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ABSTRACT

R' R
" catalyst N
Ro)\(R +H,0 ———» ROH+ o)\rR
R™ R™
R = acyl, alkyl

catalyst = Pd", Pt Hg", cu!, Ru"", co™, scM!

Various kinds of transition metals catalyzed the hydrolysis of alkenyl esters and ethers under buffer-free, high concentration conditions
compared to usual biocatalysts. Hydrolytic kinetic resolution of cis-2-tert-butylcyclohexyl vinyl ether was achieved by chiral (salen)Co complexes
with good selectivity (ks = 10.0).

Utilization of water as a reagent as well as a solvent is an biocatalysts especially in the product isolation and volumetric
important topic in synthetic organic chemistry. Because productivity?
hydration and hydrolysis of organic molecules are among Asymmetric ester hydrolysis is an unexplored area for
the most common and fundamental reactions, transition metaltransition metal catalysis where biocatalysts play a predomi-
catalysts have enabled much innovative progress in recenthant role both in laboratory and industry because of their
years. For example, we opened up a door to direct transfor-high enantioselectivity. Furthermore, many kinds of bio-
mation of 1-alkynes into aldehydes by 'Reatalyzed hydra-  mimetic artificial catalysts have been developed for enzyme
tion! It has been long known as a textbook example that model studie$; however, they are not useful for practical
the hydration follows Markovnikov's rule to give ketones synthesis since activated substrates such as nitrophenyl esters
as a sole product. In addition, Co(salen)-catalyzed hydrolysishave been mainly employ&dunder diluted conditions in
of 1-epoxidesto chiral epoxides and diols realized a solvent- the presence of buffer salt.
and buffer-free process. This reaction is now applied t0  \ve are interested in vinyl (alkenyl) esters and ethers as
industrial processeswith several practical advantages over sypstrates for hydrolysis because of their high availability
(1) (@ Tokunaga, M.; Wakatsuki, Yangew. Cheml998 110, 3024 and low preparation coét_thtIe attention has been given to_
3027; Angew. Chem., Int. EA1998 37, 2867-2869. (b) Suzuki, T.: metal-catalyzed hydrolysis of them, and no systematic studies
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Am. Chem. So2001 123 1191711924. (d) Wakatsuki, Y.; Hou, Z;

Tokunaga, M.Chem. Rec2003 3, 144-157. (4) (a) Finney, N. SChem. Biol.1998 5, R73— R79. (b) Keith, J. M.;
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frequently used.In this paper we report a transition metal ||| NG

catalyzed method for the hydrolysis of alkenyl esters and

ethers (Scheme 1), as well as a preliminary result of its 1a: PhCOOCH=CH, 2a: PhCH,OCH=CH,
application to asymmetric reaction. 1b: n-C7H15COOCH=CH, 2b: n-C13Hp30CH=CH,
| OV
0
Scheme 1 MeO
R'\ - catalyst R - 1d: (E)-PhCH=CHCOOCH=CH, 2d: o Y )
RO +H,0 — ROH+ >//
R™ R"™

@\ i 2e: (E)-PhCH(Me)OCH=CHCOOMe

We compared catalytic activities of various metal com-
plexes in the hydrolysis of vinyl benzoalea and benzyl 1f. PnCOOC(Ph)=CH, 2 @OM‘E
vinyl ether2a (Table 1). Reactions were carried out in a 1

Figure 1. Alkenyl estersl and ether® for Table 2.

Table 1. Hydrolysis of Vi|_1y| Benzoatela and Benzyl Vinyl mmol of 1a (50 wt % in 2-propanol) was hydrolyzed with
Ether2a Catalyzed by Various Metal Complexes 0.02 mmol catalyst and 1.4 equiv of water in 18 h at’60
1la® 2a° to give quantitative yield of benzoic acid. PdEPh), and
catalyst t yield catalyst t vyie c)» showed lower activities, and a Pdomplex di
| IID t ield IIO t ield Pd(OAc) showed | tivit d a Pd lex did
sntry satayst (mol %) () (%) (mol%) () (%) not catalyze the reaction at all (entries4). HgSQ exhibited
1 PdCl,(MeCN) 1 1 >99 1 1 >99 L ;
5 PdCé(PPha)zz 1 ot 1 on o8 comparable activity with PdgMeCNY), (entry 6). Other
3 Pd(OAC), 1 2 27 1 23 89 metal complexes, such &8s, 3b, CuCh, Cu(OTf), [RuCk-
‘5‘ ES((:F;P&s)AtC N i 4213 >98 i 22 sg (CsHe)]2, and Sc(OTH), gave moderate activities (entries
S Haaanech: r 9 % 1 1 &%  9-14) Noteworthy is thasa 3b, Cu(OTf), and Sc(OTH
7 Hg(OCOCF3), 5 19 >99 1 1 94 only catalyzed the hydrolysis of the eth2a, the esterla
S gg((soaﬁfrz; aa R S S remaining intact with them (entries 9, 10, 12, and 14). Under
10  Co(OAc)(salen)3b 1 24 0 1 16 79 argon atmospher8ashowed much lower activity (8% yield
E gﬂ%ﬁ) g %2 >9g i 12 g? at 40 h, cf. entry 9 witt2a) than under air, whil8b remained
13 [RUCK(CeHe) 25 24 >09 05 120 84 active even under Ar (72% yield at 18 h, cf. entry 10 with
14 Sc(OTf)s 5 24 tr 1 2 87 2a). Accordingly, the active species seems to béd' @ven
» gﬁLCOOH P when 3a was employed as a catalyst precursoghich
17 none 1 0 1 0 appeared to be gradually oxidized to'Cander air. The
aThe reaction was carried out at 4G with 1a (1 mmol), 1.5 equiv of therZawas easily hydrolyzed V\_"th H_CI’ Whlle the ester
H,O, and catalyst in 2-PrOH (1 mL) under atmospheric 2t 40 °C did not change (entry 15). Acetic acid did not catalyze the

