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pot hydroaminomethylation procedure establishes an easy and convenient access to A and »-

aminofunctionalised amines and silanes with potential biological activity. © 1999 Elsevier Science Lid. All rights reserved.
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Due to their biological activity #~ and paminofunctionalised amines and silanes have
attracted considerable interest. Thus 1,2-diamines and 1,3-diamines proved to be of analgesic
1], antipsychotic [2] and of antitumor activity [3]. Likewise y-aminosilanes possess
antimicrobial [4], antifungal [5] and antimuscarinic [6] properties. Numerous methodologies
towards their synthesis have been developed usually starting from 1,2- or 1,3-difunctionalised

precursors. Alternatively these compounds should be more easily accessible via a
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recently reported that this overall hydroaminomethylation reaction as a one-pot version is a
convenient and efficient method for selective preparation of secondary and tertiary amines [7].
Here we present use of this procedure by converting enamines and vinylsilanes under
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Hydroformylation o
aldehydes [8]. The combination of hydroformylation and subsequent reductive amination as a
one-pot hydroaminomethylation procedure leads directly to f,~aminofunctionalised silanes if
starting from vinylsilanes. As listed in table 1 cyclic amines like morpholine react with
triethylvinylsilane under hydroformylation conditions to form a 2.8/1-mixture of the linear
alkylation product 3a accompanied by small amounts of the hydrocarboxylation product 4a
(table 1, entry 1, scheme 1). The carbonylation is observed to occur in the S-position of the silyl
moiety due to the steric hindrance of the silyl substituent.

Rh(cod)BPh, ; :
RIR,S7 X 46-98%  R'RESINTONR'RT R'REST N NRR®
la-e 2 3a-h 4a
Scheme 1. Hydroaminomethylation of vinylsilanes 1a-¢ with primary and secondary amines
Tabie i. Hydroaminomethylation of vinyisilanes Ia-e
entry silane (1) R, R? R’ amine (2) product yicld 3 [%] / (3a /4a)
¥ a Et, Et H morpholine 3a,4a 64/ (>2.8/1)
2 a Et, Et H morpholine 3a 86
3 b Me, Ph H morpholine 3b 96
4 c Ph, Ph H morpholine 3c 82
5 d Me, Me Ph morpholine 3d 98
6 a Et, Et H benzylamine 3e 64
7he) b Me, Ph H benzylamine 3f 46
god b Me, Ph H isopropylamine 3g 55
9 e 9 Me H morpholine 3h 55

a) dioxane was used as solvent b) catalyst precursor: Rh(acac)(CO),; c) additive: 200 mol-% NEt;; d) additive: 2 mol-%
2,2'-bipyridyl; e) ortho-(R)-N,N-dimethylaminoethyl-phenyl

By replacing the solvent dioxane with toluene and the catalyst precursor [Rh(cod)Cl], by
Rh(cod)BPhy, the product selectivity and yields are significantly increased and 3a is isolated as
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triphenyl-vinylsilane similarly react with morpholine leading to the corresponding tertiary
amines in excellent yields (table 1, entry 3,4). 1-Phenyl-vinylsilanes and secondary amines
afford the corresponding amines in almost quantitative yields (table 1, entry 5).

With primary amines like isopropyl- or benzylamine, however, the vinylsilane bond is
cieaved leading to the generation of (diphenyl)-methyisilanol. This vinyisilane bond cleavage is
depending on the substituents in the silyl moiety. If trialkyl substituents instead of aryl
functionalities are mtroduced in the hydroaminomethylation sequence can be performed in

he Si-C bond cleavage observed can be interpreted as an acid or Lewis acid catalysed
desilylation. If, however, triethylamine is added as a base even the conversion of methyl-
diphenyl-vinylsilane and benzylamine proceeds towards the hydroaminomethylation product 3
in 46 % yield (table 1, entry 7). Likewise bidentate amine ligands like 2,2’-bipyridyl can

effectively be used as a cocatalyst (table 1, entry 8). Here again the conversion of methyl-
diphenylisilane with isopropylamine leads to the formation of the secondary amine in moderate

yield.
Th ' . ' tagt 1l + el £
The chiral vinylsilane le was prepared i order to test a possible stereocontrol of
1 . 1 h ~ -

hydroaminomethylation by a built-in chiral auxiliary. Starting from the commercially available
R-(+)-phenylethylamine the N-alkylation was carried out employing the Leuckart-Wallach
methodology [9]. ortho-Lithiation with n-butyllithium followed by addltlon of dnncthoxv-

arvisilane 7 [101. A subseguent conversion wit
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dimethvlsilane leads to

NEiiiiwiasy 2N

bromide gives vinylsilan

H,CO,

(i)Me
- O Me Sile —"'Sl_ ] A ——r
)\ HCOOH ) MeU,oive, Zmgbr i
- —_—
. Ph NMe, oY NMe, NMe,

~ N
64 % 30 % 68 %
5 6 7 le
Scheme 2. Preparation of ortho-R-N,N-dimethyl-[(dimethyl)-(1-methylethenyl)-silyl]-phenylethylamine
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The hydroaminomethylation of vinylsilane le with morpholine leads to y-aminosilane 3h in
Lol .0 1.1 I PR PR 1PN S WU NN U R J LA . "
nigh yield. However, no signiticant asymmetric induction at the new Stereogenic centre was

S
observed (scheme 3, table 1, entry 9). Obviously the methodology published by Breit [11]
employing chiral phosphine ligands instead of amines is more effective in asymmetric

hydroformylation.
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Scheme 3. Hydroaminomethylation of ortho-(R).N,N.dimethyl-[(dimethyl)-(1-methylethenyl)-silyl]-phenyl-
ethyl-amine

Synthesis of f,)~diamines

The synthesis of aldehydes starting from enamines via hydroformylation is well established in
literature [12]. Similar to vinyisilanes 1 the combination of this hydroformylation with a
subsequent reductive amination to a one-pot hydroaminomethylation procedure allows a direct
synthesis of 1,2- and 1,3-diamines starting from enamines.

