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Hydrogenation of nitriles with
iridium—triphenylphosphine complexes
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Reactions of cationic iridium(I)-COD (COD = 1,5-cyclooctadiene) complexes,
[I{CODXPhCN)PPh)ICIO, (1), [Ir(CODXPPh,),1CIO, (2) and [I(CODXPhCN),ICIO,
(3) with nitriles under H, catalytically produce primary, secondary and tertiary amines.
Hydrogenation of nitriles (RCN) gives HCl salts of amines (RCH,NH,-HCI, (RCH,),NH-
HCD in CH,Cl,. Secondary and tertiary amines seem to be produced by the reactions of
RCN with primary and secondary amines, respectively under H, in the presence of
catalysts. The hydrogenation in the presence of 1 and 2 is homogeneously catalyzed by
soluble iridium—-PPh; complexes formed in the reactions of 1 and 2 with H, and RCN
whereas the hydrogenation in the presence of 3 is heterogeneous by metallic iridium
powders produced in the reduction of 3 by H,.
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1. Introduction

Catalytic hydrogenation of nitriles (-C=N group) to give amines has been
studied mostly with metallic powder (unsupported and supported) under forced
conditions [1] whereas some reports have been made on the hydrogenation with
BH, in the presence of metal ions [2]. On the other hand, the hydrogenation of
nitriles to amines with metal complexes in homogeneous solutions has been
rarely reported [3,4] probably because (i) the interaction between a transition
metal and nitrile mostly occurs through the nitrogen atom (but not through the
w-system) of the nitrile group [5] and (ii) the products, amines, may strongly
coordinate to the catalyst metal and inhibit the continuous production of
amines. This inhibition effect may be negligible for metal powder catalysts [1].
Continuous production of amines in the hydrogenation of nitriles with a transi-
tion metal catalyst may be accelerated if the products, amines, are continuously
converted into non-coordinating amine salts such as RCH,NH, - HCI.
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We now report catalytic hydrogenation of nitriles (RC=N) with iridium—-PPh,
complexes in CH,Cl, which provides HCl to the hydrogenation products,
RCH,NH, and (RCH,),NH to produce RCH,NH, - HCl and (RCH,),NH -
HCI and in other solvents.

2. Experimental

Catalysts, [I(COD)PPh }(PhCN)ICIO, (1), [Ir(COD)(PPh,),ICIO, (2) and
[Ir(CODXPhCN),]CIO, (3) were prepared by methods similar to those in the
literature [6,7].

All the experiments for catalytic hydrogenation were carried out in the same
manner as described below. A 0.02 mmol of an iridium complex was dissolved in
a solution of a solvent (5 ml) and a nitrile (2.0 mmol) in a bomb reactor (Parr
1341, volume 360 ml) and H, was introduced up to 5 atm. The reactor was then
put in an oven maintained at 100°C for certain period of time and cooled down
to room temperature for product analysis.

Hydrogenation products were analyzed mostly by 'H NMR and IR measure-
ments, and GC and elemental analysis if necessary. Benzylamines present in the
product mixtures were analyzed by —CH ,— signals of 'H NMR in CDCl; at §
3.88 (singlet) and 7.29 for C.CH,CH,NH,, at § 3.82 (singlet) and 7.27 for
(C4qH,CH,),NH, and at & 3.59 (singlet) and 7.1-7.5 for (C;HsCH,);N. The
HCI salts of amines were separated from the product mixtures in CH,Cl, before
spectral (H NMR and IR) analysis. Ammonium chloride (much less soluble
than other products) was obtained by washing off the product mixtures with a
small amount of methanol. Monobenzylamine salt, CcH;CH,NH, - HCl, was
separated from dibenzylamine salt, (C;H,CH,),NH - HCI, by subliming the
mixture at 50°C under vacuum. Tribenzylamine, (C,H;CH,);N, could be ex-
tracted from the product mixture with CH,;OH /hexane and recrystallized in
hexane. C¢H.CH,NH, - HCl and (C¢H;CH,),NH - HC] were also confirmed
by elemental analysis and infrared spectrum measurements with comparing
spectra of authentic samples. (Amines and amine salts are not well distinguished
by 'H NMR spectra.) Other amines and their HCI salts were separated and
analyzed in the same manner as described above. Ammonia was trapped in
acetone-d, in a NMR tube and confirmed by 'H NMR (by comparing the
spectra of the samples NH; added).

