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Chiral Lewis Acid Controlled Synthesis (CLLAC Synthesis):

Chiral Lewis Acids Influence the Reaction Course in Asymmetric Aldol
Reactions for the Synthesis of Enantiomeric Dihydroxythioester Derivatives
in the Presence of Chiral Diamines Derived from L-Proline

Shi Kobayashi* and Mineko Horibe

Abstract: Both enantiomers of 2,3-dihy-
droxythioester derivatives werc prepared
with almost perfect stereochemical con-
trol by chiral Lewis acid controlled syn-
thesis (CLAC synthesis). CLAC synthesis
means synthesis of all individual dia-
stereomers or enantiomers from the same
starting materials by designing chiral
Lewis acids. For example, (Z)-1-ethyl-

hydes in the presence of chiral tin(ir)
Lewis acids using (S)-1-methyl-2-[(isoin-
dolinyl)methyllpyrrolidine (4) and (S)-1-
methyl-2-[(indolinyl)methyl]pyrrolidine
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(5) to afford enantiomeric dihydroxy-
thioester derivatives. Chiral diamines 4
and 5, which were readily prepared from
L-proline, differ only in the fusion point of
the benzene ring connected to the pyrro-
lidine moiety. The unique selectivities
were ascribed to the conformational dif-
ference between the chiral tin(m1) Lewis
acids of chiral diamines 4 and 5, and the

thio-1-(trimethylsiloxy)-2-(zert-butylidi- * Lewis acids

methylsiloxy)ethene (1) reacted with alde-

Introduction

The development of highly selective reactions is one of the most
important tasks in modern organic synthesis. Great advances
have been made in this ficld during the last decade, and many
chemo-, regio-, diasterco- and enantioselective reactions have
been reported.l!) In spite of the high selectivities attained in
these reactions, however, changing the reaction courses and ob-
taining all diastereomers or enantiomers is difficuit. For ex-
ample, there are many highly endo-selective Diels—Alder reac-
tions,'?! while few examples of exo-seleciive Diels-Alder
reactions are known.!¥ As for aldol reactions, enolate geometry
is known to change the diastereoselectivity in some reactions.[*!
However, in most cases these reactions do not deal with enan-
tioselective synthesis, and therefore there is no control of enan-
tiofacial selectivity.!®!

Our goals are to control the course of reactions and to obtain
all diastercomers or enantiomers from the same starting materi-
als. In order to attain these goals, we have focused on asymmet-
ric reactions based on chiral Lewis acids. Recently, due to the
increasing importance of asymmetric synthesis, development of
new methods for the preparation of chiral compounds has be-
conic an important research topic. Thus, asymmetric rcactions
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function of chiral sources for obtaining
high selectivities has also been clarified.

based on chiral Lewis acids are of great current interest as one
of the most efficient asymmetric synthetic methods carried out
under mild reaction conditions.[®! Asymmetric reactions with
chiral Lewis acids have been carried out, for example, by coor-
dination of the Lewis acid to achiral aldehydes. On the basis of
the chirality of the Lewis acid, one face (prochiral enantioface)
of an aldehyde is shielded sterically or electronically, and a
nucleophile attacks the aldehyde from one open side to attain a
high selectivity. We surmised that a higher level of stereocontrol
could be achieved by designing chiral Lewis acids. For example,
in the aldol reactions shown in Scheme 1, all individual
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Scheme 1. Chiral Lewis acid controlled synthesis.
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diasterecomers or enantiomers would be synthesized from the
same starting materials using designed chiral Lewis acids (chiral
Lewis acid controlled synthesis, CLAC synthesis).

Based on this idea, we have developed a new method for the
preparation of both enantiomers of a chiral compound.[” Syn-
thesis of both enantiomers is a very important task in asymmet-
ric synthesis, and traditional methods have required sources of
enantiomeric precursors, auxiliaries, or cata-
lysts.’®! However, it is often hard to obtain both
enantiomers of the sources (for example, alka-
loids, amino acids, sugars, etc.). We now report
the preparation of both enantiomers including 1,2-
diol units with almost perfect selectivities by using
similar types of chiral sources derived from L-pro-
line.’ The origin of the unique selectivities and
function of the chiral sources for obtaining the

selectivities are also discussed. RCHO  +

Results and Discussion

Synthesis of Both Enantiomers: We have already
reported the asymmetric aldol reactions of silyl
enol ethers with aldehydes using chiral tin(m)
Lewis acids consisting of tin(11) triflate and a chiral
diamine,l' % "1 and that optically active 2,3-dihy-
droxythioesters can be prepared from silyl enol
ethers derived from a-alkoxy thioesters (or esters)
and aldehydes by these reactions.!'? In the course
of our investigations to examine asymmetric aldol reactions
of (Z)-1-ethylthio-1-(trimethylsiloxy)-2-(tert-butyldimethylsil-
oxy)ethene (1) with a-ketoesters for constructing a-alkoxy-f-hy-
droxy-f-methyl units, we developed a new type of chiral di-
amine, 2, which was prepared from L-proline and tetrahydroiso-
quinoline.''3 PM 3 calculations indicated that the benzene ring
connected to the pipe-

ridine moiety had an im-

portant effect on the

?AI\(D ['?‘_)/\N selectivities,!*#) and
R 2 R< Me R 3 RoMe that Sn(OTf),-2 and
Sn(OTf),—3 complexes
had different conforma-
tions (see the following section). Bearing this information in
mind, we performed synthetic experiments. When the reaction
of 1 with benzaldehyde was carried out in the presence of
tin(u) triflate, chiral diamine 2, and dibutyltin diacetate
(Bu,Sn(0Ac),) in dichloromethane at — 78 °C, the aldol adduct
with a (25,3 R) configuration was obtained in an 85 % yield with
a synjanti ratio of 95/5, and the enantiomeric excess of the syn
adduct was 80%./151 On the other hand, when chiral diamine 3
(prepared from L-proline and tetrahydroisoquinoline) was used,
the reaction also proceeded smoothly to afford the aldol adduct
in a high yield with high sy» selectivity. The enantiomeric excess
of the syn-aldol was also high (92% ee), but the absolute config-
uration of the adduct was reversed (2R,3S). While diamines 2
and 3 were both prepared from L-proline and the absolute con-
figurations of the 2-position are S in both cases, the difference
is the fusion point of the benzene ring connected to the pipe-
ridine moiety. It was exciting that the slight difference in the
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structure of the chiral sources completely reversed the enantio-
facial selectivity.['®! We further examined the effect of chiral
diamines and found that almost perfect diastereo- and enan-
tioselectivities with reverse absolute configurations were ob-
tained when chiral diamines 4 and 5 were employed (Table 1,
Scheme 2). We then tested several aldehydes: the results are
summarized in Table 2. While adducts with the (25,3 R) configu-

Oy
Sn(OTf), + Me
4

Bu,SN(OAC), , CH,Clp -78°C

syn/anti = 98/2->99/1

OSiMes syn = 96-99% ee

[—VN
Sn(OTh + N .:@

5
BuU,SN(QAC), , CHoCly -78°C

syn/anti = 99/1->99/1
syn = 98->99% ee

Scheme 2. Diastereo- and enantiosclectivities of reactions in the presence of chiral diamines 4 and 5.

