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An Improved Ruthenium Catalyst for the Environmentally Benign
Amination of Primary and Secondary Alcohols
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Abstract: The N-alkylation of amines in the presence of different ruthenium cata-

lysts generated in situ was investigated. Among the various catalysts tested, the
combination of [Ru;(CO),,] and N-phenyl-2-(dicyclohexylphosphanyl)pyrrole
showed the best performance. By applying this novel catalyst, a variety of func-
tionalized alcohols and amines were converted into the corresponding secondary

amines in high yield.

Introduction

A variety of amines is of significant importance for the
bulk- and fine-chemical industries not only as building
blocks for polymers and dyes, but also for the synthesis of
new pharmaceuticals and agrochemicals.! Furthermore, a
plethora of naturally bioactive compounds such as alkaloids,
amino acids, and nucleotides contain amine groups. Despite
numerous known procedures, the development of improved
methods for the synthesis of amines continues to be a highly
challenging and active area of research.”’ In the last decade,
various catalytic aminations, such as palladium- and copper-
catalyzed amination of aryl halides,”! hydroamination, and
hydroaminomethylation® of olefins or alkynes, have re-
ceived increased attention. However, less interest has been
paid to the further development of catalytic alkylations of
amines, such as reductive amination.!®

As opposed to the well-known classic N-alkylations of
amines with alkyl halides and reductive alkylations, an
atom-economical”! and environmentally attractive method is
the N-alkylation of amines by using primary and secondary
alcohols (Scheme 1). This domino reaction sequence is
based on the dehydrogenation of the alcohol in situ to give
the corresponding aldehyde or ketone. Subsequent imine
formation followed by reduction with the hydrogen initially
produced leads to the N-alkylated amine (Scheme 2). To
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Scheme 1. Catalytic N-alkylation of amines with alcohols or alkyl halides.
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Scheme 2. Catalytic hydrogen transfer in N-alkylation of amines with
alcohols.

obtain the desired amine, it is necessary that the hydrogena-
tion of the imine is irreversible.

Interestingly, the same principle of the dehydrogenation—
functionalization—hydrogenation sequence was recently used
in alkane metathesis,® B alkylation of alcohols,”’ and C—C
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bond formation by the Knoevenagel reaction.'” The advan-
tages of this type of amination are the ubiquitous availabili-
ty of alcohols and the high atom efficiency of the reaction
sequence, which forms water as the only by-product. More-
over, as opposed to typical reductive aminations, it is possi-
ble to run these reactions in the absence of additional hy-
drogen. Hence, the reaction can be performed at ambient
pressure.

Until now, N-alkylation of amines has been predominant-
ly performed with various heterogeneous catalysts at high
temperature and pressure. As an example, alkylation of ali-
phatic amines can be catalyzed by Raney Ni,'!! alumina,
silica, or montmorillonite at temperatures greater than
200°C.["! Industrial processes that apply such amination re-
actions in the presence of heterogeneous catalysts involve
the methylation of lower aliphatic amines with methanol.['’)

Although the alkylation of amines with alcohols has been
frequently applied, there is no catalytic method available for
functionalized and sensitive substrates (alcohols and
amines) under milder conditions (<100°C). To stimulate
further applications of this chemistry, the development of
more-active catalysts, which allow for a broader substrate
scope, is highly desirable. A strategy to solve this problem
might be the switch from heterogeneous to molecularly de-
fined organometallic catalysts. Here, a variety of transition-
metal complexes are known to have high activity for the de-
hydrogenation of alcohols to ketones and the hydrogenation
of the resulting imines to amines via transfer hydrogenation,
which are the basic requirements for the catalyst system.

The first homogeneous catalysts for N-alkylation of
amines with alcohols were introduced by Grigg et al.l'! and
Watanabe et al."! in 1981. Thereafter, ruthenium,"" rhodi-
um,"”! platinum,"® and iridium complexes!*”) have been
described as homogeneous transition-metal catalysts for
such reactions. Unfortunately, for most known homogeneous
catalysts, high reaction temperatures (up to 215°C) and long
reaction times are required to obtain sufficient yields of the
alkylated amine. With regard to the substrates, mainly pri-
mary alcohols have been used in the past because they are
more reactive than secondary alcohols. With the exception
of [IrCp*ClL,], (Cp*=1,2,3,4,5-pentamethylcyclopentadien-
yl), which was introduced by Fujita et al.,”” and our recent-

Abstract in German: Die Synthese von sekunddren Aminen
aus primdren Aminen und Alkoholen ist eine salzfreie und
damit umweltfreundliche Alternative zu den bisherigen Al-
kylierungsverfahren. Durch die in situ Dehydrierung—Kon-
densation-Hydrierung Reaktionsequenz, welche die Vor-
teile der Transferhydrierung nutzt, wurden die Produkte
atomeffizient hergestellt. Ermoglicht wird dies durch die
einen neuartigen Ruthenium Katalysator bestehend aus
[Ru;(CO),] und  N-phenyl-2-(dicyclohexylphosphanyl)pyr-
rol. Der robuste und wasserstabile Katalysator ermoglicht
die Synthese von funktionalisierten Aminen in guten bis
sehr guten Ausbeuten.
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ly developed ruthenium catalyst system,*! no efficient cata-
lyst is known for N-alkylation with secondary alcohols.

Results and Discussion

On the basis of our interest in intermolecular hydroamina-
tions of olefins and alkynes,”” we started a program to de-
velop novel catalysts for the amination of alcohols, especial-
ly secondary alcohols. In an initial communication, we re-
ported the use of ruthenium/n-butyldi-1-adamantylphos-
phine and ruthenium/tri-o-tolylphosphine as catalysts.?!]
Herein, we summarize our results from this study and pres-
ent a significantly improved in situ Ru catalyst that is highly
active for the N-alkylation of various amines with different
alcohols under comparably mild conditions (100-120°C).

Initially, the reaction of n-hexylamine with 1-phenyletha-
nol was studied as a model reaction. In general, the amina-
tion reaction was run without solvent at 110°C for 24 h in
the presence of 2 mol% [Ru(CO);,] and 6 mol% of the
corresponding phosphine ligand. To obtain complete hydro-
genation of the corresponding imine n-hexyl-(1-phenylethyl-
idene)amine, an excess of alcohol with respect to amine
(typically a 5:1 ratio was employed) was necessary.

At the beginning of our investigation, we focused our at-
tention on the influence of different ruthenium precatalysts
(Table 1). Basically, all ruthenium sources tested showed
some activity for the conversion of the alcohol. However,
only the ruthenium carbonyl cluster [Ru;(CO);,] catalyzed
the N-alkylation of n-hexylamine to a significant extent
(Table 1, entry 1). Interestingly, the Shvo catalyst,*! which is
known to be highly active in transfer hydrogenations,
showed high activity too, but mainly di-n-hexylamine was
obtained as product (Table 1, entry 7). In the presence of all
the other ruthenium complexes tested, the corresponding
imine was formed as product. Apparently, the hydrogena-
tion of imines seems to be problematic. These imines were
the only observed “by-products” formed with our described
catalyst system.

