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The Ullmann Reaction
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The review describes data obtained in recent years on the synthesis of biaryls by treating aryl halides with powdered copper
at an elevated temperature (the Ullmann reaction). The conditions governing the reaction, the limits of its applications at the

present time, and its mechanism are discussed.
The bibliography includes 200 references.
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I. INTRODUCTION

Th?re are three reactions associated with Ullmann's
name .
1. The Graebe-Ullmann synthesis of carbazole?:

CLO=CHO~ Seel

2. The Ullmann condensation®* which consists of the
interaction of o-chlorobenzoic acid with phenols, thio-
phenols, arenesulphonic acids, and aromatic amines in
the presence of catalytic amounts of copper with formation
of diarylamines:

NH,

COOH /N /COOH
O (Y
AV avel N7 \NHAr

3. The Ullmann synthesis ®° of biaryls by the reaction
of aryl halides with powdered copper at an elevated tem-
perature:

< N X+Cu-)/ \\ an \+CuX

/ TNe—

The last reaction is widely employed in organic chem-
istry and the number of studies dealing with it is con-
tinuously increasing. This review describes data for this
reaction obtained from 1963, after the publication of
Fanta's reviews ”°, ‘until 1971. The present limits of the
applications of the Ullmann reaction (see, for example
Nilsson®), the conditions’governing its occurrence, and
its mechanism are discussed.

2. REACTION CONDITIONS

a. Synthesis of Symmetrical Biaryls

Depending on the nature of the halogen atom, aromatic
halides behave differently under the conditions of the Ull~
mann reaction. The reactivity of the halides increases
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in the series C1<Br < 1. Aromatic fluoro-compounds
do not enter into this reaction at all **:

Ct Cl Ct
e (ST
B< W
ITTN S, ST e
N N’ N

In halogenonitrobenzenes, the activating effect of the nitro-
group increases in the series m < 3 < 0. ¥

Table 1. Dependence of the yield of biaryls on the halo-
gen and on the position of the nitro-group in the initial
halogenonitrobenzene.

Yield of dinitrobiphenyl, %
Halogen
ortho- para- meta-
I 65 54 36
Br 64 36 15
Cl 40 0 0

A defect of the results listed in Table 1 is that all the
experiments carried out to establish the reactivity of the
halogeno-derivatives were performed under severe condi-
tions. To obtain valid data, experiments at a lower tem-
perature using solvents are necessary. At any rate, in
the synthesis of asymmetric biaryls eXCeptlonS from the
rule formulated above are encountered®. Moreover,
2-iodopyridine is less reactive in the Ullmann reaction
than 2-bromopyridine*>, This problem will be discussed

in greater detail in connection with the mechanism of the
Ullmann reaction.

Highly electronegative groups such as the nitro-,
carboxy-, and other groups have an activating effect when
they are in the ortho-position relative to the halogen atom.
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For the nitro-group, this effect decreases in the series
0>t >m. TFor example, o-iodonitrobenzene is most
reactive in the Ullmann reactmn while the p - and m-1so-
mers are less reactive *® It has been found recently *
that m -iodonitrobenzene forms under these conditions
3,3’ -dinitrobiphenyl in 82% yield:

NG, NO, NO,
S 2 X
L1 L) 8%

However, the presence of a further nitro-group in the
m-position relative to the halogen greatly hinders the
formation of the biaryl. Thus the yield of 3,3’,5,5’-tetra-
mtroblphenyl from 1-iodo-3, 5-d1mtrobenzene 1s only
15%:"

NOs NO,, NO,
N N/
TN @ TN
Ne—=" > =/ N\=— <
N/o2 NO. NO,

The nitro-group in the o-position relative to chlorine in
the aromatic ring strongly activates it in this reaction;
the yield of 2,2’-dinitrobiphenyl from o- chloromtrobenzene
is 669; 1°% chlorobenzene is less reactive®. The intro-
duction of a second nitro-group in the o-position relative
to the halogen atom in o-chloronitrobenzene also reduces
the yield of the biaryl; the yield of 2,2’,6,6’-tetranitro-
biphenyl from 1-chloro-2,6- dinitrobenzene is 619:272°

NO, ON NO,
7 < N—n
TN TN Y.
—/ N=—=/" /

No, ol Ko,
On the other hand, the _}rleld of the biaryl from picryl
chloride is 55-58%:1%*

NO, O,N NO,

Ve SN
oS 2 on (5 { o

NO, 0N NOg

The effect of the alkoxy carbonyl group is approximately

the same. Thus methyl o-bromobenzoate gwes rise to
2,2’ -dimethoxycarbonylbiphenyl in 80% yield **
COOCH COOCH,
< g w y
Qe B T A=

7
éoocH,

On the other hand, 3,3’- and 4,4’ -dimethoxycarbonyl-
biphenyls are obtamed from m-~ and § -1odobenzoate esters
in yields of only 15 and 25% respectively **

The higher reactivity of the halogen in the o-position
relative to the nitro-group compared with those in the
m - and p -positions can be illustrated by the following
examples:

NO, O.N NG, a0
/ v
Y e G G e N
By = B—{__ > B

76%

NO; NO» Br u .
T G
o U .
>,—-_/“B' - 1%

Br Br NOg~

The phenyl substituent in the p -position relative to the
halogen atom has a highly activating effect, while the
same substituent in the o- and m-positions hinders the
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reaction. Thus, in the presence of copper at 225-260°C,
p-, 0~, and m-iodobiphenyls give rise to isomeric ter-
phenyls in yields of 97, 50, and 16% respectively*

Interesting results were obtained for isomeric 2-iodo-
selenoles*?

No, O No,
cu [0 T = I 70%
H\Seﬂ N1 \Se/, I\s ” o Lell N1 }\Se/‘ —H\Se/”
021\‘1 o NO, o,}v No, 021\\1 o 11\102 r?o2
I Cu T
(7= 0000 = 0.* 0L

An effect similar to that of the nitro-group is also
shown by the nitrogen atom in the pyridine ring. It
activates the halogen atom in the 2-position, as shown by
the formation of 2,2’-bipyridyl from 2-bromopyridine
(vield 87%).%7* 3- Halogenopyrldmes enter into this
reaction with greater difficulty®

S Ve PN

A\ B
I lu l EBEIDINEEE
\N/\Br A4 N7 N7

A halogen in the 4-position of the pyridine ring is some-
what more reactive than in the 3-position*®

2N VAR TN

N S—1 N S N 5
=// S Ne=—/ /“\:/ 52%

4 /. AN

CHy CH, CHy

On the basis of literature data, Fanta” predicted that

electropositive groups should deactivate the halogen in the

Ullmann reaction. However, this hypothesis was dis-
proved by later studies (see Table 2¢ in Ref. 8), in parti-
cular the work of Forrest

The activating effect of the substituent depends both on
its nature and its position relative to the halogen atom
involved in the reaction.

