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Abstract

Mandelic acid L) and its derivatives and 1-naphthylglycolic ac8) (vere used as modifiers for the asymmetric hydrogenation of ketopantolac-
tone to pantolactone on supported Pt, Ru, and Rh catalysts. A systematic variation of the modifier structure sh8wes teet best modifier,
affording up to 28% ee on Pt; the other metals were barely efficient. The catalytic studies were completed with FTIR spectroscopic analysis o
the modifier—modifier and modifier—substrate interactions in solution. Attenuated total reflection infrared spectroscopy was applied to study the
adsorption of thex-hydroxy-carboxylic acid type modifiers on a Pt&l3 model catalyst in the presence of hydrogen. The study indicates that
the modifiers are present on the metal surface as monomers with an internal hydrogen bond between the hydroxyl group and the carboxyl carbor
group, and the phenyl or naphthalene rings are in a tilted position relative to the surface. The moderate enantioselection is attributed to a hydroge
bond interaction between the carboxylic OH group of the modifier and the carbonyl O atom of the substrate. The poor enantioselectivities attaine
in ketopantolactone hydrogenation may be explained by the overly weak adsorption of the modifiers on Pt and by the weakness of the O—H-O-typ
H bond between the substrate and the modifiers. It seems that the carboxyl group has a double role, allowing interaction with the substrate and t
Pt surface.
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1. Introduction anchor the modifier onto the Ni surface, whereas the OH func-

) - .. tions can interact via hydrogen bonds with the carbonyl groups
The two chirally modified metal catalysts most effective in of ine reactant.

the hydrogenation of ketones are Ni modified with tartaric acid  \1echanistic studies of cinchona-modified Pt including the

[1-4] and Pt modified with cinchona alkaloidS-12] Not gy stematic variation of the structure of cinchonid[id] and
only the modifiers, but also the application ranges are Vergome other chiral amine modifiers and their derivatjis-22]
specific for the metals; Ni is used for the hydrogenatioof  haye revealed that the crucial structural parts of the modifiers,
functionalized and unfunctionalized ketones, whereas PtiS OUfjesjdes the stereogenic center(s), are the flat aromatic ring for
standing in the hydrogenation of activated-finctionalized)  anchoring onto the Pt surface and the basic aliphatic nitrogen

ketones to the corresponding chiral alcohols. In case of thgciion for interacting with the substrate. Beside amines and
Ni/tartaric acid system, substitution of more than one of the hyz mino alcohols, several other types of chiral compounds have

droxyl groups or one of the carboxyl groups of the modifierpeen tested as modifiers in the Pt-catalyzed hydrogenation of
leads to an almost complete loss of enantiosele¢d@113} It etones, but none of them could compete with cinchonidine or
was suggested that in the hydrogenation gfketoester (e.g., jig 0-methyl derivativ23—26]

methylacetoacetate), the two carboxyl groups are necessary to gne reaction of special interest for industry is the hydro-
genation of ketopantolactone (KPL) t®)-pantolactone ®)-

" Corresponding author. PL), which is an intermediate in the production of vitamin B5
E-mail addressalfons.baiker@chem.ethz.¢h. Baiker). and a constituent of co-enzyme[27]. Cinchonidine-modified
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(R)-a-hydroxybenzeneacetamidd) (was synthesized from
methyl (R)-mandelate and ammonia, as reported elsewhere
[31]; its structure was confirmed by NMRS)-1-Naphthylgly-
colic acid @) was synthesized from bromoform, 1-naphthylal-
PL dehyde, and potassium hydroxide with lithium chloride as a cat-

alyst[32,33] The (§)-1-naphthyl glycolic acid enantiomer was
Scheme 1. Enantioselective hydrogenation of ketopantola(_:t_one (KPL) to park:eparated by crystallization, after refluxing a saturated solution
tolactone (PL), on supported Pt, Rh and Ru catalysts, modifiegHtwydroxy- . . . . ..
carboxylic acids and derivatives. of thg racemic mixture with cmchonlng in ethanol.. Its structure
was identified by NMR, and its enantiomeric purity was veri-
HOL__COOH CH,0o__COOH  HO.__COOCH, HOL__CONH, fied by HPLC, using a CHIRALCEL OD column. The NMR
analyses were performed using a Bruker Avance 500 spectrom-
eter.
5 é é 5 Dichloromethane (Baker, 99.5%) was dried and stored
1 2 3 4 over activated molecular sieves. All other solvents were used