Table 1. Amination of 1-phenylethanol with hexylamine in the presence
of different ruthenium precatalysts.!*!
2 mol% catalyst

Ph 110°C Ph
CeHgNH, +  )—OH CeHigHN—
HsC -H0 CH,
Entry Catalyst Conv. [%]"® Yield [%]®
1 [Ruy(CO),,] 100 74
2 [RuCly(bpy),]-2H,0 2 <1
3 [Ru(CO)(H),(PPh,):] 65 2
4 [RuCp,] 18 2
5 [RuCp*Cly], 52 0
6 [RuCp*(cod)Cl] 48 0
7 Shvo catalyst 92 39

[a] Reaction conditions: 2 mol% catalyst, amine/alcohol=1:5, 110°C,
24 h. [b] Conversion and yield determined by GC analysis with hexadec-
ane as internal standard. Conversions and yields are based on the conver-
sion of hexylamine and the corresponding secondary amine. bpy =2,2"-bi-
pyridine, cod=1,5-cyclooctadiene, Cp =cyclopentadienyl.
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Next, we investigated the influence of monodentate and
bidentate phosphine ligands in detail. For the sake of sim-
plicity and practicability, instead of using defined phos-
phine-ruthenium complexes, we formed the corresponding
ruthenium catalysts insitu from commercially available
[Ru;(CO)y,] and phosphines 1-15 (Schemes 3 and 4) .

We employed the alkyl phosphines 1 and 2 (Table 2, en-
tries 2 and 3), the aryl phosphines 3 and 4 (Table 2, entries 4
and 5), the monophos ligand 5 (Table 2, entry 6), the pyr-
role phosphines 6, 7, and 8 developed inhouse®! (Table 2,
entries 7-9), as well as the Buchwald ligands 9 and 102
(Table 2, entries 10 and 11) as monodentate ligands. The re-
activity of the [Rus(CO),,] complex is strongly dependent
on the ligand. Notably, the reaction proceeded in 74 % yield
without ligand. With respect to the electronic and steric
properties of the ligands, no clear trend was observed. For
example, electron-rich bulky phosphines such as tricyclohex-
ylphosphine (1) and n-butyl-di-1-adamantyl-phosphine®” (2)
behaved quite differently (Table 2, entries 2 and 3). Similar
divergent results were observed for aryl phosphines 3 and 4
(Table 2, entries 4 and 5) and the pyrrole ligands 6-8. In the
presence of racemic monophos ligand 5, only low conversion
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Scheme 3. Monodentate ligands for N-alkylation of n-hexylamine with
1-phenylethanol.
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Scheme 4. Bidentate ligands for N-alkylation of n-hexylamine with
1-phenylethanol.

Table 2. N-alkylation of n-hexylamine with 1-phenylethanol in the
presence of [Ru;(CO),,] and different ligands."!

2 mol% [Ru,(CO)4;]
6 mol% ligand

Ph 110°C Ph
CeHisNH, +  )—OH CHisHN—
H,C -H0 CH

Entry Ligand Conv. [%]" Yield [%]™
1 none 100 74
2 1 100 59
3 2 100 90
4 3 81 47
5 4 100 97
6 5 56 33
7 6 100 98
8 7 100 74
9 8 100 84
10 9 100 84
11 10 88 42
12 11 85 30
13 12 82 34
14 13 80 40
15 14 90 50
16 15 82 34

[a] Reaction conditions: 2 mmol #-hexylamine, 10 mmol 1-phenylethanol,
0.04 mmol [Ruz(CO),,], 0.12 mmol monodentate ligand (or 0.06 mmol bi-
dentate ligand), 110°C, 24 h. [b] Conversion and yield determined by GC
analysis with hexadecane as internal standard. Conversions and yields are
based on the conversion of hexylamine and the corresponding secondary
amine.
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and yield were obtained. With regard to N-phenyl-2-(dicy-
clohexylphosphanyl)pyrrole, the Buchwald ligands 9 and 10
showed lower activity. Among the different ligands, 2, 4, and
6 showed the best performance (100% conversion, >90 %
yield) in the model reaction.

We were also interested in the effect of bidentate ligands.
1,2-Bis(diphenylphosphanyl)ethane (dppe) and 1,3-bis(di-
phenylphosphanyl)propane (dppp), rac-2,2-dimethyl-4,5-
bis(diphenylphosphanylmethyl)-1,3-dioxolane (rac-diop; 13),
rac-2,2'-bis-(diphenylphosphanyl)-1,1’-binaphthyl (rac-binap;
14), and xantphos (15) (Table 2, entries 12-16, respectively)
showed low reactivity. In general, these ligands inhibit the
dehydrogenation of the alcohol and the hydrogenation of
the imine. This effect is explained by the fact that the coor-
dination sites on the ruthenium are blocked by the bidentate
ligand.

Owing to the superior performance, we compared the
insitu system consisting of [Ruz(CO);,)/2, [Rus(CO)y,)/4,
and [Ru3(CO),,]/6 for the
more-difficult reaction of n-

. . or [Ru;(CO),,)/6.1
hexylamine with 2-octanol, cy-

M. Beller et al.

transfer step requires higher reaction temperatures. Below
100°C, considerable amounts of the corresponding Schiff
base were formed. In the presence of [Ru;(CO);,]/6, the
less-reactive substrate cyclohexanol was converted into N-
hexylcyclohexylamine in nearly quantitative yield (99 %) at
100°C (Table 3, entry 10). As opposed to ligand 6, full con-
version and yield were achieved with ligand 2 or 4 at 120°C
(Table 3, entries 7 and 8). Notably, functionalized alcohols
such as 1-methoxy-2-butanol and 1-(N,N-dimethylamino)-2-
propanol also gave the corresponding secondary amines in
87-93% yield (Table 3, entries 15 and 16). With ligand 4,
only decomposition of 1-methoxy-2-butanol was observed
(Table 3, entry 14). Hence, synthetically interesting 1,2-ami-
noether derivatives as well as 1,2-diamines can be prepared
by this route.

Apart from linear and cyclic aliphatic alcohols, we also
tested different heterocyclic alcohols. We were pleased to
find that 1-(2-furyl)ethanol, 2-furylmethanol, and 2-thio-

Table 3. N-alkylation of n-hexylamine with different alcohols in the presence of [Rus(CO);,]/2, [Rus(CO),,)/4,