A decrease of the yield of the biaryl is usually observed
when the aromatic ring contains groups such as NH,
NHCOCHs, NHCHz, SO:NHz, SO:NHCeHs, COOH, and
OH. #*° To obtain the required yields of products, the
influence of the amino-group must be weakened by acyla-
tion and that of the hydroxy- and carboxy-groups by
esterification (see Table 2c in Ref. 8).

Although o-bromobenzoic acid reacts with copper at
160°C with formation of copper benzoate and copper(l)
bromide only, when the Ullmann reaction is performed
with the potassium salt of this acid, it is poss1b1e to obtain
a 43% yield of biphenyl-2,2’-dicarboxylic acid *

COOK COOK
v /
SNp TN s
B 2 K 8%
COOK

The methyl ester of this acid gives rise to the dimethyl
ester of biphenyl-2,2/-dicarboxylic acid in 82% yield °.

The yield of biaryls from aromatic compounds contain-
ing 2 or more halogen atoms is always lower than the
yield from monohalogeno-derivatives ”%,

Certain halogenonitrobenzenes undergo side reactions,
namely the reduction of the nitro-group. Thus when
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1-chloro-2,4-dinitrobenzene reacts with iodobenzene, the
following products are formed **

NO, NO,
N < Cl+1 TN G ON~—/—< 77N\

on~{__y-ari={_ 3 = on-{__> \:0//T
70

N\

Cl NO, NO,

N/ N J

TN /T N/ N_NN

+ =" =" =" "\

()
4

Steric factors have a definite influence on the course of
the Ullmann reaction. Bulky substituents such as the
nitro-, alkyl-, halogeno-, alkoxy-, and carboxy-groups
do not hinder the Ullmann reaction. This is confirmed
by the high yield of biaryls from 2,6-disubstituted halo-
genobenzene (Table 3, see also Table Ilc in Ref. 8).

On the other hand, 1-bromo-2-methylnaphthalene
is completely inert, which is probably not caused solely
by the steric influence of the methyl group. Alkyl and
other electropositive groups in any position relative to
the halogen atom in the naphthalene ring are known to
deactivate the halogen, while electrone%atlve (electro-
philic) groups (NO., COOR) activate it*!, This is also
confirmed by the high yield of the d1methy1 ester of
1,1’ -binaphthyl-2, 2’ -dicarboxylic acid from the methyl
ester of 1-bromo-2-naphthoic acid*":

COOCH, CH,COO COOCH,;
gy a ——
4 ] cu /7 —_—
L) e/ -

< <X ey
SN S/ S/

Steric hindrance becomes appreciable when substituents
such as the phenyl and naphthyl groups are introduced in
the 2,6-positions relative to the halogen atom in the
benzene ring:

QN OyN
VAN ’ \ﬁ\l H/\I_Noz .
l/l N
l -
N\ Cu TN Va AN
o1 = o<
CeHs HyCq CoHs
— e o< N0
on-{__>-1 = onNAL__> {__ pNoa.
N\
CeHy CeHs CoHs

The yields of biaryls in such cases are very low,

b. Synthesis of Asymmetric Biaryls

Examples of the use of the Ullmann reaction for the
synthesis of symmetrical biaryls were described above
(Table 4 on p. 1053; see also Table Hc in Ref. 8 and
Table 1c in Ref. 7). At the same time, the reaction has
been successfully used also for the synthesis of asym-
metric biaryls. The results of latest syntheses of asym-
metric biaryls by the Ullmann reaction are presented in
Table 5 on p. 1055, For earlier results, see Table Illc

in Ref. 8 and Table 2c in Ref. 7.
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Forrest ** showed that optimal yields of asymmetric
biaryls are obtained when one of the aryl halides (A) is
more reactive than the other (B):

NOy O.N
— NN
¢TSS sl
= >+ {__oawl o/,
NO, ON
(A) (B)

Component (B) should contain at least one electronega-
tive group (NO2, COOR) in the 2-position and better still
two such groups in the 2- and 6-positions relative to the
halogen atom. Best yields of asymmetric biaryls are
obtained when component (A) contains iodine and compo-
nent (B) contains bromine or chlorine, as can be seen
from the following examples:

NO, O[;N N[og Nlo2
/ Cu
S NG NN TN
N L LD 2 D A D S A WD e DN 18
0
NO, ON, I\llog O"_.N N[OZ
/ i ] PR S,
SN TN TN TN LTINS g

e/ ) N e/

As was to be expected, the reaction of aryl halides with
similar reactivities gives a mlxture of three biaryls in
approximately equal proportions *

When mixtures of aryl halides (A) and (B) are used,
the reaction can be carried out at a much lower tempera-
ture than with component (B) alone.

The degree of reaction increases when the reaction is
performed in the presence of an excess of component (A)
with 31mu1taneous increase of the amount of asymmetric
biaryls **

It has been established ** that, when an inactive com-
ponent (A) is heated with copper for a specific time with
subsequent addition of an active component (B) in portions,
the yield of the asymmetric biaryl increases sharply. In
such cases component (B) is taken in an excess:

AN
AS N A A /\_/\
BRI NI
W7 RN NN NN \N N7 N7 1%
2% 40—429,

Under the usual conditions, i.e. on simultaneous heat-
ing of a mixture of components (A) and (B) in the presence
of cogaper, 2,3’ -bipyridyl is formed in a yield of only

2-Bromopyr1d1ne reacts with 1odobenzene forming
2-phenylpyridine in a yield of 50~55%:*°

| W /ﬁ
SN @ —
T __) - _ZTTN .

N R a e,

c. Synthesis of Biphenylenes
By heating 2,2’-dihalogenobiphenyls or 2,2’-biphenyl-

iodonium iodide with copper(I) oxide, Lothrop succeeded
in synthesising biphenylenes 30:51:

LN vy

ot e o~ TR TR e MY

B oo g0
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Subsequently this method was used to synthes1se also
many other biphenylenes®. In most cases the reaction is
carried out in the presence of copper(l) oxide, the ylelds
of biphenylenes depending significantly on its quality ® -®,

In view of the formation of dibenzobiphenylene on heat—
ing 2-bromo-3-iodonaphthalene with copper bronze in
dimethylformamide, it was suggested that the reaction
proceeds via the formation of dehydronaphthalene with its
subsequent dimerisation *:

OO =00~ T

On the other hand, dlhalogenomtrotoluenes yield the
following products

NO, 1'\102 NO, NO,
/'j/Br cu I/T_l/\/ms A
Hio” N \pr H,C/\/_I\]/, 40% ” Hac/l\\/n—‘” ] CH,,
NO,
NO, NO, N,0 NO,
L ] | | cH
N I e =
hnd T
' AN 1,e” N B B N\ en HC/\/_\’/ 2%
NO,

