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ABSTRACT

Chiral amino thioacetate ligands were prepared from the corresponding amino alcohols and used as catalysts for enantioselective aryl transfer

reaction. The amino thioacetates were remarkably superior to the corresponding amino alcohols. Low catalyst loadings of only 1 —2.5 mol %
were sufficient to achieve excellent enantioselectivity as well as high conversion in short reaction time. The results reveal that the thioacetoxy

moiety of the amino thioacetates has a surprisingly beneficial effect in enhancing the asymmetric induction.

Catalytic enantioselective addition of organozinc to aldehydes ||| N N NN

has been widely studied as one of the most important
methods for the synthesis of optically active secondary
alcohols! In contrast to the asymmetric alkyl transfer to

aldehydes, the aryl transfer has been the subject of relatively

few reports? In 1997, Fu reported chiral ligandl for the @T"O oh ]
addition of diphenylzinc to 4-chlorobenzaldehydBespite dF; o e Fepp Ph
this modest enantioselectivity, this initial report was the zé @
starting point for the growing field of this asymmetric
catalysis. Soon after, Pu and Bolm developed highly enan- 1 3
tioselective catalyst&* and 3° for the phenyl transfer with
. : . . ; Ph Ph Me Ph
diphenylzinc, respectively (Figure 1). Further, Bolm intro- ) (
* To whom correspondence should be addressed. Tel: 82-32-860-7469. N X BuN X
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as aminonaphthdl,piperidinoethanot, pyrrolidinylmetha-
nol 1% thiazolidine!! dialkylnorephedriné? and MIB'® have
been emerged along this line. However, high catalyst
loadings of 10—20 mol % were sometimes required to
achieve satisfactory enantioselectivity without additives. Both
accessibility of chiral catalysts and their high efficiency of
asymmetric induction would be necessary for the practical
asymmetric catalysis. Therefore, the search of truly valuable
catalysts is a field of continuous interest for the catalytic
aryl transfer reaction.

Previously, amino thioacetates were found to be highly
enantioselective catalysts for the addition of diethylzinc to
aldehydes?* We envisioned that amino thioacetatesould
be applicable to the aryl transfer to aldehyde. In fact,
outstanding results were obtained in the aryl transfer.
Moreover, the reaction was performed well with low loadings
of the catalysts. Most of the prominent catalysts are based
on protic ligands with hydroxy group. It should be of interest
to explore the catalytic ability of the aprotic ligan8én the
aryl transfer. In this context, we report a surprisingly
beneficial effect of the SAc moiety in the amino acetate
ligands on the enantioselectivity in the aryl transfer to
aldehydes.

The (—)-N,N-dialkylamino thioacetatesa—c were readily
prepared by mesylation of the corresponding)-(N,N-
dialkylamino alcoholgla—cwith methanesulfonyl chloride
and triethylamine in methylene chloride, followed by sub-
sequent displacement with an excess of potassium thioacetat
in aqueous ethanol, respectively. At first, the phenyl transfer
to 4-chlorobenzaldehyde using phenylboronic adithZn
mixture was attempted in the presence of optically active
amino alcoholsta—c (Table 1). The amino alcohols have
proven to be excellent chiral ligands for the addition of

Table 1. Asymmetric Phenyl Transfer to
4-Chlorobenzaldehyde in the Presence of Chiral Ligands
4 and5?

1) toluene, 50 °C, 10 h
2) ligand
3) 4-CIC¢H,CHO

H, OH

B(OH), + Et,Zn

Cl
entry ligand (mol %) time(h) T (°C) yield® (%) ee® (%)
1 4a (0.05) 4 20 85 48 (R)
2 4a (0.01) 6 20 76 2
3 4a (0.01) 8 10 70 3
4 4b (0.05) 4 20 87 32 (R)
5 4b (0.025) 6 10 83 17
6 4b (0.01) 8 20 74 1
7 4c (0.05) 4 20 83 29 (R)
8 5a (0.1) 3 10 95 99 (R)
9 5a (0.05) 2 20 96 96
10 5a (0.05) 2 10 92 97
11 5a (0.05) 4 0 83 97
12 5a (0.025) 2 10 94 96
13 5a (0.01) 2 10 91 90
14 5b (0.1) 2 10 97 98 (R)
15 5b (0.05) 2 20 92 96
16 5b (0.05) 3 10 90 98
17 5b (0.025) 3 10 91 95
18 5b (0.01) 4 10 90 94
19 5b (0.005) 4 10 83 91
20 5¢ (0.05) 2 10 94 96 (R)
e 5c (0.025) 3 10 92 94

a3 Reactions were performed with 2 equiv of phenylboronic acid and 6
equiv of EbZn in toluene P Yield of isolated productc Enantiomeric excess
determined by chiral HPLC on a Chiralcel OB-H column. Absolute
configuration is determined by comparison of the HPLC elution order with
the literature data.

