Notes

CplcO), oy
a b
3a:R=To! 5b : R=CO,Et
43 : R=H
83 : R=CO,E(

With the two alkynes [R=H or Tol (=p-CsHMe)] only sy-
mmetrical isomers (3a and 4a) are formed, while both sym-
metrical (5a) and unsymmetrical (5b) isomers are obtained
with an electron-withdrawing alkyne (R=CQ;Et). The 'H-
NMR spectra of symmetrical isomers 3a, 4a and Sa reveal
that both substituents R, in an alkyne are equivalent. With
the tungsten analogue of 5b, two distinct ethyl groups of
resonances were observed in the '"H-NMR spectrum, indica-
ting its unsymmetrical structure”> The unsymmetrical nature
of this tungsten analogue is due to an unsymmetrical ligand
arrangement with respect to the tungsten atom. The 'H-NMR
spectrum of 5b at room temperature, however, exhibits a
single resonance for the two ethyl groups. This may indicate
that two ligands, a carbonyl and a cyclopentadieny! ligands,
on the molybdenum atom uncergo a fast two-fold exchange
at room temperature. The close similarities of the carbony!
regions of the IR spectra between the tungsten® and molyb-
denum complexes indicate the structural correspondence in
the various alkyne clusters.

The diary! alkyne WOs; clusters were reported to undergo
scission of the alkyne ligand to provide dialkylidyne com-
pounds? However, attempted alkyne scission reaction with
compounds 3a, 42 and 5a did not produce any alkyne scis-
sion products and only resulted in extensive decomposition
of the starting materials. The symmetrical isomer 5a isome-
rizes to the unsymmetrical isomer 5bh upon heating. Kinetic
measurements for the isomerization 5a—>5b were carried out
at 80C by 'H-NMR spectroscopy. Crystals of 5a were dis-
solved in toluene-ds in an NMR tube, and signals due to
Sb were observed to grow in as a function of time. Relative
concentrations of the two isomers were measured by integra-
tion of the peaks at § —2129 due to p-H of 85a and at §
—21.57 due to p-H of 5b in the ‘H-NMR spectrum as is
shown in Figure 1. The two isomers are in equilibrium, and
analysis according to reversible first order kinetics gives
good fits of experimental data: K,,=[5al/{5b]=0.749+ 0.004,
k=422 023)X107* s71, &=(L81+x10)X107* s~', and %_,
=(241+0.13)X107¢ 57! (see Figure 2). These data compare
with k={d.1£ 02)X 1075 s7! at 100C reported in the irreve.
rsible isomerization of CpWOss (COlolps-n*CACOE): J(p-11)
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In relation to the materials design, plenty of chemical and
physical properties of alloys depend makedly on natures of
surfaces and interfaces. Nowadays it is necessary to under-
stand the relationship between externally controllable factors
such as the bulk composition, temperature and ambient con-
ditton, and surface properties such as the surface compositon,
surface structure and chemical activity. In particular, the in-
formation about the surface composition of alloys is of great
importance. Generally surface composition of the alloys great-
ly differ from bulk, so called surface segregation. Reactions
involved in the catalysis, oxidation, corrosion, efc. are known
to be sensitive to surface composition.! ® Therefore charac-
terization of alloy surfaces with respect to composition and
reactivity is essential for understanding surface chemistry
and for controlling materials performance,

In this note, first, surface composition is predicted based
on unified model. Second, surface composition of four Cu-
Mn alloys has been followed by means of X-ray photoelectron
spectroscopy (XPS), one of the well established surface char-
acterization techniques, as a function of annealing in ultra
high vacuum and oxygen chemisorption.

