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The sense of asymmetric induction and the degree of diastereoselectivity in the addition of allylmetal
compounds to imines derived from aldehydes and (.5)-1-phenylethanamine is affected by the nature of
the imine and of the metal. Allyl-BBN, -MgX, -ZnBr, -Cu, and diallylcuprate attacked the Si face of the
imine derived from 2-methylpropanal. Conversely, the Re face of aromatic aldimines was generally
attacked, but the behaviour of the magnesium reagent was variable. Best results were achieved with
allyl-BBN and diallyl cuprate (de up to 98% at — 78 °C) with both aliphatic and aromatic imines.
However, the use of allylzinc bromide and allyl(dichloro)iodotin was preferable with the bidentate
pyridine-2-imine (de 70%, Re face addition). The cleavage of the chiral auxiliary (ammonium formate—
palladium on carbon-methanol, 65 °C, 2 h) occurred regioselectively, with concomitant hydrogenation
of the unsaturated chain, only on the dibenzylic amine obtained by the reactions of (5)-2,5-
dimethoxybenzaldimine with allyl-BBN (de 94%) and dially cuprate (de 99%). This allowed the
expeditious and efficient synthesis of (R)-( +)-1-(2,5-dimethoxyphenyl)butanamine (80% overall yield)
and, at the same time, the confident assignment of the configuration to the homoallylic amines obtained
from the aromatic aldimines, previously undetermined. The opposite sense of asymmetric induction
observed in the reaction of aliphatic vs. aromatic aldimines was attributed to the isomerization of E- to
Z-aromatic imines prior to the C-C bond formation. Several six-membered chair or boat cyclic transition
states, featuring different dispositions of the auxiliary and n-stacking of aryl groups, have been

empirically examined.

Homochiral 1-arylethanamines are widely used as auxiliaries in
the asymmetric synthesis of organic compounds,! owing to the
availability of both enantiomers and the easy removal of the
auxiliary 1-arylethyl group.? For example, the diastereoselective
addition of nucleophiles, hydrogen, and 1,3-dienes to imines
and iminium ions derived from these auxiliaries has been
reported.!

In the organometallic domain, the addition of allylmetal
compounds to homochiral imines to give homoallylic amines 3
is of particular interest, owing to the many possible trans-
formations of the C=C double bond of the allyl group. Up
to now, the usefulness of 1-phenylethanamine as a chiral
auxiliary in these reactions has been investigated for the imines
1-6 (Fig. 1). In the addition to 1 B-allyl-9-borabicyclononane
(allyl-BBN) afforded a better selectivity than allylmagnesium
bromide and allyl(tributyl)tin-TiCl,.* Allyl-BBN® and allyl-
(trichloro)tin® added to 2 with good diastereoselectivity,
whereas allylzinc bromide 3 worked unsatisfactorily.

The allylation of 1 with different allylmetal species, as well
as of 2 with allyl-BBN, followed the same direction of
asymmetric induction: when the configuration of the nitrogen
auxiliary was R, the Re face of the imine was attacked, and vice
versa. Conversely, allyl(trichloro)tin added to the Re face of
(S5)-2.° Furthermore, although the configuration of the product
coming from the double addition of allylmagnesium chloride to
the bis-imine 3 was not determined, it was thought likely that
attack occurred at the Re face.”

The stereochemical outcome was different in allylation of the
imines 4-6 which have further «- and/or B-stereocentres and
oxygen substituents. In the allylation of 4® and 5° the chirality
of the alkoxy-substituted «-stereocentre (1,2-asymmetric
induction) overrode the influence of the nitrogen auxiliary (1,3-
asymmetric induction), so that the diastereoselectivity could
be controlled by the proper choice of either the metal or the
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Fig. 1 Diastereoface-differentiating (Re/Si) addition of allyl-M to
imines derived from (S)- or (R)-1-phenylethanamine

reaction conditions (chelation vs. non-chelation control). On
the other hand, the auxiliary chirality affected the stereocontrol
on 6a,b,® but the facial selectivity was the reverse of that
observed with 1-3, since the attack to the Re face was observed
with the S auxiliary, and vice versa.

Notably, the allylation of aromatic aldimines has not been
reported, apart from the Barbier reaction of the benzaldimine
7 with allyl bromide and indium powder which gave the
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homoallylic amine 14 with moderate diastereoselectivity (dr
80:20), but with undetermined configuration. !°

Results and discussion

As the influence of the structural and electronic features of the
imine (the parent aldehyde) on the diastereoselectivity had not
been fully investigated, we examined the reactions of the imines
1and 7-12 with a variety of allylmetal compounds at — 78 °C,!
in which the homoallylic amines 13-19 (Scheme 1 and Table 1)
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9, 16: R = 3-Pyridyl

Scheme 1

were formed. Diethyl ether was the solvent of choice for allyl-
BBN, and tetrahydrofuran (occasionally diethyl ether) for all
the other allylmetal reagents. The diastereoisomeric ratio (dr)
of the products was determined by GC-MS analysis. The
variation of the dr with time, for reactions carried out at 25 °C,
indicated the reversibility of the addition of allylzinc bromide to
all the imines, and of allylmagnesium chloride to the aliphatic
imine 1. We have recently reported that the addition of allylzinc
bromide to the imines derived from aromatic aldehydes and
methyl (S)-valinate is reversible.!?