Under tvnical h drnammnmpthv]nhnn conditions ]\]-anylp\m

/
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orpholine, carbon monoxide and hydrogen in presence o
1,3-diamines 9, 10 in good yield. In contrast to olefins possessing no donor—ﬁmctmnahty like
silanes 1 enamines are predominantly converted to the branched regioisomers (iso/n-ratio =
1.9/1). This may be due to a precoordinating effect of the nitrogen moiety influencing the
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Scheme 4. Hydroaminomethylation of N-vinvipyrrolidinone
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of hexamethylenimine exclusively leads to corresponding 1,2- diamine 12 in 68 © oyleld.
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A comparison with hydroaminomethylation of other aromatic systems such as styrenes suggests
that electronical effects induce the high iso-regioselectivity [7a].

Similarly the conversion of aromatic N-vinylcarbazole (13) proceeds with various primary
and secondary amines in good yields and selectivities (scheme 6, table 2). In analogy to the
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generation of the iso-product 14 is always preferred due to reasons given above.
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Scheme 6. Hydroaminomethylation of N-vinylcarbazole

Table 2. Hydroaminomethylation of N-vinylcarbazole

entry olcfin aminc product iso-/n- ratio yield
1 13 morpholine 14a/15a 8/1 71
2 i3 pyrroiidine 14b/15b 14/1 83
3 13 isopropylamine 14c/15¢ 10/1 85
4 13 n-butylamine 14d/15d 221 81
5 13 benzylamine 14e/1Se 10/1 83

In conclusion we have shown that the rhodium(I)-catalysed one-pot hydroaminomethylation
sequence is an efficient method to generate /.)- ana /-cumumuuuluuaubt:u amines and silanes.
All enamines and vinylsilanes are converted to give the corresponding secondary or tertiary
amines in high yields. Further investigation towards an extension of the synthetic potential of

this method are in progress.
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Experimental Section

All chemicals were purchased from commercial sources. The catalyst precursors [Rh(cod)Cl],
[14] and Rh(cod)BPhy [15] were prepared as described. Column chromatography was carried
out on alumina N (act. I) from ICN Biomedicals, Eschwege, or with silica gel 60 from Merck,
Darmstadt. 'H and ?C NMR spectra were recorded on a Bruker DPX 300 or DRX 400
spectrometer using CDCls as the solvent and CH,Cl, or TMS as internal standards. IR spectra
were performed on a Nicolet Impact 400 D, mass spectra on a Finnigan CA 5 and elementary
analysis on a Leco, CHNS-932. Analytical gas chromatography was performed on a

Fisons 8130 gas chromatograph with 30 m CP sil-5 capillaries. GC-MS spectra were obtained
—maan A1 Mece; mend a2 THicacalece RAAT ONNAN /A AQON T 1
Dy Ublllg a bOHlpdrdUlC bdpllldry dlld 4 rimgdin IvViAal 034U (VD). I ressure reacuons nave Deen

carried out in autoclaves (type A, 250 ml, PTFE-insert) from Berghof, Eningen, Germany. The
d pr

vinyl silanes 1 are prepared according to typical Grignard procedures [16]. (R)-N,N-Dimethyl-
phenylethylamine (6) was prepared as described by Ollis et al. [17].

General procedure for the preparation of f-aminosilanes (3a-3g) and y-aminosilane (4a)

A mixture of the vinylsilane, amine, Rh catalyst and dry toluene (in the case of 3a and 4a
was pressurized with hydrogen and carbon monoxide and heated to 120
en the autoclave was allowed to cool to room temperature and the solvent was removed by
rotary evaporation. The residue was dissolved in methyl t-butyl ether and fi ltered through

neutral alumina. The isolation of the products was carried out via kugelrohr distillation or
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Preparation of 4-(3-triethylsilyl-propyl)-morpholine (3a) and 4-(3-triethylisilyl-propionyl)-
morpholine (4a) with [RhCl(cod)]: as catalyst precursor in dioxane as solvent

1.00 g (7.03 mmol) Triethylvinylsilane, 0.58 g (7.03 mmol) morpholine and 0 g (1 mol%)
[RhCl(cod)}, in 10 ml dioxane are converted at 80 °C and a pressure 01” 100 bar

00 bar
(p(CO) / p (Hy) =4) for 20 h. The n-isomer 3a and the amide 4a were separated by column
chromatography on alumina (petrol ether / MTBE = 2 /1) yielding in 0.95 g (3.90 mmol, 56 %)
4-( %-methvlsﬂvl-nroovl)—momholme (3a) and 036g (1.41 mmol, 20 %) 4-(3-triethylsilyl-
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Preparation of 4-(3-triethylsilyl-propyl)-morpholine (3a) with Rh(cod)BPh, as catalyst
Dprecursor in toluene as solvent

0.50 g (3.51 mmol) Triethylvinylsilane, 0.37 g (4.21 mmol) morpholine and 0.019 g (1 mol-%)
Rh(cod)BPh, are converted in 10 ml toluene at 120 °C and a pressure of 80 bar (p(CO)/
p (Hy)=1) for 20 h. After removal of the catalyst by column filtration 0.73 g (3.01 mmol,

86 %) 4-[3-(triethylsilyl)-propyl]-morpholine (3a) were obtained.

