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Phenyl Transfer Reactions for the Synthesis of Diarylmethanols

Jarg Sedelmeier and Carsten Bolm*
Institute of Organic Chemistry, RWTH Aachen bsity, Landoltweg 1, D-52056 Aachen, Germany

carsten.bolm@oc.rwth-aachen.de

Receied July 31, 2007

Et,Zn/Ph,Zn, oH
| sulfoximine (cat.)
plC = toluene pt =
\F NR' OH F
S.__A—pgm
Phy > ﬁH up to 93% ee

Enantiomerically enriched diarylmethanols have been prepared by catalyzed asymmetric phenyl transfer
reactions onto aromatic aldehydes with use of readily availgiigdroxysulfoximines as catalysts. As

the aryl source, combinations of diethylzinc with either diphenylzinc or triphenylborane have been applied
affording arylphenylmethanols with up to 93% ee in good yields. Various functionalized aldehydes and
heterocyclic substrates are tolerated, yielding synthetically relevant products.

Introduction During the past decades, sulfoximines have attracted signifi-

Enantiopure diarylmethanols are important intermediates for C@nt attention due to their successful use as chiral auxiliaries in
the synthesis of biologically active compounds, which show aSymmetric synthesisand ligands in enantioselective metal
physiologically interesting properties such as antihistaminic, catalysis® Their preparation is well-documented and several
antiarrhythmic, diuretic, antidepressive, laxative, local-anes- Synthetic routes have been established. On the basis of our

thetic, and anticholinergic effectdPrevious approaches toward ~Previous experience in addition reactions wdthlkylzincs, we
enantiomerically enriched diarylmethanols involved asymmetric decided to test the applicability of easily accessjbleydroxy-
reductions of prochiral ketones or aryl transfer reactions onto Sulfoximines2 in asymmetric phenyl transfer reactions. Sul-
aldehyde$.Our groud as well as several othérisave developed (4) (a) Dosa, P. I.; Ruble, J. C.; Fu, G. L.Org. Chem1997, 62, 444.
various protocols for the latter transformation utilizing mixtures (b) Huang, W.-S.; Pu, LJ. Org. Chem1999 64, 4222. (c) Zhao, G.; Li,
of diethylzinc with either diphenylzinc, triphenylborane, or f\jl (f/ \Slang, X)-(R-STeItfaCngOE' ASI\)I/mAr\nelt?r}QOOJA §2vo399-cg]d) sz’é’éis’

. H . i~_ M. Verdaguer, X.; S0la, L. PerieaM. A.; Riera, A.J. Org. em
bOFOﬂI'C.QCIdS as gryl sources. Often,. both yllelds and enantio 69, 2532, (€) Ko, D.-H.. Kim, K. H.: Ha, D.-COrg. Lett. 2002 4, 3759,
selectivities are high. However, despite the immense progressf) Pizzuti, M. G.; Superchi, STetrahedron Asymmetry2005 16, 2263.
in this area, there is still a need for improvement. For example, \(l%) QJm’/I'S'; Pu, I%-ATngEW-YCheCmJWnt. EHd.ZOOG éS,KZTé’-h(h) J/k Js'_éi;

H u, J.; Au-yYeung, |. I.-L.; YIp, C.-W.] Raynes, R. K.] an, A. S5.J.
many catalysts are too complex to be applied on large scale 5 5602770 1003 (i) Hatano, M.: Miyamoto, T.: Ishibara, K.
and furthermorg, funct|9r}allzed substrates often lead to only ag,. Synth. Catal2005 347, 1561. (j) Kim, J. G.; Walsh, P. Angew.
moderate enantioselectivies. Chem, Int. Ed. 2006 45, 4175.
(5) For reviews on sulfoximines and their use as chiral auxiliaries, see:
(1) (@) Harms, A. F.; Hespe, W.; Nauta, W. T.; Rekker, RDRug Design (a) Johnson, C. RAcc. Chem. Red4973 6, 341. (b) Pyne, SSulfur Rep.
1976 6, 1. (b) Rekker, R. F.; Timmerman, H.; Harms, A. F.; Nauta, W. T. 1992 12, 57. (c) Reggelin, M.; Zur, CSynthesi00Q 1.

