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Absiract: Reduciion of aryl a-halomethyl ketones 5a-d and 7a-h and a-hydroxymethyl ketones 10a-b by
Georrichum sp. 38 affording mostly the anti-Prelog alcohols was reported and the stereoselectivities of the

reductive products were discussed. © 1998 Elsevier Science Ltd. All rights reserved.

A(‘"mmﬂ'f‘;f‘ r‘:r"l‘l‘f‘lf\“ (\‘“‘ N,L\O‘ﬂmﬁf"\ ‘ nr k VI""I‘ * ‘ ‘/ * nooc 1 1
ASYyMmMEriC réGuclion o1 d-naiomeinyi of 3 YIeiny: KCones 1s pctemlaﬂ" a useful process 1o obtain

compounds of biological interest.' In this regard, it constitutes an important part in the synthesis of
pharmaceutical products’ such as the substituted 2-amino-1-arylethanols. For example, (R)-denopamine (1) is
the first orally active and long acting positive inotropic agent;’ d-sotalol (2) is a $-block that has anti-arrhythmic
properties;* (R)-(-)-clorprenaline (3) is a P,-agonist that is effective for the treatment of diverse disease states

such as bronchitis and asthma;’ R, 25-8210 (4) have been used to prepare inhibitors of the matrix
metalloproteinase stromelysin 1.°
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In recent years, this area has been quite extensively investigated by using chemical and biological methods.
While the chemical reduction by using such as chiral metal hydrides’ and chiral organoboranes® constitutes a
powerful tool, among the most acceptable methods, the biotransformations are undoubtedly considered as
powerful accesses due to, in most cases, the high enantio- and chemoselectivities, milder and environmentally
compatible reaction conditions. Baker’s yeast’ and other microorganisms or enzymes'® were used to reduce
some a-haloaryl ketones. However, most of these reductions generally follow the Prelog’s rule'' in sense of the

outcome of stereochemistry.
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subsequently, ~ using Geofrichum sp. 38, a high reductive fungus which was obtained by screening tests from a
large number of cultures. In this work, Geotrichum sp. 38 has been employed in the reduction of aryl a-
halomethyl or a-hydroxymethy! ketones in order to synthesize enantiomers of some important pharmaceuticals.
An anti-Prelog reduction is described and the stereochemical outcome of this reduction is discussed.

ESULTS AND DISCUSSION

~. S/ md Fo OO =/

To examine which haloacetophenone is accessible for Geotrichum sp. 38 reduction, the reduction of different
a-halogenated acetophenones 5a-d in two different incubation media was performed: medium A: tap water
without addition of glucose and medium B: 5% glucose solution in tap water. In the meantime the baker’s
yeast" reduction (medium C) was carried out for comparison. The results were shown in Table 1. a-Fluoro and
(+)-2-fluoro-1-
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(entries 4 and 5). In these two cases, the Geotrichum sp. 38 reduction was superior to baker’s yeast (entries 3
and 6) both in chemical yields and enantioseiectivities. a-Bromo and o-iodoacetophenones (5¢) and (5d) were
reduced by Geotrichum sp. 38 to (§)-(+)-2-bromo-1-phenylethanol (6¢) and (S)-(+)-2-iodo-1-phenylethanol (6d)
respectively but both in poor yield. The yield was 10 to 15% for 6¢ (entries 7 and 8) and ca. 3% for 6d (entries
10 and 11), though the ee of the resulting bromohydrin 6c was 80 to 94%. The low chemical yields of bromo-
and iodohydrin with Geotrichum sp. 38 mediated transformation are similar to those of the control experiments
with baker’s yeast. However, our results were much different from those reported by Carvalho er al. They
obtained nearly quantitative mixture of acetophenone and (S)-(-)-1-phenylethanol in the reduction of o-
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Scheme 1
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Tabie 1. Comparison of Reduction of a-Haloacetophenones 5a-d with Geotrichum sp. 38 and Baker’s yeast

entry X medium®  reaction time yield ® ee”’ lalp config.
/h /% /%
1 F A 15 80 70 45° S
2 F B 15 65 75 47.3° S
3 F C 24 55 (14)° 35° -18.4° R
4 Cl A 1 80 87 49.3° S
S Cl B 15 86 874 52.1° S
6 Cl C 24 6 (40)* 68° -32.9° R
7 Br A 15 10 (20)° 80 47.3° S
8 Br B 15 15 (25)¢ 94 49.8° S
9 Br C 28 ~0 (15)° - - -
10 I A 24 3(23) _ 25.9° S
11 I B 24 3 (20)° _ 11.4° S
i2 I C 24 ~0 (12)¢ —~ - -

* Medium A: Geotrichum sp. 38 in tap water; medium B: Geotrichum sp. 38 in 5% glucose solution; medium C: baker’

yeast in 20% glucose solution. ® Isolated yield. ¢ Determined by chiral HPLC analysis. ¢ Yield of recovered substrate. ©
Based on the specific rotation,

reduction (medium A and medium B) are u ifiguration, while those obtained hv baker’s yeast
(medium C) are R configuration. Therefore taking into account that the halomethyl moiety is “effectively
PIOURET WG, L IPE TSR TR, TASU: ISR JPR | | S T, PRURPRE LIPS RN DS IR oINS APIS DRGNP PRI - oG Py a
smaller” than the phenyl moiety,™ Geotrichum sp. 38 mediated reduction of a-haloacetophenone afforded the

anti-Preiog halohydrin product.

As shown in Table 1, a-chloroacetophenone (5b) is the best substrate for Geotrichum sp. 38 reduction of «-
haloacetophenone in the sense of both chemical and optical yields of the product and the results were not much
influenced by the reaction medium A or B.