4-(3-Triethylsilyl-propyl)-morpholine (3a): '"H NMR (400 MHz, CDCl;) 8 [ppm] = 0.44 (2
H), 0.44 (q, 6 H,J= 8.0 Hz), 0.86 (t,9 H, >J= 8.0 Hz), 1.42 (m, 2 H), 2.21 (t, 2 H, >J= 7.7 Hz),

23Q{m/1 Y T ARA (1 A T 13(‘7\“\/“2/1(\(\]\ > I\X[nnn—ﬂ:'l’)ff‘n\ TAMT)Y Q Q
. O \111’ T 41 P NI \lll’ T L } W LNAVILN \.LUU LVLLLL \_1 1 / v LlJlJl.llJ oL \LJJ.I } .7 \ } 0.0
(CH,), 20.8 (CHy), 53.7 (CHy), 63.0 (CHp), 669("" ). IR (neat): v [em’'] = 2955 v 2761 s,
1456 s, 1233 s, 1120 vs, 1006 s, 753 s, 726 5. GC-MS (EL, 70 eV): m/z (%) = 243 (M‘*, 61),

214 (31), 115 (20), 100 (100), 87 (67), 59 (68).

4-(3-Triethylsilyl-propionyl)-morpholine (4a): 'H NMR (400 MHz, CDCl;) § [ppm] = 0.50
(6 H, /= 7.9 Hz), 0.80 (m, 2 H), 0.90 (t, 9 H, *J= 7.9 Hz), 2.23 (m, 2 H), 3.40 (m, 2 H), 3.56
(m, 2 H), 3.63 (m, 4 H); *C NMR (100 MHz, CDCls) § [ppm] = 2.8 (CH,), 6.7 (CH,), 7.3
(CH3) 27.5 (CHp), 41.9 (CH,), 44.9 (CH,), 66.6 (CH,), 66.9 (CH,), 173.2 (CH,). IR (neat): v

[em'] = 2955 s, 2010 s, 1652 s, 1233 5, 1117 5, 965 m, 734 5. GC-MS (EL 70 eV): m/z (%) =
228 (M*-29, 100), 126 (20), 115 (26), 100 (61), 87 (67), 59 (71).

Preparation of 4-/3-(methyl-diphenylsilyl)-propyl]-morpholine (3b)

0.80 g (3.56 mmol) Methyldiphenylvinylsilane, 0.35 g (4.02 mmol) morpholine and 0.019 g
(1 mol-%) Rh(cod)BPh, are converted in 10 ml toluene at 120 °C and a pressure of 100 bar
(CO)/ p (Hy) =1) for 20 h. After removal of the catalyst by column filtration 1.29 g (3.41

1) on 1.2
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4-[3-(Methyl-diphenylsilyl)-propyl]-morpholine (3b): 'H NMR (400 MHz, CDCl;): 5[ppm]
=0.58 (s, 3H), 1.08 (m, 2H), 1.59 (m, 2H), 2.41-2.52 (6H), 3.70 (t", 4H,>/= 4.8 Hz), 7.30-7.70
(10H); *C NMR (100 MHz, CDCL): 8[ppm] = -4.5 (CHs), 11.7 (CH,), 20.7 (CH,), 53.6
(CHy), 62.3 (CH,), 66.8 (CH,), 127.8 (CH), 129.1 (CH), 134.4 (CH), 137.0 (Cq). IR (neat):
v[em']=700s, 790 s, 1116 s, 1258 s, 1412 s; GC-MS (EL 70V): m/z (%) = 326 (M, 5), 248
(13), 100 (100), 70 (11); Anal. Calcd. for CooH,7NOSi: C: 73.8 %, H: 8.4 %, N: 4.3 %,; found:
C:73.7 %, H: 8.1 %, N: 4.0 %.

[
o
W



7184 L. Biirfacker et al. / Tetrahedron 55 ( )V 7177-7190

<

Preparation of 4-[3-(triphenylsilyl)-propyl]-morpholine (3c)

T NHON & 73 A e ~n Y AL T A b neae . /7 OA MmO n Nn Nnio
LUV B (2.47 uuuux) 1vu:u1y1u1puc:uy1vulylbuduc 0.33 g (2.04 mInot) IlOI‘leOllne and 0.018 g

(1 mol-%) Rh(cod)BPhy are converted in 10 ml toluene at 120 °C and a pressure of 100 bar
(p(CO)/ p (Hy) =1) for 20 h. After removal of the catalyst by column filtration 1.10 g (2.86
mmol, 82 %) 4-[3-(triphenylsilyl)-propyl]-morpholine (3¢) were obtained.

4-[3~(Triphenyisilyl)-propyl|-morpholine (3c): 'H NMR (400 MHz, CDCls): 8[ppm] = 1.40
(m, 2H), 1.68 (m, 2H), 2.32-2.42 (6H), 3.70 (t", 4H, /= 4.6 Hz), 7.33-7.58 (15H); '>*C NMR
(100 MHz, CDCls): 8[ppm] = 10.7 (CH,), 20.9 (CHy), 53.6 (CH,), 62.3 (CH,), 66.9 (CHy),

12’78[ 1790 A (CIHN 140(CA\ 128 5§ ¢ nc 1902171 9 TR (neat)s = Tama-ll — £0Q o
7 \ 11 , | Ay ane \\/11} 1IF. 7 \\/\.l} 100,70 \\/11} llly LLaVuT141 » JUAN uccu,}. v l\dl 1 J 77 D,
713s,730 s, 1113 s, 1427 s; MS (EL 70V): m/z (%) = 387 (M'-1, 22), 309 (67), 259 (74), 181
(63), 105 (51) 100 (100), 56 (70); Anal. caled. for CysHoNOSi (MG: 387.59): C: 77.5 %, H:

7.5 %, N: 3.6 %; found: C: 77.0 %, H: 7.5 %, N: 3.6 %.

