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Abstract

1,4-Diamines 8 are prepared with good yields and selectivities by the reaction of methallyl chloride (6),
secondary amines 7, carbon monoxide and hydrogen in presence of [Rh(cod)Cl], as catalyst via a one-pot
nucleophilic substitution - hydroformylation - amine condensation - reduction sequence. © 1999 Elsevier Science Ltd.
All rights reserved.
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Due to their biological activity 1,4-diamines play an important role as cytotoxics',
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methodologies towards their synthesis have been developed, usually starting from 1,4-
difunctionalised precursors.'” Here we report an easy and convenient one-pot synthesis of 1,4-
diamines 5 starting from allyl halides 1 and secondary amines.

[Rh], CO/H,, base

/A\/.X + 2 HNR» > R N/\VAV/NRZ
= -base+ HX, -H,0 2
1 5

Scheme 1. One-pot conversion of allyl halides 1 and secondary amines to the 1,4-diamines §
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tandem hydroformylations” we recently renm'ted‘Se that 1 4-diamine

e oo Anaanshla L‘A.-m..l,nt' P eads m....-.d-..\.-. Mherdennminn svmathelads )

arc <a ﬁy accessible via a u_yLu I0fiiyiauoii - reductive amination Ny ardamino~-mculyiatioil )
sequence starting from N-allylic compounds. Furthermore it is well established that allylic amines
are easily prepared from allyl halides and the corresponding amines via nucleophilic
substitution.” A combination of all steps in a one-pot procedure would be even more convenient.

[Rh], CO/Hz, 2 HNRz, base
-base * HX, -H,0

NR, T
base | -baser HX [RhY/H,

v ] ! -
A~ NR  COMy  OHC_~_NR; HNRy /N 2
i ) ) -H>0

2 3 4

Scheme 2. Synthesis of 1,4-diamines 5 starting from allyl halides 1 and secondary amines

We here report conditions for such a multistep reaction sequence starting with an in-situ
generation of an allylic amine 2 which undergoes selective hydroaminomethylation to form the
corresponding 1,4-diamine 5 in a following step (scheme 2).

If using methallyl chloride (6) as allyl halide under typical hydroaminomethylation conditions
with [Rh(cod)Cl], as catalyst 1,4-diamines 8 are selectively formed if three equivalents of
secondary amine are applied (scheme 3). One equivalent of the amine acts as a base forming the
hydrochloride 9. The two others are introduced into the substrate as discussed above. As
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corresponding 1,4-diamines 8a-e in good yield

-

s and selectivities (scheme 3, table 1).° Due to the
sterical hindrance of the a-C carbonylation side products such as 1,3-diamines resulting from
iso-hydroaminomethylation are not observed.

CO/M,
cod)CI
Cl. J\ + 3 HNR, Ricod)Tp RN ,L P + HNR; -HCI
N 67-79 % ~ ~ 'NRy
6 Ta-¢ 8a-e 9

Scheme 3. Conversion of methallyl chloride (6) with various secondary amines 7a-e

Table 1. Conversion of methallyl chloride (1) with various secondary amines 7a-e®
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Entry Olefin Amine Product Yield [9¢]
1 6 Dicthylamine (7a) 8a 67
2 6 Pyrrolidine (7h) 8b 79
3 6 Piperidine (7c) 8c 73
4 [ Hexamethylenimine (7d) 8d 71
5 6 Morpholine (7e) 8¢ 70

With primary amines or diamines this method can also be used in the synthesis of heterocyclic
systems. Thus, according to preliminary results, y-lactam 11 is obtained in good yields from
methallyl chloride (6) and benzyl amine (10), whereas in presence of secondary diamines 12
cyclisation to heterocyclic ring systems i3 is observed (scheme 4). Further investigations
towards an extension of the synthetic potential of this reaction are in current progress.

[Rh], CO/H, 2 PhCH,NH, (10) m —
yd Lo XA T N
\/\/
1

/ 14 70
oL

6 N - J A R

\JRh]. CO/H, RHN(CH,),NHR (i2) . NSNS

Scheme 4. Synthesis of y-lactams and heterocyclic ring systems via a one-pot multistep conversion of 6

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

pectra were obtained with a Nicolet Impact 400D, mass spectra on a

4
h‘

616“1“ itary aualybla with a Leco CHNS-932. Column uuumcuogrdpuy 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) 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) or a Bruker IFS 48 (IR), respectively. 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 the preparation of the 1,4-diamines 8a-e and the y-lactam 11
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A mixture of methallyl
Tal 1
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autoclave under 90 bar carbon monoxide and 20 bar hydrogen (pwwa = 110 bar) pressure. The
residue was dissolved in Et;O 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.