Thus, the reduction of some substituted aryl a-chloromethyl ketones was further investigated in order to
obtain more information. Several substituted aryl a-chloromethyl ketones 7a-h were prepared by conventional

methods, ie., Friedel-Crafts reaction for 7a-e;' Nierenstein reaction for 7f-g;'" monochlorination of o-
chloroacetophenone with sulfuryl chloride for 7h.'® The incubation of 7a-h was carr*ed out with Geotrichum sp

Reduction of a-chioro-p-hydroxyacetophenone (7a) with Geotrichum sp. 38 was taking place slowly. After
incubation for 24h, only 15% yield of (S)-2-chloro-1-(4-hydroxyphenyl)-1-cthanol (8a) was afforded, though in
high enantiomeric excess. Most of the substrate 7a was recovered after flash column chromatography (entry 1).
The slow rate of conversion might be rationalized by the existence of phenol moiety in the substrate causing
toxicity to the microorganism. Thus, the corresponding acetate (7b) was prepared and subjected to microbial
reduction. However, to our surprise, the acetate group was hydrolyzed during the reduction of the oxo group of
7b. The yield and ee of 8a were 33% and 98% together with 28% of the hydrolyzed product 7a after incubation



for 24h (entry 2). The absolute configuration and ee of 8a were deduced by comparing its specific rotation with
that reported in the literature.” The low yield could be overcome by converting the phenol group in 7a to its
methylether (7¢). Thus, a-chloro-p-methoxyacetophenone (7¢) was readily reduced by Geotrichum sp. 38 to
(8)-2-chloro-1-(4-methoxyphenyl)-1-ethanol (8¢) in 76% yield and 90.5% ee (entry 3). The enantiomeric excess
was determined by chiral HPLC analysis and the S configuration was assigned by comparison of the authentic
(S)-1-(4-methoxyphenyl)-1-ethanol'® with that generated by dechlorination of the chlorohydrin (S)-8¢ with

tributyltin hydride and 2,2’ -azoisobutyronitrile (AIBN). a,p-Dichloroacetophenone (7d) could also be reduced.

0,
though the conversion was taken place at slow rate, to produce the corresponding chlorohydrin 8d in 96.6% ce
. : N

JK/ c1  Geotrichum sp. 38 Al ~J
Ar Ar Ar
7 8 9

a.m=HOO;b,M=Ac0©;c,m=CH3O@:¢m=CFO;

A YV Wa¥aYal

e Ar=CHsONH-{_ it pr- O N s g A0S
~ \—/

ARy £Ad

Scheme 2

Table 2. Reduction of Substituted Aryl a-Chloromethyl Ketones 7a-h with Geotrichum sp. 38

entry substrate reaction time yield o ee [als config.
/n - /% ! %

1 Ta 24 15 (70°) >08° 28.7° S
2 7b 24 [33] [28°] >08¢ 27.5° S
3 Te 17 76 (5%) 90.5' 40.2° A
4 7d 24 42 (15%) 96.6' 44.2° A
5 Te 48 60 (20°) 87" 28.1° S
6 7t 13 90 (<3%) >98" 27.2° st
7 7g 18 91 (<3% 81' 26.2° S
8 7h 20 30 (40" 7' -2.6° R

* Isolated yield. ® Yield of recovered substrate. © Based on the specific rotation reported in the literature". ¢ The isolated

product was 8a. ¢ Yield of the hydrolyzed product 7a. " Determined by chiral HPLC analysis. * Assigned, after
converted into p-methoxyphenylethanol, by comparison of the sign of the specific rotation with that reported in the
literature’. * Based on the specific rotation,”” after converted into the corresponding epoxide. ' Determined after
transformed into the corresponding epoxide. '**

as determined by chiral HPLC analysis (entry 4). The absolute configuration of 8d was assigned after converted
into the corresponding epoxide (9d)" by treatment with sodium hydroxide. Similarly, 7e was also reduced to

afford (S)-N-(4 (1-hydroxy-2-chloroethyl)phenyl)methanesulfonamide (8e) in 87% ee (entry 3).

Recrystallization of 8¢ from methylene chloride-hexane imp proved the ee up to 93%. Chiral 8e is a potential



intermediate for chemical synthesis of d-sotalol (2)* which possesses an acidic methylsulfonanilide moiety and
exhibits an interesting class III electro-physiological property that is effective against ventricular arrhythmia.*
The nitrophenyl analog (7f), a strong electron withdrawing substituted compound, was smoothly reduced by
Geotrichum sp. 38 to afford the corresponding (S)-alcohol (8f) in high yield and optical purity (entry 6). The
absolute configuration and ee of 8f were deduced by converting into the epoxide (9f)' in the similar manner as
that of 8d. Pyridinyl a-chloromethyl ketone (7g) was also readily reduced to provide the corresponding (S)-
chlorohydrm (8g) in 91% yield and 81% ee (entry 7). The ee value can be improved to more than 99% by
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ne enaniiomerica y enriched material.

almost racemic, and tt

Chiorohydrin (5)-(8g) was converted to the corresponding epoxide (9g), upon treatment with sodium hydride,
which was used to prepare (S)-(-)-R, 25-8210 (4) according to the known procedure.”” When o.0-
dichloroacetophenone (7h) was incubated with Geofrichum sp. 38, to our surprise, the isolated chlorohydrin
(8h) was in low ee and R configuration (entry 8). This is so far the only outcome against with the previous
results that the aryl o-halomethyl ketones were reduced by Geotrichum sp. 38 to afford the anti-Prelog
halohvdrins (S-enantiomer).

seotrichum sp. 38 provides useful synthetic intermediates 1,2-diols,

droxy ketone G um sp useful synth itermediat
whichisan ahemanve appreach to ualoh"drms accessible from a-halo ketones
X OH

10 L
a X=H,R=H; a X=4
b X=CLR=H; bX:Ci
¢ X=H,R=Ac;
d X=CLR=Ac

Scheme 3

Table 3. Biotransformation of Ketones 10a-d Using Geaotrichum sp. 38

entry  substrate  reaction time product yield ® ee” el config.
/n 170 /7o
1 10a 16 11a 60 91.3 37° S
2 10b 15 11b 77 60 -51.6° R
3 10b 20 11b 81 65 -45.3° R
4 10¢ 16 11a 15 (719 88.6 36.8° N
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5 10d 15 1ib* 25% 66 -56.5

(
" [solated yield. ® Determined by chiral HPLC analysis. © Using calcium alginate-immobilized cells’. ¢ Yield of
recovered substrate. © With iess than 3% yieid of 10b was isolated.



Incubation of phenacyl alcohol (10a) and o-chlorophenacyl alcohol (10b) with Geotrichum sp. 38 proceeded
smoothly (Scheme 3). The corresponding (S)-phenylethanediol (11a) obtained in 60% yield and 91.3% ec was
the § configuration which is in accord with anti-Prelog’s rule exhibited by Geotrichum sp. 38 reduction. To our
surprise, the reductive 1,2-diol 11b was obtained in 77% yield and 60% ee and the configuration is R.
Incubation of 10b with calcium alginate-immobilized cells produced 11b in similar outcome except in a slightly
higher ee (65%). These results were summarized in Table 3 (entries 1 to 3).

