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Secondary and tertiary amines are selectively prepared in high yields by a one-pot reduction / multiple
alkylation procedure from aromatic nitro compounds with styrenes, cyclic olefins or heterofunctionalised

olefins, carbon monoxide and hydrogen in the presence of [Rh(cod)Cl], as catalyst. © 1998 Elsevier Science Ltd. All
rights reserved.
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The synthesis of secondary and tertiary amines with different substituents usually requir
selective stepwise procedures.? We recently reported that the one-pot hydroaminomethylation
reaction is an efficient and convenient method for the synthesis of symmetrically and

unsymmetrically substituted secondary and tertiary amines.’ Furthermore it is well established

e e J SUUSLAALALAS SLAARNES wAidaly ¢
that nitro compounds can be reduced to the corresponding primary amines under hydrogen
atmosphere in presence of various rhodium(I) catalysts.* Here we present use of a combination
of both methods for the reduction and alkylation of aromatic nitro compounds in an efficient

one-pot procedure. In this multistep reaction sequence an in-situ generated prlmary amine is
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Reduction and alkylation of aromatic nitro ompounds
ive

hydroaminomet

As earlier re repo rted carhnnvlahve reductiv

with primary amines exclusively leads to the corresponding secondary amines in high
yields.**® If aromatic nitro compounds acting as precursor for primary amines are employed
under typical hydroformylation conditions two products resulting from mono- and
bisalkylation are observed. Reaction of a-methylstyrene (1a) with nitrobenzene (2a) proceeds
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ve conversion of the olefin o
% yield and the bisalkylation product 4a in 44 % yield (scheme 1, entry 1). The generation of
the bisalkylated product 4a can be explained by a comparably slow hydrogenation rate of the
aromatic nitro compound 2a on one hand, and a high hydroformylation / hydroamino-
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Scheme 1: Mono- and bisalkylation of 2a under typical hydroformylation conditions
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Selective monoalkylation of aromatic nitro compounds is achieved, if three equivalents of
the nitro compound 2a are employed in this multistep reaction sequence (scheme 1, entry 2).
Furthermore it is necessary to slow down the hydroformylation rate of the olefin by
performing the reaction neat without solvent. Selective bisalkylation is achieved if two

equivalents of olefin and one equivalent of the aromatic nitro compound is employed in the

ve m
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Selective monoalkylation of aromatic nitro compounds

As summarised in table 1 various aromatic nitro compounds 2a-f undergo selective
reduction and monoalkylation to form the secondary amines 3b-h in good to excellent yields
(scheme 2, table 1). Aromatic la (entry 4-8), as well as aliphatic (1b, entry 9) or
heterofunctionalised (1¢, entry 10) olefins can satisfactorily be employed (scheme 2, table 1).
Only minor amounts of products resulting from bisalkylation (approximately 5 %) are

v-products such as enamines or aldabeda bo
Y-pProaucts sucn as enamines or alaenyaecs is
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Scheme 2: Monoalkylation of aromatic nitro compounds 2a-f

Table 1

Monoalkylation of aromatic nitro compounds 2a-f with monoolefins 1a-¢

entry R alkene R? R? R* nitro product  yield

compound [%%]

4 Ph 1a CH, H H 2b 3b 69

5 Ph ia H CH, H 2c 3¢ 66

6 Ph 1a H H CH, 2d 3d 72

7 Ph 1a H H OCH, 2e 3e 77

8 Ph la H H Ac 2f 3f 75

9 CH,C(CH,), 1b H H H 2a 3g 71

10 N(Ac)Et le H H H 2a 3h 73

Monoall n of nitrobenzene a) in f the non- "rmma‘ “)leﬁ“. cyc‘-ohexene {6)
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Scheme 3: Monoalkylation of 2a with the non terminal olefin 6
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Selective bisalkylation of aromatic nitro compounds

The conversion of a-methylstyrene (1a) in presence o

2 22 i 13 22N tas g Al F ARl LN &

=
o
at
i
Q
7
W
=
o
3
©

2b-g give the tertiary amines 4b-f in high yields and selectivities (scheme 4, table 2). By-
products such as enamines, aldehydes or products resulting from monoalkylation are not
observed.
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Scheme 4: Symmetrical bisalkylation of nitro compounds 2b-g with a-methylstyrene (1a)

