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Abstract: A comparative study on the catalytic activity of a series of Cp*Ir(NHC)CI,
complexes in several C-O and C-N coupling processes implying hydrogen-borrowing
mechanisms has been performed. The compound Cp*Ir(1"®*)Cl, (I"™® = 1,3-di-n-butyl-
imidazolylidene) showed to be highly effective in the cross coupling reactions of
amines and alcohols, providing high yields in the production of unsymmetrical ethers
and N-alkylated amines. A remarkable feature is that the processes were carried out in
the absence of base, phosphine or any other external additive. A comparative study with

other well known catalysts, such as Shvo’s catalyst, is also reported.

Introduction

The search for efficient catalysts for ‘hydrogen-borrowing’™ strategies is very
challenging, since it can provide easy access to a wide variety of highly valuable
organic molecules introducing environmetal benefits. Although the principles governing
hydrogen transfer (or hydrogen-borrowing) processes are common to amines and
alcohols, versatile catalysts capable to react with both types of substrates are not yet
available, with the only exception of Shvo’s catalyst,>® whose exceptional features
make it one of the most versatile catalysts described so far.

We recently described the base-free catalyzed reduction of C=0 and C=NR bonds
with the complex Cp*Ir(I"™*)Cl, 1 (1" = 1,3-di-n-butyl-imidazolylidene).[’! The same
complex was used for a wide set of C-H activation processes,!” ® including the catalytic

deuteration of organic molecules.® A related Ir complex with a Cp*-NHC



functionalized ligand was also very active in the alkylation of amines with primary
alcohols.””! This latter compound was capable to dehydrogenate secondary alcohols to
ketones in the presence of a base, although we did not quantify the process.”! An
example of a ‘ligand-promoted’ dehydrogenation of alcohols using a Cp*Ir(I11) species
was recently described by Fujita and Yamaguchi.l'” The dehydrogenation of alcohols is
an interesting process not only because it provides the more reactive carbonylated
species, but because it also affords an easy way for the generation of hydrogen.® !

We now report a wide set of reactions that are effectively catalysed by 1 and

widens the scope of this versatile catalyst.

Results and Discussion

In the presence of a weak base, 1 is capable of dehydrogenating aromatic alcohols
to the corresponding carbonylated species. The results for this reaction are shown in
Table 1. Although the yields were moderate (the reactions were not optimized), this

process establishes the basis for a full set of “hydrogen borrowing’ reactions.

Table 1 Here

Under base-free conditions, and with the addition of an excess of AgOTf, the same
catalyst affords the etherification of aliphatic alcohols. The results for this reaction are

shown in Table 2.
Table 2 Here

Based on these two preliminary results and on our previous research in hydrogen
transfer processes, we thought that Cp*Ir(NHC) complexes may be good candidates for
reactions implying the cross-coupling of alcohols and amines, in all three possible
combinations. As Cp*Ir(NHC) catalysts we used the complexes shown in Scheme 1.
Complexes 1 and 2% have been previously reported, and the preparation of
compound 3 is described in the Experimental Section. For comparison, we also tested
the catalytic activity of [Cp*IrCl,].. For a rapid screening of the catalytic activities of
these four compounds we performed a set of three experiments implying the cross-
coupling of: i) benzyl alcohol with n-butanol, ii) aniline with n-hexylamine, and iii)

benzyl alcohol with t-butylamine (Table 3). Addition of AgOTf was needed in order to



activate the catalysts. However, the isolation of the triflate compounds,
Cp*Ir(NHC)(OTf),, and their use under the same catalytic conditions did not show any
differences in the activities obtained. All four catalysts showed good activities in the
three model reactions, although catalyst 1 achieved the best catalytic performances
(Table 3, entries 1, 5 and 9). The fact that 1 behaves as a very active catalyst in such a
wide set of catalytic reactions is of great interest, specially if we take into account all
the synthetic applications that can be obtained by combination of these three model
reactions. It should also be mentioned, that the catalytic activity displayed by
[Cp*IrCl;]; in the presence of AgOTT in these reactions, not being as good as that
shown by 1, is remarkable, and encourages the use of this simple combination of

reagents in other catalytic reactions for which [Cp*IrCl,], has proved to be active.