Table 1. Effect of chiral diamines.

OSiMe3  Sn(QOTT), + chiral diamine
PhCHO +  ~ == ;
T8sG. st BuzSn(OAC)z, CH,Cly, -78 °C
1 OH O OH O
Ph)ﬁ/LSEt + Ph/\;/U\SEt
OTBS OTBS
(25.3R) (2R,3S)

Chiral diamine Yield (%) symanli 253R/2R3S ee (%)[a]

WC@ 85 955  90.0/10.0 80
1
Me

2
QAN: ; 71 94/ 6 4.0/96.0 92
Me 3
[_)/\N
N 86 98/ 2 99.0/1.0 98
4

Me
QA"E@ 82 99/1  1.0/99.0 98
Me

5

la] Enantiomeric excesses of sy#n adducts.

ration were obtained from chiral diamine 4, adducts with the
(2R.35) configuration were produced from chiral diamine 5 for
all eight typical aldehydes including aromatic, aliphatic, unsatu-
rated, heterocyclic, and diene aldehydes. In every case, the selec-
tivities were very high; almost perfect syn selectivities and more
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Table 2. Synthesis of both enantiomers.

OSiMez  Sn(OTf), + chiral diamine
RCHO +TBSO SE BU2SN(OAC),, CHoCly, -78 °C
! OH O OH O

R SEt * R 7 SEt

QoTBS OTBS
(2S83R) (2R 3S)

R Shal - Yield (3%) synlanti  2S3R2R3S ee (%)la]
Ph 4 86 98/ 2 99.0/1.0 98
CsHs 4 61 >99/ 1 99.0/1.0 98
CyHis 4 83 98/ 2 98.5/1.5 97
SN 4 86 >99/ 1 99.0/1.0 98
Ph N 4 84 >99/ 1 99.5/0.5 99
BusSn " 4 91 >99/ 1 99.5/0.5 99
% 4 94 >99/ 1 98.5/150b] 97
/\\O/\/ 4 86 98/ 2 98.0/2.0 96
Ph 5 82 99/ 1 1.0/99.0 98
CoHs 5 63 >99/ 1 1.0/99.0 98
CoHys 5 66 97/3 1.5/98.5 97
SN 5 81 >89/ 1 1.0/99.0 98
Ph 5 80 99/ 1 1.0/99.0 98
BusSn ™" 5 83 >99/1 1.0/99.0 98
R%S 5 86 >99/ 1 <0.5/>99.5[0] >99
/\O/\/ 5 78 >99/ 1 <0.5/>99.5  >99

[a] Enantiomeric excesses of syn adducts. [b] (2S5,35)/(2R,3R).

than 96% enantiomeric excesses of the syn adducts were ob-
tained. (E)-3-(Tributylstannyl)-2-propanal™ 7 also worked well
to afford synthetically useful enantiomers in high yields with
excellent selectivities. It should be noted that the benzene ring
connected to the pyrrolidine moiety in the chiral diamines con-
trolled the enantiofacial selectivities with high generality. In
addition to the unique selectivities, the present reaction provides
convenient methods for the preparation of both enantiomers of
syn-2,3-dihydroxythioesters,''® not using enantiomeric chiral
sources but using similar chiral sources derived from L-proline.

Function of Chiral Diamines: In order to clarify the function of
the chiral diamine ligands in the chiral tin(it) Lewis acids, we
carefully screened chiral diamines in a model reaction of
benzaldehyde with 1; the results are summarized in Table 3. The
excellent syn and (2R,3.5) selectivities obtained with chiral di-
amine 5 decreased when diamine 6 or 7. was used. The N-alkyl
groups also influenced the selectivity: larger groups (Et, Pr)
decreased the selectivities (chiral diamines 8 and 9). Of the larger
heterocyclic segments in the chiral diamines, a pyrrolidine ring
gave the best (2R,3S) selectivity and substituents on the pyrro-
lidine ring decreased the selectivity. A benzene ring connected to
the pyrrolidine ring was found to be essential for (2R,3.S5) selec-
tivity. High diastereo- and enantioselectivities were obtained by
introducing electron-donating and electron-withdrawing sub-
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Oy 0 T

8: R-FEt
9: R=Pr
{ 3~y R
. (;%Né ) QANf r
R Me Me
3: R=Me 12 13: R=0OMe
10: R=Et 14: R=Cl
11: R=Pr
Gy @0 W
y ! Me
<_>/\N
QAN Q:VD N
I I R
Me Me
18 19 4: R=Me
20: R=Et
[Ny % 21: R=Pr
y N
R Me
2: R=Me
22: R=FEt 24
23 R=Pr

Table 3. Effect of chiral diamines.

OSiMe;  gp(OTH), + chiral diarmine
PhCHO +
188G SEY BunSN(OAC),, CHoCly, -78 °C
1 OH O OH O
Ph/H/LSEt + Ph/\;)J\SEt
oTBS oT8S
(283R) (2R35)

Chiral diamine  Yield (%)  sywjansi (2S3RVQR3S) e (%) [a)
6 89 17/83 51.0/49.0 2
7 94 66/34 11.0/89.0 78
5 82 99/1 1.0/99.0 98
8 86 96/4 7.0/93.0 86
9 90 97/3 8.0/92.0 84
3 ! 94/6 4.0/96.0 92
10 78 85/15 12.0/88.0 76
11 90 94/6 6.5/93.5 87
12 77 91/9 4.5/95.5 91
13 90 97/3 1.0/99.0 98
14 81 >99/1 1.5/98.5 97
15 86 97/3 90.5/9.5 81
16 89 96/4 94.0/6.0 88
17 83 91/9 74.5/25.5 49
18 92 86/14 61.0/39.0 2
19 80 94/6 82.5/17.5 65
4 86 98/2 99.0/1.0 9%
20 82 >99/1 97.5/2.5 95
21 73 >99/1 99.0/1.0 98
2 68 96/4 90.0/10.0 80 [b}
22 69 97/3 97.0/3.0 94
23 88 97/3 98.0/2.0 96
24 80 95/5 97.0/3.0 94

