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Abstract

Four chiral amino alcohols 1 derived from the natural a-amino acids L-cysteine and L-methionine have been
converted with 2-thiophene and 2-pyridine carboxylic acid derivatives 2 to give eight tridentate oxazoline
ligands 3a-d and 4a-d with a heteroaryl and a thioether donor function. In one case the coordination geometry
at copper(Il) was established by X-ray single crystal structure analysis. All ligands have been screened with 13
metal compounds 8 with regard to the asymmetric catalysis of the Michael reaction of a f-keto ester 6 with
methyl vinyl ketone (7) to give an optimal result of 19% ee. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction
C,-symmetri e

[2] in catalytic asymmetric synthesis [3], and a number of outstanding applications in the

catalysis of C—C bond formations has been reported [4—6]. But also many bidentate ligands

bearing only one oxazoline moiety and another different donor function are precedented [7-9],

and in some cases the latter was reported to be a heteroaryl group [10,11]. With respect to this,

2-pyridyloxazolines have found particular broad applications [12-20], whereas thiophene as

the second donor function is rarely reported [21,22].
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In the course of our efforts toward the asymmetric catalysis of the Michael reaction [23] we
are particularly interested in the synthesis of tridentate ligands {24,25]. In this context we wish

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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igands 3 and 4' with additional heteroaryl

thiophene) and thioether donor groups. The eight compounds 3a—3d and 4a—4d
(Scheme 1) have a modular constitution and have been accessed from thiophene and pyridine
carboxylic acid derivatives 2a-d and four different amino alcohols la—d derived from the

natural amino acids L-cysteine and L-methionine.

2.1 Ligand Synthesis

The natural sulfur containing amino acids L-cysteine and L-methionine are highly functiona-
lized chiral building blocks, which are converted to the amino alcohols 1a [31], 1b [32], 1,
and 1d [32] by standard procedures. There is a number of established synthetic methods for the
preparation of oxazolines from amino alcohols and carboxylic acid derivatives [33], but also

new procedures and protocols are present in the recent literature [34-36]. The synthesis of the
\..Ulnpuuuds 3a-3d and 4a—4d is summarized in Scheme 1. The oxazolines Ja, 3¢ and 4a were
prepared by the zinc-catalyzed condensation of carbonitriles with amino alcohols according to
the method of Witte and Seeliger (a) [37]. For the synthesis of the ligands 3b and 3d the car-
boxylic acid was activated with PPhy;—CCl, (in situ—formation of the acid chloride) and then
directly converted with the amino alcohol following the protocol of Vorbriiggen and
Krolikiewicz [38]. Another convenient route to oxazolines is based on the acid—catalyzed con-

densation of the imido ester 2d [39] with amino alcoholes which led to the formation of the li-
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pounds were obtained in good te satisfying yields, and complete characterization data are
given in the experimental section.’
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1a-1d 2a X=CN 3a-3d
2b X = COQH “
MeS—&y), R
+ -——-—-}
1a,3a,4a n=1 R=H H2N>_K01 kN/L \ ’) \<NJ SMa
1b,3b,4b n=1 R=Ph
1c,3c,4c n=2 R=H 1a-1d 2¢ X =CN 4a-4d
1d,3d,4d n=2 R=Ph 2d X = C(NH)OMe

Scheme 1. Formation of oxazolines from 1.0 eq. amino alcohol 1 and 1.0 eq. carboxylic acid derivative 2;
reagents and conditions: a) 0.03-0.05 eq. ZnCl,, PhCI, 16 h, 135°C; b) 3 eq. PPh;, 4 eq. CCl,, 4 eq. NEt,,
pyridine—MeCN (1 : 1), 24 h, room temp.; c) cat. HCI-H,0, PhCl, 24 h, 80°C.

" For other tridentate and tetradentate oxazolines see ref [26-30].
2 Except for compound 4¢, which was reported before by Brunner et al. [40,41].
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Product Yield Starting materials Method
3a 687% ia 2a a
3b 44% 1b 2b b
3c 62% 1¢c 2a a
3d 62% 1d 2b b
4a 36% 1a 2c a
4b 65% ib 2d c
4c 55% 1c 2d c
4d 53% id 2d c

2. 2 Structural Investigation
We are interested in the coordination geometry of these new ligands in complexes with tran-
sition metals; in particular, we were wondering whether the tridentate ligands would occupy

three facial or three meridianal positions in an octahedron or even be bridging between metal
centers in a polynuclear complex.

e 0 w d
sion of hexane into an ethanohc solution of 3a and Cu(BF,),. The molecular structure of § was
determined by X-ray structure analy31s to be th 2 : 1 adduct of 3a with Cu(II)BF,),; an
ORTERP plot is provided in Figure 1}

The center metal is coordinated by only four of the six donor atoms (namely, the oxazoline-

N and the thioether-S atoms) in a planar fashion [bond angles: S(2)-Cu-S(4) 92.4°, S(2)—Cu-

(1\ 85.1°, Q(4\—(‘u——N(7\ 84.7°, N(I_\»(‘l I(2) 98.5°, sum: : 360.7°]. There are two arrange-
mante nf the nvarnline licande that allaw far a conare nlanar oanmatry: At firet olance a canr.
FESLV 9§ 1 Lll UAQGLULLILIIN llsulluo LIy QAili1uyvyy 1uvil Qa D\iuul\l l_llullm svulllvtlj « LA KR1OL 5.“‘1\4\4 G WAL

dination appears to be less sterically demanding where the thiophene moieties are located at
different sides of the square. But compiex 35 is found to be in the cis-configuration, where the
thiophene rings are close to each other. This situation may be preferred, because the n-accep-
ting S-centers are trans to the o-donating N-centers. The thiophene moieties theirselves of both
ligands do not have any close contact to Cu. Instead, both BF, counterions seem to be located
at the fifth and sixth coordination site to fill up a highly Jahn-Teller distorted octahedron.

