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Introduction

The 2-arylethylamine skeleton is present in a wide variety of
natural products.[1] As a consequence, the search for new
and efficient methods for preparing this structure with one
or two chiral centres, in all their possible configurations,
continues to be an interesting challenge in asymmetric syn-
thesis. One of the most successful routes for synthesising
chiral amines is the nucleophilic addition of organometallic
reagents to C=N double bonds.[2] The use of benzylmetals as
the nucleophile in these reactions is the most direct retro-

synthetic route for preparing 2-arylethylamines (C�C dis-
connection), which is especially interesting with prochiral
benzylmetals that allow the simultaneous creation of two
chiral carbon atoms in the ethylenic fragment. N-Sulfinyl-
ACHTUNGTRENNUNGimines are among the best iminic electrophiles because of
their high conversion and stereoselective control as well as
the ease with which the resulting N-sulfinylamines can be
converted into free amines.[3] However, the stereoselectivity
of their reactions with benzylmetals is not usually very satis-
factory.[4] We have recently solved this problem by using 2-
(p-tolylsulfinyl)benzyl carbanions as nucleophiles, which
react with N-sulfinylaldimines[5] (Scheme 1) and -ketimines[6]

as electrophiles with complete stereoselective control and
very high yields. These reactions were also successfully used
in the synthesis of 1,2-aminalcohols[6,7] and sulfides,[8] start-
ing from the corresponding oxygenated and sulfurated car-
banions.
The success of these reactions is a consequence of a

double asymmetric induction process directed by the config-
uration of the two sulfinyl groups in the reagents. The sulfi-
nyl group on the nucleophile controls the configuration of
the benzylic position (1,4-asymmetric induction process) in
all cases, whereas the configuration of the nitrogenated ste-
reogenic centre depends on the relative configuration of the
sulfur atom on the electrophile. When the configurations of
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the two sulfinyl groups are identical (matched pair), stereo-
selective control is complete, thus providing one of the best
methods for obtaining enantiopure 1,2-disubstituted 2-phe-
nylethylamines with an anti stereochemistry (right-hand
equation, Scheme 1).[5–8] However, the method was not ap-
propriate for obtaining syn derivatives because the reactions
of reagents with opposite configurations at their sulfinyl
groups (mismatched pair) yielded mixtures of isomers (left-
hand equation, Scheme 1). These results have been ex-
plained by a stereochemical model based exclusively on
steric effects[5–8] (see below).
With the aim of searching for an alternative method to

the synthesis of syn diastereoisomers we decided to investi-
gate the reactions of the carbanions derived from (S)-1 and
(S)-2 (Scheme 2) with other imine derivatives by using a

single asymmetric induction procedure. We first investigated
the behaviour of differently substituted N-arylarylidene-
ACHTUNGTRENNUNGamines 3 (Scheme 2) in order to explore the effect of the
sulfinyl group on the nucleophile in controlling the configu-
ration of the aminic carbon atom (1,5-asymmetric single in-
duction process). This study revealed a strong relationship
between the stereoselectivity of the reaction and the elec-
tron density on the rings next to the C=N moiety; therefore
modulation of the electronic density on the rings allowed ef-
ficient control of the configuration at the iminic carbon
atom. As this was not compatible with the previously report-
ed stereochemical model, which was based only on steric
grounds, a new model had to be postulated. Moreover, this
dependence provided the basis for the design of a new pro-
tocol able to afford the enantiopure 1,2-disubstituted 2-
phen ACHTUNGTRENNUNGylethylamine skeleton with syn stereochemistry. The re-
sults obtained in this study are reported herein.

Results and Discussion

Addition to imines : N-Phenylbenzylideneamine (3a) is the
imine used as reference in this study. We have also studied

the behaviour of different N-
phenylarylideneamines 3b–p
(Table 1) and N-arylbenzyli-
ACHTUNGTRENNUNGdeneamines 3’b–p (Table 1),
with substituents on only one
of the rings, and 3’’a–h with
both rings substituted
(Table 1). All these imines
were synthesised by condensa-

tion of the anilines with the corresponding benzaldehydes in
CH2Cl2 or toluene

[9] in the presence of molecular sieves in
good-to-excellent yields (see the Supporting Information).

The reaction of the g-sulfinyl carbanion derived from (S)-
1 with N-phenylarylideneamines 3 provides a mixture of two
diastereoisomers (4 and 5, Table 2) that differ in the config-
uration at the aminic carbon atom and which, in most cases,
can be separated by chromatography (for configurational as-
signment see the Supporting Information).[10] N-Phenylben-
zylideneamine 3a affords a 40:60 mixture of 4a and 5a
(entry 4, Table 2) with an (R,SS) configuration for the major
compound. Reactions with imines 3 f–i, 3 l and 3o, bearing
electron-donating groups on the arylidene moiety (entries 5–
10, Table 2), provide mixtures with a larger proportion of
the isomer 5. The highest selectivity is observed for the
2,4,6-trimethoxy derivative 3o (de=84%, entry 10, Table 2).
In contrast, reactions with imines 3b–d (entries 1–3,

Table 2), supporting electron-withdrawing groups at the sub-
stituted ring, afford mixtures in which the (S,SS)-4 isomer is
the major amine. The best stereoselectivity is observed for

Scheme 1. Reactions of the 2-(p-tolylsulfinyl)benzyl carbanions with different N-sulfinylimines.

Scheme 2. Reactions of carbanions derived from (S)-1 and (S)-2 with
imine derivatives 3 using a single asymmetric induction procedure.

Table 1. Synthesis of the aldimines used in this study.[a]

Imine Y2 Imine Y1 Imine Y2

Y1=H Y2=H Y1=2,4,6-
tri-MeO

3a H – – 3’’a H
3b 4-CN 3’b 4-CN 3’’b 4-CN
3c 4-CF3 – – 3’’c 4-CF3

3d 3-Cl 3’d 3-Cl 3’’d 3-Cl
3e 4-Cl 3’e 4-Cl 3’’e 4-Cl
3 f 3-MeO 3’ f 3-MeO 3’’ f 3-MeO
3g 4-Me 3’g 4-Me 3’’g 4-Me
3h 4-MeO 3’h 4-MeO 3’’h 4-MeO
3 i 2-MeO 3’ i 2-MeO – –
3j 2-Br – – – –
– – 3’k 4-NMe2 – –
3 l 2,4-di-MeO 3’ l 2,4-di-MeO – –
3m 3,4-di-MeO 3’p 3,4-di-MeO – –
3n 3,4,5-tri-MeO – – – –
3o 2,4,6-tri-MeO – – – –
3p 2-naphthyl 3’m 2,3,4-tri-MeO – –

[a] See the Supporting Information for details of the yields and experi-
mental procedure.
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the 4-nitrile derivative 3b (de=70%, entry 1, Table 2). In
all these cases, the observed de is clearly dependent on the
electronic character of the substituent on the imine.
The plot of log ACHTUNGTRENNUNG{[(S,SS)-4]/ACHTUNGTRENNUNG[(R,SS)-5]} obtained for the mon-

osubstituted arylideneamines 3a–f and 3h against
ACHTUNGTRENNUNGHammettQs constants (s)[11] for the Z substituents gives a
straight line with a slope 1=3.029 and R2=0.94 (Figure 1),
which clearly indicates a linear relationship between the ste-
reoselectivity of the reaction of (S)-1 with 3. A lower elec-
tron density on the ring joined to the carbon atom of the C=
N group favours the formation of the (S,SS) isomers. Other
significant conclusions that can
be drawn from Table 2 are the
large influence of ortho sub-
stituents (an even larger effect
than the para position, com-
pare entries 7 and 8 of Table 2)
and the additive nature of the
effects of the substituents
(compare entries 7 and 8 with
9 and 10 of Table 2).
We also studied the reac-

tions of the sulfinyl carbanion
derived from (S)-2 with the N-
phenylarylideneamines 3
(Table 3). The stereoselectivity
of these reactions, in which the
two stereogenic centres are si-
multaneously formed, must be
controlled by the combined ef-
fects of the sulfinyl group and
the steric interactions of the
methyl group adjacent to the
carbanionic centre. Therefore,
some differences can be ex-

pected with respect to the re-
sults obtained from (S)-1
(Table 2). Evidence was found
in the reaction with 3a, which
affords a 91:9 mixture of
(1S,2S,SS)-6a (anti) and
(1R,2S,SS)-7a (syn) (entry 5,
Table 3). Both compounds ex-
hibit the same configuration at
the benzylic carbon atom next
to the sulfinyl group (C2),
which completely controls the
stereoselectivity at this position,
as has been observed in the re-
actions of (S)-2 with all the
electrophiles studied so
far.[5–8,12] Compounds anti-6 and
syn-7 differ in the configuration
of the aminic carbon atom

Figure 1. Hammett plot of log ACHTUNGTRENNUNG{[(S,SS)-4]/ ACHTUNGTRENNUNG[(R,SS)-5]} against sZ for some of
the reactions in Table 2.

Table 3. Reactions of (S)-2 with N-phenylarylideneamines 3.

Entry Z d.r. (anti/syn)[a] Product Yield [%][b]

1 4-CN (3b) �98:�2 6b 90
2 4-CF3 (3c) �98:�2 6c 69
3 3-Cl (3d) 97:3 6d/7d[d] 72
4 [c]

ACHTUNGTRENNUNG(3p) 94:6 6p/7p[d] 70
5 H (3a) 91:9 6a/7a 72
6 3-MeO (3 f) 81:19 6 f/7 f 64
7 4-Me (3g) 78:22 6g/7g 80
8 2-Br (3j) 77:23 6 j/7j 55
9 4-MeO (3h) 41:59 6h/7h 61
10 2-MeO (3 i) 27:73 6 i/7 i[e] 61
11 3,4-di-MeO (3m) 33:67 6m/7m 76
12 2,4-di-MeO (3 l) �2:�98 7 l 62
13 2,4,6-tri-MeO (3o) 33:66 6o/7o 54

[a] Diastereomeric ratio, as measured by 1H NMR spectroscopy. [b] Combined yield. [c] (E)-N-(6-Naphthylme-
thylene)aniline was used. [d] The yields of 7d and 7p were too low for full characterisation. [e] The ORTEP
structure of compound syn-7 i can be found in the Supporting Information.

Table 2. Reactions of (S)-1 with N-phenylarylideneamines 3.

Entry Z d.r.[a] Product Yield [%][b]

1 4-CN (3b) 85:15 4b/5b 84
2 4-CF3 (3c) 65:35 4c/5c 82
3 3-Cl (3d) 66:34 4d/5d 79
4 H (3a) 40:60 4a/5a 80
5 3-MeO (3 f) 37:63 4f/5f 65
6 4-Me (3g) 23:77 4g/5g 69
7 4-MeO (3h) 22:78 4h/5h 80
8 2-MeO (3 i) 17:83 4 i/5 i 79
9 2,4-di-MeO (3 l) 9:91 4 l/5 l 76
10 2,4,6-tri-MeO (3o) 8:92 4 j/5j[c] 74 [d]

[a] Diastereomeric ratio, as measured by 1H NMR spectroscopy. [b] Combined yield. [c] The yield of 4 j was
too low for full charachterisation. [d] The yield for compound 5j only.

Chem. Eur. J. 2007, 13, 6179 – 6195 I 2007 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 6181

FULL PAPERDiastereoselective Synthesis of Diarylpropylamines

www.chemeurj.org


(C1), as it was observed in reactions of 3a with (S)-1. How-
ever, the stereoselectivity of the reaction of 3a with (S)-2
(82% de in favour of the isomer with an S configuration at
C1, entry 5 Table 3) is higher than that observed in the reac-
tion with (S)-1 (20% de with the major isomer exhibiting an
R configuration at C1, entry 4 in Table 2), which must be at-
tributed to the above-mentioned influence of the methyl
group of the benzylic centre, which favours the formation of
the S configuration at C1. This difference in behaviour
occurs with all the imines studied, as shown in Table 3.
The influence of the electron density on the arylidene

rings on the stereoselectivity is analogous to that observed
in the reactions with (S)-1.[13] Electron-withdrawing groups
favour the S configuration at C1, making the reactions
almost completely stereoselective and yielding diastereoiso-
mers anti-6 (entries 1–4, Table 3). In contrast, electron-do-
nating groups increase the proportion of epimers with the R
configuration at C1, thus increasing the proportion of the
syn-7 isomers in the reaction mixtures (entries 6–13,
Table 3). This isomer becomes the only product obtained
from 3 l (entry 12, Table 3). As was observed in the reactions
shown in Table 2, ortho groups have an even larger influ-
ence than para groups on the stereoselectivity of the reac-
tion (compare entries 9 and 10, Table 3). The presence of
two substituents on the aryl group has an additive effect on
the diastereoselectivity of the reaction (see Table 3). Re-
markably, the reaction with N-phenyl-2,4,6-trimethoxyben-
zylideneamine (3o) evolved with only moderate selectivity
(33% de, entry 13 Table 3) despite the presence of the three
favourably located methoxy groups. The steric interactions
of the ortho substituents on the ring with the C=N group,
which precludes their coplanarity, must be responsible for
this anomalous behaviour.

Stereochemical model : The strong influence of electronic ef-
fects on the stereoselectivity of the reactions of Li-1 and
Li-2 with the imines 3 clearly indicates that the stereochemi-
cal model assumed to explain the results obtained with N-
sulfinylimines, which was based exclusively on steric consid-
erations, is not valid for N-arylimines. On the other hand,
this strong electronic influence suggests that some kind of
interaction between the aromatic rings of the reagents con-
trols the relative stability of the possible transition states
and therefore the stereoselectivity of these reactions. By as-
suming a high electron density (strong electron-donating
character) on the phenyl group joined to the carbanionic
carbon atom and a low electron density (electron-accepting
character) on the aryl group adjacent to the iminic carbon
atom, a stabilising donor–acceptor interaction between the
two rings can be considered whose magnitude should be de-
pendent on the nature of the substituents. The stereochemi-
cal model so far proposed to explain the stereoselectivity of
the reactions of (S)-1 and (S)-2 with N-sulfinylimines is
based on the assumption that the nucleophile is the chelated
species Li-2 which adopts a half-chair conformation A
(Figure 2). However, the rings in structure A cannot adopt
the spatial arrangement necessary for p–p stacking because

the quasi-axial arrangement of the p-tolyl and methyl
groups (so oriented to relieve their allylic strain with the
ortho-protons) precludes the rings from reaching the proper
distance. Thus, we have considered other possible structures
of the chelated species Li-1 and Li-2. By considering the
fact that stabilisation of the benzylic carbanion requires co-
planarity with the aromatic p system (which does not exist
in species A), we believed the chelated species B (Figure 2)
to be an alternative to A (also supported by DFT calcula-
tions). It adopts a quasi-boat type conformation with the hy-
drogen on the carbon atom and the lone-pair electron of the
sulfur atom as the only substituents able to occupy the flag-
poles of the boat and therefore be orientated inwards. This
structure would allow p–p stacking interactions with the ar-
ylidene ring as the imine approaches the lower face of B.
The structures of these complexes have also been studied

by DFT at the B3LYP[14] level of theory by using the Gaussi-
an 03 program.[15] The standard 6-31G(d)[16] basis set was
used for all the atoms. Harmonic frequencies were calculat-
ed at the same level of theory to characterise the stationary
points and to determine the zero-point energies (ZPE). In
the model structures the methyl group of the p-tolyl ring
was eliminated and two molecules of dimethyl ether were
included as a simplified model solvent. Among the possible
conformations, with the methyl and sulfinyl groups in differ-
ent orientations, only those with a boat-type arrangement
could be optimised (Figure 3). Even in the case in which the
methyl group at the benzylic position is directed towards the
ortho-sulfinyl group (B2), only the boat-type conformation
with the lone-pair electron conjugated to the aromatic p

system was detected. This reveals the high contribution of
this conjugation to the stability of the anion. The charge on
the benzylic carbanion is stabilised by delocalisation through
the aromatic ring, which is more effective in B1 than in B2
(the corresponding natural charges[17] being �0.59 and
�0.60 a.u., respectively). Accordingly, a higher value of the
Wiberg bond index between C1 and C2 is observed in B1

Figure 2. Comparison of the stereochemical models used to explain the
reaction results.
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(1.43) than in B2 (1.41). These effects are related to the co-
planarity required between the aromatic ring and the ben-
zylic carbon atom which is greater in the case of B1 than in
B2 (see the dihedral angle in Figure 3) in which steric effects
are more important. As a result B2 is 4.5 kcalmol�1 less
stable than B1.
The stereochemical results shown in Table 2 and Table 3

can be explained by assuming the formation of the B species
(Figure 2). Because the metal blocks one of the faces of the
carbanion, the electrophile must approach from the opposite
side (inversion of the configuration), thus explaining the
high stereoselective control observed at C2, which would
depend only on the configuration at the sulfinyl sulfur atom
regardless of the nature of the electrophile (this was ex-
plained with A as the model by assuming association of the
electrophile with the lithium in a previous step of the intra-
molecular nucleophilic attack with retention of the configu-
ration, as indicated in Figure 2). Concerning the configura-

tion at C1, stabilising donor–acceptor interactions between
the aromatic rings joined to the carbanionic and iminic
carbon atoms would favour the approach IA (Figure 4),
which would evolve into compounds with the (S) configura-
tion at C1 (anti isomer when R=Me, Figure 4). Although
there are two possible approaches of the reagents exhibiting
this interaction, the approach IB, yielding isomers with the
(R) configuration at C1 (syn when R=Me), is destabilised
by the repulsion of the lone-pair electrons of the sulfur and
nitrogen atoms (Figure 4), which would be even stronger in
the TS with a larger charge on the nitrogen atom.
The stability of the approaches not involving p–p stacking

interactions will be governed by steric effects and therefore
approach II must presumably be the most stable because of
the anti relationship of the aryl groups, the most bulky
groups (Figure 4). As in the previous case, IIB will be desta-
bilised by the electronic repulsion of the lone-pair electrons
on the sulfur and nitrogen atoms and therefore approach
IIA, which evolves into compounds with an R configuration
at C1 (syn isomer when R=Me), must be favoured on steric
grounds.
According to this description, the stereoselectivity of the

reactions will be strongly related to the electron density on
the arylidene ring as this will determine the magnitude of
the donor–acceptor interactions with the aryl ring of the
carbanion and therefore the relative stability of the IA ap-
proach with respect to that of IIA. Imines bearing electron-
withdrawing groups, which increase the magnitude of the
donor–acceptor interactions, will mainly evolve into com-
pounds with an S configuration at C1 through IA, whereas
imines bearing electron-donating groups, in which the
donor–acceptor interactions are less significant, will provide
a higher proportion of diastereoisomers with an R configu-
ration at C1 through IIA. According to this proposal, the
result given in entry 13 of Table 3 is not unexpected on the
basis of the lack of planarity of the imine, which would pre-
clude p stacking of the rings.

Stereoselective synthesis of the (1R,SS) and (1R,2S,SS)
amines (syn diastereoisomers): According to this mechanis-

Figure 4. Rationalisation of the stereoselectivity observed for the reaction of 2-(p-tolylsulfinyl)benzyl carbanions with N-arylarylideneamines.

Figure 3. Spatial representation of intermediates B. Relative energies
[kcalmol�1] with ZPE correction included are given as well as the dihe-
dral angles between selected atoms.
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tic explanation, we can assume
that any factor able to reduce
the magnitude of the donor–
acceptor interaction between
the aromatic rings of the re-
agents would increase the pro-
portion of isomers bearing the
(R) configuration at C1 (the
syn isomers in the reactions of
2), resulting in the reaction
evolving through IIA
(Figure 4). In contrast, a larger
proportion of isomers with the
S configuration at C1 would be
expected when the magnitude
of the donor–acceptor interac-
tions increases because of the
preferred evolution through
IA. In order to check this as-
sumption we studied the reac-
tions of (S)-1 and (S)-2 with
the N-arylbenzylideneamines
3’b–l (Table 4 and Table 5).
Substituents modify the

electron density on the aniline
ring, but indirectly also modify
the electron density on the
phenyl ring joined to the
iminic carbon atom and there-
fore its acceptor character.
The results obtained, collected
in Tables 4 and 5, indicate that
the effects of the substituents
are similar to those exerted
when they are located on the
benzylidene ring (Table 2 and
Table 3), with electron-with-
drawing groups favouring the
formation of the (1S,SS)-4’
(Table 4) and anti-(1S,2S,SS)-6’
isomers (Table 5) and electron-
donating groups favouring the
(1R,SS)-5’ (Table 4) and syn-(1R,2S,SS)-7’ isomers (Table 5).
Comparison of Tables 2 and 3 with Tables 4 and 5, respec-

tively, reveals that the influence of the substituents is very
similar regardless of the ring they occupy although, as ex-
pected, the magnitude of such influence is higher when they
are directly joined to the ring involved in the donor–accept-
or interaction.
We then investigated wheth-

er the effects of the substitu-
ents are additive in nature
when they occupy different
rings. We therefore studied the
reaction of compound (S)-1
with 8, the latter bearing one
methoxy group on each aryl

ring of the imine. The reaction yields a 5:95 mixture of com-
pounds 9 and 10 (Scheme 3). As we can see, the stereoselec-
tivity is much better (90% de) than those of entry 5 in
Table 4 (46% de) and entry 7 in Table 2 (56% de), thus con-
firming accumulative substituent effects even when the sub-
stituents occupy different rings.