diethylzinc to aldehyde¥. However, the data in Table 1
reveal that the amino alcohols have very weak enantiocon-
tolling ability in the phenyl transfer (entries-T7). Although
good chemical yields were obtained, the ee’s were very low
in each case. When the catalyst loading was decreased to
mol %, catalystgl afforded virtually no asymmetric induction
(entries 2, 3, and 6). Next, we examined the catalytic
behavior of the corresponding amino thioacetdias the
same phenyl transfer reaction. The initial trial with 10 mol
% of 5a gave a remarkable result of 99% ee (entry 8). The
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reaction could be completed within a short time at°@
affording optically pureR)-product. Unexpectedly, reducing

ihe catalyst loading to 2.5—5.0 mol % has only a little

influence on the enantioselectivity (entries-22). The
catalyst loading could be decreased to 1 mol % to still furnish
a high ee of 90% (entry 13). These results came as a surprise
since the serious effect of catalyst loading has been observed
in most of the previous studies. The reaction gave a slightly
higher ee when the reaction temperature was decreased from
20 to 10°C. (—)-Norephedrine-derived ligandsh and 5c¢

were also examined for the phenyl transfer to 4-chloroben-
zaldehyde (entries 21). The reaction proceeded very well
with 91—98% ee in high yields. It is worthy that the phenyl
transfer employing catalyst loading as low as 0.5 mol %
afforded the product in 91% ee (entry 19). Until now, this
level of enantioselectivity has scarcely been achieved without
additives at such low catalyst loadings. The results show that
the amino thioacetates are remarkably superior to the
corresponding amino alcohols.

Encouraged by the high efficiency of the amino thio-
acetates, phenyl transfer to different aromatic aldehydes was
performed in the presence of 2.5 or 5.0 mol %bqfTable
2). Amino alcohol4db gave poor ee’s in the phenyl transfer
to 2-chlorobenzaldehyde and 4-methoxybenzaldehyde (en-
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Table 2. Asymmetric Phenyl Transfer to Aldehydes Table 3. Asymmetric Aryl Transfer to Benzaldehydes
2l) ]tf)lueze, 50°C, 10 h H ol ‘]))lt.olueze, 50°C, 10h H o OH
PhB(OH), + Et,Zn ) ligan ’, AfBOH), 1 Etzn  _heen ’
3)ArCHO,20°C,3 h Ph’ Ar 3) PhCHO, 20°C, 3 h Ar Ph
entry Ar ligand (mol %)  yield® (%)  ee¢ (%) entry Ar ligand (mol %)  yield® (%)  ee (%)
1 2-CICe¢H4 4b (0.05) 83 15 (R) 1 4-MeOCgH,4 5a (0.05) 93 92 (8)
2 2-CICgH4 4b (0.025) 80 7 2 4-MeOCgH4 5a (0.025) 90 90
3 4-MeOCgHy 4b (0.025) 85 8 (R) 3 4-MeOCgHy 5b (0.05) 93 93
4 2-ClCgH4 5a (0.05) 97 98 (R) 4 4-MeOCgHy 5b (0.025) 86 90
5 2-ClCgHy 5b (0.05) 97 98 5 4-MeOCgHy 5¢ (0.025) 90 93
6 2-ClCgHy 5b (0.025) 93 90 6 4-C1CgHy4 5a (0.05) 91 95 (S)
7 4-MeOCgH4 5b (0.025) 98 93 (R) 7 4-ClCgH4 5a (0.025) 92 93
8 2-MeOCgsH4 5b (0.025) 93 91 (R) 8 4-ClCgH4 5b (0.05) 96 94
9 4-MeCgH4 5b (0.025) 94 94 (R) 9 4-C1CgH4 5b (0.025) 90 92
10 2-C10Hsg 5b (0.025) 91 94 (R) 10 4-ClCgH4 5¢ (0.05) 92 95
aReactions were performed with 2 equiv of phenylboronic acid and 6 1 4-ClCeH, 5¢(0.025) 87 94
equiv of EtZn in toluene P Yield of isolated productc Enantiomeric excess 12 4-MeCeH, 5a (0.025) 90 92(8)
determined by chiral HPLC on a Chiralcel OB-H column. Absolute 13 4-MeCegH,4 5b (0.025) 90 90
configuration is determined by comparison of the HPLC elution order. 14 3-Cl CsHy 5b (0.025) 91 88 (S)
15 2-C1 C¢Hy 5b (0.025) 86 80 (S)
tries 1—3), whereas amino thioacetafesand5b gave high 2 Reactions were performed with 2 equiv of arylboronic acid and 6 equiv

; . of Et,Zn in toluene! Yield of isolated productt Enantiomeric excess
ee’s up to 98% regardless of substituent on the aldehydesdetermined by chiral HPLC on a Chiralcel OB-H column. Absolute

(entries 4—10). configuration is determined by comparison of the HPLC elution order.
In next step, we investigated the aryl transfer to benz-

aldehyde with substituted phenylboronic acids (Table 3). In

cases of 4-substituted phenylboronic acids, very high ee’scauses an increase in rigidity of the coordination sphere of

(290%) were obtained (entries—]]_:g)_ In contrast, 3- and the Catalyst and leads to hlgher enantioselectiVity.

2-chlorophenylboronic acids lowered ee under the same In conclusion, amino thioacetate liganBgurned out to

conditions (entries 14 and 15). All of the ee values were be highly efficient catalysts for the enantioselective aryl

slightly low compared with those of the phenyl transfer. From transfer reaction. The results indicate that the SAc moiety

these results, the combination of phenylboronic acid and of the amino thioacetate has a surprisingly beneficial effect

substituted benzaldehyde appears to be a better approach fdn enhancing the asymmetric induction.

the preparation of enantioenriched diarylmethanols. Our
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