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Abstract

The catalytic hydroamination reaction of ethylene with diethylamine irptiesence of lithium diethylamide has been reinvestigated to
improve catalyst productivity. Various tertiary amines were synthesized and screened as ligands for the target reaction NAgplyivig
tetramethylethylenediamine (TMEDA) 8iN,N' N’ N’ -pentamethyldiethylentriamine (PMDTA) the rate of the reaction is increased, but also
ligand degradation is observed. Using optimized parameters excellent yield (92%) and conversion (99%) were achieved under mild conditions.
At higher temperature base-catalyzed hydroamination of higher olefins is also possible.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the last decade we have been mainly involved in this area
in the development of catalysts for carbonylative amination
The addition of H-Nu (Nu=halogen, OR, NRCN, of olefins (so-called hydroaminomethylatid@], transition
CHO, etc.) across a carbon—carbon double bond is one ofmetal- and base-catalyzed hydroamination of oldBhsnd
the most important and extensively used chemical transfor- alkynes[10].
mations in organic synthesis. A prime example for thistypeof ~ With regard to industrial applications short chain aliphatic
reaction is the hydroamination of ubiquitous available olefins olefins constitute the most attractive starting materials for
(Scheme 1[1]. Such addition reactions are perfectly suited hydroamination reactions. For example, prop¢ht and
for a sustainable production of aliphatic amines because ofisobutene[12] have been reported to react with ammo-
availability of substrates and 100% atom econof2)y or nia in the presence of zeolites forming isopropylamine
atom efficiency[3] of the process. Unfortunately, the direct (90-100% selectivity) an@rr-butylamine (up to 99% selec-
nucleophilic addition of amines to non-activated olefins is tivity), respectively. BASF has even commercializeg@a-
hampered by several thermodynamic and kinetic bari#érs  butylamine process based on this reac{ib®]. Due to the
Thus, the development of a general hydroamination method-Brgnsted or Lewis acid nature of the catalysts (zeolites) the
ology is still an important challenge for catalysis. Neverthe- Markovnikov product is formed because of the higher stabil-
less, in special cases, e.g. with aryl olefins or 1,3-dienes asity of the intermediate carbocation.
substrates, catalysts such as Brgnsted or Lewis acids, alkali More recently, in a joint collaboration we became inter-
[5] and transition metal§6], lanthanide or actinide com- ested in the hydroamination of ethylene. Here, the use of
plexes[7] permit successful hydroamination reactions. In acidic catalysts is less feasible because of the reduced sta-
bility of the intermediate carbocation. In addition, transition
* Corresponding author. Tel.: +49 381 1281 113; fax: +49 381 1281 5000. Metal catalysts are not active or productive enough. Hence,
E-mail address: matthias.beller@ifok-rostock.de (M. Beller). we focused on the use of base catalysts for this reaction.
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R R example, ethylene reacts with diethylamine in the presence
RS+ HNRe catalyst Y\H * WANRQ of thepLiNEtz—TMEDA catalyst system at 70 bar andplom
NRz H forming triethylamine in 83% yield. However, the same reac-
Markovnikov  anti-Markovnikov tionin the presence of Na or NaH as catalyst requires 1000 bar
pressure and 22% to achieve 28% yield. Kinetic studies in
Scheme 1. Hydroamination of olefins. the presence of TMEDA showed a first order dependence