Table 4. Reactions of (S)-1 with N-phenylarylideneamines 3’.

Entry Y d.r.[a] Product Yield [%][b]

1 4-CN (3’b) 66:34 4’b/5’b 85
2 3-Cl (3’d) 62:38 4’d/5’d 78
3 H (3a) 40:60 4a/5a 81
4 3-MeO (3’ f) 40:60 4’ f/5’ f 68
5 4-MeO (3’h) 27:73 4’h/5’h[c] 77
6 4-Me (3’g) 25:75 4’g/5’g 80
7 2-MeO (3’ i) 22:78 4’ i/5’ i 57
8 4-NMe2 (3’k) 21:79 4’k/5’k 71
9 2,3,4-tri-MeO (3’m) 16:84 4’m/5’m 73
10 2,4-di-MeO (3’ l) 12:88 4’ l/5’ l 75

[a] Diastereomeric ratio, as measured by 1H NMR spectroscopy. [b] Combined yield. [c] ORTEP structure of
compound 5’ i can be found in the Supporting Information.

Table 5. Reactions of (S)-2 with N-aryl-substituted imines.

Entry Y d.r.[a] Product Yield [%][b]

1 4-CN (3’b) 96:4 6’b/7’b 88
2 3-Cl (3’d) 94:6 6’c/7’c 80
3 H (3a) 91:9 6a/7a 72
4 4-Cl (3’e) 85:15 6’e/7’e 58
5 3-MeO (3’ f) 79:21 6’ f/7’ f[c] 61
6 4-Me (3’g) 66:33 6’g/7’g 81
7 4-MeO (3’h) 36:64 6’h/7’h[d] 78
8 3,4-di-MeO (3’n) 23:77 6’n/7’n 90
9 2,4-di-MeO (3’ l) 11:89 6’ l/7’ l 76

[a] Diastereomeric ratio, as measured by 1H NMR spectroscopy. [b] Combined yield. [c] The yield of 7’ f was
too low for full charachterisation. [d] ORTEP structure of compound anti-6’b can be found in the Supporting
Information.

Scheme 3. Reaction of (S)-1 with imine 8.
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On this basis we reasoned
that the use of imines derived
from strongly activated ani-
lines would provide a good
method for synthesising imines
with an R configuration at the
aminic carbon atom (syn deriv-
atives starting from (S)-2).
This would complement well
the previously reported
method of preparing epimers
with an S configuration at C1
(anti derivatives starting from
(S)-2 using (S)-N-sulfinyli-
mines as electrophiles).[5–8] It
would be desirable for the aryl
group joined to the nitrogen
atom to be easily removed,
thus allowing the synthesis of
free amines. We believe that
2,4,6-trimethoxyaniline would
be a good candidate because
the N-aryl ring could be easily
eliminated by an oxidative
method.
After preparing the N-

(2,4,6-trimethoxyphenyl)imines
3’’ indicated in Table 1, which
bear electron-withdrawing and
-donating groups on the aryli-
dene ring, their reactions with
(S)-1 and (S)-2 were studied
and the results are shown in
Table 6. As can be seen, the
isomers with an R configura-
tion at C1 (5’’ and syn-7’’) are
the major products in all cases
and they were isolated in good yields (Table 6). The reac-
tions are completely stereoselective for the non-substituted
imine 3’’a as well as for those containing electron-donating
groups (3’’g and 3’’h) and even weakly electron-withdrawing
groups (3’’ f). As was expected, the stereoselectivity favours
the formation of isomers with an (R) configuration at C1
(see Table 6).
In order to be sure that these reactions were suitably effi-

cient for the synthesis of enantiomerically pure syn-1,2-dia-
rylpropylamines, thus providing a complementary procedure
to that previously reported for the preparation of the anti
isomers,[5] it was necessary to check that compounds syn-7’’
could be easily converted into the free amines syn-11 by
CAN oxidation of the aniline ring[18] and subsequent desulfi-
nylation with Raney nickel to yield the amines syn-12.[5–7]

With this in mind, we successfully attempted to transform
the amines syn-7’’a, syn-7’’c and syn-7’’h into syn-12a, syn-
12c and syn-12h, respectively (Scheme 4). Both reactions
proceed with very high yields and without appreciable epi-
merisation.[19]

Conclusion

In this work we have demonstrated that the reactions of the
lithium carbanions derived from (S)-1 and (S)-2 with N-aryl-
benzylideneamines afford epimeric mixtures of syn and anti
1,2-disubstituted 1,2-diphenylethylamines, both exhibiting
the same S configuration at C2 (completely controlled by
the sulfinyl group) and differing in that at C1. The predomi-
nance of the R or S configuration at this carbon atom (syn
or anti isomers from (S)-2) is strongly dependent on the
electron density on the starting imine, with electron-donat-
ing groups favouring the R configuration (syn from (S)-2)
and electron-withdrawing groups favouring the S configura-
tion (anti from (S)-2). These results have been explained by
assuming that substituents modulate the magnitude of the
stabilising donor–acceptor interactions between the aromat-
ic rings joined to the carbanionic centre and the iminic
carbon atom, which exceed their steric repulsion. The reac-
tions of the carbanions (S)-1 and (S)-2 with the aromatic al-
dimines derived from 2,4,6-trimethoxyaniline provide an ex-
cellent method for preparing (R)-1-aryl-2-phenylethylamines

Table 6. Reactions of (S)-1 and (S)-2 with N-(2,4,6-trimethoxyphenyl)arylideneamines 3’’.

Entry Nu[a] Ar d.r.[b] Products Yield [%][c]

1 (S)-1 4-CN-C6H4 (3’’b) 48:52 4’’b/5’’b 70[d]

2 (S)-1 3-MeO-C6H4 (3’’ f) <2:>98 5’’ f 68
3 (S)-1 H-C6H4 (3’’a) <2:>98 5’’a 74
4 (S)-1 4-Cl-C6H4 (3’’e) <2:>98 5’’e 72
5 (S)-1 4-MeO-C6H4 (3h) <2:>98 5h 76
6 (S)-2 4-CN-C6H4 (3’’b) 36:64 6’’b/7’’b 72[d]

7 (S)-2 4-CF3-C6H4 (3’’c) 24:76 6’’c/7’’c 9:51
8 (S)-2 3-Cl-C6H4 (3’’d) 17:83 6’’d/7’’d 6:47
9 (S)-2 3-MeO-C6H4 (3’’ f) <2:>98 7’’ f 71
10 (S)-2 H-C6H4 (3’’a) <2:>98 7’’a 61
11 (S)-2 4-Me-C6H4 (3’’g) <2:>98 7’’g 72
12 (S)-2 4-MeO-C6H4 (3’’h) <2:>98 7’’h 78

[a] Nucleophile. [b] Diastereomeric ratio, as measured by 1H NMR spectroscopy. [c] Combined yield. [d] Chro-
matographic separation was not possible

Scheme 4. Free amines obtained by an oxidation/desulfinylation process.
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and (1R,2S)-syn-1,2-diarylpropylamines in high enantiomer-
ic excess.

Experimental Section

General methods : 1H NMR spectra were acquired at either 200 or
300 MHz and 13C NMR spectra were acquired at 75 MHz (unless other-
wise indicated). Chemical shifts (d) are reported in ppm relative to
CDCl3 (d=7.26 and 77.0 ppm). Mass spectra (MS) were recorded by
using the FAB mode. Melting points were determined in open capillary
tubes (GallenKamp Melting point apparatus). All reactions were carried
out in anhydrous solvents and under argon. THF was distilled from
sodium/benzophenone under argon. Toluene was dried with metallic
sodium. Molecular sieves (4 S) were activated by storing at 110 8C over
four days. iPr2NH was distilled from KOH. Flash silica gel column chro-
matography was performed using Merck-60 silica gel (230–400 mesh).
nBuLi (2.5m solution in hexane) and compound 4a (imine: PhCH=N�
Ph) were purchased from Aldrich. Compounds 1 and 2 had been previ-
ously synthesised.[5–8] The procedure used to synthesise imines 3 is report-
ed in the Supporting Information. The NMR spectra of some representa-
tive compounds of Tables 2–6 and Scheme 4 can be found in the Support-
ing Information as well as the ORTEP structures of compounds 5 i, syn-
7 i and anti-6’b.

General procedure for the addition of sulfoxides 1 and 2 to imines
(Tables 2–6): A solution of nBuLi (0.6 mmol, 2.3m in hexane) was added
to iPr2NH (0.9 mmol) in THF (3 mL) at 0 8C. After stirring for 15 min,
the reaction was cooled to �78 8C. A solution of (S)-1 or (S)-2
(0.5 mmol) in THF (2 mL) was added. After stirring for 15 min, the cor-
responding N-arylimine 3 (0.5 mmol) in THF (1 mL) was added at
�78 8C. When the reaction was completed (20–30 min), the reaction was
hydrolysed (1 mL H2O), extracted (3T10 mL Et2O), washed (2T10 mL
sat. NaCl), dried (MgSO4) and the solvent removed under reduced pres-
sure. Compounds were purified by flash silica gel column chromatogra-
phy (the eluent is indicated in each case).

Products from the reactions of (S)-1 with N-phenylarylideneamines 3
(Table 2)

(1S)-N-Phenyl-1-(p-cyanophenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}ethyl-
ACHTUNGTRENNUNGamine (4b): This compound was obtained as the major diastereoisomer
by using imine 3b and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 4:1; yield: 74%; yellow solid; m.p. 98–100 8C. [a]20D =++

34.5 (c=0.7 in MeOH). 1H NMR (300 MHz): d=7.86 (d, J=9.1 Hz, 1H),
7.58 (d, J=8.3 Hz, 2H), 7.49–7.38 (m, 6H), 7.27 (d, J=8.9 Hz, 1H), 7.22
(d, J=8.2 Hz, 2H), 7.00 (t, J=7.4 Hz, 2H), 6.57 (t, J=7.3 Hz, 1H), 6.32
(d, J=8.6 Hz, 2H), 5.53 (br s, 1H), 4.48 (t, J=8.6 Hz, 1H), 3.30 (dd, J=
14.0, 9.8 Hz, 1H), 2.86 (dd, J=14.0, 4.7 Hz, 1H), 2.34 ppm (s, 3H). 13C
NMR (75 MHz, CDCl3): d=149.4, 146.4, 142.6, 141.4, 141.0, 137.7, 132.4,
131.9, 131.7, 130.0, 128.8, 127.8, 127.6, 127.1, 125.1, 118.7, 117.0, 112.8,
110.8, 59.0, 39.4, 21.2 ppm. IR (NaCl): ñ=3315, 2227, 1601, 1498 cm�1.
Elemental analysis calcd (%) for C28H24N2OS: C 77.03, H 5.54, S 7.35;
found: C 77.35, H 5.44, S 7.38.

(1R)-N-Phenyl-1-(p-cyanophenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}ethyl-
ACHTUNGTRENNUNGamine (5b): This compound was obtained as the minor diastereoisomer
by using imine 3b and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 4:1; yield: 10%; yellow oil. [a]20D =�53.5 (c=1.0 in
CHCl3).

1H NMR (300 MHz): d=7.86–7.01 (m, 14H), 6.69 (t, J=7.4 Hz,
1H), 6.38 (d, J=8.7 Hz, 2H), 5.07 (br s, 1H), 4.85 (dd, J=9.9, 5.7 Hz,
1H), 3.40 (dd, J=14.1, 9.9 Hz, 1H), 3.20 (dd, J=14.1, 5.7 Hz, 1H),
2.32 ppm (s, 3H). 13C NMR (75 MHz, CDCl3): d=149.4, 143.5, 142.6,
141.7, 132.5, 132.2, 132.0, 131.5, 130.1, 130.0, 128.4, 127.7, 127.6, 126,8,
125.5, 124,9, 118.9, 111.1, 111.7, 53.4, 41.2, 21.4 ppm.

(1S)-N-Phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-1-(4-trifluoromethylphe-
nyl)ethylamine (4c): This compound was obtained as the major diaste-
reoisomer by using imine 3c and (S)-1 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 2:1; yield: 54%; yellow solid. [a]20D =�20.4
(c=0.25 in MeOH). 1H NMR (300 MHz): d=7.60–7.05 (m, 15H), 6.55 (t,
J=7.4 Hz, 1H), 6.30 (d, J=8.6 Hz, 2H), 4.59 (dd, J=8.9, 5.7 Hz, 1H),

3.32 (dd, J=14.4, 8.9 Hz, 1H), 3.14 (dd, J=14.4, 5.7 Hz, 1H), 2.29 ppm
(s, 3H). 13C NMR (75 MHz, CDCl3): d=148.0, 147.4, 143.9, 141.8, 140.3,
137.0, 135.2, 131.6, 130.9, 130.1, 130.0, 129.5 (q, JC,F=33.4 Hz), 128.8,
128.2, 126.8, 125.9, 121.0 (q, JC,F=350.7 Hz), 120.3, 113.5, 58.7, 40.5,
21.4 ppm.

(1R)-N-Phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-1-(4-trifluoromethylphe-
nyl)ethylamine (5c): This compound was obtained as the minor diaste-
reoisomer by using imine 3c and (S)-1 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 2:1; yield: 28%; yellow solid; m.p. 74–76 8C.
[a]20D =++8.0 (c=0.5 in MeOH). 1H NMR (300 MHz): d=7.93 (d, J=
9.2 Hz, 1H), 7.63 (d, J=8.3 Hz, 2H), 7.53 (d, J=8.3 Hz, 2H), 7.49–7.38
(m, 4H), 7.38–7.25 (m, 3H), 7.05 (t, J=7.4 Hz, 2H), 6.62 (t, J=7.4 Hz,
1H), 6.38 (d, J=8.7 Hz, 2H), 5.50 (br s, 1H), 4.55 (dd, J=9.9, 4.4 Hz,
1H), 3.35 (dd, J=14.0, 10.0 Hz, 1H), 2.93 (dd, J=14.0, 4.5 Hz, 1H),
2.39 ppm (s, 3H). 13C NMR (75 MHz, CDCl3): d=147.9, 146.7, 142.7,
141.4, 141.2, 137.9, 131.9, 131.6, 130.2, 129.3 (q, JC,F=31.4 Hz), 128.8,
127.7, 127.6, 126.6, 125.9, 125.6, 124.8, 120.0 (q, JC,F=357.7 Hz), 116.9,
112.9, 58.9, 39.7, 21.2 ppm. IR (NaCl): ñ=3318, 1602, 1498, 1325, 1164
1123 cm�1. Elemental analysis calcd (%) for C28H25NO1S1F3: C 70.13, H
5.04, N 2.92, S 6.69; found: C 69.94, H 5.14, N 2.94, S 6.55.

(1S)-N-Phenyl-1-(3-chlorophenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}ethyl-
ACHTUNGTRENNUNGamine (4d): This compound was obtained as the major diastereoisomer
by using imine 3d and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 4:1; yield: 52%; yellow oil. [a]20D =++73.9 (c=1.3 in
CHCl3).

1H NMR (300 MHz): d=7.79 (d, J=9.2 Hz, 1H), 7.40–7.05 (m,
11H), 6.92 (t, J=7.4 Hz, 2H), 6.48 (t, J=7.3 Hz, 1H), 6.23 (d, J=7.7 Hz,
2H), 5.10 (br s, 1H), 4.32–4.28 (m, 1H), 3.16 (dd, J=14.1, 9.7 Hz, 1H),
2.78 (dd, J=14.1, 4.6 Hz, 1H), 2.26 ppm (s, 3H). 13C NMR (75 MHz,
CDCl3): d=146.8, 146.0, 142.9, 141.5, 141.3, 137.9, 134.6, 131.9, 130.1,
130.0, 128.9, 127.7, 127.5, 127.4, 126.5, 125.6, 124.5, 117.0, 113.1, 59.0,
40.1, 21.4 ppm.

(1R)-N-Phenyl-1-(3-chlorophenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}ethyl-
ACHTUNGTRENNUNGamine (5d): This compound was obtained as the minor diastereoisomer
by using imine 3d and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 4:1; yield: 27%; colourless oil. [a]20D =�89.0 (c=0.8 in
CHCl3).

1H NMR (300 MHz): d=7.66 (d, J=9.3 Hz, 1H), 7.55–7.10 (m,
14H), 6.67 (t, J=7.3 Hz, 1H), 6.37 (d, J=8.7 Hz, 2H), 4.60–4.50 (m,
1H), 3.36 (dd, J=10.6, 8.5 Hz, 1H), 3.17 (dd, J=10.6, 5.6 Hz, 1H),
2.36 ppm (s, 3H). 13C NMR (75 MHz, CDCl3): d=146.7, 145.5, 143.8,
141.7, 140.7, 140.5, 136.9, 134.6, 131.5, 130.8, 130.1, 130.0, 129.0, 128.1,
125.8, 125.5, 124.6, 124.3, 117.6, 113.4, 58.6, 40.6, 21.4 ppm.

(1S)-N-Phenyl-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}ethylamine (4a):
This compound was obtained as the minor diastereoisomer by using
imine 3a and (S)-1 as the starting materials and was obtained mixed with
10% of starting material 1. Chromatography: n-hexane/AcOEt, 4:1;
yield: 31%; colourless oil. 1H NMR (200 MHz): d=7.90 (d, J=9.1 Hz,
1H), 7.40–7.23 (m, 14H), 6.50 (t, J=7.0 Hz, 1H), 6.30 (d, J=7.8 Hz,
2H), 5.01 (d, J=5.1 Hz, 1H), 4.56–4.45 (m, 1H), 3.10 (dd, J=14.1,
8.4 Hz, 1H), 2.80 (dd, J=14.1, 5.6 Hz, 1H), 2.36 (s, 3H).

(1R)-N-Phenyl-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}ethylamine (5a):
This compound was obtained as major diastereoisomer by using imine 3a
and (S)-1 as the starting materials. Chromatography: n-hexane/AcOEt,
4:1; yield: 49%; white solid; m.p. 192–194 8C. [a]20D =�100.0 (c=0.5 in
EtOH/CH2Cl2, 1:1).

1H NMR (200 MHz): d=7.70 (d, J=9.3 Hz, 1H),
7.40–7.23 (m, 14H), 6.61 (t, J=7.1 Hz, 1H), 6.43 (d, J=7.7, 1.1 Hz, 2H),
4.66–4.55 (m, 2H), 3.40 (dd, J=14.4, 8.6 Hz, 1H), 3.21 (dd, J=14.4,
5.6 Hz, 1H), 2.38 ppm (s, 3H). 13C NMR (50 MHz, CDCl3): d=143.9,
141.6, 137.2, 131.3, 130.0, 128.9 (2C), 128.7 (2C), 127.9 (2C), 127.3, 126.3
(2C), 125.8, 117.4, 113.5 (2C), 58.9, 40.7, 21.4 ppm. IR (NaCl): ñ=3330,
3051, 1601, 1497, 1238 cm�1.