Allylation of the aliphatic imine 1

By using allyl-BBN in Et,0 we obtained (5,S)-13 with excellent
stereocontrol (dr 93:7), thus confirming an earlier report,*
although in our work the compound was prepared by a simpler
procedure and not purified by distillation. Subsequently, we
observed that the reaction of allylmagnesium chloride in
tetrahydrofuran gave better diastereoselectivity (dr 90: 10) than
the previously reported reaction of allylmagnesium bromide in
diethyl ether.* Allylzinc bromide reacted sluggishly and with
modest diastereoselectivity. Allylcopper displayed a diastereo-
selectivity comparable to that of allylmagnesium bromide
whilst diallylcuprate proved to be a reagent superior even to
allyl-BBN, and afforded the homoallylic amine (S,S)-13 with
dr 95:5.

Allylation of the aromatic imines 7-12

The sense of asymmetric induction as well the degree of
stereocontrol were dependent on the nature of both the metal
and the imine, whilst the solvent played a role in the reactions
of the Grignard reagents. In the reactions performed on the
benzaldimine 7, excellent diastereoselectivity was obtained with
allyl-BBN, whereas allylmagnesium halides and allylzinc
bromide (sluggish reaction) gave low diastereoselectivity.
Surprisingly, allylmagnesium chloride gave the opposite sense
of asymmetric induction with respect to the other allylmetal
reagents, including allylmagnesium bromide in ether. Allyl-
BBN was also the most selective reagent with the other arom-
atic imines 7-12 (Table 1), apart from the bidentate pyridine-2-
imine 10. Diallylcuprate was generally preferable to allylcopper,
and moderate diastereoselectivity was generally achieved (de up
to 72%).

The addition to both the azomethine group and the pyridine
ring and low diastereoselectivity were observed in the addition
of allylmagnesium chloride to 8 and 9, whilst the sense of
asymmetric induction was inverted in the corresponding
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addition to 10. The diastereoselectivity was very low in the
reaction of allylcopper with 10. However, with this imine
allylzinc bromide worked satisfactorily, even better than allyl-
BBN, although the diastereoselectivity was far from good.

The reactivity of allylzinc bromide was affected by the
electronic effects of the aryl substituents: an immediate reaction
took place with the pyridineimines 8-10, although no product
could be observed with the 4-methoxybenzaldimine 11 at
—78 °C: 18 was obtained by allowing the reaction mixture to
reach 25 °C overnight, so that the diastereoisomeric ratio at
equilibrium was then determined.

We also applied several different Barbier procedures to the
imines 7, 9 and 10 and always obtained a low to moderate
preponderance of the Re face addition products. The best
results were achieved by generating the allylmetal species in situ
from allyl bromide and the bimetal redox system Al/PbBr,
(cat.),’? or from allyl iodide and tin dichloride!* (Scheme 2).

P /j\ /L
> R N Ph
Al, PbBr; (cat) II-I
THF, 25 °C
/L (R.S)-14: 100%, 52% de
HAN Ph - (R.S)-16: 96%, 46% de
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7,14 :R=Ph
9, 16 : R = 3-Pyridyl
10, 17: R = 2-Pyridyl
Scheme 2

The homoallylic amines 13, 14, but not 17, were obtained with
moderate diastereoselectivity by the first method. Notably, the
formation of 17 from 10 required the use of 1.1 equiv. of PbBr,,
because the complexation of the imine with this salt moves
the reduction potential to a more negative value. Aiming to
improve the diastereoselectivity, we performed the reaction by
following the corresponding Grignard procedure. Thus, we
prepared allyllead bromide from allylmagnesium chloride and
PbBr,, after which we added AICl; and the imines 7 and 10 to
the organometallic reagent at — 78 °C; unexpectedly, 14 and 17
were obtained with low stereocontrol. Disappointing results
were also achieved on replacing AICI; with BF ;.

In contrast, when allyl(dichloro)iodotin was generated at
room temperature, by the oxidative addition of tin dichloride to
allyliodide in the presence of the imine 10, a rapid reaction took
place giving 16 with moderate diastereoselectivity (Scheme 2).
The corresponding reaction performed by the Grignard
procedure, i.e. with the preformed allyltin reagent at — 78 °C,
gave a slightly improved diastereoselectivity. Unfortunately, no
reaction occurred between allyl(dichloro)iodotin and the other
imines, by following either the Grignard or Barbier procedures.