Preparation of 4-[3-phenyl-3-(trimethylsilyl)-propyl]-morpholine (3d)

030 o (1 7n mmnl}

016 o (1 87 mmall marmhaline and 0O
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Q LLIEIN/LILY L1 Y 1Sty s le’ V.oivo g (1.U7 auny aall
™ z

> o
CD
013

£ AN

(1 mol-%) Rh(acac)(CO), are converted in 5 ml toluene at 60 °C and a pressure of 100 bar
(p(CO)/ p(Hy)=1) for 24 h. After removal of the catalyst by column filtration (alumina,
MTBE) 0.47 g (1.69 mmol, 98 %) 4-[3-phenyl-3-(trimethylsilyl)-propyl]-morpholine (3d) was

4-[3-Phenyl-3-(trimethyisilyl)-propyij-morpholine (3d): 'H NMR (400 MHz, CDCls):
3[ppm] = -0.03 (s, 9H), 1.91 - 2.08 (3H), 2.21 (m, 1H), 2.30 (m, 1H), 2.42 (m, 4H), 3.72 (t’,
4H,°J =438 Hz) 7.05 (m, 2H), 7.11 (m, 1H), 7.25 (m, 2H); *C NMR (100 MHz, CDCL;):

Sfooml = -3.1
ULppiy -

127.4 (CH), 128 (C' ), 143.1 (Cq); IR (neat): ¥ [em™] =701s, 837 s, 1119 s, 1248 s, 1450 s;
GC-MS (EI, 70V). m/z (%) = 277 (M', 6), 262 (8), 100 (100), 73 (9), 56 (6); Anal. calcd. for
C16Hz7NOS1 (MG: 277.48): C: 69.3 %, H: 9.8 %, N: 5.1 %; found: C: 69.2 %, H: 9.5 %, N: 5.2
%.

3\ l/f‘L]\ QAV[FU\ E’J"Iff‘Ll'\ £Q O /M U\ If MITN 194 2 70T
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Preparation of [3-(triethylsilyl)-propyl]-benzylic amine (3e)

0.40 g (2.81 mmol) Triethylvinylsilane, 0.33 g (3.09 mmol) benzylic amine and 0.015 g (1 mol-
%) Rh(cod)BPh, are converted in 5 ml toluene at 120 °C and a pressure of 100 bar (p(CO)/

p (Hy) = 1) for 20 h. After separation by column chromatography (silica gel, petrol ether MTBE
=1:2) 0.47 g (1.80 mmol, 64 %) [3-(triethylsilyl)-propyl]-benzylic amine (3e) were obtained.
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3-(Triethylsilyl)-propyl]-benzylic amine (3e): '"H NMR (400 MHz, CDCL): 8[ppm] = 0.54
[ 4 X o v Ay F 3l ) %4 1 i 7 irr g |
o} & aY &8 (~ ALY 3r=onu.,\ NOL 7+ OIT 37 _Q@NTIT2) 1 AS fobhe 1IN 1 €A (e DIT N £
\ul, Lll}, V.JJ \q, Vii, J 0.V .IL} V.70 \L 711, J T O.V 11L} 1.4 \B ln} 1.0¢ \l l 41‘1}, L0
3.

(t,2H, °J = 7.3 Hz), 3.82 (s, 2H), 7.25-7.38 (5H); °C NMR (100 MHz, CDCL): 8{ppm] =
(CHy), 7.4 (CH3), 8.7 (CH,), 24.3 (CH,), 53.1(CH,), 54.0 (CH,), 126.8 (CH), 128.1 (CH),
128.3 (CH), 140.5 (Cq); IR (film, NaCl): ¥ [em™] =730's, 755 s, 1015 s, 1454 s. GC-MS (E],
70V): m/z (%) = 264 (M, 26), 224 (14), 192 (6), 147 (29), 120 (91), 91 (100), 59 (9); Anal.
Calcd. for C1HpoNSI (MG: 263.50): C: 72.9 %, H: 11.1 %, N: 5.3 %,; found: C: 73.0 %, H
10.6 %, N: 5.6 %.

e .. 1 =~ 3N

Preparation of [3-(methyldiphenyisilyl)-propylj-benzylic amine (3f)
0.50 g (3.49 mmol) Methyldiphenylvinylsilane, 0.24 g (2.23 mmol) benzylic amine, 0.45 g (4.46
mmol) triethylamine and 0.018 g (1 mol-%) Rh(cod)BPh, are converted in 10 ml toluene at 90

o OOV T e Ll ALL e o

°C and a pressure of 60 bar (p(CO)/ p (Hy) = 1/2) for 20 h. After separation by column
chromatography (silica gel, CHCl;:-PrOH = 50:1) 035 g (1.03 mmol, 46 %)
[3-(methyldiphenylsilyl)-propyl]-benzylic amine (3f) were obtained.

I (AN ndlascd dieslanuessTaondlssd) srmnwissdl hacawarIdn mesadaen IU NANAD FANND NALT O TYW T . STl
IJ-(IVIClllylull]llﬂflyullyl/-ll'Upyl]-llﬂ"qyllt u’llllll: 'JJ} Il INIVIIN \"}UU IVIL1Z, \.IIJ\/I3}. Uu)pl IJ
= 0.58 (s, 3H), 1.12 (mc, 2H), 1.62 (m, 2H), 2.69 (t, 2H, >/ = 7.1 Hz), 3.77 (s, 2H), 7.25-7.58

(15H), NH-proton was not detected; '*C NMR (100 MHz, CDCls): 8[ppm] = -4.5 (CH3), 11.7
(CH,), 24.3 (CH,), 52.6 (CH,), 53.7 (CH;) 126.8 (CH), 127.8 (CH), 128.1 (CH ) 128.3 (CH),
129.1 (CH, 134.4 (CH), 137.0 (Cq), 140.4 (Ca); IR (neat): 7 [om”] = 698 vs, 786 s, 1112 s,

1427 s, 2924 m, 3067 m, 3318 w; GC-MS (EI, 70V): m/z (%) = 346 (M", 21), 268 (25), 176
(14), 120 (61), 91 (100).