(1S)-N-Phenyl-1-(3-methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}eth-
ACHTUNGTRENNUNGylamine (4 f): This compound was obtained as the minor diastereoisomer
by using imine 3 f and (S)-1 as the starting materials and was obtained
mixed with 10% of starting material (S)-1. Chromatography: n-hexane/
AcOEt, 4:1; yield: 24%; yellow oil. 1H NMR (300 MHz): d=7.98 (d, J=
9.1 Hz, 1H), 7.54–6.77 (m, 12H), 6.79 (d, J=8.1 Hz, 1H), 6.56 (t, J=
7.2 Hz, 1H), 6.35 (d, J=7.7 Hz, 2H), 4.99 (br s, 1H), 4.40 (dd, J=9.3,
4.9 Hz, 1H), 3.78 (s, 3H), 3.25 (dd, J=14.1, 9.4 Hz, 1H), 2.95 (dd, J=
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14.1, 4.9 Hz, 1H), 2.37 ppm (s, 3H). 13C NMR (75 MHz, CDCl3): d=

159.9, 147.0, 145.4, 143.0, 141.7, 141.6, 137.9, 135.6, 131.7, 130.0, 130.8,
130.1, 129.7, 128.9, 127.6, 118.7, 116.8, 113.2, 112.4, 112.1, 59.3, 55.2, 40.6,
21.4, 18.6 ppm.

(1R)-N-Phenyl-1-(3-methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}eth-
ACHTUNGTRENNUNGylamine (5 f): This compound was obtained as the major diastereoisomer
by using imine 3 f and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 4:1; yield: 41%; colourless oil. [a]20D =�117.0 (c=1.0 in
CHCl3).

1H NMR (300 MHz): d=7.71 (d, J=9.2 Hz, 1H), 7.54–6.88 (m,
12H), 6.79 (dd, J=8.1, 2.3 Hz, 1H), 6.61 (t, J=7.2 Hz, 1H), 6.45 (d, J=
7.7 Hz, 2H), 4.58 (dd, J=8.4, 5.9 Hz, 1H), 4.53 (br s, 1H), 3.76 (s, 3H),
3.39 (dd, J=14.3, 8.4 Hz, 1H), 3.22 (dd, J=14.3, 5.8 Hz, 1H), 2.37 ppm
(s, 3H). 13C NMR (75 MHz, CDCl3): d=159.9, 147.0, 144.9, 143.9, 141.6,
140.8, 137.2, 131.4, 130.8, 130.0, 129.7, 128.9, 128.0, 126.3, 125.8, 118.7,
117.4, 113.5, 112.6, 112.1, 58.9, 55.2, 40.6, 21.4 ppm.

(1S)-N-Phenyl-1-(4-methylphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}ethyl-
ACHTUNGTRENNUNGamine (4g): This compound was obtained as the minor diastereoisomer
by using imine 3g and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 3:1; yield: 16%; yellow oil. 1H NMR (300 MHz,
CDCl3): d=7.82 (d, J=9.4 Hz, 1H), 7.50–7.10 (m, 13H), 6.62 (t, J=
6.4 Hz, 2H), 6.28 (d, J=9.0 Hz, 1H), 4.59 (m, 1H), 3.0 (m, 2H), 2.41 (s,
3H), 2.35 (s, 3H) ppm.

(1R)-N-Phenyl-1-(4-methylphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}ethyl-
amine (5g): This compound was obtained as the major diastereoisomer
by using imine 3g and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 3:1; yield: 53%; yellow oil. [a]20D =�126.8 (c=1.0 in
CH3Cl).

1H NMR (300 MHz): d=7.71 (d, J=9.3 Hz, 1H), 7.50–7.10 (m,
13H), 6.63 (t, J=7.3 Hz, 2H), 6.37 (d, J=8.5 Hz, 1H), 4.61 (dd, J=6.1,
6.7 Hz, 1H), 4.51 (br s, 1H), 3.39 (dd, J=14.4, 8.7 Hz, 1H), 3.26 (dd, J=
14.4, 5.8 Hz, 1H), 2.38 (s, 3H), 2.34 (s, 3H) ppm. 13C NMR (75 MHz,
CDCl3): d=147.1, 143.9, 141.6, 140.9, 139.9, 137.4, 136.8, 131.3, 130.7,
130.0, 129.4, 128.9, 128.8, 128.0, 126.3, 125.8, 117.3, 113.5, 58.7, 40.7, 21.4,
21.1 ppm.

(1S)-N-Phenyl-1-(4-methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}eth-
ACHTUNGTRENNUNGylamine (4h): This compound was obtained as the minor diastereoisomer
by using imine 3h and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 1:1; yield: 18%; colourless oil. [a]20D =++2.0 (c=0.2 in
MeOH). 1H NMR (200 MHz): d=7.81 (d, J=9.1 Hz, 1H), 7.41–7.14 (m,
10H), 6.91 (t, J=8.2 Hz, 1H), 6.75 (d, J=8.6 Hz, 2H), 6.46 (t, J=7.3 Hz,
1H), 6.24 (d, J=8.0 Hz, 2H), 4.70 (br s, 1H), 4.29 (dd, J=9.1, 5.0 Hz,
1H), 3.69 (s, 3H), 3.15 (dd, J=14.1, 9.3 Hz, 1H), 2.84 (dd, J=14.1,
5.0 Hz, 1H), 2.26 ppm (s, 3H). 13C NMR (50 MHz, CDCl3): d=158.7,
147.1, 143.0, 141.6, 141.5, 137.9, 135.3, 131.5, 131.3, 130.0, 128.8, 127.5,
127.3, 126.8, 125.7, 116.7, 114.0, 113.2, 58.5, 55.2, 40.4, 21.3 ppm.

(1R)-N-Phenyl-1-(4-methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}eth-
ACHTUNGTRENNUNGylamine (5h): This compound was obtained as the major diastereoisomer
by using imine 3h and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 1:1; yield: 62%; colourless oil. [a]20D =�172.2 (c=0.5 in
MeOH). 1H NMR (300 MHz): d=7.73 (d, J=9.2 Hz, 1H), 7.45–7.14 (m,
10H), 7.07 (t, J=8.5 Hz, 1H), 6.84 (d, J=8.5 Hz, 2H), 6.64 (t, J=7.3 Hz,
1H), 6.47 (d, J=7.7 Hz, 2H), 4.61 (dd, J=8.3, 5.9 Hz, 1H), 4.55 (br s,
1H), 3.82 (s, 3H), 3.40 (dd, J=14.2, 8.3 Hz, 1H), 3.22 (dd, J=14.2,
5.9 Hz, 1H), 2.38 ppm (s, 3H). 13C NMR (50 MHz, CDCl3): d=158.7,
147.0, 143.7, 141.5, 140.7, 137.2, 134.8, 131.2, 130.7, 129.9, 128.9, 127.8,
127.4, 126.1, 125.7, 117.2, 113.9, 113.4, 58.2, 55.1, 40.7, 21.3 ppm. IR
(NaCl): ñ=3330, 3052, 2931, 1601, 1510, 1246, 1031 cm�1. Elemental anal-
ysis calcd (%) for C28H27NO2S: C 76.16, H 6.16, N 3.17, S 7.26; found: C
75.91, H 6.15, N 3.21, S 6.91.

(1S)-N-Phenyl-1-(2-methoxyphenyl)-{[(S)-p-tolylsulfinyl]phenyl}ethyl-
ACHTUNGTRENNUNGamine (4 i): This compound was obtained as the minor diastereoisomer
by using imine 3 i and (S)-1 as the starting materials. Chromatography: n-
hexane/AcOEt, 1:1; yield: 13%; white solid; m.p. 79–81 8C. [a]20D =++27.6
(c=0.25 in CH2Cl2/EtOH, 1:1). 1H NMR (200 MHz): d=7.81 (d, J=
7.8 Hz, 1H), 7.41–7.14 (m, 13H), 6.53 (d, J=10.9 Hz, 2H), 6.32 (d, J=
8.6 Hz, 1H), 5.15 (br s, 1H), 4.86 (dd, J=9.1, 4.6 Hz, 1H), 3.89 (s, 3H),
3.22 (dd, J=14.0, 9.1 Hz, 1H), 3.22 (dd, J=14.0, 4.6 Hz, 1H), 2.36 ppm
(s, 3H). 13C NMR (50 MHz, CDCl3): d=156.6, 147.2, 142.9, 141.6, 141.1,
131.6, 131.3, 130.8, 130.7, 129.9, 128.8, 127.2, 126.9, 126.0, 125.5, 124.4,

120.8, 116.4, 112.9, 110.3, 55.2, 54.2, 37.6, 21.2 ppm. MS (FAB+): m/z
(%): 442 (46) [M+1]+ , 39 (5), 212 (100), 154 (51), 137 (31), 136 (35). IR
(NaCl): ñ=3320, 1601, 1490, 1237, 1028 cm�1. HRMS: m/z calcd for
C28H28NO2S: 442.1840; found: 442.1836.

(1R)-N-Phenyl-1-(2-methoxyphenyl)-{[(S)-p-tolylsulfinyl]phenyl}ethyl-
ACHTUNGTRENNUNGamine (5 i): This compound was obtained as the major diastereoisomer by
using imine 3 i and (S)-1 as the starting materials. Chromatography: n-
hexane/AcOEt, 1:1; yield: 66%; white solid; m.p. 76–78 8C. [a]20D =�208.8
(c=0.7 in EtOH). 1H NMR (300 MHz): d=7.81 (d, J=9.1 Hz, 1H),
7.41–7.14 (m, 10H), 6.91 (t, J=8.2 Hz, 1H), 6.75 (d, J=8.6 Hz, 2H), 6.46
(t, J=7.3 Hz, 1H), 6.24 (d, J=8.0 Hz, 2H), 5.18 (t, J=6.8 Hz, 1H), 4.77
(br s, 1H), 4.29 (dd, J=9.1, 5.0 Hz, 1H), 3.89 (s, 3H), 3.43 (dd, J=14.1,
8.3 Hz, 1H), 2.84 (dd, J=14.1, 5.0 Hz, 1H), 2.26 ppm (s, 3H). 13C NMR
(75 MHz, CDCl3): d=156.7, 147.0, 143.8, 141.3, 137.7, 130.9, 130.5, 130.2,
129.8 (2C), 128.8, 128.0, 127.5, 127.1, 125.6, 125.3, 120.7, 116.9, 113.3,
110.3, 55.1, 53.8, 38.1, 21.2 ppm. IR (NaCl): ñ=3328, 1598, 1498,
1238 cm�1. Elemental analysis calcd (%) for C28H27NO2S: C 76.16, H
6.16, N 3.17, S 7.26; found: C 76.57, H 6.14, N 3.10, S 7.01.

(1S)-N-Phenyl-1-(2,4-dimethoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
ACHTUNGTRENNUNGethylamine (4 l): This compound was obtained as the minor diastereoiso-
mer by using imine 3 l and (S)-1 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 1:1; yield: 7%; yellow solid; m.p. 82–84 8C. [a]20D =

+31.3 (c=0.3 in EtOH). 1H NMR (300 MHz): d=7.81 (dd, J=7.0,
1.9 Hz, 1H), 7.46–7.28 (m, 5H), 7.21 (d, J=9.8 Hz, 2H), 7.16 (d, J=
8.3 Hz, 2H), 7.02–6.96 (m, 2H), 6.53 (t, J=7.3 Hz, 1H), 6.45 (d, J=
2.3 Hz, 1H), 6.39 (dd, J=8.4, 2.3 Hz, 1H), 6.31 (dd, J=8.7, 1.1 Hz, 1H),
5.03 (br s, 1H), 4.75 (dd, J=9.0, 4.6 Hz, 1H), 3.84 (s, 3H), 3.77 (s, 3H),
3.19 (dd, J=13.9, 9.0 Hz, 1H), 3.01 (dd, J=13.9, 4.7 Hz, 1H), 2.35 ppm
(s, 3H). 13C NMR (75 MHz, CDCl3): d=159.8, 157.7, 147.3, 142.9, 141.7,
141.2, 139.3, 131.6, 131.3, 129.9, 128.8, 127.7, 127.2, 126.8, 125.6, 123.1,
116.4, 113.0, 104.2, 98.6, 55.3, 55.3, 53.9, 37.9, 21.3 ppm. IR (NaCl): ñ=
3327, 1599, 1463, 1378, 1028 cm�1. Elemental analysis calcd (%) for
C29H29NO3S: C 73.86, H 6.20, N 2.97, S 6.80; found: C 72.56, H 6.08, N
2.94, S 6.72.

(1R)-N-Phenyl-1-(2,4-dimethoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
ACHTUNGTRENNUNGethylamine (5 l): This compound was obtained as the major diastereoiso-
mer by using imine 3 l and (S)-1 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 1:1; yield: 69%; white solid; m.p. 76–78 8C. [a]20D =

�163.4 (c=0.6 in EtOH). 1H NMR (300 MHz): d=7.72 (d, J=9.2 Hz,
1H), 7.41 (d, J=10.2 Hz, 2H), 7.40–7.00 (m, 8H), 6.61 (t, J=7.3 Hz,
1H), 6.49 (dd, J=7.6, 1.1 Hz, 2H), 6.25 (d, J=2.3 Hz, 1H), 6.38 (dd, J=
8.3, 2.3 Hz, 1H), 4.95–4.90 (m, 1H), 4.65 (br s, 1H), 3.81 (s, 3H), 3.76 (s,
3H), 3.32 (dd, J=14.2, 8.1 Hz, 1H), 3.23 (dd, J=14.2, 6.2 Hz, 1H),
2.36 ppm (s, 3H). 13C NMR (75 MHz, CDCl3): d=159.9, 157.7, 147.1,
143.8, 141.4, 141.1, 137.8, 130.9, 130.6, 129.8, 128.9, 127.8, 127.6, 125.7,
125.4, 122.6, 117.0, 113.4, 104.1, 98.5, 55.2 (2C), 53.7, 38.4, 21.3 ppm. IR
(NaCl): ñ=3327, 1598, 1462, 1426, 1028 cm�1. Elemental analysis calcd
(%) for C29H29NO3S: C 73.86, H 6.20, N 2.97, S 6.80; found: C 73.76, H
6.12, N 2.99, S 6.82.

(1R)-N-Phenyl-1-(3,4,5-trimethoxyphenyl)-2-{2-[(S)-p-tolylsulfnyl]phen-
ACHTUNGTRENNUNGyl}ethylamine (5 j): This compound was obtained as the major diastereo-
isomer by using imine 3 j and (S)-1 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 1:1; yield: 74%; white solid; m.p. 140–142 8C.
[a]20D =�102.6 (c=0.5 in MeOH). 1H NMR (300 MHz): d=7.71 (d, J=
8.9 Hz, 1H), 7.50–7.30 (m, 4H), 7.23 (d, J=8.0 Hz, 2H), 7.15–7.00 (m,
3H), 6.66 (t, J=7.2 Hz, 1H), 6.56 (s, 2H), 6.48 (d, J=8.4, 2H), 4.68 (br s,
1H), 4.58 (dd, J=8.2, 6.1 Hz, 1H), 3.85 (s, 3H), 3.78 (s, 6H), 3.43 (dd,
J=14.2, 8.2 Hz, 1H), 3.22 (dd, J=14.2, 6.1 Hz, 1H), 2.37 ppm (s, 3H).
13C NMR (75 MHz, CDCl3): d=153.2, 147.0, 143.7, 141.4, 140.5, 138.6,
137.1, 136.8, 131.2, 130.9, 128.8, 127.8, 125.5, 117.3, 113.4, 113.1, 103.1,
103.0, 60.6, 59.2, 55.9, 40.6, 21.2 ppm. IR (NaCl): ñ=3330, 1550, 1499,
1459, 1420, 1125 cm�1. Elemental analysis calcd (%) for C30H31NO4S: C
71.83, H 6.23, N 2.79, S 6.39; found: C 71.11, H 6.20, N 3.15, S 7.12.

Products from the reactions of (S)-2 with N-phenylarylideneamines 3
(Table 3)

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}propylamine
(6a): This compound was obtained as the major diastereoisomer by using
imine 3a and (S)-2 as the starting materials. Chromatography: n-hexane/

Chem. Eur. J. 2007, 13, 6179 – 6195 I 2007 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 6187

FULL PAPERDiastereoselective Synthesis of Diarylpropylamines

www.chemeurj.org


AcOEt, 2:1; yield: 66%; brown solid; m.p. 165–167 8C. [a]20D =++146.9
(c=1.0 in CHCl3).

1H NMR (300 MHz): d=7.96 (d, J=7.5 Hz, 1H),
7.55–7.48 (m, 5H), 7.45–7.19 (m, 7H), 6.92 (t, J=7.4 Hz, 2H), 6.45 (t, J=
7.3 Hz, 1H), 6.20 (d, J=7.7 Hz, 2H), 4.88 (d, J=4.4 Hz, 1H), 4.20 (dd,
J=10.2, 4.8 Hz, 1H), 3.57 (dq, J=10.1, 6.8 Hz, 1H), 2.36 (s, 3H),
0.65 ppm (d, J=6.8 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=147.0,
145.4, 142.6, 141.9, 141.8, 141.3, 132.5 (2C), 130.0, 128.6 (2C), 128.3,
127.8, 127.5 (2C), 127.1, 126.9, 125.5, 63.4, 40.2, 21.3, 19.3 ppm. IR
(NaCl): ñ=3310, 3024, 1608, 1521, 1504 cm�1. Elemental analysis calcd
(%) for C28H27NOS: C 79.02, H 6.39, N 3.29, S, 7.53; found: C 78.56, H
6.39, N 3.29, S 7.53.

ACHTUNGTRENNUNG(1R,2S)-N-Phenyl-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}propylamine
(7a): This compound was obtained as the minor diastereoisomer by using
imine 3a and (S)-2 as the starting materials. Chromatography: n-hexane/
AcOEt, 2:1; yield: 6%; orange oil. 1H NMR (300 MHz): d=7.60 (d, J=
7.6 Hz, 1H), 7.55–7.48 (m, 3H), 7.45–7.19 (m, 7H), 7.02 (t, J=7.5 Hz,
2H), 6.60 (t, J=7.3 Hz, 1H), 6.40 (d, J=7.8 Hz, 2H), 4.83 (br s, 1H), 4.50
(d, J=4.5 Hz, 1H), 4.01 (dq, J=6.8, 6.0 Hz, 1H), 2.36 (s, 3H), 1.25 ppm
(d, J=6.8 Hz, 3H).

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(4-cyanophenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}pro-
pylamine (6b): This compound was obtained as a unique diastereoisomer
by using imine 3b and (S)-2 as the starting materials. Chromatography:
n-hexane/AcOEt, 1:1; yield: 90%; white solid; m.p. 84–86 8C (Et2O).
[a]20D =++138.8 (c=1.1 in CHCl3).

1H NMR (300 MHz): d=7.92 (dd, J=
8.3, 1.0 Hz, 1H), 7.64 (d, J=8.3 Hz, 2H), 7.58 (d, J=8.3 Hz, 2H), 7.55–
7.48 (m, 2H), 7.46 (d, J=8.2 Hz, 2H), 7.45–7.35 (m, 2H), 7.29 (d, J=
8.2 Hz, 2H), 6.97 (t, J=7.4 Hz, 2H), 6.52 (t, J=7.3 Hz, 1H), 6.28 (dd, J=
8.7, 1.1 Hz, 2H), 5.64 (d, J=7.1 Hz, 1H), 4.28 (dd, J=10.2, 7.1 Hz, 1H),
3.68 (dq, J=10.2, 7.0, 1H), 2.38 (s, 3H), 0.55 ppm (d, J=7.0 Hz, 3H). 13C
NMR (75 MHz, CDCl3): d=148.9, 146.4, 145.3, 141.5, 141.4, 140.9, 132.9,
132.2, 129.8, 129.0, 128.7, 128.2, 128.0, 126.9, 124.7, 118.7, 116.5, 112.5,
110.8, 63.5, 39.2, 21.1, 18.4 ppm. IR (NaCl): ñ=3297, 2298, 1557, 1518,
1496 cm�1.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(4-trifluoromethylphenyl)-2-{2-[(S)-p-tolylsulfinyl]-
phenyl}propylamine (6c): This compound was obtained as a unique dia-
stereoisomer by using imine 3c and (S)-2 as the starting materials. Chro-
matography: n-hexane/AcOEt, 1:1; yield: 69%; colourless oil. 1H NMR
(300 MHz): d= 7.96 (d, J=7.4 Hz, 1H), 7.65–7.35 (m, 10H), 7.32 (d, J=
8.0 Hz, 2H), 7.01–6.95 (m, 1H), 6.52 (t, J=7.4 Hz, 1H), 6.29 (d, J=
8.7 Hz, 2H), 5.46 (d, J=7.8 Hz, 1H), 4.30 (dd, J=10.2, 7.8 Hz, 1H), 3.69
(dq, J=10.2, 7.0 Hz, 1H), 2.40 (s, 3H), 0.60 ppm (d, J=10.2 Hz, 3H). 13C
NMR (75 MHz, CDCl3): d=147.3, 146.7, 145.5, 141.7, 141.6, 132.9, 129.9
(2C), 128.7 (2C), 128.0, 127.8, 126.9, 125.4, 125.3 (q, JC,F=25.1 Hz),
125.0, 120.6 (q, JC,F=269.8 Hz), 116.4, 112.5, 63.5, 39.6, 21.2, 18.7 ppm.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(3-chlorophenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}pro-
pylamine (6d): This compound was obtained as the major diastereoiso-
mer by using imine 3d and (S)-2 as the starting materials and the minor
diastereoisomer could not be isolated. Chromatography: n-hexane/
AcOEt, 4:1; yield: 72%; yellow solid; m.p. 149–151 8C. [a]20D =++136.0
(c=1.2 in CHCl3).

