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ABSTRACT
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Stereochemically pure polysubstituted vinyl sulfoximines and sulfones are easily prepared by a copper-catalyzed syn carbozincation reaction
of the corresponding alkynyl derivatives.

Nonracemic sulfoximines having a stereogenic sulfur atom  E-Substituted vinyl sulfoximines are easily prepared either
are well-known in asymmetric synthesiParticularly, vinyl by an “in situ Peterson” reacti®§Scheme 1, path A) or via
sulfoximines are an interesting class of compounds, which

were used in a large variety of asymmetric transformations ||| || @R RN

such as conjugate additiofidand pericyclic reactiofisand
as precursors for allylic sulfoximinds.

T Technion-Israel Institute of Technology.
* Institute of Organic Chemistry, RWTH Aachen University, Landoltweg
1, D-52056, Germany.

.S’
(1) (a) For recent reviews on the use of sulfoximines in asymmetric HC™ “pp

catalysis, see: (a) Okamura, H.; Bolm, Chem. Lett2004 33, 482. (b)
Harmata, M.Chemtract2003 16, 660. (c) For a general overview on the
chemistry of sulfoximines, see: Reggelin, M.; Zur, /nthesi00Q 1.

(2) (a) Pyne, S. GJ. Org. Chem.1986 51, 81. (b) Pyne, S. G.
Tetrahedron Lett1986 27, 1691. (c) Annunziata, R.; Cinquini, M. Chem.
Soc., Perkin Trans. 1979 1684. (d) Pyne, S. Gl. Chem. Soc., Chem.
Commun.1986 1686.

(3) (a) David, D. M.; Bakavoli, M.; Pyne, S. G.; Skelton, B. W.; White,
A. H. Tetrahedron1995 51, 12393. (b) Craig, D.; Geach, N. Jetrahe-
dron: Asymmetn1991, 2, 1177. (c) Glass, R. S.; Reineke, K.; Shankli, M.
J. Org. Chem1984 49, 1527. (d) Craig, D.; Geach, N. J.; Pearson, C. J.;
Slawin, A. M. Z.; White, A. J. P.; Williams, D. Jretrahedron1995 51,
6071.

(4) (a) Erdelmeier, |.; Gais, H.-J.; Lindner, H.Angew. Chem., Int. Ed.
Engl. 1986 25, 935. (b) Gunther, M.; Gais, H.-JJ. Org. Chem2003 68,
8037. (c) Schleusner, M.; Gais, H.-J.; Koep, S.; Raabe].@m. Chem.
So0c.2002 124, 7789. (d) Koep, S.; Gais, H.-J.; Raabe, JsAm. Chem.
Soc 2003 125 13243. (e) Tiwari, S. K.; Gais, H.-J.; Lindernmaier, A;
Babu, G. S.; Raabe, G.; Reddy, L. R.;iKer, F.; Gunter, M.; Koep, S.;
Iska, V. B. R.J. Am. Chem. So2006 128 7360.

10.1021/0l070070b CCC: $37.00
Published on Web 03/10/2007

© 2007 American Chemical Society

Scheme 1. General Preparation d&-Substituted Vinyl
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metalated hydroxyphosphonate derivatiy@cheme 1, path
B). In both cases, yields arfe-selectivities were excellent
(80% vyield,>92%E). Besides these two protocols, few more
preparations oE-vinyl-substituted sulfoximines, relying on
hydroxyalkylatior-elimination sequences of metalated alky!
sulfoximines, were also reportédurprisingly, straightfor-

(5) Erdelmeier, |.; Gais, H. Jetrahedron Lett1985 26, 4359.
(6) Craig, D.; Geach, N. Bynlett1992 299.



ward routes to stereodefined,s,['-trisubstituted vinyl
sulfoximines of general structufieremain unknown. In this
communication, we would like to report our preliminary

results for an easy preparation of stereodefined polysubsti- entry

tuted vinylsulfoximine derivative§.

Our retrosynthetic analysis for the preparatiori aghows
that it should be easily prepared by a regiospecific syn
bisalkylation of substituents’and R on the triple bond of
alkynyl sulfoximines3 (Scheme 1, path C). Accordingly, a
regio- and stereoselective carbometalation reactior8,of
followed by trapping the resulting vinylic organometalfic
with an electrophile R-X, should be the key reaction for
the preparation of tetrasubstituted alkenyl derivativies

Among all the possible candidates for the carbometalation _

reactions of heterosubstituted alkydesganocopper deriva-
tives are usually the best candidd@tbecause organocopper

species are known for their high stereo- and chemoselectivity,

which enable them to add smoothly to a large variety of
alkynes with high tolerance to many functional grodps.