3. Results and discussion

Table 1 summarizes the hydrogenation of nitriles with iridium complexes,
[Ir(COD)(PPh,)(PhCN)]CIO, (1, COD = 1,5-cyclooctadiene), [Ir(COD)PPhs,), |-
ClO, (2) and [Ir(COD)(PhCN), ICIO, (3). Complex 1, is known to be catalytically
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Table 1

Hydrogenation of RCN (2.0 mmol) with [r(CODXPPh,)}PhCN)ICIO, (1, 0.02 mmob),
[ICOD)(PPh.),]CIO, (2, 0.02 mmol) and [I(COD)PhCN),1CIO, (3, 0.02 mmol) at 100°C under
5 atm pressure of H, for 72 h

Catalyst RCN Solvent Product (%)
1 R-CH, CH,Cl, (RCH,),N (80), (RCH,),NH-HCl (trace), NH,Cl
(RCH,NH, + RCH,NH - HCl) (20), (RCH,),NH-HCI
(trace) ®

CH,OH (RCH,NH, +(RCH,),NH) (25), NH,
CH, (RCH,NH, +(RCH,),NH) (10), NH,
C,H,CH=CH CH,Cl, C4H,CH,CH,CN (60), (C{H;CH,CH,CH,),NH-HCI

(40), NH,Cl
CH,® CH,Cl, (RCH,NH, +(RCH,),NH) (50) ¢, NH,CI
CH,CH,CH, CH,Cl, (RCH,NH, +(RCH,),NH) (40), NH,CI
2 CsH; CH,Cl, no hydrogenation observed

CH,0H (RCH,);N (90), (RCH,),NH (10), NH,
CcHg (RCH,),NH (trace)

3 CeH; CH,Cl, (C4H,,CH,),NH-HCI(95) ¢, NH,Cl
RCH,NH,-HCI (90) °©
CH,OH ¢ (RCH,),NH (90), (C;H,CH,),NH (5), NH;
CcH¢ % (RCH,),NH (70), (C¢H,,CH,),NH (25), NH;

? At 25°C under 5 atm of H, for 120 h.

® Reaction was carried out at 50°C since b.p. of CH;CN is low (82°C).

¢ A part of C,H;NH, could be lost during the analysis due to the low b.p. (16.7°C).

4 For 15 h (note hydrogenation of aromatic rings by metallic iridium powders, see text).

© At 25°C for 15 h (relatively rapid even at low temperature). Hydrogenation is catalyzed by
metallic iridium powder (see text).

A significant amount of C4H |, (hydrogenation product of solvent C¢H ) was also observed.

active for the hydrogenation of carbonyl groups of aldehydes [6]. Related
compounds, [I({COD)PR;XPhCN)]CIO, (PR, = various tertiary phosphines)
are also known to catalyze the hydrogenation of olefinic groups in enamides and
dehydroamino acid derivatives [7]. Bis(tertiary phosphine) complexes,
[Ir(CODXPR,),]* are known to be good catalysts for hydrogenation of olefins
[8] and carbonyl groups [9]. While no catalytic reaction has been reported with
bis(nitrile) complexes, [Il(COD)XCH;CN),]™ was used to prepare polyoxo-
anion-supported Ir(I) complex, [Ir{COD)-polyoxoanion]®~ which shows catalytic
activities for hydrogenation of olefins [10]. To our knowledge, there has been no
report on the hydrogenation of nitriles with an iridium complex in solution.

