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DESCRIPTION

[0001] The present invention relates to transition metal complexes and, in particular, to π-allyl 
complexes, such as π-allylpalladium and π-allylnickel complexes. The invention also relates to 
the use of the transition metal complexes in coupling reactions.

[0002] In many transitions metal mediated reactions, the active catalyst is formed in situ by the 
additional of a transition metal precursor, such as Pd(OAc)2 or Pd2(dba)s, and the ligand in 

question. In these processes, an excess amount of ligand is usually required, which can be 
disadvantageous if the cost of the ligand is high, in addition to storage and handling difficulties if 
the ligand is air sensitive.

[0003] As an alternative to preparing the active catalyst in situ, it is possible to prepare pre­
formed transition metal complexes which comprise a well-defined transition metal atom to 
ligand ratio.

[0004] WO99/47474 and W001/16057 (both to Ciba Speciality Chemicals Holdings Inc.) 
describe various allylpalladium complexes containing tertiary phosphine ligands. The ligands 
exemplified are trialkylphosphine ligands. Grabulosa et al, Organometallics, 2005, 24, 4961- 
4973 describes a number of neutral π-allyl palladium compounds containing P-stereogenic 
monodentate phosphines S-PPhRR' (R = 1-naphthyl, 9-phenanthryl, or o-biphenylyl and R' = 
CH3-, /-C3H8-, and Ph3SiCH2-).

[0005] The present inventors have developed complexes which overcome problems associated 
with the prior art.

Summary of the invention

[0006] The inventors have discovered a class of π-allylpalladium and π-allylnickel complexes, 
which may be employed to effect a variety of reactions, such as C-N and C-C bond formation 
reactions. In certain embodiments, the π-allyl complexes are highly active catalysts. In certain 
embodiments, the π-allyl complexes are stable to air and moisture at ambient temperatures.

[0007] In one aspect, the present invention provides a complex of formula (1)

R3"PXM/V (R4)n (1)

I
x

wherein,

M is palladium or nickel,

R-ι and R2 are independently selected from the group consisting of unsubstituted C1-C20
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straight-chain alkyl, unsubstituted C-|-C2o branched-chain alkyl, unsubstituted C3-C15 cycloalkyl;

R3 is selected from the group consisting of:

1. (a) dimethylaminophenyl, and
2. (b) substituted metallocenyl, wherein the substituted metallocenyl has a structure of 

formula (3):

Fe (3)

wherein,

R-i-i is selected from the group consisting of phenyl, methoxyphenyl, methylphenyl and F3C- 

phenyl, and q is 4 or 5,

R4 is selected from the group consisting of unsubstituted C-|-C2o straight-chain alkyl, 

unsubstituted C-|-C2o branched-chain alkyl, unsubstituted C3-C15 cycloalkyl, unsubstituted Cg- 

C2o aryl,

n is 0, 1,2, 3, 4 or 5,

X is a halo group.

[0008] In addition, described more fully below is a process to prepare the π-allyl complexes, as 
well as processes that employ such complexes.

Definitions

[0009] The point of attachment of a moiety or substituent is represented by For example, - 
OH is attached through the oxygen atom.

[0010] "Alkyl" refers to a straight-chain or branched saturated hydrocarbon group. In certain 
embodiments, the alkyl group may have from 1-20 carbon atoms, in certain embodiments from 
1-15 carbon atoms, in certain embodiments, 1-8 carbon atoms. Unless otherwise specified, the 
alkyl group may be attached at any suitable carbon atom. The alkyl group is unsubstituted. 
Typical alkyl groups include but are not limited to methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso­
butyl, sec-butyl, tert-butyl, n-pentyl, n-hexyl and the like.

[0011] The term "cycloalkyl" is used to denote a saturated carbocyclic hydrocarbon radical. In 
certain embodiments, the cycloalkyl group may have from 3-15 carbon atoms, in certain 
embodiments, from 3-10 carbon atoms, in certain embodiments, from 3-8 carbon atoms. 
Unless other specified, the cycloalkyl group may be attached at any suitable carbon atom. The 
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cycloalkyl group is unsubstituted. Typical cycloalkyl groups include but are not limited to 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like.

[0012] "Aryl" refers to an aromatic carbocyclic group. The aryl group may have a single ring or 
multiple condensed rings. In certain embodiments, the aryl group can have from 6-20 carbon 
atoms, in certain embodiments from 6-15 carbon atoms, in certain embodiments, 6-12 carbon 
atoms. The aryl group is unsubstituted. Unless otherwise specified, the aryl group may be 
attached at any suitable carbon atom. Examples of aryl groups include, but are not limited to, 
phenyl, naphthyl, anthracenyl and the like.

[0013] "Halo" or "hal" refers to -F, -Cl, -Br and -I.

Detailed Description

[0014] In one aspect, the present invention provides a complex of formula (1)
R2 R1 v

(1)

x
wherein,

M is palladium or nickel,

R-ι and R2 are independently selected from the group consisting of unsubstituted C1-C20 

straight-chain alkyl, unsubstituted C1-C20 branched-chain alkyl, unsubstituted C3-C15 cycloalkyl,

R3 is selected from the group consisting of

1. (a) dimethylaminophenyl, and
2. (b) substituted and unsubstituted metallocenyl, wherein the substituted metallocenyl has 

a structure of formula (3):
ν’ k

(3)

wherein,
R-i-i is selected from the group consisting of phenyl, methoxyphenyl, methylphenyl and 

FsC-phenyl, and q is 4 or 5

R4 is selected from the group consisting of unsubstituted C-|-C2o straight-chain alkyl, 

unsubstituted C1-C20 branched-chain alkyl, unsubstituted C3-C15 cycloalkyl, unsubstituted Cg- 

C2o aryl,

n is 0, 1,2, 3, 4 or 5,

X is a halo group.
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[0015] The metal M is a precious metal selected from palladium or nickel. In one particularly 
preferred embodiment, M is palladium.

[0016] When M is palladium, M may be Pd(ll). When M is nickel, M may be Ni(ll).

[0017] PR1R2R3 is a monodentate tertiary phosphine ligand. In one embodiment, R1 and R2 

are independently selected from the group consisting of unsubstituted straight-chain alkyl, 
unsubstituted branched-chain alkyl, unsubstituted cycloalkyl. R1 and R2 may independently be 

unsubstituted branched- or straight-chain alkyl groups such as methyl, ethyl, n-propyl, iso­
propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl 
or stearyl, cycloalkyl groups such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or 
adamantyl. Preferably, R1 and R2 are the same and are tert-butyl or cyclohexyl. More 

preferably, R-, and R2 are both tert-butyl.

[0018] In one embodiment, R3 is 2-, 3- or 4-dimethylaminophenyl.

[0019] In an alternative embodiment, R3 is a substituted metallocenyl group. The metallocenyl 

group has a structure of formula (3):

Fe (3)

l)q

wherein R-,-ι is selected from the group consisting of phenyl, 2-, 3- or 4-methoxyphenyl, 2- 3- or 

4-methylphenyl or 2-, 3- or 4-F3C-phenyl, and q is 4 or 5.

[0020] In one particularly preferred embodiment, the metallocenyl group has a structure of 
formula (4):

Phx Ph (4)

[0021] In one especially preferred embodiment, PR-1R2R3 is:

1. (a) the sterically demanding electron rich QPhos ligand i.e. R1 and R2 are tert-butyl and 

R3 is a metallocenyl group of formula (4); or

2. (b) Amphos i.e. R1 and R2 are tert-butyl and R3 is 4-dimethylaminophenyl;

[0022] The M atom in the complex of formula (1) is coordinated to an optionally substituted allyl 
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group. R4 is selected from the group consisting of unsubstituted straight-chain alkyl, 

unsubstituted branched-chain alkyl, unsubstituted cycloalkyl and unsubstituted aryl. The 
number of R4 groups ranges from 0 to 5 i.e. n is 0, 1,2,3,4 or 5. When n is 2, 3, 4 or 5, each 

of R4 may be the same or different. In certain embodiments, when n is 2, 3, 4, or 5, each R4 is 

the same. In certain embodiments, n is 0 i.e. the allyl group is unsubstituted. In certain 
embodiments, n is 1. In certain embodiments, n is 2, wherein each R4 is the same or different.

[0023] R4 may be selected from the group consisting of unsubstituted straight-chain alkyl, 

unsubstituted branched-chain alkyl, unsubstituted cycloalkyl, and unsubstituted aryl. In one 
embodiment, R4 is selected from the group consisting of unsubstituted straight-chain alkyl, 

unsubstituted branched-chain alkyl, and unsubstituted cycloalkyl. In another embodiment, R4 is 

selected from the group consisting of unsubstituted aryl. R4 may be unsubstituted branched- or 

straight-chain alkyl groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec­
butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl or stearyl, cycloalkyl groups 
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or adamantly or aryl groups such as 
phenyl, naphthyl or anthracyl.

[0024] Suitable allyl groups as coordinated to the M atom are shown below:

[0025] In the complex of formula (1), X is a halo group, preferably, Cl, Br, I, and more 
preferably, Cl.

[0026] In one embodiment, the complex of formula (1) is a complex of formula (1a):

x
wherein,

R-ι and R2 are independently selected from the group consisting of unsubstituted C-|-C2o 

straight-chain alkyl, unsubstituted C-|-C2o branched-chain alkyl, unsubstituted C3-C15 cycloalkyl,

R3 is dimethylaminophenyl,

R4 is selected from the group consisting of unsubstituted C-|-C2o straight-chain alkyl, 

unsubstituted C-|-C2o branched-chain alkyl, unsubstituted C3-C15 cycloalkyl, and unsubstituted 

Cß-C2o aryl, preferably unsubstituted aryl, n is 0, 1,2, 3, 4 or 5, preferably 1,2, 3, 4 or 5,

X is a halo group.
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[0027] R-ι, R2, R3, R4, n and X are as described above.

