Available online at www.sciencedirect.com

z
C °  JOURNAL OF
SCIENCE Cl)mnsc-r 5 MOLECULAR
f [y CATALYSIS
e TRSIeS A: CHEMICAL
ELSEVIER Journal of Molecular Catalysis A: Chemical 236 (2005) 176-181

www.elsevier.com/locate/molcata

O,N,O-tridentate ligands derived from carbohydrates in the
V(IV)-promoted asymmetric oxidation of thioanisole

Maria Elena Cucciolito, Raffaella Del Litto, Giuseppina Roviello, Francesco Ruffo

Dipartimento di Chimica, Universitdi Napoli “Federico 11", Complesso Universitario di Monte S. Angelo, via Cintia, I-80126 Naples, Italy

Received 28 February 2005; received in revised form 28 April 2005; accepted 28 April 2005

Abstract

The simple synthesis of new O,N;®identate ligands derived from carbohydrates is illustrated. The ligands are obtained by condensing
2-aminoe-D-glucosides or 2-amine-p-alloside with several 3,5-disubstituted-2-hydroxybenzaldehydes. The efficiency of the imines in the
V(IV)-promoted asymmetric oxidation of thioanisole has been examined and ee’s up to 60% have been achieved.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Within this field of activity, we have now addressed our
attention towards tridentate O,N;Chelating ligands derived
The application of metal-promoted enantioselective catal- from sugar$4] of general formuld (Fig. 1). These molecules
ysis in fine chemicals production is an increasing field of both show a structural analogy with the imines developed a few
academic and industrial activif]. Essential for this sector  years ago by Bolnfb] starting from chiral aminoalcohol2 (
is the choice of the asymmetric coordination environment of in Fig. 1), which are effective in the asymmetric oxidation
the active centre, which must be accurately suited for achiev- of sulfides to sulfoxides under convenient conditifs]s On
ing acceptable performances. Within this frame increasing these grounds we have been prompted to prepare a family
attention is directed towards the use of carbohydrates as chirabf ligands1 for the asymmetric oxidation of thioanisole pro-
auxiliaries, and their effective application in several reactions moted by vanadium(1V), which to our knowledge represents
has been showj2]. thefirstapplication of carbohydrate-derived auxiliaries in this
Recently, we have demonstra{&{ithat a variety of nitro- enantioselective transformation.
gen ligands can be straightforwardly prepared by suitable In this paper, we report the preparation of the new ligands
modification of common and inexpensive sugars such-as along with the results regarding their catalytic activity.
glucose ana-mannose. In these cases, use of carbohydrates
was also dictated by the assumption that the presence of . .
: ) 2. Results and discussion
more functionalisable hydroxyl groups allows the contem-
poraneous introduction of different type of functions, with
tuneable polarity. These features are well-suited for devel-
oping catalysis in non-conventional conditions with reduced
environmental impadBa, 3c]

2.1. Synthesis and characterisation of the ligands

The O,N,O-chelates are illustrated iRig. 2 They are
labelled with a numberl), followed by specification of the
sugar G, glucoseA, allose) and of the aryl ringai-faccord-
ing toFig. 2). A prime indicates the presence of a benzylidene

* Corresponding author. Tel.: +39 081 674460 fax: +39 081 674090.  Pprotector group at C4 and C6 in place of the here-preferred
E-mail addressruffo@unina.it (F. Ruffo). isopropylidene.
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2.2. Oxidation reactions

t-Bu
i "~OCH,Ph vd A= Asymmetric oxidation of prochiral sulfides to sulfoxides
N is interesting because chiral sulfoxid@} are biologically
HO R, active and, due to the configurational stability, can also be
HO R, used as chiral auxiliaries. Beside to enzymatic methods,
] 2 Ry metal-promoted asymmetric catalysis is a simple and con-
Ry venient route for performing the oxidation of sulfidgs.

The advantages of this strategy comprise the possibility of
tuning the properties of the metal catalyst, the oxidant and,
in general, of the reaction conditions.