Prenaration of I3-tmethvidinhenvisilvl)- nrnnv".lcnnrnnvl ming /?ol
paranion of [3-(meInyiaipnenyisyyl)-propylj-1sopropylic aming

1.07 g (4.78 mmol) Methyldiphenylvinylsilane, 0.37 g (6.21 mmol) isopropylic amine, 0.029 g

(4 mol-%) 2,2'-bipyridyl and 0.012 g (1 mol-%) Rh(acac)(CO), are converted in 10 ml toluene
at 100 °C and a pressure of 80 bar (p(CO)/ p (Hy) = 1) for 20 h. After separation by kugelrohr
had ~ had I AV AN 7 P \**2) /7 bt wlhaend J t=4

Attt . N0 /N LY el £ O/ T Sl L1 L L TSI e k) IR, TR (o §F o}
aistuiation V.78 g (£.65 mmoli, 35 %) |3-(Meinylaipnenyisilylj-propyi|-iSOpropyiic anune {o1)

[3-(Methyldiphenylsilyl)-propyl]-isopropylic amine (3g): 'H NMR (400 MHz, CDCl):
8[ppm] = 0.57 (s, 3H), 1.03 (d, 6H, °J = 6.3 Hz), 1.08 (m, 2H), 1.56 (m, 2H), 2.60 (t, 2H, *J =
7.3 Hz), 2.75 (sept, 1H, *J = 6.3 Hz), 7.32-7.40 (6H), 7.48-7.60 (4H), NH-proton was not
detected; *C NMR (100 MHz, CDCl;): 8[ppm] = -4.5 (CH;), 11.9 (CHy), 23.0 (CHy), 24.7
(CH,), 48.6 (CH), 50.9 (CH,), 127.8 (CH), 129.1 (CH), 1344 (CH), 137.1 (Cq);, IR (neat):

oo
Ln
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7 [em™] = 699 vs, 1112 s, 1250 m, 1427 s, 2961 m; GC-MS (EL 70V): m/z (%) = 298 (M",
TNNNY IN F18Y INA 1IN 17£ 70 7Y /9 &0 F12) . Aannl 11 £ v YT WIQ: 7R A7, ANAY £ 1Y,
1VV), 22V (12, £Ua (1£), 110 \7), 12 104), 27 (13), Anal. CalCd. 10T CUjoliy7IND1 (VI 297 .01):
C:76.7 %, H: 9.2 %, N: 4.7 %; found: C: 76.4 %, H: 9.2 %, N: 4.7 %;

Fatror reameratbsnse nd nmdblarn DN AT AT A2 sl d T 10 . 4l __ 1) pyy )

LrTeparaiion gj orino-(1y-iv,N-aimeinyi-f(aimeinytj-m nuxy—.suyq-pnenytemytamme (/}
According to a lithiation procedure published by Corriu et al. [10] 24.2 ml n-BuLi (1.24 M in
hexane) was added dropwise to a solution of 4.6 g (R)-N,N-dimethyl-phenylethylamine in 30 ml
o N AL~ TY Lol oAb el o B s = P oI BV o BT, Wt n R T |
abs. Et;O. After 72 h the solution was uu)ppcu to a solution of 3.61 £ (OU mmol) cumetnyl—

dimethoxy-silane in 30 ml abs. Et;O. The reaction mixture is stirred for additional 2 days at
ambient temperature and then the precipitate was filtered off and washed with pentane. The
organic layers were combined and the solvent removed. After isolation by distillation 2 42 g

(0.01 mol, 30 %; bp. 140 °C, 20 mbar) ortho—(R)-N,N—dlmethyl*[(dlmethyl)-methoxy-s11yl]-
phenylethyi-amine (7) was obtained. The spectroscopic datas are identical to those in the
literature [10D].

Prepara tion aj ortho-(R)-N,N-dimethyl-[(dimethyl)-(I-methylethen l’/‘-Sil'yl' [-phenyi-ethyl-
amine (Ie)

The isopropenyl magnesia bomide solution is generated starting from 0.49 g (0.020 mol)

magnesia and 2.54 g (0.021 mol) 2-bromopropene in 20 ml abs. THF. After complete
(R_g mmel th) /P) N }\f_r'hmoﬂ“r] f(rhmnfhvl\_

tho-(R)-N,N-dimetl imet}
HF was added dropwise. After stirring overnight
the reaction mixture was hydrolysed with 10 ml of water. Th water phase was extracted with
ether (3x20 ml) and the combined organic layers were dried with MgSQ,. After removal of the
solvent the isolation of the vinyl silane was carried out by column chromatography (silica gel,

petrol ether/MTBE = 1/1) to give 1.48 g (6.0 mmol, 67 %) ortho-(R)-N,N-dimethyl-[(dimethyl)-
(1-methylethenyi)-silyi]-phenyiethyiamine (1e).

ortho-(R)-N,N-Dimethyl-[(dimethyl)-(1-methylethenyl)-silyl]-phenylethylamine (1e):
'HNMR (400 MHz, CDCL): 8[ppm] = 0.50 (s, 3H), 0.51 (s, 3H), 1.33 (d, 3H, >/ = 6.3 Hz),

1.86 (t 3H, 4/— 1. SHz\ 2.26 (q 6]]\ 351( 1H, 3] 63Hz\ 5.49 (mc H—ﬂ 5.76 (mg ]_“)
797 (At |u3r 721T> 4711 1) 7 43 (dt 1u3r 72 1T 4r=11U_\ 7 54 (dd. 1H 3r
.47 \Ul 11 L J F,J llL, oJ 1.J JJ.L} P g4 \U- 111’ TS llL J et lL.L} oL, 3 \uu., 111 7]

7.6 Hz, *J = 1.3 Hz), 7.66 (d, 1H, °J = 7.8 Hz); >C NMR (100 MHz, CDCls): 8[ppm] = -1.3
(CH3), -1.2 (CH3), 22.4 (CHy), 22.7 (CHs), 43.8 (CH;), 64.8 (CH), 125.8 (CH), 126.1 (CH),
129.7 (CH), 135.1 (CH), 126.3 (CH,), 134.5 (Cq), 147.2 (Cq), 152.7 (Cq); IR (neat): v [cm™'] =
761 s, 825 s, 833 s, 1080 s, 1256 5, 2972 5; GC-MS (EL, 70V): m/z (%) = 248 (M'+1, 21), 232

N MY FINANN S0 NN

5 (10), 72 (100), 59 (39).

