.5.5'-tribromob”henjrl (73 mg)

( 1) symmetrical biaryl (14) (144 mg) and

(vli)unsymmetrical biaryl (15) (20 mg) products were also obtained.

All were characterized after recrystallization by their m.p..mixed.m.p.

and IR spectra.
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C. Experimental Procedures Relating r— %

Reaction between 2-bromophenol and n-butyllithmm with the addition

of methyl iodide.

To an ice-cold solution of 2-bromophenol (0,493 g, 2,84 mmoles) in

diethyl ether (8 ml) was added n-butyllithium (5,68 mmoles) . The ice

bath was removed and the solution stirred at room temperature (25 C)

for

one hour. Then methyl iodide (56,8 mmoles, 3,6 ml) in diethyl ethei
(10 ml) was added dropwise over one minute and the reaction was then
heated to reflux for 5 hours before gquenching. After work-up, the pro-
ducts were separated on the usual column ( see general procedures ) using
SOLVENT SYSTEM A. The first compound to emerge from the column was
2-iodophenol (200 mg) which was purified by distillation at 60 t and
0,1 mm Hg. The ligquid crystallized on cooling, m.p. 38 - 39 C (Lit.
m.p. 43°G) It was analysed by its spectra only.
ns . Peaks only at m/e 221(8)220 (100 ,M+)93(35)and66. (51)
IR. VHBX(KBr)3200(br,m,O—H)157O(m)3442(s)(Ar OC)lZiS(m)

1125(m) 1040 (m)1018(s) (C-H in-plane)745(s. 4 adj .Ar H)
NMR (CC1/0 6 7,48(d(1H)Ar 11-3, . =7Hz)7,08(dd(IH)Av d-5,JJ"-SHz,

J/ r=PHz) 6,80 (d(IH)Ar*H-6, f 1iiz, 6,48 (dd(1H)Ar H-4,

J3'a=7Hz,J4 5%“9Hz)5,00 (s (1lH)Ar-ral)

2-methylphenol (98 mg) and phenol (23 mg) were also obtained Icom the
reaction. Both were identified by their IE. spectra only hich were
shown to be identical to that of authentic 2-methylphenol and phenol

respectively.

To n-butyllithium (6 mmoles) in an iced reaction flask was added

2-fluorophenol (0,373 g, 3 mmoles) in diethyl ether (5 ml). The resul-
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tant solution was stirrud at 2S°C for 5 hours before re-cooling in ice

and methyl iodid, (3,67 ml, 60 mmoles) in diethyl ether ml) -s , <<

over 10 minutes. The reaction vas heated to reflux for O

quenching. The product was driel on to srlica gel (1 S> B"d loaded on

the top of a prepacked column of silica gel (30 g, 21 mm diameter) and

eluted with benzene (50 ml); benzene * ethyl acetate (Id * » 50 c¢" '

(9 + 1) 100 ml, to obtain two new compounds and recover some of the

starting material.

(1) o w yl-l-iodophenol (70 mg) was obtained pure and crystalline

from the column on removal of the solvent,

m.p. 43,'/ C.
ms

pcaks at m/e 277(36)276(85)246(6)234(41)233(100)220J5)

149(12)121(16)108(18)107(57)106(19)91(25)79(26)78(76).

NMR (CCl,) 6 7,30 (dd(1H)Ar

(<"
J, .6Hx) 6,58 (d,Ar H-6,,4 "SH:)

The upfield peaks of

the last two protons are co-incident. The resultant

3 peaks integrate for 2 protons. 6 4,68 (s (1lH)Ar-0OH)
2,73 (t(2H)Ar-CH2-CH2- M ,5(m(4H)Ar-CH2-CH2-CH2-CH3)
0,97 (£t (3H)R-CH2-CH3)

The sample was dehalogenated over Pd(0H)2 on C*CO, to obtain 2-

butylphenol. This was purified by distillation at a reduced pressure.
Its 1R and NMR were run and shown to be identical to that of the 2-n-
butylphenol obtained previously (see pg.101).

(1i) 3-n-butvl-2-iodophenol (14 mg) was analysed by its mass spectrum

Peaks at m/e 277 (24)276(100,M+)247(21)235(20)234(85)
233(77)190(8)175(11)151(7)149(25)121(24)120(33)107(100).

91(28)79(21)78(59)77(57)73(56)

It was hydrogenolysed and purified as for 2-butyl-3-iodophenol to

obtain just sufficient material to run an Ik film which was shorn to be

Identical to that of the 3-butylplicnol obtainjd previously.
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EXPERIMENTAL PROCEDURES RELATING TO CHALl'TER 3.2

Reaction in Oxygen-Croo Atmospliei e .

The diethyl ether used was dried in the usual manner over CaCl” and
then sodium added but now benzophenone was added to the diethyl ether
standing over sodium wire and the ether was distilled off ftom the re
suiting solution onto molecular sieve (dK). A two-bulbed reaction flask
was employed. Into the lower bulb the methyllithium solution (10 mmoles)
was introduced via a rubber septum. In the upper bulu the 2,4,6 tri
bromophenol (5 mmoles) in diethyl ether (10 ml) was added. The contents
of both bulbs were frozen solid in liquid nitrogen before evacuating the
system with a high-vacuum pump. Once the minimal pressure had been ob-
tained, the system was closed and the solutions warmed to room tempera-
ture. The gases present in the solutions bubbled out on warming. The
cooling and evacuating procedure was repeated 3 to 4 times until no more
gas evolved from the solutions on warming. The lower bulb was then
cooled in ice and the contents of the upper bulb gradually poured into
the lower. The combined solutions were then heated to reflux for 5 hours

before work-up in the usual manner.

Reaction in the Presence of Oxygen.

The method was as for the general procedure but instead of high

purity nitrogen, medical air (79,9% nitrogen, 20% oxygen) was used.

EXPERIMENTAL PROCEDURES RELATING TO CHAPTER 3.3

Reaction between 2,4,6-tribromophenol and Methyllithium with the

Addition of Galvinoxyt.

