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Enantiopure aromatic (phenyl, naphthyl) and heteroaromatic (pyridyl, quinolyl, diazinyl) sulfoxides have
been synthesized by reaction @&)-ert-butyl tert-butanethiosulfinate with aryl- or heteroaryllithium
derivatives. Thertho-directed metalation of the sulfoxides was performed with lithium bases. Subsequent
addition of the lithiated intermediates btosylimines afforded tosylaminoalkigrt-butylsulfinyl arenes.

In most cases a complete asymmetric induction was highlighted in fav@®fiomers. Heating the
aminosulfoxides provided an original cyclization to form novel cyclic sulfenamides. A novel enantiopure
synthesis of a benzylamine was described. An application of an enantiopure aminosulfaxj8dégend

for the asymmetric catalysis of allylic nucleophilic substitution has been successfully tested.

Introduction provide both ortho-directed metalatich and a stereogenic
o element (Scheme 1).

An efficient and largely developed strategy for the stereo-  gome stereogeniartho-directing groups have been studied:
controlled creation of__eC bonds |nyolves a sequence (_)f oxazolines, masked aldehydés1 amidesi:-13 sulfonamided?
deprotonation and addition of a prochiral electrophile. The first
step is activated by an electron-withdrawing group (such as a — - - — .

. . . (2) Mikolajczyk, M.; Drabowicz, J.; Kielbasinski, PChiral Sulfur
Farbonyl’ an 'm'.ne* a hYP'raZO”e: a SUIfOX!de’ etc.), \_Nh'ch may Reagents (Applications in Asymmetric and Stereose&8ynthesisICRC
incorporate a chiral auxiliary. We became interested in a similar press: Boca Raton, 1997.

strategy in the aromatic series, using the sulfinyl gfoBio (3) Allin, S. M.; Shuttleworth, S. J.; Page, P. C. Brganosulfur
Chemistry-Synthetic and Stereochemical Aspedtage, P. C. B., Ed,;

Academic Press: London, 1998; Vol. 2, pp-9I/55.
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*UMR CNRS 6507, ENSICAEN-Universitde Caen. (5) Legros, J.; Dehli, J. R.; Bolm, @dv. Synth. Catal2005 347, 19—
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SCHEME 1. Deprotonation of Aryl Sulfoxides and Addition
of Prochiral Electrophiles
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and also sulfoxide¥>~17 The prochiral electrophiles used were

aldehydes or ketones (leading to chiral alcohols), and the best

asymmetric induction (excluding sulfoxides) was observed by
Matsuit213with amides (de= 80%). In the course of our studies
on the synthesis and metalation of diazine and benzodiazine
sulfoxides!®181%ve observed that the addition of the metalated

species to aldehydes took place in some cases with a remarkable

asymmetric induction. Surprisingly, imines (leading to attractive

chiral amines) were not used previously as prochiral electro-
philes. This prompted us to use imines as electrophile with
aromatic substrates, such as phenyl and naphthyl sulfoxides
This opens the way to a new class of bidentate ligands with
nitrogen and sulfur coordination sites for asymmetric

catalysis?0-23

Preparation of Sulfoxides.We wished to prepare a variety
of sulfoxides bearing an aryl andtert-butyl group. The latter
was chosen as it provides steric hindrance, relative to the
conventionalp-tolyl group, and avoids any competition with
proton abstraction of a primary or secondary alkyl group or that
of another aromatic substituent.

The aromatic moieties of the sulfoxides that we selected are
benzene, naphthalene, pyridine, quinoline, and diazine (Figure
1). Compoundsl and 2 were prepared previougi?® in the
respective § and R) enantiomeric form by other methods,
whereas enantiopufz-5, or their antipodes, were not reported
previously.

(7) Meyers, A. |.; Hanagan, M. A.; Trefonas, L. M.; Baker, R. J.
Tetrahedron1991, 39, 1991-1999.

(8) Commeron, M.; Mangeney, P.; Tejero, T.; Alexakis, Aetra-
hedron: Asymmetr99Q 1, 287—290.

(9) Asami, M.; Mukaiyama, TChem. Lett198Q 17—20.

(10) Juaristi, E.; Beck, A. K.; Hansen, J.; Matt, T.; Mukhopadhyay, T.
Simson, M.; Seebach, [Bynthesisl993 1271-1290.

(11) Beak, P.; Tse, A.; Hawkins, J.; Chen, C.-W.; Mills,T&trahedron
1983 39, 1983-1989.

(12) Matsui, S.; Uejima, A.; Suzuki, Y.; Tanaka, K.Chem. Soc., Perkin
Trans. 11993 701-705.

(13) Matsui, S.; Uejima, A.; Suzuki, Y.; Tanaka, Kippon Kagaku
Kaishi 1996 2, 154-159; Chem. Abstr1993 495244.

(14) Takahashi, H.; Tsubuki, T.; Higashiyama, ®em. Pharm. Bull.
1991, 39, 260-265.

(15) Ogawa, S.; Furukawa, N. Org. Chem1991, 56, 5723-5726.

(16) Pollet, P.; Turck, A.; PleN.; Queguiner, G.J. Org. Chem1999
64, 4512-4515.
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Davis, F. A.Tetrahedron Lett1994 35, 3465-3468.

(18) Turck, A.; Ple N.; Pollet, P.; Quguiner, G.J. Heterocycl. Chem.
1998 35, 429-436.

(29) Le Fur, N.; Mojovic, L.; PleN.; Turck, A.; Marsais, FTetrahedron
2005 61, 8924-8931.

(20) Masdeu-BultpA. M.; Diégueza, M.; Martin, E.; Gmez, M.Coord.
Chem. Re. 2003 242, 159-201.

(21) Baym, J. C.; Claver, C.; Masdeu-BUlté. M. Coord. Chem. Re
1999 193-195 73—145.

(22) Dai, L. X.; Tu, T.; You, S. L.; Deng, W. P.; Hou, X. [Acc. Chem.
Res.2003 36, 659-667.
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dron: Asymmetry1998 9, 3797-3817.
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FIGURE 1. Enantiopure §-sulfoxides.

SCHEME 2. Synthesis of Enantiopure Sulfoxides 45
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Numerous methods have been developed to prepare enan-
tiopure sulfoxides, among which the & Andersen’s reaction
of menthyl sulfinate with organolithiums or Grignards is
extremely populaf:?6-27It is however restricted to the synthesis
of p-tolyl substrates.