2 mol% [Ru3(CO)42]

clohexanol, 1-methoxy-2-buta- R 6 mol% 2, 4, or 6 R
nol, 1-(2-furyl)ethanol, and 2- CeHisNH, + R,>_OH H,0 C6H13HN%R,
thiophenylmethanol. In all : _ -
cases the new catalyst with 6 Entry Alcohol Product Ligand Amine/ E;C] [Co/o?lzj [Yo/le]l[f]
gave .significantly higher prod- alcohol
uct yields compared to 2 and 4 ] p 12 110 00 s
(Table 3, entryl vs. 2 and 3, 2 2 1:5 110 100 92
entry 10 vs. 7-9, entry 14 vs. 15, 3 NN HNT 4 15 110 100 90
entry 18 vs. 19, entry 22 vs. 23). 4 OH A~ 6 L5 100 100 98
The reactions of eight different > 6 12 100 %0 03
. . . 6 6 1:5 90 64 23
alcohols with n-hexylamine in
the presence of the best cata- 7 2 1:5 120 100 94
lyst system are shown in 8 4 1:5 120 100 93
Table 3. At 110°C, 2-octanol QOH Q y s 1o S0 i
1 _ . N/\/\/\ :
was conlverFed into N-hexyl-2 11 N p 1 100 a4 65
octylamine in the presence of 6 |, 6 12 100 100 78
in excellent yield (98%) and 13 6 1:5 90 50 29
selectivity (Table 3, entry 1). In PN
this case, the alcohol/amine 1‘5‘ ° oH \i“\/ 2 12 ﬂg 138 <9§
ratio could be reduced without - ’
much problem to 1:2, whereas . OH HN S S
the catalyst system containing 16 N A 6 15 140 100 87 (78t
ligand 4 needed a larger excess
of alcohol for the yield to 17 OH HN "N 6 1:5 120 100 73
reach 90%. 18 ® 4 15 110 100 49
On the other hand, by de- 19 J 6 L5 110 100 74
creasing the temperature ‘to 20 OH NN 6 1:5 110 100 66
100°C, a higher alcohol/amine o) 6 15 110 100 49
ratio of 1:5 was necessary for \/ /
excellent yield (Table3, en- PPN
tries4 and 5). However, by 22 s HN 4 15 110 100 70
. 23 6 1:5 110 96 84
lowering the temperature to "/ /

90°C, the conversion and yield
dropped to 64 % and 23 %, re-
spectively (Table 3, entry 6).
Apparently, the hydrogen-
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[a] Reaction conditions: 2 mol% [Ru;(CO),,], 6 mol% ligand, 24 h. [b] Conversion and yield determined by
GC analysis with hexadecane as internal standard. Conversions and yields are based on the conversion of pri-
mary amines and the corresponding secondary amines. [c] 8 h reaction time. [d]4mol% [Rus(CO),,],
12 mol % ligand. [e] Yield of isolated product.
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phenylmethanol (Table 3, entries 17, 20, and 23) gave the
corresponding secondary N-hexylamines in moderate to
good yields (66-84%). Interestingly, at 110°C the primary
furyl alcohol led to more side reactions. Even at a higher
catalyst loading of 4 mol%, the yield dropped to 49%
(Table 3, entry 21) owing to the formation of difuryl side
products. This demonstrates the importance of the develop-
ment of new catalysts for this transformation under milder
conditions.

To demonstrate the usefulness of this novel amination cat-
alyst, we explored the alkylation of various amines
(Table 4). All catalytic reactions were run at the same reac-
tion temperature to observe the effect of steric and electron-
ic parameters. In some cases no full conversion was ob-
served (Table 4, entries 5, 7, 9, and 13). However, the yield
of the corresponding amination product could be optimized
by increasing the reaction temperature. As expected, the re-
activity and yield of the alkylated amine decreased in the
order n-hexylamine >n-octylamine =2-phenylethylamine >
benzylamine > cyclooctylamine (Table 4, entries 1-3, 5, and
13). These observations can be explained by steric effects of
the aliphatic amines, and in the case of aniline by the re-
duced nucleophilicity. With aniline, no conversion was ob-
served (Table 4, entries 11 and 12). Electron-rich anilines
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(3,5-dimethoxyaniline and 2.4,6-trimethylaniline) also gave
no reaction at all. By comparing the reaction of benzyl-
amine, p-methoxybenzylamine, and p-chlorobenzylamine, it
became clear that there is no strong electronic influence on
the reaction (Table 4, entries 5, 7, 9). Notably, at 110°C the
sterically more hindered cyclooctylamine was converted into
the desired amine in good yield (80%) and selectivity
(Table 4, entries 13 and 14).

Conclusions

In summary, we have presented a study on the ruthenium-
catalyzed N-alkylation of amines with alcohols. We tested 22
different ruthenium complexes as amination catalysts.
Among these, the novel insitu catalyst [Rus(CO);,|/N-
phenyl-2-(dicyclohexylphosphanyl)pyrrole showed the high-
est activity and selectivity. The alkylation reactions were
performed under significantly milder conditions than those
of most known aminations of alcohols and proceeded in
good to excellent yield. The catalyst system showed its gen-
eral applicability in the reaction of 16 different functional-
ized amines and alcohols.

Experimental Section

Table 4. N-alkylation of different amines with 1-phenylethanol in the presence of [Rus(CO);,] and ligand 6.1

2 mol% [Ru3(CO)2]

General Remarks

Ph 6 mol% 6 Ph
RNHp  + CH}OH ~Hy0 RHN_éH All reactions were carried out under
3 3 argon atmosphere. Chemicals were
Entry Amine Product T Conv. Yield purchased from Aldrich, Fluka,
[°C] [% ]! [% ] Acros, and Strem and, unless other-
HN " wise noted, were used without further
1 NN, 110 100 98 purification. Amines and alcohols
Ph were distilled under argon. All com-
NN HN pounds were characterized by 'H and
2 NH, Ph)\ 110 100 92 BCNMR and IR spectroscopy as
well as MS and HRMS. 'H and
3 NH ﬁ 110 98 %0 BCNMR spectra were recorded on
4 : 120 100 9 P

©/\/ HN Bruker AV 300, AV 400, and AV 500
Ph)\ spectrlometers. For ne\;v }slub?tancez

complete assignment of the 'H an
2 gNHZ Hji\© Bg 133 23 13C signals is given. 'H and "C NMR
Ph chemical shifts are reported relative
7 NH, HN/\©\ 110 86 66 to the center of the solvent resonance
8 Meo/©/\ Ph)\ OMe 120 100 84 (CDCl;: 7.25 (*H), 77.0 ppm (**C)).
EI mass spectra were recorded on an
9 gNH? HN@ 110 89 68 AMD 402 spectrometer (70 eV,
10 cl ph)\ cl 120 100 %2 AMD Intectra GmbH). IR spectra
11 110 0 0 were recorded on a Nicolet
12 QNH /© 150 5 trace Magna 550 spectrometer. Elemental
2 HN analysis was performed on a C/H/N/S
Ph Analysator 932  instrument (Leco).
13 110 80 58 GC was performed on a Hewlett
14 NH, /O 120 98 80 Packard HP 6890 chromatograph
O HN with an Optima5 amine column
oh (Machery-Nagel, 30 mx0.25 um,

0.5 um film thickness, 50-8-200/5-8-

[a] Reaction conditions: 1 mmol amine, 5 mmol 1-phenylethanol, 0.02 mmol [Rus(CO),;,], 0.06 mmol ligand 6,
110°C, 24 h. [b] Conversion and yield determined by GC analysis with hexadecane as internal standard. Con-
versions and yields are based on the conversion of primary amines and the corresponding secondary amines.

Chem. Asian J. 2007, 2, 403 -410

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

260/5-8-280/5-8-300/20). All yields
reported in Tables 1-4 were deter-
mined by GC with hexadecane as an
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internal standard. To verify the reproducibility, all reactions were carried
out at least twice. In general, large-scale reactions were carried out with
tri-ortho-tolylphoshine as ligand at 110-140°C. Here the products were
isolated in yields of up to 80%. The synthesis and experimental data of
N-(2-thiophenylmethyl)-n-hexyl-1-amine hydrochloride has been de-
scribed previously.?!!