[a] Enantiomeric excesses of syn adducts. [b] Tributyltin fluoride (Bu,SnF) was
used instead of Bu,Sn(OAc),.

stituents on the benzene rings, respectively (chiral diamines 13
and 14). Reverse enantioselectivities were obtained when chiral
diamine 16, with a cyclohexane ring instead of the benzene ring,
was used. Unlike the case for §, 8, and 9, the excellent syr and
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(25,3 R) selectivities obtained with chiral diamine 4 were also
achieved when chiral diamines with larger N-alkyl groups (Et,
Pr) were used (chiral diamines 20 and 21; diastereoselectivity
was slightly improved). In contrast was the fact that the high
selectivities (90% de, 94% ece) were still obtained when chiral
diamine 24, having a cyclohexane ring instead of a benzene ring,
was used.

The functions of the chiral diamines in these reactions are
summarized in Scheme 3.

OSiMe,
RCHO +

that used chiral diamines 4 and 5 in lower enantiomeric excesses
in the aldol reaction of 1 with benzaldehyde.l??? As shown in
Figures 1 and 2, complete linear correlation was observed be-
tween the ee of the aldo! adduct and the ee of the chiral diamine
in each case.

Possible Mechanism and Transition States: It was confirmed
from the '"H NMR spectra of a [D,]dichloromethane solution of
tin(n) triflate, chiral diamine 4 or 5, Bu,Sn(OAc),, and silyl enol
ether 1 at — 78 °C that there was
no metal exchange from silicon
to tin(1r) in the silyl enol ether.
This means that the asymmetric

™8SO SEt

Pyrrolidine ring gives
the best selectivities.
Substituents on the
ring decrease the
selectivity.

Pyrrolidine ring
gives the best
selectivity.

gives the best
selectivity.

Pyrrolidine ring

aldol reaction did not proceed
via a tin(u1) enolate,!*!! but that
the silyl enol ether directly at-
tacked the aldehyde, which was

Pyrrolidine rin . . .
Y 9 activated by the chiral tin(ir)

gives the best

Me

selectivity. Lewis acid.
k / The origin of the unique se-
lectivities observed in the asym-

metric reactions can be ascribed
to conformational differences
between the tin(n)—diamine
complexes.*2l When the chiral
diamines coordinate tin(1), bi-

(%5

Larger groups Larger groups

Benzene ring has

decrease the an important role. retain _thfa
selectivity. l selectivity.
HO O
R/\;/U\SEt
oT1Bs (2R,3S)

Scheme 3. Functions of chiral diamines.

Structure of Chiral Lewis Acids: The 1*C NMR chemical shifts
of the amine parts in the Sn(OTf),—4 and Sn(OTf), -5 complex-
es (two-component complexes), and the Sn(OTf),—-4—
Bu,Sn(OAc), and Sn(OTf),—5-Bu,Sn(OAc), complexes
(three-component complexes) are shown in Tables 4 and 3, re-
spectively. There are slight differences between the two- and
three-component complexes. Differences in asymmetric fields
created by the two- and three-component complexes have al-
ready been demonstrated.['®! Both '°F NMR spectra of
Sn(OTf),-5 and Sn(OTf),-5-Bu,Sn(OAc), showed only one
sharp signal, and the chemical shifts of Sn(OTf),-5 and
Sn(OTf),—5-Bu,Sn(OAc), were 6 = — 83.9 and —79.1, re-
spectively. These results indicated that triflate anions dissociat-
ed on coordination with the two nitrogens of the chiral diamine,
and that a fast equilibrium would exist. Bu,Sn(OAc), interacted
with triflate anion in the Sn(OTf), -5-Bu,Sn(OAc), complex to
induce the lower field shift. The proposed structures of
Sn(OTf),—5 and Sn(OTf),—5-Bu,Sn(0OAc), are shown in
Scheme 4.

The existence of monomeric structures of the above complex-
es in 0.2M CH,Cl, solution was also supported by experiments

Chem. Eur. J. 1997, 3, No. 9
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cyclo{3.3.0]octane-like  struc-
tures form.123 Conformational
analysis by  semiempirical
molecular orbital calculations
(PM 3314 proved that confor-
mation 1 had the lowest energy
in the case of the Sn(OTf),—-4

SEt complex (Figure 3). On the oth-
OTBS  (28,3R) er hand, conformation2 had
the lowest energy in the
Sn(OTf),—5 complex. These
conformations were corrobo-

Benzene ring is
not necessary.
Cyclohexane ring
also gives high
selectivity.

Table 4. 13C NMR chemical shifts of 4 (CD,CN, —30°C).
g 10

N .
Me !
1
5 Sn(OTt), +5  Sn(OTf), +5 + Bu,Sn(OAc),
C-1 41.6 44.2 44.7
C-2 58.4 34.8 55.0
C-3 232 215 22.0
C-4 31.0 24.9 25.5
C-5 65.4 69.3 68.8
C-6 61.3 60.9 60.4
C-7 60.3 59.7 59.0
C-7 - 61.6 60.5
C-8 141.5 137.0 137.2
C-8 - 1374 138.0
C-9 123.0 123.7 123.7
C-y - 124.3 124.3
C-10 1274 129.0 129.1
-10° - 129.1 129.2
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Table 5. *3C NMR chemical shifts of 5 (CD,CN, —30°C)
3_4 5 7.8

2 f N 10
|r\\lAe 14 11
1 13,
5 Sn(OTf), +5  Sn(OTh), +5 +Bu,Sn(OAc),
C-1 4.6 452 447
c2 58.3 59.0 59.2
C-3 232 223 2.2
4 30.8 26.1 259
C-s 65.2 68.8 68.3
C-6 549 55.1 55.3
C7 55.1 55.6 57.0
-8 29.2 29.1 292
c9 130.5 1349 1344
C-10 125.1 126.9 126.3
C-11 117.9 126.4 1263
C-12 128.0 1245 128.3
c-13 107.3 116.4 116.0
154.1 146.7 147.7

[ I ]
/N', :‘D
Me "’8;12+

NS
Me/ a/‘/ 5‘
Sn?* OTF + OTf*Bu,Sn(OAC)s

20T H
OTf*Bu,Sn(OAc), + OTf

Scheme 4. Structures of Sn(OTf), -5 and Sn(OTf), -5-Bu,Sn(OAc),

100

60 °

40~ [ ]

% ee of the aldol adduct

20 Py

% ee of chiral diamine 4

Figure [. Corrclation between the ¢e of the aldol adducts and the ee of chiral
diamine 4.

rated by NOE experiments.?*! We note that the benzene ring
connected to the pyrrolidine part of chiral diamine 5 1s located
on the top side of conformation 2, and that conformations of
bicyclo[3.3.0]octane-like structures in conformations 1 and 2 are
quite different. We also calculated the minimized energies of the
Sn(OTf),-24 and Sn(OTf),—16 complexes (conformations 3
and 4). Almost the same conformation as that of Sn(OTf),-4
was indicated in the Sn(OTf),—24 complex (conformations 1

1476 —— 49 WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1997

100

80 b

60 .