However, exact Cu-F distances could not be extracted due to the highly disordered BF,

nnnnnn D,-..4L ""-n mammtiharad sinean i oannh liganAd ara alhant Annmlanmar amAd ~Annmmantad lagy 2
51 k)ul’\ DULE 11VCO HICHTDCICU-T] lsh 11 cacll llBﬂ I ai duvuul Lupidlial diid CULILLIVILU DY av—Vv
bond, which is significantly shortened compared to a C—C single bond. Interestingly, they are

holding a conformation, in which thiophene-S and oxazoline-N are antiperiplanar.

® Further details of the crystal structure investigation may be obtained from the Director of the Cambridge Crystallographic Data
Centre. 12 Union Road, GB-Cambridge CB2 1EZ (UK), on quoting the full journal citation and the deposition number 102784.

o
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Figure 1. Crystal structure of 5. Selected bond distances in A: Cu-S(2) 2.380(2), Cu-S(4) 2.370(2), Cu—N(1)
1.985(4), Cu—N(2) 1.942(4), N(1)-C(5) 1.277(7), C(4)-C(5) 1.453(8).

2.3 Michael Reaction
Ao nleands: sannmtbimiiad 100 ¢hhn fenbmn decndl nce warn man simdbasnndad s i b b e nbnl el oD
ADd diitaudy HICHLIVICU 11 HIC IIHTUUUCLIONn, WO aiC HIICICSICA 11 O UalldIlon Imcidai ¢a lyblh

of asymmetric Michael reactions. Recently, Shibasaki et al. {42,43] have introduced an excel-

lent heterobimetallic catalyst for the Michael reaction of B-dicarbonyl compounds with a,B-un-
saturated ketones. However, these systems are basic and require inert and anhydrous condi-
tions. Those basic reaction conditions often cause a number of unwanted side- and subsequent
processes namely ester—solvolyscs aldol-cyclizations and retro-Claisen decompositions, which

I'nd 1

In this context we have screened the catalytic activity of our eight ligands 3a—3d and 4a—4d
separately together with 13 metal salts 8a-8m (from which we knew that they are at least to
some extent catalyzing the Michael reaction) concerning the asymmetric catalysis of the reac-
tion of B-keto ester 6 with methyl vinyl ketone (7) forming product 9.
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1 COEl + q . ligand 3a-3d or 4a-4d 1 1
Q/ \/\m n y o (_)(C\O.;IE{\”E
8 7 8a-m S
82 CrCl,-6H,0
8b Mn(OAc), * 4 H,0
30 FeC’:; . 6 HQO
8d NI(OAC)z 4 HQO
8e NiCl,*8H,0
’f ("_n{nArL 4 H.0O
8f Co(OAc),»4 H,0
8g CoCl,-6H,0
8h RhC|3 *3 Hzo
8i Cu(OAc),*H,0
8f AgOAc
8k ZnCl,
81 SnCl,

8m Pb(OAc), « 3 H,0

ichael reaction, screenmg of uganos 3a-3d and 4a—4d with meitali compounas 8a—m.

Practically, 1.0 eq. of donor 6 was treated with 0.05 eq. of the metal compound 8a—8m and
3 19

NNTE an nf tha Avarnlina 2a A ~v Ao AL MU 1 no anluamt at rAane famamasadiiea A fiae
V.70 WA, UL IV VA VLG Ja - JU 1 "K”"“ lll A\ | 12\412 ad dDUILVYULIL Al 1VUV1L LClllllclﬂlulC. £livl
equilibration (1 to 2 h) a small excess of the acceptor 7 (1.1 to 1.5 eq.) was added and afier stir-

ring the mixture overnight at room temperature ail metal containing materials were removed by
filtration over SiO,. Importantly, all conversions were performed without exclusion of moi-
sture and air. Analysis of the reaction mixtures and of the enantiometric excess of 9*° was per-
formed by chiral GC. Conversions were usually greater than 10% with all compounds 8a—8m,
with Fe(IlI) and Ni(Il) (and some other single metal llgand combinations) even greater than

95%. Mnrpnvpr _t was ¢ pckcd that chi

In respect of enantioselectivity, ee's different from zero were obtained only with the pyrndine
ligands 4a—4d; thiophenes 3a—3d did not show selectivities at all. Moreover, the ee exceeded
10% only with ligand 4d in combination with Ni- and Co-acetates (8d, 8f, results are compiled
in Table 2). These results were taken as the base for further optimization of the parameters li-

gand to-metal ratio and temperature. It turned out that the initially chosen conditions were the
igand / metal = 1.5). Both results, temperature and ligand-to-

(4]
pras met (Wb, clawud

species are present in the reaction mixture.

In summary, this combinatorial-type of approach by testing a large number of ligand-metal
combinations in situ showed that the ligand 4d might be suited in combination with Ni(II) to
give a new asymmetric catalyst for the Michael reaction of B-keto esters with enones. How-

* The asymmetric synthesis of 9 was reported twice before [47,48].
® Full spectral data of 9 can be found at the following place: [49].
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1g 1solation and investigation of unique Ni(II) complexes —
are m*f‘P“ary and a!.eady subject of current work in our laboratory

Table 2. Screening results of ligand 4d with metal salts 8d and 8f.