Model Prediction of Surface Compositon
of Cu-Mn Alloys

If there is no phase separation and no ordered phase in
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Table 1. Thermodynamic Properties of Cu, Mn, and Cu-Mn

A.“st'-n
Thermodynamic properties Cu Mn Cu-Mn Alloys
Crystal structure fee foc
Surface energy (mJ/m?
Experimental (averaged) 1327 1100
Miedema model 1850 1600
Heat of sublimation (kJ/g-at) 3368 2833
Meiting point (C) (averaged) 1083 1244
Molar volume {cm®/mole)
Miedema model 37 38
Bulk modulus (kg/cm?®X10% 1.355 0.6083
Shear modulus (kg/cm?X10% 046 0.78
Atomic radius (&) 128 112
Bond strength (kJ/mol) 343 402
Heat of solution (k}/mole)
Miedema 14

the bultk of a binary alloy, A-B (solute A and sevent B),
surface concentration can be related to bulk concentration
through the following equation, assuming negligible change
in entropy.'4®

5 ]
= el = ) ®
where X, and Xz are the concentrations of 4 and B in the
bulk, X and X those on the surface, and AH,, the heat
of segregation or the enthalpy change when one gram-atom
of A in the bulk is moved to the surface.

For the first time, the unified model is proposed and uti-
lized to estimate the heat of segregation.

AHM=§[§' (Yu—Yp) V& —H (A, B)]

_ 6K Grars(ra—7s)?
3Kry+4Grg

The model consists of four contributions related to the sur-
face energy (Y), heat of solution (H.), atomic size (), and
chemisorption energy (E). Further details of the terminology
in Eq. (2) can be found in the references.’™’

Surface composition profile of Cu-Mn alloys can be semi-
quantitatively predicted from available thermodynamic values.
Thermodynamic properties of copper, manganese and Cu-Mn
alloys are given in Table 1. Of course, wide variance in the
thermodynamic quantities from the literature requires criti-
cal selection and estimation.®~!! Based on the unified model,
the heats of segregation were estimated. Calculated surface
composition is plotted as a function of butk composition for
Cu-Mn alloys at 500, along with experimetal data, in Fig-
ure 1. Figure la predicts the first layer composition of man-
ganese as a function of bulk composition for the clean sur-
faces. The enhanced enrichment in manganese of the surface
layer when 0.1 monolayer oxygen is covered on the surface
is shown in Figure 1b.

For the clean surfaces, the estimated AH,, —186 kJ/
mole, is well compared with —17 kJ/mole calculated from
the empirical relation given by Seah.® The surface enrich-

+(Za Eac On—25 Epc 05) (2)

Notes

Surtace Mole Fraction of Mn
0.5

0 0.5 1
Bulk Mote Fraction of Mn

Figure 1. Surface composition of Cu-Mn alloys using the unified
Miedema model at 500C : (a) in vacuum {(theoretical), (b} with
0.1 monolayer oxygen coverage (theoretical), (c) on segregation,
(@) in vacuum (experimental), (O) with 0.1 monolayer oxygen
coverage (experimental).

ment of manganese for the clean Cu-Mn alloys is associated
mainly with difference is the surface energies of copper and
manganese {—12.7 kJ/mole). Contributions of the heat of so-
lution of Cu-Mn alloys and difference in the atomic sizes
of copper and manganese to the heat of segregation of Cu-
Mn alloys (—34 and —2.6 kJ/mole, respectively) are not
very critical. However, a contribution of oxygen interaction
with the alloy surfaces to the heat of segregation (g, —86.0
and —11.9 kJ/mole for 0.1 and 0.2 monolayer oxygen cove-
rage, respectively} is quite crucial, depending on oxygen co-
verage, and is a main driving force of the manganese segre-
gation in the presence of oxygen.