Syntheses

General procedure for the amination reaction: In a pressure tube (ACE)
under argon atmosphere, [Ru;(CO);,] (0.02 mmol) and 6 (0.06 mmol)
were dissolved in the alcohol (5 mmol) and amine (1 mmol). The pres-
sure tube was fitted with a teflon cap and heated at 110°C for 24 h in an
oil bath. The yield and conversion was determined by GC. In preparative
reactions the excess alcohol was distilled. The residue was purified by
column chromatography with hexane/ethyl acetate or chloroform/ethyl
acetate to give the corresponding amine as an oil.
n-Hexyl(1-methylheptyl)amine: FTIR (neat): #=3290 (br, NH), 2958 (s),
2926 (vs), 2856 (s), 1684 (m), 1467 (s), 1377 (m), 725 cm™' (m); '"H NMR
(400 MHz, CDCL;): 6=0.83-0.87 (m, 6 H, 6-H, 14-H), 0.99 (d, *J=6.2 Hz,
3H, 7-H), 1.12-1.31 (m, 16H, 3-H-5-
H,9-H-13-H), 1.32-1.48 (m, 3H, 2-H,
NH), 2.45-2.63 ppm (m, 3H, 1-H, 8-
H); "CNMR (100 MHz, CDCL): 6=
14.0, 140 (2xCH;, C6, C14), 203
(CH;, C7), 22.6 (2xCH,), 26.0 (CH,),
27.1 (CH,), 29.5 (CH,), 304 (CH,),
31.7 (CH,), 31.8 (CH,), 37.2 (CH,),
474 (CH,), 532 ppm (CH, C8); MS
(EL 70 eV): m/z (%)=214 (2) [M+H]*, 213 (2) [M]*, 212 (3) [M—H]*,
198 (41) [M—CHs]*, 142 (26) [M—CsHy]*, 129 (40), 128 (100)
[M—CHy3]*, 58 (17), 57 (13), 44 (24), 43 (23), 41 (15), 30 (11); HRMS:
m/z caled for CyH;N: 212.2373 [M—H]™; found: 212.2363.
Cyclohexyl-n-hexylamine: FTIR (neat): 7=3281 (br, NH), 2958 (s), 2926
(vs), 2854 (s), 1684 (m), 1450 (s), 1379 (m), 1133 (m), 726 cm™! (m);
'HNMR (500, CDCLy): 6=0.86 (t, *Jsyen=7.0 Hz, 3H, 6-H), 1.03 (m,
2H, 8-H,,), 1.13 (m, 1H, 10-H,,), 1.19-1.31 (m, 7H, 3-H-5-H, 9-H,,),

1 3
AEANEAE
HN

)8\/10\/\/14

7 9 1125

1.41-1.47 (m, 2H, 2-H), 1.59 (m, J10.peqona=12.3 Hz, 1H, 10-H,,), 1.70
(m, o peqonan =132 Hz, 2H, 9-H,,), 1.85 (m, *Jg peqs e =12.5 Hz, 2 H, 8-
H.), 238 (tt, *Jrpguan=10.5Hz, *J;ygn,=3.8 Hz, 1H, 7-H), 2.58 (¢,
*Jinan=73 Hz, 2H, 1-H), 2.58 ppm (br, 1H, NH); "C NMR (125 MHz,
CDCl,): 6=14.0 (CH; C6), 22.6 (CH,, C5), 25.1 (CH,, C9), 26.2 (CH,,
C10), 27.1 (CH,, C3), 30.5 (CH,, C2), 31.8 (CH,, C4), 33.6 (CH,, C8),
47.1 (CH,, Cl1), 56.9 ppm (CH, C7); MS (EIL 70 eV): m/z (%)=183 (8)
[M*], 140 (94) [M—C;H,]*, 112 (100) [M—CsHy]*, 56 (24), 55 (19), 43
(14), 41 (20), 30 (37), 29 (10); HRMS: m/z caled for C,,H,;N: 183.1982;
found: 183.1979.

N-(1-methoxy-2-butyl)-n-hexylamine: FTIR (neat): 7=3328 (w, NH),
2958 (s), 2926 (s), 2873 (s), 2840 (s), 1463 (s), 1378 (s), 1198 (s, CO),
1112 em™ (s, CO); 'HNMR (500 MHz, CDCl;): 6=0.87 (t, *J=7.0 Hz,
3H, 6-H), 0.89 (t, °J=7.6 Hz, 3H, 10-H), 1.24-1.33 (m, 6 H, 3-H-5-H),
1.36-1.54 (m, 4H, 2-H, 9-H), 1.82 (br, 1H, NH), 2.51-2.65 (m, 3H, 1-H,
8-H), 3.25 (dd, *Jransu=71Hz, Js7u=9.5Hz, 1H, 7a-H), 3.33 (s,

1 3 5

2 4
HN/\/\/\S

~ 8 10
11 7 9
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3H, 11-H), 3.37 ppm (dd, Yy sysn—4.3 Hz, s =95 Hz, 1H, Tb-H);
5CNMR (125 MHz, CDCL): 6=103 (CH,, C10), 14.1 (CH,, C6), 22.7
(CH,, C5), 242 (CH,, C9), 27.1 (CH,, C3), 304 (CH,, C2), 31.8 (CH,,
C4), 475 (CH,, Cl), 58.9 (CH, C8), 59.0 (CH,, C11), 74.8 ppm (CH.,
C7); MS (EL 70 V) m/z (%): 187 (1) [M]*, 186 (1) [M—H]*, 158 (12)
[M—C,H,J*, 143 (21), 142 (100) [M—CH,OCH,]*, 116 (9) [M—CsH,,]*,
84 (7), 72 (12), 58 (38), 45 (13), 43 (16), 11 (52).

N*-hexyl-N',N'-dimethylpropyl-1,2-diamine: FTIR (neat): 3303 (w, NH),
2958 (s), 2927 (s), 2854 (s), 2817 (s), 2792 (s), 2768 (s), 1458 (s), 1376 (m),
1337 (m), 1264 (m), 1143 (m), 1037 (m), 840cm™' (m); 'H NMR
(300 MHz, CDCL): 6—=0.82 (t, /=6.8 Hz, 3H, 6-H), 0.91 (d, /=62 Hz,

1 3 5
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3H, 7-H), 1.18-1.30 (m, 6 H, 3-H-5-H), 1.38-1.48 (m, 2H, 2-H), 1.84 (s,
1H, NH), 1.94 (dd, *Js110a1=42 Hz, Jgp 0. =12.1 Hz, 1H, 9a-H), 2.12
(s, 6H, 10-H), 2.22 (dd, *Jg 00 =10.0 Hz, *Jgyyopn=12.1 Hz, 1H, 9b-
H), 2.35-2.43 (m, 1H, 8-H), 2.57-2.67 ppm (m, 2H, 1-H); "CNMR
(75 MHz, CDCl): 6=14.1 (CH;, C6), 18.6 (CH;, C7), 22.7 (CH,, C5),
27.2 (CH,, C3), 30.3 (CH,, C2), 31.8 (CH,, C4), 45.8 (2x CHj;, C10), 47.8
(CH,, C1), 50.6 (CH, C8), 66.4 ppm (CH,, C9); MS (EI, 70eV): m/z
(%) =128 (100) [M—C,H,NCH,|*, 58 (30) [C,H,NCH,]*.