Metal salt Ligand Ligand / Metal Temp./°C eel%
8d 4d 15 25 19
8d 4d 1.5 40 17
8d 4d 15 10 8
8d ad 1.5 0 6
8d 4d 1.0 25 13
8d 4 3.0 25 10
8f 4d 1.5 25 10
8f 4d 15 0 8

2.4 Summary

azoline ligands with adjacent thioether and heteroaryl donor
groups were prepared. Starting materials were chiral amino alcoholes derived from the natu-
rally a-amino acids L-cysteine and L-methionine as well as pyridine and thiophene carboxylic
acid derivatives. In one example the coordination geometry of two oxazolines to a copper(1l)
center was determined by X-ray single crystal structure analysis to be square planar. In this
case the ligand was bidentate with oxazoline-N and thioether-S atom coordinating to the center

metal. The thiophene moieties did not show contact to Cu. Regarding the asymmetric catalysis
of the Michael reaction, only pyridine ligand 4d denved rom methionine in combination with

Ni(OAc), « 4 H,O seems
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3. Experimental6
3.1 General

Column chromatography was accomplished with Merck silica gel (Type 60, 0.063-0.200
mm). 'H NMR spectra were recorded on a Bruker AM 400 (400 MHz) at 25°C using the resi-
duai proton solvent peak of CDCl; at 7.26 ppm as an internal standard. >C NMR spectra were
recorded on a Bruker AC 200 (50 MHz) at 25°C using the solvent triplet of CDCl; at 77.0 ppm
as an internal standard. Assignments were made using DEPT experiments. MS spectra were
obtained with Varian MAT 711 (EI, 70 eV) and MAT 955Q (high resolution, EI, 70 eV and

FAB with a NBA matrix). IR spectra were recorded on a Nicolet Magna IR 750 (ATR) and

pyridyl.
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Porkin_.Flmar RR1 (for K Rr nallatel Aanlyu ~rharantarictic hande ara lictad Tlamaantal analooaas
L MARIIITIANINGG DU BV D pPVIIVLD ), Uiy dldlavicinnlic valiud alv 1Dicd, Lichicliial cuunybca
srare ~htninad varith ne Asmaladil Yoo YVawion TOT  Mntdnn ]l cd el o oo o R T
WCIC Ootdiln Wilil ail Andiyiik JCna vario L. upticai rotations were 1 CdbUI’@Q Wl[[l a rerxkin

Elmer polarimeter 341 (1 dm cuvettes, ¢ in g/l). Melting points were measured with a Leica
Galen III and are uncorrected. Chiral GC-analysis: HP 5890 II with FI detection, a Shimadzu
C-R6A integrator, Macherey-Nagel column FS-LIPODEX E (25 m, 0.25 mm), nitrogen carrier
gas.

Reagents and starting materials, including compound 1e¢, were purchased from common

C

commercial suppliers and used without further purification. Ami hols 1a [31], 1b [32],
and ld [171 anrl imidnactar 2 101 ‘nn:‘n ﬁrﬂ-r\arpf‘ arcnrding ta literatire nrntnenle Cnlvonte
I_J&-J (*NSLV PSP TLVIW W, 129 -5 ¥ 3 LJJ_' uluu uUUUlullls U il i Qaltuil PIULUUUID‘ WUV LI

8.

were purified and dried following sta ndard procedures.

3.2 Syntheses of Compounds 3a—d and 4a—d

(R)-(+)-4,5-Dihydro-4-(methylsulfanylmethyl)-2-(2-thienyl)oxazole (3a). A mixture of ami-
no alcohol 1a (200 mg, 1.65 mmol), thiophene-2-carbonitrile (2a) (180 mg, 1.65 mmol) and
ZnCl, (6.7 mg, 0.050 mmol) in dry chlorobenzene (2.5 ml) was stirred under an atmosphere of

aronn for 1A at 12891 A ftor reamnval nf tha cnlvent 1 varn the rao 10 wao nhramatnoara,
AIEVIL IUL 1V 11 Al 1 JJ o S IVIIUVYAL Ul UIV DULVY UL 7 vl U, Ui 1UDI1UUL ywwvao UluUlllﬂlUEla
L .3 1l ~al /D / AT Y 1 D N 1TN\ o . NMILC o 71 11 1 L7710/ LW . -
pnea on suica gei (rc / MiInb 3 @ 1, R = U.1U) 10 give 255 mg (1.11 mmol, 0/7) 01 da as a

20 (A3 s =& IO . ~NmO ~S i fEA
colorless oil. [a]p” +21 (¢ 5.5, CHCly). IR: 1/A = 3078 (w), 2915 (m), 1643 (vs), 1521 (m),

1432 (s), 1371 (m), 1361 (m), 1254 (m), 1217 (m), 1059 (s), 1018 (s), 951 (m), 852 (m), 714
(s) cm™". "H NMR (400 MHz, CDCl,): 8 2.18 (s, 3 H; CH,), 2.59-2.66 (m, | H; SCHH), 2.91—
2.96 (m, 1 H; SCHH), 4.26-4.35 (m, | H; H-5), 4.48-4.58 (m, 2 H; H-5, H-4), 7.09 (dd, J =

4.8, 3.8 Hz, 1 H; th-H-4), 7.48 (dd, J = 5.0, 08Hleth~H—5)763(de 3.8,0.8 Hz, 1
'H} NMR (50 M

NAVAAN

(3]
ND

{
(213. 31) Calcd. C 50. 67 H 5.20; N, 6.57. Found: C, 50.65; H,
calcd. 213.0282; found 213.0281 (M', HRMS).
(R)-(—)-4,5-Dihydro-35,5-diphenyl-4-(methylsulfanylmethyl)-2-(2-thienyl)oxazole (3b). Under
an atmosphere of argon a solution of thiophene-2-carboxylic acid (2b) (141 mg, 1.10 mmol)
and PPh3 (863 mg, 3.29 mmol) in anhydrgl vndlnP/MPr‘N (1:1)(1.0 ml) was added gra-

VT Rty ek RIRRRIVES Aansana AVARRAN

ally tn a gtirrad on o“nnnu/\n nf min ! hn 1 Th (200 mao 1 10 mmaly NFt. (0 60 m

dﬁauy 10 a SurreG suspénsion aiNins ailOnl: 10 (Svvu ME, 1.1v M), iNDig (. mi, 44
mmol) and CCl, (0.40 ml, 4.4 mmol) in anhydrous pyridine/MeCN (1 : 1) (0.8 ml) within 20

min. After stirring for 24 h at room temp. the mixture was diiuted with PE. After fiitration, ali

volatile materials were removed from the filtrate in vacuo, and the residue was chromatogra-

phed on silica gel (PE/ MTB 7 : 1, R = 0.14) to give 175 mg (0.480 mmol, 44%) of 3b as a

yellow resin, which could not be crystallized. [(x]n20 -320 (¢ 6.3, CHCl,). IR: 1/A = 2915 (m),