58%

as intermediates in the formation of biphenylenes. A
more detailed examination of these investigations and the
i studies of recent years ®~® reveals certain other features
f of the reaction. Thus contrary to Lothrop's data ™ *,
\

|
! According to Corbett and Holt 57 piaryls cannot serve
|

Salfeld and Baume * established that metallic copper
can also be employed in the synthesis of biphenylenes
instead of copper(l) oxide. The yield of biphenylenes is
then considerably higher.
| The structure of b1pheny1enes synthesised by the method
of Corbett and Holt " was investigated by Harrison et al. %,
who found that the product obtained under these conditlons
is 3,7-dimethyl-1,5-dinitrobiphenylene. ‘Together with
the main product, 2,2'-dibromo-4,4’-dimethyl-6,6’-dinitro-
biphenyl is also formed in this reaction with a yield of
20%. Probably the process proceeds via the following

mechanism:

[ NO, No2
e ™ (e
[ /x/ CH, /,\/\Br Br/\/ C/\/_\/

NO, NO2 .
l )\Br so. 1;\10:
1 N N
| 1)

EERTAVAN T VAN

The above scheme shows that the formation of biphenylene
involves the formation of a biaryl as an intermediate.
Therefore it is easy to account for the formation of a
biaryl and not a biphenylene from 3-bromo-4-iodo-5-

nitrotoluene:
NO, NO, 1‘\102
‘ - G
: /Q [\B: H,e” N NBr B N NcH,
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The 2,2’ -dibromo-6,6’-bitolyl obtained does not enter
into subsequent reactions owing to the presence of the
nitro-group in the m-position relative to the halogen.

The reaction of 2,3-di-iodo-1-nitrobenzene with copper
yielded 1,5-dinitrobiphenylene, 2,2’-di-iodo-6,6’~-dinitro-
biphenyl, and 4,5,12,13-tetranitroquaterphenylene ®

The authors attribute the formation of the main product
of this reaction—1,5-dinitrobiphenylene—to the following

sequence of steps:
NO, ?Ioﬁ
[
wi
-1

VA
NO, NOz NO, T

/‘\\l/ ” [ W\l I R VAT Y4
l\/’ NN N\ L [(o-vo -

According to this scheme, biphenyl is obtained from
dehydrobenzene. However, the absence of 1,2-dinitro-
biphenylene (II) from the mixture is evidence against
the formation of dehydrobenzene, since in this case the
formation of both 1,2- and 1,5-dinitrobiphenylene (I) would
be equally probable

In addition, it has been shown ** that, when 4-bromo-5-
iodoveratrol reacts with copper bronze in nitrobenzene,
biphenylene is formed in an insignificant yield (0.2%) and
the main product is a biaryl:

CHSO\/\/I CHgO OCHS CHgO .~/ \/

(Y asa [T 1) el

CH,O” N NBr CHO” N NBr B/ \/ NocH, Y N \ocm
309% 0.2%
Thus a more detailed examination of the available
literature data reveals a similarity of the Ullmann and
Lothrop reactions. It is likely that an intermediate aryne
is not in fact formed in the Lothrop reaction. The forma-
tion of intermediates of this type is usually coupled ®
with an increase in the complexity of the mixture of
products obtained. Under the conditions described, this
did not occur.
Apart from biphenylenes, other cyclic polyaryls were
obtained from aryl dihalides. Thus perylene was syn-
thesised from 1,8-di-iodonaphthalene ®

Y
Nt L N —
SN T T S / \
N—F Ne——? N7

and 2,3-di-iodonaphthalene yielded dibenzobiphenylene *
NI\ NN NN

I 1]

” J—I '\/\\ﬂ NN

Octaﬂuoroblphenylene and polyﬂuoroquaterphenylene
were obtained from octafluoro-2,2’ -di-iodophenylene *°

Cre
SO
O 0 50 1
F/\’F/\I I/\IL/\F F/\,’z/_—\}'://\F F\l\i /\/
10 B/ NANF F/\[/\F 109

—,
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3,4,5,6-Tetrafluoro-1,2-di-iodobenzene forms a trimer:

Pyrolysis of 3-nitrobiphenylene-2,2’-iodonium iodide at
340°C in the presence of copper(I} oxide yields dinitro-
quaterphenylene; biphenylene was not detected in the
reaction products

=
i
240
+
@ O
r

Another interesting product was obtained from 4-bromo-2-
bromomethylanthraquinone *':

o SUOTOCC
Seeliesel

Numerogms other studies on biphenylenes have been
made ®7 7.

Reactions of aryl dihalides with aryl monohalides yield
various polyaromatic compounds.

d. Reactions of Bifunctional Aryl Halides

The reactions of bifunctional aryl halides can be
divided into two groups: (1) synthesis of cyclic condensa-
tion products from two aryl dihalide molecules and
(2) synthesis of linear products from a mixture of an aryl
dihalide and an aryl monohalide.

The reactions of the first group were largely considered
in the discussion of the synthesis of biphenylenes. Those
of the second group give rise to a mixture of ter-, quater-,
and poly-phenyls; this is best regarded as a special case
of the synthesis of asymmetric biaryls. The results
obtained are compiled in Table 6 (see also Table IVc in
Ref. 8).

The reaction of 2-bromopyridine with 2,6-dibromo-
pyridine _yields bi~-, ter-, quater-, quinque-, and sexi-

pyridyls
QL L0
+ —>
N/ Br Br N/ Br N/ 7 " :

Polythienyls have also been synthesised *’®:

@\]+ @ 'S!‘\—L

as well as polyphenyls *:
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Arylation products are formed in high yields when one
of the aryl halides is reactive and the reactivity of the
other is somewhat lower =%,

e. Experimental Conditions

In most cases copper powder is gradually added to the
aryl halide at a specified temperature. An excess of
copper, usually a threefold excess, is almost always
emp104yed. Sometimes a tenfold excess of copper is
used "',  With the exception of certain cases®, special
purification of the aryl halide is not required for the Ull-
mann reaction. The yield of the biaryl very often depends
on the quality of the copper employed. The question of the
effect of the quality of the copper used in the reaction still
remains controversial. Frequently commercial copper
powder, known as copper bronze, is employed ™. A
special form of copper bronze, “Naturcupfer-C”,is also
used ¥%°,

Commercial copper bronze contains traces of oil but
these impurities are readily removed by washing with
alcohol or ether. According to Ullmann and Bielecki *°,
preliminary treatment of the copper is not needed for the
synthesis of biaryls. However, the use of commercial
copper powder precludes reproducible yields of 2,2'-di-
nitrobiphenyl *® and 2,2’-bipyridyl ***. In such cases
freshly prepared copper has been used for a long time %,

Kleiderer and Adams * and Vogel ™ suggest that
activated copper be used in the Ullmann reaction. The
activation involves treatment of the copper bronze with
iodine in acetone and subsequent washing with a mixture
of acetone and hydrochloric acid and then pure acetone.
When a tenfold excess of copper bronze activated in this
way was used, 2,2’-dinitrobiphenyl was obtained from
o-iodonitrobenzene in almost guantitative yield *’.

In some studies '™, it was stated that sometimes
mechanically contaminated copper gives better results
than freshly precipitated copper. Thus “lithographic
copper”, containing 0.2-0.5% of long-chain fatty acids
(mainly stearic, palmitic, oleic, etc.’) is effective.
Electgz'olytic copper treated with stearic acid has also been
used ™.