Table 2
Quinmmiatrinal hicallkylatinm af mitra coamnannde Yhoo with ~v_mathuleturana (Ta)
\_’jllllll‘all ival Ulaﬂll\ylﬂll\)ll AVISRIPIERN ] uulupuuuun bll_s YY 1Ll & Ill\tlll]l)t]l\gllh ‘ldl’
entry  alkene R! R? R? nitro- product Yield
compound [%e]
11 ia CH;, H H Zb 4b 76
12 la H CH, H 2¢ 4c 84
13 la H H CH, 2d 4d 83
14 1a H H OCH, 2e de 72
15 1a H OCH, OCH; 2g 4f 88
Tea ~nnmnlivaima wa hnava ahagm that tha vshadinim (T ~ratalvaad Nnna_nnt vadiintinn and
111 CUIIVIUDIUIL T 11ave OIiIUwWIL ulat w1y 11iuudl uu.l\l.} vatcuy oLCU VLI lJUI. 1CUULLiVIL allul

alkylation of aromatic nitro compounds is an efficient method for the preparation of aromatic
secondary and tertiary amines. All aromatic nitro compounds as well as carbo-functionalised

compounds employed in the reaction selectively form secondary and tertiary amines in high

X o

vialde Furthar invacticatinne taowarde and evtencinn nf the cunthetic natential of thie reactinn

ICIUD. 1TUILIIVE HIVOOUEALIVLIS LUWALUS QiU CALVIIDIVIL UL Wi OY1uIviiL PuUlelilidl Ul ullo ivaviuivil
are in current progress.

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 5 and elementary analysis with a Leco CHNS-932. Column chromatography was

carried out with aluminum oxide N (act. I) from ICN Biomedicals, Eschwege, by using MTBE
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(methyl tert-butyl ether)/PE (petroleum ether, bp 60-90 °C) mixtures as eluent. Gas
chromatography was carried out on a Carlo Erba GC-4160 with 25 m or on a Fisons GC-8130
with 30 m CP sil-5 capillaries. GC-MS and GC-IR spectra were obtained by using comparable
capillaries and a Finnigan MAT 8320 (MS) and a Bruker IFS 48 (IR). The [Rh(cod)Cl],
catalyst was prepared according to literature procedures.’ Pressure reactions have been carried
out in autoclaves (type A, 250 ml, PTFE-insert) from Berghof, Eningen, Germany.

General procedure for selective monoalkylation of the aromatic nitro compounds 2a-f

iCL

A mixture of the olefin (14.4 mmol), the corresponding nitro compound (43.2 mmol) and
[Rh(cod)Cl], (1 mol %) was heated for 2 d, at 130°C in an autoclave under 30 bar carbon

monoxide and 60 bar hydrogen (p,,; = 90 bar) pressure. The residue was dissolved in Et,0
and Filrarad +hrAtiah martenl nlitmaimn Dendirn wrmAn  xxross PEPERp I | r_ PRI
aiiu IHWITU  UlUuEil  licyidal aluuuua rroauct uu}uult::: weic  sSCpaidt ea D)’ bmumn

chromatography on neutral alumina using a mixture of MTBE/PE as eluent or by Kugelrohr

distillation.

Phenyl-(3-phenyl-butyl)-amine (3a).® Obtained from methylstyrene (1a) and nitrobenzene
(2a) as a yellow oil in 88 % yield.

nitr, nfnlnene MIh) ac 2 vallaw nil in 60 04 viald 11T NIMR 7400 ML Y1 INOMMN. S =19
LIUUVWIULLIL (&U) GO a yLLIUVYW ULl 11 U7 /0 yiviu A1 INIVIIN \YVV V1L 12, VLD, &4V U ) U 1.40
(d, *J = 6.9 Hz, 3 H, CH,), 1.92 (m, 2 H, CH,), 1.99 (s, 3 H, CH,), 2.83 (q*, J = 7.0 Hz, 1 H,
CH), 3.03 (br s, 2 H, NCH,), 3.30 (br s, 1 H, NH), 6.47 (d, *J = 7.5 Hz, 1 H, PhH), 6.60 (t*, ] =
6.8 Hz, 1 H, PhH), 6.99 (d, *J = 6.4 Hz, 1 H, PhH), 7.06 (m, 1 H, PhH), 7.19-7.30 (m, 5 H, 5 x
PhH) BONMR (100 MHz CDCL 20°CYy 8§ =172 (CH. 22 7 (CH) 37. {CH.). 2.1 (CH)
4 211 L J. N~ NAVAAN \ LUV 1VIL idy NvrdlNiGy LV o Je U i ok \\/1L3I’ Lot et § \L/.lj.3), SO \\_f 12,, JO.1 \\./11},
42.2 (NCH,), 109.4 (PhH), 116.5 (PhH), 121.6 (Cq), 126.1 (PhH), 126.8 (2 x PhH), 127.0

