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Abstract: A highly selective phosphorus/nitrogen
(PN) ligand-based iridium catalyst system efficiently
catalyzes the reaction of arylamines with unprotected
amino alcohols, yielding N-arylated aliphatic dia-
mines in yields of up to 93%. The reaction can be
performed with a wide variety of branched and

linear amino alcohols in combination with various
aminopyridines or substituted anilines.
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Introduction

Amines are a very important class of compounds.
They are the basis of many bulk and fine chemical in-
termediates, additives, dyes, agrochemicals and phar-
maceutical products.'! Especially di- and polyamines
are of great interest since such motifs can be found in
many pharmacologically active compounds.”?! In addi-
tion, such compounds are used intensively as ligands
for catalysts, organometallic reagents and coordina-
tion compounds.”! The development of novel methods
for the selective preparation of secondary amines is
hence of general interest. The best-known reaction
for the alkylation of amines is the nucleophilic substi-
tution reaction of amines with haloalkanes, which is
only fairly selective and affords mono, di- and trialky-
lated amines as well as quaternary ammonium salts.
More selective methods are (a) the reductive amina-
tion of carbonyl compounds,” which is usually per-
formed in two separate steps, (b) the transition metal-
catalyzed hydroamination,® which is still very chal-
lenging for the intermolecular coupling of alkenes
with amines, and (c) the hydroaminomethylation” of
alkenes which requires high-pressure equipment and
often lacks a satisfactory regioselectivity in the hydro-
formylation step. A promising development in this
field which has received a lot of attention recently is
the direct Ru-P! or Ir-catalyzed®! alkylation of
amines using alcohols.!'!

The selective preparation of alkyl diamines bearing
one N-aryl moiety and one primary amino function is
still very challenging. The Pd-catalyzed aryl amina-
tion, which is a very well developed and highly effi-
cient method for the formation of N-aryl bonds,' is
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not really suited for the preparation of selectively
mono-N-arylated aliphatic diamines. The main prob-
lem is the preferred N,N'-diarylation of the employed
aliphatic diamine.!"” In order to establish monoaryla-
tion via catalytic aryl amination pathways the diamine
has to be used in a large excess compared to the aryl
halide.!” The selective catalytic arylations of diamines
with chemically inequivalent amine functionalities
(branched alkyl backbone) have, to the best of our
knowledge, not yet been described. Similar inconven-
iences as above also apply to the thermic reaction of
aryl halides with aliphatic diamines, lacking a selec-
tive reaction pathway.!'*!

Herein we present a simple and highly selective
protocol for the preparation of mono-N-arylated ali-
phatic diamines via Ir-catalyzed alkylation of aromatic
amines with unprotected amino alcohols.

Results and Discussion

We recently reported on a novel class of PN ligand!™!
stabilized iridium catalysts!' that efficiently perform
the alkylation of (hetero)aromatic amines with pri-
mary alcohols under rather mild reaction conditions.
The catalyst is generated in situ by simply mixing the
corresponding PN ligand with [IrCl(cod)], in THF
(Scheme 1).

PN-iridium complex 1, bearing isopropyl substitu-
ents on the phosphorus center, was in former studies
determined to have the best activity for the selective
alkylation of aromatic amines with alcohols. The mo-
lecular structure of 1 is shown in Figure 1.
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Scheme 1. Preparation of the catalyst 1.

Figure 1. Molecular structure of [Py,NP(i-Pr),Ir(cod)Cl] (1).
Selected bond lengths [A] and angles [°]: Ir1-N1 2.119(3),
Ir1-P1 2.2830(10), Ir1—CI1 2.5459(10), P1-N2 1.730(3), N1—
Ir1-P1  80.86(9), NI1-Ir1—CI1 8293 (9), P1-Ir1-Cll
103.78(3); N2—P1-1Irl 101.72(11).

This PN-iridium complex does not only exhibit an
excellent catalytic activity and efficiency for the alky-
lation of amines with simple alcohols (catalyst load-
ings as low as 0.1 mol% are possible), but also allows
the reaction to be performed under mild reaction
temperatures of only 70°C,'"”! which is unprecedented
since other catalytic systems require temperatures
from 110 to 150°C for the same reaction.

Next to this efficiency, in our former studies we
also observed that complex 1 has a very narrow selec-
tivity profile and always leads to a selective monoal-
kylation of the amine, regardless of the amount of
added alcohol, since the secondary amine formed in
the reaction does not react further. This selectivity for
monoalkylation was hence already exploited in the
development of a simple and efficient method for the
preparation of symmetric and non-symmetric N,N'-di-
alkylated aromatic diamines (Scheme 2).'"”! Interest-
ingly, catalyst 1 allows only primary alcohols to be
used for these transformations whereas secondary al-
cohols do not react.