The effect of chlorine atom at ortho-position of the phenyl group in 10b leads to the opposite
3 vl 1 1 . A bt AL T V.
stereoselectivity and low optical purity of the product 115, which is as same as the result of reduction of 7h. In

Y
general, the poor stereoselectivity in using intact cell for catalytic reduction of ketones may be caused by two

factors. Firstly, the reduction process could be affected by a single enzyme but with different

stereoselectivity.””** Secondly, it may be due to participation of more than one oxidoreductase in intact cells

35 In most cases, it turned out that the

which generates alcohols of opposite configuration at different rates.’
poor enantioselective reductions emanated from the combined action of competing enzymes exerting in intact
cells.” These two factors can be readily distinguished from each other by conducting the reduction at different
substrate concentrations as the enantioselectivity of the competing oxidoreductases will be influenced by

changes in substrate concentrations.® Incubation of the acetates 10¢ and 10d with Geotrichum sp. 38 led to the

products 11a and 11b respectively as shown in Table 3 (cntrleb 4 and 5) The conversion rates of 10c and 10d
A : 1.
(94

were performed with 10a and 10b. Moreover, the intermediates 12a and 12b were not found durmg the whoie
incubation of 10c and 10d. while a little (ca. 3%) hydrolyzed intermediate 10b was isolated after incubation of
10d. These indicated that the acetates 10c¢ and 10d were firstly hydrolyzed mediated by enzyme(s) in
Geotrichum sp. 38 to 2-hydroxy ketones 10a and 10b which were subsequently reduced to 1,2-diols 11a and
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a, X=H;
b, X=Cl

11b respectively. This biotransformation procedure is different with that mediated by baker’s yeast.”’
Obviously, the substrate concentrations of 10a and 10b in direct incubation and in incubation of 10¢ and 10d
during which 10a and 10b were generated in situ are different. As a result, though two different incubations led

to the same configuration of the products 1la and 11b respectively, there are slight enhancement of the
enantioselectivity to the R enantiomers (60% to 66% for llb) d a little drop of the enantioselectivity to the S
enantiomers (91.3% to 88.6% for 11a). Therefore, we can deduce that the opposite configuration of the products

of
iia and i1b and the low optical purity of 1ib resuited from the combined action of competing enzymes in the
whole cells which generate alcohols of opposite configuration at different rate.
(R)-1-(2-Chlorophenyl)-1,2-ethanediol (11b), generated by reduction of 10b with calcium alginate-
immobilized Geotrichum sp. 38, can be recrystallized from methylene chloride and its ee was improved to over
85% determined by chiral HPLC analysis. It is interesting to mention again that the initial crystals that formed
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in the crystallization were nearly racemic and the mother liquor contained the enantiomericaily enriched
material. Selective tosylation of the primary hydroxy group of 11b followed by treatment with alkaline gave the
epoxide (R)-13 in 85% yield, which then treated with isopropyl amine to provide (R)-clorprenaline (3) in 92%
yield (Scheme 4).
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Scheme 4. Reagents and conditions: i. Inmobilized Geotrichum sp. 38, 5% glucose, 30 °C, 20h. 81%;

ii. a) TsCi/ Py, 0 °C; b) NaOH / MeOH. 85%; iii. a) NH,CH(CH,),; b) HCi / MeOH. 92%.

In conclusion, we have shown that reduction of aryl a-halomethyl or a-hydroxymethyl ketones (5a-d, 7a-g)
and (ida) with Geotrichum sp. 38 led to anti-Preiog halohydrins or i.2-diol with § configuration.
Unexpectedly, reduction of o-chlorophenacyl chloride (7h) or the alcohol (10b) led to product with R
configuration and in low ees. These results might be explained by that there are more than one oxidoreductase
in the intact cells which produced alcohols of opposite configuration at different rate as indicated by incubation
of acetates 10¢ and 10d with Geotrichum sp. 38. However, as whole-cells systems are very complicated and

further identification by isolating these oxidoreductases is in progress.

All melting points are uncorrected. IR spectra were recorded on a Shimadzu IR-440 spectrometer. EI mass
spectra (MS) were run on an HP-5989A mass spectrometer and high resolution mass spectra (HRMS) were
recorded on a Finnigan MAT-4021 instrument. 'H and '"F-NMR spectra were recorded on a Varian EM-390 or
a Bruker AMX-300 spectrometer with tetramethylsilane as the internal standard for 'H and CF,COOH as the
external standard for "’F. Chemical shifts are reported in ppm and J are in Hz. Optical rotation were measured
on a Perkin-Elmer 241 polarimeter. HPLC was carried out using Chiralcel OD or OJ, and Chiralpak AD (0.46

cm¢ x 25 cm) detected at UV 254 nm. TLC were carried out usmg HSG F,., silica gel plates and silica gel (200-

prepared according to the procedures reported. o-Chloroacetophenone was purchased from TCI (Tokyo) and
other reagents were commercially available from local stores.

Baker’s yeast was from the local beer corporation.

Preparation of a-floroacetophenone (5a)
18-Crown-6 (264 mg, 1 mmol) and potassium fluoride (1.8 g, 30 mmol) were dissolved in dry acetonitrile (5
mh A ftor the mivture wae ctirred for 30 min at 90°C g-hromoacetonhenone (3.0 o. 15 mmol) was added and
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then the mixture was stirred for additional 10h. After cooling, ether (30 ml) was added and the salt was removed

W
R
wh



by filtration. The organic layer was washed with water and dried. Removal of the solvent and distillation under
reduced pressure gave 5a as a colorless oil, 1.7 g (yield 85%), bp 110-112 °C / 20 mmHg (lit.” bp 94-95 °C / 12
mmHg).

Preparation ())‘“6~(chlor0acetyl)—Z-pyridinecarboxylic acid methyl ester (7g)

g) prepared from 2,6-
(15 ml) was added

1839 283

)
"

no

e resultant solution was stirred for 30 min. at 0°C, then warmed to room temperature. After standing
overnight, 12 mi of concentrated hydrochloric acid (12M) was gradually added to the reaction mixture cooled in
an ice-bath with stirring. After the evolution of nitrogen had ceased, water (20 ml) was added. The organic layer
was separated and the water phase was extracted with ethyl acetate (20 x 3 ml). The combined organic layers
were washed with brine, dried, filtered and concentrated in vacuo. Purification by chromatography with
petroleum ether-ethyl acetate (10:1 to 5:1), provided 7g (2.0 g. 85%) as a white solid. mp. 97-98°C. IR (KBr)
3100, 2950, 1730, 1440, 1390, 1330. 1270, 1210, 1160, 1140, 1080, 1010, 1000, 770 cm™; '"H-NMR (90 MHz,