1H NMR (200 MHz): d=7.96 (d, J=9.4 Hz, 1H),
7.56–7.18 (m, 12H), 7.00–6.90 (m, 2H), 6.51 (t, J=7.3 Hz, 1H), 6.19 (d,
J=9.4 Hz, 1H), 5.03 (d, J=6.7 Hz, 1H), 4.15 (dd, J=10.2, 6.7 Hz, 1H),
3.54 (dq, J=10.2, 6.8 Hz, 1H), 2.38 (s, 3H), 0.62 ppm (d, J=6.8 Hz, 3H).
13C NMR (50 MHz, CDCl3): d=146.7, 145.2, 141.7, 141.3, 134.3, 132.7,
130.0, 129.6, 128.7 (2C), 128.1 (2C), 127.8, 127.5, 127.4, 126.9, 125.7,
125.3, 116.4, 112.6, 63.3, 39.9, 21.3, 19.1 ppm.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-naphthyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}propylamine
(6p): This compound was obtained as the major diastereoisomer by using
imine 3p and (S)-2 as the starting materials and the minor diastereoiso-
mer could not be isolated. Chromatography: n-hexane/AcOEt, 1:1; yield:
70%; yellow solid; m.p. 99–101 8C. [a]20D =++190.0 (c=0.7 in CHCl3).

1H
NMR (300 MHz): d=8.03 (dd, J=7.6, 1.4 Hz, 1H), 7.97–7.84 (m, 3H),
7.60–7.20 (m, 11H), 7.01 (t, J=7.4 Hz, 2H), 6.54 (t, J=7.4 Hz, 1H), 6.42
(d, J=8.7 Hz, 2H), 5.33 (d, J=7.0 Hz, 1H), 4.49 (dd, J=10.2, 7.0 Hz,
1H), 3.81 (dq, J=10.2, 7.0 Hz, 1H), 2.41 (s, 3H), 0.72 ppm (d, J=7.0 Hz,
3H). 13C NMR (75 MHz, CDCl3): d=147.0, 145.6, 141.7, 141.6, 141.1,
140.2, 133.1, 132.8, 132.6, 129.8, 128.5, 128.3, 128.1, 127.9, 127.7, 127.5,
126.8, 126.7, 125.8, 125.5, 125.2, 125.0, 116.1, 112.7, 63.8, 39.9, 21.1,

19.1 ppm. IR (NaCl): ñ=3330, 1598, 1499, 1031 cm�1. Elemental analysis
calcd (%) for C32H29NOS: C 80.80, H 6.15, N 2.94, S 6.74; found: C
79.82, H 6.15, N 2.94, S 6.74.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(3-methoxyphenyl)-2–{[(S)-p-tolylsulfinyl]phenyl}-
propylamine (6 f): This compound was obtained as the major diastereo-
isomer by using imine 3 f and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 4:1; yield: 52%; yellow oil. [a]20D =++119.3 (c=
0.6 in CHCl3).

1H NMR (300 MHz): d=7.98 (d, J=7.6 Hz, 1H), 7.64–
6.90 (m, 12H), 6.49 (t, J=7.3 Hz, 2H), 6.25 (d, J=7.8 Hz, 2H), 4.87 (br s,
1H), 4.20 (d, J=10.1 Hz, 1H), 3.84 (s, 3H), 3.59 (dq, J=13.9, 6.8 Hz,
1H), 2.38 (s, 3H), 0.69 ppm (d, J=6.8 Hz, 3H). 13C NMR (75 MHz,
CDCl3): d=159.8, 147.1, 145.5, 144.6, 142.0, 141.9, 141.4, 132.7, 130.1,
129.3, 128.7, 127.9, 127.0, 126.0, 125.6, 120.2, 116.3, 113.1, 112.8, 112.5,
63.8, 55.2, 40.3, 21.4, 19.4 ppm.

ACHTUNGTRENNUNG(1R,2S)-N-Phenyl-1-(3-methoxyphenyl)-2-{[(S)-p-tolylsulfinyl]phenyl}-
propylamine (7 f): This compound was obtained as the minor diastereo-
isomer by using imine 3 f and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 4:1; yield: 12%; colourless oil. [a]20D =�9.3 (c=
0.4 in CHCl3).

1H NMR (200 MHz): d=7.55 (d, J=7.1 Hz, 1H), 7.45–
6.80 (m, 12H), 6.60 (t, J=7.3 Hz, 2H), 6.40 (d, J=7.8 Hz, 2H), 4.90 (br s,
1H), 4.50 (d, J=9.1 Hz, 1H), 4.01 (dq, J=6.8, 5.9 Hz, 1H), 2.38 (s, 3H),
1.30 ppm (d, J=6.8 Hz, 3H). 13C NMR (50 MHz, CDCl3): d=159.5,
147.5, 143.9, 143.2, 140.9, 131.5 (2C), 129.8, 129.1, 128.9 (2C), 128.2,
127.6, 125.5 (2C), 119.9, 117.3, 113.6, 113.1, 112.5, 62.9, 55.1, 40.3, 21.3,
17.9 ppm.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(4-methylphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}pro-
pylamine (6g): This compound was obtained as the major diastereoiso-
mer by using imine 3g and (S)-2 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 2:1; yield: 62%; white solid; m.p. 194–196 8C.
[a]20D =++128.3 (c=1.2 in CHCl3).

1H NMR (300 MHz): d=7.93 (d, J=
7.7 Hz, 1H), 7.53–7.10 (m, 11H), 6.87 (t, J=7.4 Hz, 2H), 6.40 (t, J=
7.2 Hz, 1H), 6.16 (d, J=8.7 Hz, 2H), 4.74 (d, J=6.8 Hz, 1H), 4.13 (dd,
J=10.1, 6.8 Hz, 1H), 3.50 (dq, J=10.1, 6.9 Hz, 1H), 2.32 (s, 3H), 2.27 (s,
3H), 0.62 ppm (d, J=6.9 Hz, 3H).13C NMR (75 MHz, CDCl3): d=147.0,
145.5, 141.9, 141.8, 141.3, 139.5, 136.6, 132.5 (2C), 129.9, 129.0, 128.6,
127.7, 127.6, 126.9, 125.5, 116.1, 112.7, 63.3, 40.3, 21.3, 21.0, 19.3 ppm. Ele-
mental analysis calcd (%) for C29H29NOS: C 79.23, H 6.65, N 3.19, S
7.29; found: C 78.99, H 6.55, N 3.27, S 7.11.

ACHTUNGTRENNUNG(1R,2S)-N-Phenyl-1-(4-methylphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (7g): This compound was obtained as the minor diastereo-
isomer by using imine 3g and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 2:1; yield: 18%; yellow solid; m.p. 105–107 8C.
[a]20D =�22.3 (c=1.3 in CHCl3).

1H NMR (300 MHz): d=7.56 (dd, J=
7.7, 1.4 Hz, 1H), 7.53–7.00 (m, 13H), 6.59 (tt, J=7.5, 1.0 Hz, 1H), 6.41
(dd, J=6.7, 1.0 Hz, 2H), 4.74 (br s, 1H), 4.48 (d, J=6.1 Hz, 1H), 4.00
(dq, J=6.9, 6.1 Hz, 1H), 2.37 (s, 3H), 2.28 (s, 3H), 1.25 ppm (d, J=
6.9 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=147.45, 143.96, 143.04,
141.12, 140.92, 138.33, 136.50, 131.52, 129.7, 128.9, 127.98, 127.62 (2C),
127.3, 125.6 (2C), 117.24, 113.54, 62.6, 40.5, 21.33, 21.05, 18.04 ppm.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(2-bromophenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}pro-
pylamine (6 j): This compound was obtained as the major diastereoisomer
by using imine 3j and (S)-2 as the starting materials. Chromatography: n-
hexane/AcOEt, 2:1; yield: 42%; white solid; m.p. 190–192 8C (Et2O).
[a]20D =++128.3 (c=1.2 in CHCl3).

1H NMR (300 MHz): d=7.92 (d, J=
8.0 Hz, 1H), 7.69 (dd, J=7.9, 1.2 Hz, 1H), 7.61–7.52 (m, 4H), 7.49 (d, J=
8.3 Hz, 2H), 7.42 (td, J=7.5, 1.3 Hz, 1H), 7.35 (dd, J=7.5, 1.1 Hz, 1H),
7.30 (d, J=8.3 Hz, 2H), 6.99 (td, J=7.4, 1.1 Hz, 2H), 6.50 (t, J=7.3 Hz,
1H), 6.35 (dd, J=8.6, 1.0 Hz, 2H), 5.57 (d, J=6.9 Hz, 1H), 4.96 (dd, J=
10.1, 7.3 Hz, 1H), 3.76 (dq, J=10.1, 7.1 Hz, 1H), 2.39 (s, 3H), 0.64 ppm
(d, J=7.1 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=146.8, 146.2, 142.1,
141.7, 141.3, 140.8, 133.0, 132.1, 129.8, 128.8, 128.7, 128.5, 128.4, 128.3,
127.9, 126.8, 125.4, 124.9, 116.1, 112.6, 61.0, 40.8, 21.2, 17.5 ppm. IR
(NaCl): ñ=3337, 1934, 1601, 1522 cm�1. Elemental analysis calcd (%) for
C28H26BrNOS: C 66.66, H 5.19, N 2.78, S 6.36; found: C 66.31, H 5.24, N
2.89, S 6.25.

ACHTUNGTRENNUNG(1R,2S)-N-Phenyl-1-(2-bromophenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (7 j): This compound was obtained as the minor diastereo-
isomer by using imine 3 j and (S)-2 as the starting materials. Chromatog-
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raphy: n-hexane/AcOEt, 2:1; yield: 13%. 1H NMR (300 MHz): d=7.60–
7.05 (m, 14H), 6.66 (t, J=6.3 Hz, 1H), 6.52 (d, J=8.5 Hz, 2H), 5.11 (d,
J=5.8 Hz, 1H), 4.80 (br s, 1H), 4.14 (dq, J=7.0, 5.8 Hz, 1H), 2.38 (s,
3H), 1.38 ppm (d, J=7.0 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=146.7,
143.8, 143.2, 141.0, 140.9, 140.5, 133.1 (2C), 131.7, 129.7, 129.1, 128.9
(2C), 128.6, 127.9, 127.8, 127.4, 125.6, 117.7, 113.6, 60.7, 39.7, 21.3,
18.8 ppm.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(4-methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (6h): This compound was obtained as the minor diastereo-
isomer by using imine 3h and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 2:1; yield: 25%; yellow oil. [a]20D =++138.1 (c=
1.2 in CHCl3).

1H NMR (300 MHz): d=7.96 (d, J=7.3 Hz, 1H), 7.65–
7.20 (m, 10H), 6.93 (t, J=8.5 Hz, 1H), 6.88 (d, J=8.5 Hz, 2H), 6.47 (t,
J=7.3 Hz, 1H), 6.30 (d, J=7.7 Hz, 2H), 4.80 (d, J=6.1 Hz, 1H), 4.16
(dd, J=10.5, 6.9 Hz, 1H), 3.80 (s, 3H), 3.54 (dq, J=10.5, 6.9 Hz, 1H),
2.38 (s, 3H), 0.67 ppm (t, J=6.9 Hz, 3H). 13C NMR (75 MHz, CDCl3):
d=158.6, 147.0, 145.5, 141.9, 141.8, 141.3, 134.6, 132.5 (2C), 130.0, 128.6,
128.4, 127.7, 126.9, 125.5, 116.1, 113.7, 112.8, 62.9, 55.1, 40.4, 21.3,
19.3 ppm. IR (NaCl): ñ=3324, 2930, 1605, 1504 cm�1. Elemental analysis
calcd (%) for C29H29NO2S: C 76.45, H 6.42, N 3.07, S 7.02; found: C
76.55, H 6.41, N 3.30, S 7.20.

ACHTUNGTRENNUNG(1R,2S)-N-Phenyl-1-(4-methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (7h): This compound was obtained as the major diastereo-
isomer by using imine 3h and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 2:1; yield: 36%; yellow oil. [a]20D =�10.8 (c=0.5
in CHCl3).

1H NMR (300 MHz): d=7.59 (dd, J=7.7, 1.6 Hz, 1H), 7.37
(td, J=7.4, 1.5 Hz, 1H), 7.31 (td, J=7.6, 1.5 Hz, 1H), 7.22–7.08 (m, 5H),
7.07–6.99 (m, 4H), 6.70 (d, J=6.7 Hz, 2H), 6.60 (t, J=7.3 Hz, 1H), 6.43
(dd, J=8.0, 1.0 Hz, 2H), 4.86 (br s, 1H), 4.48 (d, J=5.6 Hz, 1H), 3.98
(dq, J=7.2, 5.6 Hz, 1H), 3.75 (s, 3H), 2.37 (s, 3H), 1.23 ppm (d, J=
7.2 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=158.5, 147.5, 143.9, 143.0,
141.1, 140.9, 133.2, 131.5, 129.7, 129.2, 128.9, 128.5, 128.1, 127.6, 125.5,
117.2, 113.6, 62.3, 55.1, 40.5, 21.3, 18.2 ppm. IR (NaCl): ñ=3321, 1602,
1510, 1247, 1027 cm�1.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(2-methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (6 i): This compound was obtained as the minor diastereo-
isomer by using imine 3 i and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 2:1; yield: 13%; yellow solid; m.p. 167–168 8C.
[a]20D =++115.6 (c=0.6 in CHCl3).

1H NMR (300 MHz): d=7.92 (dd, J=
7.7, 1.4 Hz, 1H), 7.65–7.20 (m, 9H), 7.00–6.85 (m, 4H), 6.47 (td, J=6.2,
1.1 Hz, 1H), 6.23 (dd, J=7.7, 1.1 Hz, 2H), 4.89 (br s, 1H), 4.72 (br s, 1H),
3.92 (s, 3H), 3.62 (br s, 1H), 2.40 (s, 3H), 0.73 ppm (d, J=7.0 Hz, 3H).
13C NMR (75 MHz, CDCL3): d=157.7, 147.2, 146.1, 142.1, 141.9, 141.2,
132.4, 130.7, 129.9, 129.5, 129.2, 128.6, 128.0, 127.7,127.4, 126.8, 125.7,
121.1, 116.0, 112.6, 110.1, 55.4, 40.2, 21.3, 18.5 ppm. IR (NaCl): ñ=3221,
1601, 1491, 1239, 1026 cm�1. Elemental analysis calcd (%) for
C29H29NO2S: C 76.45, H 6.42, N 3.07, S 7.02; found: C 76.50, H 6.34, N
3.10, S 6.71.

ACHTUNGTRENNUNG(1R,2S)-N-Phenyl-1-(2-methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (7 i): This compound was obtained as the major diastereoiso-
mer by using imine 3 i and (S)-2 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 2:1; yield: 48%; green solid; m.p. 200–202 8C
(Et2O). [a]20D =�32.7 (c=0.7 in CHCl3).

1H NMR (300 MHz): d= 7.55
(d, J=8.0 Hz, 1H), 7.43–7.37 (m, 2H), 7.26–7.03 (m, 9H), 6.75–6.56 (m,
5H), 5.04 (d, J=7.5 Hz, 1H), 4.70 (br s, 1H), 4.30 (dq, J=7.5, 7.1 Hz,
3H), 3.74 (s, 3H), 2.37 (s, 3H), 1.46 ppm (d, J=7.1 Hz, 3H). 13C NMR
(75 MHz, CDCl3): d=156.7, 147.4, 144.9, 143.7, 141.2, 140.5, 131.3, 129.5
(2C), 128.9, 128.5, 127.9, 127.8, 127.6, 127.3, 125.5, 120.4, 117.1, 113.3,
110.4, 57.6, 55.0, 39.5, 21.2, 19.1 ppm. IR (NaCl): ñ=3221, 1601, 1491,
1239, 1026 cm�1.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(3,4-dimethoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phe-
nyl}propylamine (6m): This compound was obtained as the minor diaste-
reoisomer by using imine 3m and (S)-2 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 2:1; yield: 25%; yellow solid; m.p. 93.5–
95.5 8C. [a]20D =++128.3 (c=0.4 in CHCl3).

1H NMR (300 MHz): d=7.96
(d, J=7.3 Hz, 1H), 7.53 (d, J=7.8 Hz, 2H), 7.45–7.35 (m, 5H), 7.29 (d,
J=7.8 Hz, 1H), 6.99–6.94 (m, 3H), 6.85 (d, J=8.7 Hz, 1H), 6.50 (t, J=
7.3 Hz, 1H), 6.28 (d, J=7.6 Hz, 2H), 5.05 (d, J=4.7 Hz, 1H), 4.16 (dd,

J=10.1, 4.7 Hz, 1H), 3.91 (s, 3H), 3.89 (s, 3H), 3.59 (dq, J=10.1, 6.9 Hz,
1H), 2.39 (s, 3H), 0.64 ppm (d, J=7.1 Hz, 3H). 13C NMR (75 MHz,
CDCl3): d=149.1, 148.0, 147.1, 145.7, 141.9, 141.6, 141.1, 135.3, 132.7,
129.9, 128.6 (2C), 128.2, 127.9, 126.8, 125.2, 120.1, 116.1, 112.8, 110.6,
109.7, 63.4, 55.7, 40.2, 21.2, 19.0 ppm. IR (NaCl): ñ=3319, 1602, 1512,
1258, 1027 cm�1. Elemental analysis calcd (%) for C30H31NO3S: C 74.20,
H 6.43, N 2.88, S 6.60; found: C 74.69, H 6.43, N 2.87, S 6.31.

ACHTUNGTRENNUNG(1R,2S)-N-Phenyl-1-(3,4-dimethoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phe-
nyl}propylamine (7m): This compound was obtained as the major diaste-
reoisomer by using imine 3m and (S)-2 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 1:1; yield: 51%; yellow solid; m.p. 92–94 8C
(Et2O). [a]20D =�44.7 (c=0.9 in CHCl3).

1H NMR (300 MHz): d=7.57
(dd, J=7.7, 1.5 Hz, 1H), 7.41–7.04 (m, 8H), 6.75–6.60 (m, 6H), 6.51 (dd,
J=8.6, 0.9 Hz, 1H), 5.09 (br s, 1H), 4.49 (d, J=6.1 Hz, 1H), 4.07 (dq, J=
7.1, 6.1 Hz, 1H), 3.85 (s, 3H), 3.65 (s, 3H), 2.38 (s, 3H), 1.23 ppm (d, J=
7.1 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=151.3, 144.7, 136.9, 135.9,
134.6, 134.0, 133.7, 124.3, 122.9, 122.6, 121.9, 121.4, 120.9, 120.4, 118.9,
118.4, 109.2, 107.6, 107.5, 106.3, 60.0, 48.5, 47.9, 33.5, 14.2, 11.1 ppm. IR
(NaCl): ñ=3324, 1609, 1505, 1208, 1038 cm�1. Elemental analysis calcd
(%) for C30H31NO3S: C 74.20, H 6.43, N 2.88, S 6.60; found: C: 74.67, H
6.41, N 2.71, S 6.63.