40 [}

% ee of the aldol adduct

20 U

0 20 40 60 80 100
% ee of chiral diamine 5

Figure 2. Correlation between the ee of the aldol adducts and the ee of chiral
diamine §.

and 3). On the other hand, in the Sn(OTf),-16 complex, the
cyclohexane ring connected to the pyrrolidine part of chiral
diamine 16 is located on the bottom side (conformation 4). The
difference in selectivity between the Sn(OTf), -5 and Sn(OTf), -
16 complexes is thus explained.

Although these considerations and explanations concerning
the unique selectivities would be acceptable, we carried out in-
vestigations to confirm them. We prepared (S)-1-methyl-2-[(1-
benz[cd]indolinyl)methyljpyrrolidine (25),1> a “mixed-type”
chiral diamine, which means 25 was designed by combination of
4 and 5 (Scheme 5). In the Sn(OTf),~25 complex the lowest
energy was calculated for conformation 5 (PM 3),I'*) which is
similar to conformation 2. We evaluated chiral diamine 25 in the
reaction of 1 with benzaldehyde under standard conditions
(CH,Cl,, —78°C, 21 h), and found that the corresponding al-
dol adduct was obtained in an 81 % yield with good diastereose-
lectivity (syn/anti = 80/20). The enantiomeric excess of the syn
adduct was 81% with a (2R,3S) absolute configuration. The
sense of the asymmetric induction was the same as that of the
reaction using chiral diamine 5, and these results also supported
the conformational analyses.

From these experiments, the unique selectivities would be
explained by assuming the existence of the transition states
shown in Scheme 6. In chiral diamine 4-coordinated tin(1) (con-
formation 1), an aldehyde approaches from the bottom side.
The re face of the aldehyde is shielded by the amine part and silyl
enol ether 1 attacks the aldehyde from the si face via an acyclic
transition statet®® to form the syn-(2S,3R)-aldol adduct. On
the other hand, in chiral diamine 5-coordinated tin(11) (confor-
mation 2), the bottom side of the complex is crowded with
nitrogen substituents and an aldehyde coordinated at the top
side of the complex. At this time, the si face of the aldehyde is
shielded and silyl enol ether 1 attacks this aldehyde from the re
face via an acyclic transition state to form the syn-(2R.35)-aldol
adduct.

We also found that the x-substituents of the silyl enol ethers
influenced the selectivities.**) (Z)-1-Ethylthio-1-trimethyl-
siloxypropene reacted with benzaldehyde in the presence of
tin(11) triflate, chiral diamine 4, and Bu,Sn(OAc),. to afford the
corresponding aldol adduct in a 98 % yield with an excellent syn
selectivity (synfanti = 99/1). The enantiomeric excess of the syn
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conformation 1 |
(Sn(OTf),-4 complex)

. | e S1Y
conformation 3 ?‘ L

(Sn(OTf),-24 complex)

Figure 3. Assumed stable conformations of Sn(OTf),—diamine complexes.

adduct was 66 % with a (25,35) absolute configuration. On the
other hand, when the same reaction was carried out in the pres-
ence of chiral diamine 5, the reaction also proceeded smoothly
to give the adduct in a high yield with a high diastereoselectivity
(90% yield, synfanti = 93/7). Although reverse (2R,3R) selec-
tivities were observed in this case, the enantiomeric excess was
only 30%. It is assumed from these results that the steric bulk-
iness of the rert-butyldimethylsilyoxy group of silyl enol ether 1
plays an important role in generating the unique high selectivi-
ties.127)

OSiMe

BSO SEt
1

PhCHO +
T

OH O

Ph/:\;)]\ SEt
DA Y

Me 81% yield, syn/anti = 80/20
25 syn = 81% ee (2R, 39)

Sn(OT); + BuSn{OAc),

conformation 5
(Sn(OTf),-25 complex)

Scheme 5. Asymmetric aldol reaction between 25 and posited stable conformation
of Sn(OTf),-25 complex.Scheme 6. Postulated transition states.

Chem. Eur. J. 1997, 3, No. 9
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conformation 2
(Sn(OTf),-5 complex)

conformation 4
{Sn(OTf),-16 compiex)

Conclusion

Synthesis of both enantiomers including 1,2-dio! units has been
achieved with almost perfect stereochemical control by chiral
tin(1) Lewis acid mediated asymmetric aldol reactions. The chi-
ral Lewis acids could change the reaction course (CLAC synthe-
sis), and control of the enantiofaces in the reactions has been
attained not by using enantiomers from chiral sources, but by
using similar chiral diamines (4 and 5). Diamines 4 and 5 were
readily prepared from L-proline, the only difference between
them being the fusion point of the benzene ring connected to the
pyrrolidine moiety. The unique selectivities were assumed to be
due to conformational differences between the chiral tin(ir)

TBSO \ 1

R
o
[\‘] T
CHgy

H SEt
1 OSiMe3
OH O OH O
R/H/J\SEt R™ ™" TSEt
OTBS OTBS
(2S,3R) (2R,3S)
Scheme 6.
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Lewis acids derived from 4 and §, and the means by which the
chiral compounds ensure high selectivities has also been clari-
fied.

Although this report has shown an example of the synthesis
of enantiomers including 1,2-diol units, synthesis of all individ-
ual diastercomers or enantiomers from the same starting materi-
als by chiral Lewis acids (CLAC synthesis) should also be pos-
sible. Further studies along these lines are now in progress.