[0028] In another embodiment, the complex of formula (1) is a complex of formula (1 b):

x
wherein,
R1 and R2 are independently selected from the group consisting of unsubstituted C-]-C2Q 

straight-chain alkyl, unsubstituted C-|-C2o branched-chain alkyl, unsubstituted C3-C15 cycloalkyl, 

R3 is substituted metallocenyl, wherein the substituted metallocenyl has a structure of formula

(3):

Fe (3)
<^^(R1 l)q

wherein,

R-ι-ι is selected from the group consisting of phenyl, methoxyphenyl, methylphenyl and F3C- 

phenyl, and q is 4 or 5

R4 is selected from the group consisting of unsubstituted C-]-C2Q straight-chain alkyl, 

unsubstituted C-|-C2o branched-chain alkyl, unsubstituted C3-C15 cycloalkyl, and unsubstituted 

C6-C20 aryl,

n is 0, 1,2, 3, 4 or 5,

X is a halo group.

[0029] R-ι, R2, R3, R4, n and X are as described above.

[0030] Preferred complexes of formula (1) are:

<-pd-QPbO3

NMe2
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[0031] In another aspect, the present invention provides a method for the preparation of a 
complex of formula (1),

R2 R1 v
(1)

I
X

comprising the step of reacting a complex of formula (5) with PR-|R2R3,

n(R4)"^M^ (5)

V ^χΖ ^(R4)n
wherein,

M is palladium or nickel,

R-ι and R2 are independently selected from the group consisting of unsubstituted C-|-C2o 

straight-chain alkyl, unsubstituted C-|-C2o branched-chain alkyl, unsubstituted C3-C15 cycloalkyl,

R3 is selected from the group consisting of:

1. (a) dimethylaminophenyl, and
2. (b) substituted metallocenyl, wherein the substituted metallocenyl has a structure of 

formula (3):

Fe (3)

wherein,

R-i-i is selected from the group consisting of phenyl, methoxyphenyl, methylphenyl and F3C- 

phenyl, and q is 4 or 5,

R4 is selected from the group consisting of unsubstituted C-|-C2o straight-chain alkyl, 

unsubstituted C-|-C2o branched-chain alkyl, unsubstituted C3-C-15 cycloalkyl, and unsubstituted 

C6-C20 aryl,

n is 0, 1,2, 3, 4 or 5,

X is a halo group.

[0032] M, R-ι, R2, R3, R4, n and Xare as described above.

[0033] The complex of formula (5) may be prepared according to known methods (see, for 
example, a) Marion, N.: Navarro, O.; Mei, J.; Stevens, E. D.; Scott, N. Μ.; Nolan, S. P. J. Am. 
Chem. Soc. 2006, 128, 4101. b) Auburn, P. R.; Mackenzie, P. B.; Bosnich, B. J. Am. Chem. Soc. 
1985, 107, 2033. c) Dent, W. I.; Long, R.; Wilkinson, G. J. Chem. Soc. 1964, 1585. d) 
Nicholson, J. K.; Powell, J.; Shaw, B. L. J. Chem. Soc.; Chem. Commun. 1966, 174). Suitable
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complexes of formula (5) include:

Me

[0034] In one embodiment, the complexes of formula (5) include:

[0035] The complex of formula (5) and PR-1R2R3 may be combined in a solvent. In this case, 

the solvent is any suitable aprotic solvent or combination of aprotic solvents. Examples of 
aprotic solvents are toluene, benzene, tetra hydrofuran (THF), dichloromethane (DCM), 
dioxane, acetone, acetonitrile, dimethylformamide (DMF), N-methylpyrrolidine (NMP), 
dimethylacetamide (DMAc), methyltertbutylether (MTBE), diethylether, hexane, heptane, 
pentane or ethylacetate. Preferred solvents are THF, toluene, DCM or a combination thereof. 
The concentration of the complex of formula (5) in the solvent is preferably about 0.001 mol/L 
to about 0.25 mol/L and more preferably, about 0.03 mol/L to about 0.22 mol/L.

[0036] Any suitable quantity of PR-1R2R3 may be used, although it is preferred that the molar 

ratio of the complex of formula (5) : PR1R2R3 is from about 1:2.0 to about 1:2.2. If desired 

PR1R2R3 may be used in the form of a salt, for example, a tetrafluoroborate salt.

[0037] The reaction is preferably carried out under an inert atmosphere, such as nitrogen or 
argon.

[0038] The process of the invention may be carried out at a temperature in the range of about 
-10°C to about 60°C, preferably about 0°C to about 35°C and more preferably at about room 
temperature (i.e. about 20°C to about 30°C). It is preferred that the temperature is maintained 
below the decomposition temperature and so when the complexes of formula (5) or (1) are 
known to decompose within the temperature ranges given above, the temperature should be 
maintained below the decomposition temperature.

[0039] The reaction may be carried out for a period of from about several minutes to about 24 
hours. Usually the reaction is complete in about 18 hours. On completion, a proportion of the 
solvent may be evaporated if desired prior to recovery of the complex. Furthermore, if desired 
an anti-solvent (e.g. an alkane, such as hexane) may be used to precipitate the complex from 
the solvent. The complex product may be recovered directly by filtering, decanting or 
centrifuging.
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[0040] Howsoever the complex is recovered, the separated complex may be washed and then 
dried. Drying may be performed using known methods, for example at temperatures in the 
range 10-60°C and preferably 20-40°C under 1-30 mbar vacuum for 1 hour to 5 days. If 
desired the complex may be recrystallised.

[0041] The catalysts of the present invention may be used for carbon-carbon coupling 
reactions. Examples of carbon-carbon coupling reactions include the Heck or Suzuki reactions, 
ketone a-arylation reactions and aldehyde a-arylation reactions. The catalysts of the present 
invention may also be used for carbon-nitrogen coupling reactions, such as the Hartwig- 
Buckwald reaction.

[0042] In certain embodiments, the π-allyl complexes are highly active catalysts. In certain 
embodiments, the π-allyl complexes are stable to air and moisture at ambient temperatures. In 
one preferred embodiment, the π-allyl complexes PdCrr-allyl)QPhosCI and PdCrr-1- 
crotyl)QPhosCI exhibit high activity and/or stability to air and moisture at ambient temperatures. 
In particular, PdCrr-crotyl)QPhosCI has been identified as being a highly active, air-stable 
catalyst in Pd-catalysed C-N bond formations involving primary and secondary amines, with low 
catalyst loadings, short reaction times, using aryl and heteroaryl halides ranging from iodides to 
chlorides.

[0043] The invention will now be described by way of example only and with reference to the 
following drawings in which:

Figure 1 is an X-ray crystal structure of PdCrr-cinnamyl)QPhosCI.

Figure 2 is an X-ray crystal structure of PdCrr-crotyl)QPhosCI.

Figure 3 is an X-ray crystal structure of PdCrr-allyl)QPhosCI.

Examples

[0044] All solvents and reagents were purchased from commercial sources and used as 
received. All catalysts, ligands or precious metal precursors were obtained from Johnson 
Matthey Catalysis or Alfa Aesar. Flash chromatography was performed on a Flashmaster 

Personal (Biotage) using prepacked ISOLUTE silica gel cartridges. 1H and 13C NMR spectra 
were recorded on a Bruker 400 MHz spectrometer at ambient temperature in CDCI3 or CßDs 

(Sigma Aldrich). All reactions were carried out in individual Schlenk tubes under a nitrogen 

atmosphere. The purity of the isolated products was >95% as determined by 1H NMR, GC/MS 
or elemental analysis.

Example 1
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General procedure for the preparation of fPdioptionallv substituted (Rdb-allvIMXyb 

complexes:

[0045] Distilled H2O in a three-necked roundbottom flask was purged with nitrogen for 30 

minutes. PdCl2 and KCI were subsequently added to the flask and the solution was stirred at 

room temperature for 1 h. Then, optionally substituted (R4)n-allyl chloride was added and the 

resulting reaction mixture stirred at room temperature overnight (18-20 hrs). The reaction was 
extracted with chloroform, and the aqueous layer washed with chloroform three times. The 
organic layers were combined, dried over MgSO4, filtered and concentrated in vacuo. The 

crude product was recrystallised from chloroform and methyl terf-butyl ether, and the resulting 
solid was isolated by filtration and dried in vacuo.

fPd(H-cinnamvl)Clb

[0046]

[0047] PdCI2 (590 mg, 3.33 mmol); KCI (473 mg, 6.67 mmol); cinnamyl chloride (1.39 mL, 9.99 

mmol); H2O (83 mL). The dimer was obtained as a yellow solid (494 mg, 58%).

fPd(H-1-crotvl)Clb

[0048]
Me

[0049] PdCI2 (590 mg, 3.33 mmol); KCI (473 mg, 6.67 mmol); crotyl chloride (0.97 mL, 9.99 

mmol); H2O (83 mL). The dimer was obtained as a yellow solid (636 mg, 97%).

rPd(iT-prenvl)Clb
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[0050]
Me Me

[0051] PdCl2 (590 mg, 3.33 mmol); KCI (473 mg, 6.67 mmol); 1-chloride-3-methyl-2-butene 

(1.13 mL, 9.99 mmol); H2O (83 mL). The dimer was obtained as a yellow solid (606 mg, 87%).

rPdiTT-prenyliClb

[0052]

[0053] PdCI2 (590 mg, 3.33 mmol); KCI (473 mg, 6.67 mmol); 3-chloride-2-methyl-1-propene 

(0.98 mL, 9.99 mmol); H2O (83 mL). The dimer was obtained as a yellow solid (269 mg, 41%).