N\ 10N FANN 1Af /I"\‘) ‘In
2

(13), 190 (49), 146 (12
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Preparation of ortho-(R)-N, N-dimethyl-[(dimethyl)-(1-methyl-3-(morpholin-4-yl)-propyl)-
silyl]-phenylethylamine (3h)

0.40 g (1.52 mmol) ortho-(R)-N,N-dimethyl-[(dimethyl)-(1-methylethenyl)-silyl]-phenylethyl-
amine (le), 0.15 g (1.67 mmol) morpholine and 0.008 g (1 mol-%) Rh(cod)BPh, are converted
in 5 ml toluene at 120 °C and a pressure of 100 bar (p(CO) / p(H;) = 1) for 44 h. After removal
of the catalyst by kugelrohr distillation 0.48 g (1.38 mmol, 91 %) ortho-(R)-N,N-dimethyl-
[(dimethyi)-(1-methyl-3-(morpholin-4-yi)-propyl)-silyij-phenylethylamin (3h) were obtained as
a 1:1-mixture of the epimers.

ethyl-amine (3h) as 1:1-mixture of the epimers: '"H NMR (400 MHz, CDCl;): 8{ppm] = 0.28
(s, 3H), 0.28 (s, 3H), 0.29 (s, 3H), 029 (s, 3H), 0.91 (2xd, 6H,*J = 7.0 Hz), 1.05 (m, 2H), 1.21
(m, 2H), 1.26 (2xd, 6H, *J = 3.5 Hz), 1.64 (m, 2H), 2.15 (m, 2H), 2.16 (s, 12 H), 2.33 (m, 8H),
2.42 (m, 2H), 3.34 (m, 2H), 3.67 (mc, 8H), 7.15 (dt, 2H, °J = 7.3 Hz, */ = 1.0 Hz), 7.32 (t, 2H,
3] =173 Hz), 7.39 (d, 2H, °J = 7.3 Hz), 7.56 (d, 2H, *J = 7.8 Hz);, *C NMR (100 MHz,
CDCly): 3[ppm] = -2.8 (CH3), -2.8 (CH3), 2.7 (CH3), 2.7 (CH3), 14.2 (CHs), 14.3 (CH3), 17.7
(CH), 17.7 (CH), 23.1 (CH3), 23.2 (CHs), 28.4 (CHj), 28.4 (CHy), 44.1 (CH,), 44.1 (CH,), 53.8
(CHZ) 58.5 (CH,), 58.6 (CH,), 65.3 (CH), 65.4 (CH), 66.9 (CH,), 125.9 (CH), 126.2 (CH),

1 /("IN 125 1 /CHY 1245 C

f\
-

I 1 57 5 (A 29Q NIMD 750 £ NI . CDC
1}, 1 7.0 1vik w

5 1 \\/LL} 1.1 \\./IL} 1. 2 ( q), lJL - \/\1} L)l ANMIVIIN \J sy }.3). 5
[ppm] 0.52; IR (neat): v [cm™] =811, 827 s, 1119 s, 1258 s, 2954 5; GC- MS (EI, 70V):
(A,) = 349 (M 36), 206 (61) 200 (31) 140 (25) 100 (100) 72 (53) Anal. Calcd. for

General procedure for synthesis of 1,2- and 1,3-diamines

A mixture of the olefin (4.8 mmol), the corresponding primary or secondary amine (4.8 mmol)
and [Rh(cod)Cl], (1 mol %) in 10 mL anhydous dioxane was heated for 24 h at 110 °C in an
autoclave under 90 bar carbon monoxide and 20 bar hydrogen (piw = 110 bar) pressure. The

ragidnia wrag Aicenluyad in Ft.0) and filtarad thrannoh nentral ahmina DPradnst miviar
IWDIVUG VYWwadd JIddULIvYLLU i1 1.4‘-2\} arivg Llllbl\(u LluUuBll auvutiar alulllula L.lUUuUI. 111k

separated by column chromatography on neutral alumina using a mixture of MTBE/
or by kugelrohr distillation.

1-(1-Methyl-2-morpholinoethyl)-2-pyrrolidinone  (9) and I-(3-morpholinopropyl)-2-
pyrrolidinone (10) (iso/n-ratio = 1.9/1): Obtained from N-vinypyrolidone (8) and morpholine
as a colourless oil in 89 %.
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1-(1-Methyl-2-morpholinoethyl)-2-pyrrolidinone (9): '"H NMR (400 MHz, CDCl;, 20 °C):

a s

3y — ” o - g <
5{ppm] = 0.86 (d, *J = 6.9 Hz, 3H, CHj), 2.12 (br s, 4H, 2 x NCHy), 2.30 (m, 6H, 2 x NCH,,

CH,), 3.16 (m, 2H, CH,), 3.44 (br s, 4H, 2 x OCH,), 4.17 (m, 1H, CH). ‘3CNMR(100MHz
CDCls, 20 °C): 8[ppm] = 15.5 (CH;), 17.7 (CH,), 31.0 (CH,), 41.3 (NCHy,), 42.4 (NCH), 53.1
(2 x NCHy), 60.6 (NCH,), 66.6 (2 x OCH,), 174.2 (Cq, C=0). GC-MS (EI, 70 eV): m/z (%) =

213 (M*+1, 24), 126 (15), 100 (100), 70 (16), 56 (10). IR (NaCl/film): ¥ [em™'] = 2958 s, 2892

10

m, AGDJS AGme l06£V§ I43‘/§ 14AOS lZ.?S()S IL/ZS 12583 m, 1117 vs.