1652 (vs), 1493 (m), 1447 (m), 1431 (s), 1369 (m), 1326 (m), 1061 (m), 967 (m), 756 (s), 699
4

A== s% = = AT -
(vs) cm -1 I NMR z, CDCLy): 8 2.14 (s, 3 H; CH3), 2.40-2.42 (m, 2 H; SCH,), 5.06—

/
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S0 m 1 H-H-4)y 713444 J =51 27, 1 H th_H_AY 7922727 {m & L. arnm I

eSS \A2iy 2 Aky AATTT e ek (M Sedy Sl BAL, 1 M1, WITLITTYS, LT/ .J 0 (i, U 3L, @lVil, 11),

T720_TAS fvr DL nwnnma IV 7817331 T AQ 1n1L_111 4L tt £y f-r[n LA L Y IT,

I L, £ 0, dlOfL. 1), 7.01 (Uh, v — 4.7, 1.UNZ, 1 ri; un—im—J), /.0U—/.04 (IN, < r1; arom.
_ 13

H), 7.80 (dd, J = 3.6, 1.0 Hz, 1 H; th-H-3) ppm. “C{ H} NMR (50 MHz, CDCl;): & 16.82

(CH,), 37.87 (C-4), 75.57 (SCHy), 93.18 (C-5), 126.40, 126.65, 127.53, 127.59, 127.83,
127.94, 128.28 (each arom. CH), 129.99 (th-C-2), 130.18, 130.63 (each arom. CH), 139.57,
143.40 (each arom. C), 158.16 (C—2) ppm. MS (EI), m/z (%): 365 (M", 2), 304 (54), 238 (42),
195 (61), 183 (15), 168 (62), 136 (83), 111 (83), 84 (100), 69 (87). C,,H,,NOS, (365.51):

Caled. C, 69.01; H, 5.24; N, 3.83. Found: C, 69.28; H, 5.58; N, 3.74. Mol. mass calcd.
365.0908; found 365.0912 (M*, HRMS).

(S)-(—)-4,5-Dihydro-4- (methylsulfanylethyl)-2-(2—thienyl)oxazole (3¢). According to the pro-
cedure described for compound 3a the conversion of amino aicohol ic¢ (80 mg, 0.59 mmol),
thiophene-2-carbonitrile (2a) (65 mg, 0.59 mmol) and ZnCl, (2.4 mg, 0.018 mmol) in chloro-
benzene (1.5 ml) afforded after purification by chromatography on silica gel (PE/MTB 3 : 1,
R; = 0.19) 84 mg (0.37 mmol, 62%) of 3c as a colorless oil. [a]p™ 94 (¢ 6.6, CHCL,). IR: 1/A
= 2914 (m), 1647 (vs), 1433 (s), 1371 (m), 1362 (m), 1055 (s), 1018 (s), 951 (m), 850 (m), 714
(s) cm™'. "H NMR (400 MHz, CDCl;): & 1.82-1.91 (m, 1 H; CHH), 1.97-2.06 (m, 1 H; CHH)
71 1 (m D H.

1 (m,2F =

{c
s 1 T \D, < ik lll’

-

MHz, CDCi3). 6 15.47 (CH3), 30.59 (CHZ), 35.22 (SCHz), 65.89 (C—4), 72.66 (C-5), 127.49
(th—CH), 129.73 (th—CH), 130.24 (th—C-2, th—CH), 159.39 (C-2) ppm. MS (EI), m/z (%): 227
(M", 4), 153 (13), 111 (100), 100 (15), 97 (21), 85 (18). C;,H;3NOS, (227.34): Calcd. C,
52.83; H, 5.76; N, 6.16. Found: C, 52.78; H, 5.97; N, 6.16. Mol. mass calcd. 227.0439; found
227.0438 (M HRMS\

VARW. Wb} L A.,.n § & Ainbanul A fnrothi]or
(o/ (—/-%,J-vinyaro-a,o-aipnenyi-s+-(meiny
b

. S

[ {
1 A0 .1

ding to the procedure described for compound 3b the conversion of amino alcohol
0.700 mmol), NEt; (0.39 ml, 2.8 mmol) and CCl, (0.27 ml, 2.8 mmol) in pyridine/MeCN (0. 8
ml) with thiophene-2-carboxylic acid (2b) (89.0 mg, 0.700 mmol) and PPh; (0.55 g, 2.1 mmol)
in pyridine/MeCN (1.0 ml) afforded after purification by chromatography on silica gel (PE /
MTB 8 : 1 R;=0. 17) 165 me (0.430 mmol, 62%) of 3d as a yellowish solid, mp 141°C. [a]DZO

v 700 (vc\ om i lu NMD rAnn ]\/H-Iv r“nm \ 5; 1 24_1 AR (m 1 T-I-

19 l’ LAPAY ] \VD} il . AL LNIVEIN \TTUUY 1ViL Ldiy \Jlj’ LAY an g Le TS \l s 1L 214

{m

\l
4(m, 1 1; CHH), 2.03 (5, 3 1; CHL), 2.66-2.70 (m, 2 H; SCHy), 5.02 (dd. J =
.9 Hz, 1 H; H-4),7.13(dd,/=49,3.7H
3

AVUUTTY \

13(dd,J=4.9,3.7Hz, | H; th-H-4), 7.19-7.21 (m, 2 H; arom. H),
5 (m, 4 H; arom. H), 7.39-7.42 (m, 2 H; arom. H), 7.50 (dd, /= 5.1, 0.9 Hz, 1 H; th-
H-S), 7.54-7.59 (m, 2 H; arom. H), 7.77 (dd, J = 3.6, 1.0 Hz, 1 H; th-H-3) ppm. UC{ H}
NMR (50 MHz, CDCl,): 6 15.60 (CH,), 31.74 (CH,), 33.73 (SCH,), 73.61 (C-4), 92.98 (C-5),
26.46, 126.58, 127.58, 127.64 (each arom. CH), 128.00 (2 x arom. CH), 128.43, 130.02 (each
130.49 (th-C-2), 130.55 (arom. CH), 140.55, 14381 (each arom. C), 157.97 (C-2)

