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Buchwald Ligands Review

RuPhos, JackiePhos, and BrettPhos. The name of the phosphine
describes the backbone. These ligands can contain either
(tBu),P-group or Cy,P-group, which can be designated in

the name in some cases. For example, tBu-XPhos would
contain (tBu),P-group with the Xphos backbone. Several
excellent reviews have been published, which this summary

is based upon.t-4

In 1999, Stephen Buchwald and his group developed a series
of electron-rich, bulky phosphine ligands that excelled in the
palladium-catalyzed coupling of aryl halides, especially aryl
chlorides, with a wide variety of coupling partners. These
phosphine ligands were based on a biphenyl-backbone. Through
the years, many biphenyl-based ligands were developed and
commercialized: JohnPhos, DavePhos, XPhos, SPhos, MePhos,
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Figure 1. Commercially available Buchwald Ligands from Entegris
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LIGAND EVOLUTION AND UNIQUE PALLADIUM COORDINATION OF BUCHWALD LIGANDS

These ligands were developed initially for the
palladium-catalyzed coupling of aryl chlorides with
amines. Through the course of ligand development,
the Buchwald labs determined that the mono-ligated
[L,Pd(0)] was highly reactive and in equilibrium with
bis-ligated palladium complex, [L,Pd(0)]. The re-
searchers believed that the considerable steric bulk
and strong electron-donor ability of these ligands
promoted formation of the mono-ligated [L,Pd(0)],
which allowed for oxidative addition of unactivated
aryl chlorides to occur at mild reaction conditions.
Another observation made was that reaction rate
increased with turnover number for ligands that
contained only one substituent on the lower ring
while the rate remained nearly constant for
2',6'-substitution on the lower ring. Ligands with
monosubstitution on the phenyl ring tended to form
palladacycles, which required additional ligand to
convert the palladacycle back to the active species.

The dialkylbiarylphosphine ligands with
2',6'-disubstitution have another interesting
characteristic: they can stabilize the metal center
via interaction with the lower phenyl group.*=3

In the initial studies with JohnPhos, Buchwald

and coworkers determined that the ligand had
coordinated to Pd in a unique fashion that involved
coordination to the second phenyl group of the ligand.
The simple reaction of ligand and palladium source
results in the formation of air- and moisture-stable
pallacyclic precatalysts (Scheme 1). These complexes
have a unique n-interaction at the ortho-carbon of
the unsubstituted aryl ring of the biphenyl, which are
reported not to be a traditional o-bond. This complex
has been used successfully in the N-arylation of aryl
chlorides.®~¢ Additional reactions of these pallada-
cyclic complexes with [Pd(COD)X,] produced
dinuclear palladium (I) complexes, which are active in
the N-arylation of aryl chlorides and bromides.
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The XPhos, SPhos, and BrettPhos ligand families
eliminated the formation of palladacycles by the
addition of substitution on the second phenyl group
in the 2'- and 6’-position. In the reaction of these
ligands with a palladium source and ArX, palladium
coordinated to the ligands in the manner shown in
Scheme 2.173 In the case of the BrettPhos family,
two compounds exist in equilibrium: Pd has either an
ipso-bond with the second phenyl group or a dative
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bond with a neighboring methoxy group. An X-ray
crystal structure confirmed the ipso-bonded
Pd-complex with the second phenyl rotated
180° to the first phenyl group of the biphenyl
backbone. During the trifluoromethylation of

aryl chlorides, Buchwald and coworkers reacted
(tBu-BrettPhos)Pd(CI)(Ar) with Et;SiCF,/CsF to form
the MeO-coordinated species when X = CF;, which
was confirmed via x-ray crystal structure.”




Buchwald's group published an interesting figure
that demonstrates how the structural features
relate to improved catalyst efficiencies (Figure 2).
The dialkylbiarylphosphine ligands evolved with
substitution in the 3-position of the upper phenyl

Substituent fixes conformation of
-PR, over bottom phenyl ring,
enhances reductive elimination

RY, R? = large group: promotes
[L1Pd(0)] formation, increases
stability, and prevents Pd-
cyclometallation

R?® = any group but H: usually for
ease of synthesis (e.g., XPhos)

TN

group in the development of BrettPhos, JackiePhos,
and TetramethylXPhos. Substituents in the 3-position
of the upper phenyl group locks the orientation of the
neighboring —PR, group over the bottom phenyl ring,
which improves the rate of reductive elimination.