However, sulfoximines can be taken as the aza-analogue
of sulfones, and the literature shows that the carbocupration

of alkynyl sulfones generally leads to two isomers in a
variable ratiot! The carbometalation reaction of alkynyl
sulfoximines 3 was investigated in detail. Our starting
material was easily obtained in high yi€dy reaction of
[N-(p-tolylsulfinyl)imino]phenyliodinane (PRENTS)® on
alkynyl sulfoxide in the presence of a catalytic amount of a
copper(ll) salt. This imination is stereospecific and occurs
with retention of configuration at the sulfur atdfhWe
initially started our investigation by the classical carbocu-
pration reaction of3a (Scheme 2 and Table 1). When

Scheme 2. Carbometalation Reaction of Alkynyl Sulfoximine
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ethylcopper (prepared from EtMgBr and Cul) was added to
alkynyl sulfoximine3ain THF at—40 °C, the carbocupration
reaction occurred, but two isomers were formed in a 6:1 ratio
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Table 1. Carbometalation Reaction of Alkynyl Sulfoximirga

temp (°C), ZIE yield
EtM solvent time (h)  ratio® (%)?
1 EtCu THF —40, 4 6:1 80
2 EtCu Et,0 —40, 4 2:1 70
3 EtCuc THF -70,1 4:1 72
4 EtCu® Et,0 —70,0.5 1:1 71
5 EtCu® THF/NMP?® -50,1 3:1 90
6 EtyCu, MgBr¢ THF —60, 0.5 2:1 85
7 RMgBr, Cul THF 0,3 1:1 50
(10 mol %)
8 EteZn, Cul THF 0,2 100:0 82
(10 mol %)
9 EtyZn, Cul Et,0 rt, 6 100:0 80
(10 mol %)

aThe reaction was performed with an excess of GHRCuBI/EtMgBr
3:1). P THF/NMP = 3:1. ¢ The structure reflects the stoichiometry rather
than the real organometallic specié¥.ield determined after purification
by chromatography on silica gélRatio determined byH NMR spectros-
copy of the crude mixture.

(Table 1, entry 1). The formation of these two isomers is

Sndeed reminiscent of the carbocupration of acetylenic

sulfonest!

When the same reaction was performed in a less polar
solvent such as ED, the reaction still proceeded but in a
2:1 ratio (Table 1, entry 2). When organocopper (in the
presence of excess copper $&t°in THF, ELO, or a
mixture of THF and NMP; Table 1, entries 3, 4, and 5,
respectively), alkyl cuprate (Table 1, entry 6), or a copper-
catalyzed ethylmagnesiation reaction (Table 1, entry 7) was
used, the stereoselectivity was not improved. The two
isomers result formally from a syn and anti addition of the
organocopper reagent on the triple bond although a subse-
guent isomerization of the resulting?sirganocopper deriva-
tive (2ainto 2b) cannot be excluded.

Careful analyses of chiral HPLC of racemic and enan-
tioenriched vinyl sulfoximines show that the sulfoximine unit
is not racemized in this isomerization process. Only the
copper-catalyzed carbozincati§rreaction led to a single
stereoisomer via a syn addition under mild conditions in
either THF or E4O (Table 1, entries 8 and 9, respectively).

The scope of the reaction is broad in terms of reactive
organozinc species which can be used (Scheme 3 and Table
2).

Copper-catalyzed carbozincation reaction proceeds simi-
larly when dialkylzinc (Table 2, entry 1) or alkylzinc halide
was used, prepared either from dialkylzinc and 1 equiv of
iodine (Table 1, entry 2) or by insertion of zinc dust into
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Scheme 3. Copper-Catalyzed Carbozincation Reaction of
Alkynyl Sulfoximines
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the carbor-iodine bond (Table 2, entry 3). Similarly, the
copper-catalyzed carbozincation can be performed from a
Grignard reagent or an alkyllithium species if these latters

