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Abstract: Highly modular G-symmetric aminosulfoximines were tions of aniliness with aldehydesb (Scheme 1). This

prepared and applied as chiral ligands in copper-catalyzed enanti](lyghly mOdL."ar approaph .aIIOWS. a rapid ge_ngratlon ofa
selective carbonyl-ene reactions. The optimized system catalyZ@mpound library by utilizing various sulfoximines [here
the conversion of pyruvates and 1,1-disubstituted olefins yieldif@-2a and ®)-2b], nitro benzenes3, and carbonyl
the corresponding hydroxy esters with high enantiomeric excesgampounds.

(up to 91% ee) in moderate yields.

Key words: asymmetric catalysisi-hydroxy esters, carbonyl-ene

. .. 2
reactions, copper, sulfoximines R2 R
(\)\ aorb R3
RIS=NH T R 73-95%
Within the last decades, sulfoximiddsave successfully ~— Me R1_\§=N NO,
been applied in various fields of modern organic chemi 1 X NO2 Me
try. Their use ranges from building blocks for bioactiv¢ (5-2a:R’ =Ph 8 4

. . o" 2 Al = 21e0
moleculed and pseudopeptideto chiral auxiliariefor ~ (F-20-R'=2MeO-Ph

asymmetric synthesis and ligahdsr enantioselective
metal catalysis. In the latter context, the first generation
chiral sulfoximine ligands included ;&ymmetric hy-

2 4
droxysulfoximines which led to high enantiomeric ex: A o A R2
cesses in 1,2-additions of diethyl zinc and TMSCN t Qﬁs RLQ
aldehyde$;’” for examplé. Later, we and others devel- R3

NH R* 6 R Q
NH;

25-87%

oped G-symmetric bissulfoximines which were found toR1,\/ =N
be highly effective in enantioselective copper and pallac me 4 R17§=N
um catalyse&!® Guided by the discovery that,-Gym- R 59-85% Mg
metric N-quinolyl-sulfoximines served as powerful 1a-g 5
ligands in Cu-catalyzed hetero-Diels—Alder reactions ¢ R®
well,** we recently began to focus our attention on th poqut R' R2 R® R* RS
design and preparation of aminosulfoximirigswhich ‘575 Ph H H  Me Me
constitute a new class of electron-rich aryl-bridge (s)-10 Ph H H Pr iPr
sulfoximine ligands (Figure Zf. (9-1c Ph  H H C H
(R-1d 2-MeO-Ph H H Me Me
(S)-1e Ph H Me Me Me
=Y. (S)-1f Ph F H Me Me
\ / (S)-1g9 Ph Me H Me Me
S\\S:N BN Schemel Reagentsand conditions: (a) Ar-Br (1 equiv), Pd(OAg)
A,\r/le/ _\R, (5 mol%),rac-BINAP (7.5 mol%), CsCO; (1.4 equiv), toluene, ref-
1 lux, 24 h; (b) Ar-1 (2 equiv), Cul (1 equiv), CsOAc (2.5 equiv), DM-
SO, 90°C, 12 h; (c) Fe, HOAc, EtOH,,®, reflux, 3-5 h; (d)
Figurel NaBH;CN [or NaBH, for (S-1b; 2.5 equiv], MeOH, HOAc, 0 °C to
rt., 3-12 h.