Scheme 1 Here
Table 3 Here

In order to study the scope of catalyst 1, we decided to perform a series of reactions
using a wider set of substrates for each individual cross-coupling reaction. Table 4
shows the catalytic results for the cross-coupling of benzyl alcohol with primary and
secondary alcohols to provide unsymmetrical ethers. As can be seen from the results
shown, the reaction is quantitative or almost quantitative for all the experiments
performed, showing a high selectivity to the unsymmetrical ethers. Only for the homo-
coupling of benzyl alcohol we obtained a very low yield in the formation of benzyl
ether (entry 6), but this is because the dehydrogenation to form benzaldehyde is a highly
favourable process for this alcohol. The results compare well and even improve recent
reported results where the same or similar substrates were used.?***! In particular, we
observed that 1 provided higher yields in the formation of the unsymmetrical ethers than
the highly active catalyst ReBr(CO)s,*® a result that is even more interesting if we
consider that 1 needed lower temperatures and shorter reaction times. It is also
important to point out the high performances obtained when allyl alcohol is used (85 %
yield, entry 7). Allyl ethers are important starting materials for a wide variety of organic

reactions, and our result is clearly improving recent reports for the same process.!**

Table 4 Here



Brensted acids are known to catalyze the formation of ethers through the
protonation of the hydroxy group that is converted into a better leaving group. For
example, many studies in the homogeneous phases have been carried out with sulfuric
acid,™® although this procedure is known to give low yields when secondary and
tertiary alcohols are used. In this case, the leaving groups are ROH," or ROSO,H".*"! In
order to discard catalysis simply by AgOTf or even HOTTf, we carried out the reaction of
benzyl alcohol and n-butanol in the presence of each of these reactants without adding
compound 1. These experiments showed that addition of AgOTf did not provide any
conversion to the desired ether, while addition of HOTT provided negligible conversions
(22 % after 4h) to the desired unsymmetrical ether. This result confirms that the data
shown in Table 4 for the cross-coupling of alcohols to provide the unsymmetrical ethers,
are essentially due to the Ir(I11)-catalyzed process. Also, the activation of 1 with AgPFg
(instead of AgOTT), afforded much lower activities, probably because the generation of
a dicationic species provides a compound with lower electron density than the neutral
bistriflate adduct generated by addition of AgOTf, as we previously discussed in a
recent paper.[®

Although we do not have a clear explanation for the different behaviour of 1 in the
presence of alcohols depending on the addition of AgOTTf or a base, we believe that

Scheme 2 shows the two plausible mechanisms that may justify this difference.
Scheme 2 Here

Both processes rely on the oxidative addition of the alcohol (RCH,OH) to one
Cp*Ir(NHC) metal fragment, as we have previously proposed to justify our findings on
the base-free reduction of ketones with iPrOH.!®! The key step of both processes is the
formation of the corresponding H-Ir(V) species. In the presence of the base, this hydride
is expected to be ‘deprotonated’ to generate a neutral complex with a vacant
coordination site, that is the first active species in the oxidation of alcohols to ketones.
On the other hand, for the AgOTT activation process, the cationic H-Ir(\V) species is
acting as a Brgnsted acid, and activates a second molecule of alcohol via an
electrophilic attack to the oxygen atom, with the subsequent coupling of the alkyl group
to the coordinated alkoxide fragment and loss of H,O. This latter mechanism is very
interesting, since it combines a typical organometallic catalytic cycle, with an acid-

catalyzed process in which the cationic H-Ir(V) intermediate is acting as the protic acid.



We are aware that this mechanism is merely speculative and needs a detailed study for
its complete elucidation. Mechanistic studies based on DFT analysis of the process are
curently underway.