Arzneim. Forsch1971, 21, 688. (c) Bolshan, Y.; Chen, C. Y.; Chilenski, (6) For reviews on sulfoximines and their use as chiral ligands in metal
J. R.; Gosselin, F.; Mathre, D. J.; O’ Shea, P. D.; Tillyer, AQRg. Lett. catalysis, see: (a) Harmata, Mhemtracts2003 16, 660. (b) Okamura,
2004 6, 111. (d) Magnus, N. A.; Anzeveno, P. B.; Coffey, S. S.; Hay, D. H.; Bolm, C.Chem. Lett2004 32, 482. (c) For a personel account, see:
A.; Laurila, M. E.; Schkeryantz, J. M.; Shaw, B. W.; Staszak, M.OXg. Bolm, C. InAsymmetric Synthesis with Chemical and Biological Methods
Process Res. De 2007, 11, 560. (e) Truppo, M. D.; Pollard, D.; Devine, Enders, D., Jger, K.-E., Eds.; Wiley-VCH: Weinheim, Germany, 2007; p
P. Org. Lett 2007, 9, 335 and references cited therein. 149.

(2) For arecent review, see: Schmidt, F.; Stemmler, R. T.; Rudolph, J.;  (7) (&) Bolm, C.; Milier, J.; Schlingloff, G.; Zehnder, M.; Neuburger,
Bolm, C.Chem. Soc. Re 2006 35, 454. M. J. Chem. So¢.Chem. Communl993 182. (b) Bolm, C.; Mler, J.

(3) For selected references from our laboratories, see: (a) Bolm, C.; Tetrahedronl994 50, 4355. (c) See also: Bolm, C.; Felder, M.; Nau, J.
Hermanns, N.; Hildebrand, J. P.; MianK. Angew. Chemlnt. Ed.200Q Synlett1992 439. For general overviews on catalyzed asymmetric reactions
39, 3465. (b) Rudolph, J.; Schmidt, F.; Bolm, Bdv. Synth. Catal2004 with organozinc reagents, see: (d) Soai, K.; NiwaCem. Re. 1992
346, 867. (c) Rudolph, J.; Bolm, Cl. Am. Chem. So002 124, 14850. 92, 833. (e) Soai, K.; Shibata, T. l@omprehengie Asymmetric Catalysis
(d) Schmidt, F.; Rudolph, J.; Bolm, @dv. Synth. Catal2007, 349, 703. Jacobsen, E. N., Pfaltz, A., Yamamoto, H., Eds.; Springer: Berlin, Germany,
(e) Rudolph, J.; Hermanns, N.; Bolm, @. Org. Chem2004 69, 3997. 1999; p 911. (f) Pu, L.; Yu, H.-BChem. Re. 2001, 101, 757.
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SCHEME 1

Sedelmeier and Bolm

SCHEME 2
NR' OH o]

SO

Et,Zn (1.30 equiv), OH

PhyZn (0.65 equiv),
BOAS

NR' 1) n-BuLi, then
carbonyl compound
Y sulfoximine 2ca (10 mol %)

2) work u
) P toluene, 10 °C,
12-16 h
1 a:R'=H b: R' = SiMe3 2 3a 4a
c:R'=Me d:R'=Et llxllMe OH
e:R=Pr f R =iBu S
g:R'=Ph ©/o'
2ca

foximines of this type can be prepared in a large variety
following the reaction sequence depicted in Scherfie 1. TABLE 1. Catalyst Screening in the Conversion of 3a into