R: Bulky, electron-rich groups
increase electron density at P and
increase rate of oxidative addition.
Increased bulk of R improves rate
of reductive elimination and

,/ [L,Pd(0)] formation

Lower phenyl ring allows stablizing
Pd-arene interactions, retards

»____ oxidation by O,, and promotes

reductive elimination

Figure 2. Structural features of dialkylbiarylphosphines and their impact on catalysis efficiencies

CATALYSIS

As mentioned earlier, Buchwald ligands have been
successfully employed in a wide variety of catalytic
transformations. A full disclosure of all catalytic
reactions would be voluminous. Table 1 shows the
generic catalytic transformations along with some
added detailed reaction descriptions. All the Buchwald
ligands have been used in the Buchwald-Hartwig
amination reaction, but each ligand has a niche.

JohnPhos and DavePhos can facilitate palladium
catalyzed amination of aryl halides and triflates
with secondary amines while the BrettPhos ligands
can perform the amination with primary amines and
amides. Surry and Buchwald published a review of
the key parameters, such as solvent, temperature,
ligand selection, and base selection, for the
amination reaction.t

TABLE 1
Ligand Coupling reaction
JohnPhos Arylation of silyl enol ethers

Amination of vinyl halides with carbazates

Buchwald-Hartwig amination

C-0O bond coupling

C-Si bond coupling

Mizoroki-Heck coupling

Pd-catalyzed cyclizations of a.-chloroacetanilides to oxindoles

Suzuki-Miyauri coupling

Vinylation of aryl bromides




Cy-JohnPhos a-arylation of ketones

Buchwald-Hartwig amination of aryl chlorides, bromides, and triflates
with secondary amines

C-B bond formation

Hiyama coupling with aryl chlorides
Methylation of aryl halides

Negishi coupling

Oxidation of alcohols to ketones and aldehydes
Silylation of aryl chlorides

Suzuki coupling of aryl chlorides, bromides, and triflates

MePhos o-arylation of ketones
Arylations of hydrazones with aryl chlorides
Buchwald-Hartwig aminations

Suzuki-Miyauri couplings

tBu-MePhos a-arylation of ketones and malonate esters
a-arylation of nitroalkanes
C-0O bond coupling: formation of tBuO-ethers

Formate reduction of N-heterocyclic allylic acetates

DavePhos o-arylation of ketones
a-arylation of ester enolates
Buchwald-Hartwig amination of unactivated aryl chlorides
C-0O bond coupling: formation of tBuO-aryl ethers
Kumada-Corriu coupling with Grignards
N-arylation of indols
Rh-catalyzed Hydroamination
Silylation of aryl chlorides

Suzuki-Miyauri coupling

tBu-DavePhos o-Arylation of esters
Buchwald-Hartwig amination
Aniline formation via coupling of aryl halides with NH;

C-Si bond formation

S-Phos Buchwald-Hartwig amination
Kumada-Corriu coupling with Grignards

Negishi coupling

Suzuki-Miyauri couplings with aryl and heterocyclic partners




RuPhos

XPhos

tBu-XPhos

BrettPhos

tBu-BrettPhos

Tetramethyl-tBu-XPhos

JackiePhos

a-arylation of ketones

Au-catalyzed cyclization of silylenols
Buchwald-Hartwig amination

Negishi coupling with aryl zinc reagents

Suzuki-Miyauri coupling of aryl chlorides

Amination of vinyl halides and triflates

Buchwald-Hartwig amination of aryl chlorides and sulfonates
Carbonyl enolate coupling

Hiyama coupling

Hydrosilylation of terminal alkynes

Sonogashira coupling

Stille coupling

Suzuki-Miyauri coupling with aryl chlorides and tosylates

a-Arylation of a-amino acid esters

Buchwald-Hartwig aminations of pyrazoles, indazoles, and amino heterocycles
Carboxylation of aryl bromides with CO,

C-F bond formation

C-0O bond coupling: phenols from ArX and KOH

Decarboxylative coupling of aromatic acids and aryl iodides

Buchwald-Hartwig amination of ArCl and ArOMs with primary amines

Trifluoromethylation of aryl chlorides

Aryl and vinyl bromides and chlorides from the triflates
Buchwald-Hartwig amination with primary amides and sulfamides
C-F bond formation

Nitroaromatics from aryl chlorides, triflates, and nonaflates

O-Arylation of ethyl acetohydroximate

Buchwald-Hartwig amination

Amidation of aryl chlorides with primary amides
Preparation of phenols from aryl halides

C-0O bond coupling of aryl-OTf

C-0O bond coupling or aryl halides with primary and secondary alcohols

N-arylation of acyclic secondary amides, ureas, carbamates, and sulfamides
with Ar-Cl, Ar-OTf, and Ar-ONf
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