To an iced solution of 2,4,6-tribromophenol (1,665 g, 5 mmoles) in
diethyl ether (18 ml) was added methyllithium (10 mmoles) dropwise over
3 minutes. The solution was stirred at 0°C for 30 minutes before gal-

vinoxyl (0,15 g, 0,356 mmoles) in dry benzene (10 ml) was added. The
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colour of the solution went Jiom deep purple to light yellrw within 5
minutes. The ice hath was removed and the reaction solution allowed
to come to 25°C. Thirty minutes later the reaction was quenched with
the calculated minimum amount of water. Aluminium oxide (17,5 g) was
added to the solution which was then refluxed for half-an-hour before
cooling, filtering and working up in the usual manner. The products
were separated by column chromatography on silica gel using SOLVENT
SYSTEM A. The .'irst fraction (145 mg) contained mainly one new com-
pound, This fraction was re-chromatographed on a silica gel column
(10 g, 15 mm diameter) eluted with hexane + benzene (3 + 1) 20 ml;

(1 + 1) 24 ml; (L + 3) 20 ml. Two-and-a-half ml fractions were col-

lected. One major product was obtained.

1,1-di-[3,5-bis(l,1-dimethylethyl)-4-hydroxyl phenylethane (45) was
recrystallized from pet. ether (40 - 60 C) to yield 1light yellow crys
-tals, m.p. 156°C.
Analysis: Calc, for C , C, 82.2; H, 10.56

Found; C, 82.37; H, 10.43.

ms. Peaks at m/e 439(54)438(92,M )424(84)423(100)381(28)
379(30)234(35)233(92)204(35)190(26)149(52)57(92)

IR. P 3600 (s, non-bonded 0-H) 3400 (br,s ,011) 2940 (s) 2845 (m)
(C-H) 1445 (in) 1425(s) (Ar C=C) 1350 (m,OH deform) 1?20 (s,C-0)

1145(s)1135,1105(m) (C-H in-plane)865(m,1 free Ar H) .

NMR (CDC1 .j) 6 7,04 (s (4H) Ar-H) 5,00 (s (2H) Ar-0Ii) 3,95 (gq( IHJCH"-CH, J*8Hz)
2,62 (d(3H)CH3-CH,J-8Hz) 1,41 (s (36H)C-(CH3)3) .

EXPERIMENTAL PROCEDURES RELATING TO CHAPTER 3.4

Preparation of 2-lithioorcinol dimethyl ether.

Tb an ice-cold solution of 2-bromoorcinol dimethyl ether (1,155 g,
5 mmoles) 1in diethyl ether (20 ml) was added n-butyllithium (5 mmoles),
The ice bath was removed and the solution heated to reflux for 20 hours.

- SOLUTION I.
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Preparation of 2,6-dibromo-4-methyl-N,N-dllithiocanilire

2,6-Dibromo-4-methylaniline (1,325 g, 5 mmoles) in diethyl ether
(8 ml) was cooled in ice and n-butyllithium (10 mmoles) was added drop-
wise to the solution. This was stirred at 0°C for 20 minutes before
solution I was added. The mixture was then refluxed for 5 hours be-

fore quenching. The only new products obtained were;-

() 2-bromo-4~methylaniline which had been prepared previously. Thus,

this compound was identified by its IR spectrum (KBr) which was shown

to be identical to that obtained previously. Its m.p. (26 C) was un-
depressed when it was admixed with the previous sample. The two com-
pounds also had identical values on TLC in benzene + ethyl acetate
(9+1) .

(ii) 2,2'-diamino-3-bromo-5,5"'-dimethylbiphenyl (124 mg) which was a
solid. It was recrystallized from benzene / hexane, m.p. 108 C.
Analysis: Calc, for "j4>*15"27r* * o7 9.6l

Found; C, 58.4; H, 5.29; N, 9,43.
ras. Peaks at m/e 292/290(50)211(17)200(18)196(19)195(28)

194 (23)152(18)151(33)106(24)105(70)104(29)94(100)91(62).

IR. v (KBr) 3420 (m)3336(w)3276(m) (bonded and non-bonded
N-H)2910 (w,C-H)1616(s,N-H deform,1° amine)1501,1466,

1447 (s,C=C)807(s,2 adj Ar H)851(s,1l free Ar H)

NMR (CDC1 ,) 6 7,36 (imp s(lH)Ar H-4)7,12(dd(lH)Ar H"4', Jdg,
j, , £,-2,5Hz)7,00 (imp s (2H)Ar H-6,H-6')6,78(d(:iH)Ar H-3'
J ~ "/1-8Hz) 4,09 (br s (2H)Ar-NH2) 3,60 (br s(2H) Ar-NHJ)

2,25 (s (6H)Ar-CH_3)

Reaction between 2-lithioanisole and 2,4,6-tribromophcnol.

A solution of 2-bromoanisole (1,122 g, 6 mmoles) in diethyl ether
(10 ml) was cooled in ice before adding n-butyllithium (6 mmoles)
The ice bath was removed and the solution stirred at 23j ¢ lor I hour.
Then the reaction flask was again cooled in ice and a solution of 2,4,6-
tribromophenol (0,993 g, 3 mmoles) in diethyl ether (8 ml) wa:- added

rapidly from a syringe via a rubber septum. ihe solution was heated
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to reflux for 16 hour, before gquenching and working up when 4 main pro-

ducts were obtained.

(" o a-aihrnmophenol (69 mg) was purified by microdi,filiation -t 55 -

60°C at 0,3 mm Hg and crystallized on cooling; m.p. undepressed when

mixed with authentic material, IR spectrum shown to be identica.

of 2,4-dibromophinol.

(ii) i S-dibromo-2-bvdroxv-2'-methoxybiphenyl (1.34 mg) was tin

in the rear of the microdistillation tube after removal of M-dibromo-
phenol. It was recrystallized from acetone / diethyl ether, m.p. o
Analysis: Calc, for C ~ B r ~ , C, 43.75; H, 2.79

Found; C, 44.08; H, 3.12.