ACHTUNGTRENNUNG(1R,2S)-N-Phenyl-1-(2,4-dimethoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phe-
nyl}propylamine (7 l): This compound was obtained as the major diaste-
reoisomer by using imine 3 l and (S)-2 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 2:1; yield: 62%; yellow solid; m.p. 88–90 8C
(Et2O). [a]20D =�34.8 (c=0.6 in EtOH). 1H NMR (300 MHz): d=7.58 (d,
J=8.1 Hz, 1H), 7.47–7.40 (m, 2H), 7.30–7.05 (m, 6H), 6.96 (d, J=8.4 Hz,
2H), 6.70–6.55 (m, 3H), 6.34 (d, J=2.3 Hz, 1H), 6.26 (dd, J=8.4, 2.3 Hz,
1H), 4.99 (br s, 1H), 4.70 (br s, 1H), 4.29 (dq, J=7.1, 6.0 Hz, 1H), 3.78 (s,
3H), 2.76 (s, 3H), 2.40 (s, 3H), 1.47 ppm (d, J=7.1 Hz, 3H). 13C NMR
(75 MHz, CDCl3): d=159.6, 157.7, 147.5, 145.1, 143.6, 141.4, 140.5, 131.2,
129.5, 129.1, 128.9, 127.9, 127.6, 127.3 (2C), 125.5, 121.9, 117.0, 113.3,
104.0, 98.3, 55.2, 55.0, 39.7, 21.2, 19.2 ppm. IR (NaCl): ñ=3324, 1609,
1505, 1208, 1038 cm�1. Elemental analysis calcd (%) for C30H31NO3S: C
74.20, H 6.43, N 2.88, S 6.60; found: C 73.39, H 6.36, N 2.89, S 6.36.

ACHTUNGTRENNUNG(1S,2S)-N-Phenyl-1-(2,4,6-trimethoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]-
phenyl}propylamine (6o): This compound was obtained as the minor dia-
stereoisomer by using imine 3o and (S)-2 as the starting materials. Chro-
matography: n-hexane/AcOEt, 1:1; yield: 18%; yellow solid; m.p. 181–
183 8C. [a]20D =�54.0 (c=0.5 in CHCl3).

1H NMR (300 MHz): d=7.77
(dd, J=7.8, 1.4 Hz, 1H), 7.65–7.45 (m, 4H), 7.40–7.25 (m, 2H), 7.00–6.90
(m, 2H), 6.50 (t, J=7.3 Hz, 1H), 6.3 (d, J=8.7 Hz, 2H), 6.15–6.12 (m,
2H), 5.26 (dd, J=10.9, 10.4 Hz, 1H), 4.49 (d, J=10.9 Hz, 1H), 4.16 (dq,
J=10.4, 7.0 Hz, 1H), 3.95 (s, 3H), 3.84 (s, 3H), 3.79 (s, 3H), 2.44 (s, 3H),
0.96 ppm (d, J=7.0 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=160.1,
159.3, 159.1, 148.1, 147.0, 142.6, 142.4, 141.0, 131.9, 129.7, 128.6, 127.0
126.6, 126.5, 126.3, 116.4, 113.1, 109.0, 91.5, 90.3, 56.0, 55.5, 55.2, 53.9,
37.8, 21.3, 19.8 ppm. IR (NaCl): ñ=3346, 1603, 1030 cm�1. Elemental
analysis calcd (%) for C31H33NO4S: C 72.20, H 6.45, N 2.72, S 6.22;
found: C 72.74, H 6.37, N 2.72, S 6.14.

ACHTUNGTRENNUNG(1R,2S)-N-Phenyl-1-(2,4,6-trimethoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]-
phenyl}propylamine (7o): This compound was obtained as the major dia-
stereoisomer by using imine 3o and (S)-2 as the starting materials. Chro-
matography: n-hexane/AcOEt, 2:1; yield: 36%; yellow oil. [a]20D =�25.8
(c=0.8 in EtOH). 1H NMR (300 MHz): d=7.97 (d, J=7.9 Hz, 1H),
7.60–7.20 (m, 6H), 7.00–6.97 (m, 2H), 6.70 (t, J=7.1 Hz, 1H), 6.20 (d,
J=8.7 Hz, 2H), 6.25–6.22 (m, 2H), 5.36 (m, 1H), 5.00 (m, 1H), 4.60 (dq,
J=7.0, 6.4 Hz, 1H), 3.90 (s, 3H), 3.74 (s, 6H), 2.42 (s, 3H), 1.65 ppm (d,
J=7.0 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=153.1, 147.1, 145.7,
141.8, 141.4, 141.1, 138.7, 136.7, 132.7, 129.8, 128.6, 128.4, 127.9, 126.8,
125.0, 116.0, 112.6, 104.1, 64.0, 60.7, 56.0, 40.1, 21.2, 18.9 ppm.

Products from the reactions of (S)-1 with N-phenylarylideneamines 3’
(Table 4)

(1S)-N-(4-Cyanophenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}ethyl-
ACHTUNGTRENNUNGamine (4’b): This compound was obtained as the major diastereoisomer
by using imine 3’b and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 4:1; yield: 74%; yellow solid; m.p. 88–90 8C. [a]20D =++

67.0 (c=0.5, CH2Cl2).
1H NMR (300 MHz): d=7.80 (d, J=11.0 Hz, 1H),
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7.60–7.24 (m, 10H), 7.23 (d, J=7.1 Hz, 2H), 7.04 (d, J=6.0 Hz, 1H), 6.62
(d, J=8.5 Hz, 1H), 6.35 (d, J=8.7 Hz, 2H), 4.54–4.31 (m, 1H), 4.26 (br s,
1H), 3.50 (dd, J=14.0, 10.6 Hz, 1H), 2.74 (dd, J=14.0, 3.9 Hz, 1H),
2.32 ppm (s, 3H). 13C NMR (75 MHz, CDCl3): d=150.6, 142.5 141.9,
141.0 (2C), 140.6, 139.2 (2C), 133.6, 133.1, 132.6, 132.4, 129.9, 129.1,
127.3, 126.6, 124.7, 114.3, 112.5, 59.6, 39.5, 21.1 ppm. IR (NaCl): ñ=3352,
2213, 1607, 1527, 1339, 1173 cm�1. MS (FAB+): m/z (%): 437 (70) [M+

1]+ , 415 (53), 319 (51), 230 (21). HRMS: m/z calcd for C28H25OSN2:
437.1687; found: 437.1677.

(1R)-N-(4-Cyanophenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenylethyl-
ACHTUNGTRENNUNGamine (5’b): This compound was obtained as the minor diastereoisomer
by using imine 3’b and (S)-1 as the starting materials. Chromatography:
n-hexane/AcOEt, 4:1; yield: 11%; yellow solid; m.p. 178–180 8C. [a]20D =

�119.5 (c=0.4 in MeOH). 1H NMR (200 MHz): d=7.60–7.24 (m, 14H),
6.37 (d, J=8.7 Hz, 2H), 6.15 (d, J=5.4 Hz, 1H), 4.65–4.57 (m, 1H), 3.53
(dd, J=14.2, 9.3 Hz, 1H), 2.74 (dd, J=14.2, 5.0 Hz, 1H), 2.40 ppm (s,
3H). 13C NMR (50 MHz, CDCl3): d=142.0, 141.8, 137.9, 133.2 (2C),
131.7, 131.1 (2C), 130.2, 128.8 (2C), 127.9, 127.6 (2C), 126.9, 126.2, 125.8,
112.8, 58.9, 40.2, 21.4 ppm. IR (NaCl): ñ=3307, 2212, 1607, 1525, 1340,
1173 cm�1.

ACHTUNGTRENNUNG(1S/1R)-N-(3-Chlorophenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
ACHTUNGTRENNUNGethylamine (4’d): This compound was obtained as the major diastereoiso-
mer by using imine 3’d and (S)-1 as the starting materials. This com-
pound was obtained with 5’d as an inseparable mixture of diastereoiso-
mers. Yield: 78%. Major diastereoisomer 4’d : 1H NMR (200 MHz): d=
7.80 (d, J=9.1 Hz, 1H), 7.40–7.05 (m, 11H), 6.92–6.23 (m, 5H), 4.60–4.50
(m, 1H), 3.40 (dd, J=14.0, 9.4 Hz, 1H), 3.30 (dd, J=14.0, 4.5 Hz, 1H),
2.27 ppm (s, 3H). Minor diastereoisomer 5’d : 1H NMR (200 MHz): d=
7.60 (d, J=9.0 Hz, 1H), 7.40–7.05 (m, 11H), 6.90–6.30 (m, 5H), 4.45–4.40
(m, 1H), 3.35 (dd, J=14.3, 9.6 Hz, 1H), 3.10 (dd, J=14.3, 5.5 Hz, 1H),
2.27 ppm (s, 3H).

(1S)-N-(3-Methoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
ACHTUNGTRENNUNGethylamine (4’ f): This compound was obtained as the minor diastereoiso-
mer and mixed with sulfoxide 1 by using imine 3’ f and (S)-1 as the start-
ing materials. Chromatography: n-hexane/AcOEt, 4:1; yield: 27%. 1H
NMR (200 MHz): d=7.70 (d, J=9.3 Hz, 1H), 7.40–7.23 (m, 14H), 6.61
(t, J=7.1 Hz, 1H), 6.43 (d, J=7.7, 1.1 Hz, 2H), 4.66–4.55 (m, 2H), 3.62
(s, 3H), 3,40 (dd, J=14.4, 8.6 Hz, 1H), 3.21 (dd, J=14.4, 5.6 Hz, 1H),
2.38 ppm (s, 3H).

(1R)-N-(3-Methoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
ACHTUNGTRENNUNGethylamine (5’ f): This compound was obtained as a major by using imine
3’ f and (S)-1 as the starting materials. Chromatography: n-hexane/
AcOEt, 4:1; yield: 41%; white solid; m.p. 68–70 8C. [a]20D =�116.0 (c=1.4
in CHCl3).

1H NMR (200 MHz): d=7.69 (d, J=9.1 Hz, 1H), 7.45–7.13
(m, 12H), 6.94 (t, J=7.9 Hz, 1H), 6.19 (dd, J=8.1, 2.3 Hz, 1H), 6.07 (dd,
J=8.1, 2.3 Hz, 1H), 5.98 (t, J=2.3 Hz, 1H), 4.60 (dd, J=8.7, 1.2 Hz,
1H), 3.65 (s, 3H), 3.38 (dd, J=14.4, 8.4 Hz, 1H), 3.18 (dd, J=14.4,
8.7 Hz, 1H), 2.36 ppm (s, 3H). 13C NMR (50 MHz, CDCl3): d=151.6,
142.9, 141.6, 140.7, 137.1, 131.3, 130.7, 129.9, 129.5, 128.6, 127.9, 127.4,
127.3, 126.2, 125.7, 125.6, 125.2, 106.5, 102.6, 99.4, 58.8, 54.8, 40.5,
21.3 ppm. IR (NaCl): ñ=3330, 3051, 1601, 1497, 1238 cm�1.

(1S)-N-(4-Methoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
ACHTUNGTRENNUNGethylamine (4’h): This compound was obtained as the minor diastereoiso-
mer by using imine 3’h and (S)-1 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 1:1; yield: 21%; white solid; m.p. 88–90 8C. [a]20D =

�19.6 (c=0.5 in MeOH). 1H NMR (200 MHz): d=7.92 (d, J=9.1 Hz,
1H) 7.41–7.14 (m, 12H), 6.61 (d, J=9.0 Hz, 2H), 6.31 (d, J=9.0 Hz,
2H), 4.56 (br s, 1H), 4.45–4.30 (m, 1H), 3.64 (s, 3H), 3.25 (dd, J=14.0,
8.9 Hz, 1H), 3.02 (dd, J=14.0, 5.2 Hz, 1H), 2.35 ppm (s, 3H). 13C NMR
(50 MHz, CDCl3): d=151.5, 143.4, 143.0, 141.4, 141.1, 131.3 (2C), 131.1,
130.0 (2C), 128.8, 127.5, 127.0, 126.3, 126.4, 125.7, 114.4, 114.2, 59.7, 55.6,
40.4, 21.2 ppm. IR (NaCl): ñ=3330, 1465, 1235, 1030 cm�1. Elemental
analysis calcd (%) for C28H27NO2S: C 76.16, H 6.16, N 3.17, S 7.26;
found: C 75.89, H 6.09, N 3.15, S 7.12.

(1R)-N-(4-Methoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
ACHTUNGTRENNUNGethylamine (5’h): This compound was obtained as the major diastereoiso-
mer by using imine 3’h and (S)-1 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 1:1; yield: 56%; yellow solid; m.p. 94–96 8C.

[a]20D =�166.2 (c=0.55 in MeOH). 1H NMR (200 MHz): d=7.78 (d, J=
9.3 Hz, 1H), 7.41–7.14 (m, 12H), 6.68 (d, J=9.0 Hz, 2H), 6.44 (d, J=
9.0 Hz, 2H), 4.59 (dd, J=8.5, 6.1 Hz, 1H), 4.30 (br s, 1H), 3.70 (s, 3H),
3.40 (dd, J=14.4, 8.5 Hz, 1H), 3.22 (dd, J=14.4, 6.1 Hz, 1H), 2.39 ppm
(s, 3H). 13C NMR (50 MHz, CDCl3): d=151.9, 143.8, 143.1, 141.5, 141.1,
140.9, 137.1, 131.2, 130.7, 130.0, 129.9, 128.6, 127.9, 127.2, 126.1, 125.6,
114.7, 114.5, 59.7, 55.6, 40.7, 21.0 ppm. IR (NaCl): ñ=3330, 1512, 1236,
1033 cm�1. Elemental analysis calcd (%) for C28H27NO2S: C 76.16, H
6.16, N 3.17, S 7.26; found: C 75.82, H 6.11, N 3.21, S 7.14.

ACHTUNGTRENNUNG(1R/1S)-N-(4-Methylphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
ACHTUNGTRENNUNGethylamine (5’g/4’g): These compounds were obtained as an inseparable
mixture of diastereoisomers by using imine 3’g and (S)-1 as the starting
materials. Chromatography: n-hexane/AcOEt, 1:1; yield: 80%. Major
diastereoisomer (1R)-5’g : 1H NMR (200 MHz): d=7.90 (d, J=9.1 Hz,
1H), 7.50–7.10 (m, 14H), 6.83 (d, J=8.6 Hz, 2H), 6.37 (d, J=8.6 Hz,
1H), 4.59 (dd, J=8.5, 5.9 Hz, 1H), 3.37 (dd, J=14.4, 8.5 Hz, 1H), 3.17
(dd, J=14.4, 5.9 Hz, 1H), 2.35 (s, 3H), 2.17 ppm (s, 3H). Minor diaste-
reoisomer (1S)-4’g : 1H NMR (200 MHz): d=7.74 (d, J=9.0 Hz, 1H),
7.50–7.10 (m, 14H), 6.81 (d, J=8.5 Hz, 2H), 6.25 (d, J=8.5 Hz, 1H), 4.42
(dd, J=9.1, 5.1 Hz, 1H), 3.21 (dd, J=10.8, 9.1 Hz, 1H), 3.03 (dd, J=10.8,
5.1 Hz, 1H), 2.35 (s, 3H), 2.13 ppm (s, 3H).

ACHTUNGTRENNUNG(1R/1S)-N-(2-Methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-1-phenyl-
ACHTUNGTRENNUNGethylamine (4’ i/5’ i): These compounds were obtained as an inseparable
mixture of diastereoisomers by using imine 3’ i and (S)-1 as the starting
materials. Chromatography: n-hexane/AcOEt, 1:1; yield: 57%. Major
diastereoisomer (1R)-5’ i : 1H NMR (200 MHz): d=7.74 (d, J=9.0 Hz,
1H), 7.50–7.10 (m, 13H), 6.70–6.40 (m, 2H), 6.05 (d, J=7.5 Hz, 1H),
4.26–4.24 (m, 1H), 3.70 (s, 3H), 3.37 (dd, J=14.3, 7.9 Hz, 1H), 3.17 (dd,
J=14.3, 5.9 Hz, 1H), 2.35 ppm (s, 3H). Minor diastereoisomer (1S)-4’ i :
1H NMR (200 MHz): d=7.90 (d, J=9.1 Hz, 1H), 7.50–7.10 (m, 13H),
6.70–6.40 (m, 2H), 6.12 (d, J=7.7 Hz, 1H), 4.45–4.40 (m, 1H), 3.72 (s,
3H), 3.40 (dd, J=14.4, 7.6 Hz, 1H), 3.22 (dd, J=14.4, 5.9 Hz, 1H),
2.35 ppm (s, 3H).

ACHTUNGTRENNUNG(1R/1S)-N-(N’,N’-Dimethylaminophenyl)-2-{2-[(S)-p-tolylsulfinyl]phen-
ACHTUNGTRENNUNGyl}ethylphenylamine (5’k/4’k): These compounds were obtained as an in-
separable mixture of diastereoisomers by using imine 3’k and (S)-1 as
the starting materials. Chromatography: n-hexane/AcOEt, 1:1; yield:
71%. Major diastereoisomer (1R)-5’k : 1H NMR (200 MHz): d=7.79 (d,
J=9.3 Hz, 1H), 7.51–7.08 (m, 12H), 6.63 (d, J=8.5 Hz, 2H), 6.46 (d, J=
8.5 Hz, 2H), 4.59 (dd, J=8.5, 6.1 Hz, 1H), 4.15 (br s, 1H), 3.70 (s, 3H),
3.40 (dd, J=14.4, 8.5 Hz, 1H), 3.22 (dd, J=14.4, 6.1 Hz, 1H), 2.74 (s,
6H), 2.39 ppm (s, 3H). 13C NMR (50 MHz): d=143.8, 141.5, 141.4, 141.0,
137.0, 131.1, 130.9, 130.6, 129.9, 129.8, 127.8, 127.5, 127.0, 126.3, 126.0,
125.8, 125.4, 114.4, 59.6, 42.1, 40.7, 21.2 ppm. Minor diastereoisomer (1S)-
4’k : 1H NMR (200 MHz): d=7.95 (d, J=9.1 Hz, 1H), 7.41–7.14 (m,
12H), 6.59 (d, J=8.5 Hz, 2H), 6.33 (d, J=8.5 Hz, 2H), 4.61–4.58 (m,
1H), 4.41–4.39 (m, 1H), 3.24–3.18 (m, 1H), 3.03 (dd, J=14.1, 5.4 Hz,
1H), 2.74 (s, 6H), 2.36 ppm (s, 3H).

ACHTUNGTRENNUNG(1R/1S)-N-(2,3,4-Trimethoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]-
phenyl}ethylamine (5’m/4’m): These compounds were obtained as an in-
separable mixture of diastereoisomers by using imine 3’m and (S)-1 as
the starting materials. Chromatography: n-hexane/AcOEt, 1:1; yield:
73%. Major diastereoisomer (1R)-5’m : 1H NMR (300 MHz): d=7.73 (d,
J=9.3 Hz, 1H), 7.50–7.10 (m, 14H), 5.72 (s, 2H), 4.62 (dd, J=8.4,
6.0 Hz, 1H), 3.73 (s, 3H), 3.65 (s, 6H), 3.45 (dd, J=13.9, 8.4 Hz, 1H),
3.22 (dd, J=13.9, 6.0 Hz, 1H), 2.34 ppm (s, 3H). 13C NMR (75 MHz): d=
153.5, 143.8, 143.1, 141.5, 141.3, 140.6, 138.1, 137.1, 131.3, 130.8, 129.8,
128.7 (2C), 127.9, 127.9, 127.2, 126.3, 126.1, 125.4, 91.2, 60.8, 59.4, 55.5
(2C), 40.4, 21.3 ppm. Minor diastereoisomer (1S)-4’m : 1H NMR
(300 MHz): d=7.90 (d, J=9.1 Hz, 1H), 7.50–7.10 (m, 14H), 5.62 (s, 2H),
4.42 (dd, J=8.3, 6.0 Hz, 1H), 3.71 (s, 3H), 3.65 (s, 6H), 3.33 (dd, J=13.9,
8.3 Hz, 1H), 2.98 (dd, J=13.9, 6.0 Hz, 1H), 2.34 ppm (s, 3H).