20% ee (R) 5% ee (R) 0% ee 15% ee (R) as received. The additive 1,8-diazabicyclo[5.4.0]lundec-7-ene
(DBU, Aldrich) was used as received.

catalyst, H,
—_——-

modifier

OH OH o HO P HO., ~COOH 2 2 Catalytic hydrogenation

~coon M9 coon WGH
d  “om O The 5% Pt/AbOs catalyst (Engelhard 4759) was prereduced
at 400°C for 1 h as described in detail previougB4]. The

05 6 07 . 8 same procedure was applied to the 5% Pt/SEngelhard, Es-

8 ee (5) 0% ee 2% ee (R) 2W%heed) catTM 2351), Pt/C (Fluka), Rh/ADs (Engelhard 8001 ESCAT
Fig. 1. Structure of the chiral modifiers and the best ee's achieved at full con34), and Ru/AjO3 (Degussa AG H213 B/D 5%) catalysts.
version, on Pt/AJO3. Hydrogenations under standard conditions were carried out

in a parallel pressure reactor system (EndeE¥pwith eight
Pt afforded 91.6% ef28]; other amine-type modifiers were less mechanically stirred 15-mL stainless steel read22$ Hydro-
effective [17,29,30] A new chiral non-amine-type modifier, genations at 60 bar were performed in a 100-mL autoclave with
1-naphthyl-1,2-ethandiol gave only 30%[€€]. The probable @ 50-mL glass liner and PTFE cover and magnetic st[&@].
mechanism involves O—H—O-type hydrogen bonds between thEotal pressure and Huptake were controlled by a comput-
two OH groups and the keto-carbonyl group of KPL. Becauseefized constant-volume, constant-pressure device (Buchi BPC
the OH groups are weak hydrogen bond donors, the low ena$901). For hydrogenation at &, the system was cooled with
tioselectivity might be due to the weak interaction between thé Julabo F25 cryostat.
modifier and the substrate. We assumed that the more protic  Under standard conditions, 10 mg of prereduced catalyst,
hydroxy carboxylic acids that function excellently with Ni may 0-437 mmol of KPL, 19.7 umol of modifier, and 5 mL of sol-

offer better enantioselectivities in the hydrogenation of KPL as/€nt were stirred (500 rpm) at 10 bar and room temperature
well. (23-25°C), if not otherwise stated. In case of difficulties in dis-

Here we report the study of this reactiddcheme Jon sup-  SOlving the modifier, the slurry was sonicated before the catalyst
ported Pt, Rh, and Ru catalysts modified by mandelic acid an@as added. _ o _
its derivatives Fig. 1). The catalytic experiments have been _Conversion and enantioselectivity were determined by an

completed with IR spectroscopic measurements to aid in uriP 6890 gas chromatograph, using a Chirasil-DEX CB
derstanding the function of these modifiers. (Chrompack 7502; 25 nx 0.25 mmx 250 nm) capillary col-
umn. Conditions were split injection (25C; 20:1), He carrier
2. Experimental gas (42 cnis), FID detector (250C), and 80-180C column

' temperature. The reproducibility of ee was withi0.5%.