Starting from enantiomerically pure sulfoximings

aminosulfoximinesl are easily accessible in an efficientAminosulfoximines1 with unsubstituted aromatic core
three-step reaction sequence including first Pd- or Cunits have recently been employed in Cu-catalyzed
catalyzed coupling reaction$'*second reductions of the Mukaiyama-type aldol reactions of pyruvate esters and
resulting nitro compound$ and finally reductive amina- silylenolethers. There, compountis,b havingortho-di-
substitutedN-benzyl groups proved particularly effective
leading to aldol products with excellent enantiomeric ex-
SYNLETT 2005, No. 5, pp 0781-0784 cesses in very good yieldSEncouraged by these results,
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ligands in Cu-catalyzed carbonyl-ene reactions betweemta-position to the amino substituent of the ligand as in
activated carbonyl compounds as enophiles and 11e andlf, respectively, affected the ee and the yield of
disubstituted olefin& This important C-C bond forming hydroxy este®a only to a minor degree (entries 6 and 7).
process yields allylie-hydroxy esters, which are usefulAlthough both values were slightly lower than those ob-
building blocks in organic synthesfsand so far only one tained in catalyses with the unsubstituted mesityl ana-
catalytic system is known, which is capable of mediatiniggue 1a (entry 2), satisfying results were still obtained.
the intermolecular addition of olefins to activated keGratifyingly, we then found that an electron-donating me-
tones!® As model reaction, the addition of methylenethyl substituent in theneta-position to the aryl amino
cyclopentane §, 5 equiv) to methyl pyruvate7d) was group had a positive effect on the enantioselectivity. Thus,
chosen. The catalyst was prepared in situ by mixing Hninosulfoximinelg proved to be the best ligand for this
mol% of Cu(OTf) and 10 mol% of the chiral ligand in dry catalysis, and its application providéd with 91% ee in
CH,CI,. The results of this initial investigation confirmed50% yield (entry 8}°

our assumption, as in presence of the mesityl ligend

product9a was obtained with promising 86% ee (Table 1Table1l Use of Aminosulfoximineda—g in Cu(ll)-Catalyzed

entry 1). Unfortunately, however, the yield was rather loy20onyl-Ene Reactiofs

(29%) under those conditions. Based on results

previous studies by tsand other$?®dwe expected an I:>:5

enhanced catalytic activity after the exchange of tr o (5 equiv) LWy
triflate anion by other weakly coordinating counterions Cu(z (10 mol%), OR

Indeed, the application of Cu(CJ)2 (formed in situ from © 1a-g (10 mol%), o

CuCl, and 2 AgCIQ) led to a significantly higher yield 7a:R=Me  CHyCly, rt, 48 h 9a: R = Me

(63%), whereas the enantioselectivity remained essentid 7 =8n 9b: R =8n

ly unaffected (87% ee; Table 1, entry 2). In contrast, othghtry Sulfoximine Educts Cu(X),® vield ee
counterions such as SbFBF,, or Pk lowered both the Product (%) (%)Y

yield and the enantioselectivity.

_ _ 1 (9-1a 7a— (R-9a  Cu(OTf), 29 86
Apart from dichloromethane, dichloroethane proved to be
a suitable solvent, although the yield and the enantioseléc- (9-1a 7a— (R)-%  Cu(Clo), 63 87
tivity decreased to 52% and 82%, respectively. By peg- (g 1 7a- (R-9a CuClo), 25 79
forming the test reaction in chloroform, an even higher ee
(89%) was achieved, but the yield dropped significantly 6 ~ (59-1c 7a— (R)-9a  Cu(ClQ), 58 85
18%. Other chlorinated solvents such as 1,1,1-trichlorg-
o R)-1d 7 -9 Cu(OTf 23 86
ethane or 1,1,2-trichloroethane and weakly coordinating ® A% LT,
ethers (THF, MTBE) were inappropriate for this catalytié (S9-1le 7a—>(R-9a  Cu(ClO), 44 80
application. 7 (9af 7a—(R-9a  CuClO), 62 84

Next, the effect of the ligand structure on the product ee

and the yield in the test reaction using (mostly) Cu(glo 8 19 7a—>(R-9  Cu(Clo), 50 91
as met_al source was studied. _Taking i_ntq account that  (9.14 7b (R-9b  Cu(Clo), 44 80
ortho-disubstitutedN-benzyl aminosulfoximinela had : — -
led to a product with high ee in good yield, we were SuBF_Reactlon conditions: Pyruvate (0.5 mmol), olefi@ (2.5 mmol),

. T Cu(X), (10 mol%), sulfoximine (10 mol%), I, (2 mL), r.t., 48 h.
prised to note that the catalyst system with lighmtear- Cg(gl(CL)z Was(grepared in Sm(J from cf;zca%gé(Agué.

ing three isopropyl substituents in the 2-, 4-, and 6petermined by HPLC or GC using chiral columns (Chiralcel OB-H
position was catalytically much less effective afford¥ag or Cyclodex B, respectively). The absolute configuratioBaoivas
with decreased ee in lower yield (Table 1, entry 3). Prassigned by comparison to the known GC data'{fgfthat of9b in
sumably, the increased steric bulk of the isopropyl grou@éa'ogy toda.