1-(3-Morpholinopropyl)-2-pyrrolidinone (10): ' H NMR (400 MHz, CDCls, 20 °C): 8[ppm]
=177 (m, 2H, CHy), 2.11 (br s, 4H, 2 x NCH3), 2.17 (m, 6H, 2 x NCH,, CH,), 3.06 (m, 2H,
NCH,), 3.39 (m, 2H, NCH,), 3.43 (br s, 4H, ). PC NMR (100 CDCls, 20 °C

~ant S \Addy Avd Ay ANNrR R \v LLJ_LA’ RN L \J
T~

.,

Z
E
O
~J

N Ln

y-
i 2
o[ppmj = 17.4 (CH,), 23.9 (CH,), 30.5 (CH (NCHy,), 46.7 (NCHy,), 53.2 (2 x NCH,),
55.7 (NCH,), 66.4 (2 x OCH,), 174.3 (Cq, C= O) GC-MS (EI, 70 eV): m/z (%) = 213 (M'+1,
100), 181 (9), 126 (47), 114 (6), 100 (76), 70 (15), 56 (6).

> -

T

)

2
2), 4

1-[2-(1H-1-Imidazolyl)propyljazepane (12): Obtained from N-vinylimidazole (11) and hexa-
methylenimine as a yellow oil in 68 %. 'H NMR (400 MHz, CDCl3, 20 °C): & = 1.46 (d, °J =
6.8 Hz, 3 H, CH3), 1.53 (m, 8 H, 4 x CH,), 2.60 (m, 4 H, 2 x NCH,), 2.71 (d, >J = 6.8 Hz, 2 H,
NCH,), 4.19 (q*,/=6.8 Hz, | H, NCH), 6.96 (d,J = 1.0 Hz, 1 H, N=CH), 7.03 (d, J/ = 0.8 Hz,

1 H N=CH). 7.54 (5. 1 N LN 13f‘ NMR (100 MHz. CDCl:. 20 °CY § = 19.1 (CH»). 267
111, N=CUn), /.54 (8, 1 n INTRIT. INIVIR (1UV IVIMZ, LUz, 2U Uj. 0 = 171 (Lil ) 20.

/
(2 x CH,), 28.3 (2 x CH,), 52.4 (NCH), 55.5 (2 x NCH,), 64.4 (NCH,), 116.5 (CH), 128.5
(CH), 135.9 (CH). GC-MS (EL 70 eV): m/z (%) = 208 (M'+1, 4), 140 (15), 112 (100), 58 ( 5).
IR (NaCl/film): ¥ = 3105 w, 2925 vs, 2853 vs, 2820 s, 1495 5, 1453 s, 1373 m, 1359 m, 1226 s

1079 ¢ 665 om]

Q
LS i 7 D’ U wlil .

4-[2-(9H-9-Carbazolyl)propylJmorpholine (14a): Obtained from N-vinylcarbazole (13) and
morpholine as a colourless oil in 71 % yield. '"H NMR (400 MHz, CDCls, 20 °C): 8[ppm] =
1.57 (d, */ = 7.0 Hz, 3H), 2.23 (m, 4H), 2.76 (dd, >/ = 13.0 Hz, *J = 6.5 Hz, 1H), 2.92 (dd, %/ =
13.0 Hz, >/ = 7.3 Hz, 1H), 3.40 (t, °J = 4.5 Hz, 4H), 4.81 (sextet*, J = 7.0 Hz, 1H), 7.14 (m,
2H), 7.33 (m, 4H), 8.03 (d, J = 7.7 Hz, 2H). *C NMR (100 MHz, CDCls, 20 °C): 8[ppm] =
17.4 (CHs), 49.0 (NCH), 53.6 (2 x NCH,), 61.7 (NCH,), 66.6 (2 x OCH,), 109.9 (2 x Phl),
118.5 (2 x PhH), 120.1 (2 x PhH), 123.1 (2 x Cq), 125.2 (2 x PhH), 139.6 (2 x NCq). GC-MS

(EL, 70 eV): m/z (%) = 294 (M*, 8), 194 (9), 128 (7), 100 (100), 70 (8), 56 (7). IR
(NaCl/film) T/‘c'n'l] = 3059 w, 2961 m, 2935 m, 2891 m, 2854 m, 2811 m, 1595 m, 1483 s,
1454 vs, 1333 5, 1236 m, 1224 s, 1158 m, 1117 s, 1069 m, 1013 m, 751 s, 724 s
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9-(1-Methyl-tetrahydro-1H-1-pyrrolylethyl)-9H-carbazole (14b): Obtained from N-vinyl-

carbazole (13) and pyrrolidine as a yellow oil in 83 % yield. 'H NMR (400 MHz, CDCh, 20

°C): 8[ppm] = 1.57 (br s, 4H), 1.62 (d, °J = 7.0 Hz, 3H), 2.37 (br s, 4H), 2.96 (dd, *J = 12.3

Hz, °J = 6.8 Hz, 1H), 3.14 (dd, *J = 12.3 Hz, °J = 7.0 Hz, 1H), 4.86 (sextet*, J = 7.0 Hz, 1H),

7.15 (t*,J = 7.4 Hz, 2H), 7.36 (t*,J = 7.7 Hz, 2H), 7.44 (d, >/ = 8.3 Hz, 2H), 8.03 (d, */ = 7.8
]

