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Abstract

Secondary and tertiary naphthylpropylamines are prepared in high yields by the reaction of 2-vinylnaphthalene,
primary or secondary amines, carbon monoxide and hydrogen in presence of [Rh(cod)Cl}; as catalyst via a one-
pot hydroformylation - amine condensation - reduction sequence. © 1999 Elsevier Science Ltd. All rights reserved.
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henyl derivatives numerous naphthylpropylamines possess
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pharmacological activity.[1-9] So for example they are of importantance as antlacetylcholmes

[1], antihistamines [1], tranquillisers [2], and analgesics [2,3]. Furthermore they are known to
show atropine and papaverine like activities.[1] In analogy to the homologous

phenylpropy]ammes [10 12] they are usually prepared via a conventional two or three step

ansition metal nnfn]vc isI1 Q] We here report a
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Scheme 1. Retrosynthetic analysis of the hydroaminomethylation of 2-vinylnaphthalene (4)
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hydroaminomethylation as an efficient and convenienti method to transform styrenes into the
corresponding phenylpropylamines in high yields and selectivities.[13a] Here we now present
use of this hydroformylation - amine condensation - reduction sequence starting from

commerciallv available 2-vinvinaphthalene (4) (sch 1
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carbon monoxide and hydrogen in presence of [Rh(cod)Cl], as catalyst precursor proceeds in
good up to excellent yields to the corresponding secondary or tertiary amine 6,7, respectively.
Due to electronic effects and in analogy to the hydroaminomethylation of styrene predominantly

the iso-isomers 6a-f are generated (scheme 2). The regioselectivity of the reaction can be

-

controiled by phosphine or phosphite iigands.[13c]
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As summarised in table 1 all conversions of 2-vinylnaphthalene (4) with various cyclic and
acyclic, as well as aromatic amines 5 are nearly quantitative and highly chemoselective. Side

products such as imines, enamines or aldehydes resulting from incomplete hydroamino-
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Table 1. Hydroaminomethylation of 2-vinyinaphthalene (4) with primary and secondary amines 5

cntry olefin amine product yield [%] iso/n-ratio
1 4 dicthylamine (Sa) 6a/7a 81 2.2/1
2 4 piperidine (5b) 6b/7b 86 9.4/1
3 4 hexamethylenimine (5¢)  6¢/7¢ 89 3.8/1
4 4 morpholine (5d) 6d/7d 91 2.5/1
5 4 /-methylaniline (5e) 6e/Te 89 9.1/1
6 4 benzylamine (5f) 6f 92 -

In conclusion we have shown that the hydroaminomethylation with [Rh(cod)Cl], as catalyst is

an efficient method to transform 2-vinylnaphthalene directly into the corresponding secondary or
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tertiary amines. All primary and secondary amines employed in the reaction undergo selective

one-pot hydroaminomethylation in high yields. In comparison to the conventional literature
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known two or three step syntheses the amines are more easily accessible in even higher yields.
Further investigations towards an extension of the synthetic potential of this reaction are in
current progress.

EXPERIMENTAL
NMR spectra were recorded on Bruker spectrometers DPX 300 and DRX 400 using TMS as

internal standard. IR spectra were obtained with a Nicolet Impact 400D, mass spectra on a
Finnigan CA S and elementary anaiysis with a Leco CHNS-932. Column chromatography was
carried out with aluminum oxide N (act. I) from ICN Biomedicals, Eschwege, by using MTBE
(methyl tert-butyl ether)/PE (petroleum ether, bp 30-60 C’C) mixtures as eluent. Gas
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with 30 m CP sii-5 capillaries. GC-MS and GC-IR spectra were obtained by using comparable
capillaries and a Finmigan MAT 8320 (MS) or a Bruker IFS 48 (IR), respectively. The
[Rh(cod)Cl], catalyst was prepared according to literature procedures.[14] Pressure reactions

have been carried out in autoclaves (type A, 250 ml, PTFP-mqprﬂ from Rgrghgf Enmﬂen

Germany.

General procedure for the hydroaminomethylation of 2-vinylnaphthalene (4)
A mixture of the 2-vinylnaphthalene (4) (1.8 mmol), the corresponding primary or secondary
amine (1.8 mmol) and [Rh(cod)Cl}, (1 mol % Rh) in 10 ml anhydrous dioxane was heated for 2
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pressure. The residue was dissoived in Ef,O and filtered through neutrai alumina. Product
mixtures were separated by column chromatography on neutral alumina using a mixture of
MTBE/PE as eluent.

