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Abstract—Oxidative decomposition of cyanocuprates of the type CuLi(CN)Ar (Ar=[CcH,(CH,NMe,)-2]", 1la) or type
CuLiy,(CN)Ar, (1b) shows the unexpected formation of aryl-cyanides in up to 30% yield. © 2002 Elsevier Science Ltd. All rights

reserved.

A general synthetic strategy for the preparation of
biaryls as found in polyketides, terpenes, lignans, cou-
marins, flavonoids, tannins, peptides and alkaloids
involves the coupling of two aryl units, using either
metals or organometallic compounds as catalysts.!™®
Sterically hindered biaryls like the binaphthyls® or
BINAP? are particularly interesting targets because of
their numerous applications as chiral ligands in enan-
tioselective catalytic reactions. Preparative routes
involving copper are the thermolysis of organocopper
compounds,”® and the oxidative ‘decomposition’ of
organocopper and -cuprate compounds in the presence
of a catalytic amount of CuOTf!' or molecular
oxygen'?>!* (see Scheme 1).

The concept of introducing one non-transferable group
in organocuprates caused a major breakthrough in the
applicability of cuprates in organic synthesis. Of partic-
ular importance are the use of monoanionic
acetylenic,'> arenethiolate'® and cyanide'*!'” moieties as
non-transferable groups. In particular, the development

of the so called ‘higher-order cyanocuprates’ with gen-
eral formula CuLi,(CN)R,'® has contributed to the
applicability of organocuprates in organic reactions.

The oxidation of heteroleptic cyanocuprates of the type
[CuLi,(CN)RR'] is of special importance because the
corresponding hetero-biaryls RR’ are formed in high
yields. A mechanism for their formation has been pro-
posed see Scheme 2.1%:%°

More recently, we*' and others®*2* have shown that
such higher-order cyanocuprates should be formulated
as [Ar,Cu]™ [Li,(CN)]* both in the solid state and in
solution and that a dianionic copper species
([Cu(CN)ATr,]*) cannot be detected in solution.?>2°

These new insights prompted us to investigate the oxi-
dative decomposition reaction of recently reported
[CuLi(CN)Ar] and [CuLi,(CN)Ar,] (Ar=[CH,-
(CH,NMe,)-2]", 1a and 1b,?! respectively), with molec-
ular oxygen.”’

A
Thermal decomposition 2RCu » RR+Cu
CuOTf
0,
Oxidative decomposition a)RCu {mole) . rRr+cu®
o7}

b) CuLi(CN)R2 » R-R + Cu®+LiOH + LICN

Scheme 1.
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Scheme 2.

The oxidation reactions were performed by bubbling
dry air?’ through THF solutions of 1a and 1b, respec-
tively, at —78°C for 5 h, after which the reaction
mixture was stirred at rt for 16 h and subsequently
quenched with D,O and an aqueous KCN solution.
After work-up the product mixture was analyzed by
GC-MS. Under these reaction conditions no deuterium
incorporation was observed. This indicated that prior
to the work-up procedure all of 1 had been converted.
However, considerable amounts of Ar-D (up to 50%)
were found when the reaction was quenched after a
short reaction time (e.g. 1 h), pointing to the presence
of unreacted cuprate species. Finally, as all literature
procedures reported so far'”*® involved the addition of
3 equiv. of TMEDA prior to the reaction, we also
carried out reactions both with and without TMEDA.
Table 1 shows that in the presence of TMEDA the
conversion measured in Ar equivalents is more or less
identical to that in the reactions without TMEDA and
the actual function of TMEDA in these reactions is
therefore not clear.

Four different reaction products could be quantitatively
identified in the reaction mixture: (i) the symmetric
biaryl, Ar-Ar, (ii) the corresponding phenol Ar-OH,
most likely as a result of insertion of oxygen into an

Ar—-metal bond, (iii) minor amounts of Ar-H, formed
by hydrolysis of the cuprate species by traces of mois-
ture in the solvent, and iv, Ar—CN, as a result of
transfer of a cyanide group to the aryl moiety. In
particular, the formation of Ar—CN was surprising and
this is the first observation where a CN anion behaves
as a transferable group.?” (Interestingly, the formation
of trace amounts of Ar—CN (<1%) during the oxidation
of cyanocuprates has been reported earlier.*®) To
demonstrate that the formation of Ar-CN in the
reported reaction is not a consequence of the presence
of the ortho-amino substituent in the aryl ligand, con-
ventional CuLi,(CN)Ph, was oxidized as well. Here, ca.
15% benzonitrile was found as well as 60% biphenyl
and 20% phenol.