For the preparation of alkyl sulfoxides, two main methods
have emerged. Alcudia and Khi&f used DAG (diacetone-
glucosyl) alkanesulfinates, or more recently D&@)stead of
menthyl sulfinate. Ellmai¥—32 employedtert-butyl tert-butane-
thiosulfinate as a chiral source. Based upon preliminary results
of the Bolm group’® oxidation of tert-butyl disulfide by
hydrogen peroxide in the presence of 0.5% of an imine derived
from (1R,29-1-amino-2-indanol and VO(aca@nd subsequent
crystallization provide®f (S)-tert-butyl tert-butanethiosulfinate
6 in essentially enantiopure form (ee99%). This method has
attractive features: low cost of the substrates, low loadings of
the catalyst and ligand, easy procedure and scale-up, and
availability of both enantiomers.

Results and Discussion

The synthesis of sulfoxides—5 was achieved (Scheme 2,
Table 1) by standard halogetithium exchange between iodo-
or bromo-arene derivatives and butyllithium at low temperature
(entries +-4), or byortho-directed metalation (entry 5), followed
by addition of thiosulfinates.

The yields were good (#6897%, entries +3), except for
3-bromoquinoline (entry 4), for which some quinoline was
obtained (32%). In all cases the enantiomeric excess aas
99%. For productsl and 2, their op and comparison with
literature dat&2>showed that their stereochemistry 8, (thus
arising from inversion of the thiosulfinate sulfur atom config-
uration, in agreement with previous observatigh®.

(26) Allin, S. M. Organosulfur ChemistrySynthetic and Stereochemical
AspectsPage, P. C. B., Ed.; Academic Press: London, 1998; Vol. 2, pp
41-61.

(27) Khiar, N.; Fernandez, |.; Alcudia, A.; Alcudia, Rdvances in Sulfur
Chemistry Rayner, C., Ed.; JAI Press: Greenwich, CT, 2000; Vol. 2, pp
57-115.

(28) Fernandez, I.; Khiar, N.; Llera, J. M.; Alcudia, &. Org. Chem.
1992 57, 6789-6796. 3

(29) Fernadez, |.; Valdivia, V.; Gori, B.; Alcudia, F.; Aarez, E.; Khiar,

N. Org. Lett.2005 7, 1307-1310.

(30) Ellman, J. A.; Owens, T. D.; Tang, T. Rcc. Chem. Re002
35, 984-995.

(31) Cogan, D. A,; Liu, G.; Kim, K.; Backes, B. J.; Ellman, J. A.Am.
Chem. Soc1998 120, 8011-8019.

(32) Weix, D. J.; Ellman, J. AOrg. Lett.2003 5, 1317-1320.

(33) Bolm, C.; Bienewald, FAngew. Chem., Int. Ed. Engl995 34,
2640-2642.
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TABLE 1. Preparation of (S)-Sulfoxides -4

entry starting material metalating agent solvent teRd ( time (h) product yield (%) eey|
1 iodobenzene n-BuLi THF —75 0.5 1 85 =99
2 1-bromonaphthalene n-BuLi THF —75 0.5 2 86 =99
3 3-bromopyridine n-BulLi THF —100 0.5 3 76 >99
4 3-bromoquinoline t-BulLi Et,O —100 2 4 37 >99
5 3,6-dimethoxypyridazine LTMP THF —75 15 5 97 >99

The pyridazine sulfoxid® was synthesized byrtho-directed SCHEME 3.  Metalation and Deuteration of Sulfoxides 2

metalation of 3,6-dimethoxypyridazine followed by reaction of a"d 3

thiosulfinate 6. The yield and the enantiomeric purity were Q¥ D _8‘

excellent. +s'\t_Bu 1) Base S~tBu
Metalation of Aromatic Sulfoxides and Reaction with 2) EtOD

N-Tosylimines. Though sulfoxides have attracted a great deal

of attention in asymmetric synthedgig! the metalation of the 2 Ar = 1-Naphthyl 7

aryl substrates remains under exploited. This group is potentially 3 Ar=3-Pyridyl 8

enhancing the acidity of thertho hydrogen atoms and stabiliz- N )
ing the resulting species by coordination to the metal. The first gﬁ%bfsiifogdpg?'zza:&nsof the Metalation of Naphthy! and
reports are by Furukawa et al. on the pyridine seife¥.

Deprotonation was effected by LDA, and the intermediates were racemic _ fime _ deuteration
. . . entry sulfoxide base equiv (h) product incorporatiof (%)

quenched by a variety of electrophiles. Further studies by
Snieckus and his grotip*8were carried out in the benzene series g t‘?I\A/IP 2222 11 ; gg
usingn-BuLi. They reported that the sulfinyl group is a more 3 2 LTMP 3.2 1 7 90
efficient ortho-directing group than OMOM, CONEt and 4 3 LDA 1.2 1 8 70
NHBoc. The naphthalene series has also been explored but has 5 3 LDA 1.2 2 8 60

6 3 LDA 21 1 8 90

led to moderate yield¥.4°
The reported lithiated sulfoxides were submitted to the  2Content of deuterium was determined ¥y NMR.
reaction of a variety of electrophiles. With racemic sulfoxides
and aldehydes, the diastereos_electivity of the addition was SCHEME 4. Metalation of Sulfoxides 13 and Addition of
usually modest: fotert-butylsulfinylbenzene and 2-chlo N-Tosylimines
tolylylsulfinylbenzen€é'® de’s were in the range of +38%.

R, NHTs

For 2-arylsulfinylpyridines® de’s varied from 5% to 74%. Our -0 1) Lithium base Q:

group has examined two other series in the enantiopure form, +5 THF, -78°C, 1h S\t-Bu

3-pyridine and pyridazine. Polféthas demonstrated that the “tBu >

induction can be made complete by employing hindered ) NS

aldehydes (de 98%). 13 A 146
From these observations we anticipated that addition of the )

lithiated sulfoxides to imines could le#d“3 to C—C bond -78°C,1.5h de

formation with a higher degree of stereocontrol, as compared JR=Ph ee = 99%

to aldehydes, as a result of (i) the presence of a substituent on . o )
the heteroatom of the electrophile, and (ii) the possible introduc- the modest yields reportétled us to optimize the reaction
tion of a lithium coordinating substituent on the nitrogen atom, conditions by carrying out deprotonation with LDA and LTMP
such as a sulfonyl group. in THF at—78°C, followed by quenching with EtOD (Scheme

Prior to the addition of imines, we needed to carry out the 3)- We observed that an excess of LTMP afforded a 90%
metalation of sulfoxided—5. Deprotonation of racemit has deuterium incorporation (Table 2). The more activated pyridine

been reporte® with n-BuLi. For the naphthalene sulfoxidz sulfoxide3 could be deprotonated at®@y 2.2 equiv of LDA.
Diazine5 has been previously metalated by LTNfP.