CDCL,) & 4.1 (s, 3H), 5.2 (s, 2H), 8.0-8.5 (m, 3H); HRMS caled. for (C,H,CINO,)" 213.0193, found 213.0229.
Doionizznrztirsin ik Y rncinvss 1 7Y alalcecade aoae d) sade esa ns 10 1n,1\
rrepurudiiorn of < ~dcCeic AY=1={£=-CHiOrg, ﬂﬂf’yl CLRanor 1uva)
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To a solution of o-chloroacetophenone (7.7 g. 50 mmol) in 100 mli of glacial acetic acid at room temperature
was added bromine (2.6 ml, 50 mmol) in 10 ml of glacial acetic acid over a period of 1h, and the resulting
solution was stirred at room temperature for 25h. After removal of most of the acetic acid in vacuo, the reaction
mixture was poured into 100 ml of water and extracted with methylene chloride (50 x 4 ml). The combined
extracts were washed with water, 5% aqueous NaHSQO, and water, then dried. After removal of the solvent, the
residue was distilled under reduced pressure to yield o-chlorophenacyl bromide 9.3 g (81%), bp 105-108 °C / 1
mmHg. 'H-NMR (90 MHz, CCl,) § 4.5 (s, 2H), 7.2-7.6 (m, 4H); MS m/z (rel. intensity): 233 (M, 4.64), 141

(52.27), 139 (100), 111 (20.35)

2-Acetoxy-1-(2-chlorophenyl)ethanone (10d) was prepared in a same manner as 10e from o-chlorophenacyl
bromide (7.0 g, 30 mmol).”’ Purification by chromatography with pctro]cum ether-ethyl acetate (10:1 to 5:1)
obtained 10d 5.5 g (86%) as a colorless oil. IR (film) 1760, 1720 cm™; ‘H-NMR (90 MHz, CCl,) § 2.2 (s, 31).
5.1 (s, 2H), 7.2-7.5 (m, 4H); MS m/z (rel. intensity): 213 (M+1)", 141 (38.40), 139 (100), 111 (19.52), 43

(14.13). Anal. Calcd. for C,;H,ClO;: C, 56.48; H, 4.26. Found: C, 56.23; H 4.25.

Preparation of 2-hydroxy-1-phenylethanone (10a) and 2-hydroxy-1-(2-chlorophenyl)ethanone (10b)

To a solution of the acetate (10¢-d) (12 mmol) in 30 ml of methanol was added eight drops of concentrated
hydrochloric acid (12M). The mixture was stirred at 60 °C for 4h. After removal of most of the methanol in

L

concentraied. Purification by chromatography with petroleum ethe‘r‘-etuyi
10a 1.5 g (90%) as a white solid. mp. 89-90 °C {lit."' mp. 89.5-90.5 °
NMR (90 MHz, CDCl,) & 3.5 (bs, 1H), 4.8 (s, 2H), 7.2-7.9 (m, SH); MS m/z (rel. intensity):
105 (100). Anal. Caled. for C;H;0,: C, 70.57; H, 5.92. Found: C, 70.58; H 5.7.
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Z.-L. Wei gt al / Tetrahedron 54 (1998) 13059-13072 13067
i0b 1.6 g (80%) as a coloriess oii. iR (fiim) 3400, 1710, 1600, 1440, 1290, 1060, 980, 760 cm™; 'H-NMR (90
MHz, CCl,) 6 3.7 (bs, 1H), 4.9 (s, 2H), 7.5-7.9 (m, 4H); MS m/z (rel. intensity): 171([M+1]", 11.44), 141

(62.21), 139 (100), 111 (20.15), 43 (26.83).

General procedure for biotransformation of 5a-d, 7a-h, 10a-d with Geotrichum sp. 38
Geotrichum sp. 38 was cultivated on: glucose (100 g), yeast extract (10 g), urea (1 g) and tap water making
up to | liter. After 2 days of culture at 30 °C on a reciprocating shaker set at 120 rpm, cells were harvested hy

Ed
2 600 o for 30min. washed with () 804 hrine and then were uced for hiotrancforma
or 2Umin, wasned wiin .87 dring, ang then we sed for biolranst !

centrifuoation 3 1on etndieg

centniugation at L,0U0 g , ang then were u; 1 ) ormation studies
Wat mveralinnm (18 o) twna aiuamandad im fam wxatas fmeadines ol Frr Eo AN v i £0/ cliaamoan crlitiaas
wEel myceiium (15 g) was SuUspenaea in tap walcr (ineaium A, o iy 100 Sa-aj OF iin 570 gruCoSe SO1ution

(medium B) (50 ml). The substrate (1 mmol) in 0.5 ml of DMSO (if it is solid) was added slowly. The mixture
was shaken at 30 °C until compietion of the biotransformation monitored by TLC. The mycelium was filtered
out and washed with ether or ethyl acetate. The filtrate was saturated with sodium chloride and extracted with
ethyl acetate or ether (50 x 3 ml). The combined extracts were washed with brine, dried, filtered and evaporated
under reduced pressure. The residue was purified by chromatography to give the corresponding alcohols. The

yields, the enantiomeric purity and the absolute configuration of the products are summarized in Table 1-3.

(S)-(+)-2-Floro-1-phenylethanol (6a)

Colorless oil. By medium A: 70% ee, o] 22 450 (+ 12 CHCLY hy modinm R 780, an 1 2 4730 (01

Colorless oil. By medium A: laly™ 45° (¢ 1.3, CHCL); by medium B: 75% ee, [a],™ 47.3° (¢ 1.6,
MTIM 14+ Ia T~.1 23 £ M0 a1 &€ MNITIMT N 7DVY I 71\ 2ANN INCEN YNNN 1A4LN 1NOoN 1NtTN 1NN ,.--“ IYI
iy ). 11t lU.JD =JJ.L L 1.0, Lzﬂ\.«lg) \l\)} 1IN (111HIL) J9UU, JUOU, JUUU, 140U, 1UOV, 1VIU, /UU L1 -
NMR (300 MHz, CDCl;) 6 3.08 (bs, 1H), 4.41 (double dd, iH, J = 47.5, 9.6, 8.2 Hz). 4.49 (double dd, I1H.J =

47.5,9.6. 3.4 Hz), 4.97 (double dd, 1H, J = 14.4, 8.2, 3.4 Hz), 7.36 (s, SH); '* F-NMR (CDCl,) & 145 (td. J = 47.
14 Hz); MS m/z (rel. intensity): 140 (M, 4.75), 107 (100), 79 (71.7), 77 (44.39). The enantiomeric excess was
determined by HPLC analysis using Chiralcel OD (eluent, hexane : 2-propanol = 9:1).