(PhH), 128.5 (2 x PhH), 129.9 (PhH), 146.1 (Cq), 146.6 (Cq). GC-MS (EL 70 eV): m/z (%) =

239 (M7, 25), 162 (29), 120 (100), 107 (33), 91 (48), 77 (25), 65 (23), 51 (17). IR (NaCl/film)
v =3428 w, 3059 w, 3078 w, 2050 m_ 2925 m. 2870 m. 1606 5. 1586 m. 1514 ¢ S, 1493 m, 1473

~ S N hsd VNV g det S ol T ARy b S dwed Rily UV AREy AUV Ty LUV iy Lo/ 1

m, 1451 s, 748 s, 701 cm™ s. C;;H,,N (239.4): Calc. C, 85.3; H, 8.8; N, 5.9. Found C, 85.0; H,
8.6; N, 5.8.

N-(3-Methylphenyl)-N-(3-phenylbutyl)amine (3c). Obtained from methylstyrene (1a) and 3-

............ P 3 (0/-.’,‘1,1 LT NTAAD 7ANN NALY. AN OMN. &S — 195771
IIIUULUIUUIIU (AL) as d yﬂllUW Ull iii 00 7o YICIU. 1 INIVIIN (4UV virls, \_,Ll\_/l3, LU L) 0= 1.47 (4,

1VL
3] = 6.8 Hz, 3 H, CH,), 1.85 (q*, *J = 7.1 Hz, 2 H, CH,), 2.23 (s, 3 H, CH,), 2.81 (q*, J = 6.9

Hz, 1 H, CH), 2.97 (m, 2 H, NCH,), 3.42 (br s, | H, NH), 6.28 (br s, 2 H, 2 x PhH), 6.48 (d, *J
= 6.7 Hz, 1 H, PhH), 7.00 (d, °J = 7.3 Hz, 1 H, PhH), 7.18 (d, *J = 7.0 Hz, 3 H, 3 x PhH), 7.27
(A3 T — el " 9Dy Dh 13r'm1\m (100 MIT> DO 90 9N 8§ = 21 5 (CITY 99 4
\a, 9 U.0 114, &4 I'ly &4 A L1iln1) L OINIVIN (1VV VI, Loy, 2V ). O &d.J (a3 ), alT
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(CH,), 37.7 (CH), 37.7 (CH,), 42.1 (NCH,), 109.8 (PhH), 113.3 (PhH), 117.9 (PhH), 126.0
(PhH), 126.8 (2 x PhH), 128.34 (PhH), 128.37 (PhH), 128.9 (PhH), 138.7 (Cq), 146.6 (Cq),
148.2 (Cq). GC-MS (EI, 70 eV): m/z (%) = 239 (M", 21), 120 (100), 107 (31), 91 (26), 77 (21),
65 (17), 51 (11). IR (NaCi/film) v = 3407 w, 3082 w, 3059 w, 3026 w, 2959 m, 2923 m, 2870
m, 1605 vs, 1590 s, 1511 m, 1493 s, 1452 m, 1328 m, 1305 m, 765 s, 701 s, 693 cm’' s
C,;H,,N (239.4): Calc. C, 85.3; H, 8.8; N, 5.9. Found C, 84.9; H, 8.8; N, 6.0.