The arylation of aliphatic amines with anilines has recently been described as a
convenient method for the preparation of N-alkylated anilines.” ®! For this process,
Beller and co-workers elegantly showed that, from a series of Ru-based catalysts,
Shvo’s catalyst proved to be the most active.”” ® We have recently observed that
compound 1 resembles Shvo’s catalyst in terms of reactivity and catalytic activity. For
example, like Shvo’s catalyst, 1 is able to catalyse the hydrogen transfer reactions from
alcohols to ketones at room temperature in the absence of an external base.[® These
similarities made us think that 1 would probably be active in some other processes for
which Shvo’s catalyst has shown good catalytic performances. After proving that 1 is a
good catalyst for the alkylation of aniline with n-hexylamine (Table 3, entry 5) we
decided to study the generality of this reaction by using a wider set of substituted
anilines and different alkyl amines. This process is known to proceed through a
hydrogen-borrowing mechanism in which the alkyl amine is the hydrogen transfer agent,
although this strategy has only been proved once in the recent and pioneering work by
Beller and co-workers.!®! The results that we obtained are summarized in Table 5. The
catalytic activity of 1 was very high in the N-alkylation of a wide set of substituted
anilines with several alkyl amines. For comparative reasons, we also performed a series
of experiments using Shvo’s catalyst under our reaction conditions (Table 1, SI). Both 1
and Shvo’s catalyst showed similar catalytic performances, which in turn validates that
the arylation of aliphatic amines with anilines under hydrogen transfer conditions may
be considered as a general and valuable method for the preparation of the corresponding

aryl amines.
Table 5 Here

Finally, we studied the N-alkylation of primary amines with primary and secondary
alcohols. This reaction is known to be catalysed by 1r*®*! and Rut* %! compounds. A
recent computational study on the reaction mechanism for this process has been
reported, showing that a three-step mechanism operates, implying: (1) metal-catalyzed
oxidation of the alcohol, (2) nucleophilic addition of the amine to the aldehyde, and (3)

metal-catalyzed reduction of the imine to the final secondary amine.” As observed



from the data that we obtained (Table 6), all combinations of amines and alcohols
provided high conversions to the corresponding N-alkylated amines. The selectivity of
the process highly depended on the combination of amine and alcohol used. Full
conversions to the corresponding secondary amines were observed for the reactions of
aniline and benzylalcohol (entry 1, Table 6) and benzylamine and 1-phenylethanol
(entry 7, Table 6). Interestingly, the reaction afforded a high selectivity toward the
tertiary amine in the reaction of benzylamine and benzylalcohol (entry 2, Table 6), a
result that clearly contrasts with the results previously described by Fujita and co-
workers that for the same process obtained full conversion to the secondary amine.*"!
For comparative purposes we also tested Shvo’s catalyst under our reaction conditions
and observed that it provided lower catalytic activities (Table 2, see Sl). For example,
the reaction of 1-phenyl ethanol with n-hexylamine yielded 30 % of the secondary
amine using Shvo’s catalyst (39% yield using previously described conditions™™), while
we obtained 70 % of the secondary amine (entry 6, Table 6) and 30 % of the tertiary

amine.

Table 6 Here

Scheme 3 Here

Interestingly, 1 was also very active in the alkylation of the secondary amine N-
methylaniline with benzylalcohol affording full conversion to the corresponding tertiary
amine (benzylmethylaniline), as shown in Scheme 3. We also tried the alkylation of
other secondary amines (namely dibutylamine, diethylamine and diallylamine), but

unfortunately the reactions gave mixtures that we were unable to identify.

Conclusions

In summary, after performing a comparative study in which the catalytic activities of a
series of Cp*Ir(NHC) complexes and [Cp*IrCl;], were evaluated, we observed that
Cp*Ir(1"™*)Cl,, 1, provided the best catalytic performances. A more detailed study
showed that 1 provided excellent results in all three possible cross-coupling
combinations between amines and alcohols. All the reactions constitute valuable
processes for the preparation of biologically active species and industrial chemicals. The

catalyst proved to be highly active in all the reactions tested, in most cases improving



the catalytic performances of the most active catalysts recently described for the same
processes. This feature confirms the extraordinary versatility and potential synthetic
applications of this unique compound. Only Shvo’s catalyst shows a similar activity for
the case of the N-alkylation of anilines with aliphatic amines. The catalytic reactions
that we studied were carried out in the absence of base, phosphine or any other additive
(for the use of the triflate adducts there is no need to add any extra amount of AgOTf),
which in fact is not only simplifying the reaction work-ups (the products are more easily
separated from the reaction mixtures), but also providing more environmentally benign

jprocesses.