With the only exception oflA’b, all the ligands Though early studies refer to the use of chiral complexes of
were derived from glucose, since the equatorial-equatorial titanium and manganese as cataly8}s other metal centres
arrangement of the ligand positions at C2 and C3 has beencan be profitably usefb,10,11] In particular, recent stud-
found fruitful for the achievement of good performances in ies[5d, 11] have emphasised the remarkable skill of vana-
asymmetric catalysi8]. As described below, also withinthis  dium(lV) compounds containing chiral Schiff bases such as

Fig. 1. General structure of ligands of typeand2.

study this general observation has been confirmed. in Fig. 1, and more sophisticated ligands with two or more in-
The synthesis of the ligands requires a few simple stepsdependent chiral centers have been currently developed with
(Scheme L. CommerciaN-acetylb-glucosamineg) is pro- even increasing effectivene§s2]. Experimental[13] and

tected in position C1, C4 and C6 through known procedures theoretical investigationgl4] have also been addressed to
[6] (Scheme lpaths i and ii). In the case of the glucose the comprehension of the reaction mechanism, and the most
derivatives, the amido function dfis then easily hydrolysed  important results within this sector have been revieyi&d.
(i), and the resulting aminoderivativeis condensed with Within this study, we have investigated the oxida-
the appropriate benzaldehyde affording the goal ligdi@®@s  tion of thioanisole (SMePh) to methyl phenyl sulfoxide
(iv). Alternatively, in the allose synthesis this step is antic- (MPSQO). By-product of the reaction is methyl phenyl sul-
ipated by inversion of configuration at C3 (paths v and vi fone (MPSQ), whose formation is due to further oxidation
through6 and7) with the achievement of the allosamiBe of the sulfoxide §cheme 2 The convenient reaction con-
[7] which is finally converted intdA’b. ditions described by Bolm were employed, i.e. the reactions
All the imines are crystallised by adding hexane to the were performed in non-anhydrous dichloromethane by using
reaction mixture in toluene, and appear as yellow micro- hydrogen peroxide as oxidant. The enantiomeric excesses
crystalline powders. They have been characterised throughhave been measured B NMR spectroscopy in deuteri-
elemental analysis and NMR spectroscopy. Deuteriobenzeneochloroform in the presence of Eu(hfd)y comparison with
was used as solvent due to the general intolerance of thea sample of known chirality. In these conditions, the signals
imino function towards acidic solvents such as chloroform. of all the aromatic protons do separate, and, in particular, the
The coupling pattern typical of glucose and allose has beenortho protons are well resolved in the high frequency region
observed within the ring protons, and their correct attribu- and, hence, easy to be integrated. The results are summarised
tion has been performed, when necessary, by using COSYin Table 1
spectra. As expected, the imino proton resonates between 8 All the reactions were fast and completed within one hour.
and 9 ppm, while the corresponding carbon is found within In most cases, conversion was superior to 80% after 15 min.

150-160 ppm in thé3C NMR spectrum. Although a rationale of the electronic and steric effects on the
Me H. P H><O o
Me Ph" o 1:OCHyPh Ph™ o 1OCH,Ph
N= HO  N=
HO R HO t-Bu HO t-Bu
Ry t-Bu t-Bu
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1Gc (Ry= H;R,= t-Bu)
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1Gf (R1: ng i)

Fig. 2. Labelling of ligands of typé.
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Scheme 1. The synthesis of ligands of type

reaction fate is not easily traceable, some general comments This behaviour only partially matches that described for

can be drawn as follows.

Taking as referencéGa, where the aryl ring has no sub-
stituents, the enantioselectivity of the reaction is improved by
adding twot-butyls in positions 3(R1) and 8 (R2) (1Gb).

ligands of type2 [5d, 11] which conversely significantly
improve the catalyst activity upon introduction of halogens
or electron-withdrawing groups in their aryl ring. The dif-
ference is particularly evident when the performances of

In fact, the ee of the product goes from 42% to 60%. This 1Ge (ee =20%) and.Gf (ee =18%) are compared to those
value coincides with that obtained by using the analogous of the corresponding Bolm’s ligar@2l(Ry =t-Bu, R, = NO:

Bolm’s ligand of type2. Furthermore1Gb does also provide
the highest selectivity in terms of ratio of sulfoxide/sulfone
(97/3).

The beneficial effect of two substituents ine®id 8 is not
observed if they are both iodine$Gf) or when ond-butyl
is replaced by a N@&group (LGe). Similarly, the presence of
only onet-butyl, either in 3(1Gd) orin 5 (1Gc), lowers the
ee.