Table 2. Copper-Catalyzed Carbozincation Reaction

yield

entry R R'ZnY E-X E  product (%)
1 3a EtyZn HC1 H la 82
2 3a EtZnl® HC1 H la 90
3 3a  OctZnl¢ HCI H 1b 55
4 3a EtZnBr¢ HC1 H la 75
5 3a i-PrZnBr? HCl H 1c 80
6 3a MeyZn HCI1 H 1d 83
7 3a PhZnBrd HCl H le 85
8 3b BuyZn® HC1 H 1f 92
9 3b BuZnBr' HC1 H 1f 80
10 3b EtyZn HC1 H 1g 90
11 3a MeOCO(CHy)3Znlc HCI H 1h 55
12 3a EtyZn I, I 1i 78
13 3a EtyZn allylBr allyl 1j 65
14 3a 2ne? HCl H 1k 72

Hex

15 3a Hex-CC-ZnBr/ HC1 H 11 18

2 Yields determined after purification by chromatography on silica gel.
b Prepared from BEZn and b. ¢ Prepared from the corresponding alkyl iodide
and zinc dust? Generated from the corresponding Grignard reagent and
ZnBr». € In the presence of CUGRELICI, 10 mol %." Prepared from the
corresponding alkyllithium and ZnRr9 Prepared from the corresponding
vinyl iodide followed by a iodine-lithium exchange and transmetalation
with ZnBro.

are transmetalated into an organozinc species (Table 1, entrie
4 and 9, respectively).

Therefore, most of the classical methods for the preparation
of alkylzinc halide derivativé$ were tested (with different

associated salts), and all of them led to the carbometalation

reaction of alkynylsulfoximines in very good yields. The
nature of the alkyl groups can be extended to secondary alkyl
groups (Table 2, entry 5) as well as to the more sluggish
methyl and aryl groups (Table 2, entries 6 and 7). Even
functionalized alkylzinc iodides undergo the copper-catalyzed
carbozincation reaction (Table 2, entry 1Y he formation

of a discrete organometallic species was checked by iodi-
nolysis and allylation as depicted in Table 2, entries 12 and
13 (formation of 1i and 1j, respectively). The allylation
reaction implies that the copper salt is used not only as a
catalyst for the carbozincation reaction but also for the
reaction with electrophiles. THe-vinylzinc species, gener-
ated by an iodinelithium exchange followed by a trans-
metalation reaction with ZnBy undergoes the copper-
catalyzed carbozincation to lead to the correspondiiig)¢

(17) Knochel, P.; Singer, R. BChem. Re. 1993 93, 2117.
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dienyl sulfoximines in 72% yield as unique stereoisomer
(Table 2, entry 14). In contrast, the addition of alkynylzinc
species to alkynylsulfoximine is sluggish and only 18% of
the isolated product has been obtained (Table 2, entry 15).
The unique stereochemistry of the product was determined
by NOE measurement dfd and is easily rationalized by a
copper-catalyzed syn addition of the organozinc species
across the triple bond of the alkynyl sulfoximine.

Having in hand an easy and reproducible protocol for the
carbometalation reaction of alkynyl sulfoximines, we decided
to investigate also the case of alkynyl sulfones, known to
give two isomers by carbocupration reactidh&Ve were
pleased to observe that alkynyl sulfones also reacted cleanly
with the copper-catalyzed addition of alkylzinc derivatives
to lead to a single regio- and stereoisomer in good isolated
yields as described in Table 3. Primary and secondary

Table 3. Copper-Catalyzed Carbozincation of Alkynyl
Sulfones

RZnX Bu Bu
0
Bu—=—s0,ph —10MI%)_ L _soph _EX R)\/SOZPh
THF
4 0°C,3h ZnX 5a,9 E
yield
entry RZnX E-X E product (%)
1 BuyZn HC1 H 5a 70
2 EtoZn HC1 H 5b 72
3 i-PrZnBr? HC1 H 5¢ 92
4 MeOCO(CHg)sZnl¢  HCl H 5d 55
5 Ethn Ig I 5e 65
6 EteZn allylBr allyl 5f 60

2 Yields determined after purification by chromatography on silica gel.
b Generated from the corresponding Grignard reagent and.ZnBrepared
from the corresponding alkyl iodide and zinc dust.

functionalized derivatives react regio- and stereoselectively
with alkynyl sulfones.

In conclusion, polysubstituted vinyl sulfoximines and
Sulfones were easily prepared as unique isomers by totally
regio- and stereoselective copper-catalyzed carbozincation
reactions. The addition is syn, and the resulting®gano-
metallic can easily react with classical electrophiles. Several
applications of this new class of compounds is now underway
in our laboratory.
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