(34) Hanquet, G.; Colobert, F.; Lanners, S.; SollaGieARKIVOC2003 The reactivity of the resulting metalated sulfoxides was first
328-401. tested with unactivateN-alkyl or phenyl imines. The addition
(35) Furukawa, N.; Shibutani, T.; Fujihara, Retrahedron Lett1989 did not take p|ace_ We pursued our study with imines bearing
30’(??g)géhi7bougtgﬁi, T.; Fujihara, H.; Furukawa, Wetrahedron Lett1991, an electron—withdrgwing grOUP on t,he _nitrOge,n at.om. We chose
32, 2943-2946. the N-tosyl group, in connection with its steric hindrance3(sp
(37) Shibutani, T.; Fujihara, H.; Furukawa, Wetrahedron Lett1991 tetrasubstituted sulfur atom) and presence of oxygen atoms for
32(53)4&28?5‘:%"8 G lihama. T Aubert. T Perrier. H.: Snieckus. v, CoOrdination to lithium with potentially ordered transition states.
Tetrahedron Lett1992 33, 2625-2628. o t Phenyl sulfoxidel was lithiated as indicated above and
(39) Baker, R. W.; Pocock, G. R.; Sargent, M. V.; Twiss,TEtrahe- submitted toN-tosyl imineg* of benzaldehyd® (R = Ph) or
dron: Asymmetryl993 4, 2423-2426. isobutyraldehydd 0 (R = i-Pr) for 1.5 h at—78 °C (Scheme

2000 B B0 aeeg, | asuda, H: Watanabe, ¥.; Torl-1org. €hem. ) The awaited tosylamino-sulfoxidés and12 were obtained

(41) Risch, N.; Arend, M.Stereoselecte Synthesis (Houben-Weyl)  in 63—80% yields (Table 3, entries 1 and 2).
Helmchen, G., Hoffmann, R. W., Mulzer, J., Schaumann, E., Eds.; Georg  With the tosylimine of benzaldehyd®(R = Ph, entry 1), a

Thi(j’;)eénzt:gggtj égﬁeﬁo\ﬁ'LrEezuléh%%rloi%zigmm 613997 8, 1805~ modest diastereoisomeric excess of 60% was observed, and the
1946.
(43) Bloch, R.Chem. Re. 1998 98, 1407-1438. (44) Chemla, F.; Hebbe, V.; Normant, J.&ynthesi200Q 75-77.
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TABLE 3. Metalation of Sulfoxides 1-3 and Addition of Ph Ph i-Pr
N-Tosylimines 3 {
- — - ~ N-T -
sulf-  deprotonation  imine® yield de ed @js\/N Ts g ® @:;N Te

entry oxide condition$ R product (%) (%) (%)

1 1 nBuli(l2equiv) Ph 11allb 63 6G 99 20a 20b 21

2 1 n-BuLi(1.2equiv) i-Pr 12 80 >98 99 )

3 2 LTMP(3.2equiv) Ph 13 64 >98 99 Ph Fpr

4 2 LTMP (3.2equiv) i-Pr 14 66 >98 99 = ] _ =z T N-T

5 3 LDA(2lequiv) Ph 15 79 >98 99 Na g 1® N eg 1

6 3 LDA(2lequiv) i-Pr 16 67 >98 99

a—78°C for 1 h.® —78 °C for 1.5 h.c Diastereomeric excesSS/SR 22 23

was measured bjH NMR on the crude product. Enantiomeric excess
(SS/RRwas determined by enantioselective HPLC (Chiralpak AD column).
¢ Diastereomers were separated by column chromatography.

FIGURE 2. Enantioenriched isothiazolines.

TABLE 4. Cyclization of the Aminosulfoxides 11, 12, 15, and 16
into Isothiazolines 20-23

SCHEME 5. Metalation of Sulfoxide 5 and Addition of aminosulfoxide product yield (%) configuration ee (%)

N-Tosylimine 9
1)LTMP (3.2 11a(S9 20a 93 S 98
Meo Q3 R S 11b(SR 200 o3 ® 99
NN SNty I RV, 12(S9 21 85 ) 97
No 2 Ts N A 15(S9 22 83 o 99
)NI\ Meo HPh 16(S9 23 89 ©) 95
MeO Ph” H
5 9 18
-78°C,1.5h oo (S Trm% and a sulfenic acid9, The amino group attacks the electrophilic
sulfenic acid, followed by elimination of #D. The formation
SCHEME 6. Formation of 18 of sulfenic acids from sulfoxides is classical but normally takes
_ place at higher temperatures. The present structure may present
MeO 0-: . . .
+8 N specific features, possibly an electronic effect and/or a hydrogen
1) LTMP N7 ~tBuy elimination Y« . .
5 b , bond stabilizing” the intermediatel 9.
2 s | Ny This unprecedented and facile formation of isothiazolines and
Ps MeO  Ph >‘= the interest of this structure led us to investigate the thermolytic
g f - behavior of previous aminosulfoxidé4—16. Heating in toluene
for 20 min nicely provided cyclic sulfenamid@§—23in very
MeO Me? good yields and excellent enantiomeric excesses (Table 4, Figure
SOH 2y 2
N7 N N-Ts ) ; ;
Nz __NHTs N~ « The new structure$1—16, 18, and20—23 offer interesting
MeO  Ph T Me0 HPh synthetic possibilities. We have briefly explored the reductive
19 cleavage of the stereogenic sulfur moiety as a synthesis of
18

enantiopure amines. The reaction of sulfoxidewith freshly
prepared Raney nickel in boiling ethanol was very slow. We
two diastereoisomer&la and 11b were easily separated by then attempted the Raney nickel reduction of sulfenargitle
column chromatography with silica gel. Furthermore the enan- and observed that it took place rapidly at room temperature to
tiomeric excess measured for each diastereoisomer was 99%afford amine24 in quantitative yield (the sulfonamide being

Thus, no racemization of the sulfoxide occurred during the untouched) and 99% ee. The overall transformatiofiihto

metalation proces¥.With an aliphatic tosyliminél0 (R = i-Pr, 24 could also be performed without isolation2if in 81% yield
entry 2), the yield was increased and the asymmetric induction (Scheme 7).

was excellent (de>98%). The § configuration of the new Tosylamine24 is a known produég and the optical rotation
stereogenic center will be established hereunder. indicated that we obtained th&)(isomer. As the initial sulfur