We also observed another selectivity of catalyst 1
allowing only the efficient alkylation of aromatic
amines, whereas the reaction with aliphatic amines
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Scheme 2. Selectivity of 1 for monoalkylation of amines and
preparation of N,N'-dialkylated diamines.

proceeded rather poorly.'! Since such aliphatic amino
functions cannot be alkylated with the catalyst system
based on 1 we wanted to exploit this selectivity by
employing readily available amino alcohols in combi-
nation with aromatic amines in order to prepare se-
lectively mono-N-arylated aliphatic diamines that are
yet inaccessible (Scheme 3).
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Scheme 3. Preparation of mono-N-aryl aliphatic diamines.

Evaluation of the Reaction Conditions

The first reaction for the alkylation of aromatic
amines using amino alcohols was carried out under
the previously optimized reaction conditions'® with
catalyst 1, now employing 2-aminopyridine and 2-
amino-2-methyl-1-propanol as test substrates.

Although the high selectivity of 1 for the alkylation
of only the aromatic amino function was maintained
in the first run, only a poor conversion and yield was
obtained (Table 1, entry 1). Therefore a systematic re-
evaluation of the reaction conditions was performed
(Table 1).

In order to determine whether the low yield result-
ed from a wrong stoichiometry of starting materials
or a higher catalyst deactivation, the reaction was re-
peated using an excess of base and amino alcohol
along with an increased catalyst loading of 5 mol% 1.
The expected diamine was now obtained in 60% yield
(Table 1, entry2), which shows that the reaction is
generally possible, but still not very efficient. The
base was therefore replaced by NaO-#-Bu. Interesting-
ly, this simple exchange now allowed the isolation of
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Table 1. Optimization of the reaction conditions for the use of amino alcohols.”!

=

Py,NP(i-Pr),

=
IrCl(cod)] |
L+ o Ircleodle Q NH
> o 2
NT N base, 110°C N N/><

Entry Cat. Loading [mol% 1] Equiv. Base Base Equiv. Amino Alcohol Yield [%]®
1 2.0 1.1 KO-¢-Bu 1.1 14
2 5.0 33 KO-t-Bu 1.5 60
3 5.0 33 NaO-t-Bu 1.5 85
4 5.0 33 NaO-#-Bu 1.5 490l
5 1.0 1.1 NaO-#-Bu 1.1 84
6 0.5 1.1 NaO-#-Bu 1.1 61

2} Reaction conditions: 1.0 mmol 2-aminopyridine, 1.1-1.5 mmol amino alcohol, 0.25-2.5 mol% [IrCl(cod)],, 0.5-5.0 mol%
Py,NP(i-Pr),, 1.1-3.3 mmol base, 0.3 mL diglyme, 0.2 mL THF, 110°C, 24 h.

] Tsolated yield.
[l Temperature: 70°C.

the expected diamine in good yield (Table 1, entry 3).
Next we tried to perform the reaction under milder
reaction conditions at a temperature of 70°C, which
unfortunately led to a decrease of the yield (Table 1,
entry 4). It seems that the reaction with amino alco-
hols requires more drastic conditions than for simple
alcohols and therefore a temperature of 110°C was
used for further reactions. Since the low yield of the
first run was simply due to the use of KO--Bu, now
using NaO-#-Bu the amount of base and amino alco-
hol could again be reduced to 1.1 equivalents along

with a lowered catalyst loading of 1.0 mol% 1, still af-
fording good yields of the N-arylated diamine
(Table 1, entry 5). Further reduction of the catalyst
loading to 0.5 mol% 1 was not possible, as a signifi-
cant decrease of yield was observed (Table 1, entry 6).

Alkylation of Aromatic Amines with Amino Alcohols

Having successfully optimized the reaction conditions,
a variety of different branched amino alcohols was

Table 2. General application of several branched amino alcohols.?!

Py,NP(i-Pr),

~ ‘ + amino alcohol 4>[IrCI(COd)]2 0\ R® NH
SNTONH, NaO-Bu, 110°C N HN( 2
R1
2a-g
Entry Amino Alcohol Product Yield [%]* Entry Amino Alcohol Product Yield [%]™
NH B
= >
NH, | HO _ NH,
1 HO 2a N\ 7 NH, 81 5 2¢ N N 89
N N H
/\|/ H/\(
| NH B
NH >
2 HO ’ b N7 NH, 84 6 HO Y 2t Py N 93
/>< N H/x Ph H/\Prh
~ A
NH, | Ho - NH: »
3 ”O/\L 2¢ SN N 70 /\[ 26 NNV 77
H Ph H

NH, |
4 ”Oj( 24 NN 93
H

H

[} Reaction conditions: 2.0 mmol 2-aminopyridine, 2.2 mmol amino alcohol, 0.5 mol% [IrCl(cod)],, 1.0 mol% Py,NP(i-Pr),,
2.2 mmol NaO-¢-Bu, 0.6 mL diglyme, 0.4 mL THF, 110°C, 24 h.

] Tsolated yield.
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Table 3. Variation of the (hetero)aromatic substrate.”!