Arylphenylmethanol 4a2

Results and Discussion Et,Zn, Ph,Zn, P sulfoximine: o o
) o sulfoximine 2 : 3
The synthesis of;-hydroxysulfoximines2 starts from the %8 condtonsasim 2 i ©/(g R
readily accessible (and commercially available) enantiopittte Scheme 2) ; 2
sulfoximinel1a,® which can be silylated, alkylated, or arylatéd. .
H H i conv o ee
Subsequent d_eproton?tlc_)n of trINasubstltu_ted squOX|m|n§s entry o R R" R 3@y (%)
1b—g by n-BuLi at —78°C in ether and trapping of the resulting
carbanion by an aldehyde or a ketone affofdsydroxysul- % 22 : m l\'jlz 194 2120
foximines 2b—g in good yields. By variati_on of the_carbonyl 3 ca Me (CH)s 87 ~80
compounds a broad range of products is accessible. For the 4 cb Me  Ph Ph 88 32
synthesis ofNH--hydroxysulfoximines2a silylated products 5 cc Me  Me Me 76 —46
2b are deprotected with MeOH and aqueoussSHGenerally, 6 o Me  i-Pr Ph 86 86
. . . 7 (dia)-cd  Me Ph i-Pr 82 —76
the diastereomeric ratios depend on the carbonyl compounds g ., Me H 4-Cl-Ph 49 16
used in the trapping. Ir} some cases single diastereomers are g of Me  Me t-Bu 77 5
formed. Most of the diastereomeric mixtures are separable 10 cg Me  Ph Bn 43 —-30
chromatographically or by fractional crystallization. 1 ch Me  Me 1-Naph 83 0
For the optimization of the aryl transfer reaction with respect 1% %('jia)_m mg gf'_?\laph Zh;lgaph gg :‘712
to solvent, temperature, catalyst loading, and catalyst structure, 14 Me (CH)a 87 —72
pB-hydroxysulfoximine2ca, 4-chlorobenzaldehyde34), and a 15 ck Me CeHs—CeH4f 66 12
combination of diphenylzinc and diethylzinc (in a 1:2 ratio) were 16 %Ij -l Me C—hHeX Ph 78 —81
; 17 ia)-cl Me P c-Hex 71 —68
uszdiﬁsda_l result, tolue?e p:qvicri] sn;perlo;_to TI—f|%QEh(|axart1r(]a, T om Me 4-CR-Ph  4.Ch-Ph 80 a3
and 1,4-dioxane as solvent in the formation of diarylmethanol 75 ¢ Me  Me Ph 87 _33
4a. Temperature variations indicated a maximal enantioselec- g diaycn  Me  Ph Me 78 —80
tivity in reactions performed at 10C. Albeit the yield of4a 21 dj Et (CHy)4 78 —80
remained about the same, lower enantiomeric excesses were 22 di Et Me 2-Naph 81  -35
observed in reactions run at room temperature or beld@.0 5 4 da EtP (EHZ)G g :gg
% g#-hydroxysulfoximine2cathe yield J e (Cr)s
With less than 10 mol % qf-hydroxy y 25 e nPr  Me 2-Naph 69  -32
and the ee ofda were reduced. Scheme 2 summarizes the 26 eh n-Pr  Me 1-Naph 74 2
optimal conditions. 27 ] i-Bu (CH)4 68 —70
A variation of the phenyl source [use of (1.0 equiv) in 28 fi ~ Bu Me 2-Naph 2 -74
bination with E&Zn (1.3 equiv) instead of a RAN/EtLZn 29 @a)y-fi - -Bu 2-Naph Me 69 —74
com -5 €q 30 gn Ph  Ph Me 64 10

mixture] had no positive effect, and the results in the formation ] ) o
aMethod: PhZn (0.65 equiv), EZn (1.30 equiv), sulfoximine (10

mol %), and aldehyd8a (1.0 equiv) were stirred in toluene at 2Q for
12—16 h.b All sulfoximines have §)-configuration at sulfur¢ Conversion

of aldehyde3ato diarylmethanoka as determined byH NMR. ¢ Enan-
tiomeric ratios were determind by HPLC analysis ,using a Chiracel OD or
Chiracel ODH column. Positive values refer $§ @nd negative ones to
(R) enantiomers ofta being formed in exces$.See ref 11f Derived from
9-fluorenone according to Scheme 1.