Naphthyl and pyridyl sulfoxide2 and3 were deprotonated  configuration is §), we assign an §S structure to the
and imines9 and10 were added to the reaction mixture. Good aminosulfoxide12 and propose by analogy that the major
yield of adducts13—16 were isolated. We were rewarded to diastereomed 1 and compoundd2—16 have the sameS(S)
observe that a single diastereomer was detected by NMR. Theirstereochemistry.
enantiomeric purity is 99%. A preliminary test was carried out to show that aminosul-

A similar sequence was carried out with pyridazine sulfoxide foxides could be used a¥,S chiral ligands for asymmetric
5. Instead of the expected addut?, we isolated a cyclic organometallic catalysis (Figure 3). This type of bidentate
sulfenamidel8 (Scheme 5). coordination for soft transition metals is still under-

The formation of18 can be explained by the following developed349-57
pathway (Scheme 6). The aminosulfoxiti@undergoes a 1,2-

elimination or [2,3] sigmatropic proce$deading to isobutene 125(3432)_|132h§i3i,37A-2 Komiya, K.; Nakayama, J. Am. Chem. S0d.996 118
(48) Soeta,-T.; Nagai, K.; Fujihara, H.; Kuriyama, M.; Tomioka, X.
(45) Durst, T.; LeBelle, M. J.; Van den Eltzen, R.; Tin, K.-Can. J. Org. Chem2003 68, 9723-9727.
Chem.1974 52, 761-766. (49) Chelucci, G.; Berta, D.; Saba, Aetrahedron1997 53, 3843—

(46) Astles, P. C.; Mortlock, S. V.; Thomas, ECbmprehensie Organic 3848.
Synthesis Trost, B. M., Fleming, |., Winterfeldt, E., Eds.; Pergamon (50) Petra, D. G. |.; Kamer, P. C. J.; Spek, A. L.; Schoemaker, H. E.;
Press: Oxford, 1991; Vol. 6, pp 1031039. van Leeuwen, P. W. N. MJ. Org. Chem200Q 65, 3010-3017.
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SCHEME 7. Synthesis of an Enantiopure Tosylamine
i-Pr, TS
N
S Raney Ni
EtOH, rt 1‘_5 min
quantitative Ts
(S)-21 -Pr. _NH
1. Toluene <5

reflux, 20 min (S)-24

ee =99%

2. Raney Ni
EtOH, rt, 15 min

81%

12

SCHEME 8. Enantioselective Allylic Nucleophilic
Substitution
MeO,C._CO,Me
BSA
KOAc
OAc [Pd(allyl)Cl], (2.5%mol) MeO2C.__CO,Me
1 0,
Ph/\)\Ph Ligand 12 (10%mol) Ph/\lph
THF, rt, 66 h
25 (R)-26
ee : 86%

We testedl2 as a ligand for the catalytic asymmetric allylic
nucleophilic substitutioR® 61 1,3-Diphenyl-2-propenyl acetate
25was reacted with the anion of methyl malonate under standard
conditions in the presence of a palladium catalyst and 10% of
our ligand12 (Scheme 8). Allylic este26 was indeed produced
with a 95% substitution rate (determined By NMR spec-
troscopy of the crude product), and enantioselective HPLC

(51) Hiroi, K.; Watanabe, K.; Abe, |.; Koseki, Metrahedron Lett2001,
42, 7617-7619.

(52) Priego, J.; Manchien O. G.; Cabrera, S.; Carretero, J. Chem.
Commun 2001, 2026-2027.

(53) Priego, J.; Manchen O. G.; Cabrera, S.; Carretero, J. £.0Org.
Chem.2002 67, 1346-1353.

(54) Ekegren, J. K.; Roth, P.; }strom, K.; Tarnai, T.; Andersson, P.
G. Org. Biomol. Chem2003 1, 358-366.

(55) Lai, C.-Y.; Mak, W.-L.; Chan, E. Y. Y.; Sau, Y.-K.; Zhang, Q.-F;
Lo, S. M. F.; Williams, I. D.; Leung, W.-Hlnorg. Chem2003 42, 5863~
5870.

(56) Rowlands, G. JSynlett2003 236—240.

(57) Pettinari, C.; Pellei, M.; Cavicchio, G.; Crucianelli, M.; Panzeri,
W.; Colapietro, M.; Cassetta, AOrganometallic2004 18, 555-563.

(58) Lubbers, T.; Metz, PStereoselecte Synthesis (Houben-Weyl)
Helmchen, G., Hoffmann, R. W., Mulzer, J., Schaumann, E., Eds.; Georg
Thieme: Stuttgart, 1996; Vol. E21, pp 2372473.

(59) Pfaltz, A.; Lautens, M.Comprehensie Asymmetric Catalysis
Jacobsen, E., Pfaltz, A., Yamamoto, H., Eds.; Springer: Berlin, 1999; pp
834—884.

(60) Trost, B. M.; Van Vranken, D. LChem. Re. 1996 96, 395-422.

(61) Trost, B. M.J. Org. Chem2004 69, 5813-5837.
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showed a good enantiomeric excess (86%) in favor of R)e (
isomer.

Discussion

We have used with success the sequence of aromatic sulfoxide
deprotonation and addition to activated imines. Tdvého-
metalation was applied to a variety of sulfoxides usiBuLi
or lithium dialkylamides.

We have reported the first investigation of the behavior of
sulfinylaryllithiums toward imines. As anticipated, it was
necessary to activate the electrophiles. The choicH-tisyl
imines led to good yields (6380%) of aminosulfoxided1—

16.

Except for the case of phenyl sulfoxideand the imine9 of
benzaldehyde, the adduci®—16 were produced as single
diastereoisomers and enantiomers. This stands in contrast with
the known reaction of aldehydes, which does lead to an efficient
C—C bond formation, but with poorer diastereoselectivities.

The (S stereochemistry of the newly formed carbon center
was established by chemical correlation. Reductive desulfiny-
lation of sulfenamide21 provides a new access to amigé
and potentially to a variety of benzylic amines.

Our results confirm the power of the sulfinyl group to direct
the metalation and to control the approach of an electrophile.
As indicated in the introduction, this strategy has been developed
in the aliphatic series, including reaction with imirfé§2-68
For aromatic compounds, the closest structures are those
investigated by Garcia-Ruano and his grétifwhich involved
sulfinylbenzenes, but the metalation was achieved in a benzylic
position and then reacted with tosylimi®e In this case the
diastereoselectivity is modest (ee 38%).