Peaks at m/e 360/358/356(100)264/262(26)248/246(13)199(43,
198 (14) 183(16)170(19)161, (16)155(41)139(20) 127(22)126(28)
99(19)63(25)

- (KBr) 3400 (s,0-H)2950,2875 (w,C-H)1598,1580 (w) 1495,

i%5S(m) (Ar C.C)1240(s,C-0)1220(s)1115(m)1010(s) (C-H in-
plane)800(m,l1 free Ar H)750(s,4 adj Ar H)

NMR ((CD3) 2CO, 6 7,6 - 7,05(m(5H)Ar ,u-4+ H-5" ,M-6",7,73(d(1lH)

Ar #-4.J4 6-3Hz)7,90(s (1lH)Ar-0H, peak disappears in )

3,85 (s (3H)Ar-0CH3)

(iid) 3.315,51-tetrabromo-2.2’-dihydroxybiphenol (161 mg) wao pu

by sublimation and recrystallized from CHCl,, m.p. 206 - 20/ C, and was

analysed by AN/ M0 /498 (100/)344/342/340(82)

278/276(15)263/261 (11) 235/233(19) 172/1/HM ,32)144 (24)
126(24)125(20) .

IR y (KBr) 3400 (br,0OH)1585,1550(w) 1460 (s) (Ar 0*0)1240
(C-0) 1150 (m,C-H in-plane)865(s,1 free Ar 1II).

NVR. ((CD3) 2CO) 6 7,80 (d(2H) . cica o m-a A=2 ,5Hz) 7,45(d (211) Ar H-6.H 6

J (=2,5Hz)3,87 (br s,Ar-0H)
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(iv) 3(5>5,—tribromo—2>2,—dvhydroxy—Z"—inelhn>:y—m—1oqﬁfnﬂ/[_(50) (65 rag)
was recrystallized from benzene / hexane / acetone, ra.p. 220 - 221 C.
ms. Peaks at m/e 532/530/528(100)370/368(25)274(15)

226/225/224(23,M2+)197C18) .

TR< \ (KBr) 3500 (s, 0-H)2950(w,C-H)1585,1555(w) 1500 (m) 1468,
roBX e
1450(s) (Ar C=C)1220(s,C--0)1180(m)1020 (m,C-H in-plane)

870(ra,1l free Ar H)760(s,4 adj Ar H) .

NMR ((CD3) .CO0) 6 7,80(d(1lH) Ar H-4, ~ 3Hz) 7,57 (d(1lH)Ar ~"-3Hz)
7,51 (s(2H)Ar H-41,H-6"')7 ,4 - 7,1 (m(4H)Ar H-3",H-4",H-5",
H-6")~7,4 (br s,Ar-0H, reduction in peak size in D"O)

3,91 (s (3H) Ar-OCH3)

Reaction between 2~lithiuraphenol~0O~lithiate and 2,4,6~tribromophenol

To an ice-cold solution of 2-bromophenol (1,038 g, 6 mmoles) in
diethyl ether (10 ml) was added n-butyllithium (12 mmoles) dropwisc.
The ice bath was replaced by an oil bath and the reaction heated to re-
flux for 17 hours before quenching with aqueous acid and working up in
the usual manner. The resulting oil (1,30 g) was dried on to silica gel
(4 g) and the products separated by column chromatography on the standard

column using SOLVENT SYSTEM A to obtain:-

(1) 2-bromophenol (410 mg) which was distilled and its IR spectrum (film)

shown to be identical to that of authentic 2-bromophenol.

(i) Phenol (210 mg) which was recrystallized from water, ra.p. 43 °C,

undepressed when admixed with authentic phenol.

(1ii) 5-bromo-2,2"'-dihydroxybiphenyl (135 mg) was recrystallized from
hexane / benzene, m.p. 114 - 115 C.
Analysis: Calc, for C”"H"BrO, C, 5/ .88; H, 3,61

Found; C, 57.35; H, 3.23.

ms. Peaks at m/e 266/264(80)185(100)184(98)157(40)156(72)
139(42)131(37)129(48)128(63)127(33).

JR . v (KBr) 3300 (br,0-H)1580(w)1480,1440(s) (Ar C=C)1200

(C-0)880(m,1 free Ar H)800(s,2 adj Ar H)740(s,4 adj Ar H)
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NMR CCCD.KCO) 6 7,5(d,Ar H-6.J -2,5Hz)7.47W ,Ar 5Hz,

3 7,30(dd,Ar H-t.J, ,-7 ,5Hz,J4~-2,5Hz) 7,2 - 6,9<m,Ar B-3

l4

H-A ' ,H-5',H"6") (area under 7,5 - 6,9 = 710 8,20(6:s,

Ar-OH, peak disappears in DZ20)

(iv) 3.5-dibromo-2.2’'-dihvdroxybiphenyl (25 mg) uas recrystallized from

hexane / benzene, m.p. 174°C. It was analysed by its ms and 18 spectra

only,

Peaks at m/e 346/344/342(33 X>266/264(27) 185(39) 184 (100)
ms.

157 (1A)156(23)155(19)128(36)127 (20).
ip y (kr) 3300 (br,0-H)1A60,1430(m,Ar c=c)1380(s,C-0)

1200 (0-H deform)865(m,1 free Ar H)780(s, 4 adj Ar H).

(v) 5.5'-dihromo-2.2 2 "-trihydroxy-m-terphenyl (57) (HO mg) war recrys-

tallized from CHC1 / benzene / acetone, m.p. 236 - 237 C.
Peaks at m/e 438/436/434(WO)277(23)276(99)259(16)258(57)

248(26)247(23)189(21)148(25)139(20)100(20)78(43) .