VO(acac)p B

1Gor 1A ? o Qo

CHaCly, Hs05 . Z, %,

\ P ™ ¥ 3 S<
Me/s Ph l\ne’S Ph Me/s Ph  Me” "Ph
(R)-MPSO  (S)-MPSO  MPSO,

Scheme 2. Asymmetric oxidation of thioanisole.

ee=70%; R=R>=1: ee =90%)[11]. A simple explanation
of these findings does not seem immediately accessible.

Although apparently remote from the metal centre, also
the protecting groups in position C4 and C6 of the sugar
ring appreciably influence the enantioselectivity. Thus, the
presence of a benzylidene moiety reduces the ee with respect
to the isopropylidene fragment (Gb versuslG'b).

Finally, changing the relative orientation of the coordinat-
ing positions, i.e. changing the sugar nature, has aremarkable
effect on the enantioselectivity of the reaction. In fact, the use
of p-allose as building blockl(A’b) affords the sulfoxide as a
racemic mixture. In this case, itis evidehkid. 3a) thatthe C2
(equatorial)-C3 (axial) arrangement places the chair of the
sugar nearly orthogonal to the plane containing the coordinat-
ing atoms O, N and OThe geometry is completely different
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Table 1

Results of the vanadium-catalysed oxidation of thioanisole

Entry Ligand Time (min) Conversion (%) Selectivity? (MPSO/MPSQ) ee (%f
1 1Ga 60 99 95/5 42(S)
2 1Gb 60 99 9713 60(S)
3 1Gc 60 99 90/10 26(S)
4 1Gd 60 99 80/20 26(S)
5 1Ge 60 99 90/10 20(S)
6 1Gf 60 99 90/10 18(S)
7 1Gb 60 99 85/15 45(S)
8 1A’b 60 99 85/15 0

2 The conversion has been calculated by integration of suitable peaks in the NMR spectrum of the crude product.
b MPSO: methyl phenyl sulfoxide; MPSOmethyl phenyl sulfone.
¢ The determination of the ee’s was carried outByNMR analysis in CDG in the presence of Eu(hfgps shift reagent.

Phw\O \\o
: — © i
e T, -

‘I / =
"'-\Y‘E)—\O -'”.——Y\-}-\O
E ! OCHyPh
OCH,Ph

(a) (b)

Fig. 3. The coordinating features dA’b (a) and1G'b (b).

for 1G’b (Fig. 3b) that approximately leaves the sugar chair 4. Experimental

in that plane. Though the origin of the enantioselectivity is

complicated14], these different geometric features do surely 4.1. General methods

play a prominent role in determining the dramatic change

of enantioselectivity, in keeping with the general observa- NMR spectra were recorded ingDg (CeDsH, § 7.15,

tion [3] that acis di-equatorial arrangement of the sugar and3CgDg, § 128, as internal standards) with a 200 MHz

coordinating functions (i.e. as in glucose) is propitious for spectrometer (Varian Model Gemini). The following abbre-

stereoselectivity. viations were used for describing NMR multiplicities: s,
singlet; d, doublet; t, triplet; dd, double doublet; dt, double
triplet; m, multiplet; app, apparent. Specific optical rotatory

3. Conclusion powers {x] were measured with a Perkin-Elmer Polarime-
ter (model 141) at 298K and 589 nm in toluere=(.0 g

This paper validates the assumption that ligands for asym-per 100 mL). Benzyl-4,6-benzylidene-2-amino-2-deoxy-

metric catalysis can be obtained by simple functionalisation a-p-glucoside[16], benzyl-4,60-isopropylidene-2-amino-

of common carbohydrates. Condensation of 2-amino-pyra- 2-deoxye-p-glucoside[17] and methyl-4,689-benzylidene-

noses with several 3,5-disubstituted-2-hydroxybenzalde- 2-amino-2-deoxyx-p-alloside[7] are described in literature.

hydes affords O,N,&tridentate ligands, whose activity in

the V(IV)-catalysed oxidation of thioanisole is in some cases 4.2. Synthesis of ligands of tyfie

comparable to that of structurally related ligands, €g.