N-(4-Methylphenyi)-N-(3-phenylbutyl)amine (3d). Obtained from methyistyrene (1a) and 4-
nitrotoluene (2d) as a colourless oil in 72 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): § =

1.24 (d, ’J = 6.8 Hz, 3 H, CH,), 1.82 (m, 2 H, CH,), 2.20 (s, 3 H, CH,), 2.79 (m, 1 H, CH), 2.96
{rn D JOH ’2‘)52(1“- 1TH NH) 640 (m 2 v H 602 (m 2 2v PN 717 (m
Ul £ 11, INGUIly ), J.4L0 (UL ,11.1., INILy, U. U\\I.Ll’l-,ll’hl\..llul.}, V.74 \llly & 11Xy & A X 1ML), 7.1/ \111,
3 H, 3 x phH), 7.25 (t, *J = 6.7 Hz, 2 H, 2 x PhH). *C NMR (100 MHz, CDCl,, 20 °C): =

20.3 (CH,), 22.4 (CH,), 37.7 (CH), 37.7 (CH,), 42.4 (NCH,), 112.8 (2 x PhH), 126.0 (Cq),
126.0 (PhH), 126.8 (2 x PhH), 128.4 (2 x PhH), 129.5 (2 x PhH), 146.0 (Cq), 146.6 (Cq). GC-
MS (EI, 70 eV): m/z (%) = 239 (M, 26), 134 (40), 120 (100), 107 (21), 91 (38), 77 (26), 65
(18), 51 (12). IR (NaCl/film) v = 3407 w, 3082 w, 3060 w, 3025 m, 2959 m, 2922 m, 2868 m,
1618 m, 1521 s, 1493 m, 1452 m, 1318 m, 1259 m, 807 m, 762 m, 701 cm™' s. C,,H,,N (239.4):
Calc. C, 85.3; H, 8.8; N, 59. Found C, 84.8; H, 8.7; N, 5.8.
N-(4-Methoxy-phenyi)-N-(3-phenyi-butyl)-amine (3¢j. Obtained from methylstyrene (1a) and
nitroanisole (2e) as a yellow oil in 77 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): § = 1.25 (d,
3] = 6.5 Hz, 3 H, CH,), 1.81 (m, 2 H, CH,), 2.78 (m, 1 H, CH), 2.91 (m, 2 H, NCH,), 3.20 (s, 1
H, NH), 3.66 (s, 3 H, OCH,), 6.43 (m, 2 H, PhH), 6.72 (m, 2 H, PhH), 7.21 (m, S H PhH\ 3C

ARy LIREJy TV VY T Ay TR ED 2 = 55 el et Bl | sEEETS \*24y & £ Ey &8
NMR (100 MHz, CDCl,, 20 °C): 6 = 22.4 (CH,), 37.7 (C r{), 37.8 (CH,), 43.1 (NCH,), 55.5
(OCH,), 113.8 (2 x PhH), 114.6 (2 x Phl), 126.0 (PhH), 126.8 (2 x PhH), 128.3 (2 x PhH),

142.5 (Cq), 146.6 (Cq), 151.7 (Cq). GC-MS (EI, 70 eV): m/z (%) = 255 (100, M"), 136 (37),
123 (7\ 105 (11\ 91 (5). 77 (Q\ 65 (4\ 51 (ﬂ IR(NaFI/FIm\ v = 3396 w, 3081 w, 3059 w,

A2y A2\ 75~ L1/

3026 w, 2958 m, 2928 m, 2870 m, 2831 m, 1513 vs, 1494 m, 1463 m, 1452 m, 1236 s, 1038 m,

819 s, 701 cm’ s. C,,H,,NO (255.4): calc. C, 80.0; H, 8.3; N, 5.5. Found C, 80.3; H, 8.5; N,
5.5.