Experimental Section

General: IR spectra were recorded on a Horiba FT-300 infrarcd spectrome-
ter. 'H and !3C NMR spectra were recorded on a Hitachi R-1100 or JEOL
JNR-EX270L spectrometer, and tetramethylsilane (TMS) served as internal
standard. HPLC was carried out with a Hitachi LC-Organizer, L-4000 UV
Detector, L-6200 Intelligent Pump, and D-2500 Chromato-Integrator. Opti-
cal rotations were recorded on a Jasco DIP-360 digital polarimeter. Column
chromatography was performed on silica gel 60 (Merck) or Wakogel BSF. All
reactions were carried out under argon in dried glassware.
Dichloromethane was distilled from P,0O;, then CaH,, and dried over
MS4A. Tin(u) trifluoromethanesulfonate (tin(i) triflate) was prepared ac-
cording to the literature,/*® 2% and always handled under argon.

(S)-1-methyl-2-{ (isoindolinyl)methyl)pyrrolidine (4): This diamine was pre-
pared by the literature method.[1%-29-301 [4]28 — _76.5" (¢ 1.3, EtOH); b.p.
98-99°C/0.08 mmHg; 'HNMR (CDCl,): § =1.62-1.85 (m, 3H), 1.99-
2.38 (m, 3H), 2.44 (s, 3H), 2.65 (dd, 1H, J = 8.1, 11.7 Hz), 2.93 (dd, 1 H,
J =4.6,11.9 Hz). 3.04-3.11 (m, 1H), 3.95 (s, 4H), 7.18 (m, 4H); *C NMR
(CDCl,): 6 =22.5, 30.5, 41.3, 57.7, 59.6, 61.1, 64.7, 122.1, 126.5, 140.1;
HRMS caled for C, H,oN, [M *] 216.1628, found 216.1632.

(S)-1-methyl-2-|(indolinyDhmethyl|pyrrolidine (5): To a dichloromethane
(30 mL) solution of dicyclohexylcarbodiimide (7.10g, 34.0 mmol) was added
Boc-(S)-proline (7.30 g, 34.0 mmol) at 0 °C. After this had been stirred for
15 min, a dichloromethane solution of indoline (4.53 g, 38.0 mmol) was slow-
ly added to the mixture at 0 °C. The mixture was slowly warmed up to room
temperature and stirred for 10 h. The solvent was evaporated in vacuo, ethyl
acetate (100 mL) was added, and the precipitatc was removed by filtration.
The organic layer was waghed with 10% citric acid solution, 4% sodium
hydrogencarbonate solution and brine, and dried (Na,S0,). After removal of
the solvents, the crude product was chromatographed on silica gel to give
(S)-1-(N-tert-butoxycarbonylprolyl)indoline (10.21 g, 95%). A THF (20 mL)
solution of this amide (6.32 g, 20.0 mmol) was added slowly to borane/THF
complex (1.0M THF solution, 34 mL) at 0°C, and the mixture was refluxed
for 2 h. 1N HCI was added carefully at 0 °C to quench the reaction. Water was
then added and the aqueous layer was extracted with ethyl acetate. The
organic layer was washed with water, saturated sodium hydrogencarbonate,
and brine, and dried (Na,S0,). After removal of the solvents, the crude
product was chromatographed on silica gel to give (S)-1-fer-butoxycar-
bonyl-2-[(indolinyl)methyl]pyrrolidine (5.18 g, 86%). A THF (20 mL) solu-
tion of this Boc-protected amine (5.18 g, 17.2 mmol) was slowly added to a
THF suspension (20 mL) of LiAIH, (9.78 g, 20.5 mmol) at 0°C, and the
mixture was stirred for 2 h. Then saturated sodium sulfate solution was added
carefully to the mixture at 0°C, and the organic materials were collected by
decantation. The organic layer was dried (Na,SO,/K,CO;) and the solvent
was removed under reduced pressure. The crude product was chro-
matographed on alumina and then distilled to give § (2.80g, 75%):
(2]3® = — 82.5° (¢ 1.6, EtOH); b.p. 102-104°C/0.7 mmHg: 'H NMR (CD-
Cly): 6 =1.57-1.86 (m, 3H), 1.94--2.08 (m, 1H), 2.21 (q, | H, /= 9.1 H?),
2.37-2.47 (m, 4H), 2.92-3.00 (m, 3H), 3.08 (t, 1 H. J = 8.3 Hz), 3.20 (dd.
t1H,/=45,13.4H2).3.39(t,2H,J = 84 Hz),647(d. 1 H,J =79 Hz), 6.62
(, 1H, J =73 Hz), 6.97-7.23 (m, 2H); *C NMR (CDCl,): é = 22.8, 28.6,
30.3, 41.3, 54.4, 54.5, 57.7, 64.4, 106.4, 117.2, 124.2, 127.2, 129.5, 152.9;
HRMS caled for C,H,N, [M*] 216.1628, found 216.1619.

Other chiral diamines were prepared from L-proline according to the litera-
ture methods.!10%2%-301

(S)-1-methyl-2-(1,2,3,4-tetrahydroisoquinolinyl)methyijpyrrolidine 2):
[2]3® = — 53.6° (¢ 1.5, EtOH); 'HNMR (CDCl,): § =1.55-1.87 (m, 3H),
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1.95-2.08 (m, 1H), 247 (dd, 1H, J =7.6, 9.2 Hz), 2.35-2.47 (m, SH).
2.64-2.79 (m, 3H), 2.87 (1, 2H, J = 5.6 Hz), 3.02-3.08 (m, 1H), 3.63 (s,
2H), 6.98-7.12(m, 4H); '>C NMR (CDCl,): & = 22.5,29.0, 30.8, 41.4, 51.5,
56.8,57.7,63.0,63.5,125.4, 125.9, 126.4, 128.5, 134.3, 134.9; HRMS caled for
C,sH,,N, [M*]230.1785, found 230.1781.

(85)-1-methyl-2-{(1,2,3,4-tetrahydroquinolinyl)methyllpyrrolidine (3): [2)3’ =
—90.7° (¢ 1.4, EtOH); b.p. 119-126°C/0.1 mmHg; 'HNMR (CDCl,):
8 =1.41-1.85 (m, 3H), 1.87-2.02 (m, 3H), 2.12-2.26 (m, 1 H). 2.42 (d, 3H,
J=23Hz), 247-2.53 (m, 1H), 2.73 (¢, 2H, J = 6.1 Hz), 2.99-3.01 (m,
2H), 3.27--3.37 (m, 2H), 3.49-3.57 (m, 1 H), 6.50-6.61 (m, 2H), 6.90-7.05
(m, 2H); '*C NMR (CDCl,): 6 = 22.1,22.2,28.1,30.3, 41.3, 50.7, 56.3, 57.3,
634, 1104, 115.3, 121.9, 1269, 129.1, 145.5; HRMS calcd for C,H,,N,
[M *]230.1785, found 230.1788.