Experimental Section

Synthesis and characterization of the compounds

General procedures. [Cp*IrCl,],%?? and compounds 1 and 2™ were prepared
according to literature procedures. All other reagents were used as received from
commercial suppliers and used without further purification. NMR spectra were recorded
on a Varian Innova 300 MHz and 500 MHz, using CDCl; as solvent. Electrospray Mass
Spectra (ESI-MS) were recorded on a Micromass Quatro LC instrument, nitrogen was
employed as drying and nebulizing gas. Elemental analyses were carried out on a
EuroEA3000 Eurovector Analyser.

Synthesis of 3. A suspension of 1,2-dimethylpyrazolium iodide (74 mg, 0.33 mmol)
and silver oxide (176 mg, 0.50 mmol) in acetonitrile was stirred at room temperature for
2 h. The mixture was filtered through Celite and [Cp*IrCl;], (120 mg, 0.15 mmol) was
added. The mixture was refluxed for 3 h, the suspension was filtered through Celite and
the solvent was evaporated under reduce pressure. The crude solid was purified by
column chromatography. Elution with a mixture of CH,Cl,/Acetone (1:1) afforded a
yellow band that contained compound 3. The pure compound was precipitated from a
mixture of CH,Cl,/Et,0 as a yellow solid. Yield: 60 mg (40 %). *H NMR (CDCls, 300
MHz): §7.36 (d, *Ju.n= 2.70 Hz, 1H, CHyyrazole), 6.49 (d, *Jp.= 2.70 Hz, 1H, CHpyrazole),
4.11 (s, 3H, NCH3), 3.92 (s, 3H, NCH3), 1.60 (s, 15H, CHacp). *C{*H} NMR (CDCls,
75 MHz): & 133.7, 117.4 (CHpyrazole), 87.9 (Cs(CH3)s), 37.1, 36.9 (NCH3), 8.9
(Cs(CHs)s). Electrospray MS 30V (m/z, fragment): 459.2, [M-CI]*. Anal. Calcd. for
C15N2IrCl;Has (mol. Wit. 494.48): C, 36.43; H, 4.69; N, 5,67. Found: C, 36.43; H, 4.89;
N, 5.66.



Catalytic experiments

Dehydrogenation of aromatic alcohols. A mixture of benzyl alcohol or 1-phenyl
ethanol (0.4 mmol), catalyst (5 mol %) and Cs,CO3 (20 mol %) was refluxed in toluene
(1 mL) for 24 hours. The reaction mixture was analyzed by *H NMR spectroscopy and
the products were identified by comparison with the commercially available products
benzaldehyde and acetophenone.

Homo-coupling of alcohols. A mixture of alcohol (0.4 mmol), catalyst (1 mol %),
silver triflate (3 mol %) and toluene-dg (200 uL) was heated at 110°C in a thick-walled
glass tube fitted with a Teflon cap. The reaction mixture was analysed by *H NMR
spectroscopy. Products were identified according to commercially available samples:
dihexyl ether, dibutyl ether and dodecy!l ether.

Etherification of benzyl alcohol with primary and secondary alcohols. A mixture of
benzyl alcohol (0.4 mmol), alkylating alcohol (2.0 mmol), catalyst (1 mol %), and silver
triflate (3 mol %) was heated at 110°C or 130°C in a thick-walled glass tube fitted with a
Teflon cap. The reaction mixture was analysed by 'H NMR spectroscopy. Products
were identified according to commercially available samples (benzyl methyl ether,
benzyl ethyl ether, benzyl butyl ether, benzyl hexyl ether, benzyl dodecyl ether,
dibenzyl ether, allyl benzyl ether and benzyl i-propyl ether) or previously reported
spectroscopic data (benzyl cyclohexyl ether).!”®! For the isolation of the products, the
crude was extracted with dichloromethane and filtrated through a pad of Celite. The
solvent was removed under vacuum, and the crude oil purified by column
chromatography on silica gel using hexanes as eluent.