Lothrop ¥ * found that in the synthesis of biphenylenes
from 2,2’-dihalogenobiphenyls or from biphenylene-2,2’-
iodonium iodide, copper(l) oxide gives very satisfactory

results, while copper powder is completely inactive.
Contrary to these results, it has been established ***
that freshly precipitated copper gives entirely satisfactory
yields of biphenylenes. “Gatterman's precipitated copper
powder” gives even better results ®%,

The study of the synthesis of biphenylenes in the
presence of copper(l) oxide, commercial copper powder,
and copper prepared by the method of Brady and McHugh *
showed ™ that in the last case best results are obtained.

Apart from those mentioned above, one of the decisive
factors governing the success of the Ullmann reaction is
reaction temperature. The Ullmann reaction is carried
out over a very wide range of temperatures, between
60° '7 and 360°.° In most cases the range is between
150° and 280°C (see Tables 4 and 5 on pp.1053 and 1055 and
also the Tables in Refs. 7 and 8). Sometimes high tem-

perature may cause the formation of side products. For
example, for compounds containing the nitro-groups, the
reaction temperature should not be raised above 200°C,
since this promotes oxidation-reduction processes .
The Ullmann reaction is frequently carried out in
solution. Under these conditions, side reactions, which
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may occur in the case of labile aryl halides, are to some
extent suppressed. The solvents employed are nitro-
benzene, toluene, naphthalene, p -cymene, biphenyl,

| anthracene, dimethylformamide (DMF), and others.

( Forrest ¥, who used nitrobenzene as a solvent, found
that in the presence of copper iodobenzene enters into
the following reaction:

N
{:/

— /
NN LN
oK D+ X
7\
—

! VA NN Qu
f / _>1+< / NO,

When 1-chloro-2,6-dinitrobenzene was allowed to react
in boiling nitrobenzene, a product corresponding to the
reduction of the nitro-group and a biaryl were obtained
in a very low yield *
|
|

NO, NO, ON, NO,

/ N
— 7\ o NN 2N
L y-a+{_ Do 2Lyl o+ > )

< J

NO, NO, ON,; NO,

When a mixture of iodobenzene and 1,3,5-trinitrobenzene
was treated Wlth copper the formatmn of a biaryl was not

observed at all **
NO, ab)

Ngz I‘fz N e/

o+ (e O o

v = P4 ,
: NO, Ko, 12% Ko, >

solvent in the Ullmann reaction. More suitable solvents
are high-boiling hydrocarbons—biphenyl, p ~cymene,
naphthalene, and others.

Recently DMF has been employed with increasing
frequency *’. One of its advantages is its miscibility with
water, which facilitates the isolation of reaction products.
Moreover, certain aryl halides, which are relatively
unreactive in other solvents, give high yields of biaryls
in DMF, %3449 por example, 3,3’-dinitrobiphenyl
was obtained in a yield of 82% from the relatively unreac-
tive m-iodonitrobenzene ** (see p. 1046), 3,3’-Dimethyl-
5,5’-dinitrobiphenyl Was prepared in 71/(, Yleld from

3-iodo-5-nitrotoluene * Bipyrrolyls *7*%, bifuryls'®,
and bithienyls 1°%1°% have been obtained in satlsfactory
yields. Aryl halides containing the formyl *°®, keto-'""18
and carbamoyl **® groups give satisfactory ylelds of
biaryls in DMF.
i Only a few studies in which DMF was used to syn-
thesise asymmetric biaryls have been publisheq 33711011
and the yields were relatively low. The disadvantages of
DMF include its capacity to promote dehalogenatmn
reactions ***°®**? and halogen exchange reactions ®

Apart from these solvents, toluene’®, benzene
decane, decalin, pseudocumene, tetrahn33 ’“5'”8
xyleneé phenyl ether '**, bitolyl ®, pyridine *’, quino-
line **, etc. have been used in the Ullmann reaction.

Sand '**»* has also been employed as an inert diluent

{ and heat exchanger. In some cases common salt has been

' used instead of sand, which fac111tates the isolation of the
product from the smtered mass®

‘ The Ullmann reaction is usually performed in air and

! in some cases a stream of hydrogen or mtrogen is
employed Some investigators claim '* that these

j precautlons are superfluous when the initial and final

reaction products are not sensitive to atmospheric oxygen.

However, it is very likely that an inert atmosphere

promotes a satisfactory yield of products, protecting the

copper powder particularly the activated powder, from

oxidation *%,

“ Thus nitrobenzene cannot be regarded as an inert
I
t
’

102,113,114

Y SO 7 N PO P
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3. REACTION MECHANISM

The mechanism of the Ullmann reaction, like those of
certain other organic reactions, is still the subject of
controversy and discussion ', There are several views
concerning the mechanism but none is entirely convincing.

By treating halogenobenzenes with copper or sodium,
Rapson and Shuttleworth ***'® obtained the corresponding
dehalogenated products. They suggested that these
products are formed owing to the abstraction of hydrogen
atoms from the solvent by the free radical produced in the
reaction. To confirm this hypothesis, halogenobenzenes
were treated with copper bronze in an excess of ethyl
benzoate in a sealed tube; 2-carboxybiphenyl and
4-carboxybipheny!l were isolated from the reaction mix-
ture. The authors concluded that a biaryl is formed in
the Ullmann reaction as a result of the coupling of free
phenyl radicals. Bell and Morgan ® also believe that the
Ullmann reaction has a free-radical mechanism.

To solve the problem of the intermediate in the Ullmann
reaction (the aryl radical or aryl anion), the behaviour of
o~ and p -iodonitrobenzenes and of o-bromonitrobenzenes
in an excess of resorcinol and catechol was examined ",
It was shown that the yield of the dehalogenated product
(nitrobenzene) in the experiments with catechol is higher
than with resorcinol, although the critical oxidation
constant for resorcinol (1.043) is higher than for catechol
(0.742). The authors believe *7 that these results con-
firm a free-radical mechanism of the Ullmann reaction:

NO,

A
” I resorcmol ( .
NI

catechol

Despite these conclusions, Fanta ”® concluded on the

basis of literature data (he examined about 500 studies)
that this reaction has a clearly ionic mechanism. He
believes that the reaction consists mainly of two stages,
the first of which includes nucleophilic attack by metallic
copper on the carbon-halogen bond as a result of which an
arylcopper complex is formed on the surface of the metal.
He also believes that the success of this stage depends
strongly on the sensitivity of aromatic halides to nucleo-
philic attack in general.

The second stage involves the reaction of the aryl-
copper complex with a second molecule of the initial aryl
halide to form the biaryl and copper halide. This stage
depends mainly on steric factors.

Thus Fanta rules out the formation of free radicals in the
Ullmann reaction.

On the basis of a vast number of experimental data and
literature results, Forrest'* also postulates an ionic
mechanism for the Ullmann reaction.