1R> y (KBr) 3250 (br,0-H)1570(w)1495(s)I460 (m) (Ar C=C) 1390
(s,C-0)1200(s,0-H defrom)860(m,1 free Ar H)815(a,2 adj

Ar H)750(s,4 adj Ar H)
NMR ((CD.),CO) 6 7,5(br s(3H)Ar-0H, reduction in integral o, aromatrcs

when spectrum rerun in D20)/,56(s,Ar H-4 ,H-6 )7,6 7,3

(m.Ar H-3",H-4",H-6")7,2 - 6,9 (m,Ar H-3,H-4,H-5,H-6)

Reaction b-tween 2-1ithiocanisole .indJI-Hthiate.oX1jilxl"LL-

bromophenol.
A two-bulb reaction flask was employed. To a -cold solution
of 2-bromoanisole (0,516 g, 3 mmoles) in diethyl eV 10 ml) in the

lower bulb was added n-butyllithium (3 mmoles). The ice hath was re-

moved and the solution stirred at 25°C for one hour. In the upper bulb

a solution of 2,4 ,6-tribromophenol (0.993 g, 3 mmoles) in diethyl ether

(5 ml) was introduced. After the solution in the lower bulb had been

stirring for 55 minutes, n-butyllithium (3 mmoles) was added to the now

iced tribromophenol solution via a rubber septum. Five minutes after

this addition, by tilting the apparatus, the O-lithiate of 2,4,6-tri-
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bromophenol run slowly Into the cooled solution of the 2-Uthioa,i-

sole 1in the lower bulb. The ice bath was removed and the reaction m

ture was heated to reflux for 21 hours before quenching and work-up.

The product (0,7 ,) was dried on to silica gel (2 g,, loaded on to a pre-

packed column of silica gel of the usual dimensions and eluted with

VENT SYSTEM A to obtain 19% of 2,4-dibrcmophenol and only 10% of the bi-

acyl 3 5-dibromo-2-hydr=xy-2'-methoxybiphenyl. Both products were iden-
tified'by their 1R spectra and their m.p. which were undepressed when

these products were admixed with the identical compounds obtained from

the previous reactions.

n..ctl,n between 'i.bi,.,nisole and 2,4" ,jtribromo-3-methylphenol.

2-Bromoanisole (0,374 g, 2 mmoles) was dissolved in diethyl ether
(5 ml) and cooled in ice. While stirring vigorously, n-butyllithium
(2 mmoles'; was added. The ice bath was removed and the solution st.rre

at room temperature for one hour before re-cooling to 0 C and adding t e

2 4 6-tribromo-3-methylphenol (0,345 g, 1 imnole) in diethyl tth.r
t L "solution was then heated to reflux and left for 18 hours before quen-
ching. The product of the reaction

(0,40 g) was driedon to silica ge.

(1 g) and loaded on to the standard silica gel column.

The column was
eluted with SOLVENT SYSTEM A.

Only the major product of the reaction
was investigated.

3 .5-dibromo-2-hvdroxy-7"'-methnxv-A-methylbiphenyl. (155 mg, 48%) was

recrystallized from CHCI3 / EtgO to yield white needles, m.p. 147,5

148°C.

Analysis: Calc, for c”4Hi2,)T'2°2* <7 %20’
Found; C, 45,41 ; H, .99.

g Peaks at m/e 374/372/370(100)278/276(18)213(8)212(32)
211(9)190(23)184(18)183(11)169(17)168(9)152(16)141(10)
139(15)115(11)106(12) .

R \Y (KBr) 3365(br s,0-H)2915,2830(w,C-H)1592,1575 (w)
1%$2S,1455(m) 1441 (,) (Ar C.C)1H5(w)1010(s) (C-H in-plane)
880 (m,L free Ar H)746(s,4 adj At H)

em (CDCC) 6 7.50(. (HW H-6)7,45

- 7.05(m(4H)Ar tl1-3'.t,-4'.g-5\

H-6')6,43 (s (1L10Ar-0H, pea:' disappears tn D20)3,90 (s

Ar-OCH,)2.63 (s (3H)Ar-CH )
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A second NMR run on the mother liquor from the recrystallization

of this compound showed two -CH, peaks suggesting that some of the more

hindered isomer, 3 ,s-dibromo-:-hydroxy-: ""nethoxy-s-methylbipheny], was

also formed during the reaction.

This reaction was repeated on a quarter of the scale to obtai, as

the major product again the 3,S-dibromo-2-hydroxy-2'-methoxy-4-methyl-

biphenyl (50%).
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D. sxperinencta1 Vrocedvires Relating to Chapter 4.

action between 4-Methvlbenzyi alcohol ana A-eronio " “"rr "o ”*tot”

To an ice-cold solution of 4-methylbenzyl alcohol (1,22 g, 0,01

moles) in diethyl ether (20 ml) was added n-butyllithium (0,02 moles)

over 5 minutes. The so.ation was heated to reflux for 30 hours before

the dimethyl ether of 2-bromoorcinol (0,01 moles) in diethyl ether
(6 ml) was added. The mixture was refluxed for a further 40 hours be-
fore quenching and working up the reaction. The product (3,3 g) was

dried on silica gel (7 g) and loaded on to the top of the usual color i

which was eluted with pet. ether (40 - 60°C)+ benzene (1+9) 100 ml;

(1 + 19) 100 ml; benzene + ethyl acetate (19 + 1) 250 ml; (9 + 1) 250

ml; (4 + 1) 250 ml,to obtain,

(1) 2-bromo-4-methylbenzyl alcohol (216 mg) which crystallized on ~

removal of the solvent and was recrystallized from pet. ether, m.p. 43
Analysis: Calc, for CgHgBrO, C, 47.7; H, 4.48,

Found; C, 47.4; H, 4.48.
ms. Peaks at m/e 202/200 (M+,56)121(91)93(100)92(53)91(89)

IR v (KBr) 3240,3120(s,0-H)2280,2820(w,C-H) 1590 (m)
1545(w)1475(s,Ar C-C)1200(C-0)1040,1015(s,C-H in-plane)
795(s , 2 adj.Ar H) .