N-(1-(2-furyl)ethyl-n-hexylamine: FTIR (neat): #=3316 (br, NH), 3115
(W), 2957 (s), 2927 (s), 2856 (s), 2023 (w), 1938 (w), 1741 (m), 1505 (m),
1466 (m), 1372 (m), 1239 (m), 1150 (m), 1008 (m), 923 (m), 803 (m),
731 cm™' (m); '"H NMR (500 MHz, CDCl,): §=0.86 (t, */=7.0 Hz, 3H, 6-

1 3 5
HNTTNZTNENS

[0) 7
L
110

H), 1.23-1.31 (m, 8H, 2-H-5-H), 1.39 (d, *J;.4sn=6.8 Hz, 3H, 8-H), 2.50
(t, 7=6.8 Hz, 2H, 1-H), 3.83 (q, /7155 =6.8 Hz, 1H, 7-H), 6.11 (dd,
Jomaon=32Hz, “Joy.n=0.8 Hz, 1H, 10-H), 6.29 (dd, Jo410.n=32 Hz,
*Jonna=1.9Hz, 1H, 11-H), 7.33 ppm (dd, *J;on11.u=1.9 Hz, Yoy nu=
0.8 Hz, 1H, 12-H); *C NMR (125 MHz, CDCL,): d=14.1 (CHj, C6), 20.4
(CHs;, C8), 22.6 (CH,, C5), 27.1 (CH,, C3), 30.2 (CH,, C2), 31.8 (CH,,
C4), 47.3 (CH,, C1), 51.3 (CH, C7), 105.1 (CH, C10), 109.8 (CH, C11),
141.3 (CH, C12), 158.1 ppm (C,, C9); MS (EI, 70 eV): m/z (%) =195 (1)
[M]*, 180 (34) [M—CH;]*, 124 (6), 110 (6), 96 (18), 95 (100), 41 (15);
HRMS: m/z caled for C,H,,ON: 195.16177; found: 195.19127.
N-(2-furylmethyl)-n-hexylamine: FTIR (neat): #=3319 (br, NH), 3119
(W), 2955 (s), 2927 (s), 2856 (s), 1505 (m), 1457 (m), 1148 (m), 1111 (m),
1010 (m), 919 (m), 803 (m), 729 (m), 599 cm™' (m); 'HNMR (500
CDClLy): 6=0.86 (t, *J=7.0 Hz, 3H, 6-H), 1.23-1.32 (m, 6H, 3-H-5-H),
1.47 (m, 2H, 2-H), 1.83 (br, 1H, NH), 2.62 (t, *J,,=7.2 Hz, 2H, 1-H),
3.76 (s, 2H, 7-H), 6.15 (dd, *Joyq10n=3.2 Hz, *Jo41,1.4=0.7 Hz, 1H, 9-H),
629 (dd, *Joyn=32Hz, *J,p;;=1.8Hz, 1H, 10-H), 7.34 ppm (dd,
Jonnun=18Hz, Yoy u=07Hz, 1H, 11-H); "CNMR (125 MHz,
CDCl;): 6=14.0 (CH;, C6), 22.6 (CH,, C5), 27.0 (CH,, C3), 29.9 (CH,,
C2), 31.7 (CH,, C4), 46.2 (CH,, C7), 49.2 (CH, Cl1), 106.8 (CH, C9),
110.0 (CH, C10), 141.7 (CH, C11), 154.0 ppm (C,, C8); MS (EI, 70 eV):
m/z (%)=181 (1) [M]*, 110 (26), 96 (8), 81 (100); HRMS: m/z caled for
C;H;yON: 181.14612; found: 181.14622.
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n-Hexyl(1-phenylethyl)amine:! FTIR (neat): #=3334 (br, NH), 3083,
3062, 3026 (w), 2958 (s), 2926 (vs), 2856 (s), 1492 (m), 1452 (vs), 1261
(m), 1130 (m), 1079 (m), 1027 (m), 804 (m), 761 (m), 700 cm™" (s);
"H NMR (400 MHz, CDCl;): =0.86 (t, */=6.9 Hz, 3H, CH;), 1.18-1.32
(m, 6H, CH,), 1.34 (d, *J=6.5Hz, 3H, CH,), 1.38-1.51 (m, 2H, CH,),
2.44 (m, 2H, CH,), 3.72 (q, */=6.5 Hz, 1H, CH), 7.20-7.35 ppm (m, SH,
Ha); "CNMR (100 MHz, CDCly): 0=14.0 (CH;), 22.6 (CH,), 24.3
(CH;), 27.0 (CH,), 30.2 (CH,), 31.7 (CH,), 47.9 (CH,), 58.4 (CH), 126.5
(CH, C,,), 126.8 (CH, C,,), 128.3 (CH, C,,), 1459 ppm (C,, C4,); MS
(EL, 70eV): m/z (%)=205 (4) [M]*, 190 (47) [M—CH,]*, 134 (25)
[M—CsHy, ], 106 (25), 105 (100) [PhCHCH;]*, 79 (11), 77 (11), 43 (13),
30 (45), 28 (22), 27 (11); HRMS: m/z caled for CH,;N: 205.18304;
found: 205.18278.

n-Octyl(1-phenylethyl)amine:*! FTIR (neat): 3333 (br, NH), 3083, 3062,
3025 (w), 2958 (s), 2925 (vs), 2854 (s), 1492 (m), 1452 (s), 1132 (m), 761
(m), 700 cm™" (s); '"H NMR (400 MHz, CDCl,): 6=0.87 (t, *J=6.5 Hz,
3H, CH;), 1.17-1.28 (m, 10H, CH,), 1.34 (d, *J=6.6 Hz, 3H, CHj), 1.38-
1.51 (m, 2H, CH,), 2.44 (m, 2H, CH,), 3.74 (q, *J=6.6 Hz, 1H, CH),
7.19-7.35ppm (m, 5H, H,,); "CNMR (100 MHz, CDCL): 6=14.0
(CHs), 22.6 (CH,), 24.4 (CHj;), 27.3 (CH,), 29.2 (CH,), 29.5 (CH,), 30.3
(CH,), 31.8 (CH,), 47.9 (CH,), 58.4 (CH), 126.5 (CH, C,,), 126.7 (CH,
Car), 128.3 (CH, C,,), 145.9 ppm (C,, C4,): MS (EL 70eV): m/z (%)=
233 (3) [M]*, 218 (71) [M—CH;]*, 134 (35) [M—C;Hys]*, 106 (24), 105
(100) [PhCHCHS]*, 85 (12), 71 (20), 58 (36), 56 (13), 43 (18), 41 (15), 30
(31), 29 (12); HRMS: m/z caled for C,(HyN: 233.21436; found:
233.21345.