Other workers '*® formulate the mechanism of the Ull-
mann reaction in a somewhat different way. They
believe that the reaction consists of two stages: the first
involves the formation of an organocopper compound and
the second, involving the formation of a biaryl, can
occur in two ways, i.e. the biaryl can be formed either as
a result of the attack by the initial aryl halide on the
organocopper compound or as a result of the coupling of
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two free radicals formed owing to the disproportionation
of the organocopper compound. They believe that more
than half of the biaryl is formed due to the attack by the
initial aryl halide on the organocopper compound.

ArX + Cu — ArCu 2% Ar_Ar

i
Ar

The foregoing statements clearly show that the question
of the mechanism of the Ullmann reaction remains con~
troversial.

The formation of anomalous products such as biphenyl-
2-carboxylic and biphenyl-4-carboxylic acids from iodo-
benzene and methyl benzoate **°, 2,6-dinitrobiphenyl from
iodobenzene and m -dinitrobenzene, and 2,4,6-trinitro-
biphenyl from iodobenzene and sy -trinitrobenzene s
quoted as an argument in support of the free-radical
reaction mechanism. In view of the formation of carbon
dioxide in 2.6% yield on heating a mixture of benzoic acid
and copper in o-iodonitrobenzene at 201-208°C, Nursten
concluded 7 that the dehalogenation observed in previous
studies ?°~**! involves the formation of intermediate free
radicals. However, Forrest showed that the formation of
such side products is observed for highly hindered aryl
halides and is virtually absent for simple halides.

Fanta ® showed that the interaction of iodobenzene with
m -dinitrobenzene under the conditions of the Ullmann
reaction yields somewhat different proportions of products
than on treatment of » -dinitrobenzene with benzoyl
peroxide at 100°C (a free-radical reaction) or on decom-
position of diazonium chloride in » -dinitrobenzene (a
Gomberg~Bachmann free-radical reaction) (Table 2).

Table 2.

Relative yields (%) of
) . . - products (isomeric
Starting materials and reaction conditions

dinitrobiphenyls)
2.4- 2.6-
TNl 0 8
NO, N/ 195°
> JZRI
S0 (L D=00:),0 oo s '
- /——\>—N2C)' ZnCl, 4 CaCOy 5 0.2
N acetone .

Supporters of the ionic mechanism believe that the
Ullmann reaction involves the formation of an organo-
copper complex or compound as an intermediate stage.
Therefore their attention was attracted to the question of
the synthesis and reactivity of arylcopper derivatives.

Organocopper compounds of this type were synthesised
for the first time by Reich *? and then Gilmann and
Straley **, Starkey and coworkers %, and Costa et al. **
In the last study, the optimal conditions for the formation
of phen lcogger were established. Recently Lewin and
Cohen ¥#3%37 404 other investigators ®*™'*" carried out

several studies on the synthesis and properties of organo-
copper compounds.
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Diphengrlcopper and dimethyl copper were also
obtained **® and it was shown that they are stable at the
boiling point of tetrahydrofuran (THF) (64°C).

On hydrolysis, diphenylcopper yields benzene and not
biphenyl. It has been shown that phenylcopper reacts with
aldehydes as a typical Grignard reagent: for example, it
reacts with benzaldehyde to form diphenylmethanol in
24% yield ™. Forrest showed ™ that the addition of nitro-
compounds, aldehydes, and ketones to the reaction mix-
ture suppresses the main Ullmann reaction. The forma-
tion of triphenylamine when the reaction of iodobenzene
and copper is carried out in nitrobenzene may be atiri-
buted to typical reactions of organometallic compounds with
nitrobenzenes, although phenylmagnesium bromide reacts
with nitrobenzene to form only diphenylamine and not
triphenylamine *°;

Vo AN TN NN
\_\,-MgBr + C >—NO, — ¢ >—NH N

The thermal decomposition of phenylcopper, ¢ -tolyl-
copperé) Fhenylsilver, and { -tolylsilver has been investi-
gated **** and it has been established that the process
proceeds via the formation of free radicals, since biaryls

~and benzenes are the products of this reaction. When a

free-radical acceptor (¢ -benzoquinone) is added to the
mixture, the yield of products falls sharply. The forma-
tion of free radicals is observed also when methylcopper
is decomposed'®, Other workers claim that the thermal
decomposition involves a bimolecular mechanism in which
a dimer is formed via an organocopper compound ',

The thermal decomposition of cis- and traxns -ethylene-
copper compounds has been studied and the 1possibility of
their dimerisation has been demonstrated **.

A necessary condition for the synthesis of biaryls from
arylcopper is the presence of oxidising agents in the
mixture. Gilmann and Straley % showed that phenylcopper
is oxidised in air over a period of 2 h with formation of
biphenyl. On the other hand, in an inert atmosphere
phenylcopper is stable over a period of 36 h but the pro-
duct is again biphenyl. This is also consistent with the
following synthesis of diacetylenes !%2:

CgHy—C = C—Cu
O, CH,—C = C—C=C—CgH;
CeHy—C = G—Cu

which has been known for a long time., Furthermore the
presence of free radicals in the reaction mixture leads to
the formation of side products. Lewin and Cohen **® claim
that, when the reaction of p -iodotoluene with copper is
performed in quinoline, 8-methylquinoline, or 1-methyl-
naphthalene, about half of the biaryl is formed from free
radicals which are generated owing to the disproportiona-
tion of phenylcopper. They did not observe the formation
of side products. However, the free radicals produced in
the decomposition of benzoyl peroxide in quinoline **® and
in 2-methylnaphthalene '* gave various phenyl-substituted
quinolines and 2-methylnaphthalenes. The decomposition
of benzoyl peroxide in chloro- and bromo-benzenes **°
results in the formation of 2-, 3-, and 4-chloro- and 2-,
3-, and 4-bromo-biphenyls, dihydrobiphenyls, diphenyl-,
chloro-, and bromo-henzoic acids, dichloro- and dibromo-
tetrahydroquarterphenyls, etc. On the other hand, the
decomposition of phenyldiazonium chloride in pyridine
gives an almost 80% yield of 2-, 3-, and 4-phenylpyri-
dines 138,

The absence of these products in the experiments of
Lewin and Cohen **® casts doubt on the hypothesis of a
radical mechanism of the Ullmann reaction.
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The studies by the authors of this review are useful for
the estimation of the reactivities of halogen atoms >™***%
157-1%  Uging the synthesis of 2,3’-bipyridyl as an
example, a new method of synthesising asymmetric biaryls
was proposed. When 3-iodopyridine was heated with
copper in boiling DMF and 2-chloropyridine was added
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When 3-iodopyridine was replaced by 3-chloropyridine
and 2-chloropyridine was replaced by 2-iodopyridine in
this reaction, 2,3’-bipyridyl was not obtained. Other
halogenopyridines were also employed (Table 3).