NMR (CDC1 ) 6 7,27(d(1H)ri-3,J3>5-2Hz) 7,08 (d(1H)H-6,J5i6-7Hz)

6,94 (dd (1H)H-5,J3 572Hz,J5~=7Hz) 4,60 (s (2H) CH20H)

2,38 (br s (1H)-CH20H) 2,25 (s (3H)Ar-CH3).

Two hundred milligrams of 2-bromo-4-methylbenzyl alcohol were oxidised
190

with 70% nitric acid to

2-bromo-4 -methylbenzaldehyde which was purified on a silica gel column

(8 g, 1,4 mm diameter) eluted with benzene + ethyl acetate (4 + 1),

m.p. 31 C (Lit.m.p. 3u - 31 Q)
m8 . Peaks at m/e 200/198(66)199/197(100)171/169(28)91(43)
90(73)89(57) .

C
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n (KBr) -2900(br s.c-s) 1660(00)1580(m) U70(v) (Ar C-C)
max

1020 (C-H in-plane)820(2 adj.Ar H).

NMR (CC14) 6 10,12 (s (1H)Ar-CHO)7 ,66(d(lH)Ar H-Su”"SHz)

7,32 (s(1H)H-3)7,10 (d(1H)H-5,J5>»8Hz) 2 ,A7 (s (3H) Ar—-CH3)

The identities of the dimethyl ether of orcinol and the two start-

ing materials were proved by their ms, mixed m.p. (where applicable) and

IR spectra.

EXPERIMENTAL PROCEDURES RELATING 10 CHAPTER 4"272"

Attempted Preparation of the Methoxymethyl ether of 4-methylbenzyl

alcohol.

A solution of 4-methylbenzyl alcohol (2,3 g, 17 mmoles) in dry

toluene (15 ml) was stirred vigorously while sodium hydride (0,42 g,

17 mmoles) was added followed by chloromethyl methyl ether (1,28 ml,

17,5 mmoles). The resultant solution was stirred at room temperature

for 6 hours before filtering and removing the solvents by distillation.
The two products were separated by column chromatography on the stan-

dard column by eluting with pet. ether + benzene (1 + 1) 100 ml; (1 + 4)

250 ml; (1 + 9)250 ml: (1 + 19) 250 ml;benzene + ethyl acetate (1+1)

250 ml.

(i) bis (4-methylbenzyloxy)methane (60) (1.61 mg) was a sweet-smelling

solid, m.p. 34°C.

ms . Peaks at m/e 256(8)151(20)136(12)134(9)133(8)122(18)
121(54)120(21)119(54)107(52)106(100)105(81)104(47)103
(48)93(48)92(22)91(50) .

IR v (KBr) 3020 (w)2970(m)2900,2840(s) (C-H)1600 (w) 1500,

1450 (m) (Ar C=C)1080,1020(br s,C-0)790(s,2 adj Ar H) .

NMR (CDC13) 6 7,11(8(8H)Ar-H)4,74 (s (2H)-0-CH2-0-)4,54 (s (4H) Ar-CH2-0)

2,31 (s(6H)Ar-CILj) .
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(ii) The methoxymethyl ether uf 4-meChylbenzyl alcohol, (0,42 g) vas

a yellow liquid which decomposed on mirrcdistillation at reduced pressure
Analyses were carried out on the chroiratographically pure product.
ms . Peaks at m/e 166 (M+,18)151(13)134(40)121(43)119(93)

107 (93>106(100)93(34)91(93)79(43)78(32)77(57)

NMR (CDC1j) 6 7,14 (s (4H)Ar-H) 4,64 (s (2H)"0-CH2-0-)4,51 (s (2H) -0-CH2-Ar)

3,38 (s (3H)CtI7-0-CH3) 2,31 (s (3H)Ar-CH3)

Monitoring the Rate of Lithiation of the Methyl J ther of 4-Methylbenzjrl

Alcohol.

n-Butyllithium (1 mmole) was added to an ice-cold solution of the

methyl ether of 4-methylbenzyl alcohol (0,136 g, 1 mmole) in diethyl

ether (5 ml). The solution was then heated to reflux and samples were

taken at 5 hourly intervals. TLC of the quenched samples in benzene

suggested that the compound had broken down to the starting material

plus some other compound that was not examined further.

Reaction between 4-Methylbenzoic Acid and n-but”lHthum to which Methyl

lodide was added.

To a solution of 4-methylbenzoic acid (0,68 g, 5 mmoles) in diethyl

ether (8 ml) cooled in a dry ice / acetone bath was added n-butyI lithium

(5 mmoles) over 3 minutes. The reaction was stirred at this tempera-

ture for 4 minutes before methyl iodide (2,54 ml, 40 mmoles) in diethyl

ether was added. The resulting solution was stirred at -75 C for a

further 20 minutes before refluxing for 1 hour, gquenching and wor ing

up the reaction. The product (0,75 g) was dried on to silica gel (2 g)

and loaded on to the top of column A (see p. 94 ) which was eluted with

benzene, 250 ml, and enzene + ethyl acetate (19 + 1) 500 ml. Two main

products were obtained which were analysed by their spectra only.