Our access to aminosulfoxiddd—16, with (SS configu-
ration, deserves some comment. Examination of possible
approaches of the sulfinyl carbanion and the imine led us to
the observation that a pseudo-cyclic chair type transition state
does not lead to the observed configuration. We propose a
different model, involving (i) a concerted four-membered
transition state, as proposed by Garcia Ruano for the reaction
of a sulfinyl benzylic carbanion with iminé8;"* and (ii)
coordination of the lithium atom with both thert-butylsulfinyl
oxygen atom and one of the two sulfonylimine oxygen atoms.

We shall take as model the simplest sulfoxideS)-tert-
butylsulfinylbenzend.. Figure 4 represents the isolated lithiated
molecule in the most stable conformation according to ab initio
DFT calculations. A strong lithiumoxygen interaction was
noticed (G-Li bond order, 0.49). The sulfoxide and the lithium

(62) Tsuchihashi, G.-i.; Iriuchijima, S.; Maniwa, Rletrahedron Lett.
1973 14, 3389-3392.

(63) Ronan, B.; Marchalin, S.; Samuel, O.; Kagan, H.TBtrahedron
Lett. 1988 29, 6101-6104.

(64) Pyne, S. G.; Boche, @G. Org. Chem1989 54, 2663-2667.

(65) Pyne, S. G.; Dikic, BJ. Chem. Soc., Chem. Comm@f89 826~
827.

(66) Walker, A. J.Tetrahedron: Asymmetry992 3, 961-998.

(67) Bravo, P.; Capelli, S.; Crucianelli, M.; Guidetti, M.; Markovsky,
A. L.; Meille, S. V.; Soloshonok, V. A.; Sorochinsky, A. E.; Viani, F.;
Zanda, M.Tetrahedron1999 55, 3025-3040.

(68) Pedersen, B.; Rein, T.; Sotofte, |.; Norrby, P.-O.; TanneC&@lect.
Czech. Chem. Commu2003 68, 885-898.

(69) Garc¢a Ruano, J. L.; Alering J.; Soriano, J. FOrg. Lett.2003 5,
677—680.
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127, 13048-13054.

(71) Gar¢a Ruano, J. L.; Aleriig J.Org. Lett.2003 5, 4513-516.
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O—Li ligands have been reported receriflg2but their potential has
fBuwlS not yet been fully explored.
- The unexpected conversion of amino sulfoxides into isothia-
zolines 20—23 brings a promise for further transformations,
FIGURE 4. Lithiated sulfoxided. including reductive cleavage of the sulfenamide moiety to chiral
amino thiols’8-83
Aminosulfoxides 12—16 are also potential precursors of

o) ’Tol TO'\ .-‘O enantioenriched sultames, after oxidation of the sulfur atom and
PH“‘:N"S“O ?B{IS_:N deprotection _of theN-tosyl group. The I_gtter compounds
P tgy S i} represent an important class of chiral auxiliaffe®’
B PN AYHR
Z Z Conclusion
A B We have synthesized various aromatic enantiopure sulfoxides
by reaction of lithio derivatives wittert-butanethiosulfinate with
FIGURE 5. Proposed model. moderate to good yields with an excellent optical purit@9%).

The enantiopure sulfoxides have been metalated and reacted
atom form a flat five-membered ring, coplanar with the benzene with N-tosylated imines for the first time. Excellent asymmetric
ring. The lower face of these rings is clearly hindered by the inductions have been observed on the new chiral center, except
tert-butyl group, so that an electrophile will approach from the in one case. We have highlighted an original thermal cyclization
upper face. to analogues of benzisothiazoline. The reduction of the cyclized

The imine has anH)-configuration and a conformation in  product allowed the preparation of an enantioenriched amine
which the tolyl group isanti to the N=C bond (along the NS with a good yield. An example of use &SO) chiral ligand
bond)72 With these elements, we assume two modes of attack, for asymmetric catalysis has also been described. Further studies
A andB (Figure 5). and applications are in due course.

The face of attack of the imine does not appear well
differentiated by the interaction of R imine group with the Experimental Section
aromatic ring of the sulfoxide. The tolylsulfonyl group provides ] o o
a significant difference betweeh andB. It is a bulky group, Qeneral Procedure for Dlrec'g Lithiation by L_|th|um Alkyl-
as suggested by the conformational enétgyf 2.5 kcal/mol amide (LTMP or LDA). A solution of n-butyllithium (1.6 or 2.5

- i . in hexane) was added to cold-%0 °C), stirred, and anhydrous
for SOZI\_/Ie.” For the approacB the interaction is severe with tetrahydrofuran (10 mL) under an atmosphere of nitrogen. Then
the sulfinyl group. .In a modﬂ\ the tolylsulfonyl is Iocatgd 2,2,6,6-tetramethylpiperidine (TMPH) or diisopropylamine (DI-
away from the sulfinyl favoring such an approach, leading to paH) was added. The mixture was warmed Q0 After 20 min,
the §S) diastereomer, in agreement with the experimental.  the temperature was lowered t678 °C, and the substrate to

The results reported here provide a nice entry to the new metalate dissolved in 5 mL of THF was added. After stirring for 1
aminosulfoxided.2—16. The sequence is rather straightforward h at—78°C, the corresponding sulfonylimine was introduced, and
(2 steps from the sulfoxide) and practical. The Ellman enan- stirring was continued for 1.5 h at78 °C. Hydrolysis was then
tioenriched thiosulfinaté is availablé? in large scale and is ~ carried out at—78 °C using a mixture of water, ethanol, and

easily prepared in the laboratory with low cost (0.52% ligand tetrahydrofuran (1/4/5). The reaction solution was warmed to room
loading for the enantioselective oxidation) temperature, and the solvent was evaporated. The aqueous layer

Th | d f 49216 th was extracted with dichloromethane, and the combined organic
'he only prece ent o structur t "f‘t we are aware layers were dried over magnesium sulfate and evaporated. The crude
of is in the naphthyl series. The Toru grdBjnvestigated the  roquct was purified by column chromatography on silica gel.

addition of methyllithium to racemic [1-(2,4,6-triisopropyl- [1S,(S)S]-(—)-N-[(2-tert-Butylsulfinylphenyl)phenylmethyi]-4-
phenylsulfinyl)-2-naphthyllmethanimines. They obtained a struc- methylbenzenesulfonamide (11a) and R,(S)S]-(—)-N-[(2-tert-
ture, similar tol3 and 14, interestingly possessing an opposite Butylsulfinylphenyl)phenylmethyl]-4-methylbenzenesulfona-
relative stereochemistry. mide (11b). Metalation ofl (0.2 g, 1.10 mmol) according to the
Aminosulfoxides12—16 are potential bidentate ligands for ~general procedure for direct lithiation with 1.6 MBuLi (0.83 mL,
asymmetric synthesis mediated by transition metals. One 1.32 mmol), followed by reaction with the sulfonylimirge(R =
example has been reported here, showing an enantioselectiviy”™ (0-43 9. 1.65 mmol), gave after purification by column

that is one of the highest amomgS(O) ligands?34%760ne of 78) Kang, 3., Kim D. 5. Kim, J. Syniett1004 642844
H H : H ang, J.; Kim, D. 5.; KIm, J. loynle — .
the present strategies to improve catalytic systems is to develop (79) Arink. A. M.. Braam. T. W.: Keeris, R.: Jastrzebski. J. T. B. H.:

Iigands_, which are not phosphines, to _aVOid some O_f the Benhaim, C.; Rosset, S.: Alexakis, A.; van Koten,@g. Lett.2004 6,
difficulties that can be metf. Among novel ligands, the choice ~ 1959-1962. _ _
of N.SO) moieties has been rarely examirf®d®’More N.S (80) Harfouche, J.; Herault, D.; Tommasino, M. L.; Pellet-Rostaing, S.;
S0) y ’ Lemaire, M.Tetrahedron: Asymmetr004 15, 3413-3418.
(81) Tseng, S.-L.; Yang, T.-Kletrahedron: Asymmet005 16, 773~

(72) Charette, A. B.; Giroux, ATetrahedron Lett1996 37, 6669-6672. 782.

(73) Eliel, E. L.; Wilen, S. H.; Mander, L. NStereochemistry of Organic (82) Kim, J. Y.; Livinghouse, TOrg. Lett.2005 7, 1737-17309.
CompoundsJohn Wiley: New York, 1994; pp 696700. (83) Braga, A. L.; Alves, E. F.; Silveira, C. C.; Zeni, G.; Appelt, H. R.;

(74) Eliel, E. L.; Kandasamy, Dl. Org. Chem1976 41, 3899-3904. Wessjohann, L. ASynlett2005 588-594.

(75) Nakamura, S.; Yasuda, H.; Toru,Tletrahedron: Asymmeti3003 (84) Kim, B. H.; Curran, D. PTetrahedron1993 49, 293-318.
13, 1509-1518. (85) Liu, Z.; Takeuchi, Y Heterocycle2002 56, 693—709.

(76) Hiroi, K.; Suzuki, Y.; Kaneko, Y.; Kato, F.; Abe, I.; Kawagishi, R. (86) Hirano, S.; Tanaka, R.; Urabe, H.; Sato(kg. Lett.2004 6, 727—
Polyhedron200Q 19, 525-528. 729.

(77) Vries, J. G. d.; Vries, A. H. M. cEur. J. Org. Chem2003 799- (87) Ahn, K. H.; Kim, S.-K.; Ham, CTetrahedron Lett1998 39, 6321~
811. 6322.
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chromatography (silica gel with Et20/cyclohexane (4/1) as eluent) (C); 142.6 (C); 141.0 (C); 138.7 (C); 133.3 (C); 133.0 (CH); 132.4

a mixture of two diastereoisomers (ratio 80:20 determinedtby
NMR). A subsequent purification by column chromatography (silica

(C); 129.7 (C); 129.6 (CH); 128.8 (CH); 128.7 (CH); 127.5 (CH);
127.3 (CH); 127.1 (CH); 126.8 (CH); 126.5 (CH): 126.0 (CH);

gel with dichloromethane/ethyl acetate (9/1) as eluent) gave in a 124.6 (CH); 60.0 (C); 57.4 (CH); 25.4 (G}421.3 (CHy). IR (KBr)

first fraction the major diastereoisomgéfa (243 mg, 50%) as a
white solid, mp 160C. The ee was 99% by HPLC (Chiralpak AD
column, 1 mL/min, 80:20 heptane?rOH, A = 230 nm,tig g =
15.4 min,tigss = 18.7 min). p]?% = —149 (€ 0.68, CHCY). H
NMR (CDCl): 6 7.79 (m, 1H); 7.67 (m, 1H); 7.52 (dl = 8.3
Hz, 2H); 7.37 (m, 2H); 7.10 (d) = 7.9 Hz, 2H); 7.03 (m, 3H);
6.92 (m, 2H); 6.10 (dJ = 6.8 Hz, 1H); 6.01 (dJ = 6.8 Hz, 1H);
2.36 (s, 3H); 1.22 (s, 9)°C NMR (CDCk): o0 143.4 (C); 140.6
(C); 139.6 (C); 137.5 (C); 131.7 (CH); 129.4 (CH); 128.7 (CH);
128.0 (CH); 127.8 (CH); 127.4 (CH); 127.1 (CH); 127.0 (CH);
126.8 (CH); 58.0 (CH); 57.8 (C); 23.2 (GH21.5 (CH). IR (KBr)
(cm™1): 2868-3085, 1458, 1332, 1160, 1003, 670. Anal. Calcd
for Co4H7NO3S,: C, 65.28; H, 6.16; N, 3.17; S, 14.52. Found: C,
65.51; H, 5.64; N, 2.96; S, 12.80.

A second fraction gave the minor diastereoisorh#p (62 mg,
13%) as a white solid, mp 16®C. The ee was 99% by HPLC
(Chiralpak AD column, 1 mL/min, 80:20 heptan®rOH,1 = 230
nm,th,(s)s= 15.6 min,t]_s(s)R =19.8 mln) b.]ZOD =-135 (C 0.93,
CHCl3). 'H NMR (CDCls): ¢ 7.67 (d,J = 8.3 Hz, 1H); 7.47 (d,
J= 8.3 Hz, 2H); 7.25 (m, 8H); 7.05 (d, = 8.3 Hz, 2H); 6.07 (d,

J = 6.8 Hz, 1H); 5.39 (dJ = 6.8 Hz, 1H); 2.28 (s, 3H); 0.89 (s,
9H). 13C NMR (CDCh): ¢ 143.5 (C); 139.9 (C); 139.7 (C); 139.3
(C); 137.2 (C); 131.6 (CH); 129.9 (CH); 129.5 (CH); 129.0 (CH);
128.9 (CH); 128.4 (CH); 128.4 (CH); 127.6 (CH); 127.5 (CH); 57.5
(C); 56.5 (CH); 23.5 (Ch); 21.9 (CHp). IR (KBr) (cm™1): 2922—
3253, 1440, 1328, 1159, 1057, 1028, 669. Anal. Calcd faHg-
NOsS;: C, 65.28; H, 6.16; N, 3.17; S, 14.52. Found: C, 64.97; H,
6.47; N, 2.92; S, 12.96.