(S)-(+)-2-Chloro-1-phenylethanol(6b)
Colorless oil. By medium A: 87% ee, |a];” 49.3° (c 1.73, cyclohexane); by medium B: 87.4% ee, [aly’
7? cve i

3,
vy MmIUnvAGLH
1

1070, 705 cm™';

(>, ]

2.1
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{dd, iH, J = 8. 6 (m, 5H); MS my/z (rel. iniensity): 156 (M, 2.53), 10
77 (32.24). The enantiomeric excess was determined by HPLC analysis using Chiraicel OJ
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ii.1, 3.5 Hz), 4.9i1
(100). 79 (51.10), 7

(eluent, hexane ; 2-propanol = 9:1).

(S)-(+)-2-Bromo-1-phenylethanol (6¢c)
Colorless oil. By medium A: 80% ee, [a],> 47.3° (¢ 1.3, CHCL,); by medium B: 94% ee, [a],” 49.8° (¢ 1.3,
CHCL). {lit.™ [a],* -39.7° (c 8.4, CHCL,) (R)}. IR (film) 3400, 3050, 2980, 1460, 1065, 705 cm™; 'H-NMR

(300 MHz, CDCL,) § 2.66 (bs, 1H), 3.55 (dd, 1H, I = 10.2, 9.0 Hz), 3.66 (dd, 1H, ] = 10.2, 3.3 Hz), 4.93 (dd,
IIT T—QON 22ATT\ 727K £ &TITV NMQ s/ fual intancitol INN AT N OKY 107 A100Y T7Q (AN M T7 (D KD
Ir, J=— 7.0, 2.2 114), /.07/.0 {ill, 11}, IVLO LV L \1UL, IMWCLIDILY J. LUV UYL , V. 7J ], lUI VLVVU ), 77 \TU.JV ), 77 \(&d.OV)
1 1% TYYYNY Y 1 p IR o) NLINNE DS BV e Y o NN DI MRS [ JIPVSPRE I
The enantiomeric excess was determined by HPL alysis using IraiCel UL (€U, nexamne . £-propaiioi =
9:1).

(S)-(+)-2-lodo- I -phenylethanol (6d)
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Colorless oil. By medium A: {aj,* 25.9° (¢ 0.23, CHCI,); by medium B: [a],? 11.4° (¢ 0.25, CHCI,). {lit.
[a]p™ 36.3° (¢ 5.29, CHCI,) ($)}. 'H-NMR (300 MHz, CDCl,) & 1.65 (bs, 1H), 3.41 (dd, 1H, J = 10.3, 8.8 Hz),
3.49 (dd, 1H, J = 10.3, 3.6 Hz), 4.85 (dd, 1H, J = 8.8, 3.6 Hz), 7.3-7.5 (m, 5H); MS m/z (rel. intensity): 248
(M", 1.55), 121 (100), 107 (69.03), 77 (86.64).

(S)-(+)-2-Chloro-1-(4-hydroxyphenyl)ethanol (8a)
White solid; mp. 127-128°C; from 7a: >98% ee

\]’-\
bo
—
>
=
o
:E
%—1
G\
O\ —
[\
e
|72 B
E!
\

(8)}

(S)-(+)-2-Chloro-1-(4-methoxyphenyl)ethanol (8c)
Colorless oil; 90.5% ee, [ot],™ 40.2° (¢ 2.2, CHCL,); IR (film) 3400, 2950, 1610, 1520, 1250, 1030, 840. 780
cm’': 'H-NMR (300 MHz, CDCl,) § 2.26 (bs, 1H), 3.56 (dd, 1H, J = 11.4, 8.7 Hz), 3.62 (dd, 1H, J = 11.4, 3.8

Hz), 3.74 (s, 3H), 4.78 (dd, 1H, 1 = 8.7, 3.8 Hz), 6.8, 7.2 (AR, 4H, I = 10 Hz); MS m/z (rel. intensity): 186 (M",

ASIY 12741000 1NQ/MIN AR/ Q4 MDA Y TT7 1704 N Tha anantinmaoaries aveace wag datarminad lhy HDT (7 analycgic
.71 ,q a7\ lUUlq 1w .rs lJU /U}’ Fand \L_r U}’ s \L'T'VJ} L LI WAAIILIULTIVI I VALLDD VYaAD Ui lLLLLIuG UJ 111 kN Clllal!al)
..... Al AN faliiamt o P QAN Thia lcnlista annfoientinm wac sctaklichad e
using Chiral (eluent, hexane : 2-propanol = 8:2). The absolute configuration was established after

(S)-(+)-2-Chloro-1-(4-chlorophenyl)ethanol (8d)

Colorless oil; 96.6% ee, [a],” 44.2° (¢ 2.1, CHCI,); IR (film) 3400, 1600, 1495, 1410, 1090, 1015, 840, 750
cm’'; 'H-NMR (300 MHz, CDCl,) & 2.46 (bs, 1H), 3.60 (dd, 1H, J = 11.2, 8.7 Hz), 3.72 (dd, 1H,J = 11.2, 3.5
Hz), 4.89 (dd, 1H, J = 8.7, 3.5 Hz), 7.3-7.5 (m, 4H); MS m/z (rel. intensity): 190 (M", 4.37), 141 (100), 143
(32.09), 77 (94.21). The enantiomeric excess was determined by HPLC analysis using Chiralcel OJ (eluent,

hexane : 2-propanol = 9:1). The absolute configuration was established after converted into the corresponding

ann~yida
CpuUAlUC.

(S)-(+)-N-(4-(1-Hydroxy-2-chloroethyl) phenyl)methanesulfonamide (8e)

White solid;, mp. 88-89°C; 87% e¢c, while recrystallization from hexane-methylene chloride improved the ee
to more than 92%, [a] > 28.1° (c 1.1, CH,CL,). {lit*® {a]y 20° (¢ 1.0, CH,CL) (S)}. IR (KBr) 3400, 3230,
1620, 1335, 1140, 1080, 985 cm™; '"H-NMR (300 MHz, CD,SOCD,) 8 2.97 (s, 3H), 3.63 (dd, 1H, J = 11.0, 7.1
Hz). 3.73 (dd, 1H, J = 11.0, 4.6 Hz), 4.73 (dd, 1H, J = 7.1, 4.6 Hz), 5.77 (bs, 1H), 7.17, 7.35 (AB, 4H, J = 8.5
Hz), 9.73 (s, 1H); HRMS calcd. for (C,H,,CINO,S+H)" 250.03085, found 250.0320. The enantiomeric excess
nalysis using Chiralpak AD (eluent, hexane : 2-propanol = 85:15).