2-Phenylethyl(1-phenylethyl)amine:*"! FTIR (neat): 3318 (br, NH), 3083,
3061, 3026 (w), 2960 (m), 2924 (m), 2835 (m), 1494 (m), 1452 (m), 1130
(m), 1079 (m), 1027 (m), 751 (m), 699 cm™" (s); 'H NMR (300 MHz,
CDCly): 0=1.24 (d, *J=6.6 Hz, 3H, CH;), 1.40 (s, 1H, NH), 2.59-2.72
(m, 4H, CH,), 3.69 (g, /=6.6 Hz, 1H, CH), 7.06-7.24 ppm (m, 10H,
H,,); ®C NMR (75 MHz, CDCLy): § =24.3 (CH;), 36.4 (CH,), 49.0 (CH,),
582 (CH), 126.0 (CH, C,,), 126.5 (CH, C,,), 126.8 (CH, C,,), 128.4 (2x
CH, C,,), 128.6 (CH, C,,), 140.0 (C,), 145.5 (C,); MS (EI, 70 eV): m/z
(%)=225 (1) [M]*, 224 (1) [M—H]*, 210 (8) [M—CH;]*, 134 (100)
[M—CH;]*, 105 (100) [PhCHCH;]*, 91 (23) [PhCH,]*, 77 (35) [Ph]*;
HRMS: m/z caled for C¢H gN,: 224.14338 [M—H]*; found: 224.14310.
Benzyl(1-phenylethyl)amine:®"! FTIR (neat): #=3316 (br, NH), 3084
(w), 3062 (m), 3036 (m), 2969 (m), 2925 (w), 2864 (w), 1686 (m), 1602
(m), 1493 (s), 1493 (s), 1377 (m), 761 (s), 738 (m), 700 cm™' (vs);
'HNMR (400 MHz, CDCL,): 6=1.38 (d, J=6.5Hz, 3H), 1.58 (s, 1H,
NH), 3.62 and 3.68 (ABX system, J=13.1 Hz, 2H), 3.83 (q, /J=6.5 Hz,
1H), 7.21-7.40 ppm (m, 10H); "CNMR (100 MHz, CDCl,): 6=24.5
(CH;), 51.6 (CH,), 57.7 (CH), 126.7 (CH, C,,), 126.8 (CH, C,,), 126.9
(CH, C,,), 128.1 (CH, C,,), 128.3 (CH, C,,), 128.4 (CH, C,,), 140.6 (C,,
Cyap), 145.6 ppm (C,, Cu,); MS (EL 70 eV): m/z (%) =211 (2), [M]*, 197
(11), 196 (67) [M—CH,]*, 105 (15) [PhCHCH;]*, 91 (100) [PhCH,]*, 77
(10); HRMS: m/z caled for C;sH;N: 211.13609; found: 211.136024.
(4-Methoxybenzyl)(1-phenylethyl)amine:® FTIR (neat): #=3328 (br,
NH), 3061 (m), 3026 (m), 2995 (m), 2959 (m), 2930 (m), 2833 (m), 1611
(m), 1512 (s), 1451 (m), 1301 (m), 1247 (s), 1036 (m), 822 (m), 761 (m),
702 cm™ (m); '"HNMR (300 MHz, CDCLy): 6=1.37 (d, *J=6.6 Hz, 3H,
2-H), 1.59 (s, 1H, NH), 3.51 and 3.59 (ABX system, 2/=12.9 Hz, 2H, 3-
H), 3.78 (s, 3H, 12-H), 3.80 (q, /=6.6 Hz, 1H, 1-H), 6.81-6.86 (m, 2H, 5-
H), 7.17-7.22 (m, 2H, 6-H), 7.23-7.28 (m, 1H, 11-H), 7.32-7.37 (m, 4H,
9-H, 10-H); ®*CNMR (75 MHz, CDCly): 6 =24.6 (CH;, C2), 51.1 (CH,,
C3), 55.3 (CH,, C12), 57.5 (CH, C1), 113.8 (CH, C6), 128.5 (CH, C10),
126.8 (CH, ©9), 127.0 (CH, Cl11), 129.4 (CH, C5), 1329 (C,, C4), 145.7
(Cg, €8), 158.6 ppm (C,, C7); MS (EI, 70 eV): m/z (%) =241 (11) [M]*,

11
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226 (99) [M—CH;]*, 136 (33), 121 (100) [CH,C,H,OMe]*, 105 (35), 91
(16), 77 (31); HRMS: m/z caled for C¢H(N,O;: 241.14612; found:
241.146301.

(4-Chlorobenzyl)(1-phenylethyl)amine: FTIR (neat): 7=3331 (br, NH),
3082 (s), 3061 (s), 3025 (m), 2962 (m), 2924 (m), 2832 (m), 1490 (s), 1451
(m), 1125 (m), 1088 (s), 1015 (m), 761 (m), 701 cm™' (m); 'H NMR

11

(300 MHz, CDCL): 6=1.38 (d, /=6.6Hz, 3H, CH;), 3.55 and 3.63
(ABX system, 2/=12.9 Hz, 2H, CH,), 3.79 (q, *J=6.6 Hz, 1H, 1-H),
7.20-7.35 (m, 9H, H,,); *C NMR (75 MHz, CDCl;): 0=24.5 (CH;, C2),
50.9 (CH,, C3), 57.5 (CH, C1), 126.7 (CH, C9), 128.5 (CH, C10), 127.1
(CH, C11), 1285 (CH), 129.5 (CH) (Cs, C6), 132.5 (C,, C7), 139.1 (C,,
C4), 145.4 ppm (C,, C8); MS (EI, 70 eV): m/z (% ): 230 (100) [M—CH,]*,
125 (100) [CIC,H,CH,]*, 105 (27) [CsHsCH,CH;]*; HRMS: m/z caled
for C,H 3N, Cl;: 230.07310 [M—CH;]*; found: 230.072815.
Cyclooctyl(1-phenylethyl)amine: FTIR (neat): #=3308 (br, NH), 3061
(w), 3024 (w), 2920 (vs), 2852 (s), 1668 (m), 1492 (w), 1481 (m), 1471
(m), 1367 (m), 1123 (m), 760 (s), 738
(m), 700 cm™' (s); "H NMR (400 MHz,
CDCly): 6=1.31 (d, */=6.6 Hz, 3H, 2-
H), 1.35-1.80 (m, 15H, CH,, NH), 2.49
(m, 1H, 3-H), 3.86 (q, /=6.6 Hz, 1H,
1-H), 7.19-7.33 ppm (m, 5H, Hy,);
BCNMR (100 MHz, CDCly): 6=23.6
(CH,), 242 (CH,), 249 (CH,, C2),
25.6 (CH,), 27.1 (CH,), 27.6 (CH,),
31.0 (CH,), 33.9 (CH,), 54.3 (CH, C3), 1
549 (CH, C1), 126.5 (CH, C5), 126.7
(CH, C7), 128.3 (CH, C6), 1463 ppm 7 5

(Cy, C4); MS (EI, 70eV): m/z (%)= 6

231 (17) [M]*, 216 (32) [M—CH,]*,

188 (11), 160 (33) [M—CsH,,]*, 147

(19), 126 (15), 106 (32), 105 (100) [PhCHCH;]*, 104 (11), 84 (12), 79
(11), 77 (10), 56 (39), 43 (12), 41 (10); HRMS: m/z calcd for CsHysN:
231.19870; found: 231.19847.