[5,11]. A solution of the appropriate 2-hydroxybenzaldehyde

As far as we know, this is the first example in which (0.25mmol) in toluene (2 mL) is added to a solution of the

carbohydrates are used as ancillary ligands for asymmet-amino sugar derivativé or 8 (0.25 mmol) in the same sol-

ric oxidation of sulfides. Further development of the work vent (2 mL). The resulting mixture is stirred for 2 h at&D

will involve the functionalisation of the sugar functions affording a yellow solution. The volume of the solvent is

not involved in coordination for (i) anchoring the lig- reduced under vacuum at ca. 1 mL and hexane (5-6 mL) is

ands to a solid matrix or (ii) tuning the polarity of the slowly added to afford the product as a yellow microcrys-

chelates for the extension of catalysis to non-conventional talline powder, which is washed with hexane and dried under

solvents. vacuum (yield: 80-90%).
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1Ga Selected!H NMR data:§ 7.94 (s, 1H, N-CH),
4.60 (d, 1H, H1,3J41-42=3.8Hz), 4.51 (d, 1H, EHPh,
2Jgem=12.2 Hz), 4.27 (d, 1H, CHPh), 4.04-3.82 (m, 3H,
H3, H5 and H6eq), 3.69 (t, 1 H, H6aXJHsax—Hs= 10.0 Hz),
3.52 (t, 1H, H4,335-Ha=9.2Hz), 3.07 (dd, 1H, H2).
Selected'3C NMR data:s 167.7, 98.4, 97.7, 75.3, 72.9,
69.4(2C), 64.3, 62.7. Anal. calcd. fopfH34sN,Og C, 66.81;
H, 6.58; N, 3.39; found: C, 67.00; H, 6.36; N, 3.24.
[a]=+93 mLg tdm1.

1Gb: Selected'H NMR data: § 8.05 (s, 1H, N-CH),
4.67 (d, 1H, H1,3}1_H2=3.6 Hz), 4.54 (d, 1H, €HPh,
2Jyem=12.4Hz), 4.29 (d, 1H, CHPh), 4.03 (t, 1H, H3,
8h3-H2=3J3-Ha= 9.4 Hz), 3.98-3.82 (m, 2H, H5 and
H6eq), 3.70 (t, 1 H, H6a®@Jypax_ns= 9.4 Hz), 3.14 (dd, 1 H,
H2). Selected®C NMR datas 168.7,100.0, 98.7, 75.3, 72.3,
72.9, 69.6, 69.4, 64.3, 62.7. Anal. calcd. fog1843NOgC,
70.83; H, 8.24; N, 2.66; found: C, 70.65; H, 8.49; N, 2.33.
[a]=+55° mLg~Ldm1.

1Gc Selected'H NMR data:§ 8.02 (s, 1H, N-CH),
4.68 (d, 1H, H133}1-42=4.0Hz), 4.55 (d, 1H, 6HPh,
2Jyem=12.0Hz), 4.30 (d, 1H, CHPh), 4.10 (t, 1H, H3,
8Jh3-H2=3J3-H4=9.2Hz), 3.98-3.82 (m, 2H, H5 and
H6eq), 3.69 (t, 1H, H6aX Jueax_ts=10.0 Hz), 3.58 (t, 1 H,
H4,3345-14=9.2 Hz), 3.16 (dd, 1 H, H2). SelectéC NMR
data:s 168.1, 100.0, 98.5, 75.3, 73.1, 69.6, 69.5, 64.3, 62.7.
Anal. calcd. for G7H3sNOg C, 69.06; H, 7.51; N, 2.98;
found: C, 68.78; H, 7.63; N, 3.03«]=+93° mLg~1dm1.

1Gd: Selected'H NMR data: § 8.05 (s, 1H, N-CH),
4.58 (d, 1H, H1.331-12=3.8Hz), 4.50 (d, 1H, EHPh,
2Jgem=12.4Hz), 4.25 (d, 1H, CHPh), 4.05 (t, 1H, H3,
8Jh3-H2=333-H4=9.4Hz), 3.98-3.79 (m, 2H, H5 and
H6eq), 3.65 (t, 1H, H6ax3Jeax—s=10.2Hz), 3.52 (t,
1H, H4, 33y5_14=10.2Hz), 3.03 (dd, 1H, H2). Selected
13C NMR data: 5§ 168.4, 100.1, 98.7, 75.3, 72.3, 69.5,
64.3, 64.7. Anal. calcd. for £H3sNOg C, 69.06; H,
7.51; N, 2.98; found: C, 69.41; H, 7.29; N, 3.15.
[@]=+108 mLg~tdm™.

