
This article was downloaded by: [University of Guelph]
On: 02 July 2012, At: 01:05
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Phosphorus, Sulfur, and Silicon
and the Related Elements
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gpss20

Highly Stereoselective
Reactions of γ-Sulfinyl
Carbanions with Achiral Imines
José Luis García Ruano a , José Alemán a & Alejandro
Parra a
a Departamento de Química Orgánica, Universidad
Autónoma de Madrid, Cantoblanco, Madrid, Spain

Version of record first published: 16 Aug 2006

To cite this article: José Luis García Ruano, José Alemán & Alejandro Parra (2005):
Highly Stereoselective Reactions of γ-Sulfinyl Carbanions with Achiral Imines,
Phosphorus, Sulfur, and Silicon and the Related Elements, 180:5-6, 1209-1215

To link to this article:  http://dx.doi.org/10.1080/10426500590910800

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable

http://www.tandfonline.com/loi/gpss20
http://dx.doi.org/10.1080/10426500590910800
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
G

ue
lp

h]
 a

t 0
1:

05
 0

2 
Ju

ly
 2

01
2 



Phosphorus, Sulfur, and Silicon, 180:1209–1215, 2005
Copyright © Taylor & Francis Inc.
ISSN: 1042-6507 print / 1563-5325 online
DOI: 10.1080/10426500590910800

Highly Stereoselective Reactions of γ-Sulfinyl
Carbanions with Achiral Imines

José Luis Garcı́a Ruano
José Alemán
Alejandro Parra
Departamento de Quı́mica Orgánica, Universidad Autónoma de Madrid,
Cantoblanco, Madrid, Spain

Lithium 2-p-tolylsulfinylbenzyl carbanions react with different N-substituted
imines affording 1,2-diaryl ethyl (and propyl) amines with a high stereoselectiv-
ity control at both benzyllic (only dependent of the sulfur configuration) and iminic
carbons. The anti:syn ratio, ranging between >96:<4 and <2:>98, dependent on
the electronic density at nitrogen.

Keywords 1,4- and 1,5-Asymmetric induction; asymmetric benzylation; remote stereo-
control with sulfoxides

INTRODUCTION

There are a large number of recent publications involved in the search
for new and efficient methods for synthesizing enantiomerically pure
2-arylethyl and propylamines. They are relevant structural subunits
because of their frequent occurrence in natural products and their im-
portance as valuable synthetic intermediates.1 Otherwise enantiomer-
ically pure β-amino alcohols are even more important as key interme-
diates for the synthesis of biologically active compounds,2 as stationary
phases in HPLC,3 and as chiral ligands or auxiliaries in asymmetric
reactions.4 Interestingly, the C C bond disconnection represents the
most direct retrosynthetic route for simultaneously creating both chi-
ral centers. In this sense, the nucleophilic addition of organometallic
reagents to iminic C N double bonds5 is one of the most direct routes
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1210 J. L. Garcı́a Ruano et al.

to chiral amine derivatives. Thus the use of the N-sulfinylimines as
starting compounds has been shown to be highly efficient in the
asymmetric addition of organometallic reagents, except for benzylic
nucleophiles.6 In this communication we describe different procedures
to achieve the benzylation of C N in a completely stereocontrolled
manner.

RESULTS AND DISCUSSION

We first studied the benzylation of N-sulfinylimines by using the
enantiomerically pure benzylcarbanion derived from 2-p-tolylsulfinyl-
2-ethylbenzene (1a)7 as electrophile. Reactions were completely
stereoselective8 even when two new chiral centers are simultaneously
created in the formation of 2-arylethyl and propylamines (Scheme 1
and Table I).

TABLE I Yields and de Obtained
for Reactions at Scheme 1

R2 de Yield (%)

Ph >98 81
p-MeOC6H4 >98 78
p-CNC6H4 >98 74
Bu >98 72
i-Bu >98 89
o-BrC6H4 >98 71
2-Py >98 77
Napht >98 68
p-CIC6H4 >98 76
Ph >98 82
p-MeOC6H4 >98 84
p-CNC6H4 >98 60
Bu >98 85
i-Bu >98 88
t-Bu >98 89
PhCH2 >98 88
Naph >98 75
o-BrC6H4 >98 87

SCHEME 1
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γ -Sulfinyl Carbanion Reactions 1211

Starting from benzylcarbanions derived from 2-p-tolylsulfinyl ben-
zyl alcohol (1b), we could also prepare the anti 1,2-aminoalcohols
(Scheme 1), making use of the same procedure.9 Desulfinylation with
Raney–Nickel afforded the corresponding free amines.