AV A S LI LIV Ay LILC v2.0 2 G QIR
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anm. MS (ED m/7 (%) 370 (M 1Y 221 (75) 205 (66 187 10K 165 (D9) 1146 /RS 111
Priite AV \Rudjy MUL \/Uf. JT 7 (IVE 4, 1 Jy, JIL /1T, JUJ \UUJ, 104 \(JU), 1UJ (L&), 1IJVU \OJ), L1
1IN £1 710 7 IT ANING 793770 €. M1 3 ™ £y £ 1T c cO \T VL TiAasa A ™ £0 VL. XY
IUUJ, 01 (1U). UMy INUD, (377,53 Larca. L, 0Y.02; 11, 3.58; N, 3.0Y. round: €, 0¥.50; n,

\

5.58; N, 3.74. Mol. mass calcd. 379.1065; found 379.1061 (M", HRMS).
(R)-(—)-4,5-Dihydro-4-(methylsulfanylmethyl)-2-(2-pyridyl)oxazole (4a). According to the

procedure described for compound 3a the conversion of amino alcohol 1a (150 mg, 1.24

mmol), pyridine-2-carbonitrile (2¢) (129 mg, 1.24 mmol) and ZnCl, (5.1 mg, 0.037 mmol) in

chlorobenzene (2 ml) afforded after purification by chromatography on silica gel (MTB /

CH,Cl, 2 : 1, Rc =0.12) 93 mg ( (0.45 mmol. 36%) of 4a as a colorless oil. fgjnm -5.1(c 4.7,

TTTLTTL T =7 -4 bt it L=

M \ IR 1/2 = INKA o\ D078 (m\ M€01A4A vy TA20 (vl 181 fm) T18AQ /) TALQ [e)
Ullbl} KIiw., LR/ 7V GdUIJ \W} o I T \l } 7 LU \lll}, 1O 7 \VO/, LJO1 \111}, 1LJIU7 \111}, E B AV DV \D},
1440 (s), 1363 (s), 1269 (m), 1247 (m), 1102 (s), 1081 (s), 1044 (s), 961 (s), 801 (m), 745 (s),
679 (m) em !, 'H NMR (400 MHz, CDCl,): 6 2.19 (s, 3 H; CHy), 2.60-2.77 (m, i H; SCHH),

2.97-3.03 (m, | H; SCHH), 4.35-4.40 (m, | H; H-5), 4.55-4.66 (m, 2 H; H-4, H-5), 7.40
(ddd, J=7.4,4.7,1.0 Hz, 1 H; py-H-5), 7.78 (td, J= 7.7, 1.6 Hz, 1 H; py—-H-4), 8.01-8.06 (m,
1 H; py—H-3), 8.69-8.74 (m, 1 H; py—H-6) ppm. “C{'H} NMR (50 MHz, CDCl,): & 15.93
(CH;), 38.95 (SCH,), 66.42 (C—4), 72.55 (C-5), 123.80, 125.54, 136.51 (each py—CH), 146.36
(py—C=2), 149.65 (py—CH), 163.52 (C=2) ppm. MS (EI), m/z (%): 208 (M", 19), 183 (10), 162

1

ISy 147 (100 124 (14N 122 A4 110 (21 1NA (2N 02 Q1Y TR (768Y A1 (1O SK (16 §
\FIJ, 197 IV, 157 (19), 1.0 L), 117 \J1), 1UO IV}, 74 (71], i5G\/U), U1 (17), JUR1U}, J1
79 IT AN NQ 7ANG O MAAT o 1 1 ANQ NLAN. Criind MNQ NLTT AAT TTDRAQY

(£D). IOHIZI\IZUD (£LUB.L0). VIOL. IMASS CdiCd. LU0.V0 /U, 10UNJ £LUJ.UD /1 UiVl , IIINIVID ).

(R)-(—)-4,5-Dihydro-3,5-diphenyi-4-(methylsulfanyimethyi)-2-(2-pyridyl)oxazole (4b). Under
an atmosphere of argon conc. hydrochloric acid (ca. 20 mg) was added to a solution of amino
alcohol 1b (500 mg, 1.83 mmol) and 2d (374 mg, 2.74 mmol) in dry chlorobenzene (3 ml).
The mixture was stirred at 80°C for 24 h. All volatile materials were removed in vacuo, and the
residue was chromatographed on silica gel (PE/ MTB 1 : 1, R, = 0.10) to glve 430 mg (1.19

mmol, 65%) of 4b as a yellow resin, which could not be crystallized. [a]r, -286 (¢ 13.0,
NIIMCT Y ID. 10 — 2014 Feany 1EAQ fom) 1407 (142 TALQ feaa) 1AA4AD )Y 1281 7Y 1174 (o) QT8
Uiy ). IR LA — 2719 (L), 1097 (1), 1970 (111}, 1707 (Ull), 1793V (), 101 \\), 1170}, 777
rs ~ — oy - ~ 1 lrv ATR #TY JANMN L ATY TN N N 1 L S Y MTTY ~N AN
(m), 758 (s), 745 (s), 699 (vs) cm . H NMR (400 MHz, CDCly): 0 2.13 (s, 3 H; CH,), 2.42

(dd, J = 13.7, 6.2 Hz, | H; SCHH), 2.51 (dd, J = 13.6, 7.4 Hz, 1 H; SCHH), 515(dd J=14,

6.3 Hz, 1 H; H-4), 7.23-7.30 (m, 5§ H; arom. H), 7.32~7.36 (m, 1 H; arom. H), 7.39-7.45 (m, 3

H; arom. H, py-H-5), 7.64-7.69 (m, 2 H; arom. H), 7.81 (td, J = 7.7, 1.7 Hz, 1 H; py-H—4),