General procedure for the preparation of Pdiir-optionally substituted (Rdln-allvl) 
(PRjRgRqHX) complexes:

[0054] The [Pd(TT-optionally substituted (R4)n-allyl)CI]2 and the PRiR2R3 ligand were put in a 

Schlenk flask. The flask was evacuated and backfilled with nitrogen three times, then the 
solvent was added. The reaction mixture was stirred at room temperature for the indicated time 
and then the solvent was removed in vacuo. The resulting solid was triturated with anhydrous 
hexane and the solid isolated by filtration and dried in vacuo to give the desired palladium 
complex. The structures of the various complexes prepared in this manner may be represented 
as follows:

NMe2 NMe2

reference

Pd(TT-cinnamvl)(QPhos)CI
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[0055]

(f-Bu)2
Ph Fe Ph

[0056] [Pd(TT-cinnamyl)CI]2 (74 mg, 0.14 mmol); QPhos (223 mg, 0.31 mmol); THF (2.8 mL); 

18 hrs. Product obtained as a pink solid (233 mg, 86%); 1H NMR (CDCI3, 400 MHz): δ 7.48- 

7.46 (m, 2H, CH2=CH-CH-C6H5), 7.37-7.35 (m, 3H, CH2=CH-CH-C6H5), 7.14-7.03 (m, 25H, H- 

Ar), 5.68-5.60 (m, 1H, CH2=CH-CH-C6H5), 5.20 (dd, J 13.2, 9.6, 1H, CH2=CH-CH-C6H5), 5.08 

(br s, 1H, Cp-H), 4.84-4.81 (m, 1H, Cp-H), 4.53 (app. s, 2H, Cp-H), 4.02 (br s, 1H, CH2=CH- 

CH-C6H5), 2.79 (br s, 1H, CH2=CH-CH-C6H5), 1.27-1.07 (m, 18H, PC(CH3)3); 13C (CDCI3, 100 

MHz): δ 136.4, 135.1, 132.6, 128.6, 128.3, 127.4, 126.5, 107.3, 87.7, 68.0, 53.9, 30.7; 31P 
NMR (CDCI3, 162 MHz): δ 67.4. Elemental analysis, found: C 70.39, H 5.93, Cl 3.52, P 3.18 

(theoretical C 70.60, H 5.82, Cl 3.66, P 3.19).

[0057] Single crystals of Pd(cinnamyl)QPhosCI were obtained by slow diffusion of 40-60 
petroleum ether into a CH2CI2 solution, respectively, at -18°C (see Figure 1).

Pd(TT-crotvl)(QPhos)CI

[0058]

[0059] [Pd(iT-crotyl)CI]2 (200 mg, 0.51 mmol); QPhos (798 mg, 1.12 mmol); THF (10 mL); 18 

hrs. The complex was obtained as a pink solid (891 mg, 96%); 1H NMR (CDCI3, 400 MHz): δ 

7.15-7.03 (m, 25H, H-Ar), 5.34 (br s, 1H, Cp-H), 5.09-5.00 (m, 2H, CH2=CH-CH-CH3, Cp-H), 

4.54-4.53 (m, 2H, Cp-H), 4.49-4.39 (m, 1H, CH2=CH-CH-CH3), 3.77 (d, J 6.4, 1H, CH2=CH-CH- 

CH3), 2.54 (d, J 11.6, 1H, CH2=CH-CH-CH3), 1.74 (dd, J 8.4, 6.8, 3H, CH2=CH-CH-CH3), 1.17 

(t, J 13.2, 18H, PC(CH3)3); 13C (CDCI3, 100 MHz): δ 135.2, 132.6, 127.3, 126.5, 113.2, 103.0, 
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102.7, 87.7, 80.8, 80.1, 52.2, 37.8, 30.6; 31P NMR (CDCI3, 162 MHz): δ 65.0. Elemental 

analysis, found: C 68.90, H 6.16, Cl 3.77, P 3.40 (theoretical: C 68.81, H 6.00, Cl 3.91, P 3.41).

[0060] Single crystals of Pd(TT-crotyl)QPhosCI were obtained by slow diffusion of 40-60 
petroleum ether into an EtOAc solution at -18 °C (see Figure 2).

Pd(TT-prenvl)(QPhos)CI

[0061]

(f-Bufe
Ph Fe Ph

[0062] [Pd(TT-prenyl)CI]2 (200 mg, 0.48 mmol); QPhos (751 mg, 1.06 mmol); THF (10 mL); 18 

hrs. Product obtained as a pink solid (867 mg, 98%); 1H NMR (CDCI3, 400 MHz): δ 7.19-7.04 

(m, 25H, nC6H5), 5.44 (br s, 1H, Cp-H), 4.94-4.81 (m, 2H, CH2=CH-(CH3)2, Cp-H), 4.51 (s, 2H, 

Cp-H), 3.52 (d, J 6.8, 1H CH2=CH-(CH3)2), 2.71 (d, J 12.0, CH2=CH-(CH3)2), 1.80 (d, J 8.4, 3H, 

CH2=CH-(CH3)2), 1.62 (t, JI.2, 3H, CH2=CH-(CH3)2), 1.24 (d, J 14.4, 9H, PC(CH3)3), 1.15 (d, J 

14.4, 9H, PC(CH3)3); 13C (CDCI3, 100 MHz): δ 135.2, 132.6, 127.3, 126.5, 121.2, 106.8, 87.7, 

80.3, 47.4, 37.8, 30.9, 30.6; 31P NMR (CDCI3, 162 MHz): δ 68.3. Elemental analysis, found: C 

68.81, H 6.44, Cl 4.57, P 3.25 (theoretical C 69.06, H 6.12, Cl 3.85, P 3.36).

Pd(TT-2-crotvl)(QPhos)CI

[0063]

Ph Fe Ph

[0064] [Pd(ir-2-crotyl)CI]2 (200 mg, 0.51 mmol); QPhos (798 mg, 1.12 mmol); THF (5 mL); 18 

hrs. The complex was obtained as a pink solid (788 mg, 85%); 1H NMR (CDCI3, 400 MHz): δ 

7.19-6.98 (m, 25H, H-Ar), 5.27 (br s, 1H, Cp-H), 4.93 (br s, 1H, Cp-H), 4.65 (dd, J 6.4, 2.8, 1H, 
CH2=C(CH3)-CH2), 4.55 (br s, 2H, Cp-H), 3.84 (d, J 2.8, 1H, CH2=C(CH3)·^^, 3.77 (d, J 8.4, 

1H, CH2=C(CH3)-CH2), 2.68 (s, 1H, CH2=C(CH3)-CH2), 1.94 (s, 3H, CH2=C(CH3)-CH2), 1.18 (d, 
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J 14.0, 9H, PC(CH3)3), 1.13 (d, J 14.0, 9H, PC(CH3)3); 13C (CDCI3, 100 MHz): δ 134.5, 131.9, 

128.6, 126.7, 126.6, 125.9, 87.1,79.4, 57.2, 30.0, 29.9, 29.6, 29.5, 21.8; 31P NMR (CDCI3, 162 

MHz): δ 62.0. Elemental analysis, found: C 69.59, H 6.23, Cl 3.41, P 3.42 (theoretical C 68.81, 
H6.00, Cl 3.91, P3.41).

Pd(iT-allvl)QPhosCI

[0065]

Ph Fe Ph
Ρι,Χ^Χρίι 

Ph

[0066] [Pd(TT-allyl)CI]2 (2.0 mmol); QPhos (4.4 mmol); THF (45 mL); 18 hrs. The product was 

obtained as a pink solid (3.2 g, 90%); 1H NMR (CDCI3, 400 MHz): δ 7.17-7.01 (m, 25H, nC6H5), 

5.46-5.36 (m, 1H, CH2=CH-CH2), 5.33 (br s, 1H, Fe-H), 5.08 (br s, 1H, Fe-H), 4.83 (t, J 6.8, 1H, 

CH2=CH-CH2), 4.56 (br s, 1H, Fe-H), 4.54 (br s, 1H, Fe-H), 4.04 (d, J 4.8, 1H, CH2=CH-CH2), 

3.87 (dd, J 13.6, 8.4, CH^CH-CH^, 2.78 (d, J 12.4, 2H, CH^CH-CH^, 1.17 (d, J 14.0, 

PC(CH3)3); 13C(CDCI3, 100 MHz): δ 135.2, 132.7, 132.5, 132.1, 127.3, 126.5, 114.2, 87.8, 

83.5, 79.7, 67.1, 57.5, 37.8, 30.5; 31P NMR (CDCI3, 162 MHz): δ 61.8. Elemental analysis, 

found: C 68.40, H 6.00, Cl 3.83, P 3.42 (theoretical C 68.54, H 5.87, Cl 3.97, P 3.47).

[0067] Single crystals of Pd(TT-allyl)QPhosCI were obtained by slow diffusion of diethyl ether 
into a CH2CI2 solution (see Figure 3).

[0068] The X-ray structures of Pd(TT-allyl)QPhosCI and Pd(TT-crotyl)QPhosCI (see Figure 2) are 
different in terms of the opposite orientation of the halide, presumably due to the steric effect of 
the Me group on the 3-position of the allyl in Pd(TT-crotyl)QPhosCI.

PdiTT-allvIWAmphosICI

[0069]
<f-PdOI_y
Ά /Η

f'Bu f-Bu
■NMe2

[0070] [Pd(TT-allyl)CI]2 (311 mg, 0.85 mmol); Amphos (496 mg, 1.87 mmol); THF (17 mL); 18 
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hrs. Product obtained as a yellow solid (727 mg, 96%); 1H NMR (CDCI3, 400 MHz): δ 7.50 (app. 

t, J 8.8, 2H, H-Ar), 6.65 (d, J 8.0, 2H, H-Ar), 5.50 (heptet, J 7.2, 1H, CH2=CH-CH2), 4.63 (dt, J

6.8, 2.0, 1H, CH2=CH-CH2), 3.69 (dd, J 13.2, 9.2,1 H, CH2=CH-CH2), 3.39 (d, J 6.0, 1H, 

CH2=CH-CH2), 3.01 (s, 6H, N(CH3)2), 2.68 (d, J 12.0, 1H CH2=CH-CH2), 1.47 (d, J 14.0, 9H, 

PC(CH3)3), 1.39 (d, J 14.0, 9H, PC(CH3)3); 13C (CDCI3, 100 MHz): δ 150.9, 136.7, 136.6, 

116.9, 116.6, 115.2, 110.4, 110.3, 80.7, 80.4, 58.8, 39.9, 36.0, 30.6, 29.9; 31P NMR (CDCI3, 162 

MHz): δ 61.9. Elemental analysis, found: C 51.44, H 7.51, Cl 7.54, P 6.94 (theoretical C 50.90, 
H 7.42, Cl 7.91, P6.91).

