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The Chemeospecific, Homogeneous, Ambient Temperature
Ullmann Coupling of o-Haloarylimines

Sir:
The classical Ullmann reaction allows for the coupling of
aryl halides to form biaryls at elevated temperatures (100-250

°C). In the case of unsymmetrical couplings, three products
(AA, AB, BB) are formed in varying amounts.! We wish to

Scheme I

K Br(I)

1

(L =(C,H;0)P)

BuLi/THF-hexane
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I

CulL NCsHy, R,
> .
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Cu<—L

R,

CHO
R, H0* R,

R,

CH ,N= OHC

Table I
Yield %
Entry Cureagent lodide Biaryl NMR? isolated?
1 la 1b 5a 60 44
2 2a 2b 5b 65 59
3 la 2b Sc 70 54
4 2a b 5¢ 86 58
5 2¢ 2d 5d — 62
6 3 2b Se 77 63
7 4 2b 6 — 54¢

2 Aldehyde proton integrated against benzaldehyde standard.
b Crystallized yields.* ¢ Isolated as oxazoline-imine.

report a method for the homogeneous, chemospecific coupling
of ortho-halogenated arylimines at ambient temperature? as
illustrated in Scheme 1.

The biaryl formed in each case is determined by the position
of the halogen atom in each of the starting imines and is formed
by the union of the preformed copper reagent and the aryl io-
dide. The specific couplings which were investigated are listed
in Table I.3

RO RO L—Cu<NCH,,
RO X RO CH,0
~NCH,, CH,0
X N CGHI 1 OCH3
1 2 3

a, R=—CH,—; X = Cu<«—L
b R=-CH,—; X =1
¢, R=CH; X =Cu<—L

d R=CH;X =1I
R,
[~9 R,
0 O
o R CHO CgH
@j( R: CHO
L—>Cu<N @
R;
Ry
4 5

a, R, =Rs=H;R,R; =R, R, =0CH,0

b R;=R, = H; R, R, = R;,R; = OCH,0

¢ R, =R,=H; R, R; =R;,R; = OCH,0
d,Rs=R,=H; R,=R,=R; =R; = OCH;

e, R;=H; R, R, =O0CH,0; R, =R; = R, = OCH,

The sequence has the advantage over traditional Ullmann
conditions in that (a) the reaction can be conducted homoge-
neously at ambient temperature; (b) both symmetrical and
unsymmetrical dimers can be produced; (c) unsymmetrical
biaryls can be prepared in either of two modes (Table I, entries
3 and 4); (d) both biaryl aldehydes and oxazolines (latent ester
or carboxylic acid®) can be produced. While nickel(0) biscy-
clooctadiene,® nickel(0) tetrakistriphenylphosphine,” and
nickel(0) tristriphenylphosphine® have been utilized to couple
aryl halides, halides flanked by two ortho-substituents fail to
dimerize.”-8 Entry 6 reveals that this effect is not significant
in this reaction, a fact of critical importance in synthetic ap-
proaches to the antileukemic biaryls, steganacin 7a and ste-
ganagin 7b,% which depend upon initial formation of the biaryl
system.
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OCH,
7a, R = COCH;
b R=0C

\

It has been demonstrated!® that phenylcopper and deuter-
iolodobenzene in a coordinating solvent such as pyridine or
quinoline give a nearly statistical distribution of labeled and
unlabeled biphenyl, whereas, in a weakly coordinating solvent
(DMF), bipheny! forms by phenylcopper disproportiona-
tion.

We have found that it is necessary for the intramolecular
stabilizing ligands to be present.!! When aryl Cu! 1a was
treated with an equivalent of iodobenzene, unsymmetrical
coupling was repressed in favor of symmetrical coupling, Sa,
by aryl Cu! disproportionation.!? The biaryls 8a and 5b were
found to be by-products (<5% of the crude hydrolyzed reaction
mixture, HPLC analysis) in entries 3 and 4, respectively.

The mechanism is viewed as an oxidative addition'? of the
arylimine iodide to the copper reagent to form an intermediate
(arylimine),Cu''I-dg species which collapses to product and
Cul.L.'4

Typical reaction conditions are as follows (entry 3). In a
flame-dried flask equipped with a serum cap and N3 inlet is
dissolved 310 mg (1 mmol) of 6-bromopiperonalcyclohexyli-
mine'® in 5 ml of THF (from sodium benzophenone ketyl)
followed by cooling to —78 °C (CO,-acetone bath). To the
magnetically stirred solution was added via syringe 0.52 ml
(1.10 mmol) of 2.1 M BulLi in hexane (Ventron). After the
yellow solutiofi-had been stirred for 15 min, addition of 535 mg
(1.5 mmol) of solid Cul-(C;Hs0)3P!¢ formed a homogeneous
orange-red solution. After an additional 15 min, 357 mg (1
mmol) of 2-iodopiperonalcyclohexylimine!s was added as a
solid, the bath was removed, and the reaction mixture allowed
to warm to room temperature while stirring was continued for
5 h. The reaction mixture was diluted with methylene chloride
and washed continuously with concentrated NH4OH (until
the aqueous washes were no longer blue) followed by successive
washing with water and saturated brine. The organic layer was
dried over anhydrous MgSQ,, filtered, and concentrated
providing 623 mg of oil which was subsequently hydrolyzed
in 10 ml of CH,Cl, and 10 ml of 10% aqueous HCl at reflux
for 1 h. Separation of the layers followed by workup (vide
supra) gave 356 mg of foam. Integration (NMR) of the alde-
hyde resonances (6 9.67 and 9.73) against a known quantity
of freshly distilled benzaldehyde (6 10.00) indicated a yield of
86%. The residue was percolated through a short column of
silica gel (1:1 THF/hexane) followed by HPLC purification
(40% THF/hexane, E. Merck Silica Gel 60H). The combined
biaryl fractions (253 mg) were crystallized from ethanol to
provide 148 mg (58%) of S¢, mp 146.5-148.5 °C (corr.).
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Thermal Isomerization of
(—)(1R,5R)-6-exo-Vinylbicyclo[3.1.0]hex-2-ene to
(—)-(1R,5R)-Bicyclo[3.2.1]octa-2,6-diene: One-Center
Thermal Epimerization of a Cyclopropane
Sir:

trans-1,2-Divinylcyclopropane at 190 °C gives rise to
1,4-cycloheptadiene;! this net result and related data for other
trans-1,2-dialkenylcyclopropanes have been interpreted in
terms of geometrical isomerization to give short-lived cis-
1,2-dialkenylcyclopropanes which in turn suffer rapid Cope
rearrangements.”~* Whether the geometrical isomerization
is a one-center epimerization or a two-center process has not
been addressed experimentally. For trans-divinylcyclopropane
(1), a two-center epimerization leading to racemization is
kinetically competitive with the trans-to-cis geometrical
isomerization,* but the latter could well be either a one-center
or a two-center event.

H (X |
=18
Ha A Hz\
H, . >©
‘ Hy (N
Hy 2N "\ H,
# 2
1 _Hz\ —

Recent work on (+)-1,2-trans-dideuteriocyclopropane’ and
both antipodes of zrans-1-phenyl-2-deuteriocyclopropane’
indicated exclusive or nearly exclusive epimerization through
two-center processes. Kinetic work on deuterium labeled and
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