2.1. Materials 2.3. Infrared measurements

Ketopantolactone (KPL; 4,4-dimethyldihydrofuran-2,3-dio-  All infrared measurements were performed on a Bruker Op-
ne; F. Hoffmann—La Roche AG)R(-(—)-«-hydroxyphenylace- tics IFS66 spectrometer after co-addition of 200 scans at a res-
tic acid (; (R)-mandelic acid; Aldrich, 99%), K)-(—)-«-  olution of 4 cnT1. FTIR transmission spectra were recorded
methoxyphenylacetic acid2f Fluka, 99.5%), R)-(—)-«-hy-  using a liquid cell of 1 mm path length equipped with KBr
droxyphenylacetic acid methyl estes; (Aldrich, 99%), (§)-  windows. R)-(-)-a-hydroxyphenylacetic acidlf and R)-(-)-
(+)-2-hydroxypropanoic acid{ (S)-lactic acid; Lancaster, «-methoxyphenylacetic acid?) were analyzed at the same
99%), (§)-(-)-hydroxysuccinic acidg; Sigma, 98—-100%), and concentrations as those in the reaction mixture (19.7 pmol
L-(+)-dihydroxysuccinic acidf; L-tartaric acid; Across, 99%) modifier in 5 mL CHCI,). Additional spectra of )-(+)-2-
were used as received. hydroxypropanoic acid5) and acetic acid were recorded for
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comparison. Two series of KPLmixtures at molar ratios rang- Table 1
Hydrogenation of KPL to R)-pantolactone in different solvents, using){

ing from 0.25 to 2 were analyzed in GBI, at constant sub-

strate concentration and constant acid concentration. The ngggndelic acidl) as modifier, under standard conditions

solvent served as the reference for the spectra of the solutes. Entry  Catalyst Solvent Time Conver-  ee%
Adsorption ofl, 5, and8 on Pt/AbO3 was monitored in (h) sion (%)  (R)-PL
situ using attenuated total reflection infrared (ATR-IR) spec- ! PUA03  Dichloromethane ® 100 20
troscopy. The Pt/AlOz model films (1 nm Pt, 100 nm ADs) 5 g'rig'r‘gf‘(’;:‘n?tha”% 11'5 107% 1%
were prep_ared and characterized as r.eported.els_ev[/Blﬁ}.e 4 1.2-Dichloroethane 3 47 5
The experimental procedure for adsorption studies is analogousg 1,2-Dichlorobenzene B 51 6
to that used for other chiral modifief36]. Briefly, the metal 6 Trifluorotoluené 2 86 11
surface was cleaned using{daturated solvent before solute 7 Toluene 1 100 13
adsorption. A spectrum was recorded after 10 min on streamg PUSIO, Dichloromethane 3 100 19
which served as background for the next spectra. Then a solus Dichloromethan® 3 100 20
tion of the acid was admitted to the thermostatted stainless ste&d Chloroform 3 71 2
cell, and ATR-IR spectra were recorded as a function of timell 1,2-Dichloroethane 3 14 5
1,2-Dichlorobenzene 3 78 6
The solute was replaced byjtsaturated solvent after about Toluene 1 100 8
50 min on stream to remove weakly adsorbed and dissolved
species. All measurements were carried out at a temperature 8f ~ PUC Dichloromethane 2 100 19
20°C, a flow rate of 1 ml/min, and an acid concentration of 15 Dichlorometharfe 2 100 6
- . ! 16 Chloroform 2 99 1
1 mM (if not otherwise specified). 17 1,2-Dichloroethane 2 87 5
18 1,2-Dichlorobenzene 2 95 2
3. Results 19  RhALO; Dichloromethane 2 55 6
20 Dichlorometharf® 2 54 4
3.1. Enantioselective hydrogenation on mandelic 21 Chloroform 2 4 2
acid-modified Pt-group metals 22 1,2-Dichloroethane 4 13 8
23 Toluene 1 100 Racemic
The hydrogenation of KPL toR)-PL was investigated on 24 Ru/ALbO3  Dichloromethane 8 <1 -
supported Pt, Rh, and Ru catalysts modified Witthe impor- 25 Tetrahydrofuran 8 7 Racemic

tant results of these experiments are summarizéaiote 1 Pt
afforded the highest ee (about 20%) in dichlorometharee (
ble 1, entries 1, 8, and 14); the type of support had only a minot

effect on ee. More significant differences were obtained Wherl]mportant that dichloromethane is carefully dried before use;

using the catalysts without reductive treatment at elevated te otherwise, even traces of water diminish the enantioselectivity.