Mechanisms
The addition of allylic organometallic reagents to imines usually
proceeds through preliminary N-metal coordination, after
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which the C-C bond-forming step usually takes place via a
cyclic transition state. However, the reactions between
allylmetal reagents having polarized a carbon-metal bond
and aromatic imines, especially those activated by electron-
withdrawing substituents, can proceed through a single electron
transfer (SET) mechanism. In Scheme 3 we have considered the
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Scheme 3

most intriguing case of the bidentate imine 10, which forms
chelation complexes with organometallic reagents. Interest-
ingly, when allylmagnesium halide and allylzinc bromide were
added to the pyridineimines 8-10, the mixtures became deep
red, a phenomenon which we attributed to the presence of imine
radical-anions formed by the SET mechanism. We observed
the same colour at the cathode (Pt) surface during the
electrochemical reduction of the corresponding acetophenone
imine in THF, as well as in the electrochemically promoted
allylation '* of the imines 7, 9 and 10 with allyl bromide in
THF.T We believe that the SET mechanism, although favoured
for the pyridineimines 8-10, took place only partially. In
general, ring-allylation products and 1,2-diamines, which
should be produced by the coupling of the allyl radical and the
imine radical anion, were not observed.}

However, the complex 10-allylzinc bromide is coloured as the
result of a long wavelength charge-transfer band arising from
the transition of a d electron of the metal to the LUMO orbital
of the ligand; this also occurs in 2,2’-bipyridyl- and 1,2-diimine-
metal complexes.!® In the case of 1,2-diimine-dialkylzinc
complexes the C-C bond-forming step occurred by a SET
mechanism but required heat or irradiation. !® For the reaction
of 10 with allylzinc bromide, the homolytic cleavage of the
allyl-metal bond is relatively easy, owing to the stability of the
allyl radical formed; the radical coupling step then occurs most
likely at the azomethine carbon rather than at the pyridine
ring.

It is probable that lower stereocontrol is achieved when the
reaction follows a SET mechanism: in fact, the more reducing
Grignard reagents were less diastereoselective than the zinc,
copper and tin reagents, especially on pyridyl imines, but
proved more selective on the aliphatic imine 1, which underwent
polar addition exclusively. On the other hand, the formation of
the chelation complexes generally had a beneficial effect on the
diastereoselectivity.

Configuration of the newly created stereocentre

The R, R configuration of the prevalent diastereoisomer of the
homoallylic amine 13 obtained from (R)-1 and allyl-BBN
had earlier been established by chemical correlation with
authentic (R)-5-methylhexan-4-amine.* GC-MS analysis of
the diastereoisomeric mixture showed that the predominant

1 Unpublished results from our laboratory: we used Al wire as
the anode, Pt as the cathode, PbBr, as a catalyst, and tetrabutyl-
ammonium bromide as the support electrolyte. The (R,S)-homoallylic
amines 14, 16 and 17 were obtained with a low to moderate
diastereoselectivity.

1 The reaction of the imine 10 with allyllithium in THF at —78 °C
produced (R,S)-17 with 48%; de and small amounts of imine dimers.
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diastereoisomer (S,S)-13 was eluted second. The same sense
of asymmetric induction was observed in the corresponding
reactions with allyl-magnesium, -zinc and -copper species.

Initially, we were encouraged to assume the same sense of
asymmetric induction occurred in the addition of allyl-BBN
to the aromatic imines, since GC-MS analysis of the
homoallylic amines showed the prevalence of the second eluted
diastereoisomers. However, the dr of 14 in the reactions of
7 with allylmagnesium reagents was occasionally inverted.
Therefore, it became necessary to establish unambiguously the
configuration of the homoallylic amines derived from aromatic
imines.

We assigned the S,S configuration to the first eluted diastereo-
isomer of 14 because after C=C double bond hydrogenation
of crude 14 (dr 65:35) obtained from 7 and allylmagnesium
chloride the product was identical (GC-MS comparison) with
that obtained by the addition of di-propylcuprate-BF; to 7; this
reaction had earlier been assumed to provide a preponderance
of the S,S diastereoisomer.!! Moreover, further studies showed
that there was a preponderance of (R,S)-18 and (R,S)-19
(second eluted diastereoisomers) in their respective reaction
mixtures, established by hydrogenolysis of the auxiliary group,
which occurred with concomitant hydrogenation of the unsatur-
ated chain (Scheme 4). However, the regioselectivity of the
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(+)<(A)-20: Ar = 4-MeOCgH,
(+)-(R)-21: Ar = 2-MeOCgH,

18: R = 4-MeO CgH,, dr = 15:85
19: R=2-MeOCgH,, dr =21:79

Scheme 4

benzylic cleavage was unsatisfactory. GC-MS analysis of the
reaction mixtures showed the presence of 1-phenylethanamine
and of 2- or 4-butylanisole, coming from the hydrogenolysis at
the undesired site, together with the desired primary amines 20
and 21. Similar results were previously reported in the hydrogen-
olysis of analogous dibenzylamines [RCsH,(Me)CHNHCH-
(Me)Ph] derived from I-phenylethanamine: the presence of
only one substituent (R = Me, F) in the aryl group was not
sufficient to achieve complete regioselectivity, or resulted in
the cleavage at the undesired site (R = NHMe).?” Since, after
separation of the neutral products, the crude mixtures of the
bases were dextrorotatory, and (S)-(—)-1-phenylethanamine
was present as the minor component, the amines 20 and 21
were found to be dextrorotatory and, consequently, have the
R configuration; in this respect they were similar to known
(+4)-1-arylethanamines.!’