of the reaction rate with respect to ethylene and zero order
The first well recognized hydroamination of ethylene was dependence with respect to diethylamine.
reported by Howk et al. already in 195#4]. In this process Considering the LINEX-TMEDA system for larger scale
ammonia was added to ethylene in the presence of metallicapplication the main problem is catalyst stability. Hence, we
sodium at 175-200C and 800—1000 bar pressure in an inert were interested in the mechanism of deactivation in base-
hydrocarbon medium forming almost equimolar amounts of catalyzed hydroaminations and in the development of more
ethyl-, diethyl- and triethylamine with a total yield of 70%. stable ligands. Here, we present a full account on our work.
Sodium was found to be converted quantitatively to sodium
amide after the reaction. Other alkali metal catalysts such as
Li, K, NaH and LiH were equally active. The use of very 2. Results and discussion
high reaction pressures and temperatures are essential here;
for instance only 0.7% conversion of ammonia is achieved at 2. 7. Hydroamination of ethylene
“lower” pressure (205 bar). Under similar conditions, other
primary or secondary amines also react with ethylene. For As a model system for the commercially interest-
examplen-butylamine reacts with ethylene giving diethyl- ing reaction of ammonia with ethylene, the hydroamina-
n-butylamine (75% yield), in addition to some high boiling  tion of ethylene with diethylamine in the presence of a
nitrogen containing materials. Attemperatures below2D0  |ithjum diethylamide—TMEDA catalyst system was studied
only the secondary product ethydbutylamine is formed  (Scheme P Asa starting point of our investigations we repro-
though in poor yields. Piperidine formé&ethylpiperidinein  duced the result from Lehmkuhl and Reiné2] without
good yield (-80%)[15] on reaction with ethylene (at 100 any solvent Table 1 entry 1). At 20 bar initial pressure of
and 38bar) using metallic sodium in the presence of tracesethylene and 80C high conversion (96%) and a good yield
of pyridine or by using GH1oNLi as the pre-catalyst (90%  (84%) of triethylamine are obtained. However, catalyst pro-
yield). Similarly aniline is converted t§¥-ethylaniline using ductivity (turnover number) is comparably low (TON =10).
Na or NaNh as pre-catalyst at 250-30C and 50-200bar  performing the reaction in non-polar solvents like toluene or
pressure[16]. The reaction temperature and pressure for cyclohexane gave excellent yield of triethylamiffalfle 1
the amination of ethylene can be considerably lowered by entries 3-4), while polar solvents THF and MTBE gave low
using alkali metal amidefl7] and supported alkali metals  yield (Table 1 entries 2 and 5). Due to the improved yield
as catalystgl8]. Since operating at lower temperatures these and the easy handling all further investigations were carried
catalysts are particularly useful for the selective formation gut in toluene as solvent.
of monoalkylated amines. Thus, ethylene reacts withammo-  Next, the reaction was carried out at different catalyst
nia at 80-110C and 90-120 bar in the presence of catalytic and TMEDA concentrationsTable 1 entries 6-12). The
amounts of cesium or rubidium amides forming moderate hydroamination of ethylene with diethylamine without ligand
yields (28—-34%) of ethylamine. Sodium and potassium amide yielded only 22 and 15% of triethylamine at 9 or 3 mol% cata-
catalysts give poorer yield for this reaction owing to their low |yst, respectivelyTable 1 entries 6 and 8). However, addition
solubility in liquid ammonia, butthe eutectic mixture contain-  of 5-10 mol% of TMEDA leads to good to excellent yield
ing KNH2—2NaNH which melts at~92°C is more active  (up to 96%). In the presence of TMEDA also with 5 mol% of
(27%yield)[19]. Apartfrominorganic alkali or alkaline earth  |iNEt, a nearly quantitative yield is observethple 1 entry
metal amides derived from ammonia, organic amides derived 7). At lower catalyst concentration (2.5 mol%) it is necessary
from an amine, which are not considerably more acidic than to increase the ethylene pressure to 40 bar or to increase the
the amine to be alkylated, can also be used as catdB@fs  temperature to 110C in order to get good yield (93 and 69%,
In general, the order of increasing basicity of amines is aro- respectively) Table 1, entries 11 and 14). The effect of tem-
matic amines <ammonia < aliphatic amines. As aresultin the perature was examined by using 2.5 mol% LibEatalyst
ethylation of piperidine the more basic amideMiki can be and 5 mol% TMEDA Table 1 entries 11-14). At room tem-

used as pre-catalyst, but the less basig\Riiremains inac-  perature the reaction proceeded extremely slowly with very
tive [21]. Noteworthy, it has been shown that the addition of
N,N,N',N -tetramethylethylenediamine (TMEDA) increases

the rate of the reaction of primary and secondary amines with R LINEt, TSNS
olefins using catalytic amounts of alkyl lithiufa2]. Hence, N TMEDA K

these reactions run under much lower pressure and temper-
ature than that needed for the metallic sodium catalysts. For Scheme 2. Hydroamination of ethylene with diethylamine.
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Table 1
Reaction of ethylene with diethylamine in the presence of LiNEtd TMEDA

