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Organoaluminum-Mediated Direct Cross-Coupling Reactions™*
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Abstract: We present a direct cross-coupling reaction between
arylaluminum compounds (ArAlMe, LiCl) and organic hal-
ides RX (R=aryl, alkenyl, alkynyl; X =1, Br, and Cl) without
any external catalyst. The reaction takes place smoothly, simply
upon heating, thereby enabling the efficient and chemo-/
stereoselective formation of biaryl, alkene, and alkyne cou-
pling products with broad functional group compatibility.

Aluminum is the most abundant metal (and the third most
abundant element) in the Earth’s crust. It also provides the
world’s largest tonnage organometallic reagent, AlMe;,."
Since the discovery of organoaluminum in 1859, various
methods have been developed to create C—Al bonds.? For
example, in 2010, the direct oxidative insertion of aluminium
metal into a C—X (X = halogen) bond in the presence of LiCl
was reported by Knochel and co-workers.”! Organoaluminum
reagents occupy a central position in synthetic organic and
organometallic chemistry because of their low cost, ready
availability, low toxicity, and exceptional Lewis acidity.l'™]
However, the utilization of organoaluminum compounds
in modern transition-metal-catalyzed cross-coupling reac-
tions" has been largely neglected in favor of organoboron
(Suzuki-Miyaura reaction), organozinc (Negishi reaction),
organomagnesium (Kumada-Tamao reaction), and organotin
(Stille reaction) reagents, despite the fact that Pd-catalyzed
cross-coupling with organoaluminum reagents was first
reported by Negishi et al. as early as in 1976.°! The initial
methods for cross-coupling with organoaluminum usually
required a co-catalyst such as zinc or indium salts to
accelerate the reaction.>®) However, in recent years, new
coupling procedures that do not require those additives have
also been developed: for example, 1) by appropriately tuning
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the coordination of aluminum (by using heteroleptic
ligands, triarylaluminum compounds such as Ar;AL®*! or
a more reactive organoaluminate complex"’), 2) by using
another transition-metal catalyst such as Nil'!l or Fe,"'? and
3) notably, by using aryl- or benzylaluminum reagents freshly
prepared in situ with proper Pd catalysts and ligands.!"” Now,
we have discovered a direct cross-coupling reaction of
organoaluminum that does not require any external catalyst.
This reaction offers many advantages over transition-metal-
catalyzed reactions, including 1) low halogen-metal exchange
ability, so that side dehalogenation reactions are minimized,
2) applicability to a wide range of organic halides, including
aryl/alkenyl/alkynyl iodide, bromide, and even chloride, and
3) excellent chemoselectivity for carbon-halogen and
carbon—pseudohalogen coupling partners with broad func-
tional group compatibility.

Initially, we focused on the reaction between dimethyl-p-
tolylaluminum (1a, easily prepared from p-tolyllithium and
dimethylaluminum chloride)!"! and 2-iodonaphthalene (2a).
After extensive studies,””! we identified the optimum con-
ditions for direct coupling to be heating at 110°C in THF. We
then examined the scope and limitations of the cross-coupling
reaction between various aryl aluminum compounds 1 and
aryliodides 2 (Scheme 1). The steric and electronic properties
of functional groups on the aromatic rings, such as ester (—
3hc), amide (< Pr3hd), benzyl ether (—3 ee), trifluoromethyl
(—3ef), silyl ether (—3fg), and heterocycles (—3ah), had
little influence on the reactivity, and the desired coupling

THF 110°C, 24 h

3 (isolation yield)
3aa: 94% .

3ab: 93% .
3ba: Me . 3ca 96% 3da: 90% .
98%

s ~ e ~ 4y ~
3ea: 91% 3fa: 97% 3ga: 95%
Me
B, << ﬁ

=)
OEt NiPr,

3hc: 86% 3hd: 99% 3ee: 95%

F @ @ CIOSiMeZtBu Me @ @ l\{

3ef: 74% CF; 3fg: 91% 3ah: 87%

©§

| (@]
(1
w

Scheme 1. Direct cross-coupling between arylaluminum 1 (2.5 equiv)
and aryl iodide 2 (1.0 equiv).
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products were obtained in high yields without the formation
of detectable amounts of dehalogenated side product.

Next, the reaction with aryl bromides 4 was investigated
(Scheme 2). Under the same conditions, aryl bromides
carrying various functional groups reacted with aluminum
reagents 1 to form biaryl products 3 in high yields. Multiple
coupling with dibromo substituents (4k) and reaction at
sterically congested sites (41) proceeded smoothly to give the
desired terphenyl (3hk) and 9-phenylanthracene products in
high yields. Therefore, this procedure is potentially applicable
for the synthesis of functional molecules with extended -
conjugated systems.