dropwise, 2,3’-bipyridyl was formed in 40-42% yield. On Table 3.
the other hand, when the mixture of all the reactants was Yield of 2,3 | Yield of 2,2-| Yield of 3,3~
heated simultaneously, 2,3’-bipyridyl was formed in a Xin3-X- | X'in2-X'- |bipyridyl,% |bipyridyl, % | bipyridyl, %
N o, . 157 pyridine pyridine of 3-bromo- of 3-bromo- | of 3-bromo-
yield of only 7%: pyridine | pyridine pyridine
==\ =N G B Coezs 10 6
&= , = r 1 B
D F——”? ~ Br cl \ 35 . 25 324
PN TN TN TN TN TS v a o |08 8
NN—=" \N—" " NN/ =" =" =N/ i Br 3235 4547 7—8
Table 4. Compilation of symmetrical biaryls synthesised by the Ullmann reaction:
2arx -SY. Ar-Ar.
Ar X l}ztee":ggf‘;lc Reaction conditions g{,l::;,il:); Refs.
1 EEE 4 5 6
2,3,4,5,6-Pentafluorophenyl Cl | 320—360 — 73 170
3-Bromophenyl I — DMF 30 11
2-Nitrophenyl Cl}315—325 — 66 24
» » 1 |190—240 — 96 17
3-Nitrophenyl I - DMF - 1
3,4,5,6-Tetrafluoro-2-nitrophenyl Br —_ ditto — 171
3,4,5,6-Tetrafluoro-2-methylphenyl Br — ditto — m
2-Cyano-3,4,5,6-tetrafluorophenyl Br — ditto — 171
2-Iodo-6-nitrophenyl 1 —- ditto 6.46 172
3-Methyiphenyl 1 _ . - 84
4-Methylphenyl I — — 16 167
S-Methyl-3-nitrophenyl I — DMF, stream of Ny 5 98
4-Methoxyphenyl I - — 12 167
3-Methoxy-2-methylphenyl I — —_ — 173
3-Bromo-4-methyl-6-nitrophenyl I 7 DMF 77 174
2,6-Dimethyl4-nitrophenyl L _ DMF, stream of N 60] 98
4-Methoxy-2-methyl-6-nitrophenyl Br| 200230 — 65 175
. - Brj490 nitrobenzene 59 175
2-Formyl-6-nitrophenyl 1 _ . —_ 176
2,3-Dimethoxyphenyl I 250 — T70—83 | 177
2,4-Dimethoxyphenyl I |a20 _ — 177,178
— _ _ 73 59
2,5-Dimethoxyphenyl 1220 — —_ 178
3,4-Dimethoxyphenyl I |220—250 — - 179
3,4-Dimethoxy-2,3-dimethylphenyl 1 {260 _ 13 180
2-Chloro4,5-dimethoxyphenyl Cl | 230—250 — 31—-36 | 177
5,6-Dimethoxy-3-methylphenyl Brl 300 — 18.5—20 | 177
5,6-Dimethoxy-2,3-dimethylphenyl Br { 280300 _ 1720 |7
2,5-Dimethoxy-3,4-dimethylphenyl 1 {220 — -— 181
2,4,5-Trimethoxyphenyl 1 _ _ — 177
3-Formyl-4-methoxyphenyl 1 . _ — 182
2-Bramo-4-carboxymethyl-5-nitrophenyl 1 {150—225 — 40 174
2-Biphenylyl i _ — — 3
3-Biphenylyl 1 }225--260 - 16 31
4-Biphenylyl 1 }225--260 — 97 3t
3-Methyl-4-(o-tolyhphenyl 1 |200—240 m-bitolyl 83
2-(p-Terphenylyl) 1 1230--290 —_ 49.5 24
2-(o-Terphenylyl) 11215225 . 28 24
4-(m-Terphenylyl) 11320 - 10 24
2-(2-Azo-1-hydroxy-4-methylphenyl)-3-chlorophenyl CI| 30 pyridine + toluene 92 183, 184
2-(2-Azo-1-fiydroxy-4-methylphenyl)-3-bromophenyl Br - — e 183, 184
2-(1-Azo-2-hydroxynaphthyl)phenyl Br — — 45 183, 184
2-(1-Azo-2-hydroxynaphthyl)-3-chlorophenyl Cl — — — 183, 184
2-(1-Azo-2-hydroxynaphthyl)-3-bromophenyl Br — — — 150. 184
2-Phenanthryl- 1 — — - B4
9,10-Dihydro-2-phenanthryl 1 — — — 84
3-Phenanthryl T (250 bipheny! 172
o I 1200—240 — 39 176
6-Nitro-3-phenanthryl [ - DMF 22 176
10,11-Dihydro-5-n-dibenzo
{a, b)cycloheptane* Cl — benzene — 13
9-Methyi-9-fluorenyl Ci — benzene — 114
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Table 4 (contd. )

Az X Rte;;t:;fgc Reaction conditions ;f:;}l?; ﬁ Refs.
0 T2 s s 5 | 6
2-Perylenyl 11250 — . 185
3-Benzanthronyl Cl) 280—300 — 4.3 186
v Br| 250—270 — 6.3 196
o I |280—300 — 12.7 186
»o I |300—320 — 1.3 | 186 ;
2-Dibenzofuryl I ]200—220 - 38 187
2-Dibenzofuryl-3-methoxy- 1 {180—220 — 65 187
2-Methoxy-5-flavonyt 1 1250260 — — 182 ‘
4-Methoxy-3-flavonyl I |250—260 — — 182 !
i
5-Nitro-2-furyl 1 _ DMF 76 103 »
5-Formyl-2-furyl 1| - ditto 5 | 103 f
5-Methoxycarbonyl-2-furyl Br — » 68 103 )
5-Benzoyl-2-fury! Br — ” 103 {
5-Methoxycarbonyl-2-furyl 3-methyl Br — » 62 103 [
'
1
5,5-Diethoxycarbony1-3 4-dimethyl-2-pyrrolyl Iy — i 31.6 101
4-Ethoxycarbonyl-3,5-dimethyl-2-pyrrolyl 1 - » 17.6 101
3-Ethoxy-5-ethoxycarbonyl-4-methy}-2-pyrrolyl 1 - » 28,6 |
4-Ethoxycarbonyl-1,3 5-trimethyl-2-pysrolyl 1 ]160—225 in a sealed tube 5‘8‘6 188 “
3-Ethoxy-5-ethoxycarbonyi4-methyl-2-pyrrolyl 1 - DMF 30 101 ;
3,5-Dimethoxycarbonyl4-methyl-2-pyrrolyl L - ditto ?0 10z
5-Ethoxycarbonyl-4-methoxycarbonyl-3-methy}-2-pyrrolyt I - " 2 102 [
3,5-Diethoxycarbonyl<4-methyl-2-pyrroly! I - ” 61—65 | 101, 102 B
non 1 - benzene 77 102 [
»o» I — nitrobenzene 38.4 102
now Br 180210 in a sealed tube 54 93
S-Carboxyphenyl-3-ethoxycarbonyl-4-methyl- 1 — DMF 77 101 {
-2-pysrolyl v
5-(;arboxyethyl-3—carboxyphenyM-methyl-Z-pynolyl 1 —_ ditto 27 101 |
3,5-Dicarboxyphenyl4-methyl-2-pyrrolyl I — » 56 10t .
5-Carboxyethy)-2,4-dimethyl-3-pyrrolyl- 1 — . 25 102 |
Br —_ — 72—T4 | 189 .
2-Pyridyl Br — DMF 86 33, 3¢ "
o Br — tetralin 25 33 .
R Br — decane 50.8 33 '
- Br — decalin 60.7 33
w o» Br —_ p-cymene 63.4 33
o Br — pseudocumene 65.4 33
PR Br — biphenyl 72 33 .
3-Pyridyl Br — ditto 3—4 | 150 '
»o 1 — " 78 8 ]
4-Pyridyt Ci — " - 157, 158 |
2-Quinolinyl X — DMF — 3¢ ,
4,5-Dimethy}-2-pyrimidinyl Br — DMF 26 190 '
4-Pheny)-2-pyrimidinyl Br — DMEF 20 191 {
6-Methyl-2-phenyl-<4-pyrimidinyl H —_ p-cymene 28 192 s
2-Carboxymethyl4-nitro-3-thienyl Br — DMF 73 108 !
|
3-Nitro-2-selenolyl — xylene 76 193 !
5-Cyano-2-selenolyl I - ditto 70 193 |
3,5-Dinitro-2-selenolyl I — ” 35 193
5-Acety)-2-selenolyl I — ’ 75 193
10(12)o-Carboranyt 1 —_ M 55 193
9(10)-m-Carboranyl I — THF —_ 194
Ferrocenyl I —_ THF — 194
T I — — 52 195
, Br - — 35 195
cl| - - 74 | s