Entry Solvent(ml)  Cat. (mol%) Ligand Cat..Lratio Pressure Temperature?C) Time (h) Conversion (%) Yield (%) TON

(mol%) (bar)
1 - 8 28 1:35 20 80 18 96 84 10
2 THF 9 46 1:5 20 80 18 61 46 5
3 Toluene 9 46 1.5 20 80 18 100 97 11
4 Cyclohexane 9 46 15 20 80 18 98 95 11
5 MTBE 9 46 1.5 20 80 18 15 14 2
6 Toluene 9 - 1.0 20 80 18 23 22 3
7 Toluene 5 10 1.2 20 80 18 100 96 19
8 Toluene 3 - 1.0 20 80 18 15 15 5
9 Toluene 3 10 1:3.3 20 80 18 75 74 25
10 Toluene 2.5 10 1:4 20 80 18 39 38 15
11 Toluene 2.5 5 1:2 40 80 18 95 93 37
12 Toluene 2.5 5 1:2 40 r.t. 24 6 3 1
13 Toluene 2.5 5 1:2 40 40 12 10 8 3
14 Toluene 2.5 5 1:2 20 110 12 79 69 28
15 Toluene 2.5 10 1:4 11 80 18 33 33 13
16 Toluene 2.5 10 1:4 20 80 10 34 33 13
17 Toluene 2.5 10 1:4 20 80 18 39 38 15
18 Toluene 2.5 5 1:2 40 80 12 99 92 37
19 Toluene 2.5 5 1:2 60 80 12 100 99 40

Reaction conditions: 0.029 mol diethylamine, 15 ml solvent, 0.b4mttane as an internal GC standard.

| by the structure of the ligand. Therefore, we tested dif-
H N\ N |11 \ ferent amine ligands, which resemble closely the TMEDA
C[ Li~-NEt, [RAVARAE S structure.

| ™ In addition to commercially available amines also new
(1-6) ligands were synthesized. As shownSoheme 4
Scheme 3. Proposed degradation of TMEDA. permethylation of the amino groups were achieved via the
Eschweiler—Clarck reaction or methylation by using methyl
poor yield (3%). Increasing the temperature to®@0only iodide Scheme 3
8% yield of triethylamine is obtained. At 8C the reaction Selected results of the comparison of different cyclic, non-
proceeded smoothly with nearly quantitative conversion and cyclic bidentate and tridentate amine ligands with TMEDA
good yield (93%). At >100C the chemoselectivity dropped and also bidentate and polydentate ether are shotatite 2
significantly. Furthermore we investigated the influence of ~ As expected the reaction without any ligand present gave
the ethylene pressure. The best yield (99%) is achieved withVery poor yield, however in the presence of 5mol% TMEDA
quantitative conversions at 60 bar pressure after Tabl¢ 1, 99% conversion and 92% yield are obtain€etalfle 2
entry 19). entries 1-2). Significant yield of triethylamine is only
After having obtained an excellent yield under ambi- Observed using,N,N',N" ,N"-pentamethyldiethylentriamine
ent conditions we turned our interest to the problem of (PMDTA) and sparteine as liganddble 2 entries 13 and
ligand degradation. Lehmkuhl and Reinef2?2] showed 16). In the presence of most non-cyclic and cyclic biden-
nicely that TMEDA forms under strong basic conditions tate amines only low conversion and yield are observed.
N,N-dimethylaminoethene as a side-prod&tifeme R We Surprisingly, no conversion at all is seen in the presence
assumed that this base-induced fragmentation proceeds as @&f cis- and trans-1,2-bisdimethylaminocyclohexane, 1,2-
syn-elimination process, which should be easily influenced bisdimethylaminostilbene and all ether ligand&alfle 2