(S)-1-methyl-2-| (indolinyl)methyljindoline (6): [¢]2° = — 93.4° (¢ 1.6, EtOH);
b.p. 260°C/0.07 mm Hg (bath temp): 'HNMR (CDCl,): § =1.42 (s. 2H),
2.82 (s, 3H), 2.96 (t, 2H, J = 8.3 Hz), 3.10-3.22 (m, 2H), 3.30-3.40 (m,
1H), 3.43-3.52 (m, 1H), 3.61-3.64 (m, 1 H), 6.45-6.49 (m, 2H). 6.61 - 6.69
(m, 2H), 7.02~7.11 (m, 4H); }3*C NMR (CDCl,): 6 = 28.7, 30.3, 33.9, 35.1,
54.5, 66.0, 106.4, 107.2, 117.5, 117.9, 124.2, 124 4, 125.5, 127.3, 127.4, 128.6,
129.4, 153.4; HRMS caled for C,gH,oN, [M*] 264.1628, found 264.1631.

(R)-2-|(indolinylymethyljtetrahydrothiophene (7): [o)2% = —76.6° (¢ 2.6,
CHCl,); b.p. 197°C/0.02 mm Hg (bath temp); 'H NMR (CDCl,): 5 =1.62—
1.79 (m, 3H), 1.80-2.03 (m, 3H), 2.69-2.88 (m, 2H), 2.98 (dd, 1 H, J =7.3,
13.5 Hz), 3.10 (dd, 1H, J =7.6, 13.5 Hz), 3.22 -3.33 (m, 2H), 3.36-3.59 (m,
1H), 6.36 (d, 1 H, J =7.6 Hz), 6.50-6.55 (m, 1 H), 6.91-6.96 (m. 2H); 13C
NMR (CDCL,): § = 28.4,29.7, 32.0, 34.7, 47.2, 53.7, 56.0, 1063, 117.2, 124.2,
1270, 129.2, 152.2; HRMS caled for C,,H,,NS [M*] 219.1083, found
219.1091.

(S)-1-Ethy}-2-{(indolinyl)methyllpyrrolidine (8): (a)25 = — 86.1° (¢ 09,
EtOH); b.p. 200 °C/0.05 mm Hg (bath temp); *H NMR (CDCl,): & =1.13 (1,
3H,J =7.3 Hz), 1.60-2.00 (m, 4H), 2.09-2.19 (m, 1 H), 2.21-2.34 (m. 1 H),
2.56-2.66 (m, 1H), 2.91-3.02 (m, 4H), 3.11-3.24 (m, 2H), 3.30-3.45 (m,
2H), 6.46 (d, 1H, J =7.9 Hz), 6.61 (t, 1 H, J =7.4 Hz), 7.00-7.06 (m, 2H);
13C NMR (CDCly): 5 =139, 22.4, 28.5, 29.8, 49.1, 53.9, 54.3, 54.8, 62.9,
106.3, 117.0, 124.1, 1271, 129.3, 152.8; HRMS caled for C,,H,,N, [M*]
230.1785, found 230.1779.

(S)-1-Propyl-2-{(indolinyl)methyllpyrrolidine (9): [«]2° = —91.3° (¢ 0.9,
EtOH); b.p. 185-205°C/0.1 mmHg (bath temp); 'HNMR (CDCl,):
8=0.92(t,3H, J =74Hz), 1.46-1.81 (m, 5H), 1.83-1.99 (m, 1 H), 2.11~
2.27 (m, 2H), 2.59-2.63 (m, 1 H), 2.77-2.87 (m, 1H), 2.92-3.00 (m, 3H),
3.10-3.18 (m, 2H), 3.35-3.43 (m,2H),6.46 (d,1H, J = 8.2 Hz), 6.61 (t, 1 H,
J=174Hz), 7.01--7.06 (m, 2H); }3C NMR (CDCl,): § =12.1, 22.0, 22.7,
28.6, 29.8, 54.4, 54.5, 54.8, 57.8, 106.4, 117.1, 124.2, 129.4, 153.0; HRMS
caled for C,(H, N, [M ] 244.1941, found 244.1946.

(S)-1-Ethy}-2-|(isoindolinyDmethyljpyrrolidine (10): [«]32 = —79.1° (¢ 2.4,
EtOH); b.p. 195°C/0.02 mm Hg (bath temp); 'HNMR (CDCl,): 5 =1.12 (1,
3H, J =7.2 H7), 1.55-2.00 (m, 6H), 2.12 (dd, 1 H, J/ = 8.7, 17.0 Hz), 2.20-
2.33 (m, 1H). 2.66—2.75 (m, 3H), 2.93-3.11 (m, 2H). 3.16-3.27 (m, 1H),
3.30-3.35(m, 1H), 3.48 (dd. 1 H, J = 4.8, 14.7 Hz), 6.50-6.61 (m, 2H), 6.90
(m, 1H), 6.97--7.04 (m, 1 H); 13C NMR (CDCl,): 6 =14.0, 22.0, 22.4, 281,
29.8, 49.2, 50.8, 53.8, 56.6, 61.9, 110.3, 115.2, 121.8, 126.8, 129.0, 145.5;
HRMS caled for C,(H,,N, [M*] 244.1941, found 244.1942.

(S5)-1-Propyl-2-{(isoindoliny)methyllpyrrolidine (11): [2]2® = — 83.2" (¢ 1.2,
EtOH); b.p. 200-215°C/0.08 mmHg (bath temp); 'HNMR (CDCl,):
4 =084 (t, 3H, / =7.3 Hz), 1.37-1.76 (m, 6H), 1.78-1.90 (m, 3H), 2.01-
219 (m, 2H), 2.61-2.81 (m, 4H), 2.95--3.13 (m. 2H). 3.28 (1, 2H,
J =5.6Hz), 3.38 (dd, 1 H, J = 5.0, 14.5 Hz), 6.43-6.53 (m, 2H). 6.82-6.97
(m, 2H); '*C NMR (CDCl,): § =12.1,22.1,22.3,22.6, 28.1,29.7, 50.8, 54.3,
56.6, 57.6, 62.3, 110.3, 115.2, 121.8, 126.9, 129.0, 145.6; HRMS calcd for
C,,H,¢N, [M ") 258.2098, found 258.2091.