[1S,(S)S]-(—)-N-[2-Methyl-1-(2-tert-butylsulfinylphenyl)-
propyl]-4-methylbenzenesulfonamide (12)Metalation ofl (0.15
g, 0.82 mmol) according to the general procedure for direct lithiation
with 1.6 M n-BuLi (0.62 mL, 0.99 mmol), followed by reaction
with the sulfonyliminelO (R =i-Pr) (0.27 g, 1.2 mmol), gave after
purification by column chromatography (silica gel with,Btas
eluent)12 (264 mg, 80%) as a single diastereoisomer (raté®:1
determined by'H NMR) and as a white solid, mp 7. The ee
was 99% by HPLC (Chiralpak AD column, 1 mL/min, 80:20
heptaneg/PrOH, 4 = 230 nm,ty5is = 10.7 min,tigsg = 12.2
min). [0]?% = —150 € 0.99, CHC}). *H NMR (CDCly): 0 7.78
(d,J= 7.7 Hz, 1H); 7.64 (dJ = 8.3 Hz, 2H); 7.33 (m, 3H); 7.12
(d,J = 8.3 Hz, 2H); 5.75 (dJ = 7.5 Hz, 1H); 4.74 (ddJ = 7.9
and 3.4 Hz, 1H); 2.33 (s, 3H); 2.17 (m, 1H); 1.14 (s, 9H); 0.78 (d,
J = 6.8 Hz, 3H); 0.55 (dJ = 6.8 Hz, 3H).13C NMR (CDCk): ¢
143.8 (C); 141.6 (C); 138.3 (C); 137.8 (C); 131.4 (CH); 129.9 (CH);
127.9 (CH); 127.3 (CH); 127.3 (CH); 127.0 (CH); 59.4 (CH); 57.9
(C); 34.8 (CH); 23.5 (Ch); 21.9 (CH); 20.4 (CH); 15.5 (CH).

IR (KBr) (cm™1): 2894-3138, 1459, 1323, 1158, 1017, 662. Anal.
Calcd for GiH2NOsSy: C, 61.88; H, 7.17; N, 3.44; S, 15.73.
Found: C, 61.89; H, 7.29; N, 3.61; S, 15.42.

[1S,(S)S]-(—)-N-[(1-tert-Butylsulfinylnaphthalen-2-yl)phenyl-
methyl]-4-methylbenzenesulfonamide (13Metalation of2 (0.15
g, 0.65 mmol) according to the general procedure for direct lithiation
with 2.5 M n-BuLi (0.83 mL, 2.07 mmol) and TMPH (0.35 mL,
2.07 mmol), followed by reaction with the sulfonylimirge(R =
Ph) (0.59 g, 2.28 mmol), gave after purification by column
chromatography (silica gel with dichloromethanet(9/1) as
eluent)13 (203 mg, 64%) as a single diastereoisomer (raté®:1
determined byH NMR) and as a white solid, mp 21. The ee
was 99% by HPLC (Chiralpak AD column, 1 mL/min, 80:20
heptang/PrOH, A = 230 nm, tigsr = 31.9 min, tigis = 36.0
min). [a]?% = —142 ( 0.65, DMSO).'H NMR (DMSO-dg): o
9.07 (d,J = 8.7 Hz, 1H); 8.77 (m, 1H); 7.90 (d,= 8.7 Hz, 1H);
7.71 (d,J = 7.2 Hz, 1H); 7.64 (dJ = 8.7 Hz, 1H); 7.32 (m, 4H);
7.00 (d,J = 7.9 Hz, 2H); 6.90 (m, 3H); 6.82 (m, 2H); 6.28 (m,
1H); 2.08 (s, 3H); 1.01 (s, 9H)}3C NMR (DMSO<g): 6 142.9