T SA 1£2 DL rsasslThustbssI) mrnsimanInkosran Il 1 _othmmonos 2 Ohtoinad Am mathvletyrane (1a) and
L= 4=[(I=L BENYIURIYYUITRNRUJPICRY i~ 1 =Citanunc (Jj/7. \JULALIIVU 11ULLL LHVULYISUYIVIIL (14) alid
nitroacetophenone (2f) as a colourless oil in 75 % yield. 'H NMR (400 MHz, CDCl;, 20 °C): 3
= 1.27(d,% = 7.0 Hz, 1 H, CH,), 1.83 (m, 2 H, CH,), 2.45 (s, 3 H, CH,), 2.83 (sextet*, J = 7.0
Hz,1 H, CH), 3.01 (m, 2 H, NCH,), 6.41 (d, 3J=8.8 Hz, 2 H, 2 x PhH), 7.17-7.31 (mc, 5 H, § x
PhHD. 7.76 (m, 2 H, 2 x PhH). *C NMR (100 MHz, CDCl., 20 °C): § = 22.3 (CH,), 25.8 (CH,)
l, F.19 \lll,All AL 1RLA ). M\ LVV IVIL ALy R SNrR] o \NAR ATy e (R AT
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37.2 (CH,), 37.6 (CH), 41.4 (NCH,), 111.0 (2 x PhH), 125.9 (Cq), 126.2 (PhH), 126.7 (2 x
PhH), 128.4 (2 x PhH), 130.7 (2 x PhH), 146.1 (Cq), 152.2 (Cq), 196.4 (Cq, C=0). GC-MS

(EL 70 eV): m/z (%) = 268 (M*+1, 100), 148 (12), 135 (4), 120 (13), 106 (10), 91 (9), 65 (3).
IR (NaCl/film) ¥ = 3357 m, 3082 w, 3059 w, 3025 w, 2960 s, 2926 s, 2870 m, 1660 vs, 1593
vs, 1526 s, 1493 5, 1452 s, 1358 s, 1279 vs, 1189 s, 1180 s, 702 cm”' s.

N-(3,5,5-Trimethyl-hexyl)-aniline (3g).® Obtained from 2,4,4- t“i“ﬁethy}pen‘—l—eﬁe (ib) and
nitrobenzene (2a) as a colouriess oil in 71 % yield. 'H NMR (40 z, CDCl;, 20 °C): 6 =
0.90 (d, 2J = 0.8 Hz, 9 H, 3 x CH,), 0.96 (d, ] = 6.1 Hz, 3 H, CH) 109(m, 1 H, CHH-CR,),
1.25 (m, 1 H, CHH-CR,), 1.42 (m, 1 H, CH), 1.56 (m, 2 H, CH,), 3.06 (t, °J = 8.8 Hz, 2 H,
NC..Z) 3.46 (brs, | H, NH), 6.56 (d, ] = 8.0 Hz, 2 H, 2 x PhH), 6.66 (¢, ’J = 7.3 Hz, 1 H,
PhH), 7.14 (t*, = 7.7 Hz, J = 7.3 Hz, 2 H, 2 x PhH). >C NMR (100 MHz, CDCl, 20 °C): § =
22.7 (CH3), 27.2 (CH), 29.9 (3 x CH) 31.0 (Cq), 39.1 (CH,), 42.0 (CH,), 51.2 (NCH,), 112.6

(2 x PhH), 117.0 (PhH), 129.1 (2 x PhH), 148.5 (Cq). GC-MS (EI, 70 eV): m/z (%) =219 (M",

12), 106 (100), 93 (7), 77 (9), 65 ( ), 57 (7). IR (NaCl/film) ¥ = 3411 w, 3053 w, 3021 w,
2955 5,2909 s, 2868 m, 1604 s, 1506 s, 1477 m, 1468 m, 1376 w, 1364 m, 748 m, 692 ¢ m! m.

C,sHysN (219.4): Cale. C, 82.1; H, 11.5; N, 6.4. Found C, 82.1; H, 11.3; N, 6.5.

N-Ethyl-N-(2-methyl-4-phenylamino-butyl)-acetamide (3h). Obtained from N-ethyl-N-(2-
methyl-allyl)-acetamide (1¢) and nitrobenzene (2a) as an orange oil in 73 % yield. 'H NMR
(400 MHz, CDCl;, 20 °C): 8 = 0.92/0.96 (2 x d, *J = 6.7 Hz, 3 H, CH,), 1.09/1.13 2 x t, 3] =