R1INH2 HCHO/HCOOH Ry N

T
Ry~ “NH, or Mel Ry -~
| | | | |
ek oloslionlve
I S i

I 3 4 5

1 2

\

Scheme 4. Synthesis of ligands.
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Table 2
Influence of different ligands on the hydroamination of ethylene
Entry Ligand Conversion (%) Yield (%) Entry Ligand Conversion (%) Yield (%)
1 - 8 7 13 38 36
2 TMEDA 99 92 14 10 9
3 By S 20 19 15 7 6
Et” “Et
\N/\/\N/
4 | | 10 9 16 99 90
\
5 \l\ll/\/\/ ~ 8 7 17 - -
NN
6 19 17 18 MeO OMe - -
l |
1 1>
7 1 >1 19 - -
N/ I,N/
I I
Yam oY
(0] O (0]
S A T s I
o] @) (0]
—/ Lo
I
N /\
H - —
9 _ 10 9 21 N O
N
|
\S_/
10 N 14 13 22 18 14
N N
N /N
11 —N N— 13 11 23 - -
\ /

12 N\ N 14 14

Reaction conditions: 0.029 mol diethylamine, 2.5 mol% LipNEBtmol% ligand, 40 bar initial pressure of ethyleney 8012 h, 15 ml toluene, 0.5 mtoctane
as an internal GC standard.

entries 7, 8, 17-21, 23). Also 2-dimethylaminoethanol as lig- the standard ligand. Hence, TMEDA was reacted with 0.5

and showed no activity. and 1.0 equiv. of LiINEt in the presence of diethylamine at
room temperature, 40 and 80 for 4, 8, and 64 hKig. 1). To
2.2. Mechanistic considerations our surprise there is only little conversion of TMEDA seen.

Even using 1.0 equiv. of LiNEtat 80°C for 8 h more than
In order to understand the mechanism of catalyst deacti- 90% of TMEDA remained unchanged! Interestingly, there
vation we tried to identify potential degradation products of is also no large difference in the degradation of TMEDA
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Fig. 1. Reaction of TMEDA with LiNE# in the presence of diethylamine.

between room temperature and’® Apparently the catalyst
deactivationis not correlated to the amount of TMEDA degra-
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Fig. 2. Different lithium amide species.

temperature a very broad signal between 0.1 and 3.5 ppm is
observed, which shows that monomer, dimer and polymer
species formed in the reaction mixture are in equilibrium.
In addition, LiH might be present which forms at 0.44 ppm
a broad peak. Despite variations of concentration and addi-
tives lithium NMR spectroscopy always only broad signal is
observed.