8.17 (d,J= 7.8 Hz, | H; py-H-3), 8.78-8.80 (m, | H; py-H-6) ppm. °C{'H} NMR (50 MHz,

CDCI.): 8 16.78 (CH,4 \, 37.84 (SCH,). 75.65 (F—4\ 93.77 ((‘ 5\ 24.17, 125.68, 126. 70
174

(G A L’ ......... 1 &£J.70

3 12
88 12772 12702 128 (07 128 40 134 40 {each arom CH) 130 55 143 Rl 146 59 (each
V.00, 147./0, 1 Ity l FIaus 2

i Ty L&D U Ty LAOTTU, 1IJVU. UV \/a Vil QiULLL. NoEkJy 5T 7. LTV 7wl

arom. C), 150.03 (py—C-6), 161.64 ( 2) ppm. MS (EI), m/z (%): 3 o), 313 (30), 238
(35), 163 (28) 131 (100), 103 (79), 7 (90) 9 (34). C,,H,,N,OS (5'0 ‘7) Mol. mass calcd.
360.1296 found; 360.1291 (M, HRMS).
(S)-(-)-4,5-Dihydro-4-(methylsulfanylethyl)-2-(2-pyridyl)oxazole (4c). According to the pro-
cedure described for compound 4b the conversion of amino alcohol 1¢ (150 mg, 1.11 mmol)
and 2d (139 mg, 1.33 mmol) in chlorobenzene (1.5 ml) afforded after purification by chroma-

- AS

hv on silica gel (MTB, R; = =0.07) 136 mg (0.61 mmol, 55%) of 4¢ as a vellnwmh oil,

glupllj Wil DLk LVZ R KAy l f A/ RA >~ L2 5 il
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[alp® —120, [olas™ —127, [als —147 (¢ 414, toluene) {ref. [40]: yield 61%, [alp™
~119.57, [a)ss™’ ~125.91, [alses —144.07 (c 52.4, toluene)}. 'H NMR (400 MHz, CDCly): &
1.86-1.96 (m, 1 H; CHH), 1.99-2.08 (m, 1 H; CHH), 2.13 (s, 3 H; CHy), 2.64-2.78 (m, 2 H;
SCH,), 4.14 (t, /= 8.1 Hz, 1 H; H-5), 4.45-4.54 (m, 1 H; H-4), 4.63 (dd, /= 8.3, 9.5 Hz, 1 H;
H-5), 7.38-7.41 (m, 1 H; py—H-5), 7.76-7.80 (m, 1 H; py—H—4), 8.01-8.04 (m, 1 H; py—H-3),

8.70-8.72 (m, 1 H; py—H-6) ppm.
(S)-(—)-4,5-Dihydro-5,5-diphenyl-4-(methylsulfanylethyl)-2-(2-pyridyl)oxazole (4d). Accor-

ding to the procedure described for compound 4b the conversion of amino alcohol 1d (90 mg,

0.31 mmol) and 2d (51 mg, 0.38 mmol) in chlorobenzene (1 ml) afforded after nnnf'('atlnn hv

Eizars 1SS R WL WIS VA

chromatography on silica gel (PE /MTB 2 : 3, R=0.15) 62 mg (0.17 mmol, 53%) of 4d as a

coloriess solid, mp 99°C. [a]D -374 (¢ 5.1, CHCLy). IR: 1/A = 2915 (m), 1650 (m), 1493 (m),
1469 (m), 1447 (m), 1439 (m), 1362 (m), 1341 (m), 1124 (m), 963 (m), 758 (m), 700 (s) cm

'H NMR (400 MHz, CDCl5): 6 1.38-1.48 (m, 1 H; CHH), 1.56-1.65 (m, | H; CHH), 2.04 (s, 3
H; CH,), 2.75-2.80 (m, 2 H; SCH,), 5.14 (dd, J = 10.7, 3.6 Hz, | H; H-4), 7.17-7.20 (m, 2 H;
arom. H), 7.23-7.30 (m, 3 H; arom. H), 7.32-7.37 (m, 1 H; arom. H), 7.39-7.46 (m, 3 H; arom.
H, py-H-5), 7.58-7.62 (m, 2 H; arom. H), 7.83 (td, /= 7.7, 1.6 Hz, 1 H; py-H-4), 8.14 (dd, J

=17.9,0.9 Hz, | H; py-H-3), 8.80 (dt, J = 4.2, 1.2 Hz, | H; py-H-6) ppm. >)C{'H} NMR (50

186 &7 A Q2 24 /&Y 170A N

>
’.L
N

AT
1

. ] FOIT Y 2 o 1
A s LU\/I:;}. o 15.57 (L), 21.70 (Lp), 55.00 (CH,), 73.89 (C4), 93.34 (C-5), 124.03,
125.64, 126.58, 126.65, 127.61, 127.96, 128.06, 128.45, 136.72 (each arom. CH), 140.46,
143.74, 146.68 (each arom. C), 150.23 (py-C—6), 161.24 (C-2) ppm. MS (EI), m/z (%): 374

(M", 7), 326 (40), 300 (78), 268 (31), 194 (30), 177 (89), 165 (34), 131 (75), 105 (57), 84 (72),
78 (100). C»3H,,N,0S (374.50): Caled. C, 73.77; H, 5.92; N, 7.48. Found C, 73.21; H, 6.12; N,
7.36. Mol. mass calcd. 374.1453; found 374.1455 (M, HRMS).

|-

V-4

]tuorooorale (9D

A solution of ligand 3a (40 mg, 0.19 mmol) in absolute ethanol (1 ml) was added gradually
to a stirred solution of Cu(BF,), * x H,O (20% Cu) (32 mg, 0.090 mmol) in absolute ethanol
(1.5 ml). The resuiting dark-green solution was filtered through a pad of glass wool. The pro-
duct crystallized by solvent diffusion between ethanol and hexane within 2 d as dark-green
pcedlpc (49 mg, 0.070 mmol, 74%). The isolated crystals were suitable for a X-rav stru