7.1 Hz, 3 H, CH;), 1.40 (m, 1 H, CHR-CHH), 1.65 (m, 1 H, CHR-CHH), 1.95 (m, 1 H, CH),

2.05/2.08 (2 x s, 3 H, CH;), 3.03-3.38 (m, 6 H, 3 x NCH,), 6.59 (m, 2 H, 2 x PhH), 6.67 (m, 1
H, 1 x PhH), 7.15 (m, 2 H, 2 x PhH). "C NMR (100 MHz, CDCl,, 20 °C): § = ‘2 3/13.4 (CHy),
16.9/17.2 (CH,), 21.1/21.6 (CH;), 29.4/30.2 (CH), 33.3/33.6 (CH,), 40.3/43.2 (NCH,),
41.2/41.3 (NCH,), 50.3/54.0 (NCH,), 112.3 (2 x PhH), 116.5/116.8 (PhH), 128.7/128.8 (2 x
PhH), 148.0/148.1 (Cq), 169.9/170.1 (Cq, C=0). GC-MS (EIL, 70 eV): m/z (%) = 248 (M*, 29),
160 (5), 128 (16), 106 (100), 93 (19), 77 (38), 58 (100), 51 (21). IR (NaCl/film) v = 3346 s,
3051 m, 3021 m, 2965 s, 2930 s, 2873 s, 1635 vs, 1603 vs, 1500 vs, 1480 s, 1456 s, 1426 vs,

1380's, 1323 5, 1267 s, 1224 m, 1179 m, 1121 m, 1033 s, 750 s, 694 s, 510 cm™ m. C,sH,,N,0
(248.4): Calc. C, 72.5; H, 9.8; N, 11.3. Found C, 72.3; H, 9.5; N, 11.3.

Generai procedure for seiective bisaikylation of the aromatic nitro compounds 2a-g
A mixture of the olefin (14.4 mmol), the corresponding nitro compound (7.2 mmol) and
[Rh(cod)Cl], (1 mol %) was heated for 2 d, at 130°C in an autoclave under 30 bar carbon

monoxide and 60 bar hydrogen (p,,.. = 90 bar) pressure. The residue was disseolved in Et,0

DL RS A A ) -
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and filtered through neutral alumina. Product mixtures were separated by column

chromatography on neutral alumina using a mixture of MTBE/PE as eluent or by Kugelrohr

distillation.

Phenyl-bis-(3-phenyl-butyl)-amine (4a) (mixture of diastereomers 1:1).* Obtained from
methylstyrene (1a) and nitrobenzene (2a) as a yellow oil in 98 % yield.

Bis-(3-phenyi-butyi)-o-tolyi-amine (4b) (mixture of diastereomers 1:1). Obtained from
methylstyrene (1a) and 2-nitrotoluene (2b) as a yellow oil in 76 % yield. 'H NMR (400 MHz,
CDCl,, 20 °C): 6 = 1.13 (d, *J = 6.5 Hz, 6 H, 2 x CH;), 1.62 (m, 4 H, 2 x CH,), 2.19 (s, 3 H,

CH\ P60 (hr e 27 2 v OCHNY 2 7A (hr o 4 2v NNCHNY A07 (A* T;AQH 7 2 v PRI
3Jy «OU\UL 5, & 11, &« A T1), ‘-I‘l’\ul S, T IL, &4 AINCIIL ), V.74 (U, u 7.0 114, £ 11, &4 A LiM1],
7.06-7.23 (m, 12 H, 12 x PhH). ®C NMR (100 MHz, CDCI,, 20 °C): § = 18.2 (CH;), 22.53

(CH,), 22.58 (CH,), 35.4 (2 x CH,), 37.73 (CH), 37.77 (CH), 51.95 (NCH,), 51.97 (NCH,),
121.74/121.83 (PhH), 122.94/122.98 (PhH), 125.8 (2 x PhH), 125.9 (PhH), 126.9 (4 x PhH),
128.2 (4 x PhH), 130.9 (PhH), 134.59/134.63 (Cq), 147.2 (2 x Cq), 149.9 (Cq). GC-MS (EI, 70
eV): m/z (%) = 371 (M, 26), 252 (34), 134 (100), 118 (4), 105 (23), 91 (14). IR (NaCl/fiim) ¥
= 3082 w, 3061 w, 3026 m, 2958 s, 2927 s, 2870 m, 1492 s, 1452 s, 762 s, 700 cm™ vs.
C,;H;;N (371.6): Cale. C, 87.2; H, 9.0; N, 3.8. Found C, 86.8; H, 8.9; N, 4.2.