R Py,NP(-Pr), R
, [IrCl(cod)] 7"\
Oy B O
Y=/"NH, NaO-t-Bu, 110°C Y~ NH,
Y=C,N 3a-i
Entry Amine Product Yield Entry Amine Product Yield
[% ][b] [%][b]
[ ®
1 P 3 z 91 6l \©\ 3f 71
N” NH, TN ﬁ/\/\'\'”z NH, H/\/\NH2
I N | RS Br Br.
2t CL 3b N 75 7t \Q 3 \©\ 83
NP, ”/\/\NH2 NH, g H/\/\NHZ
cl cl
N N
3l L 3¢ LA o~ ~ 68 glel 3h 86
NH; N e N> NH
NH, N d
F F
4lel ©\ 3d @L 71 glel 3i 63
NH, NN, N NNk,
MeO MeO
5 O 3e 78
NH, NNk,

2] Reaction conditions: 2.0 mmol amine, 2.2 mmol 3-amino-1-propanol, 0.5mol% [IrCl(cod)],, 1.0 mol% Py,NP(i-Pr),,
2.2 mmol NaOrBu, 0.6 mL diglyme, 0.4 mL THF, 110°C, 24 h.

] Isolated yield.
2 mol% 1.
4 4 mol% 1.
€l 5 mol% 1.

employed in combination with 2-aminopyridine in
order to show the applicability of this method. As de-
picted in Table 2 the corresponding N-arylated dia-
mines 2a—g were obtained in yields up to 93%.

The presented results show that this method is
rather efficient for the preparation of diamines with a
branched aminoalkyl backbone using a variety of
commercially available amino alcohols, which were
hitherto unaccessible via an arylamination pathway
due to a lack of selectivity with alkyl diamines. It is,
however, noteworthy to mention that even though
chiral -amino alcohols can be employed, the stereo-
information is lost in the course of the reaction, due
to a keto-enol tautomerization of the intermediately
formed aldehyde, and therefore only racemic N-ary-
lated diamines are obtained.

In a next step several heteroaromatic amines and
functionalized anilines were tested in order to demon-
strate the general applicability of this method
(Table 3).

The best catalytic activity of 1 is observed with 2-
aminopyridine, whereas the yield decreases with the
pyridine nitrogen moving from the 3- to the 4-posi-
tion, since the catalyst loadings had to be raised to 2
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and 4 mol% 1, respectively (Table 3, entries 2 and 3).
Although 1 is especially efficient with heteroaromatic
substrates, substituted anilines are also tolerated and
afford the corresponding N-arylated diamines 3d-i in
yields from 63% to 86%, however, with a higher cata-
lyst loading of 5 mol% 1. Substituents in ortho, meta
and para positions are tolerated, although substituents
in the ortho position seem to slightly hinder the reac-
tion as can be determined from entry 9. As observed
before,'*!") catalyst 1 seems to be slightly more effi-
cient when electron-poor (hetero)aromatic amines are
employed which is consistent with the results in
Table 3, where electron-withdrawing substituents (en-
tries 7-9) seem to have an activating effect on the re-
action, in comparison to the reactions with electron-
donating substituents (entries 5 and 6).

As shown in Table 2 and Table 3, it is possible to
employ linear, as well as branched amino alcohols for
this alkylation reaction. Interestingly, the length of
the alkyl chain also plays an important role as can be
concluded from the results shown in Table 4. With a
growing chain length, from 2-amino-1-ethanol to 3-
amino-1-propanol, the yield significantly increases
due to a greater distance of the electron-rich amino
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Table 4. Variation of the chain-length of the amino alcohol.”!

=

| +
< HO NH
N "NH, Aﬁ/\ 2

Py,NP(i-Pr),
[IrCl(cod)],

NS
NaO-t-Bu, 110°C "N

CL
N/\HH/\NHz

3j, k
Entry Alcohol Product(s) Yield [%]™
A
~_-NH ‘
1 HO 2 3j NG N/\/NH2 71
H
2 HO™ ""NH, 3a 91
H
3 HO™ 1] NH, (N7 . (N7 n.d.
H
N N
4 HO™ 1, NH, O . O n.d.
| X
5 HO™ T N, 3k 82

zZ

\
=
:;Z%

NH,

(&l Reaction conditions: 2.0 mmol 2-aminopyridine, 2.2 mmol amino alcohol, 0.5 mol% [IrCl(cod)],, 1.0 mol% Py,NP(i-Pr),,
2.2 mmol NaO-#-Bu, 0.6 mL diglyme, 0.4 mL THF, 110°C, 24 h.

I Isolated yield.

function from the alcohol, which facilitates the oxida-
tion of the latter (Table 4, entries 1 and 2). However,
when the number of CH, groups in the alcohol is four
or five, only traces of the expected diamine were ob-
served, because the intramolecular cyclization of the
formed amino aldehyde is favoured, mainly affording
a mixture of 3,4-dihydro-2H-pyrrole and pyrrolidine
or 2,3,4,5-tetrahydropyridine and piperidine, respec-
tively (Table 4, entries 3 and 4). The intramolecular
formation of a five- or six-membered ring seems to be
kinetically favoured compared to the intermolecular
reaction with the aromatic amine. Experiments using
up to a five-fold excess of 2-aminopyridine and cata-
lyst loadings of 5 mol% 1, in order to favour the inter-
molecular reaction, were nevertheless unsuccessful
and it was not possible to obtain reasonable amounts
of these N-arylated diamines. However, use of 6-
amino-1-hexanol again afforded the expected diamine
in good yields because the formation of seven-mem-
bered rings is more difficult and the intermolecular
reaction with the aromatic amine is therefore fav-
oured (Table 4, entry 5).