(S)-(+)-2-Chloro-1-(4-nitrophenyl)ethanol (8f)
White solid; mp. 87-88 °C; > 98% ee, [a],'® 37.2° (¢ 2.0, CHCl,); IR (KBr) 3500, 1610, 1510, 1350, 1080,
860, 740 cm™'; 'H-NMR (300 MHz, CDCl;) & 2.70 (bs, 1H), 3.64 (dd, 1H, J = 11.4, 8.2 Hz), 3.80 (dd, IH, J =

11.4. 3.6 Hz), 5.05 (dd, 1H, J = 8.2, 3.6 Hz), 7.6, 8.2 (AB, 4H, J = 8.8 Hz); MS m/z (rel. intensity): 204
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(LVIU ©)Thf, 44.07), L (ViU LT, 1TUU) 104 (Y3.01), 74 (33.84), /8 (53.37). 1N€ €€ and absoluie
configuration was established after converted into the corresponding epoxide.

Methyl (S)-(+)-6-(1-hydroxy-2-chloroethyl)-2-pyridinecarboxylic acid methyl ester (8g)
White solid; mp. 73-74 °C; 81% ee, [a],® 26.2° (¢ 1.1, CHCI,), while recrystallization from methylene
chloride-hexane improved the ee to more than 99%, [a],” 32.8° (¢ 1.1, CHCL); IR (KBr) 3350, 1730, 1600,

1440, 1295, 1220 cm™; '"H-NMR (300 MHz, CDCL,) & 3.0 (bs, 1H), 3.86 (dd, 1H, J = 11.1. 5.8 Hz), 3.93 (dd.
IH,J=11.2, 4.4 Hz), 4.00 (s, 3H), 5.08-5.12 (m. 1H), 7.68 (d, 1H, J = 7.7 Hz), 7.91 (¢, 1H, ] = 7.7 Hz), 8.09 (d,
1H, J = 7.7 Hz); MS m/z (rel. intensity): 214 ((M+1]", 13.18), 180 (60.99), 166 (100), 134 (56.07), 106 (97.08),
78 (31.97), 77 (34.38). Anal. Calcd. for C,H,,CINO,: C, 50.13; H, 4.67; N, 6.49. Found: C. 49.97; H 4.66; N,

6.47. The enantiomeric excess was determined by HPLC analysis using Chiraicel OD (eluent, hexane : 2-
propanol = 8:2). The absolute configuration was established after converted into the corresponding epoxide.

(R)-(-)-2-Chloro-1-(2-chlorophenyl)ethanol (8h)
Colorless oil; 7% ee, [a],'® -2.6° (¢ 1.0, CHCL,); IR (film) 3400, 1580, 1440, 1080, 750 cm™'; 'H-NMR(300
MHz, CDCl,) 6 2.7 (bs, 1H), 3.52 (dd, 1H,J =11.3, 8.7 Hz), 3.92 (dd, 1H, J=11.3, 2.7 Hz), 5.29 (dd, 1H, J =

8.7. 2.7 Hz), 7.2-7.4 (m, 3H), 7.64 (dd, 1H, J = 7.4, 1.8 Hz); MS m/z (rel. intensity): 190 (M", 3.88), 143
(35.78). 141 (100, 113 (131.9Y. 77 (61 63). The enantiomeric excess was determined by HPL.C analvsis using
\v)b" I U)! A7 \AVU,’ 117 \_l 1. I,.‘ EaN \\ I OPAN PO } A AW WAKARILIVIILIVI BV WVAVL OO YYUOD ULtV LLiRIvG U: LAk LJNo ull“‘)‘ D10 quA‘é
Clivalanl AT faliiond havame « 7 emmo nn — Q5.5
CllllalLel VUL (CIUCIIL, 1ICA Al "PlUi)dll — 70.2)

(S)-(+)-Phenylethanediol (11a)

White solid; mp. 62-63°C; from 10a: 91.3% ee, [a],” 37° (c 1.9, CH,COCH,); from 10c: 88.6% ee. [a],”
36.8° (¢ 1.4, CH,COCH,). {lit.”” [a], 40° (¢ 2.0, CH,COCH,) for 94% ee, (S)}. Its 'H-NMR, IR, MS spectra
were identical with those of an authentic sample. The enantiomeric excess was determined by HPLC analysis
using Chiralcel OD (eluent, hexane : 2-propanol = 9:1).

(R)-(-)-0-Chloro h _nv/r)thﬂnﬂr/;n/ (11b)

White solid; mp. 98-99°C; from 10b: 60% ee, [ot],> -51.6° (¢ 1.9, EtOH); from 10d: 66% ee, [a],” -5 °(c
1 0 r I'\IT\ o : e all, L0/ r-1 20 Az 0 /. 91703 I
1.0, BlUI1), rom IUD lemg caicCiuimn dlglﬂdle lmmooulzcu CCilS. OO70 €C, [Ujp 400 \L 1 7 ElUI‘l} nie
recrystallization over methylene chloride improved the ee to 5%, [a],™ -57° (¢ 1.8, thH) {lit.” [a]p -47.2° (¢

1.9, EtOH) for 73% ee, (R)}; IR (KBr) 3300, 1635, 1440, 1070, 1040, 760 cm’; '"H-NMR (300 MHz,
CD,COCD;,) 8 3.39 (dd, 1H, J = 11.2, 7.8 Hz), 3.46 (bs, 2H), 3.69 (dd, 1H, J = 11.2, 3.0 Hz), 5.12 (dd, 1H, J =
7.8, 3.0 Hz), 7.28-7.65 (m, 4H); MS m/z (rel. intensity): 172 (M", 1.8), 143 (38.02), 141 (100), 113 (24.15), 77
(69.81). The enantiomeric excess was determined by HPLC analysis using Chiralcel OD (eluent, hexane : 2-
propanol = 8:2).
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A solulion or (O)-8¢€ (14U mg, V.00 Mimol), Iridutyitin nyarnac (1.v i, 3.240 mimol1) alid AlDIN (1VVU Hig, J

mmol) in benzene (10 ml) was refluxed for 10h. After cooled, 50 ml of ether was added and the mixture was
washed with aqueous potassium fluoride solution, brine and then dried. Removal of the solvent and the residue
was purified by chromatography with petroleum ether-ethyl acetate (20:1) to obtain (R)-1-(4-



methoxyphenyljethanol as a coloriess oil (75 mg, 76%). The spectra of 'H-NMR and MS were identical with
those of an authentic sample in all respects. [oc],” 35.4° (¢ 2.6, EtOH) {lit."® [}, 31.1° (¢ 2.54, EtOH), (R)}.