N,N-Diethyl-N-{2-(2-naphthyl)propylJamine (6a). Obtained from 2-vinylnaphthalene (4) and
diethylamine (5a) as a colourless oil in 56 % yield. 'H NMR (400 MHz, CDCls, 20 °C): § = 0.98
(t,’7=7.1Hz, 6 H, 2 x CHs), 1.35 (d, °J = 6.9 Hz, 3 H, CH3), 2.52 (m, 5 H, 2 x NCH,, NCHH-
CHR;), 2.65 (dd, *J = 12.9 Hz, °] = 6.2 Hz, 1 H, NCHH-CHR}), 7.49 (m, 3 H, 3 x PhH), 7.77

(m, 4 H, 4 x PhH). ’C NMR (100 MHz, CDCL, 20 °C): § = 11.8 (2 x CHs), 20.1 (CH3), 38.7
I AT ( M X NI Y £N 0O I"L Y 18 N /DLW 1794 2 /DL 178 7 (DI 174 1 /DLIN
(Lrij, 47.3 (£ X INUngj, OU.7 {UNU } 123U \Uiri), 12450 (Fini), 125,/ (i), 1£0.1 (ririj,

127.5 (2 x PhH), 127.7 (PhH), 132. ) (Cq). 133.6 (Cq), 1442 (Cq). GC-MS (EL 70 ¢V): m/z (%
=242 (M*+1, 13), 86 (100), 58 (4). IR (NaCl/film) # — 3054 w, 2966 s, 2930 m, 2870 m, 2801
m, 1505 m, 1488 m, 1454 m, 1380 m, 1219 m, 1205 m, 745 cm™ m.

N,N-Diethyl-N-[3-(2-naphthyl)propylJamine (7a). Obtained from 2-vinylnaphthalene (4) and
diethylamine (3a) as a colourless oil in 25 % yield. 'H NMR (400 MHz, CDCl;, 20 °C): § = 1.01
(t,3J=7.2Hz, 6 H, 2 x CH;), 1.87 (m, 2 H, CH,), 2.49 (t, *J = 7.8 Hz, 2 H, NCH,), 2.53 (q, )] =
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PhH), 7.76 (m, 3 H, 3 x PhH). "C NMR (100 MHz, CDClI;, 20 °C): § = 11.6 (2 x CH;), 28.5

(CHy), 34.0 (CH,), 46.8 (2 x NCH,), 52.4 (NCH,), 125.0 (PhH), 125.8 (PhH), 126.3 (PhH),
127.3 (PhH), 127.4 (PhH), 127.5 (PhH), 127.7 (PhH), 131.9 (Cq), 133.6 (Cq), 139.9 (Cq). GC-
MS (EL, 70 eV): m/z (%) = 242 (M'+1, 34), 141 (5), 115 (7), 86 (100), 72 (13), 58 (7). IR
(NaCl/film) v = 3050 m, 2966 s, 2929 s, 2853 m, 1507 m, 1464 m, 1447 m, 1382 m, 699 cm’

-
L.

1-2-(2-Naphthy, l)n_rgpy.lllninpr. ine (vb) Obtained from 2 V"m'lpﬂnbtl’a‘ene 4) and plper}ume
(5b) as a colourless oil in 86 % yield. '"H NMR (400 MHz, CDCls, 20 °C): 8 = 1.34 (d, ] = 6.9

Hz, 3 H, CHj3), 1.39 (m, 2 H, CHy), 1.54 (m, 4 H, 2 x CHy), 2.40 (m, 6 H, 3 x NCH,), 3.10 (m, 1
H, CH), 7.39 (m, 3 H, 3 x PhH), 7.62 (s, 1 H, 1 x PhH), 7.76 (m, 3 H, 3 x PhH). *C NMR (100
MHz, CDCls, 20 °C): & = 20.1 (CHs), 24.5 (CHZ) 26.0 (2 x CH,), 37.6 (CH), 55.0 (2 x NCH,),
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1122 s, 853 s, 816 s, 745 cm™! s.

1-[3-(2-Naphthyl)propylpiperidine (7b) was only observed as a side product in small amounts
and has not been 1solated. 7b was characterised in the crude product mixture by GC-MS. GC-
MS (E1, 70 eV): m/z (%) = 255 (M'+2), 141 (7), 115 (11), 100 (100), 70 (14), 56 (11).