N-alkylation of aromatic amines with aliphatic amines. A mixture of aromatic amine
(0.4 mmol), the corresponding aliphatic amine (0.2 mmol), catalyst (5 or 2 mol %),
silver triflate (15 or 6 mol %), and toluene-dg (200 uL) was heated at 150°C in a thick-
walled glass tube fitted with a Teflon cap. The reaction mixture was analysed by ‘H
NMR spectroscopy. 1,3,5-trimethoxybenzene (10 mol %) was used in all cases as an
internal standard in order to determine conversions and yields. Products were identified
according to previously reported spectroscopic data: N-hexylaniline,”*! N-hexyl-4-
methylaniline,) N-hexyl-2-methylaniline,’®! N-hexyl-2,4,6-trimethylaniline,® 4-fluoro-
N-hexylaniline,®  4-chloro-N-hexylaniline,®!  N-hexyl-4-methoxyaniline,®!  N-
benzylaniline,™®  N-cyclohexylaniline,™®  N-dodecylaniline,”™  N-cyclohexyl-2-
methylaniline,’”® N-dodecyl-2-methylaniline®® and N-benzyl-2-methylaniline.?®! For

the isolation of the products, the crude was filtered through a pad of Celite and the



solvent removed under vacuum. The crude alkyl aryl amine product was purified by

column chromatography on silica gel using hexanes as eluent.

N-alkylation of primary amines with alcohols. A mixture of alcohol (0.24, 1.00 or
2.00 mmol), primary amine (0.20 mmol), catalyst (5 mol %), and silver triflate (15
mol %) was heated at 110°C in a thick walled glass tube fitted with a Teflon cap. The
reaction mixture was analysed by *H NMR spectroscopy. 1,3,5-trimethoxybenzene (10
mol %) was used in all cases as an internal standard in order to determine conversions
and yields. Products were identified according to commercially available samples (N-
benzyl-t-butylamine and dibenzylamine) or previously reported spectroscopic data (N-
benzylidene-benzylamine,*”! N-benzyl-n-butylamine,?® N,N’-di-n-butyl-
benzylamine,® N-hexyl-1-phenethylamine,® N-benzyl-1-phenethylamine®?! and N-
cyclohexyl-1-phenetylamine).®® For the isolation of the products, the crude was
extracted with dichloromethane and filtrated through a pad of Celite. The solvent was
removed under vacuum, and the crude solid purified by flash chromatography on silica

gel using hexanes as eluent.
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Table 1. Dehydrogenation of aromatic alcohols!®

OH 1 (5 mol %) / Cs,CO3 (0]

> + H
Ph” R 110°C, 24h Ph)J\R 2
R =Me, H
Entry Alcohol t(h) Yield(%)
1 benzyl alcohol 24 50
2 1-phenyl ethanol 24 70

lIReaction Conditions: 0.4 mmol alcohol, 0.02 mmol (5
mol %) catalyst 1 and 0.08 mmol (20 mol %) base. Yields
determined by *H NMR spectroscopy.

15



Table 2. Homo-coupling of alcohols®

1 (1 mol %)/ AgOTf

2 R-CH,-OH » (R-CH),0 + H,0
110°C, 12h

R = CH3(CH3),, CH3(CH3)4, CH3(CH2)10

Entry Alcohol t(h) Yield(%)
1 n-butanol 12 95
2 n-hexanol 12 71
3 n-dodecanol 12 87

llReaction Conditions: 0.4 mmol alcohol, 0.004 mmol (1 mol %)
catalyst 1 and 0.012 mmol AgOTf. Yields determined by 'H
NMR spectroscopy.
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Table 3. Comparison of the different catalysts towards cross-coupling of alcohols and aminest™