(1) butyl p-tolyl ketone (270 mg) was purified by distillation and

crystallized on cooling, m.p. 20 C (Lit,m.p. 71 ().
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Peaks at m/e !76(M£.9)135115)134(91)120(32)119(ig0,

M*-C4Hy)105(9)92(21)91(94)90(12)89(20)

[R v (film) 3020 (m)2955,2920,2870(s) (C-H) 1690(s,00)

1610,1570,1465,1410 (a,Ar C=C)810(s, 2 adj Ar H)

sm (CDCl-) 6 7,67 (d(2H)Ar H-2,J2?3*8Hz)7,05(d(2H)F-3,J2

2,78 (t(2H)-C0-CH?-CH3)2,30(s (3H)At-CH3)1,80 - 1,20

(m (4H) —-CH2CH23U2CH3) 0, 9 (imp. t (3H)-GH2CH3)

(ii) methvl p-tolyl ketone (228 mg) was also purified by distillation

at 70°C and 1 mm Hg. (Lit.b.p.”2 ~1"

ms . Peaks at m/e 135(M>1,5)134(42)120(8)119(86)92(14)91(100)

90(8)89(14)

1R v (film) 3030,3000,2950,2920(m,C-H)1680(s,00) 1610 (s)

1575,1435,1410(m,Ar C=C)810(s, 2 adj Ar H)

NMR  (CC14) 6 7,68 (d(2H)Ar H-2,32"3=8Hz)7;03 (d(2H)Ar H-3 ,J2>3=8Hz)

9 /,n(s(311)-CO-CHJ2,30 (s (3H)Ar-CH )

Reaction to Monitor the Rate of Lithiation of 2,4 ,6-Tribromoorcinol

Dimethyl licher.

To an ice-cold solution of the dimethyl ether of 2,4,6-tribromo-

orcinol (0,156 g) in diethyl ether (10 ml) was added an equivalent

amount of n-butyllithium. The mixture was maintained at 0 C and sam-

ples for glc analysis were withdrawn at half hourly intervals for 2

hours, quenched in aqueous acid and shaken up with benzene / ether.

Only the organic phase was analysed. A solid appeared 1in the reaction

flask after 20 minutes which was still present after 2 hours when the

entire reaction was quenched and worked up to obtain:

7,A-d'hromo-3.5-dimcthoxytoluene which was recrystallized from ethanol,

170 5 - 171°C. The literature consulted cited the melting point
m.p« 101 ’
of the 2,4-dibromo isomer as 161V * and the 2,6-dibromo isomer as

80°c192 Assuming the latter to be a printing error as it seemed un-

likely that the two isomers could exhibit such vastly d.Herent melt-



— 136 —

ing points, the sample was initially taken to be 2,6-diUromo-3,5-di-
methoxy toluene and this conclusion was supported by the NMR spectrum
(vide infra) which showed a single sharp pﬁg% for the supposedly iden-
tical methoxyl groups. A later reference to the 2,4-dibromo isomer
quoted the melting point as 168 - 169°C and the biaryl products (63)

and (64) from the reaction confirmed that the 2-1lithio-4,6-dibromo-3,5-
dimethoxytoluene is formed on lithiation of the dimethyl ether of 2,4,6-
tribromoorcinol.

ms. Peaks of ]>10% abundance at m/e 312/310/308(100.M )269/

267/265(33) and 198/196(14) only.

IR. \4 (KBr) 2960 (m)2820(w) (C-H)1560,1440,1410(s,Ar OC)
max

1200(s, C-0)1070,1040(s,C-K in-plane)930(m,1 free Ar H)

NMR ((CD"”CO) 6 5,93 (s (L.LH)Ar-H)3,24 (s (6H)Ar-OCH") 2,64 (s (3H) Ar-CH")

dibromo-4-methylaniline.

To a chilled solution of the dimethyl ether of 2,4,6-tribromo
orcinol (3,112 g, 8 mmoles) in diethyl ether (20 ml) was added n-bulyl-
lithium (8 mmoles) . After stirring the solution at 0 C for 1 hour,

2 ,6-dibromo-4-methylaniline (0,530 g, 2 mmoles) in THF (10 ml) was added
The resultant solution gradually went a deep red on heating to reflux.
The reaction was quenched after refluxing for 52 hours. The products
were separated on the standard column (see p. 94 ) using SOLVENT SYSTEM

A. Two major biaryl products were obtained.

(1) 3.5.5*trihromo 2,2)4,4'-lot raiethoxy-6,61-dimethyIbiphenyl (63)
805 mg),was recrystallized from ethanol, m.p. 173,5 - 174 C.
ms. Peaks at m/e 542./540/538/536(8)462/460/458(8)220(10)

219(56)177(32)176(97)134(100) .

IR. \4 (KBr) 2930 (m)2830(w) (C-H)1593(m)1566,1450(s) (Ar C=C)
max

1200(00) 1080 (s, C-H in-pl ane)939(m, 1 free Ar H)
NMR ((CD"),CO) 6 6,89(s(lH)Ar-H)4,01(s(3H)Ar (C2)-0CH3)3,R3 (s (3H)

Ar(C2"'y-0OCM ()3.47;3,46(both s (6H)Ar (C4)-0CH3,

Ar (C4'")-0CH (2,78 (s (3H)Ar (C6)-CH")2,69 (s (3H)

Ar (C6 ')-CH ()
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(it) 3,3'-dibromo-2-tetramethoxy-A )6-dimethylbiphcnyl (64) (320 mg)

was recrystallized from benzene / hexane. / ethanol, m.p. 205 - 206°C.

ms. Peaks at m/e 462/460/458(100)351/349(17)350/348(27)
300(15)219(12)176(43)150(5)149(17)134(32)120(21)
119(16)105(21)91(29) .

IP. Vh v (KBr) 2930 (m)2840 (w) (C-H)1588(s)1560(m) 1450 (s)
(Ar C=C)1200(s,C-0)1100,I085(s,C-H in-plane) 938 (m)
920 (w) (1 free Ar H)

NMR ((CD3) 2C0) 6 6,96 (s (1H)Ar-H)6,79(s(1H)Ar-H)4,00;3,78;3,73(each s,
(3H) Ar-0CH.Jj) 3,45 (s (3H) Ar (C4)-0CH }) 2,79 (s (3H) Ar (C6)-CU")

2,48 (a(3H)Ar (C4,)-CH3)

4-methyl-2,6-dibromoaniline.