Ie4 18y v AREERANI iy ENS S LA ) uuvu iy ou SOVY wiaw Juadlauviv ava Py iy

Of fAnn~ermen ~cats naa Y IR /DL 11
I \ 2 [UCLUIHPUB!HUU’ jS\N \l\].)l}. /N
mn
b4

/
57 (m), 728 (m

U)(

3

1'\// 1 A

1266 (m), 1224 (m), 1084 (vs), 1065 (vs),
(M" -2 BF,, 33), 276 (32), 214 (100).
Crystal data and structure refinement for 5. C ;3H,,B,CuFgN,O,S, (663.81); crystal dimen-
sions: 0.5 x 0.5 x 0.3 mm’; temperature: 298 K; wavelength: 0.71073 A; crystal system: ortho-
rhombic; space group: P2,2,2, (No. 19); unit cell dimensions: a = 11.622(2), b = 13. 384(3) c
= 19.837(4) ;& a=03=y=90° V=30856(11) A3 Z=4; density d_,.4 = 1.429 Q/cm ; m(Mo-

1 .00 VLRI 2 TEETYS Ldlbu T
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X Y= 1073 cem 1 O ranae far data callentinan: N N° t~ §8 N0 gran tuna: e inday ramasc: _ 17 ~ L
»a/ AV ML 5 U BAHgV IV UG VULIVLLIVIL. V.U WU JJWU , dldll Ly P, W, LIIUCVA Taligud. 175 ~n
<17 M <19 AN o T o A crmlalidlen v el eae 1 /F—277 2 Nnoo4 m21 P = (Max 2, A
1 /, LU S K S 106, 73U S 1S L2, WEIEMINE SCneme: 1/|0 + \U Udo4 1’) L =(MaX r, T 4

parameters 423; R indices: R1 ~00809 coR2 0.2279; min. and max. resd dens. (e A’) 038
—0.47. The measurement was carried out on a Siemens SMART CCD diffractometer with a
sealed tube. Preliminary cell constants were obtained from 45 frames (width of 0.3° in ).
Final cell constants were obtained by global refinements of reflections obtained from integra-

tion of all the frame data. A frame width of 0.3° in @ and a counting time of 30 s per frame at a
crvstal-to-detector distance of 3.0 cm was u sed. The collected frames were integrated using the
J \l\./l.\-v\.\ll WAL ILERIAW S WFL 7.\ WL YY OB UD 1IN WIS AW LI CLIRIND VY W W uuvsxatw uﬂlll5 [ 9 ¥ LW

preliminary cell-orientation matrix. The software SMART [50] was used for data collection

A TRTY

and determination of lattice parameters, SAINT [51] for integration of intensity and scaling,

SADABS [52] for absorption correction and SHELXTL [53] for data reduction, structure
determination and refinement. The BF, groups are highly disordered.

3.4 Asymmetric catalysis: ethyl 2-(3-oxobutyl)cyclopentanone-2-carboxylate (9)

viCid:r sdit O (V.viJ IO, J o1 /o), Ciifdr 11gaiiG 5 O & (v.vi/ Mo, /7.0 01 /o) aitG GRO
notoe £ (AN i N AE v L IY o s Alaerdirad T OIT M /N 1N AL al o S 1 L e
CHICL O (‘fU Hig, V.20 HNU1) WEIC UISdOIVCA 11 LIyl \U.J I11). ALCT bll[rlﬂg 10T 1 11 a4t TOOI

"
-

16 h at room temp. Subsequently, the mixture was directly transferred on a Si0, column (3 cm)
and the product was eluted with PE/ MTB 1 : 1 (R;= 0.25). The product mixture was analyzed
by chiral GC, isotherm elution (130°C); enantiomers of 9: tg = 30.3 min and 32.4 min.
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Forschungsgemeinschaft and the Graduiertenkolleg "Metallkatalysatoren". We are also grate-
ful to Prof. S. Blechert and the Institut fiir Organische Chemie der Technischen Universitit
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5. References

Ghosh, A. K.; Mathivanan, P.; Cappicllo, J. Tetrahedron: Asymmetry 1998, 9, 1-45.
Nitevan cad Foataditin Adorvmusnntinn Cumthasie Wainhaine UOLT 1007

\JJIIIIa, I s WAL L‘ulul}l‘L mvru"u ir EC ﬂy'll’[ﬂ)b) "Llllllhl]ll Y \J‘l L7727,

Brunner, H.; Zettlmeier, W. Handbook of Enantioselective Catalysis with Transition Metal Compounds, vol. 2, Ligands,
Weinheim, VCH, 1993.

[4] Evans, D. A.; Kozlowski, M. C.; Burgey, C. S.; MacMillan, D. W, C. J. Am. Chem. Soc. 1997, 119, 7893-7894.

[5] Evans, D. A; Murry, J. A.; Kozlowski, M. C. J. Am. Chem. Soc. 1996, 118, 5814-5815.
£y . 1Ny &£cL o5, 7L L] Lus] 1001 20 £49
(R84 ] DUllll L Angeu L’llf"l 1’71 141U, JJWJJO ﬂ”g(“r bllrlll uu LA LTI RTTA, JU, ITL

[71 Sprinz, J.; Helmchen, G. Tetrahedron Lett. 1993, 34, 1769-1772.

el



5388 J. Christoffers et al. / Tetrahedron 55 (1999) 53775388

[8] Frost, C. G.; Williams, J. M. J. Tetrahedron: Asymmetry 1993, 4, 1785-1788.

[9] Allen, ). V.; Dawson, G. J.; Frost, C. G.; Williams, J. M. I.; Coote, S. J. Tetrahedron 1994, 50, 799-808.
[10] Brunner, H.; HaBler, B. Z. Naturforsch. B 1998, 53b, 476-480.

[11] Gladiali, S.; Pinna, L.; Delogu, G.; Graf, E.; Brunner, I1. Tetrahedron: Asymmetry 1990, 1,937 942.
{12} Brunner, H.; Sidriko, R.; Nuber, B. Teirahedron: Asymmeiry 1998, 9, 407-422.