ACHTUNGTRENNUNG(1R/1S)-N-(2,4-Dimethoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phe-
nyl}ethylamine (5’ l/4’ l): These compounds were obtained as an insepara-
ble mixture of diastereoisomers by using imine 3’ l and (S)-1 as the start-
ing materials. Chromatography: n-hexane/AcOEt, 1:1. yield: 75%. Major
diastereoisomer (1R)-5’ l : 1H NMR (300 MHz): d=7.77 (d, J=9.2 Hz,
1H), 7.50–7.10 (m, 12H), 6.60 (d, J=8.6 Hz, 1H), 6.15 (d, J=2.5 Hz,
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1H), 5.98 (dd, J=8.7, 2.5 Hz, 1H), 4.61 (dd, J=8.4, 6.1 Hz, 1H), 4.40
(br s, 1H), 3.76 (s, 3H), 3.72 (s, 3H), 3.43 (dd, J=14.3, 8.4 Hz, 1H), 3.23
(dd, J=14.3, 6.1 Hz, 1H), 2.38 ppm (s, 3H). 13C NMR (75 MHz, CDCl3):
d=149.6, 143.8, 143.1, 141.8, 141.4, 141.3, 140.8, 137.0, 131.2, 130.7, 129.9,
127.9, 126.3, 126.0, 125.5, 112.9, 104.4, 99.5, 59.7, 56.5, 55.4, 40.6,
21.2 ppm. Minor diastereoisomer (1R)-4’ l : 1H NMR (300 MHz): d=7.86
(d, J=9.2 Hz, 1H), 7.55–7.10 (m, 11H), 6.58 (d, J=8.7 Hz, 1H), 6.05 (d,
J=2.6 Hz, 1H), 5.86 (dd, J=8.7, 2.6 Hz, 2H), 4.45 (m, 2H), 3.73 (s, 3H),
3.70 (s, 3H), 3.34 (dd, J=14.5, 4.7 Hz, 1H), 3.01 (dd, J=14.5, 5.4 Hz,
1H), 2.36 ppm (s, 3H). 13C NMR (75 MHz, CDCl3): d=143.9, 143.8,
143.1, 141.8, 141.4, 141.3, 140.8, 137.0, 131.2, 130.7, 129.9, 127.9, 126.2,
126.0, 125.6, 112.9, 103.9, 99.1, 59.9, 59.7, 56.8, 40.3, 20.9 ppm.

Products from the reactions of (S)-2 with N-aryl-substituted imines
(Table 5)

ACHTUNGTRENNUNG(1S,2S)-N-(4-Cyanophenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}pro-
pylamine (6’b): This compound was obtained as the major diastereoiso-
mer by using imine 3’b and (S)-2 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 1:1; yield: 86%; yellow solid; m.p. 188–190 8C.
[a]20D =152.8 (c=0.8 in CHCl3).

1H NMR (300 MHz): d=7.77 (dd, J=7.8,
1.4 Hz, 1H), 7.65–7.45 (m, 4H), 7.40–7.25 (m, 2H), 7.00–6.90 (m, 2H),
6.50 (t, J=7.3 Hz, 1H), 6.3 (d, J=8.7 Hz, 2H), 6.15–6.12 (m, 2H), 5.26
(dd, J=10.9, 10.4 Hz, 1H), 4.49 (d, J=10.9 Hz, 1H), 4.16 (dq, J=10.4,
7.0 Hz, 1H), 3.95 (s, 3H), 3.84 (s, 3H), 3.79 (s, 3H), 2.44 (s, 3H),
0.96 ppm (d, J=7.0 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=150.4,
146.4, 141.6, 141.2, 141.1, 140.9, 133.3, 130.0, 129.8, 128.5, 128.4, 127.4,
127.2, 126.9, 124.4, 120.7, 112.2, 97.1, 64.0, 39.3, 21.1, 18.2 ppm. IR
(NaCl): ñ=3346, 1603, 1030 cm�1. Elemental analysis calcd (%) for
C29H26NOS: C 77.30, H 5.82, N 6.22, S 7.12; found: C 76.96, H 5.83, N
6.22, S 7.12.

ACHTUNGTRENNUNG(1R,2S)-N-(4-Cyanophenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}pro-
pylamine (7’b): This compound was obtained as the minor diastereoiso-
mer by using imine 3’b and (S)-2 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 2:1; yield: 2%; brown solid; m.p. 175.5–177.0 8C.
[a]20D =++143.2 (c=0.68 in CHCl3).

1H NMR (200 MHz): d=7.70 (d, J=
7.8 Hz, 2H), 7.60–7.00 (m, 12H), 6.72–6.40 (m, 3H), 4.34–4.20 (m, 1H),
3.00 (dq, J=6.9, 6.2 Hz, 1H), 2.38 (s, 3H), 1.05 ppm (d, J=6.9 Hz, 1H).

ACHTUNGTRENNUNG(1R/1S,2S)-N-(3-Chlorophenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (6’c/7’c): These compounds were obtained as an inseparable
mixture of diastereoisomers; yield: 80%. Major diastereoisomer 7’c : 1H
NMR (200 MHz): d=7.90 (d, J=9.1 Hz, 1H), 7.60–7.00 (m, 11H), 6.80
(t, J=8.0 Hz, 1H), 6.45–6.35 (m, 2H), 6.25–6.00 (m,2H), 5.33 (d, J=
7 Hz, 1H), 4.15 (dd, J=10.2, 7.0 Hz, 1H), 3.7 (br s, 1H), 3.66–3.45 (m,
1H), 2.36 (s, 3H), 0.56 ppm (d, J=6.98, 3H). 13C NMR (75 MHz,
CDCl3): d=148.2, 145.7, 142.1, 141.6, 141.2, 140.9, 134.3, 132.8, 130.2,
130.0, 129.6, 128.5, 127.9, 127.3, 127.0, 125.3, 118.4, 115.9, 112.5, 110.8,
63.9, 40.0, 21.3, 19.0 ppm.

ACHTUNGTRENNUNG(1S,2S)-N-(4-Chlorophenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}pro-
pylamine (6’e): This compound was obtained as the major diastereoiso-
mer by using imine 3’e and (S)-2 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 1:1; yield: 49%; yellow solid; m.p. 167–169 8C.
[a]20D =++153.5 (c=10 in CHCl3).

1H NMR (300 MHz): d=7.91 (d, J=
7.6 Hz, 1H), 7.53–7.20 (m, 8H), 6.85 (d, J=8.6 Hz, 2H), 6.18 (d, J=
8.9 Hz, 2H), 5.42 (d, J=7.2 Hz, 1H), 4.13 (dd, J=10.3, 7.2 Hz, 1H), 3.61
(dq, J=10.3, 6.9 Hz, 1H), 2.34 (s, 3H), 0.57 ppm (d, J=6.9 Hz, 3H). 13C
NMR (75 MHz, CDCl3): d=145.8, 145.7, 142.2, 141.7, 140.9, 132.8 , 129.8,
128.6, 128.6, 128.3 (2C), 127.9, 127.4, 127.2, 126.8, 125.0, 120.4, 113.7,
64.0, 39.8, 21.2, 18.8 ppm. IR (NaCl): ñ=3311, 1599, 1492, 1320, 1016,
1012 cm�1. Elemental analysis calcd (%) for C28H26ClNOS: C 73.10, H
5.70, N 3.04, S 6.97; found: C 72.67, H 5.64, N 3.08, S 6.70.

ACHTUNGTRENNUNG(1R,2S)-N-(4-Chlorophenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (7’e): This compound was obtained as the minor diastereo-
isomer by using imine 3’e and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 1:1; yield: 9%; yellow solid; m.p. 93–95 8C.
[a]20D =++26.5 (c=0.8 in CHCl3).

1H NMR (300 MHz): d=7.62 (d, J=
9.2 Hz, 1H), 7.35–7.05 (m, 12H), 6.92 (d, J=9.0 Hz, 2H), 6.31 (d, J=
9.0 Hz, 2H), 5.24–5.12 (m, 1H), 4.45–4.38 (m, 1H), 3.99 (dd, J=7.2,
5.2 Hz, 1H), 2.36 (s, 3H), 1.13 ppm (d, J=7.2 Hz, 1H). 13C NMR
(75 MHz, CDCl3): d=147.3, 143.4, 142.8, 140.5, 131.5, 129.9, 129.8 (2C),

128.9, 128.7, 128.6, 128.5, 128.2, 127.6, 127.5, 127.2, 125.3, 114.6, 63.2,
39.9, 21.3, 18.1 ppm. IR (NaCl): ñ=3317, 1599, 1493, 1026 cm�1.

ACHTUNGTRENNUNG(1S,2S)-N-(3-Methoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (6’ f): This compound was obtained as the major diastereo-
isomer by using imine 3’ f and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 1:1; yield: 48%; yellow oil. [a]20D =++121.0 (c=
1.9 in CHCl3).

1H NMR (300 MHz): d=7.97 (d, J=7.8 Hz, 1H), 7.58–
7.20 (m, 12H), 6.83 (t, J=8.0 Hz, 1H), 6.06 (d, J=8.0 Hz, 1H), 5.86 (d,
J=8.0 Hz, 1H), 5.79 (s, 1H), 4.98 (d, J=6.2 Hz, 1H), 4.20 (dd, J=10.0,
6.8 Hz, 1H), 3.59 (dq, J=10.0, 6.9 Hz, 1H), 2.38 (s, 3H), 0.65 ppm (d, J=
6.9 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=160.4, 148.5, 145.5, 142.7,
141.9, 141.8, 141.4, 132.7, 130.1, 129.3, 128.5, 127.9, 127.5, 127.2, 126.9,
125.5, 106.1, 103.9, 101.5, 98.6, 66.8, 54.8, 40.2, 21.3, 19.3 ppm.

ACHTUNGTRENNUNG(1S,2S)-N-(4-Methylphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}pro-
pylamine (6’g): This compound was obtained as the major diastereoiso-
mer by using imine 3’g and (S)-2 as the starting materials. Chromatogra-
phy: n-hexane/AcOEt, 2:1; yield: 54%; yellow solid; m.p. 92–94 8C.
[a]20D =++129.5 (c=0.8 in CHCl3).

1H NMR (300 MHz): d=8.02 (d, J=
7.5 Hz, 1H), 7.59 (d, J=8.3 Hz, 2H), 7.48–7.26 (m, 10H), 6.78 (d, J=
8.3 Hz, 2H), 6.16 (d, J=8.3 Hz, 2H), 4.61 (br s, 1H), 4.24 (d, J=10.1 Hz,
1H), 3.61 (dq, J=10.1, 6.9 Hz, 1H), 2.42 (s, 3H), 2.13 (s, 3H), 0.74 ppm
(d, J=6.9 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=145.2, 144.7, 142.7,
141.9, 141.8, 141.3, 132.4, 130.0 (2C), 129.1, 128.3, 127.5, 127.4, 127.4,
127.1, 126.9, 125.6, 112.7, 63.7, 40.3, 21.2, 20.1, 19.3 ppm. IR (NaCl): ñ=
3322, 1618, 1453, 1264 cm�1. Elemental analysis calcd (%) for
C29H29NOS: C 79.23, H 6.65, N 3.19, S 7.29; found: C 78.99, H 6.55, N
3.27, S 7.11.

ACHTUNGTRENNUNG(1R,2S)-N-(4-Methylphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (7’g): This compound was obtained as the minor diastereo-
isomer by using imine 3’g and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 2:1; yield: 27%; yellow solid; m.p. 88–90 8C.
[a]20D =�17.5 (c=0.6 in CHCl3).

1H NMR (300 MHz): d=7.63 (dd, J=
7.7, 1.5 Hz, 1H), 7.53–7.10 (m, 13H), 6.88 (d, J=8.0 Hz, 1H), 6.40 (d, J=
8.0 Hz, 2H), 4.71 (br s, 1H), 4.55 (d, J=5.8 Hz, 1H), 4.06 (dq, J=7.1,
5.8 Hz, 1H), 2.42 (s, 3H), 2.20 (s, 3H), 1.31 ppm (d, J=7.1 Hz, 3H). 13C
NMR (75 MHz, CDCl3): d=145.1, 143.9, 143.0, 141.6, 141.1, 140.9, 131.5,
129.9, 129.5, 129.4, 128.9, 128.1, 127.6, 127.4, 126.9, 126.4, 125.6, 113.6,
62.9, 40.5, 21.3, 20.3, 17.9 ppm. IR (NaCl): ñ=3322, 1618, 1453,
1264 cm�1. Elemental analysis calcd (%) for C29H29NOS: C 79.23, H 6.65,
N 3.19, S 7.29; found: C 79.16, H 6.56, N 3.18, S 7.00.

ACHTUNGTRENNUNG(1S,2S)-N-(4-Methoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (6’h): This compound was obtained as the minor diastereo-
isomer by using imine 3’h and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 2:1; yield: 28%; brown solid; m.p. 161–162 8C.
[a]20D =++144.7 (c=0.5 in CHCl3). IR (NaCl): ñ=3321, 1511, 1237,
1028 cm�1. 1H NMR (300 MHz): d= 8.01 (d, J=7.6 Hz, 1H), 7.61–7.10
(m, 13H), 6.57 (d, J=9.0 Hz, 1H), 6.17 (d, J=9.0 Hz, 2H), 4.40 (br s,
1H), 4.20 (d, J=9.7 Hz, 1H), 3.64 (s, 3H), 3.59 (dq, J=10.0, 7.0 Hz, 1H),
2.41 (s, 3H), 0.74 ppm (d, J=7.0 Hz, 3H). 13C NMR (75 MHz, CDCl3):
d=151.1, 145.2, 142.8, 141.0, 141.4, 132.4, 129.9, 128.3, 127.6, 127.5, 127.3,
127.1, 126.9, 125.6, 114.4 (2C), 113.9 (2C), 64.2, 55.6, 40.4, 21.3, 19.4 ppm.

ACHTUNGTRENNUNG(1R,2S)-N-(4-Methoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}-
propylamine (7’h): This compound was obtained as the major diastereo-
isomer by using imine 3’h and (S)-2 as the starting materials. Chromatog-
raphy: n-hexane/AcOEt, 2:1; yield: 50%; brown solid; m.p. 161–163 8C.
[a]20D =�8.5 (c=0.6 in CHCl3).

1H NMR (300 MHz): d=7.63 (dd, J=7.7,
1.5 Hz, 1H), 7.43–7.11 (m, 13H), 6.67 (d, J=8.9 Hz, 1H), 6.43 (d, J=
8.9 Hz, 2H), 4.63 (br s, 1H), 4.50 (d, J=5.9 Hz, 1H), 4.07 (dq, J=7.0,
5.9 Hz, 1H), 3.70 (s, 3H), 2.41 (s, 3H), 1.31 ppm (d, J=7.0 Hz, 3H). 13C
NMR (75 MHz, CDCl3): d=151.8, 143.9, 142.9, 141.6, 141.5, 140.8, 131.4,
129.7, 128.9, 128.0, 127.9, 127.5, 126.8, 127.4, 125.5, 114.8, 114.6, 114.5,
63.5, 55.6, 40.4, 21.2, 17.9 ppm. IR (NaCl): ñ=3320, 1511, 1238,
1028 cm�1. Elemental analysis calcd (%) for C29H29NO2S1: C 76.45, H
6.42, N 3.07, S 7.02; found: C 76.00, H 6.31, N 3.18, S 6.73.

ACHTUNGTRENNUNG(1S,2S)-N-(3,4-Dimethoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phe-
nyl}propylamine (6’n): This compound was obtained as the minor diaste-
reoisomer by using imine 3’n and (S)-2 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 2:1; yield: 24%; orange solid; m.p. 90–92 8C.
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[a]20D =++128.4 (c=0.4 in CHCl3).
1H NMR (300 MHz): d=7.93 (d, J=

8.3 Hz, 1H), 7.52–7.22 (m, 12H), 6.56 (d, J=8.6 Hz, 2H), 5.83 (d, J=
2.5 Hz, 2H), 5.70 (dd, J=8.6, 2.3 Hz, 1H), 4.75 (br s, 1H), 4.13 (d, J=
10.1 Hz, 1H), 3.65 (s, 3H), 3.59 (dq, J=10.1, 6.9 Hz, 1H), 2.34 (s, 3H),
0.64 ppm (d, J=6.9 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=149.5,
145.5, 142.9, 142.1, 141.9, 141.1, 140.5, 132.5, 129.9, 128.3, 127.8 (2C),
127.7, 127.4, 127.1 (2C), 126.9, 125.4, 113.0, 103,5, 98.8, 64.5, 56.5, 55.4,
40.2, 21.2, 19.1 ppm. Elemental analysis calcd (%) for C30H31NO3S: C
74.20, H 6.43, N 2.88, S 6.60; found: C 74.00, H 6.31, N 3.18, S 6.73.

ACHTUNGTRENNUNG(1R,2S)-N-(3,4-Dimethoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phe-
nyl}propylamine (7’n): This compound was obtained as the major diaste-
reoisomer by using imine 3’n and (S)-2 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 2:1; yield: 66%; brown solid; m.p. 84–86 8C.
[a]20D =�8.6 (c=0.6 in CHCl3).

1H NMR (300 MHz, CDCl3): d=7.57 (dd,
J=7.6, 1.6 Hz, 1H), 7.43–7.11 (m, 11H), 6.56 (d, J=8.6 Hz, 1H), 6.10 (d,
J=2.6 Hz, 2H), 5.89 (dd, J=8.6, 2.6 Hz, 1H), 4.75 (br s, 1H), 4.44 (d, J=
5.8 Hz, 1H), 4.00 (dq, J=7.1, 5.8 Hz, 1H), 3.71 (s, 3H), 3.67 (s, 3H), 2.36
(s, 3H), 1.23 ppm (d, J=7.1 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=
149.6, 143.8, 142.9, 142.3, 141.4, 141.2, 141.0, 140.8, 131.5, 130.0, 129.7,
129.2, 128.1, 127.5, 126.9, 126.0, 125.4, 125.3, 111.9, 104.4, 99.5, 63.7, 56.5,
55.4, 40.2, 21.2, 18.0 ppm. IR (NaCl): ñ=3323, 1615, 1596, 1234,
1026 cm�1. Elemental analysis calcd (%) for C30H31NO3S: C 74.20, H
6.43, N 2.88, S 6.60; found: C 74.12, H 6.32, N 2.87, S 6.59.

ACHTUNGTRENNUNG(1S,2S)-N-(2,4-Dimethoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phe-
nyl}propylamine (6’ l): This compound was obtained as the minor diaste-
reoisomer by using imine 3’ l and (S)-2 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 1:1; yield: 8%; yellow oil. 1H NMR
(300 MHz, CDCl3): d=7.85 (d, J=9.1 Hz, 1H), 7.48 (d, J=8.3 Hz, 2H),
7.42–7.11 (m, 10H), 6.15 (d, J=3.0 Hz, 1H), 6.13 (d, J=8.6 Hz, 1H), 6.10
(d, J=8.8 Hz, 1H), 4.45 (d, J=7.0 Hz, 1H), 4.00–4.20 (m, 1H), 3.93 (s,
3H), 3.92 (s, 3H), 2.35 (s, 3H), 1.21 ppm (d, J=9.8 Hz, 3H).

ACHTUNGTRENNUNG(1R,2S)-N-(2,4-Dimethoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]phe-
nyl}propylamine (7’ l): This compound was obtained as the major diaste-
reoisomer by using imine 3’ l and (S)-2 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 1:1; yield: 68%; brown solid; m.p. 81–83 8C.
[a]20D =++43.2 (c=0.6 in CHCl3).

1H NMR (300 MHz, CDCl3): d=7.86 (d,
J=9.2 Hz, 1H), 7.57 (d, J=8.3 Hz, 2H), 7.40–7.11 (m, 10H), 6.28 (d, J=
2.5 Hz, 1H), 6.13 (dd, J=8.7, 2.6 Hz, 1H), 6.07 (d, J=8.7 Hz, 1H), 4.42
(br s, 1H), 4.07 (d, J=6.5 Hz, 1H), 4.00 (dq, J=6.9, 6.5 Hz, 1H), 3.63 (s,
3H), 3.59 (s, 3H), 2.34 (s, 3H), 0.98 ppm (d, J=7.1 Hz, 3H). 13C NMR
(75 MHz, CDCl3): d=151.5, 147.7, 144.0, 143.1, 142.4, 141.8, 141.2, 131.7,
131.6, 129.8, 128.2, 127.7, 127.3 (2C), 127.1, 126.3, 125.7, 111.1, 103.5,
99.1, 64.1, 55.5, 55.4, 40.9, 21.3, 19.2 ppm. IR (NaCl): ñ=3346, 1596,
1518, 1031 cm�1. Elemental analysis calcd (%) for C30H31NO3S: C 74.20,
H 6.43, N 2.88, S 6.60; found: C 74.12, H 6.48, N 3.22, S 6.28.