Conclusions

In conclusion, we have successfully used the chemose-
lectivity profile, preference for aromatic amines, of
our iridium catalyst system based on 1 to develop a
novel and general method for the preparation of
mono-N-arylated aliphatic diamines. The procedure
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bases on amine alkylation chemistry using unprotect-
ed linear or branched amino alcohols as alkylating
agents and also allows the synthesis of selectively
mono-N-arylated aliphatic diamines.

Experimental Section

General Considerations

All reactions were carried out under a dry argon or nitrogen
atmosphere, using standard Schlenk and glove-box tech-
niques. All chemicals were purchased from commercial sour-
ces in purities >97% and used without further purification
if not otherwise mentioned in the synthetic procedure.
NMR spectra were obtained on a Varian INOVA 400 spec-
trometer at 300 K. Chemical shifts are reported in ppm rela-
tive to the deuterated solvent. Elemental analyses were per-
formed on a Vario elementar EL /I and GC-MS analyses
on a Thermo Focus GC with a DSQ MS-unit equipped with
a HP-5-MS column (30 mx0.32 um x0.25 um). Flash chro-
matography was performed over SiO, 60 (0.040-0.063 mm)
from Merck and all used solvents were freshly distilled prior
to use.

Typical Procedure

In a Schlenk tube stock solutions of [IrCl(cod)], (160 pL,
0.0l mmol, 0.0625M in THF) and Py,NP(i-Pr), (160 puL,
0.02 mmol, 0.125M in THF) were mixed in order to gener-
ate the catalyst in situ. Then the amine (2.0 mmol,
1.0 equiv.), the amino alcohol (2.2 mmol, 1.1 equiv.) diglyme
(300 uLmmol ™ amine), THF (200 uLmmol' amine) were
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added. Last, NaO-t-Bu (2.2 mmol, 1.1 equiv.) was dissolved
in the reaction mixture, the reaction vessel tightly closed
and stirred at 110°C for 24 h. The reaction mixture was
cooled to room temperature and quenched with water
(2mL) and CH,Cl, (7-8 mL). Then, 15mL brine were
added and the aqueous layer was extracted with CH,Cl, (6 x
15mL). The combined organic layers were dried over
Na,SQ,, filtered and the solvent removed under vacuum. Fi-
nally, the residue was purified by column chromatography
(first: diethyl ether/methanol, 1:1, then: diethyl ether/metha-
nol/triethyl amine, 5:5:1) and dried under vacuum.
N'-Pyridin-2-yl-propane-1,2-diamine (2a): Yield: 81%; bp
97°C at 1.3x107' mbar. 'HNMR (400 MHz, CDCl,): 6=
8.04 (ddd, J=5.1, 1.8, 0.7 Hz, 1H), 7.35 (ddd, J=8.6, 7.0,
2.0 Hz, 1H), 6.51 (ddd, /=7.1, 5.0, 0.7 Hz, 1H), 6.37 (d, J=
8.4 Hz, 1H), 4.83 (s br, 1H), 3.29 (ddd, J=12.6, 6.0, 4.4 Hz,
1H), 3.16-3.07 (m, 1H), 3.06-2.95 (m, 1H), 1.24 (s br, 2H),
1.11 (d, J=6.2 Hz, 3H); *C NMR (100 MHz, CDClL,): 6=
158.9, 148.1, 137.3, 112.7, 107.1, 50.1, 46.4, 22.0; MS (70 eV,
EI): m/z (%)=151 (2, M*), 119 (2), 108 (100), 95 (18), 79
(38), 51 (6), 44 (4). elemental analysis (%) calcd. for
CgH3N;: C 63.54, H 8.67, N 27.79; found: C 63.29, H 8.770,
N 27.75.
2-Methyl-N"-pyridin-2-yl-propane-1,2-diamine (2b): Yield:
84%; bp 85°C at 1.0x10"'mbar; 'HNMR (400 MHz,