1-[2-(2-Naphthyl)propyllazepane (6c). Obtamned from 2-vinylnaphthalene (4) and
hexamethylenimine (5¢) as a colourless oil in 70 % yield. 'H NMR (400 MHz, CDCls, 20 °C): &
=1 '%4(:1 31—691—]7 3H, CH) 1.52 (m, 8 H, 4 x CH,), ’)60(dd ZT_126H7 3T—$ZAH7 1

152 (m, 1;), 2.60 (ad
1 NCITII_CIID 266 (m. 4 H. 2 x NCH,). 2.77 (dd 27210411,. 31— £2 0 1 LT N/LILY
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CHR,), 3.03 (m, 1 H, CH), 7.48 (m, 3 H, 3 x PhH), 7.62 (s, 1 H, PhH), 7.76 (m, 3 H, 3 x PhH).
13C NMR (100 MHz, CDCls, 20 °C): § = 19.9 (CH3), 27.2 (2 x CH,), 28.3 (2x CH,), 38.8 (CH),
55.6 (2 x NCHa), 65.5 (NCHs), 125.0 (PhH), 125.3 (PhH), 125.7 (PhH), 126.2 (PhH), 127.5 (2 x
PhH), 127.6 (PhH), 132.2 (Cq), 133.6 (Cq), 144.2 (Cq). GC-MS (EL 70 eV): m/z (%) = 268

(M'+1, 12), 112 (100), 58 (33). IR (NaCl/film) 7 = 3053 w, 2942 vs, 2851 s, 2809 s, 1453 m,
T2ATE cvn 1284 tan 11VL s TNOD) siv O8N e Q14 -~ TAKL rgm-l o M LT NI /MLT AN i1l ™ 08121
1070 lll, 12309 ll, 1140 lll, 1VOL 1, OJZ 11, O1U 5, /40 Vi S. W 19E1251N KLUI."I‘} wdle. \_/, OJ.J, ﬂ,
9.4;N, 5.2. Found C, 85.3; H, 9.5; N, 5.2
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hexamethylenimine (5¢) as a colourless oil in 19 % yield. "H NMR (400 MHz, CDCI;, 20 °C):

3
—1.61 (m, 8 H, 4 x CH), 1.88 (m, 2 H, CH,), 2.52 (t, *J = 7.6 Hz, 2H NCH,), 2.62 (m, 4 H, 2
x NCH,), 2.78 (t, *J = 7.6 Hz, 2 H, NCH,), 7.41 (m, 3 H, 3 x PhH), 7.61 (s, 1 H, PhH), 7.77 (m,
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(CH,), 33.8 (CHjy), 55.5 (Z x NCH, :
127.36 (PhH), 127.37 (PhH), 127. PhH) 27.7 (PhH), 131.9 (Cq), 133.6 (Cq) 140 0 (Cq).

GC-MS (EIL 70 eV): m/z (%) = 268 (M'+1, 12), 112 (100), 58 (33). IR (NaCl/film) ¥ = 3053 w,
2924 s, 2852 m, 2809 m, 1468 m, 1453 m, 1360 m, 816 m, 746 cm™' m. C;oHysN (267.4): Caic.
C,85.3;H,9.4;N, 5.2 Found C, 85.2; H, 94; N, 5.2.
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4-[2-(2-Naphthyl)propylJmorpholine (6d) Obtained from 2-vinylnaphthalene (4) and
mornholine (8d) as a colourless oil in 65 % vield. 'H NMR (400 MHz CDCL 20°CYy § =115
VAPAIAVILAW (W) @S G WUVIVWILIWGS Vil i VY AINK. i VIN \TTVV AVILLIL, LSV, LV \/}. v 1.J0J
3V _ £ 41T, ALY £LITN D EE fon £ IT 2 o NIQITN A NO Fne 1 IT ~TT 1 L& 71 4T A
\u, J—~UUﬂL S, L), 2.5 (1M, 0 1, 5 X NUHp), 2.UY (m, 1 1, L), 3.05(brs, 4 0, ZX
OCHy,), 7.39 (m, 3 H, 3 x PhH), 7.62 (s, 1 H, 1 x PhH), 7.77 (d, J = 7.6 Hz, 3 H, 3 x PhH). C

NMR (100 MHz, CDCls, 20 °C): = 20.0 (CH;), 37.2 (CH), 54.0 (2 x NCH,), 66.3 (NCH,),

66.9 (2 x OCH,), 125.1 (PhH), 125.2 (PhH), 125.8 (PhH), 125.9 (PhII), 127.48 (PhH), 127.51

(PhI), 127.8 (PhH), 132.2 (Cq) 133.5 (Cq), 143.4 (Cq). GC-MS (EI 70 eV): m/z (%) = 256
\
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4-[3-(2-Naphthyl)propylfmorpholine (7d). Obtained from 2-vinylnaphthalene (4) and
morpholine (5d) as a colourless oil in 26 % yield. 'H NMR (400 MHz, CDCl;, 20 °C): & = 1.89
(m, 2 H, CHy), 2.37 (t, *J = 7.6 Hz, 2 H, NCHy), 2.41 (br s, 4 H, 2 x NCH,), 2.79 (t, ] = 7.6 Hz,
2 H, NCH,), 3.71 (t, ’J=4.7Hz, 4 H, 2 x OCHy), 7.32 (m, 1 H, PhH), 7.41 (m, 2 H, 2 x PhH),