NI1,NIN4,N4-Tetraethyl-2-methylbutyl-1,4-butanediamine (8a). Obtained from diethylamine
(7a) and methylallyl chloride (6) as a colourless oil in 67 % yield. 'H NMR (400 MHz, CDCl;,

20 °C): 8 = 0.90 (d, 3]-591«17 3H, CH;), 1.00 (m, 12 H, 4 x CH;), 1.16 (m, 1 H, CHH-
HITD N\ 1 £1 feen D LT MALILT ALID ALY Y 1N 744 21T __ 19 4 ) & 3y _ ==« IT—- 1 IT ATMITL
CHKy), 1.01 (M, 2 1, Chan-CnR;,, L), 2.1V (ad, =124 nz,"J =750z 1 n, NCon-

NMR (100 MHz, CDC13, 20 °C) 5= 116 @

X (2 x CH3), 18.5 (CH3), 30.0 (CH)
32.0 (CH,), 46.7 (2 x NCH,), 47.4 (2 x NCH>), 5
2(7

N

CHs), 11.7

0. rNc_:H) 60.5 (NCH,). GC-MS (EI, 70 eV):
(),

m,

T T T T Tas?

m/z (%) = 215 (M'+1, 6), 185 (9), 142 (15), 11

=2969 s, 2933 s,2873 m, 2798 s, 1464 m, 1382

4), 86 (100), 58 (10). IR(NaCl/ﬁlm) v
m, 1204 m, 1084 m, 1069 em™ m.

H, 5 x NCHy). *C NMR (100 MHz,
x CH,), 31.0 (CH), 34.5 (CH,), 54.2
G

H, 12.5,N, 13.3. Found C,73.8,H,12.3; N, 13.0.

1-(2-Methyl-4-piperidinobutyl)piperidine (8c). Obtained from piperidine (7c) and methylallyl
chloride (6) as a colourless oil in 73 % yield. '"H NMR (400 MHz, CDCls, 20 °C): & = 0.89 (d, ’J
= 6.5 Hz, 3 H, CH3), 1.23 (m, 1 H, CHH-CHR;), 1.41 (m, 4 H, 2 x CH,), 1.55 (m, 8 H, 4 x

CH,), 1.65 (m, 2 H, CHH-CHR;, CH), 2.02 (dd, 2J = 12.1 Hz, *] = 7.3 Hz, 1 H, NCHH-CHR,),

208 (dd. 2J=121Hz 3] =6.7 Hz. 1 H. NCHH-CHR>). 231 (m .10 H, 5 x NCH,) B3 W
e TR \uu, o i - § lw, 4 . I J.Au, i LA, W J_‘k___ \/lu\ , ot A \ L\ l.l. o~ N .I.‘\/.l.l.z} A .l‘.l.'j_l.\
(100 MHz, CDCl3, 20 °C): 6 = 18.6 (CHa), 24.5 (CH,), 24.6 (sz), 25.96 2 x CHy), 25.99 (2 x

CHy), 29.1 (CH), 32.4 (CH,), 54.6 (2 x NCHy), 55.0 (2 x NCH,), 57.5 (NCHy), 66.5 (NCH)).
GC-MS (EL 70 eV): m/z (%) = 239 (M"+1, 40), 154 (33), 98 (100), 70 (7). IR (NaCl/film) & =



2933 s, 2853 m, 2799 m, 2760 m, 1442 m, 1155 m, 1116 cm™ m. C;sHN; (238.4): Cale. C,
TS A 177N 11 Q@ Fannd (™ 75 4- 0 17274 N 11 4
130,11, 14.7,IN, 11.0. POUNA U, /5.4, 11, 12.0; IN, 1L1.4.

1-[4-(1-Azepanyl)-2-methylbutyljazepane (8d). Obtained from hexamethylenimine (7d) and
methylallyl chloride (6) as a colourless oil in 71 % yield. 'H NMR (400 MHz, CDCls, 20 °C): 8

= 0.82 (d, °J = 6.6 Hz, 3 H, CH,), 115(m 1 H, CHH-CHR;), 1.55 (m, 18 H, 8 x CH,, CH,
CHH-CHR;), 2.11 (dd, 2J = 12.2 Hz, *J = 7.4 Hz, 1 H, NCHH-CHR}), 2.24 (dd, 2J = 12.2 Hz, *J
= 6.6 Hz, 1 H, NCHH-CHR;), 2.48 (m, 10 H, 5 x NCH,). *C NMR (100 MHz, CDCl,, 20 °C):
d=18.4 (CH;), 26.9 (2 x CHy), 27.1 (2 x CHy), 28.0 (2 x CH,), 28.3 (2 x CH,), 30.2 (CH), 32.6
5.2 (NCH,). GC-MS (EL 70 eV): m/z

( VERAS AU\ - 55.5(2x NCHy), 55.8 NCH,), 65.2 (NCH,). GC-MS (E
(%) = 267 (Iv1 +1, 11), 168 (21), 152 (4), 112 (100), 58 (25). IR (NaCl/film) 7 = 2924 vs, 2848
vs, 2807 vs, 1456 vs, 1371 vs, 1358 vs, 1312's, 1300 s, 1284 s, 1240 s, 1228 5, 1182 s, 1157 s

1130 vs, 1103 s, 1083 vs, 1042 m, 1010 m, 965 s, 943 cm™ m. C17HyN; (266.5): Cale. C, 76.6;
H, 12.9; N, 10.5. Found C, 76.4; H, 12.7; N, 10.5.