CDCl;): 6=8.03 (ddd, J=5.1, 1.8, 0.7 Hz, 1H), 7.34 (ddd,
J=8.6, 7.0, 2.0 Hz, 1H), 6.50 (ddd, J=7.1, 5.0, 0.7 Hz, 1H),
6.39 (d, /=84Hz, 1H), 484 (s, 1H), 3.17 (d, /J=6.2 Hz,
2H), 1.14 (s br, 8H); "CNMR (100 MHz, CDCl;): 6=
159.3, 148.0 137.2, 112.6, 107.3, 53.4, 50.2, 28.9; MS (70 eV,
EI): m/z (%)=165 (4, M"), 133 (4), 108 (56), 79 (20), 58
(100), 42 (6). elemental analysis (%) calcd. for CoH;sN5: C
65.42, H 9.15, N 25.43; found: C 65.81, H 9.561, N 25.61.
N'-Pyridin-2-yl-butane-1,2-diamine (2c): Yield: 70%; bp
83°C at 7.2x1072mbar; 'HNMR (400 MHz, CDCL;): 6=
8.04 (ddd, J=5.1, 1.8, 0.7 Hz, 1H), 7.35 (ddd, /=8.8, 7.0,
1.8 Hz, 1H), 6.51 (ddd, /=7.1, 5.0 1.1 Hz, 1H), 6.37 (d, /=
8.4Hz, 1H), 4.87 (s br 1H), 3.41-3.30 (m, 1H), 3.03-2.95
(m, 1H), 2.89-2.80 (m, 1H) 1.58-1.47(m, 1H), 1.37-1.15 (m,
3H), 0.94 (t, J=7.3 Hz, 3H); "C NMR (100 MHz, CDCL,):
0=159.0, 148.1, 137.2, 112.7, 107.2, 52.4, 48.1, 29.0, 10.5; MS
(70 eV, EI): m/z (%)=165 (2, M*), 108 (100), 95 (15), 80
(30), 58 (32); elemental analysis (%) calcd. for CgH;sN5: C
65.42, H 9.15, N 25.43; found: C 65.42, H 9.508, N 24.87.
3-Methyl-N"-pyridin-2-yl-butane-1,2-diamine (2d): Yield:
93%; bp 84°C at 1.1x107'mbar; 'HNMR (400 MHz,
CDCl;): 6=8.04 (ddd, J=5.1, 2.0, 0.9 Hz, 1H), 7.35 (ddd,
J=8.6, 7.0, 2.0 Hz, 1H), 6.50 (ddd, J=7.1, 5.0, 1.1 Hz, 1H),
6.37 (dt, J=8.4, 0.9 Hz, 1H), 4.94 (s br, 1H), 3.44-3.35 (m,
1H), 3.04-2.94 (m, 1H), 2.72-2.67 (m, 1H), 1.69-1.61 (m,
1H), 1.34 (s br, 2H), 0.94-0.90 (m, 6H); “CNMR
(100 MHz, CDClL;): 6=159.0, 148.1, 137.2, 112.6, 107.3, 56.3,
46.1,32.4,19.4, 17.7; MS (70 eV, EI): m/z (%)=179 (1, M),
136 (5), 119 (8), 108 (100), 95 (11), 80 (25), 72 (29), 55 (14);
elemental analysis (%) calcd. for C,(H;,N;: C 67.00, H 9.56,
N 23.44; found: C 66.57, H 9.841, N 23.37.
4-Methyl-N"-pyridin-2-yl-pentane-1,2-diamine (2e): Yield:
89%; bp 102°C at 8.7x107*>mbar; 'HNMR (400 MHz,
CDCl;): 6=8.02 (ddd, J=5.1, 1.8, 0.7 Hz, 1H), 7.34 (ddd,
J=838, 7.0, 1.8 Hz, 1H), 6.50 (ddd, J=7.1, 5.1, 0.9 Hz, 1H),
6.37 (dt, J=8.4, 0.9 Hz, 1H), 4.97 (s br, 1H), 3.39-3.31 (m,
1H), 3.04-2.94 (m, 2H), 1.75-1.66 (m, 3H) 1.31-1.18 (m,
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2H), 0.91-0.85 (m, 6H); *C NMR (100 MHz, CDCl;): 6 =
159.0, 148.0, 137.2, 112.7, 107.2, 48.7, 48.7, 45.3, 24.7, 23.3,
22.1; MS (70 eV, EI): m/z (%)=193 (1, M*), 136 (2), 108
(100), 80 (24), 44 (8); elemental analysis (%) calcd. for
CioHi¢N;: C 68.35, H 9.91, N 21.74; found: C 68.38, H 10.34,
N 21.39.
1-Phenyl-N?-pyridin-2-yl-ethane-1,2-diamine (2f): Yield:
93%; 'HNMR (400 MHz, CDClLy): 6=8.07 (dd, J=4.9,
0.9 Hz, 1H), 7.40-7.32 (m, 5H), 7.27 (dt, J=5.3, 2.4 Hz,
1H), 6.55 (dd, /=6.8, 5.3 Hz, 1H), 6.39 (d, /=8.4 Hz, 1H),
4.82 (s br, 1H), 4.19 (dd, /=79, 53 Hz, 1H) 3.57-3.51 (m,
1H) 3.45-338 (m, 1H), 1.64 (s br, 2H); "“CNMR
(100 MHz, CDCl;): 6=158.7, 148.1, 143.9, 137.3, 128.6,
127.4, 126.4, 113.0, 107.2, 55.2, 49.8; MS (70 eV, EI): m/z
(%)=213 (3, M%), 106 (100), 79 (45), 51 (9), 28 (12); ele-
mental analysis (%) calcd. for C3H;sN5: C 73.21, H 7.09, N
19.70; found: C 72.71, H 7.147, N 19.63.