Pd(TT-crotvl)(Amphos)CI

[0071]
Z .Cl
I- PdP,Bu2

Me

T
NMe2

[0072] [Pd(crotyl)Cl]2 (132 mg, 0.34 mmol); P(t-Bu)2(p-NMe2C6H4) (180 mg, 0.68 mmol); THF 

(3.7 mL); 90 min. Product obtained as a yellow solid (263 mg, 85 %); 1H NMR (CDCI3, 400 

MHz): δ 7.52 (t, J 8.8, 2H), 6.65 (d, J 8.0, 2H), 5.25-5.17 (m, 1H), 4.40-4.29 (m, 1H), 3.21-3.19 
(m, 1H), 3.00 (s, 3H), 2.47 (d, J 11.6, 1H), 1.77 (dd, J 8.4, 6.4, 3H), 1.44 (d, J 13.6, 9H), 1.38 

(d, J 13.6, 9H); 13C (CDCI3, 100 MHz): δ 150.9, 149.6, 136.9, 136.7, 117.1, 116.8, 114.1, 110.3,

99.8, 99.6, 53.5, 40.0, 35.8, 30.6, 29.9, 17.4; 31P NMR (CDCI3, 162 MHz): δ 65.5; Elemental 

analysis, found: C 51.93, H 7.54, N 2.84, P 6.58. (theoretical C 51.96, H 7.63, N 3.03, P 6.70).

PdtTT-allyIMPt-BugPhICI (reference)

[0073]

f-Bu f-Bu

[0074] [Pd(K-allyl)CI]2 (100 mg , 0.27 mmol); Pf-Bu2Ph.HBF4 (169 mg , 0.55 mmol); toluene 

(1.5 mL), 18 hrs. The product was obtained as a yellow solid (217 mg, 98%); 1H NMR (CDCI3, 

400 MHz): δ 7.90-7.68 (m, 5H, H-Ar), 5.51-5.42 (m, 1H, CH^CH-CH^, 4.12 (d, J 6.4, 2H, 

CH2=CH-CH2), 3.05 (d, J 12.0, 2H, CH2=CH-CH2), 1.55 (d, J 16.8, PPh(CH3)2); 13C (CDCI3, 
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100 MHz): δ 135.0, 130.5, 127.4, 116.0, 115.3, 111.2, 63.0, 34.4, 28.0; n31P NMR (CDCI3, 162 

ΜΗζ):δ 44.4.

Example 2

General procedure for the Buchwald-Hartwiq coupling reaction:

[0075] A Schlenk flask was charged with the catalyst, NaOtBu and aryl halide, if solid, and the 
flask was evacuated and backfilled with nitrogen three times. Subsequently, a solution of the 
aryl halide, if liquid, and the amine in toluene was added. The resulting reaction mixture was 
stirred under nitrogen at the indicated temperature for the indicated time, then the mixture was 
absorbed onto silica gel and purified by flash column chromatography (EtOAc/40-60 petroleum 
ether eluent).

[0076] The relative activities of Pd(TT-allyl)QPhosCI and Pd(TT-crotyl)QPhosCI were explored in 
a model C-N coupling reaction of 4-bromoanisole with N-methylaniline at room temperature 
(see Tables 1 and 2).

Table 1. Optimization and Activities of Pd(TT-allyl)QPhosCI and Pd(TT-crotyl)QPhosCl.a

Me
H catalyst, NaC/Bu

ί I + ιΓ'Υ 'Μθ-----------------------------"

MecA^ toluene, 7" (°C) MeO

catalyst toluene 
(mL)

T(°C) time (hrs) conversion0 i 
(%)

Pd(TT-allyl)QphosCI (1.0 : 
mol%)

4.0 25 θ 97

Pd(TT-crotyl)QPhosCI (1.0 ί 
mol%)

4.0 25 3 100

Pd(TT-allyl)QPhosCI (0.5 
mol%)

4.0 25 23 54

Pd(TT-crotyl)QPhosCI (0.5 
mol%)

4.0 25 5 100

Pd(TT-allyl)QPhosCI (0.5 
mol%)

2.0 25 7 93

Pd(TT-crotyl)QPhosCI (0.5 
mol%)

2.0 25 1 100

a4-bromoanisole (1.6 mmol), /V-methylaniline (2.0 mmol), NaOf-Bu (2.4 mmol)0 
GC/MS conversion.
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[0077] Pd(allyl)QPhosCI on comparision with Pd(TT-1-crotyl)QPhosCI at a lower concentration 
(0.5 mol%) gave 54% conversion after 23 hours vs 100% at 5 hours of reaction time. However, 
by keeping the catalyst loadings of Pd(allyl)QPhosCL at 0.5 mol% while increasing the 
concentration from 0.4 to 0.8M, 93% conversion was observed within 7 hours. The catalyst 
Pd(TT-1-crotyl)QPhosCI gave 100% conversion to the product after 1 hour, demonstrating its 
superiority.

Table 2. Comparison of the Relative Activities of Pd(TT-allyl)QPhosCI and Pd(TT-crotyl)QPhosCl.a

0.5 mol% catalyst r

RlrJ + < Ύ -------------------------- -- r1uJ X X2 i
toluene (2.0 mL)

T °C

Ar-X amine T(°C) catalyst time (hrs) conversion0 i 
(%)

Me
,Br 

u
ί'Γ

Pr

50 Pd(iT- 
allyl)QPhosCI 6.5 97

50 Pd(rr- 
crotyl)QPhosCI 2 100

Cl

6

T
OMe

'Pr

,Λ„ , nh2 
o,

Pr

100 Pd(rr- 
allyl)QPhosCI 0.6 99

100 Pd(rr- 
crotyl)QPhosCI 0.6 99

a aryl halide (1.6 mmol), amine (2.0 mmol), NaOf-Bu (2.4 mmol), toluene (2.0 mL)0 
GC/MS conversion.

Example 3

General procedure for the Buchwald-Hartwiq coupling reaction:

[0078] A Schlenk flask was charged with the catalyst, NaOtBu and aryl halide, if solid, and the 
flask was evacuated and backfilled with nitrogen three times. Subsequently, a solution of the 
aryl halide, if liquid, and the amine in toluene was added. The resulting reaction mixture was 
stirred under nitrogen at the indicated temperature for the indicated time, then the mixture was 
absorbed onto silica gel and purified by flash column chromatography (EtOAc/40-60 petroleum 
ether eluent).
Table 3: Reaction of 4-bromoanisole and N-methylaniline with various complexes
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catalyst (mol%) T(°C) time (hrs) Conversion3 (%) i

Pd(allyl)QPhosCI (1.0) 25 6 97 (96)

Pd(allyl)Pi(Bu2PhCI 
(1.0)

25 22 8(8)

Pd(allyl)AmPhosCI (1.0) 25 22 18

Pd(1-crotyl)AmPhosCI 
(1.0)

25 22 95

Pd(prenyl)QPhosCI 
(1.0)

25 6 100(99)

Pd(prenyl)QPhosCI 
(0.5) 25 22 100

Pd(cinnamyl)QPhosCI 
(1.0)

25 22 81 (66)

Pd(1 -crotyl)QPhosCI 
(1.0)

25 3 100(99)

Pd(1 -crotyl)QPhosCI 
(0.5) 25 18 99

Pd(1 -crotyl)QPhosCI 
(0.1) 25 18 95

Pd(2-crotyl)QPhosCI 
(1.0) 25 18 62

a GC/MS conversion. Isolated yield in parentheses

[0079] In order to get an idea of the relative activities of the present catalysts, a C-N coupling 
reaction of 4-bromoanisole with N-methylaniline at room temperature was carried out. At 1 
mol% palladium loading, the Q-Phos based catalysts Pd(TT-allyl)QPhosCI, Pd(TT-1- 
crotyl)QPhosCI and Pd(TT-prenyl)QPhosCI all provided the product with conversions greater 
than 90% within 3-18 hours. The Pd(crotyl)QPhosCI complex gave the desired product in the 
highest conversion even at 0.1 mol% palladium loading, while Pd(TT-prenyl)QPhosCI gave the 
second highest activity. Pd(TT-1-crotyl)AmphosCI resulted in 95% conversion to the product with 
22 hours of reaction time.

Example 4

Comparison of/n S/fuand Commercially Available Catalysts in C-N coupling

[0080] A com parision of in situ and commercially available catalysts and catalytic systems in a 
C-N coupling reaction was carried out. In this reaction, N-methylaniline was coupled with 4-
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bromoanisole to give N-(4-bromophenyl)-N-methyl-phenylamine under the conditions set out in 
Table 4.
Table 4: Reaction of 4-bromoanisole and N-methylaniline

substrates3 catalyst (mol%) T(°C) time
(hrs)

Conversion13 i 
(%)

Rr H

o aN'- s
MeO :

Pd(iT-1-
crotyl)QPhosCI (1.0) 25 3 100

Pd(iT-1-
crotyl)QPhosCI (0.5) 25 18 99c

Pd(iT-1-
crotyl)QPhosCI (0.1) 25 18 95

Pd(iT-allyl)QPhosCI 
(1.0)

25 6 97

Pd2(dba)3 (0.25)
QPhos (0.5)

25 21 53

Pd-113 (0.25)d 25 3 80

Pd-116 (0.5)e 25 23 55

Nolan's cat. (0.5) 25 21 o
Pd(OAc)2 (0.5) XPhos 
(0.5)'

25 21 o

Pd(OAc)2 (0.5) QPhos 
(0.5)

25 23 o

a amine (1.0 mmol), aryl halide (0.8 mmol), NaOfBu (1.2 mmol), toluene (2.0 mL) b 
GC/MS conversions c Average of three reactions dPd-113 = [Pd(p-Br)t-Bu3P)2]ePd-i 
116 = tøusP-Pd-P^us f XPhos = 2',4'6'-triisopropylbiphenyl-2-
dichlorohexylphosphine

[0081] The Pd(1-crotyl)QPhos complex showed a superior activity to the other catalytic 
systems with a 99% conversion at 0.5 mol% catalyst loading and a 95% conversion at 0.1 mol% 
loading. The Pd(allyl)QPhosCI complex also provided the desired product with a good 
conversion.

[0082] Pd-113 showed good activity, however, the conversion in this case was lower than that 
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of Pd(1-crotyl)QPhos and Pd(allyl)QPhosCI. In addition, Pd-113 is air- and moisture sensitive 
and has to be stored under a nitrogen atmosphere.