Acknowledgements

This work was supported by the State of Mecklenburg—Western Pommer-
ania, the BMBF (Bundesministerium fiir Bildung und Forschung), the
Deutsche Forschungsgemeinschaft (DFG, Leibniz-price), as well as the
Fonds der Chemischen Industrie (FCI). We thank Dr. W. Baumann, Dr.
C. Fischer, K. Mevius, S. Buchholz, and S. Schareina (all from LIKAT)
for their excellent technical and analytical support.

[1] a) S. A. Lawrence, Amines: Synthesis, Properties, and Application,
Cambridge University Press, Cambridge, 2004; b) J. F. Hartwig in
Handbook of Organopalladium Chemistry for Organic Synthesis,
Vol. 1 (Ed.: E.-I. Negishi), Wiley Interscience, New York, 2002,
p. 1051.

[2] R.N. Salvatore, C.H. Yoon, K. W. Jung, Tetrahedron 2001, 57,
7785-7811.

[3] a) J. F. Hartwig, Synlett 2006, 1283-1294; b)S.L. Buchwald, C.
Mauger, G. Mignani, U. Scholz, Adv. Synth. Catal. 2006, 348, 23-39;

www.chemasianj.org 409



FULL PAPERS

4

[l

[5

[

[6

—_

(7]

8

=

9

—

(10]

(1]

(12]

(13]

[14]
[15]

[16]

410

¢) O. Navarro, N. Marion, J. Mei, S. P. Nolan, Chem. Eur. J. 2006, 12,
5142-5148.

a) K. C. Hultzsch, D. V. Gribkov, F. Hampel, J. Organomet. Chem.
2005, 690, 4441-4452; b) A. L. Odom, Dalton Trans. 2005, 225-233;
c) J. F. Hartwig, Pure Appl. Chem. 2004, 76, 507-516; d) S. Doye,
Synlett 2004, 1653-1672; ¢) J. Seayad, A. Tillack, C. G. Hartung, M.
Beller, Adv. Synth. Catal. 2002, 344, 795-813; f) M. Beller, C.
Breindl, M. Eichberger, C. G. Hartung, J. Seayad, O. Thiel, A. Till-
ack, H. Trauthwein, Synlett 2002, 1579-1594.

a) K.-S. Miiller, F. Koc, S. Ricken, P. Eilbracht, Org. Biomol. Chem.
2006, 4, 826-835; b) L. Routaboul, C. Buch, H. Klein, R. Jackstell,
M. Beller, Tetrahedron Lett. 2005, 46, 7401-7405; c) A. Moballigh,
A. Seayad, R. Jackstell, M. Beller, J. Am. Chem. Soc. 2003, 125,
10311-10318; d) P. Eilbracht, L. Bérfacker, C. Buss, C. Hollmann,
B. E. Kitsos-Rzychon, C. L. Kranemann, T. Rische, R. Roggenbuck,
A. Schmidt, Chem. Rev. 1999, 99, 3329-3366.

a) R. L. Storer, D. E. Carrera, Y. Ni, D. W. C. MacMillan, J. Am.
Chem. Soc. 2006, 128, 84-86; b) V. 1. Tararov, A. Borner, Synlett
2005, 203-211.

a) B. M. Trost, M. U. Frederiksen, T. M. Rudd, Angew. Chem. 2005,
117, 6788-6825; Angew. Chem. Int. Ed. 2005, 44, 6630-6666;
b) B. M. Trost, Angew. Chem. 1995, 107, 285-307; Angew. Chem.
Int. Ed. Engl. 1995, 34, 259-281; c) B. M. Trost, Science 1991, 254,
1471-1477.

a) A.S. Goldman, A. H. Roy, Z. Huang, R. Ahuja, W. Schinski, M.
Brookhart, Science 2006, 312, 257-261; b) J.-M. Basset, C. Coperet,
D. Soulivong, M. Taoufik, J. Thivolle-Cazat, Angew. Chem. 2006,
118, 6228-6231; Angew. Chem. Int. Ed. 2006, 45, 6082—-6085; c) F.
Blanc, C. Coperet, J. Thivolle-Cazat, J.-M. Basset, Angew. Chem.
2006, 118, 6347-6349; Angew. Chem. Int. Ed. 2006, 45, 6201-6203.
a) T. Matsu-ura, S. Sakaguchi, Y. Obora, Y. Ishii, J. Org. Chem.
2006, 71, 8306—8308; b) R. Martinez, D. J. Ramon, M. Yus, Tetrahe-
dron 2006, 62, 8982-8987; c) R. Martinez, D. J. Ramon, M. Yus, Tet-
rahedron 2006, 62, 8988-9001; d) K.-I. Fujita, C. Asai, T. Yamagu-
chi, F. Hanasaka, R. Yamaguchi, Org. Lett. 2005, 7, 4017-4019.

P. A. Slatford, M. K. Whittlesey, J. M. J. Williams, Tetrahedron Lett.
2006, 47, 6787-6789, and references therein.

a) N. Botta, D. de Angelis, R. Nicoletti, Synthesis 1977, 722-723;
b) K. Kindler, D. Matthies, Chem. Ber. 1962, 95, 1992-1998; c) R. G.
Rice, E. J. Kohn, L. W. Daasch, J. Org. Chem. 1958, 23, 1352-1354;
d) R. G. Rice, E.J. Kohn, J. Am. Chem. Soc. 1955, 77, 4052-4054;
e) C. F. Winans, H. Atkins, J. Am. Chem. Soc. 1932, 54, 306—312.

a) R. E. Vultier, A. Baiker, A. Wokaun, Appl. Catal. 1987, 30, 167 -
176; b) A. Baiker, J. Kijenski, Catal. Rev. Sci. Eng. 1985, 27, 653—
697; c) A. Baiker, W. Richarz, Tetrahedron Lett. 1977, 18, 1937—
1938.

a) K. Weisermel, H. J. Arpe, Industrial Organic Chemistry, Wiley In-
terscience, New York, 2002; b) M. Bosch, J. Eberhardt, R. Roettger,
T. Krug, J.-P. Melder (BASF AG), PCT Int. Appl. (WO 005123658),
2005; ¢) T. Fujita, K. Ogura, K. Niwa, M. Fukatsu (Nitto Chem. Ind.
Co.), Eur. Pat. Appl. (EP 763519), 1997.