3-Phenyl-N'-pyridin-2-yl-propane-1,2-diamine (2g): Yield:
77%; '"H NMR (400 MHz, CDCl;): 6 =8.05 (ddd, J=5.1, 1.8,
0.7 Hz, 1H), 7.36 (ddd, J=8.5, 7.1, 2.0 Hz, 1H), 7.31-7.25
(m, 2H), 7.22-7.16 (m, 3H), 6.53 (ddd, /=7.1, 5.1, 0.9 Hz,
1H), 6.36 (d, J=8.4Hz, 1H), 4.89 (s br,1H), 3.45-3.40 (m,
1H) 3.28-3.20 (m, 1H) 3.16-3.09 (m, 1H), 2.87 (dd, J=13.2,
4.8 Hz, 1H), 2.53 (dd, J=13.4, 8.6 Hz, 1H), 1.22 (s br, 2H);
BCNMR (100 MHz, CDCly): 6=158.9, 148.1, 138.8, 137.3,
129.2, 128.6, 126.4, 112.8, 107.2, 52.4, 48.1, 42.6; MS (70 eV,
EI): m/z (%)=227 (0.5M™), 136 (16), 120 (35), 108 (100), 91
(10), 80 (20); elemental analysis (%) calcd. for C;;H;yN;: C
73.98, H 7.54, N 18.49; found: C 74.14, H 7.506, N 18.20.
N!-Pyridin-2-yl-propane-1,3-diamine (3a): Yield: 91%; bp
103°C at 1.3x10 ' mbar; '"H NMR (400 MHz, CDCl;): 6=
8.04 (dd, J=5.1, 0.7 Hz, 1H), 7.39-7.32 (m, 1H), 6.53-6.50
(m, 1H), 6.34 (d, J=8.4 Hz, 1H), 4.80 (s br, 1H), 3.36-3.30
(m, 2H), 2.81 (t, J=6.6 Hz, 2H), 1.79-1.69 (m, 2H), 1.27
(s br, 2H); "CNMR (100 MHz, CDCl,): 6=158.9, 148.2,
137.3, 112.6, 106.7, 40.2, 40.1, 33.0; MS (70eV, EI): m/z
(%)=151 (38, M™*), 121 (100), 108 (98), 94 (26), 78 (68), 67
(16), 30 (22); elemental analysis (%) caled. for CgH 3N;: C
63.54, H 8.67, N 27.79; found: C 63.55, H 9.166, N 27.45.
N!-Pyridin-3-yl-propane-1,3-diamine  (3b): [IrCl(cod)],
(320 uL, 0.02mmol, 0.0625M in THF), Py,NP(i-Pr),
(320 uL, 0.04 mmol, 0.125M in THF); yield: 75%; bp 135°C
at 7.4x 1072 mbar; '"H NMR (400 MHz, CDCl;): 6=7.98 (dd,
J=2.9, 0.7 Hz, 1H), 7.90 (dd, J=4.6, 1.3 Hz, 1H), 7.03 (ddd,
J=84,48, 0.7Hz, 1H), 6.82 (ddd, /=8.1, 2.9, 1.5 Hz, 1H),
4.23 (s br, 1H), 3.18 (t, J=6.6 Hz, 2H), 2.84 (t, J=6.6 Hz,
2H) 1.79-1.69 (m, 2H), 126 (s br, 2H); “CNMR
(100 MHz, CDCl;): 6 =144.4, 138.5, 136.0, 123.6, 118.2, 42.0,
40.3,32.4; MS (70 eV, EI): m/z (%) =151 (48, M™), 133 (72),
119 (15), 107 (100), 95 (42), 78 (31), 56 (17), 30 (21); ele-
mental analysis (%) calcd. for CgH3sN;: C 63.54, H 8.67, N
27.79; found: C 63.91, H 8.931, N 27.40.
N!-Pyridin-4-yl-propane-1,3-diamine  (3c): [IrCl(cod)],
(27 mg, 0.04 mmol), Py,NP(i-Pr), (23 mg, 0.08 mmol). Purifi-
cation by column chromatography (first: diethyl ether/meth-
anol, 1:5, then: diethyl ether/methanol/triethyl amine,
2:10:1); yield: 68%; bp 110°C at 2.4x 10> mbar; 'H NMR
(400 MHz, CDCl,): 6=28.14 (d, /=5.5Hz, 2H), 6.38 (d, /=
6.2 Hz, 2H), 4.90 (s br, 1H), 3.24-3.17 (m, 2H), 2.84 (t, J=
6.4 Hz, 2H), 1.76-1.69 (m, 2H), 1.18 (s br, 2H); "C NMR
(100 MHz, CDCl,): 6=153.4, 150.0, 107.4, 41.3, 40.4, 31.9;
MS (70 eV, EI): m/z=(%): 151 (30, M*), 133 (100), 107
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(99), 95 (54), 78 (27), 56 (25), 51 (19), 30 (33), 28 (48); ele-
mental analysis (%) calcd. for CgH3N;: C 63.54, H 8.67, N
27.79; found: C 62.89, H 9.078, N 27.45.
N!-Phenylpropane-1,3-diamine  (3d):"'*!  [IrCl(cod)],
(34 mg, 0.05 mmol), Py,NP(i-Pr), (29 mg, 0.1 mmol); yield:
71%; 'HNMR (400 MHz, CDCl;): 6=7.14 (t, J=7.2 Hz,
2H), 6.66 (t, J=7.3Hz, 1H), 6.58 (d, /=8.4Hz, 2H), 3.17
(t, J=6.7Hz, 2H), 2.83 (t, /=6.7 Hz, 2H), 2.15 (s br, 2H),