Products from the reactions of (S)-1 and (S)-2 with N-(2,4,6-trimethoxy-
phenyl)arylideneamines 3’’ (Table 6)

ACHTUNGTRENNUNG(1S/1R)-N-(2,4,6-Trimethoxyphenyl)-1-(4-cyanophenyl)-2-{2-[(S)-p-tolyl-
sulfinyl]phenyl}ethylamine (4’’b/5’’b): These compounds were obtained
as an inseparable mixture of diastereoisomers. Chromatography: n-
hexane/AcOEt, 4:1. Yield: 70%; yellow oil. Minor diastereoisomer: 1H
NMR (300 MHz, CDCl3): d=7.62 (d, J=6.7 Hz, 1H), 7.38–7.20 (m, 5H),
6.17–7.10 (m, 6H), 5.93 (s, 2H), 4.85 (t, J=7.2 Hz, 1H), 3.76 (s, 6H), 3.68
(s, 3H), 3.22–3.35 (m, 2H), 2.27 ppm (s, 3H). Major diastereoisomer: 1H
NMR (300 MHz, CDCl3): d=7.88 (d, J=7.4 Hz, 1H), 7.40–7.22 (m, 5H),
6.19–7.10 (m, 6H), 5.01 (s, 1H), 4.96 (dd, J=6.9, 3.0 Hz, 1H), 3.78 (s,
6H), 3.62 (s, 3H), 3.12–3.17 (m, 2H), 2.29 ppm (s, 3H).

(1R)-N-(2,4,6-Trimethoxyphenyl)-1-(3-methoxyphenyl)-2-{2-[(S)-p-tolyl-
sulfinyl]phenyl}ethylamine (5’’ f): This compound was obtained as the
major diastereoisomer by using imine 3’’ f and (S)-1 as the starting mate-
rials. Chromatography: n-hexane/AcOEt, 4:1; yield: 68%; yellow oil.
[a]20D =42.3 (c=0.8 in CHCl3).

1H NMR (300 MHz, CDCl3): d=7.72 (d,
J=6.6 Hz, 1H), 7.58 (d, J=8.1 Hz, 2H), 7.25–7.17 (m, 2H), 7.11–7.01 (m,
4H), 6.70 (m, 3H), 5.94 (s, 2H), 4.79 (t, J=7.4 Hz, 1H), 3.62 (s, 3H),
3.60 (s, 3H), 3.57 (s, 6H), 3.24–3.16 (m,1H), 3.09–3.04 (m, 1H), 2.34 ppm
(s, 3H). 13C NMR (75 MHz, CDCl3): d=159.3, 154.6, 151.8, 144.9, 143.6,
141.9, 141.1, 137.8, 130.6, 130.5, 129.7, 128.9, 127.3, 125.8, 125.6, 124.8,
119.0, 112.3, 112.1, 91.3, 61.3, 55.7, 55.2, 54.9, 39.9, 21.2 ppm.

(1R)-N-(2,4,6-Trimethoxyphenyl)-1-(4-chlorophenyl)-2-{2-[(S)-p-tolylsul-
finyl]phenyl}ethylamine (5’’e): This compound was obtained as the major
diastereoisomer by using imine 3’’e and (S)-1 as the starting materials.
Chromatography: n-hexane/AcOEt, 3:1; yield: 72%; yellow oil. [a]20D =

32.4 (c=0.4 in CHCl3).
1H NMR (300 MHz, CDCl3): d=7.78 (dd, J=3.4,

2.3 Hz, 1H), 7.48–7.43 (m, 3H), 7.33–7.28 (m, 3H), 7.27–7.14 (m, 5H),
6.02 (s, 2H), 4.85 (t, J=7.4 Hz, 1H), 3.72 (s, 3H), 3.65 (s, 6H), 3.31 (dd,
J=7.4, 3.4 Hz ,1H), 3.14 (dd, J=7.4, 3.4 Hz , 1H), 2.34 ppm (s, 3H). 13C
NMR (75 MHz, CDCl3): d=154,8, 152.0, 143.8, 143.3, 142.0, 141.2, 137.9,
130.7, 129.9, 129.8, 128.1, 127.5, 126.9, 125.7, 125.3, 124.9, 118.9, 91.4,
61.6, 55.8, 55.4, 39.9, 21.3 ppm.

(1R)-N-(2,4,6-Trimethoxyphenyl)-1-(4-methoxyphenyl)-2-{2-[(S)-p-tolyl-
sulfinyl]phenyl}ethylamine (5’’h): This compound was obtained as the
major diastereoisomer by using imine 3’’h and (S)-1 as the starting mate-
rials. Chromatography: n-hexane/AcOEt, 3:1; yield: 76%; yellow solid;
m.p. 135–137 8C; [a]20D =72.5 (c=1.0 in CHCl3).

1H NMR (300 MHz,
CDCl3): d=7.73 (d, J=6.7 Hz, 1H), 7.40 (d, J=8.1 Hz, 2H), 7.25–7.19
(m, 1H), 7.14–6.97 (m, 4H), 6.66 (t, J=8.5 Hz, 2H), 7.02 (d, J=8.5 Hz,
2H), 5.97 (s, 2H), 4.78 (t, J=7.4 Hz, 1H), 3.65 (s, 3H), 3.63 (s, 6H), 3.60
(s, 3H), 3.25 (dd, J=6.8, 6.7 Hz, 1H), 3.07 (dd, J=7.6, 7.4 Hz, 1H),
2.26 ppm (s, 3H). 13C NMR (75 MHz, CDCl3): d=158.2, 154.6, 152.3,
151.2, 143.5, 141.8, 141.0, 137.9, 135.2, 130.4, 129.7, 127.6, 127.3, 125.6,
124.7, 118.8, 113.2, 91.2, 60.7, 55.6, 55.2, 54.9, 39.7, 21.2 ppm.

(1S,2S/1R,2S)-N-(2,4,6-Trimethoxyphenyl)-1-(4-cyanophenyl)-2-{2-[(S)-p-
tolylsulfinyl]phenyl}propylamine (6’’b/7’’b): These compounds were ob-
tained as an inseparable mixture starting from 3’’b and (S)-2. Chromatog-
raphy: n-hexane/AcOEt, 4:1; yield: 72%. Minor diastereoisomer: 1H
NMR (300 MHz, CDCl3): d=7.48 (d, J=9.2 Hz, 1H), 7.40–7.05 (m, 6H),
7.10–6.95 (m, 3H), 6.90 (d, J=8.2 Hz, 2H), 5.82 (s, 2H), 4.62 (d, J=10.2,
1H), 3.66 (s, 6H), 3.48 (s, 3H), 3.41–3.22 (m, 1H), 2.28 (s, 3H), 0.72 ppm
(d, J=3.9 Hz, 3H). Major diastereoisomer: 1H NMR (300 MHz, CDCl3):
d=7.92 (d, J=8.0 Hz, 1H), 7.42–7.34 (m, 5H), 7.15–6.97 (m, 4H), 6.96
(d, J=8.2 Hz, 2H), 5.93 (s, 2H), 4.90 (d, J=9.21, 1H), 3.82–3.91 (m,
1H), 3.75 (s, 3H), 3.74 (s, 6H), 2.26 (s, 3H), 1.52 ppm (s, J=6.8 Hz, 3H).

ACHTUNGTRENNUNG(1S,2S)-N-(2,4,6-Trimethoxyphenyl)-1-(4-trifluoromethylphenyl)-2-{2-
[(S)-p-tolylsulfinyl]phenyl}propylamine (6’’c): This compound was ob-
tained as the minor diastereoisomer by using imine 3’’c and (S)-2 as the
starting materials. Chromatography: n-hexane/AcOEt, 3:1; yield: 9%;
white solid; m.p. 161–163 8C. [a]20D =++92.0 (c=1.0 in CHCl3). 1H NMR
(300 MHz, CDCl3): d=7.65 (d, J=6.7 Hz, 1H), 7.48–7.34 (m, 5H), 7.29–
7.26 (m, 2H), 7.16 (t, J=9.1 Hz, 4H), 5.80 (s, 2H), 4.59 (d, J=10.2 Hz,
1H), 3.86 (br s, 1H), 3.74–3.69 (m, 1H), 3.54 (s, 3H), 3.49 (s, 6H), 2.25 (s,
3H), 0.70 ppm (d, J=6.8 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=154.6,
151.4, 147.9, 145.3, 142.6, 141.9, 140.9, 131.7, 129.8, 128.7 (q, JC,F=
128.7 Hz), 127.7, 127.8, 125.8, 124.7, 124.6, 124.5, 122.4, 119.4, 91.5, 65.4,
55.7, 55.3, 40.1, 21.3, 20.2 ppm.

ACHTUNGTRENNUNG(1R,2S)-N-(2,4,6-Trimethoxyphenyl)-1-(4-trifluoropmethylphenyl)-2-{2-
[(S)-p-tolylsulfinyl]phenyl}propylamine (7’’c): This compound was ob-
tained as the major diastereoisomer by using imine 3’’c and (S)-2 as the
starting materials. Chromatography: n-hexane/AcOEt, 3:1; yield: 51%;
yellow solid; m.p. 142–144 8C. [a]20D =101.0 (c=0.9 in CHCl3).

1H NMR
(300 MHz, CDCl3): d=7.67 (d, J=7.7 Hz, 1H), 7.46–7.40 (m, 4H), 7.31–
7.08 (m, 6H), 6.95 (d, J=8.1 Hz, 1H), 5.93 (s, 2H), 4.90 (d, J=9.1 Hz,
1H), 4.01 (br s, 1H), 3.88–3.83 (m, 1H), 3.62 (s, 6H), 3.60 (s, 3H), 2.29 (s,
3H), 1.52 ppm (d, J=6.8 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=154.3,
151.2, 147.5, 145.0, 142.4, 141.1, 140.3, 129.7, 128.2, 127.9, 127.6 (q, JC,F=
126.3 Hz), 127.5, 126.9, 125.8, 125.4, 124.3, 124.2, 118.9, 91.5, 64.7, 55.7,
55.3, 41.6, 21.2, 19.9 ppm.

ACHTUNGTRENNUNG(1S,2S)-N-(2,4,6-Trimethoxyphenyl)-1-(3-chlorophenyl)-2-{2-[(S)-p-tolyl-
sulfinyl]phenyl}propylamine (6’’d): This compound was obtained as the
minor diastereoisomer by using imine 3’’d and (S)-2 as the starting mate-
rials. Chromatography: n-hexane/AcOEt, 4:1; yield: 6%; yellow oil.
[a]20D =++115.1 (c=0.4 in CHCl3).

1H NMR (300 MHz, CDCl3): d=7.81
(d, J=7.8 Hz, 1H), 7.59–7.36 (m, 4H), 7.41–7.36 (m, 2H), 7.29 (d, J=
4.7 Hz, 3H), 7.14–7.10 (m, 2H), 5.91 (s, 2H), 4.71 (br s, 1H), 4.62 (d, J=
10.2 Hz, 1H), 3.78–3.70 (m, 1H), 3.66 (s, 3H), 3.62 (s, 6H), 2.38 (s, 3H),
0.87 ppm (d, J=7.1 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=154.3,
151.5, 145.8, 145.2, 142.2, 142.4, 141.9, 141.2, 133.6, 131.6, 129.9, 128.8,
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127.6, 127.3, 126.8, 126.6, 125.9, 125.9.1, 119.3, 91.5, 65.2, 55.8, 55.3, 40.5,
21.4, 20.5 ppm.

ACHTUNGTRENNUNG(1R,2S)-N-(2,4,6-Trimethoxyphenyl)-1-(3-chlorophenyl)-2-{2-[(S)-p-tolyl-
sulfinyl]phenyl}propylamine (7’’d): This compound was obtained as the
major diastereoisomer by using imine 3’’d and (S)-2 as the starting mate-
rials. Chromatography: n-hexane/AcOEt, 4:1; yield: 47%; yellow oil.
[a]20D =�120.0 (c=0.6 in CHCl3).

1H NMR (300 MHz, CDCl3): d=7.94–
7.88 (m, 3H), 7.64–7.48 (m, 4H), 7.39 (d, J=7.8 Hz, 2H), 7.28–7.14 (m,
1H), 6.99–6.88 (m, 2H), 6.18 (s, 2H), 4.90 (d, J=8.5 Hz, 1H), 3.96–3.89
(m, 1H), 3.73 (s, 6H), 3.70 (s, 3H), 2.39 (s, 3H), 1.60 ppm (d, J=6.8 Hz,
3H). 13C NMR (75 MHz, CDCl3): d=154.4, 151.2, 145.7, 145.2, 142.8,
141.0, 140.7, 133.8, 131.4, 130.2, 130.0, 129.8, 129.5, 127.6, 126.9, 126.7,
126.4, 125.7, 119.1, 91.6, 55.9, 55.4, 41.6, 26.9, 21.5, 19.6 ppm.

ACHTUNGTRENNUNG(1R,2S)-N-(2,4,6-Trimethoxyphenyl)-1-(3-methoxyphenyl)-2-{2-[(S)-p-tol-
ylsulfinyl]phenyl}propylamine (7’’ f): This compound was obtained as a
unique diastereoisomer by using imine 3’’ f and (S)-2 as the starting mate-
rials. Chromatography: n-hexane/AcOEt, 5:1; yield: 71%; white solid;
m.p. 92–94 8C. [a]20D =�92.3 (c=1.0 in CHCl3).

1H NMR (300 MHz,
CDCl3): d=7.77 (d, J=7.8 Hz, 1H), 7.60 (m, J=7.1 Hz, 3H), 7.52–7.47
(m, 1H), 7.38–7.33 (m, 1H), 7.27–7.09 (m, 4H), 6.75–6.67 (m, 2H), 5.92
(s, 2H), 4.70 (d, J=7.5 Hz, 1H), 3.76–3.89 (m, 1H), 3.76 (s, 3H), 3.64 (s,
3H), 3.60 (s, 6H), 2.37 (s, 3H), 0.92 ppm (d, J=6.8 Hz, 3H). 13C NMR
(75 MHz, CDCl3): d=159.1, 154.0, 151.4, 145.7, 144.9, 142.7, 142.0, 140.9,
131.4, 129.7, 128.5, 127.5, 126.9, 126.5, 125.8, 120.1, 119.7, 112.7, 112.1,
91.5, 65.2, 55.8, 55.2, 54.9, 40.5, 21.3, 20.6 ppm.

ACHTUNGTRENNUNG(1R,2S)-N-(2,4,6-Trimethoxyphenyl)-1-phenyl-2-{2-[(S)-p-tolylsulfinyl]-
phenyl}propylamine (7’’a): This compound was obtained as a unique dia-
stereoisomer by using imine 3’’a and (S)-2 as the starting materials. Chro-
matography: n-hexane/AcOEt, 1:1; yield: 61%; yellow solid; m.p. 73.5–
75.5 8C. [a]20D =�63.0 (c=0.5 in EtOH). 1H NMR (300 MHz, CDCl3): d=
7.80 (dd, J=7.9, 1.3 Hz, 1H), 7.62 (d, J=8.2 Hz, 2H), 7.52 (td, J=7.3,
1.4 Hz, 1H), 7.38 (td, J=7.8, 1.2 Hz, 1H), 7.28 (d, J=8.2 Hz, 2H), 7.28–
7.15 (m, 6H), 5.94 (s, 2H), 4.73 (br s, 1H), 4.00–3.95 (m, 2H), 3.66 (s,
3H), 3.61 (s, 6H), 2.39 (s, 3H), 0.95 ppm (d, J=6.9 Hz, 3H). 13C NMR
(75 MHz, CDCl3): d=154.0, 151.4, 145.7, 143.2, 142.7, 142.1, 140.8, 131.4,
129.7, 127.6, 127.5, 127.4, 126.9, 126.5, 126.4, 125.8, 119.8, 91.6, 63.4, 55.7,
55.2, 40.5, 21.2, 20.5 ppm. IR (NaCl): ñ=3317, 1604, 1503, 1461, 1411,
1149, 1028 cm�1. Elemental analysis calcd (%) for C31H33NO4S: C 72.20,
H 6.45, N 2.72, S 6.22; found: C 71.98, H 6.32, N 2.70, S 6.18.

ACHTUNGTRENNUNG(1R,2S)-N-(2,4,6-Trimethoxyphenyl)-1-(4-methylphenyl)-2-{2-[(S)-p-tolyl-
sulfinyl]phenyl}propylamine (7’’g): This compound was obtained as a
unique diastereoisomer by using imine 3’’g and (S)-2 as the starting ma-
terials. Chromatography: n-hexane/AcOEt, 5:1; yield: 72%; yellow oil.
[a]20D =�35.2 (c=0.8 in CHCl3).

1H NMR (300 MHz, CDCl3): d=7.66 (d,
J=7.7 Hz, 1H), 7.48 (d, J=8.1 Hz, 3H), 7.39 (t, J=6.8 Hz, 1H), 7.30–
7.23 (m, 3H), 7.17–7.10 (m, 2H), 6.94–6.92 (m, 2H), 5.82 (s, 2H), 4.60 (d,
J=7.5 Hz, 1H), 3.79–3.60 (m, 1H), 3.55 (s, 3H), 3.50 (s, 6H), 2.27 (s,
3H), 2.18 (s, 3H), 0.83 ppm (d, J=6.8 Hz, 3H). 13C NMR (75 MHz,
CDCl3): d=151.4, 145.8, 142.7, 142.0, 140.9, 135.9, 131.5, 129.9, 129.7,
128.4, 127.5, 127.4, 127.2, 127.1, 126.9, 126.3, 125.9, 91.5, 64.9, 55.8, 55.2,
40.7, 21.4, 21.0, 20.6 ppm.

ACHTUNGTRENNUNG(1R,2S)-N-(2,4,6-Trimethoxyphenyl)-1-(4-methoxyphenyl)-2-{2-[(S)-p-tol-
ylsulfinyl]phenyl}propylamine (7’’h): This compound was obtained as a
unique diastereoisomer by using imine 3’’h and (S)-2 as the starting ma-
terials. Chromatography: n-hexane/AcOEt, 3:1; yield: 78%; yellow solid;
m.p. 122–123 8C. [a]20D =�175.2 (c=1.0 in CHCl3).

1H NMR (300 MHz,
CDCl3): d=7.69 (dd, J=6.6, 1.3 Hz, 1H), 7.52 (d, J=8.3 Hz, 3H), 7.41 (t,
J=6.5 Hz, 1H), 7.27 (t, J=6.5 Hz, 1H), 7.19 (d, J=7.9 Hz, 2H), 7.97 (d,
J=6.8 Hz, 2H), 6.66 (d, J=8.7 Hz, 2H), 5.85 (s, 2H), 4.60 (d, J=8.31 Hz,
1H), 3.65–3.76 (m, 1H), 3.66 (s, 6H), 3.53 (s, 6H), 2.29 (s, 3H), 0.91 ppm
(d, J=6.7 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=158.1, 151.4, 145.8,
142.6, 141.9, 140.8, 135.2, 131.4, 129.7 (2C), 128.2, 127.5, 126.8, 126.3,
125.8, 119.6, 112.9, 91.5, 64.6, 55.7 (2C), 54.9, 40.7, 21.3, 20.5 ppm.

Products from the reaction of (S)-1 with imine 8 (Scheme 3)

(1S)-N-(4-Methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-1-(4-methoxy-
phenyl)ethylamine (9): This compound was obtained as the minor diaste-
reoisomer by using imine 8 and (S)-1 as the starting materials. Chroma-
tography: n-hexane/AcOEt, 1:1; yield: 4%; brown solid; m.p. 83–85 8C.