(S)-1-Methyl-2-[(2’-methylindoliny)methyljpyrrolidine (12): [«]3° = — 88.6"
(¢ 0.9, EtOH); b.p. 112--113°C/0.5 mmHg; 'HNMR (CDCl,): §=1.26-
1.29 (m, 3H), 1.56-1.84 (m, 3H), 1.92-2.04 (m, 1H), 2.14-2.28 (m, 1H),
2.39-2.61 (m, 5H), 2.87 (dd, 1H, J=8.7, 13.7 Hz), 3.00-3.13 (m, 2H),
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3.19-3.27 (m, 1 H), 3.57-3.76 (m, 1H), 6.45(dd, 1H, J =7.9, 13.9 Hz), 6.60
(dd, 1H,J =7.1,14.0 Hz), 6.99-7.06 (m, 2H); ' *C NMR (CDCl,): 6 =19.4,
19.5, 22.1, 22.2, 30.4, 30.7, 37.2, 41.2, 41.4, 51.4, 52.6, 57.4, 57.7, 61.1, 61.2,
64.1, 64.8, 105.6, 106.2, 116.6, 117.0, 123.8, 124.0, 125.3, 127.1, 128.3, 128.6,
152.3, 153.0; HRMS caled for C, jH,,N, [M ] 230.1785, found 230.1792.

(S)-1-Methyl-2-[(5’-methoxyindolinyl)methyl|pyrrolidine (13): [«]3° =

— 83.0° (¢ 1.1, EtOH); b.p. 180 °C/0.02 mm Hg (bath temp); *H NMR (CD-
Cly): 8 =1.57-1.86 (m, 3H), 1.95-2.09 (m, 1 H}, 2.16-2.37 (m, 1 H}, 2.38-
2.46 (m, 4H), 2.86-2.94 (m, 3H), 3.05-3.15 (m, 2H), 3.28—-3.35 (m, 2H),
3.72 (s, 3H), 6.41 (d, 1H, J = 8.3 Hz), 6.99-7.06 (m, 2H); 13C NMR (CD-
Cly): 6 =22.3,28.9,30.3,41.2, 55.1, 55.8, 55.9, 57.6, 64.3, 106.9, 111.5, 111.9,
131.0, 147.3, 152.5; HRMS caled for C, H,,N,0 [M ] 246.1734, found
246.1730.

(S)-1-Methyl-2-{(5’-chloroindolinyl)methyljpyrrolidine (14): [«]3 = —77.3° (¢
1.4, EtOH); b.p. 210°C/0.15mmHg (bath temp); HNMR (CDCI,):
6 =1.53-1.85 (m, 3H), 1.88-2.05 (m, 1H), 2.16-2.27 (m, 1H), 2.35-2.45
(m, 4H),2.88-2.94 (m, 3H), 2.96-3.19 (m, 2H}), 3.30--3.43 (m, 2H), 6.33 (d,
1H, J =89 Hz), 6.94-6.97 (m, 2H); '3C NMR (CDCl,): § =22.3, 28.3,
30.1, 41.2, 54.25, 54.34, 57.6, 64.1, 106.8, 121.4, 124.3, 126.7, 131.2, 151.5;
HRMS caled for C, ,H, N,Cl [M ] 250.1239, found 250.1239.

(S)-1-Methyl-2-[(perhydroindolinyl)methyl]pyrrolidine (16): [¢]3® = — 50.2°
(¢ 1.3, EtOH); b.p. 141°C/0.15 mmHg (bath temp); 'HNMR (CDCl,):
0 =1.13-1.55 (m, 10H), 1.56—1.84 (m, 4H), 1.84-1.95 (m, 2H), 2.02-2.23
(m, 4H), 2.26-2.36 (m, 2H), 2.40- 2.44 (m, 2H), 2.80-3.12 (m, 2H); '*C
NMR (CDCl,): 6 = 20.6,21.1,22.1,22.3, 24.8, 24.9, 25.7, 25.9, 28.95, 29.04,
30.3, 30.6, 30.8, 38.06, 38.10, 41.3, 52.3, 52.6, 57.8, 58.2, 58.4, 59.6, 63.0, 63.5,
64.5, 64.9; HRMS caled for C,,H, (N, [M 7] 222.2098, found 222.2091.

(5)-1-Methyl-2-| (perhydroisoindolinyl)methyljpyrrolidine (18): [«]3° =

— 55.1° (¢ 1.8, EtOH); b.p. 119°C/2.0 mm Hg (bath temp); "H NMR (CD-
Cl,): 6 =1.17-2.08 (m, 17H), 2.10-2.67 (m, 10H), 3.01-3.06 (m, L H); *3C
NMR (CDCLy): 6 = 22.4, 24.9, 25.5, 30.2, 30.5, 30.9, 41.2, 41.5, 57.7, 57.8,
59.7,60.7, 61.2, 63.5, 63.9; HRMS caled for C, ;H,4N, [M 7] 236.2254, found
236.2258.

(S)-1-Methyl-2-| (pyrrolidine)methyllindoline (19): [«]3° = —71.5° (¢ 1.9,
EtOH); b.p. 173°C/0.4 mmHg (bath temp); *HNMR (CDCl,): § =1.65~
1.85 (m, 6H), 2.48--2.57 (m, 5H), 2.72 (s, 3H), 3.04-3.13 (m, 1 H), 3.35-
3.43 (m, 1H), 6.37 (d, 1H, J=7.6 Hz), 6.57 (t, 1H, J =7.3 Hz), 6.90-7.01
(m, 2H); '*C NMR (CDCl,): 6 = 23.5, 35.0, 35.2, 54.8, 60.4, 66.3, 107.2,
117.8,124.0, 127.2, 129.1, 153.5; HRMS caled for C  H, )N, [M 7] 216.1628,
found 216.1624.

(S)-1-Ethyl-2-{(1,2,3,4-tetrahydrogquinotiny)methyljpyrrolidine (20): {«}3* =
— 81.8° (c 2.4, EtOH); b.p. 108-110°C/1.5 mmHg; ‘HNMR (CDCL,):
6=113(t, 3H, J =7.1 Hz), 1.66-1.85 (m, 3H), 1.96-2.32 (m, 3H), 2.50-
2.57 (m, 1H), 2.66 (dd, 1H, J =86, 11.5Hz), 2.91 (dd, 1H, J = 4.0,
11.6 Hz), 2.96-3.08 (m, 1H), 3.16-3.23 (m, 1 H), 3.94 (m, 4H), 7.16 (m,
4H); '3C NMR (CDCl,): 6 =13.9, 22.5, 30.1, 49.2, 53.9, 59.7, 61.4, 63.2,
122.1, 126.5, 140.0; HRMS caled for C,,H,,N, [M*] 230.1785, found
230.1779.