It is most likely that Ar—Ar is formed from species in
which two aryl groups are bound to the same metal,
e.g. [Ar,Cu] . By analogy, we propose that the forma-
tion of Ar-CN is most probably the result of the
oxidation of a species in which both an Ar-group and a
CN-group are bound to the same metal, e.g.
[ArCuCN]". The 2:1 aggregate (‘higher-order’) cuprate
1b indeed contains [Ar,Cu]™ and [Li,(CN)]* ionic units
both in the solid state and in solution.?! Recently, the
[ArCuCN]™ motif has been found in the structure of the
1:1 (lower-order) cuprate [CuLi(CN)(¢-Bu)].?* Based on
the results of the oxidation reactions in Table 1 and the
structures of the above mentioned species we propose a
mechanism as outlined in Scheme 3.

We believe that in solution an equilibrium exists
between the 1:1 cuprate 1a and the 2:1 cuprate 1b. With
the present information, it is impossible to predict the
position of these equilibria. This makes it difficult to
formulate conclusions about the reactivity of the cop-
per-containing ionic fragments since kinetics will play a
dominant role in these reactions.

Table 1. Oxidative decomposition reactions of la and 1b with molecular oxygen at —78°C*

Entry Complex TMEDA (equiv.)®

Yield of aryl-containing products (mol%)° Total (mol%) Ar¢

Ar-Ar Ar-H Ar-OH Ar-CN
1 CuLi(CN)Ar (1a) - 36 5 26 33 80
2 CuLi(CN)Ar (1a) 3 41 5 23 31 72
3 CuLi,(CN)Ar, (1b) - 39 2 32 27 86
4 CuLi,(CN)Ar, (1b) 3 41 5 29 26 71

4 Reaction conditions: 45 mL THF; 2.5-5.0 mmol [Cu]; —=78°C (O,, 5 h)—rt (16 h).

® Ratio TMEDA: Ar=3:1 in molar equivalents.

¢ Determined by GCMS analysis with fert-butylbenzene as internal standard.

4 Total amount of Ar equivalents in mol% recovered after work-up.
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In principle, oxidation of a solution of pure 1b would
result in the exclusive formation of Ar—Ar. However,
during oxidation of 1b CuCN is gradually re-formed
which shifts the right-hand 1a/1b equilibrium to the
side of the 1:1 cuprate [ArCu(CN)][Li]* 1a. This could
explain the formation of Ar—-CN during this reaction,
cf. entries 3 and 4 in Table 1.

In all reactions Ar—-OH is formed in comparable yields
to Ar—-Ar and Ar—CN. This implies insertion of O, into
the Ar—M (M =Cu or Li) bond of one of the species
present in Scheme 3. The formation of excess Ar—Li’!
via the left-hand 1b/1a equilibrium may well be
involved. Indeed, this equilibrium will shift to the left
because [ArCu(CN)][Li]*, 1a, is used in the competitive
reaction to form Ar—CN. Oxidative decomposition of
ArLi under the same experimental conditions yields
Ar-OH in 85%.

Recent NMR studies®> showed that, apart from equi-
libria between different copper species, equilibria
between contact ion-pairs (CIPs) and solvent-separated
ion-pairs (SSIPs) play a dominant role depending on
the polarity of the solvents. In solvents like diethyl
ether and THF (used for the present reactions)
cyanocuprates are predominantely present in the form
of SSIP’s. This underlines the view that the products
Ar-Ar and Ar-CN originate from 1b and la,
respectively.

The present work demonstrates that oxidative decom-
position of arylcyanocuprates results in the formation
of considerable amounts of Ar—CN and that a group so
far regarded as non-transferable may well be trans-
ferred under certain conditions.
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