[13] Brunner, H.; Stériko, R.; Rominger, F. Fur. J. Inorg. Chem. 1998 771.781.

[14] Brunner, H., Storiko, R. Eur. J. Inorg. Chem. 1998, 783-788.

[15] Brunner, H.; Henrichs, C. Tetrahedron: Asymmetry 1995, 6, 653—656.

[16] Chelucci, G.; Medici, S.; Saba, A. Tetrahedron: Asymmetry 1997, 8, 3183-3184.

171 Bemsinnns ST 310
{17} Brunner, H.; Dluuul P. Tetrahedron: mwumezrv 1771 2, 919-930.

18] Brunner, H.; Huber, C. Z. Naturforsch. B 1991, 46b, 1145-1148,

[19] Brunner, H.; Brandl, P. J. Organomet. Chem. 1990, 390, C81-C83.

[20] Brunner, H.; Obermann, U.; Wimmer, P. J Organomet. Chem. 1986, 316, C1-C3.
[21] Brunner, H.; Becker, R.; Riepl, G. Organometallics 1984, 3, 1354-1359.

122} Augier, C.; Malara, L.; Lazzeni, V.; Waegell, B. Teirahedron Leii. 1995, 36, 8775-8
[23]1 Review: Christofters, J. Eur. J. Org. Chem. 1998, 12591266,

[24] Christoffers, J. Liebigs Ann./Recueil 1997, 1353-1358.

[25] Christoffers, I.; RoBler, U. Tetrahedron: Asymmetry 1998, 9, 2349-2357,

[26] End, N.; Macko, L.; Zehnder, M.; Pfaltz, A. Chem. Eur. J. 1998, 4, 818-824.

(5 5 2 B0 +J% N PP s

{27] Fahmi, C. J.; Pfaliz, A. Helv. Chim. Acia 1998, 81, 491-524.
[281 DattaGupta, A ; ; Singh, V. K. Tetrahedron Lett. 1996 37,2633-2636.

aliawunlp L, 2INEA, L 2EIrQREGron Ll 2700, L3330

[29] Nishiyama, H ; Yamaguchn, S.; Park, S.-B.; Itoh, K. Tetrahedron: Asymmetry 1993, 4, 43-150.
[30] Nishiyama, H.; Sakaguchi, H.; Nakamura, T.; Horihata, M.; Kondo, M.; Itoh, K. Organometallics 1989, 8, 846843,
[31] Itsuno, S.; Hirao, A.; Nakahama, S.; Yamazaki, N. J. Chem. Soc., Perkin Trans. 1 1983, 1673-1676.

[32] Desimoni, G.; Dusi, G.; Faita, G.; Quadrelli, P.; Righetti, P. Tetrahedron 1995, 5], 4131-4144.
[33] Grant, T. G.; Meyers, A. L. Tetrakedron 1994, 50, 2297 2360
[34] Jnaneshwara, G. K.; Deshpande, V. H.; Latithambika, M.; Ravindranathan, T.; Bedekar, A. V. Tetrahedron Lett. 1998, 39, 459

462.
[351 Zhou, P.; Blubaum, J. E ; Burns, C. T_; Natale, N. R. Tetrahedron Lett. 1997, 38, 7019-7020.

{36] Clarke, D. S.; Wood, R. Synth. Commun. 1996, 26, 1335-1340.
1171 Witte. H - Seelicer W Lichios Ann Chon 1674 0061000

o F FY LA, RA.y WVLEIRWE VYV . ABCTUIRD JIFHE. \LTITIIE. RT I™N, Z77UT1UU7.
[Slds | E] L] ’ >

[38] Vorbriiggen, H.; Krolikiewicz, K. Tetrahedron 1993, 49, 9353-9372.

[39] Schaefer, F. C.; Peters, G. A. J. Org. Chem. 1961, 26, 412-418.

[40] Brunner, H.; Obermann, U. Chem. Ber. 1989, 122, 499-507.

{41] Brunner, H.; Obermann, U.; Wimmer, P. Organometailics 1989, 8, 821-826.

{42} Yamada, K. Alm, T. y S«“xsai H.; . Sh;basah M. J On g, Chenm. 1993 3, 3666-3672.
[43] Review: Shibasaki, M.; Sasai, H.; Arai, T. Angew. Chem. 1997, 109, 1290-1311; Angew. Chem. Int. Ed. Engl. 1997, 36, 1236-
1256.

[44] Brunner, H.; Hammer, B. Angew. Chem. 1984, 96, 305-306; Angew. Chem. Int. Ed. Engl. 1984, 23,312-313.
{45] Sawamura, M.; Hamashima, H.; Ito, Y. Tetrahedron: Asymmetry 1991, 2, 593-596.

FALY R S eles 1998. 2051-2061
{940] I\UVICW LCUﬂd!u,J ,U‘CL“DW‘! E ano D Eur J Urg Lﬂem 1770, ZUD 1—4V0

[47] Wynberg, H.; Helder, R. Tetrahedron Lett. 1978, 4057-4060.

[48)] Sasai, H.; Emori, E.; Arai, T.; Shibasaki, M. Tetrahedron Lett. 1996, 37, 5561-5564.
[49] Christoffers, I. J. Chem. Soc., Perkin Trans. 1 1997, 3141-3149.
[50] SMART: Software Reference Manual.; Version 4.0, Siemens Analytical X-Ray Instruments, Madison (WI), 1996.

1 1; s T -

I: Software Reference Manual Version 4. U, Siemens Al’laly[lcal Kay m%trumems Madison (Wl) l\ﬂ4 1996.
n“!{‘ G. M. SADARS: pmvwnr‘ﬂi Al-mnrr\hnn Correction Drnmqrrl (vr\t‘hngnr\ 1994

IO

heldrick, G. M. SHELXTL.: Versnon 4.0, Slemcns Analytical X-Ray Instruments, Madison (WI) 1995,