The configuration of the diastereoisomeric homoallylic
amines derived from aryl-substituted imines can then be
assigned simply by GC-MS analysis, since the S,S diastereo-
isomers are eluted first.§ "H NMR analysis of the diastereo-
isomeric mixtures can also be usefully applied to determine
the configuration. By analogy with the known bis(1-aryl-
alkyl)amines 22''!8 and 23'® (Fig. 2) the S,S diastereo-
isomers of compounds 13-19 gave signals for the benzylic,
allylic and methyl protons at higher fields than the R,S
diastereoisomers. This was explained !2 by assuming a zig-zag
conformation together with anti and syn disposition of the
aryl groups in the S,S and R,S diastereoisomers, respectively.
Hence, in anti-(S,S)-14-19, each benzylic hydrogen is subjected
to the ring current effect of the non-adjacent aryl group. The
"H NMR spectra of the (S,S)- and (R,S)-13 differed signifi-

§ The reverse order of elution was observed for (S,S)- and (R,S)-13.
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Compd. Order of
(Ar) GC elution Confign. H, (d) H, (q) H, H,
22° Ist S,S 1.24 3.47 — —

2nd RS 1.34 3.70 — —
23¢ Ist S,S 1.23 3.27 3.50 1.26

2nd R,S 1.37 3.27 3.50 1.37
23 Ist S,S 1.24 3.45 3.59 1.32

2nd RS 1.37 3.78 3.84 1.37
14 (Ph) Ist S,S 1.30 3.50° 3.50% 2.35

2nd RS 1.36 3.76* 3.76° 2.48
15 (4-Py) Ist¢ ARY 1.31 3.39 3.48 227

2nd“ R,S 1.36 3.51 3.80 241
16 (3-Py) Ist® ARY 1.33 3.47¢ 3.47° 2.37

2nd” RS 1.41 3.77 3.83 2.50
17 (2-Py) Ist? S, 1.29 3.47 3.52 2.42

2nd* RS 1.38 3.76 3.86 2.54
18 (4-MeOC,H,)  Ist S,S 1.28 3.34 3.50 2.32

2nd RS 1.35 3.72¢ 3.72° 2.45
19 (2-MeOC H,)  Ist ARY 1.27 3.55 3.74 2.40

2nd R,S 1.33 3.68 4.15 2.50

260 MHz. ® The H, and H, signals (m) were not separated. ¢ Pyridyl H: § 8.76 (m, 2 H) and 7.47 (m, 2 H). ¢ Pyridyl H: 6 8.62 (m). © Pyridyl H: § 8.56
(m, 1 H), 7.67 (m, 1 H) and 7.38 (m, 2 H). / Pyridyl H:  8.48 (m, 2 H) and 7.63 (m, 1 H). ¢ Pyridyl H: 6 8.61 (m, 1 H) and 7.62 (m, 1 H). * Pyridyl H:

4 8.54 (m, 1 H) and 7.65 (m, 1 H).

Fig. 2 Correlation between configuration, order of GC elution, and 'H NMR signals of the diastereoisomers of bis(1-arylalkyl)amines

cantly only in respect of their vinylic, allylic and methine
signals.

Synthesis of (R)-1-(2,5-dimethoxyphenyl)butan-1-amine

Aiming to develop a convenient synthetic route to optically
active «-aryl substituted amines, we thought that the obstacle of
the non-selective cleavage of the chiral 1-phenylethyl auxiliary
could be overcome using more substituted arylimines.?’
Therefore, we carried out the addition of allyl-BBN and
diallylcuprate to 2,5-dimethoxybenzaldimine (S)-24 and, in
both cases, obtained the homoallylic amine (R,S)-25 with
excellent diastereoselectivity (Scheme 5). The successive

A~ BBN. E10,-78°C

. | - LY
B: /\/)ZCUMQQ MgICI, THF, -78 °C

OMe /l\
NS > ph
,‘4 Pd/C, MeOH, 65°

HCO,NH,

OMe 25 A: 80%, dr.1:99
8 93%, dr 3:97

Scheme 5

hydrogenolysis was completely regioselective and afforded the
primary homoallylic amine (R)-(+ )-26 in good yield.

Stereochemical models for the asymmetric induction

Aiming to explain the differences in stereochemical outcome of
the reactions of aliphatic and aromatic imines, we examined
several possible transition states (see Fig. 3). In the absence of
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Fig. 3 Transition states for the allylation of imines derived from
(S)-1-phenylethanamine

Lewis acids the homoallylic amines are produced from the
allylmetal-imine complexes via six-membered cyclic transition
states.q

9 For practical reasons, a tetracoordinated metal is represented in the
transition states, but this is only a simplification: for example, in the
reactions of allyltin trihalide with 10 the number of ligands on tin
is six.
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The Si and Re face of the imine are attacked in the chair
transition states I and II, respectively, both of which are
characterized by the orientation of the H atom of the auxiliary
towards the inside of the chair transition structure, but differ
for the non-bonded interactions of the Ph and Me groups with
the metal ligand L. Analogous models and similar arguments
were advanced to explain the diastereoselectivity of «-chiral
boron enolate aldol reactions.!® Although the transition state
I attempts to explain the Si face addition of allyl-BBN to
the aliphatic imine 1,* in our opinion, transition state II was
insufficiently taken into account since in the reaction described
I is disfavoured with respect to IT; this is because the Ph group,
considered larger than Me, is orientated towards the bulky
ligand of boron. In view of this, the observed diastereoselec-
tivity must be explained by other transition states.