Example 5

Substrate Scope of C-N Coupling

General procedure for the Buchwald-Hartwiq coupling reaction

[0083] A Schlenk flask was charged with the catalyst, NaOt-Bu and aryl halide, if solid, and the 
flask was evacuated and backfilled with nitrogen three times. Subsequently, a solution of the 
aryl halide, if liquid, and the amine in toluene was added. The resulting reaction mixture was 
stirred under nitrogen at the indicated temperature and time (see Tables in communication). 
The crude mixture was absorbed onto silica gel (Merck Silica Gel 60 (0.040-0.063 mm)) and 
purified by flash column chromatography (MTBE/40-60 petroleum ether eluent).

Table 5: C-N Bond Formation Mediated by 0.5 mol% Pd(crotyl)QPhosCla

Η 0.5 mol% R
/Z/N. Pd(crotyi)QPhosCI χΆζ^νΆ,

R1^- T + R2^- J R NaO'Bu R1^- J T ->R2

toluene (2.0 mL)
T°C

Ar-X amine X T°C time (h) product yield (%)

MeO X

MeO^^j5^
OMe i

CO2Me 
zL-NH2 
o

Br 110 20

I 
Φ

 
Φ

 
J

\ 
O

 
δ 

I

II 
TZ

 
Ο

 
I

I

65b

,X

ί I
MeO' ·

'Pr
A. ,nh2

If I
"Pr

Br 25 1.5 φ 
i 

2ηΠ 
I 

Φ 
—

X
. 

ω 
f,>

o 
\

Φ

96c

Cl 100 0.5 95

,x i

1J i
MeO'

I'T
'N

H

Br 50 16

J J i

98

Cl 100 2.5 96

z. zX i

j i
MeO'

NHPh2
Br 25 3

Π

Ύ i
Z^X zNx Z^X
.on !

MeO' I

84^

Cl 100 3 68d I

z. zX
..J J

,NH, 
ί I ■

Br 50 2 H
MeO, W Ph 91
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a aryl halide (1.6 mmol), amine (2.0 mmol), NaOf-Bu (2.4 mmol), toluene (2.0 mL) b 
Using 2 mol% Pd(crotyl)QPhosCI c Using 1 mol% Pd(crotyl)QPhosCI d NMR yield

Ar-X
--- -

amine X T°C time (h) product yield (%)

IAX

MeO

x7x .NHMe 
u

Br 25 1
Me

AT Ph 

MeCT^

93

Cl 100 1 98

1 25 16 95e

Me
Å ,X

1 J

z.NHMe

A Br 50 3
Me j..

I Me 88

Cl- x-x zx
1J

Me

xNHMe
A

Br 25 1 Me
Ok /xYA Ph 97

Me 
e

'Pr
_nh2

i
'Pr

Br 50 2.5
Me .. /-Pr 
όΆ

96

Cl 100 21 87f

Me
.A ,.x 
A cr

Br 50 22
Ve H A

91

Cl 100 2.5 83

cr Cl 80 3 H
MeCT N%O Ph 91c

1J 
NO

,¾. nh2 A Br 80 4 H
fy Ph 

ncA·/

93c

X
Br 100 1

Me
AAN'Ph

839

Cl 100 1 Q2h

fPr
A zNH,

II X
''Pr

Br 100 2
H i-Pr-nA 919

of isolated mixture of excess diphenylamine and desired product e Unoptimized 
reaction time f GC/MS conversion 9 Using 0.05 mol% Pd(TT-crotyl)QPhosCI h Using 
0.1 mol% Pd(TT-crotyl)QPhosCI.

[0084] Pd(TT-crotyl)QPhosCI has been evaluated in several substrates for C-N coupling using a 
range of aryl halides with both primary and secondary amines (Table 5). The inventors have 
also demonstrated a number of examples of a chemoselective amination reaction of an aryl 
bromide in the presence of a chloride functionality. This was achieved by virtue of the fact that 
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the aryl bromides required lower reaction temperatures than the aryl chlorides. In addition, 
Pd(TT-crotyl)QPhosCI effected the amination of an aryl iodide, a substrate which has been 
considered to be a problematic coupling partner in Pd catalysed C-N bond formation 
processes.

[0085] The order of reactivity in aminations mediated by Pd(TT-crotyl)QPhosCI appears to be 
the reverse to that observed in conventional Pd mediated coupling reactions. In this respect, 
electronrich aryl halides are aminated in higher yields at shorter reaction times than the 
electron-deficient electrophiles. Noteworthy is the amination of a very electron-rich tris- 
methoxybromobenzene in 65% yield.

[0086] As can be seen from Table 6, heterocyclic halides have also been successfully coupled.
Table 6: C-N Bond Formation using Heterocyclic Halides Mediated by 2 mol%

Pd(crotyl)QPhosCla

r,O
pi 2.0 mol% p

xX = N- Pd(crotyl)QPhosCI
+ R2y- j R NaOfBu R1jY J || -^-R2

X x v
toluene (2.0 mL)

T°C

Ar-X amine X T°C time (h) product yield(%)

Br 100 3.5 J H

IJ 1 
'N X Cl 100 ......3.5...... 1 (JO 94

86
^X Br 100 o 1 H

Il il 1
79

''kX
Ci 100 2.5 J 88

_N, 
u

-NHMe :
□ i Br 50 o L_ ϊ Me3h α,Μ,

MU
83

Br 100 3 1 90

o-*
xNHMe

[i TI I Br 25 18 I 7Qb

Cl 100
s Il X3 ^§ 57

Cl..
X" >

X

-NHMe :
D Br 25 20 jcy Ό

CI"%^N 

J Me

44

a aryl halide (1.6 mmol), amine (2.0 mmol), NaOf-Bu (2.4 mmol), toluene (2.0 ml_)öi 
Isolated yield using 1 mol% Pd(crotyl)QPhosCI. Unreacted aryl bromide could bei 
detected by TLC before purification, indicating an incomplete reaction.

[0087] Pyridine-, pyrimidine- and thiophene halides gave C-N coupled products in good yields 
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at 100°C. The reaction using 3-bromothiophene has been demonstrated at room temperature.

Experimental data for the products detailed in Tables 5 and 6 2-CO9Me-3'.4',5'- 

trimethoxv-diphenvlamine

[0088]
OMe
OMeOMe

[0089] Methyl anthranilate (390 pl_, 3.0 mmol); 5-bromo-1,2,3-trimethoxybenzene (594 mg, 2.3 
mmol); NaOtBu (345 mg, 3.6 mmol); Pd(TT-crotyl)QPhosCI (43.5 mg, 0.06 mmol, 2.0 mol%); 
toluene (5.0 mL). The general procedure afforded the title compound as an off-white solid (462 

mg, 65%); 1H NMR (CDCI3, 400 MHz): δ 9.39 (br s, 1H), 7.96 (dd, J 4.4, 1.6, 1H), 7.33 (dd, J 

6.8, 1.6, 1H), 7.21 (d, J 8.4, 1H), 6.73 (dd, J 8.0, 0.8, 1H), 6.49 (s, 2H), 3.91 (s, 3H), 3.85 (s, 

3H), 3.83 (s, 6H); 13C (CDCI3, 100 MHz): δ 169.0, 153.8, 148.4, 136.6, 134.6, 134.2, 131.6, 

116.9, 114.1, 111.6, 100.7, 61.0, 56.1, 51.8; Elemental analysis, found: C 64.30, H 6.06, N 4.41 
(theoretical: C 64.34, H 6.03, N 4.41).

N-(2.6-diisopropvlphenvl)-N-(p-methoxv)amine

[0090]

Me

[0091] 4-bromoanisole (200 pL, 1.6 mmol) or 4-chloroanisole (196 pL, 1.6 mmol); 2,6- 
diisopropylaniline (377 pL, 2.0 mmol); NaOtBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (X = 
Br; 14.4 mg, 0.016 mmol, 1.0 mol%) or Pd(TT-crotyl)QPhosCI (X = Cl; 7.2 mg, 0.008 mmol, 0.5 
mol%); toluene (2.0 mL). The general procedure afforded the title compound in 96 % yield (434 

mg; X = Br) and 95% yield (429 mg; X = Cl); 1H NMR (CDCI3, 400 MHz): δ 7.29-7.19 (m, 3H), 

6.73 (d, J 6.8, 2H), 6.44 (d, J 6.8, 2H), 4.95 (br s, 1H), 3.73 (s, 3H), 3.19 (heptet, J 6.8, 2H), 

1.14 (d, J 7.2, 12H); 13C (CDCI3, 100 MHz): δ 152.2, 147.1, 142.2, 136.0, 126.7, 123.8, 115.0,

114.2, 55.7, 28.0, 23.8; Elemental analysis, found: C 80.95, H 9.05, N 5.03 (theoretical: C 
80.52, H 8.89, N 4.94).

N-(4-methoxyphenvl)morpholine
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[0092]

[0093] 4-bromoanisole (200 μΙ_, 1.6 mmol) or 4-chloroanisole (196 μΙ_, 1.6 mmol); morpholine 
(175 μΙ_, 2.0 mmol); NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (7.2 mg, 0.008 mmol, 
0.5 mol%); toluene (2.0 ml_). The general procedure afforded the title compound in 98 % yield 
(302 mg; X = Br) and 96% yield (297 mg; X = Cl).

A/-(4-methoxyphenvl)diphenvlamine

[0094]

[0095] 4-bromoanisole (200 μΙ_, 1.6 mmol) or 4-chloroanisole (196 μΙ_, 1.6 mmol); 
diphenylaniline (338 mg, 2.0 mmol); NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (7.2 
mg, 0.008 mmol, 0.5 mol%); toluene (2.0 ml_). The general procedure afforded the title 
compound in 84 % yield (370 mg; X = Br) and 68% yield (298 mg; X = Cl).

4-Methoxvdiphenvlamine

[0096]

[0097] 4-bromoanisole (200 μΙ_, 1.6 mmol); aniline (182 μΙ_, 2.0 mmol); NaOtBu (230 mg, 2.4 
mmol); Pd(TT-crotyl)QPhosCI (7.2 mg, 0.008 mmol, 0.5 mol%); toluene (2.0 ml_). The general 
procedure afforded the title compound in 91 % yield (288 mg).