Conversion (S)-8d into the epoxide of (S)-1-(4-chlorophenyl)-1,2-epoxypropane (9d)
To a solution of (S)-8d (55 mg, 0.3 mmol) in methanol (10 ml) at 0 °C was added 20% aqueous NaOH (0.06

ml. 0.3 mmol) and the mixture was stirred at room temperature until TL.C showed complete conversion to the

epoxide (about 3h). Removal of methanol in vacuo followed by CH,Cl, extraction, water wash, drying, and
removal of the solvent afforded the residue which was purified by chromatography with petroleum ether-ethyl
acetate (20:1) to afford (S)-9d (30 mg, 70%) with TLC, IR and 'H-NMR identical with those of the authentic
sample. [a],” 21.8° (¢ 1.1, CHCLy) {lit."® [a],™ 19.3° (¢ 1.16, CHCL,), ()}

Conversion (S)-8f into the epoxide of (S)-1-(4-nitrophenyl)-1,2-epoxypropane (9f)

(S)-8f (100 mg, 0.5 mmol) was conversed into (S)-9f (70 mg, 85%) in the same procedure above, with
physical and chemical characteristics identical to those of an authentic sample, [ot],'"® 38.4° (c 2.0, CHCL,) {lit."
[a]p” 37.6° (¢ 1.99, CHCL,), (S)}.

Conversion of (S)-8g into the epoxide of (S)-6-oxiranyl-2-pyridinecarboxylic acid methyl ester (9g)

- ' 15b 20
(S)-8g was similarly converted into (5)-9g according to the procedure reported,” [at],™ 44° (¢ 1.1, CHCL,)
(134 150101 22 472 J0 /5 1 7 OLICT Y QWY
it {Ujp 43.7 (C 1.U/, L), (0)y

Preparation of (R)-1-(2-chlorophenyl)-1,2-epoxypropane (13)

A solution of p-toluenesulfonyl chloride (265 mg, 1.4 mmol) in CHCI, (2 ml) was added at 0 °C to a solution
of (R)-11b (200 mg, 1.16 mmol, 65% ee) and pyridine (2 ml), and then stirred at room temperature for 48h. The
reaction mixture was poured into water (10 ml), extracted with benzene (20 x 3 ml), the organic layer was
washed with 1.5N hydrochloric acid, saturated sodium hydrogencarbonate successively, dried, and

concentrated. The residue was dissolved in methanol (2 ml). The mixture was cooled in ice-salt bath before the

methanolic selution (2.0 ml) of NaOH (50 mg, 1.25 mmol) was added. The reaction mixture was stirred at -10
°C for 4h. After that it was diluted with 50 ml of ether and water (10 ml) was added. The organic layer was

separated and washe

AAAAAAAA

d
chromatography with petroleum ether-ethyl acetate (50:1) to obtain the epoxide (13) (150 mg, 85%) as a
colorless oil, [a],” -43.4° (c 1.5, CHCI,) for 65% ee. 'H-NMR (300 MHz, CDCl,) & 2.66 (dd, 1H, J = 5.7. 2.5
Hz),3.19(dd, 1H, J=5.7,4.2 Hz), 421 (dd, 1H, J=4.2, 2.5 Hz), 7.25-7.35 (m, 4H); MS m/z 154 (M").

Preparation of (R)-2-chloro-a-[(1-methylethyl)aminomethyl [benzenemethanol (clorprenaline) (3)

A solution of (R)-13 (55 mg, 0.35 mmol) in excess isopropyl amine (1 ml) and a drop of water was stirred at
room temperature for 2 days, and then the mixture was heated at 60 °C for Sh. After removal of the excess
1 ~ N f ol a i

isopropyl amine, the residue was dissoived in 20 mi ether, dried, filtered and concentraied. The solid was

recrystallized from n-hexane to afford 3 (69 mg, 92%) as a white solid. mp. 77-78 °C; [a],” -61.8° (¢ 1.3,
EtOH). IR (KBr) 3320,3100, 300, 2850, 1460, 1470, 1440, 1390, 1090, 760 cm l; 1H-NMR (300 MHz, CDCl,)

6 1.08 (dd, 6H, J = 6.2, 4.2 Hz), 2.53 (dd, 1H, J = 12.2, 8.8 Hz), 2.7-3.0 (m, 3H), 3.07 (dd, 1H, J = 12.2, 3.3
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Hz), 5.08 (dd, iH, J = 8.7, 3.3 Hz), 7.2-7.3 (m, 3H), 7.6 {d, 1H,
(IMTCIy+1T, 42.44), 215 (17.54), 214 ([M(*CI)+1T", 100), 196 (14.73), 77 (19.38), 72 (68.82), 43 (8.71).

The hydrochloride was obtained as follows: 3 was dissolved in methanol (1 ml), and 2 ml of 0.5M HCl in
methanol was added; removal of the solvent afforded (R)-clorprenaline (3-HCI) as a white solid. mp. 191-192
°C: [a]p™ -71.6° (¢ 1.3, EtOH). Anal. Calcd. for C,,H,,C,NO: C, 52.81; H, 6.85; N, 5.60. Found: C, 52.50; H,
6.82: N, 5.26.

l
)

ACKNOWLEDGMENTS

The authors are grateful to the National Natural Science Foundation of China (N0.29790125) and Chinese
Academy of Sciences for financial support and Prof. Li-Jun Xia, Ms. Min-Hua Tang for performing the HPLC

analysis.

i. (a) Brown, H. C.; Pai, G. G. J Org. Chem. 1983, 48, 1784; (b) Brown, H. C.; Pai, G. G. J Org. Chem.
1985, 50, 1384; (¢) Brown, H. C.; Cho, B. T.; Park, W. S. J Org. Chem. 1988, 53, 1231, (d) Srebnik, M. ;
Ramachandran, P. V.; Brown, H. C. J Org Chem. 1988, 53, 2918; (e¢) Brown, H. C.; Srebnik, M.;
Ramachandran, P. V..J Org. Chem. 1989, 54, 1577.

2. (a) Corey. E. I.; Link, I. O. Tetrahedron Lett. 1990, 31, 601; (b) Corey, E. J.; Link, J. O. J Org Chem.
1991. 56. 442: (c) Ramachandran, P. V.; Gong, B.; Brown, H. C. Chirality 1995, 7,103,

o5 e i
3 F"(Q I- ( elli n, C R Dictinnary nf Nrvoces Chanman and Hall: 1800 »~n 1140
2 L3, O Laneir N AN Loelbaliskal Y Uy AT MR D, SlAP AL QU Tidll, RS Tv, PU. 110V
A Tommoasrt Do Quuttnis Do TMaawnldana T 7720 C.2 1008 L0 £71
. 1 nb&m\, ., \JU Wi, 1., PJULIAIUDWHL, IN. LTI 1. 1700, 0>, 031
5. Taisumi, K.; Arima, N.; Yamaio, C.; Yoshimura, H.; Tsukamoto, H. Chem. Pharm. Buil. 1970, i8, 1254.
6. Stromelysin 1 (MMP-3) is a member of a family ot extracellular matrix-degrading zinc metalloproteases

(MMPs) that have been implicated in the tissue destruction associated with a number of diseases, see:
Woessner, E. M. FASEB J. 1991, 5, 2145.