Entry Reaction Cat. t(h) Yield(%)
1 1 2 >05
PhCH,OH + "BuOH
2 l 2 3 91
130°C
3 3 2 >95
PhCH,0"Bu
4 [Cp*IrCl,], 3 90
5 1 24 >05
PhNH, + "HexNH,
6 2 24 75
1 150°C
7 3 24 70
(Ph)("Hex)NH
8 [Cp*IrCl,], 24 70
9 1 7 >95
PhCH,OH + 'BuNH,
10 2 7 75
l 110°C
11 3 7 83

(PhCH,)(‘Bu)NH
12 [Cp*IrCl,), 7 80

[fReaction Conditions: entries 1-4 0.4 mmol benzyl alcohol, 2
mmol n-butanol, 0.004 mmol (1 mol %) catalyst and 0.012 mmol
AgOTTf. Entries 5-8 0.2 mmol aniline, 0.4 mmol n-hexylamine, 0.01
mmol (5 mol %) catalyst and 0.03 mmol AgOTf in toluene-ds.
Entries 9-12 0.2 mmol amine, 0.24 mmol alcohol, 0.01 mmol (5
mol%) catalyst and 0.03 mmol AgOTf. Yields determined by 'H
NMR spectroscopy.



Table 4. Etherification of benzyl alcohol with primary and secondary alcohols with catalyst 1%

R
1 mol % 1, AgOTf -
©/\OH+ R-OH—g> ©/\O + ©/\O/\© + ROR
-H,0

A B

C

Entry Alcohol (OTC) (rt]) 0(22;’ AP BEOM  Cp)
1 methanol 110 12 94 88 6 0
2 ethanol 110 12 >95 >95 0 6
3 n-butanol 130 2 >95 >95(90) 0 8
4 n-hexanol 130 6 >95 94 5 10
5 n-dodecanol 130 3  >95  95(93)M 2 14
6 benzyl alcohol 130 12 >95 10 - -
7 allyl alcohol 110 12 93 85 8 15
8 'a'“l’(r:g%'l 110 12 >95 80 16 10
9 cyclohexanol 110 10 81 70 11 -

lBlReaction Conditions: 0.4 mmol benzyl alcohol, 2 mmol primary or
secondary alcohol, 0.004 mmol (1 mol %) catalyst and 0.012 mmol AgOTf.
Conversion and yields determined by *H NMR spectroscopy. ®Yield based

on the amount of benzyl alcohol. ©Yield based on the amount of primary or

secondary alcohol. isolated yields !Benzaldehyde was formed in 80% yield.
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Table 5. N-alkylation of anilines with aliphatic amines with catalyst 11!

Ny VH2 5mol % 1, AgOTf N
|// +  R®NH, - NOR?
RL toluene-dg, 150°C 1//
NH, R

Entry  Aryl amine Alkyl amine Conv.(%) Yield(%)
1 aniline n-hexylamine >05 >95 (85)
2 aniline benzylamine >05 94
3 aniline cyclohexylamine  >95 >95
4 aniline n-dodecylamine ~ >95 >95
5 o-toluidine n-hexylamine >95 80
6 o-toluidine benzylamine 90 80
7 o-toluidine cyclohexylamine  >95 >95
8 o-toluidine n-dodecylamine  >95 70
9 p-toluidine n-hexylamine 90 70
10 p-fluoroaniline n-hexylamine >95 >95
11 p-chloroaniline n-hexylamine >95 >95 (80)
12 p-methoxyaniline  n-hexylamine 50 50
13 246 n-hexylamine 90 90

methylaniline

lBReaction conditions: 0.2 mmol alkyl amine, 0.4 mmol aryl amine, 0.01 mmol (5
mol %) catalyst and 0.03 mmol AgOTf, toluene-ds, 24 h, 150°C. Conversions and

yields were determined by *H NMR spectroscopy using 1,3,5-trimethoxybenzene

(0.02 mmol) as internal standard.Isolated yields.
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Table 6. N-alkylation of primary amines with primary and secondary alcohols with catalyst 1.7

