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Primary allylic amines functionalities are present in
many naturally occurring compounds! and biologically
active molecules.? A straightforward entry to the syn-
thesis!$ of these structural units is the functionalization
of allylamine itself. In this way, primary 2-substituted
allylamines have been prepared from compound 1 (Scheme
1) by means of nickel-catalyzed cross-coupling with
Grignard reagents? and from benzoy! derivative 2 by
successive reaction with phenyllithium and lithium naph-
thalenide and subsequent treatment with various elec-
trophiles.5 1-Substituted allylamines have been formed
by a-lithiation of N-Boc-allylamine (8) followed by reaction
with ZnCl; and aldehydes or ketones.é Syntheses of
primary 3-substituted (Z)-allylamines have been reported
via dimetalation of N-(trimethylsilyl)allylamine (4)7 and
by palladium-catalyzed cross-coupling of stannyl com-
pound 5 with aryl bromides.® The preparation of (E)-
allylamines from tin reagent 6, either by using the
mentioned palladium-catalyzed reaction or by tin-lithium
transmetalation and further reaction with electrophiles,
has also been described.® In this context, the synthesis of
primary 2,3-disubstituted allylamines from propargyl-
amine, an equivalent atom skeleton to allylamine must be
mentioned. This has been carried out by silylcupration®
or carbocupration!! of 7, and by stannylcupration!? of 8,
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followed by reaction with electrophiles. Herein we report
a new approach to the synthesis of primary 2-substituted
allylamines, products of interest as enzyme inhibitors,13
from the parent allylamine unit, via 8-nitrogen-function-
alized organolithium compounds.

Results and Discussion

Two new B-nitrogen-functionalized organolithium com-
pounds 11 and 14 have been prepared using the same
methodology described in a previous report,' summarized
in Scheme 2. 2-Bromoallylamine (9) was protected as its
stabase adduct 10 following the literature procedure.l®
Reaction of 10 with t-BuLi in Et;0 at —80 °C led to the
monoanionic compound 11, which upon reaction with
tributyltin chloride and after hydrolysis gave stannylamine
12. Monosilylated amine 13 was obtained by reaction of
12 with 1 equiv of MesSiCl in the presence of EtzN.
Treatment of 13 with BuLi in THF with warming from
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—-60 °C to room temperature afforded the dianionic
derivative 14. Organolithium compounds 11 and 14
reacted with various electrophiles, at between ~80 °C and
rt, to give functionalized allylamines 15-25 (Scheme 3).
The results are presented in Table 1.

The reaction of lithiated compound 11 with dibenzyl
disulfide, carbonyl compounds, and phenyl isocyanate
furnished the expected products 15-17 and 19 (entries
1-3 and 5). Addition of 2-cyclohexenone to 11 gave,
regioselectively after aqueous hydrolysis, the stabase
adduct of the 1,2-addition product 26 (Scheme 3). De-
silylation to the primary amine was accomplished by acidic
hydrolysis (2 N H2SO,) and took place with simultaneous
allylic rearrangement of the hydroxy group, yielding
functionalized 1,3-diene 18 (entry 4). Unexpectedly, the
reaction of 11 with 1 equiv of ethyl chloroformate occurred
to nearly the same extent at the carbanionic center and
on the bis-silylated nitrogen atom, providing carbamate
20 (48%; entry 6). A higher yield (78%) was obtained
using 2 equiv of CICOzEt. Organolithium compound 11
is not stable at room temperature. Thus, when a solution
of 11 was quenched with D50 at rt, C-silylated amine 21
was isolated (entry 7). This product seems to arise from
hydrolysis of ¢yclic lithium amide 27 (Scheme 3) initially
generated by a probable intramolecular 1,3-migration of
the silicon atom from nitrogen to carbon,'4!6 when the
temperature of compound 11 is raised.!’

On the other hand, dilithiated derivative 14 is stable up
to room temperature. Quenching a solution of 14 with
D,0 at rt, followed by addition of acetyl chloride in order
to simplify product isolation, afforded deuterated com-
pound 22 (entry 8). This same treatment at 65 °C, after
heating for 2 h, led to non-deuterated product 23 (entry
9), indicating a decomposition of organolithium 14 by
abstraction of a proton, probably from the solvent.l4 The
reaction of dilithiated intermediate 14 with dibenzyl
disulfide, aldehydes, and N-benzylideneaniline also pro-
ceeded smoothly to give functionalized products 15, 16,
24, 25 (entries 10-13).

In summary, we have shown that two novel organo-
lithium compounds 11 and 14 are convenient precursors
to a wide range of primary 2-substituted allylamines, by
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Table I. Reaction of Intermediates 11 and 14 with

Electrophiles
entry intermediate electrophile product yield (%)s
1 11 (PhCH;S), PhCH,S 67
NH,
15
2 11 PhCHO Ph-OH 90
Z/ NH,
16
3 ll thCO phPh OH 65
I/ NH,
17
4 11 Q OH 80
o] NH,
18
5 11 PhNCO O NHPh 82
I/NHZ
19
6 11 CICO;Et? CO-E 78
NHCO.Et
20
|
7 11 D,0¢ ¢ 5
? ~i~Soy 3
NH,
21
8 14 D,0¢/CH;5COCl ;\/*ﬂ 55
N
T
22¢
9 14 D;0¢/CH;COCl : 66
ad
T
23/
10 14 (PhCH:S), 15 60
11 14 i-PrCHO 78
OH
NH,
24
12 14 PhCHO 16 47
13 14 PhCH=NPh Ph _NHPh 65
Lo
25

¢ Isolated yields based on the corresponding starting material 10
or 138. *Two equivalents; when 1 equiv of CICO;Et was used,
compound 20 was isolated in 48 % yield. ¢ Added at room temperature.
4 Degree of incorporation of deuterium 91%. ¢ Added at 65 °C. / See
ref 18.

reaction with electrophiles. This new method comple-
ments former methodologies. The main difference be-
tween the monoanionic intermediate 11 and the dianionic
14 is their thermal stabilities. Thus, although 11 (stable
at—80 °C) is more accessible, 14 (stable at rt) could be best
used in reactions with less-reactive electrophiles that
require higher reaction temperatures.