XPS Measurements of the Surface Composi-
tion of Cu-Mn Alloys

Cu-Mn alloys were prepared by an arc meltig device from
copper shot (99.9999%, Johnson Matthey) and manganese
flake (99.995%, Johnson Matthey). The alloys were abraded
with sandpaper (600 grit alumina) and polished successively
with 30, 15, 6 and 1 pm diamond paste. The alloys were
found to be homogeneous after several remelting and turning
cycles. The alloy samples examined were Cu-Mn (10%), Cu-
Mn (33%), Cu-Mn (50%), and Cu-Mn (67%). Research-grade
oxygen (Ashland Chemical) and sputter-grade argon (99.9999%,
Scott Environment Technology) were used and manipulated
in an ancillary chamber attached to the analytical chamber.
Each alloy surface was cleaned by sputter bombardment with
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argon jons at the pressure of 5X107% Torr and ion energy
of 2500 eV for 30 min. Subsequently the alloy was subject
to annealing at 500C in ultrahigh vacuum for 1 h, and then
its XPS spectra were obtained. After admission of 0.1 mono-
layer oxygen, immediately specta were taken to study initial
adsorption phenomena. XPS spectra were taken with an elec-
tron spectrometer (PHI Model 548) equipped with a data
processing system. The spectral areas determined by compu-
ter integration were corrected for instrumental parameters,
photoionization cross-section, and difference in electron mean-
free-paths. The results were quantitatively interpreted with
a novel calibration method.® The experimental data in Fig-
ure 1 indicate that the surface becomes enriched with maga-
neses by annealing in vacuum and that the adsorption of oxy-
gen on the annealed surface causes enrichment. This is in
qualitative agreement with those of the model predictions.
Upon adsorbing oxygen, the observed manganese segregation
seems to be induced not by the initial stage of oxidation
(or the surface oxide formation), but mainly by the oxygen
chemisoption. It is supported by the fact that any surface
oxides were not observed at 530 eV right after the adsorp-
tion of oxygne on the annealed surface. For the clean surfa-
ces, the heat of segregation of —15.2% 14 kJ/mole was ob-
tained from the slope of Arrhenius plot of XPS data and
is closed to the estimated value.

Cu-Mn alloys have attracted great scientific and technolo-
gical interest due to their strong activity in CO oxidation,
unusually high mechanical damping characteristic, and rever-
sible shape memory effect. Nevertheless, surface segregation
for Cu-Mn alloys has never bee studied with the exception
of Hedge et al’* They obtained the heat of segregation of
—25 KkJ/mole for Cu-Mn (5%) alloy from Arrhenius plots
of the Auger and XPS data. It appears to be exaggerated
compared with the model estimation and XPS measurements
here, probably due to the surface oxide formation. Since the
initial monoxide formation begins even at 2 L exposure, spe-
cial attention should be paid to designing experimentation.

The unified model presented here provides a meaningful
semiquantitative framework for describing the surface segre-
gation of alloys, as demonstrated by XPS measurements, and
could be generalized and extended to other alloy systems.
It is useful for estimating the surface compositionn versus
bulk composition profiles, to get a first approximation to sur-
face compositon for verification and interpretation of experi-
mental results, and to predict general trends in materials
performance.
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Asymmetric reduction of ketones with baker's yeast (Sac-
charomyces cerevisiae) is significantly being recognized as a
useful method to obtain chiral building blocks for the synthe-
sis of natural products’. f-Ketoesters are the extensibly stu-
died as the substrates of baker's yeast reduction®, But the
studies on the baker's yeast reduction of 2-methyl-3-oxopen-
tanoate to the corresponding chiral hydroxyester have been
limited until now®, ’

Recently, our laboratory reported the baker’s yeast reduc-
tion of alkyl 2-methyl-3-oxopentanoate to the corresponding
anti-2-methyl-3-hydroxy-pentanoate with relatively low enan-
tioselectivity (34-66% e.e.) in spite of high diastereoselectivity
(93-99%)".

Therefore, to improve the enantioselectivity of the bhaker's
yeast reduction, we replaced ester group of 2-methyl-3-oxo-
pentanoate with 1, 3-dithian-2-yl group®.

In this paper, we wish to report the highly diastereo-and
enantioselective reduction of 2-(1,3-dithian-2-yl)-pentan-3-one
1 with baker’s yeast to prepare 2-(1,3-dithian-2-yl)-pentan-3-
ol 2a as a novel chiral building block (Scheme 1).

The starting material 1 was prepared by thioacetalization
of 3 with propanedithiol and BF; © Et;0° followed by Swern
oxidation of 4 with DMSO-TFAA’ (Scheme 2)%

A typical procedure of the baker's yeast reduction is as