with 2a (1 mmol), 5 equiv of HO in acetonitrile (1 mL) under atmospheric  ragction at all under the condition (entry 16).
air. ¢ Yield of benzoic acid was determined By NMR where mesitylene

was used as internal standafdsC yield of benzyl alcoholé At 80 °C. To explore the substrate generality, we examined various
kinds of alkenyl estersb—f and ether@b—f (Figure 1) using
PdCL(MeCN), as catalyst (Table 2). Vinyl esters of aliphatic
M solution of substrates with 1.5 equiv of water at 4D acids and conjugated acids gave the products quantitatively
with 1—5 mol % catalyst under atmospheric air. 2-Propanol (entries 1+-3). Enol esters bearing a substituent on vinyl
was used as solvent fda because alcoholic solvents gave group required higher temperature and catalyst loadings to
highest reaction rates. However, acetonitrile with excess be hydrolyzed (entries 4 and 5). Vinyl and 1-propenyl ethers
water (5 equiv) was used as standard condition Zar of aliphatic alcohol reacted smoothly to give products (entries
Although alcoholic solvents also gave higher rates, some of 6—8). An electron-withdrawing substituent (COg)én vinyl

the catalysts listed in Table 1 produce acetal byproducts in group made the reaction slower (entry 9). On the other hand,
alcohol. Complexes of PdPt', and Hg were found to be  the methyl enol ether of cyclohexanone reacted very fast
highly effective catalysts (entries—B). Especially, PdG} (entry 10).

(MeCNY), provided highest activity; both substratea and A simple mechanistic study of the present' Ratalyzed
2aare hydrolyzed completelyiil h (entry 1). The highest pyqrolysis of vinyl ester has been made wifid-labeled
turnover number, 5000, was achieved with this complex: 100 \yater. The estetawas hydrolyzed with 1 mol % PAgCHx-

CN),; and 8 equiv of H®O (~95 atm %) at 20C in THF.
(7) Hg, Tl, and Brgnsted acid catalyzed hydrolysis of vinyl esters and )2 d Hl. ( 10 183 .
ethers: (a) Kresge, A. Acc. Chem. Re4987, 20, 364-370. (b) Euranto, The FD-MS spectrum indicates : / - ratio of 5/95 for
JE.éhPureSArzg-1%2%?55;4;%11100&50%0-_(C) fGllgg, R, Wlarrin. C. Dh acetaldehyde ang99/1 for benzoic acid. It suggests that a
. Chem. So . Hydrolysis of 1-propenyl ethers witl o . :
20 mol % Pd—Cu/Oy (d) Mereyala, H. B.. Lingannagaru, S. R. nucleophilic attack of water occurs at theposition of vinyl

Tetrahedron1997, 53, 1750+17512. group to form hydroxymetalated species. A possible catalytic
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Table 2. Hydrolysis of Various Alkenyl Esters and Ethers with
Pd Catalyst

entry substrate solvent T (°C) t (h) yield (%)
1 1b 2-ProH 40 1 >99d (97)
2 1c 2-ProH 40 1 >99d (97)
3 1d 2-ProH 40 1 >99d (92)
4 le 2-ProH 80 24 93¢ (87)
5¢ 1f THF 80 72 72¢ (66)
6 2b THF 40 1 99f (98)
7 2c MeCN 40 1 96f (92)
8 2d MeCN 40 2 994 (99)
9 2e MeCN 40 21 741 (73)
10 2f MeCN 40 1 96¢ (86)

aThe reaction was carried out with substrate (1 mmojQHL.5 equiv
in entries -5, 5 equiv in entries $10), and PAG[MeCN), (1 mol %) in
1 mL of solvent under atmospheric afrisolated yields of 3 mmol scale
reactions in parenthesess mol % catalyst was useél.Yield of carboxylic
acid or alcohol was determined By NMR where mesitylene was used as
internal standarct GC vyield of ketone! GC yield of alcohol.

cycle for the PH-catalyzed hydrolysis of vinyl esters is
shown in Figure 2.