5 mol % 1, AgQOTf

R'R?CH,OH + R3NH, » RIR2CHNHR? + (R'R?CH),NR®
110°C, -H,0 A
B
. Conv. A o

Entry Alcohol Amine t(h) %) (%) B (%)

1 aniline 7 >05 >05 0

2 benzyl alcohol benzylamine 7 >95 0 >95(81)M
3 n-butanol benzylamine 7 >95 50 50

4 n-butanol benzylamine 24 >95 35 65

5 n-hexylamine 24 >05 51 19

g  LPhenylethanol n-hexylamine 24 >95 70 30

7 1-phenvl ethanol benzylamine 24 >95 >05 0

8 pheny benzylamine 241  >95 >95 0

9 1-phenvl ethanol cyclohexylamine 24 >95 52 13

10 —Pheny cyclohexylamine 241 >95 45 10

llReaction Conditions: 0.2 mmol amine, 1.0 mmol alcohol, 0.01
mmol (5 mol%) catalyst, 0.03 mmol AgOTf, 110 °C. Conversions
and yields were determined by *H NMR spectroscopy using 1,3,5-
trimethoxybenzene (0.02 mmol) as internal standard.™Isolated yield.

I amine:alcohol= 1:10.



Multifunctional catalyst

Cp*Ir(NHC) complexes as highly versatile and efficient catalysts for the cross-

coupling of alcohols and amines

Amparo Prades, Rosa Corberan, Macarena Poyatos and Eduardo Peris”

The compound Cp*Ir(I"®*)Cl, has been used in the cross coupling reactions of amines
and alcohols, providing high yields in the production of unsymmetrical ethers and N-

alkylated aromatic amines.

RR'NH + R'(R),N + NH

H
PhCH,-O-R + H,0 ~=— Cp*Ir(I"B¥)Cl, —> N +NH;
Ph” \R

ROH, R'NH,

Keywords: N-heterocyclic carbenes, N-alkylation of amines, etherification of

alcohols, hydrogen-borrowing, iridium.
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Supporting Information for:

Cp*Ir(NHC) complexes as highly versatile and efficient catalysts for the cross-

coupling of alcohols and amines

Amparo Prades, Rosa Corberan, Macarena Poyatos and Eduardo Peris*

Table 1. N-alkylation of aromatic amines with n-hexylamine®

Entry Aryl amine Catalyst Conv.(%) Yield(%)
1 aniline 1 30 80
2 aniline Shvo’s 20 80
3 o-toluidine 1 45 85
4 o-toluidine Shvo’s 40 85
5 4-fluoroaniline 1 40 >95
6 4-fluoroaniline Shvo’s 50 >05
7 4-trifluoromethylaniline 1 35 >95
8 4-trifluoromethylaniline Shvo’s 30 >05

[?Reaction conditions: 0.2 mmol alkyl amine, 0.4 mmol aryl amine, 1 mol % catalyst
and 0.03 mmol AgOTf, toluene-dg, 24 h, 150°C. Conversions and yields were
calculated by *H NMR spectroscopy using 1,3,5-trimethoxybenzene (0.02 mmol) as
internal standard.

Table 2. N-alkylation of primary amines with primary and secondary alcoholst®

Entry Alcohol Amine Catalyst t(h)  Conv. (%) A(%) B (%)
1 benzyl alcohol benzylamine 2 7 60 20 0
2 benzyl alcohol benzylamine 3 7 >95 >95 0
3 benzyl alcohol benzylamine Shvo’s 7 >95 >95 0
4 1-phenyl ethanol  n-hexylamine 3 24 >05 50 31
5 1-phenyl ethanol  n-hexylamine  Shvo’s 24 80 30 0
6 1-phenyl ethanol ~ benzylamine 3 24 85 75 0

lIReaction conditions: 0.2 mmol amine, 1.0 mmol alcohol, 0.01 mmol (5 mol %)
catalyst, 0.03 mmol AgOTf, 110°C. Conversion and yields determined by *H NMR
spectroscopy using 1,3,5-trimethoxybenzene (0.02 mmol) as standard.
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