Mildland, M. M. Chem. Rev. 1989, 89, 1553.

(a) Corey, E. I.; Shibata, S.: Bakshi, R. K. ./ Org. Chem. 1988, 53, 2861. (b) Bloom, J. D.; Dutia, M. D.;

Johnson, B. D.; Wissner, A.; Burns, M, G.; Largis, E. E.; Dolan, I. A,; Claus, T. H..J Med Chem. 1992,
5 N1 (Y AhAal N\ A A T Paoduntinme inm HDeoanins CYTPTY PPN AMC QurminAagitism gamiagc £AT.
ey LSUUL &) Mawvund S TR T S AN A 2 7 7187 L 4 /A B 7 2 I_Ilg T 1)/! lltl:.)lo, g\ 7% ] L)y lllljublulll SULICD U'Tl,

:W

™,

; Moran, P. I. S.; Rodrigues, J. A. R. Tetrahedron 1991, 47, 2073; (b)
Aleixo, L. M.; Carvalho, M.; Moran. P.J. S.; Rodrigues, J. A. R. Bioorg. Med. Chem. Lett. 1993, 3, 1637.

10. (a) Imuta, M.; Kawai, K.; Ziffer, H. J. Org. Chem. 1980, 45, 3352; (b) Tanner, D. D.; Stein, A. R. J. Org.
Chem. 1988, 53, 1642; (c) Tanner, D. D.; Singh, H. K.; Kharrat, A.; Stein, A. R. J. Org Chem. 1987, 52,
2142.

11. Prelog, V. Pure Appl Chem. 1964, 9,119,



[
LY
N

—
W N

[

19. Pedragosa-Moreau; Morisseau, C.; Zyiber, J.; Acheias, A.; Baratti,

L
o]

2
|98}

Z.-I, Weieral /Tetrahedron 54 (1998) 13059-13072

<r

o T X Y 7 I nny 40N
Gu, J.-X.; L1, Z.-Y.; Lin, G.-Q. Tetrahedron 1993, 49

un
0
<

un

Baker’s yeast was from the local beer corporation.

. (a) Cullinane, N. M.; Edwards, B. F. R. J. Appl. Chem. 1959, 9, 133; (b) Wilds, A. L.; Johnson, T. L. .J.
Am. Chem. Soc. 1945, 67, 287, (¢) Miyahara, Y. J Het. Chem. 1979, 16, 1147; (d) Lis, R.; Morgan, T. K.,
Jr.: Devita, R. I.; Davey, D. D.; Lumma, W. C., Jr.; Wohl, R. A.; Diamond, J.; Wong, S. S.; Sullivan, M. E.
J. Med. Chem. 1987, 30, 696.

. (a) 14a; (b) Hull, K. G.; Visnick, M.; Tautz, W.; Sheffron, A. Tetrahydron 1997, 53, 12405.

. Wornhoff. E. W.: Martin. D). G.; Johnson. W. S. Org. Synth.; Wiley: New York, 1963; Coll. Vol. IV,
pp.162

. Gu, J.-X.: Li, Z.-Y.; Lin, G.-Q. Chinese J. Chem. 1995, 13, 475.
. Hiratake, J.; Inagaki, M.; Nishuoka, T.; Oda, J. J. Grg. Chem. 1988, 53, 6130.
J.; Furstoss, R J. Org. Chem. 1996, 61,
7402.
. (a) Brodfuehrer, P. R.; Smith, P.; Dillon, J. L.; Vemishetti, D. Org. Process Res. Dev. 1997, I, 176. (b)
Patel, R. N.; Banerjee, A.; McNamee, C. G.; Szarka, L. J. Appl. Microbiol. & Biotechnol. 1993, 40, 241.
. Woodward. J. J Microbiol. Methods 1988, 8, 91.
. Sih, C. J.: Chen, C. S. Angew. Chem., Int. Ed. Eng. 1984, 23, 570.

. MacLeod, R.; Prosser, H.; Fikentscher, L.; Lanyi, J.; Mosher, H. S. Biochemistry 1964, 3, 838

Shieh. W. R.- Gonalan. A. S.: Sih. C. 1. J Am. Chem Soc. 1085 107 20073

(21 BNy NIUPIGIGEL, £ 3. Ty JARE, LAITE. L TECITE, VUL BTy LUy T 7T

MNhine M Q. 7hnee D A Niadasdens L QL L. Y17 D . Yo NAZ I M X7 sl P G\ PRy R Qi M 1
AN § (1 § POl IR RN 11 0L YWy 5 P L 7 998 1TUaunad, \J., J11CLL, VY, I\, Y dll IVIIUWCS Wil O, UUlel(Ul, [‘\ Q O, C. J

Bivorg. Chem. 1984, 12, 98.
. Chen, C. 8.: Fujimoto, Y.; Girdaukas, G.; Sih, C. J. J. Am. Chem. Soc. 1982, 104, 7294.
. Manzocchi, A.; Fiecchi, A.; Santap;ello, E.J Org Chem. 1988, 53, 4405.

. Pasto, D. J.; Garves, K. .J Org. Chem. 1967, 32, 778.

Truce, W. E.; Sack, B. H. J. Am. Chem. Soc. 1948, 70, 3959.

. Arndt, F. Org. Synth.; Wiley: New York, 1943; Coll. Vol. 11, pp. 165.

. Cadogan, J. 1. G.; Ley. S. V.; Pattenden, G.; Raphael, R. A.; Rees, C. W. Dictionary of Organic

Compounds; Chapman & Hall, London, 1996; 6th ed., Vol 6, pp. 3562.
Qhrar K& Vaminnnt T - Hillirma T T Nuonmnnan t Mhouwe 10098 QN
ALy I 1 QA11A1IV1, 1.4 L1INARARA. 11, . 27 SUIHI"I(:I. TICIrt. L 700, LTV,

o/
N s PRI I SRR o PRGNS | o LU T N I I AnnY 4 1Asr
«» DOIOS, L. L., DOLOUS, L. I'l. [€iraneqron Asymmeliry 1333, 4, 1500,