Our hypothesis was supported by the stereochemical out-
come of the reactions of the bidentate imines 10 and 12,
which generally underwent Re face addition. We assume that
the allylmetal reagents, apart from boron, and the imines 10,
12 and 24 form chelation complexes, from which the chair
transition states III and IV can be constructed.| These do not
suffer from the 1,3-diaxial repulsive interaction (R wvs. L)
present in I and I, since it is replaced by a bonding interaction.
In fact, IV gives a correct prediction for the configuration, R,
of the newly formed stereocentre.** By analogy, IT should be
preferred to I. Hence, we believe that the Si face addition to
the aliphatic imine (S)-1, as well as the Re face addition to the
aromatic (S)-imines cannot be explained by the transition states
TorlIl

We propose that the reaction of imines with allyl-BBN
proceeds as described in Scheme 6. The imines exXists

H Me Ph R Me Ph
Ph “ %,
HaMe BBN F(J\\ /( )i‘ /(
O~ N"H H” NT T H
e e
n )
A B:R=Pr C:R=aryl
Scheme 6

preferentially in conformation A where the hydrogen atoms of
the azomethine and auxiliary group are syrn orientated, as we
verified by NOE experiments. However, after complexation
with allyl-BBN, the imines assume conformation II by rotation
of the N—C (auxiliary) bond in order to avoid the severe steric
interactions of Me and Ph with the boron ligands. When R =
Pr' the C-C bond-forming step can take place either vig the
chair transition state V (Fig. 3), in which Me is orientated inside
and the small H interacts with the boron ligand, or a boat
transition state, e.g. VI, in which Ph is orientated outside. We
prefer VI because all the steric interactions are apparently
reduced. Conversely, when R is an aryl group (co-planar to
the azomethine group), both conformations A and B are
destabilized by the collision of the ortho-aryl hydrogen with any
boron ligand. The imine should then isomerize to the Z
configuration, while probably maintaining the conformation of

{{ Several analogous bicyclic transition states were reported in the
literature. However, the reaction of zinc enolates derived from «x-amino
esters with 1,2-diimines was assumed to proceed via the transition state
attained from the monodentate imine-zinc enolate complex rather than
from the bidentate imine complex,2°

** Notably, the same sense of asymmetric induction that we have
observed with 10 and 12 has been recently found in the addition of
allyl(trichloro)tin to the bidentate imine (S)-2 (Re face addition).® We
also predict that the addition of allylmagnesium bromide to the bis-
imine (R,R)-3 will occur to the Si face, the reverse of the predicted Re
face attack.”
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the auxiliary as shown in C (Scheme 6). The E/Z isomerization
of imines was previously proposed to explain the diastereoselec-
tive addition of crotylboranes?! and boron enolates** to
imines. The correct sense of asymmetric induction in the
addition to the aromatic imines, e.g. the benzaldimine 7, is then
given by the chair and boat transition states VII and VIII,
in which the two Ph groups take a quasi-parallel orientation
to reduce the steric interaction, or even to achieve some
stabilization by & stacking.t1%3

The boat transition state IX can be also examined, since
theoretical studies>* have demonstrated that analogous boat
transition states are preferred in the addition of lithium
acetaldehyde enolate,?*® «-hydroxyacetic acid lithium eno-
late,?** and the Reformatsky reagent of methyl bromoacetate **°
to methanimine. However, in the reactions of allyl-BBN
transition state IX would suffer from the strong interaction of
the bulky boron ligand with the opposing vinylic hydrogen
atom.

The same arguments and transition states can be applied
to the reactions of the aliphatic and aromatic aldimines with
diallylcuprate, which exhibited, surprisingly, a comparable dia-
stereoselectivity to allyl-BBN. The better diastereoselectivity
of diallylcuprate with respect to allyl-copper, -zinc and -mag-
nesium reagents can be attributed, in part, to the increased
number of covalently bound ligands on the metal in the cyclic
transition state(s). Furthermore, the covalent radius of copper
is shorter than those of zinc and tin, so that the cyclic transition
states involving copper are more compact, and the steric
interactions affecting the diastereoselectivity are more effective.
At the same time, the nature of the metal, and the number and
the bulkiness of the ligands on the metal should also affect the
degree of E/Z isomerization of the imine and, consequently, the
diastereoselectivity.

Finally, the acyclic Felkin-type transition state IX satis-
factorily rationalizes the diastereoselectivity of the addition
of allyllead bromide to imines mediated by aluminum salts, but
the higher stereocontrol obtained at 25 °C (Barbier procedure)
rather than at —78°C (Grignard procedure) is surprising
(Scheme 2). Different orgametallic species and/or different
mechanisms are, perhaps, invoived in the alternative
procedures.