Both reactions are good examples of double asymmetric induction
processes with the sulfinyl group acting as a chiral inductor at both
electrophile and nucleophile, each one controlling the configuration of
their closer chiral center. The matched pairs (formed by compounds
with S configuration) yield the anti compounds with diastereomeric
excess (de) >98% and very high yields. The reactions are efficient from
aliphatic and aromatic aldimines (Scheme 1).

The next step in this research was the study of the reactions of 1a
with N-p-tolylsulfinylketimines (4). The results indicate that the stere-
oselectivity is also completely controlled in most of the cases, yielding
the anti compounds 5 (Scheme 2 and Table II). However, the reaction
with the N-p-tolylsulfinyl methyl p-cyanophenylidenimine (4e) evolves
into a 75:25 mixture of anti-5e and syn-5e, thus evidencing a significant
influence of the electronic density on the stereoselectivity control.

SCHEME 2

These results prompted us to study the behavior of the anions de-
rived from 1a and 1b with achiral imines. Our aim was to explore
the influence of the steric and electronic factors at the electrophile on
the stereochemical course of the reaction and eventually obtain the

TABLE II Results Obtained for
Reaction at Scheme 2

R2 dr (anti:syn) Yield (%)

Ph >99:1< 73
p-MeOC6H4 >99:1< 64
p-MeC6H4 >99:1< 69
p-CNC6H4 75:25 27
n-Bu No reaction —
i-Bu No reaction —
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1212 J. L. Garcı́a Ruano et al.

TABLE III Structure of the Studied N-Benzylidenanilines
(Ar1-CH==N-Ar2)

Imine Ar1 Ar2 Imine Ar1 Ar2

6a Ph Ph 6i p-CN-C6H4 Ph
6b Ph p-CN-C6H4 6j p-Me-C6H4 Ph
6c Ph p-Cl-C6H4 6k p-MeO-C6H4 Ph
6d Ph p-Me-C6H4 6l 3,4-di-MeO-C6H4 Ph
6e Ph p-MeO-C6H4 6m 2,4-di-MeO-C6H4 Ph
6f Ph 3,4-di-MeO-C6H4 6n 2,4,6-tri-MeO-C6H4 Ph
6g Ph 2,4-di-MeO-C6H4 6o p-MeO-C6H4 p-MeO-C6H4
6h Ph 2,4,6-tri-MeO-C6H4

syn-compounds by modulating their features. It would make the
reaction stereodivergent and much more versatile from a synthetic
point of view.

We first synthesized the N-benzylidenaniline 6a and their deriva-
tives 6b–o (Table III) containing electron-withdrawing and electron-
donating groups at the two phenyl rings, by reacting substituted ani-
lines with benzaldehydes under the presence of molecular shieves.

The reaction of 1a with the imine 6a yielded a 91:9 epimeric mix-
ture of anti-7a and syn-7a, both exhibiting the same configuration at
benzylic carbon (Scheme 3). It demonstrates that this is completely
controlled by the sulfinyl group at 1a, which also has a significant in-
fluence on the configuration induced at the nitrogenated center. Both
compounds can be easily obtained in an optically pure form after chro-
matographic purification.

SCHEME 3

At this point we evaluated the influence of the substituent at the N-
aryl group. Electron-withdrawing substituents increased the anti/syn
relationship whereas electron-donating groups decreased and even in-
verted it. The reaction of 1 with 6h is completely stereoselective, only
yielding compound syn-7h (Scheme 4 and Table IV).

A similar influence is exerted by the substituent when they are
located at the aromatic ring of the arylideneimine (Scheme 5 and
Table V), except for 6n, where the presence of two MeO groups at both
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γ -Sulfinyl Carbanion Reactions 1213

TABLE IV Results Obtained for
Reaction at Scheme 4

6 anti-7b,h syn-7b,h

6b(p-CN) 96 4
6c(p-Cl) 85 15
6d(p-Me) 66 33
6e(p-MeO) 36 64
6f(3,4-di-MeO) 23 77
6g(2,4-di-MeO) 1 99
6h(2,4,6-tri-MeO) 1 99

TABLE V Results Obtained for
Reaction at Scheme 5

6 anti-7i,n syn-7i,n

6i(p-CN) 99 1
6j(p-Me) 78 22
6k(p-MeO) 41 59
6l(3,4-di-MeO) 33 67
6m(2,4-di-MeO) 1 99
6n(2,4,6-tri-MeO) 34 66

SCHEME 4

SCHEME 5

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
G

ue
lp

h]
 a

t 0
1:

05
 0

2 
Ju

ly
 2

01
2 



1214 J. L. Garcı́a Ruano et al.

ortho positions has a negative influence on the stereoselectivity that
must be due to a steric inhibition of the resonance that is not present
when such groups are in the N-aryl ring (see 6h in Table IV).