N-(4-methoxyphenvl)-N-methvlaniline

[0098]
Me
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MeO

[0099] 4-bromoanisole (200 μΙ_, 1.6 mmol), 4-chloroanisole (196 μΙ_, 1.6 mmol) or 4- 
iodoanisole (374 mg, 1.6 mmol); N-methylaniline (217 μΙ_, 2.0 mmol); NaOfBu (230 mg, 2.4 
mmol); Pd(TT-crotyl)QPhosCI (7.2 mg, 0.008 mmol, 0.5 mol%); toluene (2.0 mL). The general 
procedure afforded the title compound in 93 % yield (315 mg; X = Br), 98% yield (335 mg; X = 
Cl) and 95% yield (325 mg; X = I).

4-chloro-2-methvldiphenvl-methvlamine

[0100]

[0101] 2-bromo-5-chlorotoluene (213 pL, 1.6 mmol); /V-methylaniline (217 pL, 2.0 mmol); 
NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (7.2 mg, 0.008 mmol, 0.5 mol%); toluene 

(2.0 mL). The general procedure afforded the title compound in 88 % yield (324 mg); 1H NMR 
(CDCI3, 400 MHz): δ 7.27 (d, J 2.0, 1H), 7.21-7.16 (m, 3H), 7.07 (d, J 8.4, 1H), 6.73 (t, J 7.2, 

1H), 6.53 (d, J 8.0, 2H), 3.19 (s, 3H), 2.11 (s, 3H); 13C (CDCI3, 100 MHz) δ 146.5, 143.1, 136.4, 

129.1, 128.9, 127.2, 126.7, 125.3, 114.9, 110.7, 36.8, 15.5; Elemental analysis, found: C 72.31, 
H 6.13, N 6.05 (theoretical: C 72.57, H 6.09, N 6.04).

3-chloro-4-methvldiphenvl-methvlamine

[0102]
Me

[0103] 4-bromo-2-chlorotoluene (217 pL, 1.6 mmol); /V-methylaniline (217 pL, 2.0 mmol); 
NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (7.2 mg, 0.008 mmol, 0.5 mol%); toluene 

(2.0 mL). The general procedure afforded the title compound in 97 % yield (358 mg); 1H NMR 
(CDCI3, 400 MHz): δ 7.30-7.26 (m, 2H), 7.08 (d, J 8.4, 1H), 7.02-6.96 (m, 4H), 6.79 (dd, J 8.4,

2.4, 1H), 3.27 (s, 3H), 2.30 (s, 3H); 13C (CDCI3, 100 MHz): δ 148.7, 148.1, 134.7, 131.2, 129.4,

128.2, 121.9, 121.0, 120.3, 118.5, 40.4, 19.2; Elemental analysis, found: C 72.01, H 6.04, N 
5.98 (theoretical: C 72.57, H 6.09, N 6.04).
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N-(2.6-diisopropylphenyl)-N-(o-tolyl)amine

[0104]

Me

[0105] 2-bromotoluene (274 mg, 1.6 mmol) or 2-chlorotoluene (168 μΙ_, 1.6 mmol); 2,6- 
diisopropylaniline (377 pl_, 2.0 mmol); NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (7.2 
mg, 0.008 mmol, 0.5 mol%); toluene (2.0 mL). The general procedure afforded the title 
compound in 96 % yield (410 mg; X= Br) and 87% conversion (X= Cl).

2-MethyldiDhenylamine

[0106]

[0107] 2-bromotoluene (274 mg, 1.6 mmol) or 2-chlorotoluene (168 pL, 1.6 mmol); aniline (182 
pL, 2.0 mmol); NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (7.2 mg, 0.008 mmol, 0.5 
mol%); toluene (2.0 mL). The general procedure afforded the title compound in 91 % yield (267 
mg; X = Br) and 83% yield (242 mg; X = Cl).

3-Methoxvdiphenvlamine

H

[0108]

[0109] 3-chloroanisole (196 pL, 1.6 mmol); aniline (182 pL, 2.0 mmol); NaOfBu (230 mg, 2.4 
mmol); Pd(TT-crotyl)QPhosCI (14.4 mg, 0.016 mmol, 1.0 mol%); toluene (2.0 mL). The general 
procedure afforded the title compound as a white solid in 91 % yield (290 mg).

4-Cvanodiphenvlamine
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[0110]
Η

[0111] 4-bromobenzonitrile (292 mg, 1.6 mmol); aniline (182 μΙ_, 2.0 mmol); NaOfBu (230 mg, 
2.4 mmol); Pd(TT-crotyl)QPhosCI (14.4 mg, 0.016 mmol, 1.0 mol%); toluene (2.0 ml_). The 
general procedure afforded the title compound as an off-white solid (288 mg, 93%).

2-aniline-pyridine

H
[0112]

[0113] 2-bromopyridine (153 μΙ_, 1.6 mmol) or 2-chloropyridine (151 μΙ_, 1.6 mmol); aniline 
(182 μΙ_, 2.0 mmol); NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (28.8 mg, 0.032 mmol, 
2.0 mol%); toluene (2.0 ml_). The general procedure afforded the title compound in 94 % yield 

(257 mg; X = Br) and 86% yield (235 mg; X = Cl): 1H NMR (CDCI3, 400 MHz): δ 8.20 (d, J 4.0, 

1H), 7.50-7.46 (m, 1H), 7.33 (d, J 4.0, 4H), 7.08-7.02 (m, 2H), 6.89 (d, J 8.4, 1H), 6.74-6.71 

(m, 1H); 13C (CDCI3, 100 MHz): δ 156.1, 148.4, 140.6, 137.7, 132.5, 129.3, 122.8, 120.7,

120.4, 115.0, 108.2; Elemental analysis, found: C 77.11, H 5.99, N 16.20 (theoretical: C 77.62, 
H 5.92, N 16.46).

3-aniline-pyridine

[0114]

[0115] 3-bromopyridine (154 μΙ_, 1.6 mmol) or 3-chloropyridine (152 μΙ_, 1.6 mmol); aniline 
(182 μΙ_, 2.0 mmol); NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (28.8 mg, 0.032 mmol, 
2.0 mol%); toluene (2.0 ml_). The general procedure afforded the title compound in 79 % yield 

(215 mg; X = Br) and 88% yield (239 mg; X = Cl): 1H NMR (CDCI3, 400 MHz): δ 8.38 (d, J 2.0, 

1H), 8.15 (d, J4.0, 1H), 7.42 (d, J7.2, 1H), 7.30 (t, J7.6, 2H), 7.16 (dd, J8.0, 4.4, 1H), 7.08 (d, 

J 8.0, 2H), 6.99 (t, J 7.2, 1H), 6.01 (br s, 1H); 13C (CDCI3, 100 MHz): δ 142.0, 141.8, 140.1, 

139.9, 129.6, 123.8, 123.4, 122.0, 118.3; Elemental analysis, found: C 77.19, H 6.02, N 15.96 
(theoretical: C 77.62, H 5.92, N 16.46).
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2-N-Methvlaniline-pvrimidine

[0116] 
Me

CTO

[0117] 2-bromopyrimidine (127 mg, 0.8 mmol); /V-methylaniline (109 pL, 1.0 mmol); NaOfBu 
(115 mg, 1.2 mmol); Pd(TT-crotyl)QPhosCI (14.4 mg, 0.016 mmol, 2.0 mol%); toluene (1.0 mL). 

The general procedure afforded the title compound in 83 % yield (123 mg): 1H NMR (CDCI3, 

400 MHz): δ 8.34 (d, J 4.4, 2H), 7.42 (t, J 8.0, 2H), 7.32 (d, J 7.6, 2H), 7.24-7.22 (m, 1H), 6.57 

(t, J 4.8, 1H), 3.53 (s, 3H); 13C (CDCI3, 100 MHz): δ 162.0, 157.7, 145.5, 129.2, 126.6, 125.9, 

110.8, 38.7; Elemental analysis, found: C 71.33, H 6.08, N 22.51 (theoretical: C 71.33, H 5.99, 
N 22.69).

2-(A/-Methvl-A/-phenvlamino)thiophene

[0118] 
Me

[0119] 3-bromothiophene (150 pL, 1.6 mmol) or 3-chlorothiophene (149 pL, 1.6 mmol); N- 
methylaniline (217 pL, 2.0 mmol); NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (28.8 mg, 
0.032 mmol, 2.0 mol%); toluene (2.0 mL). The general procedure afforded the title compound 

in 90 % yield (272 mg; X = Br) and 57% yield (172 mg; X = Cl): 1H NMR (CDCI3, 400 MHz): δ 

7.27-7.20 (m, 3H); 7.01 (d, J 7.6, 2H), 6.91 (t, J 7.6, 1H), 6.87 (dd, J 5.2, 1.6, 1H), 6.57 (dd, J

3.2, 1.2, 1H), 3.29 (s, 3H); 13C (CDCI3, 100 MHz) δ 149.3, 148.4, 129.1, 124.9, 123.3, 120.7, 

118.8, 107.8, 41.0; Elemental analysis, found: C 70.13, H 5.84, N 7.32 (theoretical: C 69.80, H 
5.86, N 7.40).

2-Chloro-5-N-methylaniline-thiophene

[0120]

Me
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[0121] 2-bromo-5-chlorothiophene (175 μΙ_, 1.6 mmol); /V-methylaniline (217 μΙ_, 2.0 mmol); 
NaOfBu (230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (28.8 mg, 0.032 mmol, 2.0 mol%); toluene 
(2.0 mL); 25 °C; 20 hrs. The general procedure afforded the title compound as an off-white oil 

in 44% yield (155 mg): 1H NMR (CDCI3, 400 MHz): δ 7.26-7.23 (m, 2H), 6.94-6.88 (m, 3H), 

6.70 (d, J 4.0, 1H), 6.44 (d, J 4.0, 1H), 3.28 (s, 3H); 13C (CDCI3, 100 MHz): δ 151.3, 148.8, 

129.1, 124.6, 123.3, 120.3, 119.1, 116.1, 41.8; Elemental analysis, found: C 59.28, H 4.54, N 
6.29 (theoretical: C 59.05, H 4.51, N 6.26).