7.60 (s, 1 H, PhH), 7.77 (m, 3 H, 3 x PhH).">C NMR (100 MH , CDCl3, 20 °C): & 0 (CHy),
A2 L (COIT N &2 £ MAINITY £0 D ANTIATIYI N ££ 0 D) o MNOIT N AL N /DLITN 1M7L 0 /LTI 1NL 1D
33.0 (Lr1yj, 23.0 (INUIlp), J0.2 (NULI1y), UO.7 (£ X U\.,nz), Lo (rnom), 145.0 (rari), 1200

(PhH), 127.2 (PhH), 127.3 (PhH), 127.5 (PhH), 127.8 (PhH), 131.9 (Cq), 133.5 (Cq), 139.5
(Cq). GC-MS (EL 70 eV): m/z (%) = 255 (M'+1, 16), 141 (10), 115 (12), 100 (100), 70 (16), 56
(18). IR (NaCl/film) ¥ = 3051 m, 2943 s, 2853 s, 2806 s, 1508 m, 1444 m, 1358 m, 1305 m,

1270 m, 1137 m, 1118 vs, 1008 m, 917 m, 860 m, 817 m, 746 cm™ m. Cy;H,NO (255.4): Calc.
C,800;H,83;N,55 Found C, 80.0; H, 8.1; N, 5.2.
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N-Methyl-N-{2-(2-naphthyl)propyl]-N-phenylamine (6e). Obtained from 2-vinylnaphthalene (4)

and N-methylaniline (5e) as an orange oil in 89 % yield. 'H NMR (400 MHz, CDCls, 20 °C): § =
1‘)(/4 37_"'7[\Tf.. ¥ 1Y ATTT N CI 11’T I\ ‘)AA .11 21’=1A£YY,_
1.36(d,"J=7.0Hz, 3 H, bng,),z.uop,nn NCH;), 335(m, 1 H, CH),3.44 (dd, “J = 14.6 )
3J =7.3 Hz, 1 H, NCHH-CHR,), 3.56 (dd, 2J = 14.6 Hz, ’J = 7.3 H , 1 H, NCHH-CHR;), 6.68

(m, 2 H, 2xPhH) 7.28 (m, 3 H, 3 x PhH), 7.41 (m, 3 H, 3 x PhH), 7.60 (s, 1 H, PhH), 7.76 (m,
3 H, 3 x PhH). ”C NMR (100 MHz, CDCl, 20 °C): & = 18.9 (CH3), 38.4 (CH), 39.5 (NCH3),

60.8 (N H) 7 (2 x PhH), 115.8 (PhH), 125.3 (PhH), 125.6 (PhH), 125.8 (PhH), 125.9
(PhH), 127.5 (2 x PhH), 128.0 (PhH), 132.3 (Cq), 133.5 (Cq). 142.6 (Cq). GC-MS (EL 70 eV)



N-Methyl-N-[3-(2-naphthyi)propyi]-N-phenylamine (7e) was only observed as a side product
in small amounts and has not been isolated. 7e was characterised in the crude product mixture by
GC-MS. GC-MS (EL 70 eV): m/z (%) = 276 (M'+1, 15), 223 (6), 169 (8), 120 (100), 105 (8),
73 (5).

N-Benzyl-N-[2-(2-naphthy)propyllamine (6f). Obtained from 2-vinylnaphthalene (4
benzylamine (5f) as a yellow oil in 92 % yield. "H NMR (400 MHz, CDCl3, 20 °C): § =

L1111y RN J Al & AwAf2. A2 ANIAVAIAZD AVIL AL ~7

m, 2 H, NCHy), 3.13 (m, 1 H, CH), 3.81 (s,
1 TR

, PhH), 7.77 (m, 5 H, 5 x PhH). *C NMR (1
°C) & = 20.2 (CHs3), 40. 2 (CH), 53.8 (NCHy), 56.1 (NCH,), 125.3 (PhH), 125.6 (PhH), 125.7

(PhH), 125.9 (PhH), 126.8 (PhH), 126.9 (PhH), 127.6 (PhH), 127.9 (PhH), 128.3 (2 x PhH),
128.4 (2 x PhH), 132.3 (Cq), 133.5 (Cq), 140.3 (Cq), 142.7 (Cq). GC-MS (EL, 70 eV): m/z (%)

s 1NV L

=276 (M'+1, 100), 155 (9), 120 (33), 91 (45), 65 (6). IR (NaCl/film):% = 3084 w, 3057 m,
3026 m, 2961 s, 2926 5, 2871 m, 1495 m, 1453 5, 1125 m, 908 vs, 818 s, 733 cm‘1 Vs
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