In order to gain further insight into the mechanism, the

dation and deactivation of the active lithium amide species addition of N-deuteriated diethylamine (GHCH)2ND to
occurs already at room temperature. Due to low conversion ethylene (40 bar) was performed at €D for 12h in the
of TMEDA (<10%) it was not possible to isolate any degra- presence of LiNEtand TMEDA (Scheme k As shown in
dation products in pure form. Scheme 3wo deuteriated produc®and8 can be formed.
A potential catalyst deactivation pathway is the formation These products are easily identified usti¢ NMR spec-
of lithium hydride by p-hydride elimination from lithium troscopy.
diethylamide species. Therefore LiH was used in the amina- ~ The measured®C NMR spectrum for the reaction mix-
tion of ethylene under various conditions. Noteworthy, when ture showed a triplet at=11.18,%J (3C, 2D) = 19.3 Hz for
we used 2.5mol% LiH at 8TC as catalyst in the reaction the CHD group in the product. Furthermord is confirmed
of ethylene with diethylamine no hydroamination product is by a DEPT spectrum. The formation®ifs excluded because
observed. Even the use of 100 mol% of LiH (with respect no signal for the CHD group is seen. Interestingly, we also
to diethylamine) did not give any hydroaminated product in observed~5% deuterium exchange at themethyl group
toluene or cyclohexane as solvents. This a hint that this com-of TMEDA. As shown inScheme @his deuterium exchange
pound is involved in the catalyst deactivation. is explained by metallation of th@-methyl group and sub-
Itis well-documented in the literature that the actual struc- sequent reaction with (G3HCH,)2ND. Similar results were
ture of lithium amides in solution is quite complex and that observed when the reaction was carried out in toluene as sol-
the concentration of different aggregates is influenced dra- vent.
matically by minor modification of the conditiori23]. For
example Collum and coworkers reported detail investiga- 2.3. Hydroamination of higher olefins
tions of the coordination of polydentate amine- and ether
ligands with lithium amidg24]. Depending on the ligand, Hydroamination of larger aliphatic olefins tanti-
lithium amide and solvents mainly monomers and dimers Markovnikov amines is basically not known and rather tricky
were observed in solutiorig. 2). compared to activated olefins such as aryl olefins or 1,3-
Based on this we performed lithium NMR spectroscopy dienes. Hence, functionalization of such olefins withi-
at room temperature with LiCl as an internal standard for Markovnikov regioselectivity is viewed for decades as one of
the hydroamination reactions of ethylene in the presencethe major challenges of cataly$25]. Until to date only a few
of LiNEt, and TMEDA. For the reaction mixture at room examples are known where non-activated higher alkenes have

LiNEt, , TMEDA

CHoD-CHoN(CH,-CHg),  + CHg-CHDN(CHy-CHa)a
7 8

(CH3-CHo)oND + /

80°C,12h

Scheme 5. Hydroamination of ethylene with deuteriated diethylamine.

HsC. .CHg CHy HsC. CH,D
) - A N
Et,N—Li’ —ELNA LiN~oh, | SN2y j
N HBC\/N 2 \N
HsC' 'CHs Hal e e,

Scheme 6. Proposed mechanism for the formation of partially deuteriated TMEDA.
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n-BuLi W |\O
NN+ O +
N TMEDA O

branchedamine linear amine

Scheme 7. Hydroamination of 1-hexene with piperidine.

been hydroaminated at gil4,19,26] Olefins like propy- problematic. It is worth mentioning that further variation of
lene, isobutylene, 1-butene, 1-hexene and cyclohexene ara@eaction conditions as well as additions of ligands and addi-
found to form the corresponding Markovnikov amination tional transition metal catalysts did not lead to better results.
products in very low yield. When higher olefins were reacted
with amines, disproportionation of the amine is observed.
However, in a recent study by {&7], a catalyst system con-
sisting of n-BuLi and TMEDA was found to be active for
the hydroamination of norbornene with piperidine forming 3 ;. General information
N-norbornylpiperidine (75% yield at 15@) [28]. Similarly,
the hydroamination of norbornadiene with morpholineinthe  golvents were dried according to literat(@e]. All reac-
presence of the catalyst systerBuLi—-KO--Buyields 45%  tions were carried out under an argon atmosphere. Start-
of the monohydroamination produy@s]. _ _ ing materials were used as received from Aldrich, Fluka,
As a model for the hydroamination of higher aliphatic - acros and Strem and unless otherwise noted were used with-
olefins the reaction of 1-hexene with piperidine in the pres- oyt further purification. Amines were distilled from CaH
ence ofn-BuLi and TMEDA was studied Scheme . Alkenes were degassed, flushed with argon and stored over
Selected results are summarizedTiable 3 All reactions  molecular sieves (A). Absolute solvents were purchased
were carried out in ACE pressure tubes. The reaction with- om Fluké®. GC analyses were performed on a®6890
out any solvent at 120C gave 5% conversion and 4% total  aquipped with a HP-5 capillary column (5% phenylmethyl-
amine yield with a linear to branched-ratio of 1:3. In the pres- gjjoxane /=30 m,d=250pm, djim =0.25xm) and an FID
ence of toluene as solventa similar yield is obtainkble 3~ detector. Quantitative GC analyses are referenced to inter-
entry 2). Other tested polar and non-polar ether solvents did | standara-octane or hexadecane. MS data were obtained
not work at all. on AMD 402/3 of AMD Intectr®. Electron impact spectra
Further optimization of this reaction applying different g}y were recorded at 70 eV, chemical ionization (CI) was
temperatures was carried outin toluene as solVEale 3 yijth iso-butane. GC-MS spectra were recorded on an HP
entries 6-9). All reactions were performed in the presence of 5890 with mass-selective HP 5989A detector (double focus-
20 mol%n-BuLi and 20 mol% TMEDA for 20h with a 1:2 g sector field mass spectrometéit and*3C NMR data
piperidine to 1-hexene ratio. In general the branched amineyere recorded on a BrukBARX 400 with QNP probe head
is obtained as major product (linear/branchedk4). The (IH, 400.13 MHz;13C, 100.61 MHz) at 25C. Resonances
best result of the corresponding amines is obtained at@30  5re reported i (ppm) relative to CDQ. Deuteriated3C
(10% yield). Although this yield is not useful for preparative  NMR data were recorded on a BruReARX 500 with QNP
applications to the best of our knowledge we do notknow any prope head'€C, 125.77 MHz) at 25C. ’Li NMR data were