Experimental

General conditions

Solvents were distilled in an argon atmosphere prior to use:
Et,O and THF were over distilled successively over sodium
benzophenone ketyl and LiAlH,. Optical rotations were
measured on a digital polarimeter in methanol solution in a
1 dm cell and [«], values are givenin 107! degcm? g!. Elemental
analyses were performed on a Model 1106 microanalyser (Carlo
Erba). UV spectra were recorded on a Perkin-Elmer Lambda 6
spectrophotometer. IR spectra of neat compounds were
obtained with a Nicolet 205 FT spectrometer and are expressed
by wavenumber (cm™!). 'H NMR spectra were recorded on a
Varian Gemini 300 instrument at 200 or 300 MHz in CDCl,
which was stored over Mg. 'H Chemical shifts are reported in
ppm relative to CHCI; (6 7.27). J Values are given in Hz. MS
spectra were taken at an ionizing voltage of 70 eV on a Hewlett-
Packard 5971 spectrometer with GC injection. Chromato-
graphic purifications were carried on columns of silica gel
Merck, 230-400 mesh) at medium pressure. (S)-(—)-1-Phenyl-
ethanamine (ee 99%), B-methoxy-9-BBN, allylmagnesium
chloride (2 mol dm™ in THF), and copper(1) iodide (99.999%),
tin(1r) chloride (99.99%;) and allyl iodide (98%,) were purchased
from Aldrich. All the organometallic reactions were performed

11 = Stacking effects, locking one conformation of reactants preferen-
tially in one transition state assembly, are increasingly exploited to
achieve asymmetric induction with chiral auxiliaries and catalysts.



in a flame-dried apparatus under a static atmosphere of dry
nitrogen.

Preparation of the imines

Anhydrous MgSO, (10 g) and the aldehyde (50 mmol) were
added to a solution of (S)-1-phenylethanamine (50 mmol) in
THF (50 cm®) at 0 °C and the mixture was stirred by a magnetic
bar for 3 h. The solid phase was filtered off and the filtrate was
evaporated under reduced pressure to leave the crude (E)-
imine, which was obtained both in almost quantitative yield
and pure, as inferred by GC-MS and 'H NMR analyses. The
imines were generally used in subsequent reactions without
purification. The imines 1, 7,10-25:26.27.28 g 26 g 26.29 () 26.30
112428 and 1225-27 are known compounds.

(S)-/V-(2-Methylpropylidene)-1-phenylethanamine 1. This com-
pound was 93%; pure by GC analysis, the main impurities being
the starting reagents: [«]3° —76 (¢ 1.89 in CHCly); v, /om™!
1665 (C=N); 64(200 MHz) 7.60 (1 H, d, J 5.6, CH=N), 7.4-7.2 (5
H, m, Ph), 4.26 (1 H, q, CHPh), 2.48 (1 H, m, CHMe,), 1.48 (3
H,d, J6.7, CHMePh), 1.10 and 1.07 (6 H, 2d, J 7.2, CHMe,);
my/z 105 (100), 106 (14), 77 (14), 79 (11), 103 (9), 147 (7), 104 (6)
and 132 (4).

(S)-N-Benzylidene-1-phenylethanamine 7. This compound
had [«]3° +75 (¢ 0.88 in CHCly) {lit.,® +73.3 (¢ 1.6 in
CHCl,), 1it.,*® [a]3? — 76 (R enantiomer)} A, (hexane)/nm 246
(g/dm?® mol™! cm™ 20 769); v,,,,/om™! 1640 (C=N); 5,4(300 MHz)
8.30 (1 H, s, CH=N), 7.72 (2 H, m, ArH) 7.4-7.1 (8§ H, m, ArH),
449 (1 H, q, CHMe) and 1.55 3 H, d, J 6.7, CHMe); m/z 209
(M*, 41%), 105 (100), 77 (20), 51 (10), 167 (5) and 165 (5).

(S)-N-(4-Pyridylmethylidene)-1-phenylethanamine 8. This
compound had [x]3® +27.1 (¢ 1.1, CHCly); v, /cm™ 1645
(C=N), 6,4(200 MHz) 8.70 (2 H, d, J 4.5, pyridyl), 8.36 (1 H, s,
CH=N), 7.67 2 H, d, J 4.5, pyridyl), 7.5-7.2 (m, 5 H, m, Ph),
4,60 (1H,q, CHMe), 1.85(1 H,br, NH) and 1.61 (3H, d, J 6.6,
CHMe); m/z210 (M *, 4%), 105 (100), 106 (8), 79 (7), 77 (6) and
51 (5).

(S)-N-(3-Pyridylmethylidene)-1-phenylethanamine 9. This
compound had [«]3° +62.1 (¢ 2.1 in CHCl,) {lit.,?® [«]3*
+65.6 (¢ 1.0 in CHCly)}; v,pa,/cm™ 1645 (C=N); 6,,(300 MHz)
8.87 (1 H, s, CH=N), 8.63 (1 H, m, pyridyl), 8.40 (m, 1 H,
pyridyl), 8.17 (1 H, m, pyridyl), 7.42 (1 H, m, pyridyl), 7.40-7.20
(5H, m, Ph),4.55(1 H, q, CHMe), 1.59 (3 H, d, J 6.7, CHMe),
mjz 210 (M *, 10%), 105 (100), 77 (25), 79 (20) and 51 (18).