To further investigate the chemoselectivity of this cross-
coupling reaction, the reactions with aromatic iodides or
bromides bearing tosylate, triflate, and carbamate groups
were next examined (Scheme 3). It is well known that
sulfonate usually shows reactivity similar to, or even higher

AIMez-LiCI + Br _—
THF, 110°C, 24 h
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Scheme 2. Direct cross-coupling between arylaluminum 1 (2.5 equiv)
and aryl bromides 4 (1.0 equiv). For 3eg, the reaction was maintained
for 48 h. For 3 hk, 3.5 equiv of Th was used.

0Z ——
THF, 110 °C,

24 h

Me
Me—Q—AIMez- Licl + X

Y 2(X=1)
1 ¢ 4(X=Br)

e

0]
1
3bm: 97% Me O @ O—S—pTol
tosylate
(2

M
Me
Me

e w0
96% (from 2n) trifla

99% (from 4n) e
e
e

1]
1]
S—CFs
M
M
0

o)
o
O_
® 0
3bo: 98% Me O @ o<
arbamate NEt,

M

opposite chemoselectivity compared to TM catalysis

Scheme 3. Direct cross-coupling between arylaluminum 1 (2.5 equiv)
and aryl iodide 2 or bromides 4 (1.0 equiv). The reaction exhibits
different chemoselectivity from transition-metal-catalyzed reactions.
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than, that of halides in transition-metal-catalyzed cross-
couplings reactions. Recently, aryl carboxylates (ester, carba-
mate, etc.) have also been reported to be good coupling
partners in the presence of transition-metal catalysts.!'! The
functional-group specificity of our coupling was very high,
with tosylate, carbamate, and especially the highly reactive
triflate not reacting at all. In competitive reactions, cross-
coupling at iodide (surprisingly, also at bromide versus OTY)
proceeded in excellent yield with more than 99 % selectivity.
This is in sharp contrast with transition-metal-catalyzed
procedures, and opens up new possibilities for the diversified
synthesis of multifunctionalized aromatic compounds with
high chemoselectivity.

This reaction also proceeded with alkenyl iodides 5§ and
bromides 6 (Scheme 4). In all cases, the stereochemistry of the
starting materials was retained in the products. Therefore, this
coupling reaction is expected to be a powerful tool for the
region-/stereocontrolled synthesis of multisubstituted olefins.
This finding also strongly suggests that no free radical process
is involved in the present reaction.

Another highly attractive feature of this reaction is its
applicability to organic chlorides. According to previous
reports, aryl and vinyl chlorides are much less reactive toward
both Grignard!” and organozinc!™! reagents. However, the
reaction of aryl or vinyl chloride (8 or 9) with aluminum
reagent 1 enabled formation of coupling products 3 or 11,
respectively, albeit in moderate yield (Scheme 5).

Transition-metal-catalyst-free coupling of alkynyl halides
with organometallic compounds has not been previously
reported. Here, we found that the direct cross-coupling of
alkynyliodides or bromides with aluminum reagent 1 afforded
the aryl-alkynyl cross-coupling product in low yield as
a mixture with free alkyne and the aryl-aryl homocoupling
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Scheme 4. Direct cross-coupling between arylaluminum 1 (2.5 equiv)
and alkenyl iodides 5 or bromides 6 (1.0 equiv). No C=C bond isomers
were observed by both GC and NMR spectroscopic analysis of the
crude products.
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Scheme 5. Direct cross-coupling of arylaluminum 1 (2.5 equiv) with
aryl or alkenyl chloride 8 or 9 (1.0 equiv).
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products, presumably as a result of halogen—aluminum
exchange. However, alkynyl chlorides 10 were found to be
good substrates for the present reaction, affording the desired
aryl-alkynyl cross-coupled 11 as the sole product in moderate
to good yields without exchange-associated side reactions
(Scheme 6). These results demonstrate the broad scope, high
selectivity, and diverse applicability of this transition-metal-
catalyst-free cross-coupling reaction.

Me—@—AIMeZ-LiCI + Cl=——R —>» Me—@—:—R
THF, 90 °C
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10a 100
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Scheme 6. Direct cross-coupling of arylaluminum 1 (2.5 equiv) with
alkynyl chloride 10 (1.0 equiv).

To examine whether any transition metals were present,
ICP-MS analysis was performed on the solvents, aluminum
reagents, and aryl halides. No transition metals were detected
at the level of 1 ppb (the detection limit). Although this result
may not entirely rule out the participation of transition
metals, the present findings indicate the low possibility of the
involvement of a transition-metal-mediated process.!

In conclusion, we have developed a direct cross-coupling
reaction between organoaluminum and aryl halides without
any external catalyst. This reaction is efficient, selective, and
applicable to a wide range of substrates, including aryl/
alkenyl/alkynyl halides. Further studies to further expand the
scope of this reaction and its synthetic utility, including its
applicability to functional molecules with extended m-con-
jugated systems is in progress. We are also further investigat-
ing the reaction properties/mechanisms with the help of
theoretical and spectroscopic methods.”
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