higher amination yield for this reaction. At higher tempera- ecorded on a Bruk& ARX 500 with QNP probe head|(i,
tures catalyst deactivation and isomerization of 1-hexene areqg4 36 MHz) at 25C. Coupling constants are reported in

3. Experimental

Table 3
Effect of solvent

Entry Solvent (ml) n-BuLi (mol%) TMEDA (mol%) Temperature’C) Conversion (%) Yield (%)

Branched amine Linear amine

1 - 20 - 120 5 3 1

2 Toluene 20 20 120 8 4 1
3 THF 20 - 80 1 - -

4 Diethyl ether 20 — 80 - - -
5 MTBE 20 - 80 - - -

6 Toluene 20 20 80 3 2 1
7 Toluene 20 20 120 8 4 1
8 Toluene 20 20 130 15 8 2
9 Toluene 20 20 160 5 4 1

Reaction condition: 5 mmol 1-hexene, 2.5 mmol piperidine, 20 hlGBoctane GC standard.
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Hz. The following abbreviations were used to specify mul- over NaSQ,. Evaporation and distillation from sodium
tiplicity, shape, and other properties: s, singlet; d, doublet; t, yielded theN,N,N',N'-tetramethyldiamines.

triplet; g, quartet; quint, quintet; sept, septet; m, multiplet;

br, broad. Melting points (mp) of the solid compounds were 3.4.1. N,N,N',N -tetramethyl-1,2-propanediamine (1)

recorded on a Leica Galen lll on the glass slide and are uncor- From propane-1,2-diamine, formaldehyde and formic
rected. acid according to Ref32].

3.2. Reaction equipment 3.4.2. N,N,N',N'-tetramethyl-1,2-diamino-2-
methylpropane (2)
For standard pressurized reaction (ethylene), 25 and From 2-methylpropane-1,2-diamine, formaldehyde and
100 ml mini bench top reactor of the 4560 series from Parr formic acid according to Ref32].
Instrumen® were used31]. The removable head is fitted
with a PTFE gasketthatis sealed with six cap screws in asplit- 3.4.3. Cis-N,N,N',N'-tetramethyl-cyclohexane-1,2-
ring cover clamp. The reactor is equipped with a magnetically diamine (3)
driven stirrer with a variable speed motor, an external electric ~ From cis-cyclohexane-1,2-diamine, formaldehyde and
header, three safety check valves, 3000 psi gauge and safetjormic acid according to Ref32].
rupture disk, a temperature sensor, and a PID controller with
pressure and temperature display module. Reactions with air-3.4.4. Trans-N,N,N',N'-tetramethyl-cyclohexane-1,2-
sensitive compounds were performed using standard Schlenkiiamine (4)
techniques. For hydroamination of higher olefins described  From trans-cyclohexane-1,2 diamine, formaldehyde and
below, threaded ACE pressure tubes (Aldrich) were used formic acid according to Ref32].
unless otherwise noted.
3.4.5. N,N,N',N'-tetramethyl-benzene-1,2-diamine

3.3. General procedure for base-catalyzed [33](5)
hydroamination of ethylene (GP I) From benzene-1,2-diamine, Mel and 4¢3 according
to Ref.[33].