It is noticed in table 1 that the hydrogenation in the presence of 1 is
considerably higher in CH,Cl, than in either polar or non-polar solvents. This
may be understood by the formation of non-coordinating amine—HC! salts in
CH,Cl, which cannot be formed both in methanol and benzene.
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It was found during the hydrogenation of C,H;CN (4) in CH,Cl, with 1 that
a large amount of dibenzylamine - HCl salt, (C;H.CH,),NH - HCl (5) was
initially observed and tribenzylamine, (C;H;CH,);N (6) gradually increases at
the expense of 4 and 5§ while a very small amount of monobenzylamine - HCI
salt, C;.H;CN,NH, - HCI (7) was measured. Separate experiments have been
carried out in order to find the way of forming 5 and 6. Under the same
experimental conditions (100°C, 5 atm of H,, CH,Cl,), the reaction of
CcH;CH,NH, (7a) with 1 in the absence of 4 produced only 7 but neither 5 nor
6 has been observed whereas the reaction of 7a with 1 in the presence of 4
produced 5 and 6. Similarily tribenzylamine, 6 has been produced from the
reactions of 5§ and 7 with 1 only in the presence of 4 and has not been produced
in the absence of 4. These observations suggest the following reaction pathway:

2H
C,H.CN —2% C,H,CH,NH, [or C;H.CH,NH, - HCl in CH2c12),
4 7a 7

2H
7a (7) + 4 —> (C,H;CH,),NH + NH,
Sa

(or (C,H,CH,),NH - HCL + NH,Cl in CH2c12),
5

5a (5) + 4 —3 (C,H,CH,),N + NH; (NH,Cl from 5). (1)
6

Holy obtained similar results in the benzonitrile hydrogenation with polymer-
supported rhodium(I) complex [3]: C.H,CN is hydrogenated to give
C,H,CH,NH, which then reacts with another mole of C;H;CN and H, to
produce C,H,CH,NHCH(NH,)C¢H; which finally loses NH, to yield
C,H,CH,N=CHC:H,. Hydrogenation of 4 in the presence of 2 is faster than
that in the presence of 1 in CH;OH. On the other hand, hydrogenation does not
even occur in CH,Cl, in the presence of 2 while the hydrogenation with 1 is
significantly faster in CH,Cl, than in CH,OH (see table 1). These differences
may not be clearly understood until the nature of the actual catalysts (iridium—
PPh, complexes) present in the solution under the catalytic conditions is known.

The relatively rapid hydrogenation with bis(benzonitrile) complex, 3, even at
room temperature (see table 1) seems to be a catalysis by metallic iridium
powders generated in reaction of 3 with H,. Almost quantitative amounts of
ultrafine (particle diameter < 0.1 pm) metallic iridium powders could be
obtained at 25°C under 5 atm of H, within 20 h in CH,Cl, [11]. Hydrogenation
of 4 with 3 at 100°C produces a significant amount of cyclohexylmethylamine
HCI whereas the hydrogenation of the aromatic ring has never been observed in
the hydrogenation of 4 with 1 and 2. No metallic iridium, however, has been
observed in the hydrogenation with 1 and 2. All the tests suggested for the
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detection of insoluble metallic solids * have been carried out and found to be
negative. Complexes 1, 2 and 3 rapidly react with H, even at room temperature
to liberate cyclooctane both in the absence and presence of excess nitrile. All
these observations suggest that the hydrogenation of nitriles with 1 and 2 is a
homogeneous catalysis by soluble iridium-triphenylphosphine complexes con-
taining no COD as a ligand, and the one with 3 is a heterogeneous reaction by
iridium metal.

It is noticed that the heterogeneous catalysis with 3 (iridium metal powders)
occurs even at 25°C under atmospheric pressure of H, (see table 1) whereas the
homogeneous one with 1 and 2 (soluble iridium complexes) did not produce
detectable amounts of amines for 5 days under the same conditions. Increasing
H, pressure, however, significantly increases the rates of the hydrogenation with
1 and 2 to be measured (see table 1).

The catalytic activities (yields in table 1) obtained with 1 and 2 do not seem to
decrease for 5 days until 200 molecules of C4H;CN (per molecule of iridium
complex) were hydrogenated.

Finally, the fact that the hydrogenation of 4 is faster than that of other nitriles
(see table 1) seems somewhat unusual. It may be worthwhile to mention that the
addition of a radical initiator, AIBN did not show any effect on the rates of
hydrogenation at all.
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