R. Grigg, T.R.B. Mitchell, S. Sutthivaiyakit, N. Tongpenyai, J.
Chem. Soc. Chem. Commun. 1981, 611-612.

Y. Watanabe, Y. Tsuji, Y. Ohsugi, Tetrahedron Lett. 1981, 22, 2667—
2670.

a) A.D. Zotto, W. Baratta, M. Sandri, G. Verardo, P. Rigo, Eur. J.
Inorg. Chem. 2004, 524-529; b)Y. Watanabe, Y. Morisaki, T.
Kondo, T. Mitsudo, J. Org. Chem. 1996, 61, 4214-4218; c) T. Kondo,
S. Yang, K.-T. Huh, M. Kobayashi, S. Kotachi, Y. Watanabe, Chem.
Lert. 1991, 1275-1278; d) S. Ganguly, D. M. Roundhill, Polyhedron
1990, 9, 2517-2526; e) S. Ganguly, F. L. Joslin, D. M. Roundhill,
Inorg. Chem. 1989, 28, 4562-4564; f) G. Bitsi, E. Schleiffer, F.
Antoni, G. Jenner, J. Organomet. Chem. 1989, 373, 343-352; ¢) K.-
T. Huh, Y. Tsuji, M. Kobayashi, F. Okuda, Y. Watanabe, Chem. Lett.
1988, 449-452; h) G. Jenner, G. Bitsi, J. Mol. Catal. 1988, 45, 165—
168; i) Y. Tsuji, K.-T. Huh, Y. Watanabe, J. Org. Chem. 1987, 52,
1673-1680; j) J. A. Marsella, J. Org. Chem. 1987, 52, 467-468; k) Y.
Watanabe, Y. Tsuji, H. Ige, Y. Ohsugi, T. Ohta, J. Org. Chem. 1984,

www.chemasianj.org

(17]
(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

[26]

[27]

[28]
[29]
(30]

(31]
(32]

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

M. Beller et al.

49, 3359-3363; 1) S.-I. Murahashi, K. Kondo, T. Hakata, Tetrahedron
Lett. 1982, 23, 229-232; m) A. Arcelli, B.-T. Khai, G. Porzi, J. Orga-
nomet. Chem. 1982, 235, 93-96; n) B.-T. Khai, C. Concilio, G. Porzi,
J. Org. Chem. 1981, 46, 1759-1760.

N. Tanaka, M. Hatanka, Y. Watanabe, Chem. Lett. 1992, 575-578.
Y. Tsuji, R. Takeuchi, H. Ogawa, Y. Watanabe, Chem. Lett. 1986,
293-294.

G. Cami-Kobeci, P. A. Slatford, M. K. Whittlesey, J. M. J. Williams,
Bioorg. Med. Chem. Lett. 2005, 15, 535-537.

a) K.-I. Fujita, R. Yamaguchi, Synlert 2005, 560-571; b) K.-1. Fujita,
T. Fujii, R. Yamaguchi, Org. Lett. 2004, 6, 3525-3528; c) K.-L.
Fujita, Z. Li, N. Ozeki, R. Yamaguchi, Tetrahedron Lett. 2003, 44,
2687-2690; d) K.-I. Fujita, K. Yamamoto, R. Yamaguchi, Org. Lett.
2002, 4, 2691-2964.

A. Tillack, D. Hollmann, D. Michalik, M. Beller, Tetrahedron Lett.
2006, 47, 8881 -8885.

a) A. Tillack, V. Khedkar, J. Jiao, M. Beller, Eur. J. Org. Chem.
2005, 5001-5012; b) V. Khedkar, A. Tillack, C. Benisch, J.-P.
Melder, M. Beller, J. Mol. Catal. A: Chem. 2005, 241, 175-183; c) V.
Khedkar, A. Tillack, M. Michalik, M. Beller, Tetrahedron Lett. 2004,
45, 3123-3126; d) V. Khedkar, A. Tillack, M. Beller, Org. Lett.
2003, 5, 4767-4770.

a) J. S. M. Samec, A. H. Ell, J.-E. Bickvall, Can. J. Chem. 2005, 83,
909-916; b)J.S.M. Samec, A.H. Ell, J-E. Bickvall, Chem.
Commun. 2004, 2748-2749; c) Y. Shvo, R. M. Laine, J. Chem. Soc.
Chem. Commun. 1980, 753—754; an excellent review of the applica-
tion of the Shvo catalyst: d) R. Karvembu, P. Prabhakaran, K. Na-
tarajan, Coord. Chem. Rev. 2005, 249, 911-918.

a) R. B. C. Jagt, P. Y. Toullec, D. Geerdink, J. G. de Vries, B. L. Fer-
inga, A.J. Minnaard, Angew. Chem. 2006, 118, 2855-2857; Angew.
Chem. Int. Ed. 2006, 45, 2789-2791; b) L. M. Urbaneja, N. Krause,
Tetrahedron: Asymmetry 2006, 17, 494-496; c) L. Panella, A. M.
Aleixandre, G. J. Kruidhof, J. Robertus, B. L. Feringa, J. G. de Vries,
A.J. Minnaard, J. Org. Chem. 2006, 71, 2026-2036, and references
therein.

a) S. Harkal, K. Kumar, D. Michalik, A. Zapf, R. Jackstell, F. Rata-
boul, T. Riermeier, A. Monsees, M. Beller, Tetrahedron Lett. 2005,
46, 3237-3240; b) H. Junge, M. Beller, Tetrahedron Lett. 2005, 46,
1031-1034; c) A. Zapf, R. Jackstell, F. Rataboul, T. Riermeier, A.
Monsees, C. Fuhrmann, N. Shaikh, U. Dingerdissen, M. Beller,
Chem. Commun. 2004, 38-39; d) F. Rataboul, A. Zapf, R. Jackstell,
S. Harkal, T. Riermeier, A. Monsees, U. Dingerdissen, M. Beller,
Chem. Eur. J. 2004, 10, 2983-2990.

a) T. Hama, D. A. Culkin, J. F. Hartwig, J. Am. Chem. Soc. 2006,
128, 4976-4985; b) D. Holmes, G.A. Chotana, R. E. Maleczka,
M. T. Smith, Org. Lett. 2006, 8, 1407-1410; c) M. D. Charles, P.
Schultz, S. L. Buchwald, Org. Lett. 2005, 7, 3965-3968, and referen-
ces therein.

Ligand CataCXium A: a) S. Klaus, H. Neumann, A. Zapf, D. Striib-
ing, S. Hiibner, J. Almena, T. Riermeier, P. Gross, M. Sarich, W.-R.
Krahnert, K. Rossen, M. Beller, Angew. Chem. 2006, 118, 161-165;
Angew. Chem. Int. Ed. 2006, 45, 154-158; b) A. Kollhofer, H.
Plenio, Adv. Synth. Catal. 2005, 347, 1295-1300; c) A. Tewari, M.
Hein, A. Zapf, M. Beller, Tetrahedron 2005, 61, 9705-9709; d) A.
Kollhofer, T. Pullmann, H. Plenio, Angew. Chem. 2003, 115, 1086—
1088; Angew. Chem. Int. Ed. 2003, 42, 1056—-1058; ¢) A. Ehrentraut,
A. Zapf, M. Beller, J. Mol. Catal. A: Chem. 2002, 182-183, 515-523.
A. Johansson, P. Abrahamsson, O. Davidsson, Tetrahedron: Asym-
metry 2003, 14, 1261-1266.

B. C. Ranu, A. Sarkar, A. Majee, J. Org. Chem. 1997, 62, 1841—
1842.

I. Bytschkov, S. Doye, Eur. J. Org. Chem. 2001, 4411-4418.

A. H. Vetter, A. Berkessel, Synthesis 1995, 419-422.

J-L. Vasse, V. Levacher, J. Bourguignon, G. Dupas, Tetrahedron
2003, 59, 4911-4921.

Received: November 24, 2006
Published online: February 13, 2007

Chem. Asian J. 2007, 2, 403 -410