4-methyldiDhenyl-methylamine

[0122]
Me

„,0^
[0123] 4-bromotoluene (274 mg, 1.6 mmol); /V-methylaniline (217 pL, 2.0 mmol); NaOfBu (230 
mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (0.7 mg, 0.0008, 0.05 mol%); toluene (0.5 mL). The 

general procedure afforded the title compound in 83% yield (261 mg): 1H NMR (CDCI3, 400 

MHz): δ 7.24-7.20 (m, 2H), 7.11 (d, J 8.4, 2H), 7.01-6.97 (m, 2H), 6.91 (app. d, J 7.6, 2H), 6.86 

(app. t, J 7.6, 1H), 3.28 (s, 3H), 2.31 (s, 3H); 13C (CDCI3, 100 MHz): δ 149.4, 146.6, 132.1, 

130.0, 129.1, 122.6, 119.8, 118.2, 40.4, 20.8; Elemental analysis, found: C 85.25, H 7.75, N 
7.29 (theoretical: C 85.24, H 7.66, N 7.10).

A/-4-toluene-2,6-diisopropvlaniline

[0125] 4-bromotoluene (274 mg, 1.6 mmol); 2,6-diisopropylaniline (377 pL, 2.0 mmol); NaOfBu 
(230 mg, 2.4 mmol); Pd(TT-crotyl)QPhosCI (0.7 mg, 0.0008, 0.05 mol%); toluene (0.5 mL). The 

general procedure afforded the title compound in 91% yield (387 mg): 1H NMR (CDCI3, 400 

MHz): δ 7.30-7.25 (m, 1H), 7.22-7.19 (m, 2H), 6.94 (d, J 8.0, 2H), 6.39 (d, J 8.4, 2H), 5.02 (br 

s, 1H), 3.19 (heptet, J 6.8, 2H), 2.23 (s, 3H), 1.13 (d, J 6.8, 12H); 13C (CDCI3, 100 MHz): δ

147.4, 145.9, 135.6, 129.8, 127.0, 126.9, 123.9, 113.1, 28.2, 23.9, 20.5; Elemental analysis, 
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found: C 85.22, Η 9.45, Ν 5.29 (theoretical: C 85.34, Η 9.42, Ν 5.24).

Example 6

N-Arvlations at low catalyst loadings of Pd(iT-crotvl)QPhosCI

[0126] The arylation of amines at lower catalyst loadings were evaluated (Table 7) and, in this 
respect, reactions carried out with 0.05 or 0.1 mol% loading were successfully achieved.

Table 7: N- Arylations at Low Catalyst Loadings of Pd(TT-crotyl)QPhosCl.a

N Pd(crotyl)QPhosCI,

r1^· Y + r Na0'Bu - rY T T Jtr2
toluene (0.5.mL) ;

100 °C

Ar-X amine x
catalyst loading 

(mol%) product yield (%)

.X

Me' -

, NHMe

U i

Br 0.05, 1 h
Me

83

Cl 0.10, 1h 92

Me

,1 .X 

U

zPr

,L _nh2 :
li I i

'Pr ■

Cl 0.05, 16 hrs Me.. .Me
T .N. 1

Cr IJ

Me—(

Me

900

Ci 0.1,2 hrs 95

Ji T
Me'

'Pr :

(i i

'Pr

Br 0.05, 2 hrs
Me Me 

Η 1
Ji T Ύ j

Me &

Me

91

a aryl halide (1.6 mmol), amine (2.0 mmol), NaOf-Bu (2.4 mmol), toluene (0.5 mL)0 
GC/MS conversion.

[0127] See Example 5 for the experimental data for the products listed in Table 7 .

Example 7

Synthesis of the Toddaliopsin Framework

[0128] The synthesis of the toddaliopsin framework was realised by implementing a Pd(TT-1- 
crotyl)QPhosCI catalysed aryl amination step incorporating a very electronrich aryl bromide. As
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can be seen, the C-N coupling reaction proceeded smoothly to provide the required product in
65% yield.

O OR

Toddaliopsin A R = H Toddaliopsin B R = Me
Toddaliopsin D R = ChtøOMe Toddaliopsin C R = H

OMe

1 mol% Pd(1-crotyl)QPhosCI

NaO'Bu, toluene 100 °C

65% yield

Toddaliopsin 
hydroxylamine 

(42% yield)

Example 8

General procedure for the a-arvlation reaction of aldehydes:

[0129] A Schlenk flask was charged with the catalyst, CS2CO3 and aryl halide, if solid, and the 

flask was evacuated and backfilled with nitrogen three times. Subsequently, a solution of the 
aryl halide, if liquid, and the aldehyde in solvent were added. The resulting reaction mixture was 
stirred under nitrogen at the indicated temperature for the indicated time, then the mixture was 
absorbed onto silica gel and purified by flash column chromatography (EtOAc/40-60 petroleum 
ether eluent).

R1-

0
0 1 mol% Pd(1-crotyl )QPhosCI 2 II

- J + RkX ------------------------------------

Ύ H Cs2co3 I
2-MeTHF, 80 °C

0

McYY 
Me )—.ZA

fBu

O

μ/Υί
Me \—.

Me—/ 2

o I
MeA\ H

Me \__ v
ZA

CN

H 
z°

81% conversion 83% conversion 49% yield 42% conversion

55% yield 73% yield

Example 9

General procedure for the α-arvlation of ketones:
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[0130] A Schlenk flask was charged with the catalyst, NaOtBu and aryl halide, if solid, and the 
flask was evacuated and backfilled with nitrogen three times. Subsequently, the aryl halide (if 
liquid), followed by ketone and solvent were added via syringe. The resulting reaction mixture 
was stirred under nitrogen at the indicated temperature for 18 hours, then the mixture was 
absorbed onto silica gel and purified by flash column chromatography (MTBE/40-60 petroleum 
ether eluent).
Table 8: a-arylation of ketones

Br 9 catalyst, NaO-Bu O
ΓΎ ____________________- MeXk

MeOA^ solvent, 7 (°C) T Ph

catalyst (mol%) solvent T(°C) time (hrs) Conversion3 i 
(%)

Pd(allyl)QPhosCI (1.0) THF 60 17 76
Pd(1-crotyl)QPhosCI (1.0) THF 60 17 99b (85)

Pd(1-crotyl)QPhosCI (0.25) THF 60 17 (90)

Pd(dba)2 / QPhos (0.25) 
(Comparative)

THF 60 17 (80)

Pd(OAc)2 / QPhos (0.25) 
(Comparative)

THF 60 17 (85)

Pd-118 (0.25) (Comparative)0 THF 60 17 (64) I

a Conversion using GC/MS. Isolated yield in parenthesis b All starting material 
consumed c Pd-118 = dichloro[1,1'-bis(di-tert-butylphosphino)]ferrocene palladium 
(II)

[0131] It can be seen from the results in the above table that the Pd(TT-1-crotyl)QPhosCI 
precatalyst provided the best results in the a-arylation reaction. Moreover, in comparison with in 
situ generated QPhos based catalysts, the preformed complexes exhibited comparable or 
superior activities.

Example 10

Substrate scope for the α-arvlation of ketones

[0132] It was demonstrated that the mono-arylation of propiophenone proceeded smoothly 
using a range of electronrich and -neutral aryl halides and the Pd(TT-1-crotyl)QPhosCI catalyst. 
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Substituents were tolerated in the ortho- and meta- as well as the para-position of the aryl 
moiety.
Table 9: Substrate scope for the a-arylation of ketones

O Pd(1-crotyl)QPhosCI 2 j? i

+ RkAph NaOtBu ’ T Ph

THF or dioxane, T °C

OX 
MeO—V V—(

Vo
Pn

W /Me 
Me (( y—(

)=0
Phi

Me

\=o
Pn

X= Br 90% yieldb (0.25 
mol%, 60 °C)

76% yield3 (0.25 
mol%, 60 °C)

63% yield3 (0.25 
mol%, 60 °C)

X = Cl 82% yield (1.0 mol%, 
100 °C)

61% yield3 (0.25 mol, 
100 °C)

65% yield3 (1.0 mol%, 
100 °C)

Me r,—a Me
Me-Λ__ (/ \__ /

Me V=/ VO
Pn

Me
ZyT 

x=/ \=o
Pn

X= Br 88% yield3 (0.25 
mol%, 60 °C)

99% yield3 (1.0 
mol%, 60 °C)

a Product co-running with propiophenone. Yield given is NMR yield from isolated 
mixture of product and propiophenone b Average yield from 3 reactions

Example 11 

g-Arvlation of 1-Tetralone

General Procedure

[0133] A Schlenk flask was charged with Pd(X)LCI (0.05 mol%, 0.001 mmol) and NaOABu (365 
mg, 3.8 mmol). The flask was evacuated and backfilled with nitrogen three times, then dioxane 
(2.0 ml), 4-chloroanisole (245 μΙ, 2.0 mmol) and a-tetralone (266 μΙ, 2.0 mmol) were added. 
The reaction mixture was stirred for 16 hours, then an aliquot was removed for analysis by 
GC/MS.

[0134] The activities of the π-allyl catalysts bearing the QPhos and P(ABu)2(p-NMe2C6H4) 

ligands were evaluated in the π-arylation of cyclic ketone 1-tetralone. Pd(allyl)QPhosCI 
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provided the product in 80 % conversion after 3 hours reaction time, whereas Pd(allyl)P(f- 
Bu)2(p-NMe2C6H4)CI gave 96 % conversion after the same time (Table 10, entries 1 and 2). 

The product was isolated in 91 % yield after an overnight reaction using catalyst loading as low 
as 0.05 mol % of Pd(allyl)P^Bu)2(p-NMe2C6H4)CI (entry 3).