Hydroamination experiments were carried out in a Parr
stainless steal reactor (100 or 25ml). All above described 3.4.6. (1S,2S)-(+)-N,N,N',N'-tetramethyl-
reactions involved the use of very reactive and pyrophoric diphenylethane-1,2-diamine [34] (6)
alkali metals and alkylamides, and were thus conducted in  According to GP Il (F,25)-(—)-diphenylethylendiamine
the strict absences of air and moisture. In a typical exper- (30 mmol), formaldehyde (300 mmol), formic acid (300 mol)
iment, the reactor was charged with LiNE{.5 mol%), were employed.
diethylamine (0.029 mol), TMEDA (5 mol%}-octane GC Molecular formula: @GH2oN2, MW: 268.40 g/mol, mp:
standard (0.5 ml), toluene (15 ml) under argon atmosphere.81°C, isolated yield: 80%, off white solid!H NMR
The reactor was pressurized with ethylene (40 bar) and the(400 MHz, CDC}): §=7.12-7.07 (m, 4H, 5-H); 7.04—-6.99
reaction was carried out at 8C@ for 12 h. After reaction,  (m, 2H, 6-H), 6.99-6.95 (m, 4H, 4-H), 4.22 (s, 2H, 1-H); 2.23
the reactor is cooled to room temperature and depressurized(s, 12H, 2-H).13C NMR (100.61 MHz, CDJ): §=138.2
The reaction mixture was transferred to a Schlenk flask under(C-3), 127.8, 127.8 (C-4, C-5), 127.6 (C-6), 87.7 (C-1), 57.2
argon atmosphere, and then quenched by dry methanol (2 ml)(C-2).
Aliquots were taken from the reaction mixture and subjected
to GC analysis for determination of conversions and yield. 3.5. General procedure for base-catalyzed
The products were identified by comparison with authen- hydroamination of higher olefins (GP III)
tic samples by GC, furthermore products were confirmed by

GC-MS. Hydroamination experiments for higher olefins were car-
ried out in threaded ACE pressure tubes (Aldrich). All
3.4. Synthesis of diamine ligands: general procedure for described reactions involved the use of very reactive and
the permethylation of amino groups by the pyrophoric alkali metals and alkylamides, and were thus
Eschweiler—Clarck reaction (GP II) [32] conducted in the strict absence of air and moisture. In a typ-

ical experiment, a pressure tube was charged wiBuLi
A solution of the diamine (1 mmol), formaldehyde (37% (20 mol%), piperidine (2.5 mmol), 1-hexene (5.0 mmol),

agueous solution, 2.5-fold excess based on the number ofTMEDA (40 mol%),n-octane GC standard (1Q@), toluene
methyl group produced), and formic acid (10 mmol) was (5ml) under argon atmosphere. The pressure tube is closed
heated overnight at 10C€. The reaction mixture is cooled, with Teflon cap and heated it in an oil bath at 280for 20 h.
concentrated by rotary evaporation, made basic with NaOH After reaction the pressure tube is cooled to room tempera-
(2N solution), and extracted with CHE({3x 20 ml). The ture and the reaction mixture is quenched by dry methanol
combined organic layer were washed with brine and dried (1 ml) and analyzed by gas chromatography. The products
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were identified by comparison with authentic samples by GC,

furthermore products were confirmed by GC-MS.

4. Conclusion

In summary, the base-catalyzed hydroamination reaction
of ethylene with diethylamine to give triethylamine was
investigated. In agreement with previous data it has been
shown that TMEDA as additive increases the rate of reaction
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