*The condensation of 5,5-dibromo-10,11-dihydro-5H -
dibenzo|a, d]cycloheptene to 5,5’-bi-(10,11-dihydro-5H -

dibenzo| a, d]cycloheptenylidene) in the presence of alkyl-
lithium *¥ is apparently meant here (Ed. of Translation).
Thus the reactivity of halogens in the first stage, The following mechanism was proposed for the Ullmann
involving the formation of an arylcopper compound, reaction as the most probable:
increases from chlorine to iodine and that in the second
stage, involving the decomposition of the arylcopper com- ArX 4 Cu — Ar 4 CuX
pound, increases from iodine to chlorine. The aryl- Alré‘;,

copper compound is evidently formed via a free radical. ArX + ArCu — Ar—Ar 4+ CuX .
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Table 5. Compilation of asymmetric biaryls synthesised by the reaction

Cu
ArX + Ar’X’ —— Ar-Ar’.
. , | Reaction Reaction Yield of .
Ax Ar XX temp., °C| conditions | biaryl, % | Refs-
1 2 s 4] s 6 7 8
2-Methoxyphenyl 2,3,5,6-tetrafluoro- Br| Br| 252 in a sealed — 196
. phenyl tube
3 4-Dimethoxyphenyl 4-nitrophenyt 1 I | 200—250 — 14—16 | 179
2-Methoxycarbonylphenyl 3,4-dimetlioxypheny! Br| 1 —_ —_ — 179
5-Carboxymethyl-2- 2,6-dimethoxyphenyl I I 220 — —_— 197
methoxyphenyl )
n o» 2,3 ,6-trimethoxypheny! 1 I 220 — _— 197
» o 2,4,5-trimethoxyphenyl I I 220 —_ - 197
5-Carboxymethyl- 2-methoxyphenyi 1 I 220 — — 197
3,4-dimethoxyphenyl .
5-Carboxymethyl- 4-nitrophenyl Br) I —_ — 18 119
2,3 4-trimethoxy-
phenyl 4-methoxy-2-nitrophenyl Br{ I | 250—265 i1 19
4-p-Biphenylyl without substituent I I 300 in ab:ealed 65—69 | 198
tu
4-(p-Biphenylyl)- 2-methyiphenyl I |1 | 490—260 — 34 199
(p-RiphenylyD 3-methylphenyl 1|1 |19%0-260 — 37 |1e
o 4-methyiphenyl 1 I | 190—260 — 17 199
2-Fluorenyl without substituent I I — 53 84
2-methyl4-(m-tolyl)phenyl | 1 I — biphenyl 44 83
9,10-Dihydro-2- without substituent I 1 —_— — 50 84
phenantiyl 1 1 | 180—220) 58
2.Di ditto — — 187
Ditenzofuryt 2-methoxyphenyl 1|1 ]180—220 — 57 |7
P 3-methoxyphenyl 1 1 | 180—220 — 60 187
3-Methoxy-2- without substituent 1 1 | 180—260 —_ 60 187
dibenzofuryl i
2-Thieny! ditto 1 1 160 quinoline 50505 121
2-Pyridyl v Br| I — — 55 | 49
o 3-pyridyl 1 |Cl — — 40—42 | 48
»o» 4-pyridyl Br| CI — — 14 .5—20 157, 158

According to this mechanism, the first reaction stage
involves the cleavage of the carbon-halogen bond with
formation of a free aryl radical. The latter then forms

an organocopper compound. This is followed by the

second reaction stage—the formation of a biaryl as a result
of nucleophilic attack by the organocopper compound on the
initial aryl halide.

The formation of an organocopper compound in the
Ullmann reaction is consistent with the observed dehalo-
genation of the starting material #%91®1® anq4 also with
the formation of pyridine from 3-bromopyridine in the
presence of copper at a high temperature®5™’, In the last
case pyridine is formed owing to the decomposition by acid
agents of the organocopper compound formed in the course
of the reaction. When the reaction mixture obtained in the
Ullmann reaction with 3-bromopyridine was decomposed
with a solution of DC1 in D20, [3-D]pyridine was
obtained **:

AV AN NP
() e =0
N7 N/ NS
The reactivities of aryl halides can also be estimated
from the yields of dehalogenation products. Such dehalo-
genation was first observed by Ullmann '® in the reaction
of 2-chloro-3,5-dinitrobenzoic acid with copper; the main
product was 3,5-dinitrobenzoic acid. Dehalogenation
is observed also when the reaction is carried out in the
presence of tetrahydronaphthalene ¥, alcohol'®, and
benzoic acid ****°, The last method has been used to
debrominate various bromonitronaphthalenes *!. The
dehalogenation process proceeds via the mechanism

ArX + Cu — ArCu —— ArH + Cu*.

Smidt established ‘*° that the interaction of picryl
chloride with copper in the presence of benzoic acid
results in the formation of 1,3,5-trinitrobenzene in a yield
of only 20%, while the reaction of 1-chloro-2,4-dinitro-
benzene and o-chloronitrobenzene gives 1,3-dinitro- and
nitro-benzenes in yields of 52 and 59% respectively. Con-
sequently an increase of the number of electronegative
constituents (in the present case nitro-groups) in the
ortho-position relative to the halogen atom deactivates the
aryl halide in the first stage of the Ullmann reaction.
However, this should promote the second reaction stage,
since electronegative groups in the ortho-position relative
to the halogen should activate the carbon-halogen bond in
relation to nucleophilic attack,

Indeed the interaction of iodobenzene, picryl chloride,
and copper at 135°C is explosive and leads to an asym-
metric biaryl ' 16°,

The formation of 2,6-dinitrobiphenyl and 2,4,6-trinitro-
biphenyl in the reaction of iodobenzene with m -dinitro-
benzene and sym -trinitrobenzene ** can be accounted for
by the following processes:

CeHsl + Cu — CoHsCu,
NO,
— N —
o AN
ONL R+ - —oN=L__ >—__ >+ [CaH].