4-(2-Methyi-4-morpholinobutyl)morpholine (8e). Obtained from morpholine (7e¢) and
methylallyl chloride (6) as a yellow oil in 70 % yield. '"H NMR (400 MHz, CDCls, 20 °C): §
=0.91 (d, ’J = 6.3 Hz, 3 H, CH3), 1.22 (m, 1 H, CHH-CHR;), 1.69 (m, 2 H, CHH-CHR;, CH),

D712 (m 7 H NO 7 38 (hr QM 4 42 (hr T ONCH.)Y 2607+ 3T=6§1 1, Q
L U ii, T B 2% \Ul.

PR Q
e s A e \lu, Lt l..l., .l‘\./LL } SO \Ul. -3, LN - 11, 1‘\_/112) NI \t 4 T .1 I.LL o
H, 4 x OCH,). 3C NMR MR (100 MHz, L/DC' 18.2 (CH;), 28.0 (CH), 31.5 (CHy),
53.6 (2 x NCH,), 53.8 (2 x NCH,), 56.7 (NCHy), 5 (N H,), 66.71 (2 x OCH,), 66.73 (2 x
OCH,). GC-MS (EI, 70 eV): m/z (%) = 243 (M'+1, 16), 224 (5), 156 (39), 140 (13), 112 (%),
( QY7
\ 7

v [~
e N D

100 (100), 70 (16), 56 (10). IR (NaCl/film) ¥ = 2955 s, 2927 s, , , 1457 m, 1299

1110 _ TN N 1N1 LS . OrLe .. L£Y1 . £11 '1 o ~ TT AT M\ LAY AN, 1 ~y
III, lAIJ IIl, 1117 VS, 1V/V I, 1VID I, 80O 111, OO01 111, O11 CHl  IIl. Ui3llggiNo\ Iy (Z42.4). LAIC. L,
64.4; H, 10.8; N, 11.6. Found C, 63.9; H, 10.7; N, 11.4

Benzyl-4-methyl-2-pyrrolidinone (11).*"' Obtained from benzylamine (10) _n_d_ methallvi

4

chloride (6) as a yellow oil in 72 % yield. '"H NMR (400 MHz, CDCls, 20 °C): & = 0.99 (d, 3=

6.8 Hz, 3 H, CHs), 1.97 (dd, %/ = 16.5 Hz, °J = 6.8 Hz, 1 H, CHH-CHR)), 229(sexte
Hz, 1 H, CH), 2.49 (dd, %/ = 16.5 Hz, >J = 8.5 Hz, 1 H, CHH-CHR;), 2.74 (dd, 2/ =9.5
5.9 Hz, 1 H, NCHH-CHR;), 3.27 (dd, 2/ = 9.5 Hz, °*J = 7.8 Hz, 1 H, NCHH-CHR,), 4. 36 (s,

T urﬂr_r Ph). 7.24 (m. 5 H. 5 x PhH) 13F NMR (100 MHz. CDCls. 20 °C):
11, 1IN LY } 1Y 2 4 \UJ., JLll, J A 1111} FAASAN \.lUU 1Vv. s Wl 13, LV }

—~ -

(CH), 38.7 (CH,), 45.8 (NCH,), 53.2 (NCH,Ph), 126.9 (PhH), 127.4 (2 x PhH), 128.1 (
PhH), 136.0 (Cq), 173.8 (Cq, C=0). GC-MS (EIL, 70 eV): m/z (%) = 190 (M", 100), 146 (5),

A 2
17.4 \\4113}, Ld.
(2
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118 (5). 112 (14). 91 (%) (NaCl/film): v = 3086 w. 3062 w. 3028 m. 29595 2927 s. 2871 m
a anr \VI, - R aw \A II’IL \vlq ES SN \L‘wvu;ll—llll r L VV, - N NS du 'V’ vva-vua,‘-/ul IJ, i F e ¥ ﬂ, AT I A ul,
1£00 ... 1AQE o 1ACA . 1441 & 1AD7 . 17201 —— 1ALL —— 190" — 1L _ mMat1 . £ -1 _
1000 V8, 1455 8, 1454 8, 1441 8, 1427 8, 1501 m, 1350 m, 12%¥/m, 12067 s, 741 5,005 cm™ §
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