1.78-1.71 (m, 2H); "C NMR (100 MHz, CDClL;): 6=148.5,
129.2, 117.2, 112.7, 42.1, 40.3, 32.9; MS (70eV, EI): m/z
(%)=150 (42, M™), 132 (40), 106 (100), 93 (25), 77 (30), 57
(27), 51 (10), 30 (17), 28 (17).
N'-(4-Methoxyphenyl)propane-1,3-diamine (3e):"*! [IrCl-
(cod)], (34 mg, 0.05 mmol), Py,NP(i-Pr), (29 mg, 0.1 mmol);
yield: 78%; 'HNMR (400 MHz, CDCl,): 6=6.74 (d, J=
8.8 Hz, 2H), 6.55 (d, J=8.8 Hz, 2H), 3.71 (s, 3H), 3.12 (,
J=6.8Hz, 2H), 2.82 (t, J=6.8 Hz, 2H), 2.59 (s br, 3H),
1.77-1.69 (m, 2H); *C NMR (100 MHz, CDCl,): 6=152.0,
142.7, 114.9, 114.0, 55.8, 43.0, 40.1, 32.6; MS (70 eV, EI): m/z
(%)=180 (M™, 47), 162 (10), 148 (15), 136 (100), 123 (30),
108 (28), 77 (12), 57 (13).
N'-(4-Methylphenyl)propane-1,3-diamine (3f):/**! [IrCl-
(cod)], (34 mg, 0.05 mmol), Py,NP(i-Pr), (29 mg, 0.1 mmol);
yield: 71%; 'HNMR (400 MHz, CDCL,): 6=6.95 (d, J=
8.1Hz, 2H), 6.51 (d, /=8.4Hz, 2H), 3.15 (t, /J=6.8 Hz,
2H), 2.82 (t, J=6.6 Hz, 2H), 2.38 (s br, 3H), 2.29 (s, 3H),
1.78-1.69 (m, 2H); *C NMR (100 MHz, CDCL,): 6=146.2,
129.7, 126.4, 112.9, 42.4, 40.2, 32.7, 20.4; MS (70 eV, EI): m/z
(%)=164 (M™, 36), 146 (15), 132 (26), 120 (100), 107 (32),
91 (33), 77 (21), 65 (17), 57 (19).
N'-(4-Bromophenyl)propane-1,3-diamine (3g):** [IrCl-
(cod)], (34 mg, 0.05 mmol), Py,NP(i-Pr), (29 mg, 0.1 mmol);
yield: 83%; 'HNMR (400 MHz, CDCl,): 6=7.20 (d, J=
8.8 Hz, 2H), 6.45 (d, /=8.8Hz, 2H), 3.14 (t, /J=6.6 Hz,
2H), 2.84 (t, J=6.6 Hz, 2H), 2.74 (s br, 3H), 1.80-1.71 (m,
2H); ®*CNMR (100 MHz, CDCl,): §=147.4, 131.9, 114.2,
108.7, 42.1, 40.0, 31.8; MS (70 eV, EI): m/z (%)=230 (24),
228 (M, 28), 186 (49), 184 (61), 132 (61), 118 (22), 105 (36),
91 (26), 57 (86), 45 (36), 30 (100).
N'-(3-Chlorophenyl)propane-1,3-diamine ~ (3h):  [IrCl-
(cod)], (34 mg, 0.05 mmol), Py,NP(i-Pr), (29 mg, 0.1 mmol);
yield: 86%; 'HNMR (400 MHz, CDCl;): 6=7.02 (t, J=
8.1 Hz, 1H), 6.60 (dd, /=38.0, 2.0 Hz, 1H), 6.53 (dd, J=2.2,
22Hz, 1H), 642 (dd, /=8.0, 23 Hz, 1H), 3.13 (t, J=
6.8 Hz, 2H), 2.81 (t, J=6.8 Hz, 2H), 1.76-1.67 (m, 2H), NH
signals are not given; "CNMR (100 MHz, CDCLy): 6=
149.5, 134.9, 130.1, 116.8, 112.1, 111.0, 42.0, 40.2, 32.2; MS
(70 eV, EX): m/z (%) =184 (M, 37), 166 (32), 140 (100), 132
(37), 111 (23), 75 (25), 57 (79) 45 (28); elemental analysis
(%) caled. for CoH;CIN,: C 58.54, H 7.10, N 15.17; found:
C 58.14, H 7.013, N 14.69.
N'-(2-Fluorophenyl)propane-1,3-diamine (3i): [IrCl(cod)],
(34 mg, 0.05 mmol), Py,NP(i-Pr), (29 mg, 0.1 mmol); yield:
63%; 'HNMR (400 MHz, CDCl,): 6=6.99-6.89 (m, 2H),
6.70-6.63 (m, 1H), 6.62-6.54 (m, 1H), 3.21 (t, J=6.8 Hz,
2H), 2.84 (t, J=6.8 Hz, 1.82-1.73 (m, 2H), NH signals are
not given; *CNMR (100 MHz, CDCLy): 6=151.9 (d, J=
133.6 Hz), 124.5 (d, J=3.5Hz), 116.3 (d, /J=7.1 Hz), 114.4,
114.2, 1119 (d, J=3.5Hz), 41.7, 40.1, 32.7; MS (70 eV, EI):
miz (%)=168 (M*, 37), 151 (35), 150 (36), 124 (100), 111
(34), 83 (28), 77 (50), 57 (78), 56 (52); elemental analysis
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(%) caled. for CoH3FN,-0.33H,0: C 62.05, H 7.91, N 16.08;
found: C 62.47 , H 7.690, N 15.63.