. o r.q:or example, addition of 10 pL water to the reaction mixture in
eraturesTable 1 entries 2, 9, and 15). Note that the positive . .
P T ) ) P ichloromethane resulted in a decrease of ee from 208 (

effect of reductive catalyst treatment frequently observed sincg . .
Y d Y le 1, entry 1) to 5% under otherwise standard conditions.

the first report by Orito et a[8] is probably due to cleaning or )
. 3 Attempts to hydrogenate KPL on Pt/Ds in polar solvents,
restructuring of the metal surfagsd, 3739 including ethanol, tetrahydrofuran, dioxane, water, and acetic

Addition of the chiral modifierl diminished the reaction acid, resulted in the complete loss of enantioselectivity. Onl
rate. For example, the conversion was 39% after 5 min in the "’ P Y- y

reaction quoted ifable 1 entry 1, and it increased to 91.5% :i?)(i]evr\?:s Fc)::;ﬂ:gtg:ﬁnf%miﬁIglrisr?a(t)en dig?g:g‘en the reac-

in the absence df. The lower rate in the presence bis anal- . '

ogous to the slower hydrogenation of activated ketones on Pt The pressure had only a marginal effect on catalyst perfor-
mance. For example, the ee decreased from 20 to 18% (at full

in th f i iti h iff . ; .
Ia?cit d[ezgrjge4nl(ie of strong acid additives, such as tr uoro‘fjlceutt::onversmn) when the reaction rable 1 entry 1 was carried

. - o . out at 5 bar instead of 10 bar (standard conditions) and no
The enantioselectivity dropped belovy 10% when rerJIaCIngchange was detectable between 10 and 60 bar. Temperatures

\I/thégéoér?ﬁ/ ngﬁigiiwasgﬁhgg Ivr\:r\]/g] Eﬁ)r\fvoggnai?io?f\s? above room temperature (23-25) had a negative effect on the

ble 1) ' y y enantioselectivity. In the same reaction, af 8sthe ee dropped

o . .
Next, improvement of the enantioselectivity of Py was from 20 to 9% at full conversion, and no improvement could be

) .. P . achieved at lower temperatures (e.g., 18.5% ee &€C)5These
attempted by varying the conditions. A “chiral” restructuring experiments show thapt is a poor( mgodifier in the h)J/-dSrrogena-

SL::ZZ ;ﬁg :g dqr?;tgjrigﬂgj::r?];w;geig?tla |rr]1 'ru]g dtgél\grrere tion of KPL and its application is limited to Pt in weakly polar
H> did not result in the expected improvemégBT], but the ee solvents.
decreased to 18 and 13%, respectively.

Hydrogenation of KPL in the presence bfwas strongly
solvent-dependent. Enantioselectivity was induced only in Additional experiments were performed to explore the role
halogenated solvents and toluene, as showimainle 1 It is  of the three functions of modifiet-—OH, COOH, and the

& Untreated catalyst.
b partially dissolved modifer.

3.2. Structural effects
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phenyl ring—in the interaction with the substrate and the metatable 2
surface. In this study severathydroxycarboxylic acids and Hydrogenation of KPL to §)-PL in different solvents, usingsj-1-naphthyl-
derivatives were used as modifiers of Pt in the hydrogenatioH'yco"C acid @) as modifier, under standard conditions (20 mg catalyst)

of KPL; their structures are presentecHiy. 1 The experiment  Solvent Catalyst Time  Conver-  ee%

. . i 0, -
shown inTable 1 entry 1 was used as reference reaction. Note () sion (%) (S)}-PL
also that R)-1 and its derivatives afforded alway®)-PL as B!CE:Oromemang PSZ?? 2-5 133 11