reduced the activity as well as the asymmetric inductiorr®® "¢ 20-

of the catalytically active species. Use of dichloro deriva-

tive 1c and ligandld with a modified sulfoximine unfi®  Benzyl pyruvate 7b) could also be applied as enophile,
gave similar results as witta (entries 4 and 5). In the lat- and its reaction with methylenecyclopentaB)eupder ca-
ter catalysisR-configured1d was used leading to pre-talysis with 10 mol% of the Cu(ll}a complex afforded
dominant formation of th&-enantiomer o9a. In all other  9b with 80% ee (Table 1, entry 9.

cases, the applied _aminosulfoxim_ines Bambnfiguration When o-methylstyrene 10) was reacted with methyl
affording preferentially th&®-enantiomer of the product. pyruvate 7a), a large excess of the olefin and a high cat-
For further ligand optimization, the aryl backbone of thalyst loading was required for achieving an acceptable
ligand was modified by the introduction of various subeonversion of the carbonyl compound (Table 2). With 10
stituents on the bridging benzene core (Figure’% IR).  equivalents ofl0 and in the presence of 10 mol% of the
Depending on their position as well as their steric ardu(ll)-complex prepared frorfia, the corresponding-
electronic properties, the course of the catalysis varied.i{droxyester9c was obtained with 86% ee. The yield,
methyl group in theortho- or a fluoro substituent in the however, was very low (11%; Table 2, entry 1). Both,
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yield and ee could be improved to 44% and 88%, respec{3) (a) Mock, W. L.; Tsay, J.-Tl. Am. Chem. Soc. 1989, 111,
tively, by increasing the amount of olefin and ligand to 20~ 4467. (b) Mock, W. L.; Zhang, J. 4. Biol. Chem. 1991,

equivalents and 30 mol%, respectively (entry 2). Finally, 266 6393. (c) Bolm, C.; Kahmann, J. D.; Moll, G. =
use of aminosulfoximingg yielded9c with even 91% ee. Tetrahedron Lett, 1997, 38, 1169. (d) Bolm, C.; Moll, G ;

. Kahmann, J. DChem. Eur. J. 2001, 7, 1118. (e) Bolm, C.;
In this case, however, 50 mol% of the catalyst were  \gjier, D.: Hackenberger, C. P. Rrg. Lett. 2002, 4, 893.

applied and the product yield was only 53% (Table 2, (H) Bolm, C.; Miiller, D.; Dalhoff, C.; Hackenberger, C. P.

entry 3). R.; Weinhold, EBioorg. Med. Chem. Lett. 2003, 13, 3207.
(4) For selected contibutions, see: (a) Reggelin, M.; Heinrich,
Table2 Asymmetric Copper-Catalyzed Reaction between Methyl T. Angew. Chem. Int. Ed. 1998, 37, 2883;Angew. Chem.
Puryvate 7a) anda-Methylstyrene 10)? 1998, 110, 3005. (b) Harmata, M.; Hong, X.; Barnes, C. L.
Tetrahedron Lett. 2003, 44, 7261. (c) Koep, S.; Gais, H.-J.;
®_/< Raabe, GJ. Am. Chem. Soc. 2003, 125, 13243.
0 . (5) Reviews: (a) Harmata, NChemtracts 2003, 16, 660.
OMe 10-20 equiv (b) Okamura, H.; Bolm, QChem. Lett. 2004, 33, 482.
- . (6) Bolm, C.; Miller, J.; Schlingloff, G.; Zehnder, M.;
0 Cu(ClOy4)p, 1aor1g Neuburger, MJ. Chem. Soc., Chem. Commun. 1993, 182.
7a CHyCly, r.t., 48 h % (7) Bolm, C.; Miller, PActa Chem. Scand. 1996, 50, 305.
(8) For further applications, see: (a) Bolm, C.; Felder, M.;
Entry 10 (Equiv) Sulfoximine (amount)  Yield ddc ee of9c Mdller, J.Synlett 1992, 439. (b) Bolm, C.; Felder, M.
(%) (%) Tetrahedron Lett. 1993, 34, 6041. (c) Bolm, C.; Seger, A;
Felder, M.Tetrahedron Lett. 1993, 34, 8079. (d) Bolm, C;
1 10 (9-1a (10 mol%) 11 86 Felder, M.Synlett 1994, 655.
(9) For Cu-catalyzed cycloaddition reactions, see: (a) Bolm, C.;
2 2 (9-1a (30 mol%) 44 88 Simic, 0.J. Am. Chem. Soc. 2001, 123, 3830. (b) Bolm, C.:
B 0 Martin, M.; Simic, O.; Verrucci, MOrg. Lett. 2003, 5, 427.
3 2 (5-19 (50 mol%) >3 1 (10) For Pd-catalyzed allylic alkylations, see: (a) Bolm, C.;
@Reaction conditions: 7a (0.5 mmol), olefinl0, Cu(CIQ,), (prepared Simic, O.; Martin, M.Synlett 2001, 12, 1878. (b) Harmata,
in situ from CuCJ and 2 AgCIQ), sulfoximinela or 1g, CH,Cl, (2 M.; Ghosh, S. KOrg. Lett. 2001, 3, 3321.
mL), r.t., 48 h. (11) Bolm, C.; Verrucci, M.; Simic, O.; Cozzi, P. G.; Raabe, G.;
b Determined by HPLC using a chiral column (Chiralcel OB-H). The Okamura, HChem. Commun. 2003, 2826.
absolute configuration &c was assigned in analogy %a. (12) Langner, M.; Bolm, CAngew. Chem. Int. Ed. 2004, 43,