(8) For previous syntheses and other applicationg-bf/droxysulfox-
imines, see: (a) Johnson, C. R.; Shanklin, J. R.; Kirchhoff, RJ.AAm.
Chem. Soc1973 95, 6462. (b) Johnson, C. R.; Stark, C.Tetrahedron
Lett. 1979 49, 4713. (c) Johnson, C. R.; Kirchhoff, R. A&. Am. Chem.
Soc.1979 101, 3602. (d) Johnson, C. R.; Zeller, J. R.Am. Chem. Soc.
1982 104, 4021. (e) Johnson, C. R.; Barbachyn, M.JRAm. Chem. Soc.
1982 104, 4290. (f) Bolm, C.; Seger, A.; Felder, Metrahedron Lett.
1993 34, 8079. (g) Bolm, C.; Felder, Mletrahedron Lett1993 34, 6041.

(9) (@) Fusco, R.; Tericoni, FChim. Ind. (Milan) 1965 47, 61. (b)
Johnson, C. R.; Schroeck, C..\0/ Am. Chem. So&973 95, 7418. For an
improved protocol, see: (c) Brandt, J.; Gais, HI-trahedron Asymmetry
1997 6, 909.

(10) For selected transformationsidifl-sulfoximinela, see: (a) Hwang,
K.-J.; Logusch, E. W.; Brannigan, L. H. Org. Chem1987, 52, 3435. (b)
Shiner, C. S.; Berks, A. Hl. Org. Chem1988 53, 5542. (c) Johnson, C
R.; Lavergne, O. M.J. Org. Chem.1993 58 1922. (d) Bolm, C.;
Hildebrand, J. PJ. Org. Chem200Q 65, 169. (e) Bolm, C.; Cho, G. Y.;
Remy, P.; Jansson, J.; Moessner,(@g. Lett.2004 6, 3293. (f) Moessner,

of 4a starting from3a were very similar to those obtained with
the original system.

Following on the optimization of the reaction conditions, the
dependence of the enantioselectivity on the catalyst structure
under conditions depicted in Scheme 2 was investigated. The
results are shown in Table 1.

From the results reported in Table 1, a number of conclusions

C.; Bolm, C.Org. Lett.2005 7, 2667. (g) Sedelmeier, J.; Bolm, €. Org.
Chem.2005 70, 6904.

(11) Only one diastereomer @tecould be obtained in pure form, and
the relative stereochemistry of thishydroxysulfoximine remained unde-
termined.
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can be drawn. First, thi-substituent on the sulfoximine plays
an important role for both reactivity and enantioselectivity.
Whereas use dfiH-sulfoximines2ab and 2ac resulted in the
formation of only small product quantities (entries 1 and 2),
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N-arylated derivativgnled to a higher yield ofia (entry 30). TABLE 2. Substrate Scope in the Catalyzed Aryl Transfer onto
The best results were obtained witkalkylated catalysts (entries ~ Aldehydes’

3—29). This reactivity pattern was paralleled by the enantiose- Q OH OH

lectivities. Also hereN-alkylated s-hydroxysulfoximines led N N @\ﬂ B

to the best results. In the series of catalysts withaRd R’ L~ L~ o) \_0
4a-h 5 6

equal to cyclopentyl (entries 14, 21, 24, and 27) all sulfoximines

. . -h
led to the formation of R)-4a (with 68—80% ee). Use of the %

) e . . OH
N-ethyl-substituted sulfoximin&dj provided the product with >_
the highest ee (80%) in this series. cHo

As second parameter the influence of the substitution pattern 7 8

at thef position of the3-hydroxysulfoximines was studied. For T .
that purpose the lithio anion derived frdkamethyl sulfoximine entry aldehyde R product _yield )  ee (%)
1c (Scheme 1) was trapped with various carbonyl compounds. %_ gz 3:5:1 3’3 gg gg
Application of 4-chlorobenzaldehyde-derived sulfoximizee 3 3c 4-CHs 4c 20 86
(entry 8) having a hydrogen and a 4-chlorophenyl substituent 4 3d 2,4,6-(CH)3 4d 99 80
at the f carbon in the phenyl transfer reaction depicted in 5 3e 2-Cl de 88 84
Scheme 2 led to disappointing results in terms of both reactivity ? gf Z"E c Z‘f gi gi
and enantioselectivity (49% yield dawith 16% ee). However, 8 s 4:0(&?)2 at 86 %
B-hydroxysulfoximines obtained from trappings with symmetric 9 5 6 96 87
(cyclic and acyclic) ketones such 2sa, 2cb, 2cg 2cj, and2ck 10 7 8 45 33