. . . Ichiorometnan 203
the major enantlomer, WhereaS)(F_’L was prt_)duced in eXCess | , i hiorobenzene PUAD, 05 56 24
when Pt was modified bysj-1 and its denvatlves._ _ 1,2-Dichloroethane PYAD3 2 37 9

Protection of the —OH group df by methylation in mod- Isopropanol Pt/AIO3 1.25 100 55
ifier 2 resulted in a drop in enantioselectivity from 20 to 5% Tetfah)gmfwan PUAIO; 125 100 8
. The effect of protecting the carboxy! gr methylation 4" PUAIO3 1 100 14
ce € efiect o go_ec 9 I e carbo y 9 .OUp by me i;a.o .2-Dichlorobenzerfe P/SIO, 0.8 100 55
was even more detrimental; a racemic mixture was obtaineficyioromethans PUSIO, 06 100 Racemic
when Pt was modified byR)-(-)-«-hydroxyphenylacetic acid 1,2-Dichloromethan8  Rh/AlL,O3 275 100 Racemic
methyl ester §). Obviously, the free carboxyl group is crucial 1,2-Dichlorobenzen®  Rh/AI;03 1 1 Racemic
for enantioselection. This conclusion is supported by the comlvg'g‘?t’h"’l‘hyd“’f;:a” E“’/ggS g 212 Sacem_'c
. .. . -Dichloromethane u 3 < acemic
plete loss of enantioselectivity when the reference reaction wai‘S’Z_Dichlorobenzene RUADs B -1 Racemic

carried out in the presence of 1,8-diazabicyclo-[5.4.0]undec-7-
ene (DBU, 5 pL). The strong bulky base deprotondtesnd
presumably prevents the interaction of the carboxylate with . ) )

the substrate. In contrast, replacement of the carboxyl grouP'gher modifier coverage and fewer free surface sites available
by an amido group int decreased the ee only to 15%. The °F the hydrogenation reaction.

likely explanation for this finding is that the amido group of bFl_thhdetr) evidznf:e f(;]r the sl'FrongerhadsorptiorSGﬁn Pt ;/]vas
4 can still interact with the substrate via H-bonding. Similar OPtained by studying the nonlinear p enomepai-45] When

to 1, thea-hydroxyamide type modifiet was effective only in the hydrogenation of KPL was carried out with mixtures of the

dichloromethane; a racemic mixture was formed in any otheFWO ”?Od'f'ers. 6)'1 and ()-8, in all casess controlled.t_he .
solvent. enantioselectivity. For example, under standard conditions in

. . . dichloromethane, a mixture dfand8 containing only 1 mol%
of Te{:;t t\;lvs ”:)\f[zit,[lg?t‘;(:lctﬂgril? pg;?ggﬁ gff ttr?: nag?ji?elrgx‘?% afforded 2% §£)-PL in excess even though the calculated
P 9 ; (theoretical) value was 19% ee to R)-PL. This difference in-

ter replacement of the phenyl ring by a methyl group){lactic . L :
acid,5), the ee dropped to less than half. Modisenay adsorb g;iit:fnt:;;iteﬁe naphthyl ring increased the adsorption strength

via the carboxyl group, and this adsorption mode is sufficient to
provide a small ee.
Replacement of the phenyl group with a carboxymethyl

group in (§)-(-)-hydroxysuccinic acid@) resulted in the loss Fig. 2 shows the IR spectra df, 5, and acetic acid in di-

of enantioselectivity. The hydrogenation was repeated undq{hloromethane in the(O—H) region. The weak band extending
standard conditions in other solvents, such as 2—propano§rom 3300 to below 2700 cri in the spectra of acetic acid
tetrahydrofuran, dioxane, and water, that diss@\tter than reveals the formation of intermolecular hydrogen bopts.
dichloromethane, but no enantioselection was obtained. This band is very weak i and is missing inl. Therefore,