N'-Pyridin-2-yl-ethane-1,2-diamine (3j): Yield: 71%; bp
90°C at 1.2x107' mbar; 'HNMR (400 MHz, CDCl,): 6=
8.05 (ddd, J=5.1, 1.8, 0.7 Hz, 1H), 7.36 (ddd, J=8.6, 7.0,
2.0 Hz, 1H), 6.52 (ddd, J=17.1, 5.0, 1.0 Hz, 1H), 6.38 (d, /=
8.4 Hz, 1H), 4.77 (s br, 1H), 3.35-3.31 (m, 2H), 2.94-2.88
(m, 2H), 1.17 (s br, 2H); *C NMR (100 MHz, CDCl,): 6 =
158.9, 148.1, 137.3, 112.8, 107.1, 44.8, 41.5; MS (70 eV, EI):
mlz (%)=137 (7, M*), 109 (4), 107 (100), 95 (36), 78 (46),
51 (8), 30 (9); elemental analysis (%) calcd. for C;H;;N;: C
61.29, H 8.08, N 30.63; found: C 60.90, H 8.332, N 30.22.

N’-Pyridin-2-yl-hexane-1,6-diamine (3k): Yield: 82%; bp
119°C at 1.1x10' mbar; '"H NMR (400 MHz, CDCl;): 6=
8.03 (ddd, /=49, 1.8, 0.9 Hz, 1H), 7.37 (ddd, J=8.5, 6.9,
1.8 Hz, 1H), 6.51 (ddd, J=7.1, 5.1, 0.9 Hz, 1H), 6.33 (dd,
J=8.4, 0.9 Hz, 1H), 4.46 (s br, 1H), 3.25-3.18 (m, 2H), 2.65
(t, J=7.0Hz, 2H), 1.63-1.56 (m, 2H), 1.45-1.30 (m, 6H),
121 (s br, 2H); *CNMR (100 MHz, CDCl;): 6=158.9,
148.2, 137.4, 112.6, 106.3, 42.2, 42.1, 33.8, 29.5, 26.9, 26.7; MS
(70 eV, EI): m/z (%)=193 (17, M%), 177 (13), 163 (17), 121
(41), 107 (100), 94 (48), 78 (35), 67 (7), 30 (18), 28 (25); ele-
mental analysis (%) calcd. for C;;H;(N;: C 68.35, H 9.91, N
21.74; found: C 67.99, H 10.41, N 21.38.

Crystallographic Data

X-ray crystal structure analysis of 1 was performed by using
a STOE-IPDS II equipped with an Oxford Cryostream low-
temperature unit. Structure solution and refinement were
accomplished using STR97,*¥ SHELXL-97") and WinGX.*")
Crystal system: monoclinic, space group: P21/c, lattice
constants[A,°]: a=11.8250(6), b=23.8930(12), c=
10.0800(5), @=90.00, P=101.079(4), y=90.00, V [A’]:
2794.9(2), crystal size [mm]: 0.32x0.16x0.13, oceq. [gem™]:
1.652, w [mm™] (Mo-K,): 4.946, T [K]: 133(2), 6 range [°]:
52.28-3.41, no. of unique refl.: 5261, no. of obsd. refl. [I>
20(1)]: 4293, no. of parameters: 316, wR? (all data): 0.0536,
R value [I>20(1)]: 0.0349. CCDC 742977 contains the sup-
plementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystal-
lographic Data Centre via www.ccdc.cam.ac.uk/data_re-
quest/cif (or from the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: +
44-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
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