provided4ain good yields (up to 88%) and enantioselectivities  ayse of 10 mol % ofs-hydroxysulfoximine2cd as catalyst under
in the range of 1280% ee (entries-35, 14, and 15). In this conditions shown in Scheme 2.
series, the cycloheptanone-derived compo2caigave the best

results (87% yield, 80% ee). o R o o

When the lithio anion oN-methylsulfoximinelc was reacted 4R ¢ R Jr §__R

. . . e AS—I-R" ~O~—I"\~Ph ph” XX Ph
with unsymmetrical ketones, diastereomeric mixtureg-biy- Ph™ N -Zn-o Ph™ N-Z0-0- -2n-R N -Zn~o
droxysulfoximines 2 resulted. Most of those were easily R" N Me” ‘O‘CQA}Ph Me' Iozn'R
separated by column chromatography. Table 1 contains the H’(Ax\Ph
results of the phenyl transfer reaction onto aldehydef five 9 trans-10 cis10 AT

diastereomer pairs (entries 5/6, 12/13, 16/17, 19/20, and 28/
29). In all cases, the yields df obtained in catalyses with the

various diastereomers were similar (ranging from 69% to 89%).
Interestingly, the stereogenic center at sulfur determined the phenyl transfer onto 4-phenylbenzaldehy@le)(which afforded

absolute configuration of the product. Thus, sulfoximines with o qasired produatb with 93% ee in 95% yield (entry 2).
Sconfiguration at sulfur yielded predominately tRenantiomer

of 4a, independently of the relative configuration of the other
stereogenic center. With the exception of the reactions with
diastereomer paiRfi and (ia)-2fi (entries 28 and 29) the
enantiomer ratios found foiSf- and R)-4a in catalyses with

FIGURE 1. Possible intermediates of the asymmetric phenyl transfer
reaction onto aromatic aldehydes.

To our surprise and in contrast to our previous findings with
other catalyst systenishoth electronic and steric factors had
only a minor effect on the efficiency (in terms of yield and ee)
of the phenyl transfer onto aldehyd&sThus, regardless of the

diastereomeric catalysts varietide up to 47%: entries 19 and electronic nat_ure of the_ substituent R on the aldehyde, the yield
20). Overall, the best results were achieved \githydroxysul- and the enantioselectivity was always_ln the same ee range. I_E_ven
foximines having an isopropyl and a phenyl group at the the presence of ortho-substituents did not hamper the addition
B-carbon. In this case, both diastereomég and (lia)-2cd, reaction significantly (entries 4 and 5). Unfortunately, aliphatic
reacted well (86% and 82% vyield) affording)¢4a with 86% aldehyde7 did not react well, affording the corresponding
and 76% ee, respectively (entries 6 and 7). NMR experiments Product with only 33% ee in 45% yield. Although this result is
revealed that the more selective diastereorr@ﬂ(ch] was Significant in itself, it is in accord with the common reactiVity
heterochiral at both stereogenic centérs. pattern of catalyzed aryl transfer reactidn8lternatively, 8

Finally, the substrate scope in phenyl transfer reactions cOUld be prepared by alkyl transfer onto benzadehyde or
catalyzed bys-hydroxysulfoximine 8,R-2cd under conditions reduction of the correspondlng carbonyl_ compognds, which both
shown in Scheme 2 was investigated. As illustrated by the data@'® known to proceed with high enantioselectivities.
presented in Table 2, various substitution patterns on the With respect to the mechanism the situation is complex.
aromatic aldehydes were tolerated. Even heterocyclic 2-fural- Following the general reaction path elucidated by Noyori for
dehyde 6) reacted well. Generally, the yields of the corre- amino alcohol-catalyzed dialkyzinc addition reactions to
sponding diarylmethanol4 and 6 were high (82-99%), and aldehydedd" and taking into account our previous findings
in three (out of 9) cases the enantioselectivities even exceededn related zinc alkoxide formatiorfd we assume that the
90% (entries 2, 7, and 8). The best result was achieved in theS-hydroxysulfoximines are deprotonated upon reaction with the