To illustrate the scope of this powerful methodology, we have applied
it to the synthesis of the amine-alcohols starting from 1b. Its reaction
with the imine 6b yielded only the anti diastereoisomer 8, whereas
the syn-9 was exclusively formed in the reaction with the imine 6o,
with both aromatic rings substituted with electron donating groups
(Scheme 6).

SCHEME 6

As conclusion we have found that γ -sulfinyl carbanions derived from
2-p-tolylsulfinyl ethyl and hydroxymethyl benzenes are quite efficient
to control the stereoselectivity of the reactions with N-sulfinylimines,
yielding the corresponding anti derivatives. N-arylimines derived from
benzaldehydes yielded syn or anti isomers depending on the electronic
density at iminic nitrogen.10

REFERENCES

[1] J. W. Scott, in Asymmetric Synthesis, J. D. Morrison, Ed. (Academic Press: New York,
1985), Vol. 5, pp. 27–29.

[2] Relevant bioactive naturally-occurring amino alcohols: a) K. C. Nikolau, H. J.
Mitchel, F. L. van Delft, F. Rubsam, and R. M. Rodriguez, Angew. Chem., Int. Ed.
Eng., 37, 1871 (1998); b) T. D. Heightman and A. T. Vasella, Angew. Chem., Int. Ed.
Eng., 38, 750 (1998); c) T. Kolter and K. Sandhoff, Angew. Chem., Int. Ed. Eng., 38,
1532 (1998); d) S. C. Bergmeier, Tetrahedron, 56, 2561 (2000).

[3] Y. Yuki, K. Saigo, K. Tachibana, and M. Hasegava, Chem. Lett., 1347 (1986).
[4] Recent reviews: a) D. J. Ager, I. Prakash, and D. R. Schaad, Chem. Rev., 96, 835

(1996); b) R. Bloch, Chem. Rev., 98, 1407 (1998); c) M. T. Reetz, Chem. Rev., 99, 1121
(1999); d) Comprehensive Asymmetric Catalyst; E. N. Jacobsen, A. Pfaltz, and H.
Yamamoto, Eds. (Springer-Verlag: Berlin, 1999); e) I. Ojima, Catalytic Asymmetric
Synthesis, 2nd ed. (VCH: New York, 2000); f) S. C. Bergmeier, Tetrahedron, 56, 2561
(2000); g) C. Bonini and G. Righi, Tetrahedron, 58, 4981 (2002); h) Z. Tang, F. Jiang,
L.-T. Yu, C. Xin, L.-Z. Gong, A.-Q. Mi, Y.-Z. Jiang, and Y.-D. Wu, J. Am. Chem. Soc.,
125, 5262 (2003).

[5] a) R. A. Volkmann, in Comprehensive Organic Synthesis, S. L. Schreiber, Ed.
(Pergamon Press: Oxford, 1991), Vol. 1, Chapter 1.12, p. 355; b) N. Risch and M.
Arend, in Methods of Organic Chemistry (Houben-Weyl): Stereoselective Synthesis,

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
G

ue
lp

h]
 a

t 0
1:

05
 0

2 
Ju

ly
 2

01
2 



γ -Sulfinyl Carbanion Reactions 1215

G. Helmechen, R. W. Hoffmann, J. Mulzer, and E. Schauman, Eds. (Georg Thieme
Verlag: Stuttgart, 1995), E21b, D.1.4, p. 1833; c) D. Enders and U. Reinhold, Tetrahe-
dron: Asymmetry, 8, 1895 (1997); d) L. N. Pridgen, Adv. Asymm. Synt., 2, 55 (1997).

[6] P. Moreau, M. Essiz, J.-Y. Merour, and D. Bouzard, Tetrahedron: Asymmetry, 8, 591
(1997).

[7] J. L. Garcı́a Ruano, M. Aranda, M. C. Carreño, and M. A. Toledo, Angew. Chem., Int.
Ed. Engl., 39, 2736 (2000).

[8] J. L. Garcı́a Ruano, J. Alemán, and J. F. Soriano, Org. Lett., 5, 677 (2003).
[9] J. L. Garcia Ruano and J. Alemán, Org. Lett., 5, 4513 (2003).

[10] J. L. Garcia Ruano and J. Alemán, J. Org. Chem. (2004).

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
G

ue
lp

h]
 a

t 0
1:

05
 0

2 
Ju

ly
 2

01
2 