N-Methyl-4-methylaniline was prepared according to the method ot

194
Roberts and Vogt and then brominated.

2,4,6-Tribromoorcinol dimethyl ether (1,56 g, 4 mmoles) was dis-
solved in diethyl ether (15 ml) and cooled in ice. Then n-hutyllithium
(4 mmoles) was added and the solution was stirred at 0°C for one hour
before N-methyl-4-methyl-2,6-dibromoaniline (0,558 g, 2 mmole) in diethyl
ether (10 ml) was added. The mixture was heated to reflux for 50 hours
before quenching and working up in the usual manner. The product was
dried on to silica gel (3 g), loaded on to the top of the pre-packed
column of silica gel of standard size and eluted with pet. ether (40 -
60 C) + benzene (1 + 4) 250 ml; (1 9) 200 ml; benzene + ethyl acetate

(19 + 1) 200 ml; (9 + 1) 200 ml,to obtain 4 major products.

ethanol, m.p. 171 C, undepressed when admixed with the compound obtained

previously. The IR spectrum confirmed its identity.

(ii) and (iii) 3,3|51-trihromo-2,2)4,4l-tetramethoxy-6,61-dimechylbiphenyl

(90 mg) were also isolated from the reaction and were identified by com-
parison of their IR spectra with those of the compounds obtained in the

previous reaction. Also, the m.p. of the rccvystalli/ed compounds were
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undepressed when mixed with the products of the previous reaction.

(1v) 026,H2 Br NO, (147 mg) was recrystallized from ethanol,
— 74— 4

m.p. 238 — 240 C.

mg. Base pe»k at m/e 741/739/737/735/733, no other peaks

of greater than 10% abundance.

IR, vIH&éKBr) 2990 (w)2920(m)2820 (w) (C-H)1580,1490(m) 1440 (s)

(Ar CTC)1200(s,C-0)1075(s,C-H in-piane)965,935(w,1 free

Ar H).

To a chilled solution of 2—bromoanisole (0,/48 g, 4 mmoles) in di-

ethyl ether (10 ml) was added n-butyllithium (4 mmoles) and the mixture

was then stirred at room temperature for one hour. N-Methyl-2, 6-di-
bromo-4-methylaniline (0,558 g, 2 mmoles) in diethyl ether (10 ml) was
then added to the re-chilled solution. The resultant mixture was heat-

ed to reflux for 22 hours before quenching and working up to obtain a
thick black tar (0,634 g) which glc analysis (by co-injection) showed

to be mainly anisole (355 me) and the unchanged N-mcthylaniline.

The method was identical to that of the previous reaction using

equivalent amounts of the two starting materials. IhC (in benzene +

pet. ether (40 - 60°C) (1 + 1)) and glc (general conditions) again show-

ed the main products of the reaction to be anisole and unchanged amine.

A significant amount of an insoluble black tar was also obtained.
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EXPERIMENTAL PROCEDURES RELATING TO CHAPTER A .4

phenol.

RUN T.

2-Bromoanisola (0,561 g, 3 mmoles) in diethyl ether (10 ml) was
cooled in ice before n-butyllithium (3 mmoles) was added. The ice bath
was removed and the solution stirred at room temperature for one hour
before re-cooling in ice. Difficulty was experienced in dissolving the
2,3,5,6-tetrabromo-4-methylphenol (0,636 g, 1,5 mmoles) in diethyl ether.
Two x 10 ml aliquots of diethyl ether were required to dissolve all the
tetrabromocresol. Thus, only that amount of 2,3,5,6-tetrabromo-4-tneth*
ylphenol soluble in 10 ml diethyl ether was added to the 2-1ithioani sole
solution initially and the remainder was added about 2 minutes later in
the second 10 ml aliquot of diethyl ether. The ice bath was then re-
moved and the solution heated to reflux for 24 hours before quenching
and working up in the usual manner. The product (0,80 g) was dried on
to silica gel (2 g) and loaded on to a pre-packed column of silica gel
of usual dimensions and eluted with: pet. ether (40 - 60 C) + benzene
(L + 9 200 ml;(1 + 19) 200 ml; pure benzene, 200 ml; benzene + ethyl

acetate (19 + 1) 200 ml; (9 + I) 200 ml, to give

(1) Anibple (230 mg) which was purified by distillation and identified
by its R|. on TLC (benzene), co-in iection with authent i< an isole on glc

and its IR spectrum.

(11) 2,3,5,6-tetrabromo~4-methylphenol (95 mg) was r<-crystallized
from benzene, m.p. 198 - 199°C, undepressed when admixed with authentic
material.

was obtained from the column together with 6-hydroxy-2'-methoxy-2-methyl

2,4,5-tribromobiphcnyl and was separated from it by crystallization from

Et2° / CHCl-j and re-crystallized from acetone / water to give needles,

m.p. 160,5 - 161°C.
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Analysis: Calc. for , C., 4 .>.16% IOI, 3.22,

Found: C, 45.18; K, 3.24.

ms. Peaks at m/e 374/372/370(100)358/356/354(50)294/292(17)
278/276(20)212(26)211(18)198(20)184(14)183(15)169(17)

168(18)152(18)139(27)106(15)105(22).

IR. (KBr) 3400 (br,m,0-H) 3360 (m, non-bonded 0-H)2920,
288r (w,C-H)1580.1565,1480,1450(m)1430,1420 (s,Ar C=C)
1220 (s,C-0)1000(C-H in-plane)8/0(m,1 free Ar H)730

(s,4 adj.Ar H) .

NMR ((CD.j)vCO0) 6 7,5 - 6,9 (m(6H)Ar-0H,Ar H-5,H-3',H-4',H-5"',H-6")

3,80 (s (3H)Ar-OCH.") 2,34 (s (3H)Ar-CH"

(iv) 2,”,3-trihromo-6-hydroxy-2-methoxy-2-methylbiphcnyl, (70)

(122 mg) could not be crystallized from any solvent. It was finally
distilled at 180 - 185°C and 0,4 mm Hg to give a transparent super-
cooled liquid which finally crystallized after two days. It was re-
crystallized from benzene / Et”0, m.p. 98 - 99°C.