(cm™1): 2786-3027, 1340, 1163, 1007. Anal. Calcd fopgHoge-
NOsS;: C, 68.40; H, 5.94; N, 2.85; S, 13.04. Found: C, 68.10; H,
6.12; N, 3.04; S, 12.79.
[1S,(S)S]-(—)-N-[2-Methyl-1-(1-tert-butylsulfinylnaphthalen-
2-yl)propyl]-4-methylbenzenesulfonamide (14)Metalation of2
(0.15 g, 0.65 mmol) according to the general procedure for direct
lithiation with 2.5 M n-BuLi (0.83 mL, 2.07 mmol) and TMPH
(0.35 mL, 2.07 mmol), followed by reaction with the sulfonylimine
10(R=i-Pr) (0.47 g, 2.1 mmol), gave after purification by column
chromatography (silica gel with dichloromethane/acetone (95/5) as
eluent)14 (197 mg, 66%) as a single diastereoisomer (ratt®:1
determined byH NMR) and as a white solid, mp 17C. The ee
was 99% by HPLC (Chiralpak AD column, 1 mL/min, 80:20
heptang/PrOH, A = 230 nm, tigsr = 14.4 min,tiggs = 17.8
min). [a]?% = —157 € 0.29, CHC}). 'H NMR (CDCly): 6 9.34
(m, 1H); 7.69 (m, 4H); 7.51 (dJ = 8.7 Hz, 1H); 7.41 (m, 2H);
7.15 (d,J = 8.3 Hz, 2H); 5.75 (dJ = 8.3 Hz, 1H); 5.22 (m, 1H);
2.31 (m, 4H); 1.24 (s, 9H); 0.82 (d,= 6.8 Hz, 3H); 0.55 (dJ =
6.8 Hz, 3H).23C NMR (CDCk): ¢ 143.9 (C); 143.4 (C); 138.3
(C); 133.8 (C); 133.6 (C); 132.4 (CH); 130.4 (C); 129.9 (CH); 128.6
(CH); 127.3 (CH); 127.2 (CH); 126.9 (CH); 126.9 (CH); 124.1
(CH); 61.0 (C); 59.6 (CH); 36.0 (CH); 26.2 (G} 21.9 (CHy);
20.7 (CHy); 15.8 (CH). IR (KBr) (cm™Y): 3140, 2898-2965, 1474,
1330, 1162, 1095, 1045, 1012, 670. Anal. Calcd fesHz1NOsS;:
C, 65.61; H, 6.83; N, 3.06; S, 14.01. Found: C, 66.06; H, 6.97; N,
3.08; S, 14.45.
[1S,(S)S-(—)-N-[(3-tert-Butylsulfinylpyridin-4-yl)phenylmethyl]-
4-methylbenzenesulfonamide (15Metalation of3 (0.15 g, 0.82
mmol) according to the general procedure for direct lithiation with
2.5 M n-BuLi (0.72 mL, 1.8 mmol) and DIPAH (0.25 mL, 1.8
mmol), followed by reaction with the sulfonylimin@ (R = Ph)
(0.52 g, 2 mmol), gave after purification by column chromatography
(silica gel with ethyl acetate as eluedf) (287 mg, 79%) as a single
diastereoisomer (ratie-99:1 determined byH NMR) and as a
pale yellow solid, mp 100C. The ee was 99% by HPLC (Chiralpak
AD column, 1 mL/min, 75:25 heptaridPrOH,A = 230 nm tig sR
=9.9 min,tls(s)s: 12.4 min). EX]ZO = —65 (c 1.17, CHC}). H
NMR (CDCly): ¢ 8.83 (s, 1H); 8.61 (d) = 4.9 Hz, 1H); 7.64 (d,
J=5.3 Hz, 1H); 7.52 (dJ = 8.3 Hz, 2H); 7.15 (m, 6H); 6.77 (d,
J = 7.5 Hz, 2H); 5.76 (d,J = 6.0 Hz, 1H); 5.58 (d,J = 6.0 Hz,
1H); 2.37 (s, 3H); 1.21 (s, 9H}3C NMR (CDCk): 6 152.7 (CH);
149.6 (C); 149.2 (CH); 144.5 (C); 138.1 (C); 137.3 (C); 133.9 (C);
130.1 (CH); 129.7 (CH); 129.2 (CH); 128.0 (CH); 127.5 (CH);
121.3 (CH); 58.6 (C); 58.4 (CH); 23.4 (GH22.0 (CH). IR (KBr)
(cm™1): 2861-3061, 1720, 1333, 1166, 1089, 1027, 577. Anal.
Calcd for GsHoeN203S,: C, 62.42; H, 5.92; N, 6.33; S, 14.49.
Found: C, 62.74; H, 5.89; N, 6.41; S, 14.56.
[1S,(S)S)-(—)-N-[2-Methyl-1-(3-tert-butylsulfinylpyridin-4-yl)-
propyl]-4-methylbenzenesulfonamide (16)Metalation of3 (0.15
g, 0.82 mmol) according to the general procedure for direct lithiation
with 2.5 M n-BuLi (0.72 mL, 1.8 mmol) and DIPAH (0.25 mL,
1.8 mmol), followed by reaction with the sulfonylimiri® (R =
i-Pr) (0.45 g, 2 mmol), gave after purification by column chroma-
tography (silica gel with ethyl acetate as elueki223 mg, 67%)
as a single diastereoisomer (rati®9:1 determined byH NMR)
and as a pale yellow solid, mp 17C. The ee was 99% by HPLC
(Chiralpak AD column, 1 mL/min, 80:20 heptan®rOH,A = 230
nm,thy(s)R =9.8 min,t13(5)5= 18.3 mln) EI]ZO =-118 (C 101,
CHClg). 'H NMR (CDCly): ¢ 9.14 (s, 1H); 8.74 (dJ = 5.3 Hz,
1H); 7.85 (d,J = 8.3 Hz, 2H); 7.57 (d,J = 4.9 Hz, 1H); 7.41 (d,
J= 7.9 Hz, 2H); 6.49 (dJ = 7.9 Hz, 1H); 4.83 (m, 1H); 2.57 (s,
3H); 2.47 (m, 1H); 1.43 (s, 9H); 1.07 (d,= 6.8 Hz, 3H); 0.79 (d,
J = 6.8 Hz, 3H).13C NMR (CDCk): ¢ 152.1 (CH); 151.0 (C);
149.0 (CH); 144.2 (C); 137.7 (C); 133.7 (C); 130.0 (CH); 127.3
(CH); 121.4 (CH); 59.2 (CH); 58.4 (C); 34.1 (CH); 23.4 (gH
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22.0 (CH); 20.6 (CH); 15.3 (CH). IR (KBr) (cmY): 296731686, 2922-3059, 1468, 1373, 1171, 1029, 673. Anal. Calcd for

1474, 1331, 1159, 1046, 1012, 670. Anal. Calcd faiHzsN205S,: CooH1aN304Sy: C, 55.93; H, 4.46; N, 9.78. Found: C, 56.28; H,
C,58.79; H, 6.91; N, 6.86; S, 15.70. Found: C, 59.19; H, 7.28; N, 4.77; N, 9.46.
7.02; S, 15.15.

(9)-(—)-4,7-Dimethoxy-3-phenyl-2-(toluene-4-sulfonyl)-2,3-di-
hydro-isothiazolo[4,5d]pyridazine (18). Metalation of5 (0.16 g, - . P o . <
0.66 mmol) according to the general procedure for direct lithiation (Pde UnlverS|ta|r_e ,[\Iormis‘mq de Chimie Organlqu_e,)’, theg“mq
with 2.5 M n-BuLi (0.85 mL, 2.12 mmol) and TMPH (0.35 mL, ~ aute-Normandie”, the “Rgon Basse-Normandie”, the "Min-
2.12 mmol), followed by reaction with the sulfonylimirge(R = istere o!g la Recherche”, CNRS (Centr_e National de la R(_acherche
Ph) (0.57 g, 2.2 mmol), gave after purification by column Scientifique), and the European Union (FEDER funding) for
chromatography (silica gel with dichloromethane/cyclohexane (8/ financial support. We are grateful to Pr. Dupas for the
2) as eluent)L8 (155 mg, 55%) as a pale yellow solid, mp50 calculations and to the CRIHAN (Centre de Ressources Infor-
°C. The ee was 75% by HPLC (Chiralcel OD column, 1 mL/min, matiques de Haute-Normandie) for technical support.

90:10 heptané/PrOH, A = 230 nm,t = 8.1 min,t = 10.3 min).
[0]2% = —292 (€ 0.73, CHC}). *H NMR (CDCL): 6 7.68 (d,J =

8.2 Hz, 2H); 7.25 (m, 5H); 7.04 (d,= 8.2 Hz, 2H); 6.37 (s, 1H);
3.92 (s, 3H); 3.89 (s, 3H); 2.24 (s, 3HJC NMR (CDCh): ¢ 158.1
(C); 156.4 (C); 145.9 (CH); 135.8 (C); 134.2 (C); 130.9 (C); 129.5
(CH); 129.5 (CH); 129.2 (CH); 128.9 (CH); 127.4 (CH); 127.0 (C);
71.1 (CH); 55.4 (CH); 55.3 (CH); 22.0 (CHy). IR (KBr) (cm): JO052358P
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procedures, characterization data, aHcand'3C NMR spectra of
compoundsl—5, 11-16, 18, 20—23, 24, and26. This material is
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