Et,Ph/PhZn mixtures. The resulting chelat®svould then be

(12) This assignment is based on the assumption that the H-bond of thethe actual catalysts. (For clarity reasons, in the graphics zinc

hydroxyl group ins-hydroxysulfoximine2cd bridges toward the sulfoximine  alkoxides with theéR-configuration at sulfur are shown in Figure

nitrogen. This scenario would be consistent with the bonding mode observed] ) |n the absence of substrates, those chelates will be ag-
in the majority of relategs-hydroxysulfoximines as determined by NMR ’

spectroscopy and X-ray structure analysis. For details, see: (a) Referenceg_regated- A complication_ arises from t_he fact that mixtures of
5. (b) Felder, M. Dissertation, University of Marburg, 1995. zinc reagents are applied. Theoretical studies have been

J. Org. ChemVol. 72, No. 23, 2007 8861
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performed on amino alcohol-based systéfnand they give with a 75% yield as a white solidz (pentane:EtOAc 1:1) 0.47;
guidelines on the Et/Ph positional preferences in such zinc *H NMR (CDCls, 400 MHz)6 4.09 (br s, 2H), 7.11 (m, 3H), 7.18
alkoxides. However, they also reveal that various catalyst/ 7-34 (m, 7H), 7.46 (m, 3H), 7.59 (m, 2H, ArfjiC NMR (CDCE,
substrate aggregates are possible and that some of them are clog®0 MHz) 6 64.9, 76.4, 125.9, 126.0, 127.2, 127.4, 127.9, 128.1,

- - 198.2,129.0, 132.8, 143.0, 143.8, 144.5: mp2561°C; IR (KBr)
:Et:ﬂﬁ;%ﬁtecs”Tsvfgugfnttms‘gear%aghg% ;pif;l'ﬁ;elon possible: a5, 1495, 1450, 1426, 1404, 1216, 1179, 760, 708, 681, 560,

. . . 489 cntl; MS (El, 70 eV)m/z 338 (M + 1]T, 2%), 218 (43%),

By using heterochlral?-hydroxys_ulfommlnech [here s-hown 217 (100%), 1g(;6 (21%), )169 (28%g[, 125 (4]15%), 105 (72(%). g\nal.
as R9-2cd as the model, a cis arrangement ascig-10 Caled for GoH1NO,S: C, 71.19; H, 5.68; N, 4.15. Found: C,
appears more likely than the corresponding trans aggregate,71.00; H, 5.83; N, 4.08;0f]25, —45.2 € 0.68, CHC}).

trans-10, since it minimizes steric interactions between the bulky ~ General Procedure for the Phenyl Transfer onto Aldehydes.
phenyl substituent at the ligand and the R group at the In a glovebox a 10 mL vial was charged with diphenylzinc (35.5
organozinc. Furthermore, the remote position of Malkyl mg, 0.16 mmol). The vial was sealed with a septum and removed
substituent of the sulfoximine would explain its low effect on from the glovebox. Freshly distilled toluene was added (1.25 mL).
the observed enantioselectivity of the aryl transfer process. After the addition of ZnEt(1M in heptane, 0.33 mL, 0.33 mmol),

: : : : the mixture was stirred for 30 min at room temperature. Another
Finally, following arrangementis-10 the expected enantiomer vial was charged with-hydroxysulfoximine2 (10 mol %, 0.025
of the product would result.