Hz. 2H) BC NMR (100 MHz. CDCl.. 20 °C): 8§ 175 (CIT.Y 7222 () v CIL.Y &N Q

L3l &l1i) ANIVEIN 1V IVIREZ, l/Rel3, 4LV ~j. Ulppm} = 17.0 (v1i3), &J.0 < A kA.LZJ, JV. O

(NCH), 54.1 (2 x NCHy), 59.6 (NCHy), 110.0 (2 x PhH), 118.4 (2 x PhH), 120.1 (2 x PhH),
123.1 (2 x Cq), 125.2 (2 x PhH), 139.4 (2 x NCq). GC-MS (EL, 70 eV): m/z (%) = 279 (M'+1,
16), 112 (7), 84 (100). IR (NaCVfilm): ¥ [em™'] = 3060 w, 3023 w, 2969 m, 2934 m, 1596 m,
1483 s, 1454 s, 1334 m, 1237 m, 1224 m, 1158 m, 1123 m, 909 s, 749 s, 724 5.

N-[2-(9H-9-Carbazolyl)propyl]-N-isopropylamine (14c): Obtained from N-vinylcarbazole
(13) and isopropylamine as a colourless oil in 85 % yield. 'H NMR (400 MHz, CDCl;, 20 °C):
ppm] = 0.84 (d, >7 = 6.1 Hz, 3H), 0.88 (d, *7 = 6.1 Hz, 3H), 1.58 (d, *J = 6.9 Hz, 3H), 2.67

0
f——

-------- =EAE - M i R £

(anvtat T — £ 1 Hs TN 208 AA 27199 WU 3781 WU 1LY TAN fin 1IN A ££ (anvint 37T
(se€xtet,v = 0.1 Nz, 1nj, >o.us (a4, v = il2.2 Nz, v = 5.1 N7z, in), 3.4V (in, 1), 4.00 (sextet, v
= 6.9 Hz, 1H), 7.19 (t, J = 7.3 Hz, 2H), 7.38 (m, 2H), 7.48 (d, J = 8.3 Hz, 2H), 8.05(d, /=76
Hz, 2H). 3C NMR (100 MHz, CDCls, 20 °C): 8[ppm] = 17.0 (CHz), 22.66 (CHj), 22.72 (CHj),
48.2 (NCH), 50.5 (NCH,), 51.3 (NCH), 110.0 (2 x PhH), 118.7 (2 x PhH), 120.2 (2 x PhH),
1722 v Ca) 1795 A4 v PRI 120R (2 v N GOMS (BT 70 oUN m/7 (04N — V&7 (AT L1

.lLJJ\LA\./w, ILJ‘Y\LALIUJI IJ/U\LAL‘\/\l} NINTLVID \L.JL IU\JV} 11y L\/U} ~\J ] \Ll '1,

3023 w, 2967 S, 2934 m, 1595 m, 1483 vs, 1453 S, 1380 m, 1333 s, 1237 m, 1223 s, 1157 m,
1124 m, 909 s, 750 vs, 724 vs. Anal. Calcd. for CisHnN; (266.4). C, 81.2%; H, 8.3%:; N,
10.5%; found C, 81.3%; H, 8.7%; N, 10.1%.

N-Butyl-N-[2-(9H-9-carbazolyl)propyllamine (14d): Obtained from N-vinylcarbazole (13)
and n-butylamine in 81 % yield. 'H NMR (400 MHz, CDCl;, 20 °C): 8[ppm] = 0.73 (t, >/ = 7.1
Hz, 3H), 1.08 (m, 2H), 1.17 (m, 2H), 1.57 (d, 31_69H7 3H), 2.38-2.52 (m, 2H), 2.98 (dd, %/

7. ,7

2 2 )

VA A
£ 71 7 A 1T HLY
. /.1 4 I'iZ, Zrl

l

\ (+ N [
J, D40 \im, 1r 1), 4.07 \ill, 111}, o \

H), 8.05 (d, J = 7.5 Hz, z") B3C NMR (100 MHz,
CHj3), 20.1 (CH,), 31.8 (CH,), 49.2 (NCH,), 1
125

187(2 PhH), 120.1 (2 x PhH), 123.2 (2 x Cq),
0/ = 21 (MY 10M 195

Y m/z (%
}. nuyv Lo \/U} - 4LO1 \lVJ. by LUU},
(NaCl/ﬁlm) v [em'] = 3060 w, 2957 m, 2930 m, 1596 m, 1483 s, 1453 vs, 1333 1225 m, 909
m, 750 vs, 724 vs. Anal. Calcd. for C,oH4N; (280.4). C, 81.4%; H, 8.6%; N, 10‘0%, found C,

80.9%:; H, 8.7%: N, 10.0%.

[

8[ppm] = 13.7 (CHs), 1
(NCH,), 109.9 (2 x PhH

w——t\o Do
~—

\‘/0\
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s Oi yield.
(d 3J 7 0 Hz, 3H), 2.93 (m, 1H), 3.37 (m, 1H),
11H) 8.05 (m, 2H). 3C NMR (100 MHz, CDCls, 20 °C): S[ppm] = 16 9 (CH3) 51.2 (NCH)
51.9 (NCH,Ph), 53.1 (NCH,), 110.0 (2 x PhH), 118.8 (2 x PhH), 120.2 (2 x PhH), 123.2 (2 x

Cq), 125.4 (2 x PhH), 126.7 (PhH), 127.7 (2 x PhH), 128.1 (2 x Phi), 139.8 (Cq), 140.0 2 x

T /AT ;\r\t\ 2 =

NCq). IR (NaCl/Ailm): v [em™'] = 3061 w, 3025 w, 2976 w, 2934 w, 1595 m, 1483 s, 1453 vs,
13335, 1237 m, 1225 m, 909 s, 750 vs, 725 wvs.
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