Analysis: Calc, for CJ/Hu Br302; C, 37.38; H, 2.45,

Found: C, 37.69; H, 2.56.

ms. Peaks at m/e 454/452/450/448(100)373/371/369(50)358/356/
354(100)292/290(36)211(36)139(74)

IR. Vm v . (KBr) 3440(bt ,s,0-H) 2920,2820(w,C-H) 1590, 1560 (m)

1490,1455,1410(s) (Ar C=C)1240(s,C-0)745(s,4 adj.Ar H)

NMR ((CD3),CcO0) 6 -7,50(br s,Ar-0H)7,31(d,Ar H-6',J5,6,=3Hz)7,27(dd,
Ar H-41,J], ,=6Hz ,J ,r»=3Hz)7,03(t,Ar H-5' ,J",5,*=3Hz,
Jlv ,=3Hz)6,98(d,Ar H-3', , ((“6Hz) Integration

under peaks from 7,5 - 6,9 is equivalent to 5 protons.

3,68 (s (3H)Ar-0OCH3" u2 (s (3H)Ar-CH.J)

(100 mg) would also not crystallize from any solvent tried but was dis-

tilled at 230°C and 0,3 mm Hg to give a light yellow viscous liquid

that "cracked" on scratching.

ms. Peaks at m/e 480/478/476(48)400/398(26)384/382(26)
320/318(43)288(30)279(37)255(32)225(56)139(95)91(71)

85(67)83(100).
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IR< v (KBr) 3450(m,0-H)2900,2820(w,C-H) 1580 (m)1565,1480,
max
1450,1420,1400(s,Ar C=C)1230(s,C-0)1090,1055,1030 (m)

1010 (s) (C-H in-plane)740(4 adj.Ar H) .

NMR ((CD,j) CO) 6 "7,60(br s(lH)Ar-OH)7,3 - 6,8 (m(8H)Ar-H)3,70 (s (6H)

Ar-OCH") 2,58 (s (3H)Ar-CH")

RUN 2.

This reaction was identical to the previous run except that 4
mmoles of 2-lithioanisole were generated in the usual manner from 2-
bromoanisole (0,748 g) and n-butyllithium (4 mmoles). Two mmoles of
2,3,5,6-tetrabromo-4-methylphenol (0,848 g) were again dissolved in 2
x 10 ml aliquots of diethyl ether U.c . the proportion of the tetra-
bromocrvsol in the second aliquot would now be greater than in Run 1.)
Samples for glc analysis were withdrawn after 24, 40, 48 and 64 hours.
The sample was qu."* tied by injection into aqueous acid which was then
shaken up with benzene / ether. Only the organic phase was analysed
by glc (N* 0,4 kg cm"'; 150°C, increase 24°C/min. to 300°C; 10% CE

o

SE-52 on Supelco, 0,004 x 1,0 m)

RUN 3.

2-Bromoanisole (0,374 g, 2 mmoles) eighed into the lower bulb
of a two-bulb reaction flask. 2,3,5,6- atrabromo *4-methylphanol
(0,424 g, 1 mmole) was carefully introduced into the upper bulb. The
entire apparatus was flushed in ¢ tile stream of nitrogen befoie seal-
ing the two bulbs with rubber septw The lower bulb was cooled in ice
and diethyl ether added prior to the addition of n-butyllithium (two
mmoles) . The ice bath was removed and the solution stirred at room
temperature for one hour before again re-cooling in ice. The contents

of the upper bulb were dissolved completely in diethyl ether (1i ml)

and added essentially all at once to the contents of the lower bulb by

rapid tilting of the apparatus. Ten seconds after mixing, a sample
was withdrawn, gquenched and analysed by glc. Ano.her sample was simi-
larly taken after one minute. The entire reaction was gquenched (but

not worked up) after 100 minutes and analysed by glc. The glc traces
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of the three samples were all identical thus indicating that the reac.

tion was complete at the time of the first sampling.

RUN 4.

To an ice-cold solution of 2-1lithioanisole (0,187g, 1 mmole) pre-

pared in the usual manner was added 2,3,5,6-tetrabromo-4-methylphenol

(0,212 g, 0,5 mmole) in diethyl ether (8 ml) over 8 minutes and a sample

extracted for glc analysis immediately after the addition was complete.

The reaction was quenched 10 minutes later and a second . le taken

and analysed by glc was found to be identical to the first.
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APPENDIX

Starting Materials.

water / acetic acld wasthe mode of preparation ot:

(1)
(ii)
(iii)

(iv)

(vi)

(vii)

2,4,6-tribromophenol,

2,4 ,6-tribromoanisole,
2,4-dibromo-6-methylphenol,
2 ,4-dibromo-f>-ethylphenol,
2,6-dibromo-4-methylphenol,
2 ,6-dibromo-4-fluorophenol,

2-bromo-4,6-dichlorophenol.

The following further compounds were prepared as reported

(xxii)

) 195
2,4,6-tribromotoluene

196
1,2,3,5-tetrabromobenzene

197
2 ,6-dibromophenol,

198
4-fluorophenol,

199
4-methylbenzyl alcohol,

2-bromophenol', 00
201
4-bromophenol,
. 202
2,4,6-triiodophenol,

) 203
1,3,5-tribromobenzene,

204

2,6-dibromo-4-methylaniline,
205
2,4,6-tribromo-3-methylphenol,
2-bromoorc inolf

207
methyl ethers of 2-bromophenol and orcinol,
N-methyl ethers of 2,6-dibromo-4-methylanili.ne and

) o 194

2,4,6-tribromoaniline,

2,3,5,6-tetrabromo-4~methylphenol’?

theunbrominated commercially availablematerial

gradual addition of the requirednumberofequi-

to a

in

previously
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Attempts to prepare 2,4-dLfluorophenol from 2 ,4-difluorocaniline

by four different methods198’210'211’212 were unsuccessful.

2 ,6-Dibrorao-4-chlorophenol was prepared from 2,6-dibromophenocl by

the novel chlorination technique described on page 110.
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