1Ge Selected 'TH NMR data: § 8.31 (s, 1H,
N=CH), 4.61 (d, 1H, H1,3}1_n2=4.2Hz), 4.52 (d,
1H, CHHPh, 2J4em=11.8Hz), 4.25 (d, 1H, CHPh),
3.93-3.64 (m, 4H, H3, H5, H6ax and H6eq), 3.51 (t,
1H, H4, 334413=3%4-ns=9.2Hz), 3.04 (dd, 1H, H2,
8J2-H3=9.2 Hz). Selected®C NMR data:s 170.0, 100.0,
97.4, 75.0, 70.2, 69.4(2C), 64.2, 62.5. Anal. calcd. for
Co7H34N20g C, 63.02; H, 6.66; N, 5.44; found: C, 63.20;
H, 6.87; N, 5.34.4]=+44° mLg~tdm.

1Gf: Selected'H NMR data:§ 7.92 (s, 1H, N-CH),
5.49 (d, 1H, GHPh, 2Jyem=12.2Hz), 4.71 (d, 1H,
H1, 331-n2=3.4Hz), 4.65 (d, 1H, CHPh), 4.55 (t,
1H, H3, 333-H4=3H3-H2=9.2Hz), 4.15 (dt, 1H, H5,
33514 =35-Heax= 10.4 HZ 335 neeq= 5.0 HZ), 3.92 (dd,
1H, H6eq,3Jseq-Heax= 10.8 Hz), 3.75 (app t, 2H, H4 and
H6ax), 2.87 (dd, 1 H, H2). SelectédC NMR data:s 169.4,
100.2,94.5,74.6,69.5,69.2, 68.5, 65.0, 62.7. Anal. calcd. for
Ca3H2s512NOg C, 41.53; H, 3.79; N, 2.11; found: C, 41.42;
H, 3.91; N, 2.19.4¢]=—173¥ mLg tdm1.
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1G'b: Selected'H NMR data:§ 8.02 (s, 1H, N-CH),
5.30 (s, 1H, Ph@), 4.61 (d, 1H, H1,3341_+»=4.0Hz),
453 (d, 1H, GHPh, 2Jem=11.6Hz), 4.28 (d, 1H,
CHHPh), 4.20-4.0 (m, 3H, H3, H5 and H6eq), 3.53 (t,
1H, H4, 334-H5=334-H3=8.6 Hz), 3.39 (t, 1H, H6ax,
SMhe-n5=9.6 Hz), 3.10 (dd, 1H, H2.3J4>_H3=8.6Hz).
Selected'3C NMR data:s 168.9, 98.7, 97.0, 82.4, 72.8,
69.7, 69.5, 69.4, 63.3. Anal. calcd. forzgEH43NOg C,
73.27; H, 7.55; N, 2.44; found: C, 73.06; H, 7.39; N, 2.60.
[@]=+72 mLg~tdm™L.

1A'b: Selected'H-NMR data:§ 7.92 (s, 1H, NCH),
5.45 (s, 1H, Ph@) 4.61 (d, 1H, H1,3}1_H2=3.4Hz),
4.40-4.10 (m, 5H, H3, H5, H6eq andHEIPh), 3.58 (t, 1 H,
H6ax,3Jyeax_ns= 10.0 Hz), 3.16 (dd, 1H, H#J}4_15=9.2,
8J4-H3=2.4Hz), 3.0 (t, 1 H, H2). SelectddC NMR data:
8 167.8, 102.3, 98.8, 80.0, 69.4, 67.0, 58.7. Anal. calcd. for
C3sH43NOg C, 73.27; H, 7.55; N, 2.44; found: C, 73.02; H,
7.71;N, 2.47.§]=—-2mLg~tdmL.

4.3. Oxidation reactions

To a solution of [VO(acae] (5.3mg, 0.02mmol) in
dichloromethane (1.5 mL) is added a solution of the appropri-
ate ligand of typd. (0.03 mmol) in the same solvent (1.5 mL).
After 10 min of stirring, thioanisole (118L, 1 mmol) is
added followed by hydrogen peroxide (100, 35%, w/w,

1.1 mmol). After the desired reaction time, the addition of

a saturated solution of sodium sulphite quenches the reac-
tion. The organic phase is dried over sodium sulphate and
the solvent evaporated under vacuum. The crude reaction
product is analysed by NMR spectroscopy in CB&$ sol-

vent. The enantiomeric excesses have been determined by
using the shift reagent Eu(hfc)The absolute configuration
has been obtained by comparison with a sample of known
chirality.
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