(S)-N-(2-Pyridylmethylidene)-1-phenylethanamine 10. This
compound had [«]3* +37 (¢ 2.24 in CHCly) {lit.,® [o]3°
+44.6 (¢ 1.0 in MeOH)}; A, (hexane)/nm 235 (¢/dm* mol™!
cm! 13 540); v,,,,,/em™ 1645 (C=N); 6,,(300 MHz) 8.66 (1 H, m,
pyridyl), 8.49 (1 H, s, CH=N), 8.12 (1 H, d, J 7.5, pyridyl), 7.75
(1 H, m, pyridyl), 7.46 (1 H, m, pyridyl), 7.40-7.25 (5 H, m, Ph),
4.67 (1 H, q, CHMe) and 1.64 3 H, d, J 6.7, CHMe); m/z 210
(M*,2%), 195 (100), 105 (99), 77 (46), 51 (41), 79 (38), 168 (10)
and 166 (8).

(S)-N-(4-Methoxybenzylidene)-1-phenylethanamine 11. This
compound had [«]3° +93.5 (¢ 1.09 in CHCl,); v,p,,/em™! 1635;
J04(300 MHz) 8.32 (1 H, s, CH=N), 7.74 2 H, d, J 8.7, ArH),
7.50-7.20 (5 H, m, Ph), 6.92 (2 H, d, J 8.7, ArH), 4.53 (1 H,
q, CHMe), 3.85 (3 H, s, OMe) and 1.60 (3 H, d, J 6.8, CHMe);
mjz 239 (M*, 40%), 105 (100), 224 (53), 238 (26), 77 (22)
and 79 (17).

(S)-N-(2-Methoxybenzylidene)-1-phenylethanamine 12. This
compound had [«]3° —5.4 (¢ 1.70 in CHCI,) {lit.,?" [«]3% +20
(R enantiomer)}; v,,,,/em™" 1635; 6,(300 MHz) 8.86 (1 H, s,
CH=N), 8.08 (1 H, m, ArH), 7.50-7.20 (6 H, m, ArH), 7.05-6.90
(2 H, m, ArH), 4.60 (1 H, q, CHMe), 3.90 (3 H, s, OMe) and
1.62(3H,d, J 6.7, CHMe); m/z 105 (100), 224 (53), 134 (40), 77
(10), 51 (9) and 226 (2).

(S)-N-(2,5-Dimethoxybenzylidene)-1-phenylethanamine  24.
This compound had [«]3* +40 (c 1.29, CHCI,); v, /em™ 1635;
J4(300 MHz) 8.80 (1 H, s, CH=N), 7.63-6.83 (8 H, m, aryl), 4.57
(1 H, q,CHMe), 3.83 (6 H, 25, OCH;)and 1.59 3 H, d, J 6.7,

CHMe); m/z 105 (100), 164 (70), 149 (22), 77 (21), 79 (15), 106
(12) and 150 (10).

Preparation of the secondary homoallylic amines 13-19

The procedures for the reactions of imines with allylzinc
bromide and the allyl bromide-Al-PbBr, system have been
described previously.!? The crude homoallylic amines were
obtained in 80-100%; yields by the various procedures described
in Table 1. The significant 'H NMR signals of compounds 13-
19 are reported in Fig. 2. Since only the major diastereoisomers
were obtained pure by flash chromatography (SiO,, cyclo-
hexane-ethyl acetate as eluent), the 'H NMR signals for
the minor diastereoisomers were deduced from the spectra of
the crude reaction mixtures or from enriched chromatographic
fractions.

Preparation of N-[(1R)-1-(2,5-dimethoxyphenylbut-3-enyl)]-
(1.5)-phenylethanamine 25

Reaction of B-allyl-9-BBN with 24: typical procedure. B-Allyl-
9-BBN (3.24 g, 20 mmol) (prepared and purified by distillation
according to the reported procedure 3° was added slowly to a
solution of the imine 24 (2.69 g, 10 mmol) in anhydrous Et,O
(15 cm?®) at —78 °C under a N, atmosphere.* The reaction
mixture was stirred for 3 h and then quenched at —78 °C with
10 mol dm™ hydrochloric acid (5 cm?®) and stirred for further
12 h, while being allowed to reach room temperature. The
ether phase was separated and the aqueous phase was extrac-
ted with Et,0 (20 cm® x 2). 40% Aqueous NaOH was added
with caution to the aqueous phase until it reached pH 11,
after which it was extracted with Et,O (20 cm® x 3). The
combined ether fractions were washed with brine, dried
(Na,SO,) and concentrated at reduced pressure to leave the
crude homoallylic amine 25 as an oil (2.48 g, 80%). GC-MS
and 'H NMR analysis indicated a purity >95% and a
diastereoisomeric ratio 1:99. An analytical sample was
obtained by column chromatography (SiO,, cyclohexane—
ethyl acetate as eluent).