ROH + OH

Figure 2. A possible catalytic cycle of hydrolysis of vinyl esters
with Pd' complexes.

Finally, we tried to apply the reaction to the kinetic
resolution of chiral substrates. A number of entries that arise
from the combination of several chiral ligands, metals, and
substrates were examined for asymmetric reaction. So far,

the Co complexe8 were found to be effective for kinetic

resolution of some chiral vinyl ethers, while more active

complexes of PY Pt', and Hd, such as PdG((R)-binap)®
gave low selectivitieskfe; < 2.0). Hydrolysis ofcis-2-tert-
butylcyclohexyl vinyl etheda and pL-menthyl vinyl ether
4b were performed in the presence of 5 mol34Table 3).

Alcoholic solvent was adequate with regard to reactivity and

selectivity in this system. The reaction4d proceeded with
moderate selectivityke = 4.9) with 3b at 20°C in methanol
(entry 1), and a highég, value of 7.4 was observed atl0
°C (entry 2). The Cb complex3a showed slightly higher
ket Of 5.8 at 20°C compared tdb, but the reaction was

sluggish (entry 3, cf. entry 1). The best result were obtained

(8) Ozawa, F.; Kudo, A.; Matsumoto, Y.; Hayashi, T.; Nishioka, E.;
Yanagi, K.; Moriguchi, K.Organometallics1993 12, 4188-4196.

Org. Lett., Vol. 6, No. 4, 2004

Table 3. Hydrolytic Kinetic Resolution of Vinyl Etherg
Catalyzed by Co Complexes

5 mol%
(5,9)-3
rac-4 +H,0 ——— > 4+5
alcoholic
solvent
T t conv eeof4
entry substrate catalyst (°C) (h) (%)2 %)°  Krel®
1d 4a 3b 20 11 77229 92h 4.9
2d 4a 3b —10 103 68 91h 7.4
3d 4a 3a 20 140 75 94h 5.8
4d 4a 3af 20 10 73 9oh 5.4
5d 4a 3af =10 77 62 9oh 10.0
6d 4b 3b 20 1 73 58i 2.5
7d 4b 3b -10 2 88 761 2.3
8¢ 4b 3b 20 3 68 79 4.9
9¢ 4b 3b —10 10 68(28)9 92i 7.8

aDetermined by GCP The value of unreacted substrate determined by
GC with chiral column® ke was calculated as a first-order reaction in
substrate using the equation In[(A conv)(1 — ee)}/In[(1 — conv)(1+
ee)]. 9 Methanol was used as solveAR-Propanol was used as solvést.
mol % of 2,4-dinitrophenol an8a were stirred in toluene under 1 atm air
at room temperature for 1 h, and then solvent was removed. The obtained
solid was used as cataly$tisolated yield of unreacted substralte(R,R)-
isomer.! (1R,2S5R)-isomer.

with a catalyst prepared fror3a and 2,4-dinitrophenol
(entries 4 and 3¢ 5.4 at 20°C and 10.0 at-10°C), where
some active Ch-phenoxide species appeared to be gener-
ated. On the other hand, a slightly different condition was
found to be suitable fodb. The hydrolysis reaction with
catalyst3b in 2-propanol gave the highekt, value of 7.8
(entry 9). The reactions in methanol (entries 6 and 7) and
under the optimum condition fata gave lowerk, values.

O
0T OH

4a 5a

'Pr \‘fPr
Me"” i "0 Me” \/: “OH
4b 5b

foy
D

3a: M =Co
3b: M = Co(OAc)

Figure 3. Substratet, product5, and catalys8 for Table 3.

Kinetics experiments were performed with benzyl vinyl
ether2a (0.7 M) and 15 equiv of kD using3b as catalyst
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(0.25-1.5 mol %) in 2-propanol at 4¢C, which revealed a  acids, and ketones. The development of more effective and
first-order dependence on concentration3bf The result selective process for asymmetric synthesis is in progress.
makes a clear contrast to the epoxide hydrolysiSby in Acknowledgment. This work was supported by Grant-
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substrate than biocatalytic reactioffiSince a wide variety =~ Material is available free of charge via the Internet at
of metals exhibited activity for the reaction, there is great http:/pubs.acs.org.
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