Table 10: a-Arylation of 1-Tetralone Using 0.05 mol % Pd Loading.9

0 0.05 mol % 0 ,Z'\,'0Me
+ Cf0' Cat3lySt ~ 

MeO" NaOt-Bu, dioxane J , i

100 “C 21 :

entry catalyst time (hours) conversion (%)b

1 Pd(allyl)QPhosCI 3 80

2 Pd(allyl)P(f-Bu)2(p-
NMe2C6H4)CI

3 96

3 Pd(allyl)P(f-Bu)2(p-
NMe2C6H4)CI

22 100(91)

a 4-chloroanisole (2.0 mmol), 1-tetralone (2.0 mmol), NaOf-Bu (3.8 mmol), dioxane: 
(2.0 mL). b GC/MS conversion. Average of two runs. Isolated yield in parenthesis.

Example 12

Suzuki Coupling Reactions

General procedure forthe Suzuki reaction:

[0135] A Schlenk flask was charged with the catalyst, KO/Bu (1.2 eq), boronic acid (1.1 eq) and 
aryl halide (1.0 eq), if solid, and the flask was evacuated and backfilled with nitrogen three 
times. Subsequently, the aryl halide (if liquid) and solvent were added via syringe. The resulting 
reaction mixture was stirred under nitrogen at the indicated temperature, then the crude 
reaction mixture was analysed by GC/MS.
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X solvent C (M) loading 
(mol%)

time (h) T(°C) conversion
(%)a I

Br toluene: H2O 
(4:1)

0.8 0.01 20 100 100

Br toluene: H2O 
(4:1)

0.8 1.0 1 25 100

Cl toluene 0.27 1.0 20 80 68

a conversion into product, taking into account deboronated product formed.

[0136] The high activity of Pd(crotyl)Q-PhosCI was subsequently demonstrated in the sterically 
challenging Suzuki reaction of bromomesitylene and 1-naphthalene boronic acid. This coupling 
could be carried out at ambient temperature with 100 % GC conversion and 86 % isolated yield
within 45 minutes of the reaction time.

1.0 mol% Pd(crotyl)QPhosCI 
KOf-Bu

toluene/H^O, rt
45 min

Example 13

Aryl Chlorides in Suzuki Coupling

[0137] Extending the scope of the substrates to aryl chlorides, the coupling product of of 4- 
chloroanisole with 4-terf-butylbenzene boronic acid gave 90 % conversion (Table 12, entry 1) 
using the same reaction conditions as for the aryl bromides, but at 80 °C. The present 
inventors also decided to investigate the base effect and the use of heterocyclic chlorides 
employing the π-allyl catalysts in comparision with the use of PdCl2(P(t-Bu)2(p-NMe2C6H4))2 as 

reported by Guram (Guram et al, Org. Lett., 2006, 8, 1787). Substituting K2CO3 for KOf-Bu in 

the case of 4-chloroanisole provided the coupling product in relatively low conversions, using 
both Pd(crotyl)QPhosCI and Pd(allyl)P(f-Bu)2(p-NMe2C6H4)CI (entries 2 and 3). However, 

employing 2-chlorothiophene in the Suzuki reaction, it was found that the yield of the product 
was comparable to the Guram conditions for PdCl2(P(FBu)2(p-NMe2C6H4))2 and the new 

Pd(allyl) P(f-Bu)2(p-NMe2C6H4)CI (entries 4-5, 6-7, 8-9), demonstrating that a Pd:L ratio of 1:1 

was sufficient for an efficient reaction. Using the reaction conditions developed for the aryl 
bromides, 2-chlorothiophene was coupled with 4-te/T-butyl-benzene boronic acid to obtain 52 % 
yield, with Pd(crotyl)QPhosCI catalyst (entry 10). The same reaction gave a lower yield (33 %) 
under the Guram conditions (entry 11). For chloropyridine substrate, Pd(K-allyl)AmphosCI gave
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73 % yield (entry 13).

[0138] The described investigation of aryl chlorides in Suzuki coupling illustrates the 
importance of a careful choice of the catalyst and the reaction conditions to get the optimized 
yields.

Table 12: Aryl Chlorides in Suzuki Coupling.9

,^x-B(OH)2 ,, Cl CatalySt’

+ ίι
U J [I χ toluene/l

g Nj 
ω

X 
O 

<*>
 

g 
C
D

1 u |/=
l=

\ o
Entry catalyst conditions RB(OH)2 Ar-CI yield 

(%)ai

1 1 mol% Pd(1- 
crotyl)QPhosCI A

,-, B(OH)2

., J J'
4

,, Cl

41
MeO

Φ o bX 90b

2 1 mol% Pd(1- 
crotyl)QPhosCI B

,-, ,B(OH)2

.,1 J
4

,-,- , ci ί
11

MeO —

o 
i

° 
I

38b

3 1 mol% 
Pd(allyl)AmphosCI B

r.ch;·
.,(,1
4

iT

MeO'

o

29b

4

5C

1 mol% 
Pd(allyl)AmphosCI

1 mol% Pd-132

B
,,, B(OH)2

-1,1
4

S lL/~cl
13

[Qr s
64

68

6
1 mol% 

Pd(allyl)AmphosCI B B(OH)2

Me

sIl /~CI

Q
 

ω
 λ 70

7C 1 mol% Pd-132 84

8

9C

0.01 mol% 
Pd(allyl)AmphosCI

0.01 mol% Pd-132
B ,B(OH)2

Ö 41
Me''' '—'''

CN

(JCl
χχΐ

ΜθΑΧ CN

85

79 1

10 1 mol% Pd(1- 
crotyl)QPhosCI A

,B(OH)2

,J'.. > -S

|l /-Cl

_ jry 
s 52

11 1 mol% Pd(1- 
crotyl)QPhosCI B

,- B(OH)2

, 11
4

,S

4 XCI

13 

s
33 1
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Entry

12

catalyst

1 mol% Pd(1- 
crotyl)AmphosCI

conditions

B

RB(OH)2

, xB(OH)2

Ar-CI

rs 
|ϊ/-α Ο

 I 
ί rz) J ''''

yield
(%)a

29

13 I 1 mol% 
Pd(allyl)AmphosCI

B
x- B(OH)2

4

r^cl
ί J

n

73 I

a Conditions A: aryl chloride (1.6 mmol), boronic acid (1.76 mmol), KOf-Bu (1.92 
mmol), toluene (1.8 mL), water (0.2 mL), 80 °C. Conditions B: aryl chloride (1.0 
mmol), boronic acid (1.2 mmol), K2CO3 (2.0 mmol), toluene (5.0 mL), water (0.5 
mL), 100 °C. Isolated yield. ÖGC/MS conversion. c Pd-132 ; PdCI2[P(f-Bu)2(p- 
NMe2C6H4)]2.

[0139] In the Suzuki coupling reactions, the present inventors have been the first to 
demonstrate that K2CO3 can be used as the base in conjunction with π-allyl precatalysts.
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Patentkrav

1. Kompleks med formel (1):

Rj/Rl x
Κ<ΡχΜΖΓ (1)

I
X

hvor

M er palladium eller nikkel,

Ri og R2 er uafhængigt valgt fra gruppen, der består af: usubstitueret li- 

gekædet Ci-C2o-alkyl, usubstitueret forgrenet Ci-C2o-alkyl, usubstitueret

C3-Ci5-cycloalkyl,

Rs er valgt fra gruppen der består af:

(a) dimethylaminophenyl og

(b) substitueret metallocenyl, hvor den substituerede metallocenyl har en 

struktur med formel (3):

Fe (3)

hvor

Ri i er valgt fra gruppen, der består af: phenyl, methoxyphenyl, 

methylphenyl og FsC-phenyl, og q er 4 eller 5

R4 er valgt fra gruppen, der består af: usubstitueret ligekædet C1-C20- 

alkyl, usubstitueret forgrenet Ci-C2o-alkyl, usubstitueret Cs-Cis-cycloalkyl, 

usubstitueret Ce-C2o-aryl;

n er 0, 1,2, 3, 4 eller 5,

X er en halogengruppe.

2. Komplekset ifølge krav 1, hvor M er palladium.

3. Komplekset ifølge krav 1, hvor den substituerede metallocenylgruppe af R3 

har en struktur med formlen (4):
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ΡΗκ Fe ph

Pir'^'r^+h

Ph

4. Kompleks ifølge et hvilket som helst af de foregående krav, hvor komplekset 

med formel (1) er valgt fra gruppen, der består af:

5

10

15

20

/, -Cl
QPhos Me—<(.— Pd

x QPhos

>d-CI 
■ptBu

NMe2

5. Fremgangsmåde til fremstilling af et kompleks med formel (1):

x

hvilken fremgangsmåde omfatter trinnet at omsætte et kompleks med formel (5) 

med PR1R2R3, 

hvor

M er palladium eller nikkel,

Ri og R2 er uafhængigt valgt fra gruppen, der består af: usubstitueret li- 

gekædet C-i-Czo-alkyl, usubstitueret forgrenet Ci-C2o-alkyl, usubstitueret

C3-Ci5-cycloalkyl,

R3 er valgt fra gruppen, der består af:

(a) dimethylaminophenyl og

(b) substitueret metallocenyl, hvor den substituerede metallocenyl har en 

struktur med formel (3):
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5

10

15

20

3

Fe (3)

hvor,

Ri i er valgt fra gruppen, der består af: phenyl, methoxyphenyl, 

methylphenyl og FsC-phenyl, og q er 4 eller 5,

R4 er valgt fra gruppen, der består af usubstitueret ligekædet C1-C20- 

alkyl, usubstitueret forgrenet C-i-Czo-alkyl, usubstitueret Cs-C-is-cycloalkyl, 

usubstitueret Ce-C2o-aryl;

n er 0, 1,2, 3, 4 eller 5,

X er en halogengruppe.

6. Anvendelse af et kompleks med formel (1) ifølge et hvilket som helst af kra­

vene 1 til 4 som katalysator til carbon-carbon-koblingsreaktioner eller carbon- 

nitrogen-koblingsreaktioner.

7. Fremgangsmåde til udførelse af en carbon-carbon-koblingsreaktion eller en 

carbon-nitrogen-koblingsreaktion i nærvær af en katalysator, hvilken frem­

gangsmåde omfatter at anvende et kompleks med formlen (1) ifølge et hvilket 

som helst af kravene 1 til 4 som katalysator.
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DRAWINGS

FIGURE 1

FIGURE 2
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FIGURE 3