Reaction of diallylcuprate with 24: typical procedure.
Allylmagnesium chloride in THF (2 mol dm™3; 5 cm?, 10 mmol)
was added over 5 min to a stirred suspension of 99.99%, Cul
(0.95 g, 5 mmol) in anhydrous THF (10 cm?®) cooled to —40 °C
under a N, atmosphere and the mixture was stirred for a further
10 min. After this it was cooled to — 78 °C, and a solution of the
imine 24 (0.269 g, 1 mmol) in THF (5 cm?) was added to it over
10 min. The reaction mixture was then stirred at —78 °Cfor2h
after which it was quenched with 10% aqueous NaOH (10 cm?3)
and stirred while being allowed to reach 20 °C. Diethyl ether (10
cm®) was added to the mixture and the organic phase was
separated. The aqueous phase was extracted again ‘#:h ether
(10 cm?® x 3), and the collected ethereal fractions were dried
(Na,SO,) and concentrated to leave crude 25 (0.289 g, 93%
yield); GC-MS and 'H NMR analysis indicated a purity >95%,
and a diastereoisomeric ratio 3:97.

N-[(4R)-4-(2,5-Dimethoxyphenylbut-1-en-4-y1)]-(S)-1-phen-
ylethanamine 25 had m/z 166 (100), 270 (60), 105 (27), 271
(12), 79 (9) and 103 (9); 64(300 MHz) 7.35-7.15 (5 H, m, Ph),
6.87-6.70 [3 H, m, (MeO),CsH;], 580-5.65 (1 H, m,
CH=CH,), 5.08496 (2 H, m CH=CH,), 4.13 (1 H, t,
CHCH,), 3.73 (6 H, s, 2 OMe), 3.67 (1 H, q, CHMe), 2.57-
2.40 (2 H, m, CHCH,), 1.85 (1 H, br, NH) and 1.33 (3 H, d,
J 6.5, CHMe) (Found: C, 77.2; H, 8.0. C,,H,sNO, requires
C,77.1; H, 8.1%).

Reaction of (S5)-10 with allyl-SnICl,: preparation of (R,S)-17

A solution of allyl iodide (0.168 g, 1 mmol) in THF (2 cm?®) was
added dropwise to a magnetically stirred solution of SnCl,
(0.189 g, 1 mmol) in THF (12 cm?). After 10 min the solution
was cooled at —78 °C and treated dropwise with a solution
of (S)-10 (0.210 g, 1 mmol) in THF (3 cm?). After the
reaction mixture had been stirred at —78 °C for 3 h, it was
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quenched with 10% aqueous NaOH (10 cm®) and extracted
with Et,0 (10 cm® x 3). The combined extracts were washed
with brine, dried (MgSO,) and concentrated to give 17 as
an oil (0.239 g, 95%). The diastereoisomeric ratio 15:85 was
determined by GC-MS analysis, according to the order of
elution.

Hydrogenolysis of 25: synthesis of (R)-1-(2,5-dimethoxy-
phenyDbutan-1-amine 26

Pd-C (0.2 g) and ammonium formate (1.5 g, 23.8 mmol) were
added to the solution of the imine 25 (2.19 g, 7 mmol) in dry
methanol (175 cm?) and the mixture was magnetically stirred
under reflux for 1.5 h. After cooling, the reaction mixture
was filtered and evaporated under reduced pressure to leave
an oil (1.70 g), containing mainly the amine 26 and some
ethyl benzene (GC-MS analysis). 48, Hydrobromic acid was
carefully added to the mixture until it reached pH 6-7 after
which it was diluted with toluene (10 cm?®) and methanol (10
cm?) and evaporated under reduced pressure. The residue was
recrystallized from dichloromethane—cyclohexane to give the
hydrobromide of 26 (1.74 g, 86%), mp 142-144 °C; [«]3> —3.20
(c2.16, CHCl,); 6, 8.3 (3 H, br, NH; %), 6.98 (1 H, s, ArH), 6.84
(2H, s, ArH), 4.52 (1 H,m, CH), 3.78 (3 H, s, OMe), 3.72 (3 H,
s, OMe), 2.23-1.95 (2 H, m, CHCH,), 1.40-1.12 (2 H, m,
CH,CHj;)and 0.88 (3 H, t, CH,Me). Treatment with base (10%,
NaOH) of the hydrobromide followed by ether extraction and
work-up gave quantitatively the free amine 26: [«]3° +9.46 (2,
CHC,); 6y 6.90-6.70 (3 H, m, aryl), 4.15 (1 H, t, CHCH,), 3.81
(3H, s, OMe), 3.79 (3 H, s, OMe), 1.80 (2 H, broad, NH ), 1.80-
1.60 2 H, m, CHCH,), 1.45-1.20 (2 H, m, CH,CH,3) and 0.92
(3 H, t, CH,Me); m/z 166 (100), 167 (33), 192 (20), 151 (16), 108
(15), 136 (13) and 177 (10) (Found: C, 68.9; H,9.1. C, ;H,,NO,
requires C, 68.85; H, 9.15%).
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