_ Inthe presence of tartaric aci@)( which contains two addi-  hese spectra indicate that association via both intermolecular
tional functional groups (OH and COOH) relative to mandelic 54 intramolecular hydrogen bonds is possible, although not
acid (1), a very small but significant ee of 2% was obtained ina\gred, ins [47], whereadl exists exclusively as monomer in
tetrahydrofuran. Other solvents, including 2-propanol, dioxanegq|,tion with an internal hydrogen bond between the hydroxyl
and water, did not improve enantioselectivity. group and the carbonyl group of the acid function, in agreement

Improved enantioselectivity was achieved only when theyith previously published dat@8] (this part of the spectrum
phenyl ring of1 was replaced by a naphthyl group ifi){1- ot shown). This structure could be retained on adsorption on
naphthylglycolic acid §). Under optimized conditions (0.86 pt, as discussed below.

mmol KPL, 19.8 pmol, 20 mL dichlorobenzene, 20 mg re-  Titration of KPL with 1 did not reveal any significant change
duced PY/A}Os, 20 bar, room temperature)SXPL was pro-  in the carbonyl and in the hydroxyl region, indicating that only
duced with 28% ee. More details on the role of solvent andx very weak substrate—-modifier interaction exists in solution.
catalyst composition are given ifable 2 Clearly, only Pt is Fig. 3 shows the ATR-IR spectra &, 1, and 8 in solu-
useful in this reaction. The stronger adsorptiooin Pt com-  tions in contact with the Pt/AD3z model film. Similar features
pared to that ofl is indicated by the enantioselection obtainedcan be found in the transmission spectra of the acid modifiers,
in polar solvents, such as tetrahydrofuran and isopropanol, ivhich are shown forl and 8 in Fig. 3e and f. The signal at
which 1was completely ineffective. The twofold slower conver- ca. 2000 cm? indicates the formation of CO adsorbed on top,
sion of KPL observed by replacirigwith 8 is probably another probably originating from decomposition of the acid or of im-
indication of the stronger adsorption of the latter that leads tgurities of solvent and solute. An intense signal at 1450tm

2 20 bar, 20 mg catalyst.

3.3. Infrared spectroscopy
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Fig. 2. Transmission IR spectra aR}-mandelic acid 1) (—), (S)-lactic acid
(5) (---) and acetic acid (—) in CbLly in the OH region. The concentration @MMMW
(3.94 mM) is equivalent to that used in the hydrogenation reactions. The nege

tive bands are due to incomplete solvent compensation.

—r— — —r— —r— —
2000 1800 1600 1400 1200

that is not seen in the spectrum of 'Fhe neat acids (top pant Wavenumber (Cm'1)

of Fig. 2) is assigned to the symmetric stretch mode of a car-

boxylate group §s(OCO)], suggesting that the acids adsorbFig. 3. In situ ATR-IR spectra of (b))-lactic acid ), (c) (R)-mandelic acid

partly as anion on Pt. The broad feature extending betweef}) and (d) 6)-naphthylglycolic acid&) adsorbed on PUADg in the presence

1800 d 1600 crmt i bablv due t | of a weak of Hy and CHCl, solvent. Spectrum (a) represents the state of the Pt surface
. an cmis pro a y_ ue 1o an overiap o before adsorption. Spectra (e) an (f) are the transmission IR spectra of a solution

signal of CO adsorbed in the bridged geometry, which is mory 1 andgin CH,Cl,, respectively. Conditionsacig = 1 mM, 20°C