Dl&-(J-pnenyl-autyl}-m-wlyt-amme (4&} (mlxmre 0] atablereamer.s 1 1} UDldlne(l 1r0m
methylstyrene (1a) and 3-nitrotoluene (2¢) as a yellow oil in 84 % yield."H NMR (400 MHz,
CDCl,, 20 °C): 8 = 1.235 (d, °’J = 7.0 Hz, 3 H, CH,), 1.246 (d, *J = 7.0 Hz, 3 H, CHj;), 1.73 (m,

4 H, 2 x CH,), 2.20/2.22 (s, 3 H, CH;), 2.67 (m, 2 H, 2 x CH), 3.06 (m, 4 H, 2 x NCH,), 6.16-
£ O (o 2 LT 2 DLIN TNt 73 31 N IT- 1 LI DLLIN '7 10 7721 {0 1N LT + DLIT\ 13r*~
0.0/ (i1, 5> 1, > X rriry, /.vi \Q, J = o Uriz, 1 ri, riri), /.10-/.91 {in, 1v ri, 1U X rinrj.

NMR (100 MHz, CDCl,, 20 °C): & = 21.9 (CH,), 22.8 (2 x CH,), 35.09 (CH,), 35.16 (CH,),
37.9 (2 x CH), 49.0 (2 x NCH,), 108.9 (PhH), 112.5 (PhH), 116.2 (PhH), 126.1 (2 x PhH),
126.9 (4 x PhH), 128.42 (4 x PhH), 128.9 (PhH), 138.7 (Cq), 146.7 (2 x Cq), 147.8 (Cq). GC-
MS (EI, 70 eV): m/z (%) = 371 (M*, 32), 252 (9), 134 (100), 120 (3), 105 (13), 91 (7). IR
(NaCl/film) ¥ = 3082 m, 3060 m, 3027 m, 2960 s, 2928 s, 2871 s, 1601 s, 1580 s, 1504 s,
1495 s, 1453 s, 1367 m, 1351 m, 762 s, 700 cm’' s.

Ric 2 _nbanul _htond) _n_tolul mizrns (Ad) (miviswes of inctoronmorc T1+71}) (Ohtainad am
APEI=\I I ILy L Uul_yt/ Uy T TR (ruyy (HrikALaIic Uy wiiosticvmncrs 1.1y AJULGLLIVAL 1LV
methylstyrene (ia) and 4-nitrotoluene (2d) as a yellow oil in 83 % yield. '"H NMR (400 MHz,
CDCl,, 20 °C): 8= 1.21 (d, ’J = 6.8 Hz, 3 H, CH;), 1.22 (d, *J = 6.8 Hz, 3 H, CH,), 1.77 (m, 4

H, 2 x CH,), 2.20 (s, 3 H, CH,), 2.65 (q*, ] = 6.8 Hz, 2 H, 2 x CH), 3.02 (m, 4 H, 2 x NCH,),
6.36 (m, 2 H, 2 x PhH), 6.93 (d, 31—7614 ,2H,2xPhH), 7.17 (m, 6 H, 6 x PhH), 7.27 (m, 4

eIV \lll,hll, PETs N \Fa s ot i A Xy 4% R ARA A Je \Aiiy U ORIy L Y aiig
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H, 4 x PhH). *C NMR (100 MHz, CDCl,, 20 °C): & = 20.1 (CH,), 22.7 (2 x CH;), 35.09 (CH,),
35.14 (CHy), 37.9 (2 x CH), 49.3 (2 x NCH,), 112.3 (2 x PhH), 124.5 (Cq), 126.1 (2 x PhH),

126.9 (4 x PhH), 128.4 (4 x PhH), 129.6 (2 x PhH), 145.8 (Cq), 146.8 (2 x Cq). GC-MS (EL, 70
eV): m/z (%) = 371 (M", 19), 252 (10), 134 (100), 120 (6), 105 (19), 91 (22). IR (NaCl/film) v
= 3082 w, 3060 m, 3026 s, 2959 vs, 2925 vs, 2869 s, 1618 vs, 1603 s, 1520 vs, 1493 s, 1452

vs, 1395 m, 1366 s, 762 vs, 700 cm’' vs. HR-MS (C,,H,;N): Calc. 371.26129. Found 371.2611.