Experimental Section

General. General experimental information have been re-
ported.l* 2-Bromoallylamine was prepared according to the
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literature.!? 1,2-Bis(chlorodimethylsilyl)ethane was commercially
available. AvValues are givenin hertz. The 2°Si NMR spectrum
was recorded in CDCl; at 59.63 MHz and ¢ values are relative to
external hexamethyldisiloxane (MesSiOSiMe;, 0 ppm). The
degree of deuteration was determined by *H NMR.

The following general experimental procedures are selected
as typical for use of this methodology. Data for compounds not
described here are provided as supplementary material. 20

General Procedure for the Preparation of Organolithium
Compound 11 and Reaction with Electrophiles. A solution
of 10 (4 mmol) in Et,0 (20 mL) was cooled to —80 °C and treated
with ¢t-BuLi (1.7 M in pentane, 8 mmol) dropwise. The solution
was stirred for 3 h at -80 °C and then the corresponding
electrophile (4.4 mmol) was added. The mixture was slowly
warmed to rt overnight and then hydrolyzed with 2 N HySO, for
10-15min, neutralized with 2 N NaOH, and extracted with ether.
When Bu;SnCl was used as electrophile, the reaction mixture
was hydrolyzed with water with some drops of 2 N HySO,solution
for 2 d and then neutralized. The organic phase was dried (Nay-
$0,) and concentrated in vacuo and the resulting crude material
was submitted to a flash chromatographic purification on silica
gel or crystallization to give products 12 or 15-21. Yields are
reported in Scheme 2 and Table 1.

2-(Tributylstannyl)allylamine (12): R; 0.3 (AcOEt); H
NMR 4 0.85 (m, 15H), 1.2-1.6 (m, 14H), 3.4 (m, 2H), 5.15, 5.75
(2m, 2H); 3C NMR ¢ 9.3, 13.5, 27.2, 28.9, 50.5, 122.0, 156.2.

2-(Benzylthio)allylamine (15): R;0.28 (AcOEt); ‘H NMR
5 1.5 (br s, 2H), 3.2 (s, 2H), 3.8 (s, 2H), 4.7, 5.1 (2s, 2H), 7.1-1.3
(m, 5H); 123C NMR 4 35.2, 46.9, 105.7, 126.3, 127.6, 127.9, 135.8,
147.0; MS m/e 179 (M*, 3), 91 (100), 65 (37), 39 (26).

General Procedure for the Preparation of Organolithium
Compound 14 and Reaction with Electrophiles. A solution
of 13 (4 mmol) in THF (20 mL) was cooled to —60 °C and treated
with BuLi (2.5 M in hexane, 8 mmol) dropwise. The mixture was
stirred for 4 h between —60 °C and rt. Then, it was cooled again
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Notes

to -80 °C and treated with the appropriate electrophile (4.4
mmol). The resulting mixture was stirred and slowly warmed to
rt overnight and then quenched with 2 N H,SO, and treated with
ether to remove Bu,Sn side product. The aqueous layer was
neutralized with 2 N NaOH and extracted with ether. The organic
phase was dried (Na;SO,) and concentrated in vacuo and the
resulting crude material purified by crystallization or flash column
chromatography on silica gel to give products 15, 16, or 22-25.
In the case of using D.O as electrophile the reaction mixture was
quenched with acetyl chloride (6 mmol) added at rt and stirring
was continued for 1 h at this same temperature. Then it was
hydrolyzed with water and extracted with ether and the organic
phase worked up as above. In the thermal stability test the
reaction mixture, obtained after stirring for 4 h between —60 °C
and rt, was refluxed for 2 h before adding the electrophile (an
excess of D;0). Yields are listed in Table 1.

N-(2-Deuterioallyl)acetamide (22): R;0.3 (hexane:AcOEt,
1:1); *H NMR 6 1.75 (s, 3H), 3.55 (s, 2H), 4.85, 4.9 (2s, 2H), 7.5
(br s, 1H); 13C NMR § 22.1, 41.1, 114.9, 136.3 (t, J = 23.9), 170.2;
MS m/e 100 (M*, 3), 58 (100), 57 (90), 43 (50).

2-(Aminomethyl)-4-methyl-1-penten-3-ol (24): mp 85-87
°C (hexane/THF); 1TH NMR 6 0.8 (d,J = 6.7, 3H), 1.0 (d, J = 6.7,
3H), 1.8 (m, 1H), 2.1-2.7 (br s, 3H), 3.45 (AB q, Av = 14.8,J =
14, 2H), 3.75 (d, J = 8, 1H), 4.95, 5.0 (2s, 2H); 1*C NMR 5 18.4,
19.3, 32.3, 44.5, 81.9, 112.8, 149.6; MS m/e 111 (M* - 18, 16), 96
(40), 86 (100), 56 (25), 30 (25).
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