evident toward higher frequencies fhand signals of unpro-

tonated acid molecules, in comparison with the transmissiofo; parallel to Pt, although signals of an absolutely parallel ring
spectra. The presence of these ent|t|e§ is corroborate_d by th&uld not be allowed by the surface selection rj48]. This
signal at ca. 1145 cmt [§(O—H)acid, which should be silent suggests the presence of species with the aromatic moiety ad-
if only deprotonated species were present on Pt. Other signalg,rhed tilted or pendant. The variety of adsorption modes is
in the 1600—1400 cmt spectral region indicate that the phenyl likely given by the high surface coveragf0] obtained with
and naphthyl rings are tilted with respect to the metal surfacepe relatively high concentration used in the ATR-IR measure-
either adsorbed or hanging toward the solution. The signal ahents. However, experiments at tenfold-lower concentrations
ca. 1340 cm* belongs to the deformation mode of the alco- released equivalent spectra with less contribution from those
holic —OH, which is coupled with C—H in plane deformation pejow 1300 cri? due to solution-like species (carboxylic acid).
modes of the ring in the aromatic acids. The signal indicates Additional information can be extracted from the spectra
that the intramolecular hydrogen bond characteristit isfre-  shown inFig. 3. In contrast to the ATR-IR spectra of strongly
tained on adsorption. adsorbing chiral modifiers, such as the cinchona alkaloids
All of the aforementioned signals display little loss of in- [36,51] the present spectra do not display any significant neg-
tensity on replacement of the solute with neat solvent. Thugitive signal at ca. 1400 cm. This signal is likely indicative of
the spectra shown iifrig. 3 are characteristic of adsorbed the adsorption strength of the adsorbate because it is assigned
species. Inspecting these spectra reveals that at least two ad-the removal of other hydrocarbon surface species resulting
sorption modes are feasible through interaction of the carboxyfrom decomposition of dichloromethane (solvent) on Pt during
group with the surface, thus affording carboxyl and carboxylatehe 10-min cleaning of the Pt/ADs film in hydrogen[36]. In
species, as mentioned earlier. This group could be the domihe case of cinchona alkaloids, adsorption is dictated primar-
nant anchoring point to the surface in the carboxylate speciedly by the nearly “flat” adsorbing quinoline moiety and secon-
The spectra suggest that orientation of the aromatic moiety idarily by the quinuclidine moiety52], with a strong negative
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? |
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2 (@ (b)
S
o (C) Fig. 5. Probable interaction of ketopantolactone (a) @iémd8, and (b) with4.
o
c
g and naphthylglycolic aci®. Under optimized conditions, KPL
§ was hydrogenated on Pt/AD3 with only 20 and 28% ee, re-
<C

spectively. Structural variations in the modifiers revealed that

the carboxyl group is fundamental for enantioselection and ad-
(b) sorption. We assume that this function is responsible for the

substrate—modifier interaction, presumably via a weak O—H-O-

type H-bond toward the keto-carbonyl O atom of KPL.

Catalytic and spectroscopic measurements showed that ad-

sorption ofl on Pt was weak, and that replacing the phenyl ring
(@) with a naphthyl ring irB led to stronger adsorption. Hence, the
better ee achieved with may be attributed to its stronger ad-
sorption, although the increasing steric hindrance induced by

T T L T T

'20'00' '1 8'00' '16'00 '14'00' '1 2'00' the extended aromatic system may also contribute to the dif-
4 ference. ATR-IR analysis showed that the aromatic rings of
Wavenumber (cm™) and8 adopted a tilted position relative to the Pt surface and that

Fig. 4. In situ ATR-IR spectra of (a)R)-mandelic acid 1) adsorbed on Pt e.ven8 ac.i.sorb.ed Wea.lk.ly on Pt compared with the most effec-
and (b) of a solution containing excess DBU in contact with the same pre-t“/e modifier C'nChomqme- On.the ba}5|s of t_he ATR-IR sp_eptra
equilibrated Pt surface. Spectrum (c) corresponds to the state of the surface af@id @ comparison with effective chiral amine-type modifiers,

removing the solution containing DBU. ConditiorGcig= 1 mM, 20°C. adsorption ofl. and8 via the carboxyl (or carboxylate) function
likely is more important than that via the aromatic rings.
signal observed at 1400 crh Similarly, adsorption of R)- We assume that another major reason for the poor perfor-