. . mmol), sealed with a septum, and flushed with argon. Toluene (1.0
~ In summary, we have synthesized varighydroxysulfox- ) y \vas added to dissolv2and the solution was transferred via
imines and proved their catalytic applicability in asymmetric  syringe into the first vial. The resulting mixture was stirred for 0.5
phenyl transfer reactions onto aldehydes. In contrast to manyh at room temperature, then cooled to %D and stirred for an
other systems, the efficiency of the phenyl transfer shows only additional 10 min at this temperature. A third vial was charged
a minor dependence on electronic and steric factors of the with aldehyde3 (0.25 mmol), closed with a septum, and flushed
substrate. The corresponding products have been obtained withwith argon, then the substrate was dissolved in toluene (1.0 mL).
up to 93% ee in good yields. Albeit this enantioselectivity cannot After cooling to 10°C the solution was transferred via syringe into
compete with the existing methodolodg the straightforward the other reaction vial. The r_esultlng mixture was stirred for-12
catalyst synthesis (with only two steps from a commercially 16 h at 10°C. Then the reaction was quenched with water and the

. . . . . ._mixture extracted with dichloromethane. The organic layer was
available and readily accessible intermediate) renders th'swashed with water, dried over MgS@and filtered, and the solvent
protocol synthetically interesting.

was removed under reduced pressure. The product was purified by
column chromatography to give the desired alcohol
Experimental Section (9)-4-(Chlorophenyl)phenylmethanol (4a)'* 4a was obtained

. from aldehyde %a) (35 mg, 0.25 mmol) according to the general
General Procedure for the Synthesis ofs-Hydroxysulfox- procedure in a yield of 45 mg (82%, 0.206 mmol, 86% &E).

imines 2. N-Substituted sulfoximines were prepared according to \vR (CDCl, 300 MHz) 6 2.23 (br s, 1H), 5.78 (s, 1H), 7.23
literature procedure®. One equivalent ofi-butyllithium (1 M in 7.45 (m gH)’.lsc NMR (CDCk, 75 M’Hz)é 757 126.6 127.9
hexane) was added to a stirred solution of sulfoxiniria ether 128.7 128.7 133.3. 142 3. 143.5: HPLC (Chira’IceI OB‘_HOQ5’

at—78 °C,.and the reagtion mixtqre was aII.owed to warm t0 230 nm, 90:10 heptariePrOH, 0.5 mL/min)tg = 27.7 R), 34.8
The resulting suspension was stirred at this temperature for 0.5 h. iy .

Then the carbonyl compound (1.10 equiv in ether) was added

slowly. The reaction mixture was stirred at ambient temperature ~ Acknowledgment. This work was supported by the Fonds
overnight and then quenched with water. After stirring for 0.5 h, der Chemischen Industrie and the Deutsche Forschungsgemein-
the phases were separated and the ether phase was extracted wikthaft (DFG) within the “Graduiertenkolleg” (GRK) 440
aqueos 3 N HCI. The organic phase was washed with brine, dried “Methods in Asymmetric Synthesis”. We also thank Dr. J.
over MgSQ, and concentrated in vacuo to yield the products, which  Runsink, RWTH Aachen University, for extensive NMR studies.
were purified by column chromatography (EtOAgentane). In ) ) ) )

most cases a separation of the diastereomeric mixture was possible Supporting Information Available: General synthetic proce-
either by fractional crystallization or chromatography on silica gel. dures, characterization data of all products, and copiésiaind

Synthesis of §)-1,1-Diphenyl-2-G-phenylsulfonimidoyl)etha- %C NMR spectra of compoundsand4. This material is available
nol (2ab). 2abwas prepared according to the general procedure free of charge via the Internet at http://pubs.acs.org.
JO7016718
(13) (a) Rudolph, J.; Rasmussen, T.; Bolm, Norrby, PAGgew. Chem.
Int. Ed. 2003 42, 3002. (b) Rudolph, J.; Bolm, C.; Norrby, P.-@. Am. (14) Lee, J.-S.; Velarde-Ortiz, R.; Guijarro, A.; Wurst, J. R.; Rieke, R.
Chem. Soc2005 117, 1548 and references cited therein. D. J. Org. Chem200Q 65, 5428.
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