[a]20D =�8.3 (c=0.7 in MeOH). 1H NMR (300 MHz): d=7.91 (d, J=
9.3 Hz, 1H), 7.46–7.35 (m, 5H), 7.20–7.10 (m, 4H), 6.83 (d, J=8.4 Hz,
2H), 6.60 (d, J=9.0 Hz, 2H), 6.27 (d, J=9.0 Hz, 2H), 4.31 (dd, J=8.9,
5.2 Hz, 1H), 3.77 (s, 3H), 3.65 (s, 3H), 3.19 (dd, J=14.1, 9.0 Hz, 1H),
2.96 (dd, J=14.1, 5.2 Hz, 1H), 2.34 ppm (s, 3H). 13C NMR (75 MHz,
CDCl3): 141.6, 141.3 (2C), 137.7 (2C), 131.3 (2C), 131.1 (2C), 130.1,
128.3, 127.6, 127.4, 126.4, 125.9, 114.6, 114.4, 114.0, 59.2, 55.7, 55.2, 40.7,
21.4 ppm. IR (NaCl): ñ=3329, 1594, 1511, 1301, 1033 cm�1.

(1R)-N-(4-Methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}-1-(4-
methoxyACHTUNGTRENNUNGphenyl)ethylamine (10): This compound was obtained as the
major diastereoisomer by using imine 8 and (S)-1 as the starting materi-
als. Chromatography: n-hexane/AcOEt, 1:1; yield: 67%; brown solid;
m.p. 88–90 8C. [a]20D =�100.9 (c=0.3 in MeOH). 1H NMR (300 MHz):
d=7.73 (d, J=9.2 Hz, 1H), 7.36–7.05 (m, 8H), 6.81 (d, J=8.8 Hz, 2H),
6.65 (d, J=9.1 Hz, 2H), 6.40 (d, J=8.9 Hz, 2H), 4.50 (dd, J=8.2, 6.2 Hz,
1H), 3.77 (s, 3H), 3.67 (s, 3H), 3.34 (dd, J=14.2, 8.2 Hz, 1H), 3.16 (dd,
J=14.2, 6.2 Hz, 1H), 2.34 ppm (s, 3H). 13C NMR (75 MHz, CDCl3): d=
158.7, 151.9, 143.8, 141.2, 141.0, 137.2, 134.9, 131.2, 130.7, 130.0, 127.8,
127.4, 127.3, 126.0, 125.7, 114.8, 114.5, 114.4, 59.1, 55.6, 55.1, 40.8,
21.3 ppm. IR (NaCl): ñ=3329, 1594, 1511, 1301, 1033 cm�1. Elemental
analysis calcd (%) for C29H29NO3S; C 73.86, H 6.20, N 2.97, S 6.80;
found: C 74.04, H 6.13, N 2.82, S 6.80.

Synthesis of the free amines 12 by oxidation/sulfinylation (Scheme 4)

Synthesis of compounds 11: A solution of CAN (0.8 mmol) in H20
(0.25 mL) was added to a stirred solution of the corresponding protected
amine syn-7’’a,c,h (0.2 mmol) in CH3CN/H2O (1 mL). The reaction mix-
ture was stirred for 2 h. Afterwards CH2Cl2 (1 mL) was added and the or-
ganic phase separated. A 10% solution of NaOH (2 mL) was added to
the aqueous phase which was then extracted with AcOEt (2T 25 mL).
The combined organic phases were dried (MgSO4) and the solvent re-
moved under reduced pressure. The residue was purified by chromatog-
raphy on an SCX column, affording the corresponding pure amine.

ACHTUNGTRENNUNG(1R,2S)-1-Phenyl-2-{2-[(S)-p-tolylsulfinyl]phenyl}propylamine (syn-11a):
Yield: 96%; yellow oil. [a]20D =�16.2 (c=1.0 in CHCl3).

1H NMR
(300 MHz, CDCl3): d=7.85 (d, J=7.7 Hz, 1H), 7.63 (d, J=8.1 Hz, 2H),
7.50–7.26 (m, 10H), 3.95 (d, J=9.8 Hz, 1H), 3.67–3.59 (m, 1H), 2.36 (s,
3H), 1.60 (br s, 2H), 0.82 ppm (d, J=6.8 Hz, 3H). 13C NMR (75 MHz,
CDCl3): d=144.9, 144.6, 143.7, 142.0, 142.3, 132.1, 129.9, 128.5, 128.5
(2C), 127.4, 127.4, 127.2, 127.1, 62.2, 42.1, 21.4, 19.9 ppm.

ACHTUNGTRENNUNG(1R,2S)-1-(4-Trifluorophenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}propyl-
ACHTUNGTRENNUNGamine (syn-11c): Yield: 82%; yellow oil. [a]20D =�122.3 (c=0.4 in
CHCl3).

1H NMR (300 MHz, CDCl3): d=7.58–7.06 (m, 12H), 4.28 (d, J=
7.2 Hz, 1H), 4.02–3.94 (m, 1H), 2.37 (s, 3H), 1.32 ppm (d, J=6.8 Hz,
3H). 13C NMR (75 MHz, CDCl3): d=144.2, 141.3, 132.4, 131.5, 129.8,
128.1, 128.0, 127.9, 127.7, 126.0, 125.8, 125.2, 125.5 (q, JC,F=121.2 Hz),
124.9, 124.8, 60.1, 41.3, 21.3, 19.1 17.9 ppm.

ACHTUNGTRENNUNG(1R,2S)-1-(4-Methoxyphenyl)-2-{2-[(S)-p-tolylsulfinyl]phenyl}propyl-
ACHTUNGTRENNUNGamine (syn-11h): Yield: 80%; yellow oil. [a]20D =�112.2 (c=1.0 in
CHCl3).

1H NMR (300 MHz, CDCl3): d=7.86 (d, J=7.7 Hz, 1H), 7.63
(d, J=8.1 Hz, 2H), 7.47–7.42 (m, 3H), 3.30–7.25 (m, 4H), 6.90 (d, J=
8.6 Hz, 2H), 3.93 (d, J=9.7 Hz, 1H), 3.83 (s, 3H), 3.63–3.60 (m, 1H),
2.38 (s, 3H), 0.85 ppm (d, J=6.9 Hz, 3H). 13C NMR (75 MHz, CDCl3):
d=158.9, 144.9, 143.6, 141.9, 141.2, 132.1, 129.9, 129.7, 129.7, 128.9, 128.2,
127.4, 125.7, 113.9, 61.4, 55.3 (2C), 21.4, 19.8 ppm.

Synthesis of compounds 12a,c,h : A solution of the corresponding com-
pounds syn-11a,c,h (0.18 mmol) in THF (2 mL) was added to activated
Raney nickel (1.2 g) in THF (3 mL). The reaction was monitored by
TLC and then the mixture was stirred for 2 h, filtered and the residue
was purified by chromatography on a SCX column, affording the pure
free amine.

ACHTUNGTRENNUNG(1R,2S)-1,2-Diphenylpropylamine (syn-12a): Yield: 98%; yellow oil.
[a]20D =60.2 (c=0.2 in CHCl3).

1H NMR (300 MHz, CD3OD): d=7.38–
7.21 (m, 10H), 3.92 (d, J=9.8 Hz, 1H), 2.90 (dd, J=7.0, 2.6 Hz, 1H),
0.93 ppm (d, J=7.0 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=144.9,
128.6, 128.4, 128.0, 127.8, 127.3, 126.7, 126.6, 62.2, 48.2, 19.5 ppm.

ACHTUNGTRENNUNG(1R,2S)-1-(4-Trifluorophenyl)-2-phenylpropylamine (syn-12c): Yield:
81%; yellow oil. [a]20D =22.3 (c=0.3 in CHCl3).

1H NMR (300 MHz,
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CDCl3): d=7.49 (d, J=7.9 Hz, 2H), 7.43–7–16 (m, 5H), 7.04 (d, J=
5.8 Hz, 2H), 4.21 (d, J=6.6 Hz, 1H), 3.15–3.10 (m, 1H), 1.34 ppm (d, J=
7.1 Hz, 3H). 13C NMR (75 MHz, CDCl3): d=142.9, 128.3 (2C), 127.9
(2C), 127.5 (2C), 126.6, 124.8 (q, JC,F=125.3 Hz), 61.3, 50.8, 15.9 ppm.

ACHTUNGTRENNUNG(1R,2S)-1-(4-Methoxyphenyl)-2-phenylpropylamine (syn-12h): Yield:
85%; yellow oil. [a]20D =123.5 (c=0.82 in CHCl3).

1H NMR (300 MHz,
CDCl3): d=7.32–7.29 (m, 7H), 6.86 (d, J=8.8 Hz, 2H), 3.93 (d, J=
9.4 Hz, 1H), 3.82 (s, 3.H), 2.90–2.80 (m, 1H), 1.01 ppm (d, J=7.0 Hz,
3H). 13C NMR (75 MHz, CDCl3): d=158.8, 144.8, 136.5, 128.6, 128.4,
127.8, 126.6, 113.7, 62.1, 55.3, 48.3, 19.5 ppm.

Acknowledgements

Financial support of this work by the Ministerio de Ciencia y Tecnolog8 is
gratefully acknowledged (BQU2003-04012). A.P. thanks the Ministerio
de Educaci@n y Ciencia for a predoctoral fellowship and V.M. the Uni-
versidad Aut@noma de Madrid for a Masters fellowship. A generous allo-
cation of computer time at the Centro de Computaci@n Cient8fica de la
UAM is also acknowledged.

[1] For the synthesis of tetrahydroisoquinolines, see: a) D. S. Bhakuni,
S. Jain in The Alkaloids, Chemistry and Pharmacology, Vol. 28 (Ed.:
A. Brossi), Academic Press, Orlando, 1986, pp. 95–181; b) K. Iwasa
in The Alkaloids, Chemistry and Pharmacology, Vol. 46 (Ed.: G. A.
Cordell), Academic Press, San Diego, 1995, pp. 273–346; c) E. Ana-
kabe, D. Bad8a, L. Carrillo, J. L. Vicario, Recent Res. Dev. Org.
Chem. 2001, 5, 67; d) Z. Czarnokki, Z. Arazny, Heterocycles 1999,
51, 2871; e) M. A. Matulenko, A. I. Meyers, J. Org. Chem. 1996, 61,
573; for indol synthesis, see: f) W. F. Bailey, M. R. Luderer, M. J.
Mealy, Tetrahedron Lett. 2003, 44, 5303; for diarylpiperidines, see:
g) M. Amat, M. Cant@, N. Llor, C. Escolano, E. Molins, E. Espinosa,
J. Bosch, J. Org. Chem. 2002, 67, 5343; for phenmetrazine, see:
h) R. B. Rothman, M. Katsnelson, N. Vu, J. S. Partilla, C. M. Dersch,
B. E. Blough, M. H. Baumann, Eur. J. Pharmacol. 2002, 447, 51; for
nomifensine, see: i) E. Anakabe, D. Badia, L. Carrillo, J. L. Vicario,
Recent Res. Dev. Org. Chem. 2001, 5, 63; j) D. Badia, L. Carrillo, E.
Dom8nguez, I. Tellitu, Recent Res. Dev. Org. Chem. 1998, 2, 359; for
methyl phenidate, see: k) H. M. L. Davies, D. W. Hopper, T.
Hansen, Q. Liu, S. R. Childers, Bioorg. Med. Chem. Lett. 2004, 14,
1799; for a-licorane, see: l) T. Yasuhara, E. Osafune, K. Nishimura,
M. Yamshita, K.-I. Yamada, O. Muraoka, K. Tomioka, Tetrahedron
Lett. 2004, 45, 3043.

[2] a) R. A. Volkmann in Comprehensive Organic Synthesis, Vol. 1 (Ed.:
S. L. Schreiber), Pergamon Press, Oxford, 1991, Chapter 1.12, p. 355;
b) N. Risch, M. Arend in Methods of Organic Chemistry (Houben-
Weyl) Stereoselective Synthesis, Vol. E21b, D.1.4 (Eds.: G. Helme-
chen, R. W. Hoffmann, J. Mulzer, E. Schauman), Thieme, Stuttgart,
1995, p. 1833; c) D. Enders, U. Reinhold, Tetrahedron: Asymmetry
1997, 8, 1895; d) L. N. Pridgen, Adv. Asymmetric Synth. 1997, 2, 55;
e) N. Le Fur, L. Mojovic, N. Ple, A. Turck, V. Reboul, P. Metzner, J.
Org. Chem. 2006, 71, 2609; f) G. Grach, O. S. J. Sopkova-de, J.-F.
Lohier, L. Mojovic, N. Ple, A. Turck, V. Reboul, P. Metzner, J. Org.
Chem. 2006, 71, 9572; g) H. J. Gais, P. R. Bruns, G. Raabe, R. Hainz,
M. Schleusner, J. Runsink, G. S. Babu, J. Am. Chem. Soc. 2005, 127,
6617; h) B. R. Buckley, J. Y. Boxhall, P. C. B. Page, Y. Chan, M. R.
Elsegood, H. Heaney, K. E. Holmes, M. J. McIldowie, V. McKee,
M. J. McGrath, M. Mocerino, A. M. Poulton, E. P. Sampler, B. W.
Skelton, A. H. White, Eur. J. Org. Chem. 2006, 22, 5117.

[3] For DavisQs N-sulfinylimines, see: a) F. A. Davis, P. Zhou, B.-C.
Chen, Chem. Soc. Rev. 1998, 27, 13, and references therein; b) P.
Zhou, B.-C. Chen, F. A. Davis, Tetrahedron 2004, 60, 8003; c) F. A.
Davis, M. B. Nolt, Y. Wu, K. R. Prasad, D. Li, B. Yang, K. Bowen,
S. H. Lee, J. H. Eardley, J. Org. Chem. 2005, 70, 2184; d) F. A. Davis,
B. Yang, J. Am. Chem. Soc. 2005, 127, 8398; for EllmanQs N-sulfinyli-
mines, see: e) D. A. Cogan, G. Liu, K. Kim, B. J. Backes, J. A.

Ellman, J. Am. Chem. Soc. 1998, 120, 8011; f) G. Liu, D. A. Cogan,
T. D. Owens, T. P. Tang, J. A. Ellman, J. Org. Chem. 1999, 64, 1278;
g) J. A. Ellman, T. D. Owens, T. P. Tang, Acc. Chem. Res. 2002, 35,
984, and references therein; h) J. P. McMahon, J. A. Ellman, Org.
Lett. 2004, 6, 1645; i) L. B. Schenkel, J. A. Ellman, Org. Lett. 2004, 6,
3621; j) T. Kochi, J. A. Ellman, J. Am. Chem. Soc. 2004, 126, 15652;
k) D. J. Weix, Y. Shi, J. A. Ellman, J. Am. Chem. Soc. 2005, 127,
1092.

[4] a) P. Moreau, M. Essiz, J.-Y. Merour, D. Bouzard, Tetrahedron:
Asymmetry 1997, 8, 591; b) F. A. Davis, Y. W. Andemichael, Tetrahe-
dron Lett. 1999, 40, 3099; c) F. A. Davis, W. McCoull, J. Org. Chem.
1999, 64, 3396; d) F. A. Davis, P. K. Mohanty, D. M. Burns, Y. W.
Andemichael, Org. Lett. 2000, 2, 3902; e) J. C. Barrow, P. L. Ngo,
J. M. Pellicore, H. G. Selnick, P. G. Nantermet, Tetrahedron Lett.
2001, 42, 2051; f) F. A. Davis, K. M. Pradyudmna, J. Org. Chem.
2002, 67, 1290; g) F. A. Davis, Y. J. Melamed, S. S. Sharik, J. Org.
Chem. 2006, 71, 8761.

[5] J. L. Garc8a Ruano, J. Alem>n, J. F. Soriano, Org. Lett. 2003, 5, 677.
[6] J. L. Garc8a Ruano, J. Alem>n, A. Parra, J. Am. Chem. Soc. 2005,

127, 13048.
[7] J. L. Garc8a Ruano, J. Alem>n, Org. Lett. 2003, 5, 4513.
[8] Y. Arroyo, A. Meana, J. F. Rodr8guez, M. Santos, M. A. Sanz-Teje-

dor, J. L. Garc8a Ruano, J. Org. Chem. 2005, 70, 3914.
[9] a) P. Mangeney, T. A. Tejero, J. N. Grosjean, Synthesis 1988, 255;

b) C. P. Casey, J. B. Johnson, J. Am. Chem. Soc. 2005, 127, 1883.
[10] The stereochemical assignment was based on the absolute configura-

tion analysis determined by ORTEP X-Ray analysis (5 i, syn-7 i and
anti-6’b) and by NMR data. For more details see the Supporting In-
formation. CCDC-632072 (5 i), CCDC-632071 (syn-7 i) and CCDC-
632070 (anti-6’b) contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.

[11] C. Hansch, A. Leo, R. W. Taft, Chem. Rev. 1991, 91, 165.
[12] a) For alkoxycarbonyl halides, see: J. L. Garc8a Ruano, M. Aranda,

M. C. CarreÇo, M. A. Toledo, J. Aguirre, Angew. Chem. 2000, 112,
2848; Angew. Chem. Int. Ed. 2000, 39, 2736; b) for alkyl halides, see:
J. L. Garc8a Ruano, M. Aranda, J. Aguirre, Tetrahedron 2004, 60,
5383; c) for esters and nitriles, see: J. L. Garc8a Ruano, J. Alem>n,
M. T. Aranda, M. A. Fern>ndez-Ib>Çez, M. Rodr8guez-Fern>ndez,
C. Maestro, Tetrahedron 2004, 60, 10067.

[13] The plot of log ACHTUNGTRENNUNG{[(1S,2S,SS)-6]/ ACHTUNGTRENNUNG[(1R,2S,SS)-7]} obtained for monosub-
stituted arylideneamines 3 against HammettQs s constants for the
substituents also provides a straight line with a slightly higher slope
than that shown in Figure 1. However, the R value is clearly worse
(<0.9), as could be expected from the effect of steric interactions in-
volving the methyl group (see text).

[14] a) A. D. Becke, J. Chem. Phys. 1993, 98, 1372; b) C. Lee, W. Yang,
R. G. Parr, Phys. Rev. B 1988, 37, 785.

[15] Gaussian 03, Revision B.05, M. J. Frisch, G. W. Trucks, H. B. Schle-
gel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, J. A. Montgomer-
y, Jr., T. Vreven, K. N. Kudin, J. C. Burant, J. M. Millam, S. S. Iyen-
gar, J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. Scalmani, N.
Rega, G. A. Petersson, H. Nakatsuji, M. Hada, M. Ehara, K.
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda,
O. Kitao, H. Nakai, M. Klene, X. Li, J. E. Knox, H. P. Hratchian,
J. B. Cross, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann,
O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, P. Y.
Ayala, K. Morokuma, G. A. Voth, P. Salvador, J. J. Dannenberg,
V. G. Zakrzewski, S. Dapprich, A. D. Daniels, M. C. Strain, O.
Farkas, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. B. Fores-
man, J. V. Ortiz, Q. Cui, A. G. Baboul, S. Clifford, J. Cioslowski,
B. B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. L.
Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A. Na-
nayakkara, M. Challacombe, P. M. W. Gill, B. Johnson, W. Chen,
M. W. Wong, C. Gonzalez, J. A. Pople, Gaussian, Inc., Pittsburgh,
PA, 2003.

[16] a) R. Ditchfield, W. J. Hehre, J. A. Pople, J. Chem. Phys. 1971, 54,
724; b) W. J. Hehre, R. Ditchfield, J. A. Pople, J. Chem. Phys. 1972,

www.chemeurj.org I 2007 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim Chem. Eur. J. 2007, 13, 6179 – 61956194

J. L. Garc8a Ruano et al.

www.chemeurj.org


56, 2257; c) P. C. Hariharan, J. A. Pople, Theor. Chim. Acta 1973, 28,
213.

[17] From the natural bond orbital method of Weinhold: A. E. Reed,
L. A. Curtiss, F. Weinhold, Chem. Rev. 1988, 88, 899.

[18] Y. Chi, Y. G. Zhou, X. Zhang, J. Org. Chem. 2003, 68, 4120.
[19] Epimerisation at stereogenic centres in the hydrogenolysis of the C�

S bonds with Raney nickel has been observed in some cases, see:

J. L. Garc8a Ruano, C. G. Paredes, C. Hamdouchi, Tetrahedron:
Asymmetry 1999, 10, 2935, and references therein.

Received: December 29, 2006
Published online: May 4, 2007

Chem. Eur. J. 2007, 13, 6179 – 6195 I 2007 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 6195

FULL PAPERDiastereoselective Synthesis of Diarylpropylamines

www.chemeurj.org