2-(1-pyrrolidinyl)-1-(1-naphthyl)ethanol (PNE) predominantly mance ofx-hydroxy-carboxylic acids as modifiers of Pt is their
via the naphthyl ring at a concentration 100 times lower tharweak interaction with the ketone substrate. This weak interac-
that in the present study afforded the same band without furthdion is the likely reason for the complete loss of enantioselec-
signal attributable to ring modd53], thus indicating that the tivity when Pt was modified byl in polar solvents that allow
naphthyl ring of PNE adsorbs strongly on Pt parallel to the surH-bond interactions and can compete with the substrate. (An-
face. In contrast, the spectra showrrig. 3suggest that despite other feasible explanation for this is related to their stronger
the aromatic ring, the chiral acids do not adsorb strongly on Pladsorption on Pt.) Mandelic acid, which is present exclusively
The stability of adsorbed is greatly affected by adding a as intramolecular hydrogen bonded species in solution (with
strong base, such as DBU, as indicated by the catalytic datehis structure probably retained on adsorption on Pt), interacts
Fig. 4b shows that admission of anxt$aturated solution of very weakly with the substrate. A feasible modifier-substrate
DBU in large excess with respect to the chiral acid to an acidnteraction is depicted schematicallyfig. 5. The H-bond type
pre-equilibrated metal surface induces desorption of a majahteraction is supported by the observation that deprotonation of
fraction of 1. This is best seen in the spectrum obtained afthe carboxyl group of by DBU or transformation to an ester
ter changing again to Hisaturated solvent to remove dissolved group @) hindered the enantioselection, but that replacement
and weakly adsorbed specigsid. 4c]. The strong signal at of the carboxyl group by an amido group (still amenable to H

1641 le indicates protonation of DBL[54], OCCUrring Only bonding) had On|y a small negative effect on ee.
due to adsorbed acid. DBU not only displaces the chiral acid

from the metal surface, but also adsorbs strongly and thus '% Conclusion
moves the hydrocarbon fragments present on Pt, as indicated

by the negative signal at 1400 cth Various a-hydroxy-carboxylic acids and their derivatives

4. Discussion were tested as chiral modifiers of Ptin the hydrogenation of ke-
topantolactone to pantolactone. Ta80% ee’s achieved after

The two best modifiers among the varioushydroxy-  a limited optimization are far below those values attainable by

carboxylic acids and derivatives tested here are mandelidacidchiral amine-type modifiers. The probable reason for the low
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efficiency is that ina-hydroxy-carboxylic acids the “anchor- [20] C. Exner, A. Pfaltz, M. Studer, H.U. Blaser, Adv. Synth. Catal. 345 (2003)
ing” and “interacting” functions are not separated; that is, the 1253

carboxyl group plays a dual role in adsorption on Pt and in{21] E. Toukoniitty, I. Busygin, R. Leino, D.Y. Murzin, J. Catal. 227 (2004)
teraction with the sg_bstrate. This is a fundamen_tal differeng 2] R. Hess, A. Vargas, T. Mallat, T. Birgi, A. Baiker, J. Catal. 222 (2004)
between these modifiers and the known good amine and amino ~ 117,

alcohol-type chiral modifiers of ketone hydrogenation, such ag3a)] A. Tungler, T. Tarnai, T. Mathe, J. Petro, J. Mol. Catal. 70 (1991) L5.
cinchona alkaloids and 1-(1-naphthyl)ethylamine derivatives|24] E. Sipos, A. Tungler, I. Bitter, J. Mol. Catal. 198 (2003) 167.

in which the aromatic ring is responsible for adsorption and thd25] G. Szollgsi, C. Somlai, P.T. Szabo, M. Bartdk, J. Mol. Catal. A: Chem. 170

X U : : : . (2001) 165.
amine function is responsible for interacting with the ketone. [26] A. Marinas, T. Mallat, A, Baiker, J. Catal. 221 (2004) 666,

[27] R. Schmid, Chimia 50 (1996) 110.
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