(4-Methoxy-phenyl)-bis-(3-phenyl-butyi)-amine (4de) (mixture of diastereomers 1I:I).
Obtained from methylstyrene (1a) and nitroanisole (2e) as a yellow oil in 72 % yield. 'H NMR
2 Nnu\ 3.72(s,3 H, CH,), 6.45 (m, 2 H ovphq

X 13 ]y 7 [ S PR % & § T \Mlly L KRy A
Vs

e

MNMILTIN ~ AOQ 7

63}12 zh 2 x PhH), 7.19 (m, 6 H, 6 x PhH), 7.28 ( m, 4 H, 4 x PhH). '
MHz, CDCl,, 20 °C): & = 22.7 (2 x CH,;), 35.18 (CH,), 35.22 (CH,), 37.9 (2 x CH), 50.1 (2

NCH,), 55.7 (OCH,), 114.7 (2 x PhH), 114.8 (2 x PhH), 126.0 (2 x PhH), 126.9 (4 x PhH),
128.4 (4 x PhH), 142.9 (Cq), 146.9 (2 x Cq), 151.2 (Cq). GC-MS (EI, 70 eV): m/z (%) = 387

(M", 42), 268 (6), 150 (50), 105 (8), 51 (4). IR (NaCl/film) v = 3081 w, 300U w, 3026 m, 2958
s,2927 s,2869 s, 1513 vs, 1493 s, 1452 s, 1372 m, 1238 s, 763 s, 701 cm™ vs.

=75 3 =

7.
CH), 3.01 (m 4 H, ZXN(‘HJ 2_66(?
£

DLITN £ £O fonn YT DLLI) ’7 1‘7 £ san I A
ririj), 0.66 (i1, 1 H, ronnj, /.17 (m, 6 N, 6 X

MHz, CDCl,, 20 °C): & = 22.59 (CH3) 22.62 (CH,), 3 (CHZ) 35 15 (CH,), 37.8 (2 x CH),
49.8 (2 x NCH,), 55.4 (OCH,), 56.5 (OCH,), 98.71/98.75 (PhH), 104.24/104.27 (PhH), 113.0
(PhH), 125.9 (2 x PhH), 126.8 (4 x PhH), 128.3 (4 x PhH), 140.4 (Cq), 143.34/143.37 (Cq),
146.7 (2 x Cq), 149.6 (Cq). MS (EL, 70 eV): m/z (%) = 417 (M", 60), 298 (28), 270 (4), 180
(100), 166 (14), 150 (7), 105 (15), 91 (i2). IR (NaCV/film) v = 3081 w, 3060 w, 3025 m, 2957
s,2930s,2870m, 1614 m, 1518 vs, 1493 s, 1463 s, 1452 s, 1247 s, 1233 5, 1027 5, 764 5, 701

cm! s. HR-MS (C,H;NO,): Calc. 417.26678. Found 417.2666.

N-Cyclohexyimethyi-N-phenylamine (7). Obtained from cyclohexene (6) and nitrobenzene
(2a) as a colourless oil in 76 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): & = 0.95 (m, 2 H,
CH,), 1.14-1.36 (m, 4 H, 2 x CH,) 1.50-1.81 (m, 5 H, 2 x CH,, CH), 2.92 (d, *J = 6.6 Hz, 2 H,
NCH,), 6.55-6.67 (m, 3 H, 3 x PhH), 7.12-7.28 (m, 2 H, 2 x PhH). "C NMR (100 MHz,

~ Ay X K
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CDCl,, 20 °C): 8 = 25.9 (2 x CH,), 26.5 (CH,), 31.2 (2 x CHy), 37.5 (CH), 50.5 (NCH,), 112.5
(2 x PhH), 116.7 (2 x PhH), 129.1 (2 x PhH), 148.5 (Cq). GC-MS (EI, 70 eV): m/z (%) = 189

(M*, 14), 120 (76), 106 (100), 91 (14), 77 (33), 65 (10), 51 (21). IR (NaCl/film) ¥ = 3417 m,

Ao~ -~ 1 A~ ~ A

3083 w, 3051 m, 3021 m, 2923 vs, 2851 s, 1602 s, 1505 s, 1470 m, 1448 m, 1322 m, 1260 m,

—
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