NO,

NO, No,

A number of 2,6—dinitrobiphenyls have been synthesised
according to this scheme ",

The reaction of o-bromonitrobenzene with a-iodo-
naphthalene gave a-bromonaphthalene (yield 40%). 11
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Table 6. Products obtained from bifunctional and monofunctional aryl halides.
Reaction
Bifunctional aryl halide Monofunctional aryl halide Reaction product temp., Reaction conditions Yield of Refs.
°C product, %
1,4-Di-iodobenzene o-iodotoluene 1,3-dimethyl-p-terphenyi 220-240 bitolyl 38 83
»o m-iodotoluene 1,3dimethyl-p-terphenyl - m-bitolyl 33 83
v 4-iodo-1,2-dimethoxybenzene 3,4,3" 4" tetramethoxy-p-terphenyl 220-250 - - 179
»o» 4-iodo-3,3’-dimethylbiphenyl 2,3,2",3""-tetramethyl-p-quinquephenyl - - - 83
1,3-Didodo-2,5-dimethoxy- | 1dodo-2,4-dimethoxybenzene 2,4,2',5' 2" 4"-hexamethoxy-m-terphenyl - m-bitolyl 50 178
benzene
1,3-Didodo4 ,6-dimethoxy- | l-iodo-2,5-dimethoxybenzene 2,5,4,6,2",5"-hexamethoxy-m-terphenyl 220 - 41 83
benzene
1,3-Dibromo-2,5-dinitro- [2,4,6-D3] iodobenzene 2,4-dinitro-m-[2,4,6,2",4",6"-Dg] terphenyl 190-200 in a stream of Nj 35 200
benzene
4,4-Di-iodobiphenyl o-todotoluene 2,2" dimethyl-o-quaterphenyl 200-240 m-bitolyl 45 83
»o m-jodotoluene 3,3" dimethyl-p-quaterphenyl - » 42 83
no 4-odo-3,3"-dimethylbipheny! 3,3"2™ 3" -tetramethyl-p-sexiphenyl - ” 43 83
4,4'Di-iodo-3,3'-dimethyl- | iodobenzene 2',3"-dimethyl-p-quaterphenyl 200-240 biphenyl, in a stream - 83
biphenyl of N
»o o-iodotoluene 2,2,3" 2"-tetramethylp-quaterphenyl - m-bitolyl 39 83
»or m-iodotoluene 3,2',3",3"-tetramethyl-p-quaterphenyl - ” 40 83
4,4-Di-todo-2,2'-dimethyl- o-iodotoluene 2,3,2",2" tetrame thylp-quaterpheny! - - 65 83
biphenyl
4,4-Di<iodop-terphenyl jodobenzene p-quinguepheny! 200-240 biphenyl, in a stream 52 83
of
o o-iodotoluene 2,2"""-dimethyl-p-quinquepheny} 200-240 biphenyl 47 83
v m-iodotoluene 3,3 -dimethyl-p-quinquephenyl - m-bitolyl 49 83
v 4-jodo-3,3'-dimethylbiphenyl 3,3,2™ 3™ -tetramethylp-septiphenyl - > 37 83
4,4-Di-iodo-3,3-dimethyl- iodobenzene 3,3""-dimethyl-p-quinquephenyl 200-240 biphenyl, in a stream 42 83
p-terphenyl of Ny
2,7-Di-iodofluorene iodobenzene 2,7diphenylfluorene - biphenyl 42 83
»o o-iodotoluene 2,7di-(o-tolyl)-flucrene - m-bitolyl 39 83
o m-iodotoluene 2,7di-(m-tolyl)-fluorene - ” 34 83
3,6-Di-iodophenanthrene 3-iodophenanthrene 3,6-di-(3-phenanthryl)-phenanthrene - - - 172,176
2,7-Di-iodo-9,10-dihydro- iodobenzene 2,7-diphenyl-9,10-dihydrop} hrene ~ — 49 34
phenanthrene
»om o-iodotoluene 2,7di-(o-toly!)-9,10-dihydrophenanthrene - - 52 84
»o m-iodotoluene 2,7-di-(m-tolyl)-9,10-dihydrophenanthrene - - 50 84
2,7-Di-iododibenzofuran iodobenzene 2,7-diphenyldibenzofuran - - 30 187
»o m-iodotoluene 2,7di(m-tolyl)dibenzofuran - — 27 187
7
Thus there is an exchange of halogen atoms. This The mechanism discussed above is also consistent with

process can be accounted for by the following mechan-

the following findings: electronegative groups in the ovtho-

position relative to the halogen atom in aryl halides

: 169
ism :
Bry
+ d NN +
ArBr + CulgCl === Ar—Br —-Culi2 = Ar\ /CuL2 == Ar—Cl —l}ulq
Cl NGl ” Br *
A:Cl+ CulyB

We may note that, according to this mechanism,
halogen exchange involves an organocopper halide formed
in the Ullmann reaction.

The mechanism proposed above for the Ullmann reac-
tion, involving the intermediate formation of organocopper
compounds, accounts for the following typical features:
(1)‘the Ullmann reaction takes place only with aromatic
halogeno-derivatives; (2) dehalogenated products may be
formed in the course of the reaction *'?%; (3) asymmetric
biaryls may be formed in high yields by the reaction of
activated and non-activated aryl halides below the tem-
perature required for the synthesis of the symmetrical
biaryl from the non-activated aryl halide **!%% (4) the
Ullmann reaction may be suppressed by the addition of
proton donors '#329-¥11®. (5} exchange of halogen atoms

between the starting materials is possible in the course
of the Ullmann reaction *®,

activate it in relation to the Ullmann reaction; the reac-
tion of iodobenzene with copper in the presence of nitro-
benzene results in the formation of triphenylamine %,
when iodobenzene reacts with copper in the presence of
m~dinitrobenzene and sym -trinitrobenzene, 1,3-dinitro-
biphenyl and 1,3,5-trinitrobiphenyl are formed .

It is noteworthy that certain aspects of this reaction,
for example the effect of solvents on the yield of product,
the influence of the amount and quality of the copper on the
main and side reactions, and the nature of the stabilisa-
tion of the intermediate arylcopper compound, still
remain obscure. The use of new effective methods for
the analysis and separation of reaction products (ultra-
violet, infrared, NMR, and mass spectroscopy, gas—
liquid chromatography, etc.) may and should extend
significantly our knowledge in this field.
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