5984;Angew. Chem. 2004, 116, 6110.

. . . . L (13) For the Pd-catalyzed coupling, see: (a) Bolm, C.;
In conclusion, the application of aminosulfoximines as Hildebrand, J. PTetrahedron Lett. 1998, 39, 5731.

ligands in Cu-catalyzed carbonyl-ene reactions was de-  (b) Bolm, C.; Hildebrand, J. B. Org. Chem. 2000, 65, 169.
monstrated. The resulting hydroxy estelsgave been ob- (c) Bolm, C.; Hildebrand, J. P.; RudolphSJnthesis 2000,
tained with high enantiomeric excesses (up to 91% ee) in  911. _ _

moderate yields. Those enantioselectivities reach up to tH&*) For the Cu-mediated coupling, see: Cho, G. Y.; Remy, P.;
values achieved with Evans’ well-established Cull)- Jansson, J.; Moessner, C.; Bolmflog. Lett. 2004, 6, 3293,

d ; . (15) For examples of highly enantioselective carbonyl-ene
Bu-box catalyst systeat? Current studies are directed to- reaction of olefins to ethyl glyoxalate or methyl pyruvate,

wards an expansion of the substrate scope combined with  see: (a) Maruoka, K.; Hoshino, Y.; Shirasaki, T.;

further process optimizations with the goal of achieving Yamamoto, HTetrahedron Lett. 1988, 29, 3967.

higher product yields. (b) Mikami, K.; Terada, M.; Nakai, T.. Am. Chem. Soc.
1990, 112, 3949. (c) Mikami, KPure Appl. Chem. 1996,
68, 639. (d) Evans, D. A,; Tregay, S. W.; Burgey, C. S.;
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(19) Experimental Procedure.
In a dried Schlenk-flask under an argon atmosphere,,CuCl
(6.7 mg, 0.05 mmol) was suspended in dry,Cll(2 mL)
and then treated with AgC}@20.7 mg, 0.1 mmol). The
mixture was stirred for 60 min at r.t. under exclusion of light
and subsequently, aminosulfoximibe or 1g (0.05 mmol)
was added. Stirring of the resulting blue suspension was
continued for another 30 min followed by the addition of the
enophile (0.5 mmol) and the olefin (5-20 equiv). After
stirring for 48 h atr.t., the mixture was diluted with@&{50

Synlett 2005, No. 5, 781-784 © Thieme Stuttgart - New York

mL) and filtered through a plug of silica gel. The solvent was
removed under reduced pressure, and the corresponding
product was purified by column chromatography (pentane—
EtOAc, 15:1 for9a and9c, 10:1 for9b) and obtained as
colorless oil.

(20) Unfortunately9b was obtained as a mixture with enophile

7b, which was inseparable by column chromatography. Use
of (chiral) HPLC, however, allowed the determination of the
enantiomeric ratio ddb (80% ee). The ‘yield’ 09b was

then estimated from the NMR spectra (44%).
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