(S)-1-Propyl-2-[(1,2,3,4-tetrahydroquinolinylymethyl]pyrrolidine (21): [«]3* =
—90.0° (¢ 0.8, EtOH); b.p. 185°C/0.05 mm Hg; 'H NMR (CDCl,): & = 0.92
(t, 3H, J =7.4 Hz), 1.49-1.62 (m, 3H), 1.67-1.80 (m, 2H), 1.96-2.06 (m,
1H), 2.12-2.27 (m, 2 H), 2.43- 2.56 (m, 1 H), 2.65 (dd, 1 H, J = 8.9, 11.9 Hz),
2.78-2.92 (m, 2H), 3.13-3.20 (m, 1H), 3.94 (m, 4H), 7.16 (m, 4H); 3C
NMR (CDCl,): 6 =12.1, 22.1, 22.6, 30.0, 54.4, 57.7, 59.8, 61.3, 63.6, 122.1,
126.5, 140.1; HRMS caled for C, H,,N, [M*] 244.1941, found 244.1940.

(S)-1-Ethyl-2-{(1,2,3,4-tetrahydroisoquinolinyl)methyl]pyrrolidine (22):

[o)3° = —76.1° (¢ 1.4, EtOH); b.p. 181°C/0.75 mmHg; 'HNMR (CDCl,):
6=1.03 (t, 3H, J=7.3Hz), 1.52-1.79 (m, 3H), 1.85-2.21 (m, 3H), 2.36
(dd, 1H, J =76, 11.5 Hz), 2.45-2.69 (m, 4H), 2.71-2.87 (m, 2H), 2.90-
3.00 (m, 1H), 3.07-3.13 (m, 1H), 3.55 (m, 2H), 6.90-7.04 (m, 4H); '*C
NMR (CDCl,): 6 =13.8, 22.5, 29.0, 30.5, 49.1, 51.5, 53.9, 56.8, 61.8, 63.8,
125.4, 125.9, 126.4, 128.5, 134.3, 134.9; HRMS caled for C, H,,N, [M *]
244.1941, found 244.1946.
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(S5)-1-Propyl-2-((1,2,3,4-tetrahydroisoquinolinyl)methyljpyrrolidine (23):

[o]37 = — 86.2" (¢ 2.1, EtOH); b.p. 190°C/0.02 mmHg; '"H NMR (CDCl,):
é=091(t, 3H, J=7.3Hz), 1.44-1.60 (m, 3H), 1.61-1.86 (m, 3H), 1.92—
2.04 (m, 1H),2.08-2.27(m,2H),2.43(dd, tH,J =79, 11.6 Hz),2.52-2.90
(m, 6H), 3.13-3.19 (m, 1H), 3.64 (m, 2H), 6.99-7.14 (m, 4H); '*C NMR
(CDCLy): 6 =121, 22.2, 22.7, 29.1, 30.5, 51.6, 54.5. 56.9, 57.8, 62.3, 63.8.
125.4, 125.9, 126.5, 128.6, 134.4, 135.1; HRMS caled for C;H, N, [M 7]
258.2094, found 258.2091.

(S)-1-Methyl-2-| (perhydroisoindolinyl)methyl]pyrrolidine (24): [a]3¢ =
—61.3°(c 1.1, EtOH); b.p. 155°C/0.6 mmHg; 'H NMR (CDCl,): ¢ =1.30
1.37 (m, 1H), 1.43-1.61 (m, 8H), 1.63-1.84 (m, 2H), 1.90 2.08 (m. 1 H),
2.10-2.27 (m, 4H), 2.38-2.42 (m, 3H), 2.43- 2.53 (m, 3H), 2.70-2.77 (m,
3H), 3.00-3.07 (m, 1 H); *C NMR (CDCl,): ¢ = 22.4, 22.7, 22.9, 26.85,
26.92, 30.6,37.0,41.4,57.7, 58.9, 59.3, 62.6, 64.8; HRMS caled for C, ,H,(N,
[M *]222.2098, found 222.2103.

(S)-1-Methyl-2-[(1-benz|cd]indolinyl)methyl|pyrrolidine (25): [2]3® = — 59.6
(¢ 3.0, EtOH); b.p. 236°C/0.1 mmHg (bath temp); 'HNMR (CDCL,):
8 =1.60-1.87 (m, 3H), 1.89-2.02 (m, 1 H), 2.15-2.26 (m, 1H), 2.41-2.54
(m,4H),3.07(dd, 1H,J = 68,84 Hz),3.27(dd, 1H,J = 6.9, 14.1 Hz). 3.53
(dd, 1H, J = 4.6, 14.2 Hz), 4.80 (m, 2H), 6.15(d. 1 H, J =7.3 Hz), 6.85 (d,
1H,J =83 Hz),7.08(d, 1H,/ = 6.9 Hz), 7.19-7.24 (m. 1 H), 7.32~7.37 (m.
1H),7.45(d, 1 H,J = 8.3 Hz); *CNMR (CDCl,): & = 22.3, 29.9, 41.2, 51 4,
57.6, 58.6, 64.8, 95.7, 110.9, 115.4, 122.1, 127.7, 129.8, 130.8, 132.0, 139.1,
152.8; HRMS caled for C,;H,N, [M *] 252.1628, found 252.1631.

General Procedure for the Asymmetric Aldol Reaction: A typical experimental
procedure is described for the reaction of 1 with benzaldehyde. Chiral di-
amine 6 or 10 (0.48 mmol) in dichloromethane (0.5 mL) and dibutyltin diac-
etate (0.44 mmol) werc added successively at room temperature to a suspen-
sion of tin(u) triflate (0.4 mmol) in dichloromethane (0.5 mL). The mixture
was then cooled to —78 °C and dichloromethane solutions (0.5 mL each) of
1 (0.4 mmol) and benzaldehyde (0.27 mmol) were successively added. The
mixture was stirred for 21 h, and saturated NaHCO; was added to quench the
reaction. After the standard workup, the crude product was chro-
matographed on silica gel to give S-ethyl 2-(zeri-butyldimethylsiloxy)-3-hy-
droxy-3-phenylpropanethioate. The diastereomers were separated and the
optical purity was determined by HPLC using a chiral column.

S-Ethyl (28,3R)-2-(tert-butyldimethylsiloxy)-3-hydroxy-3-phenylpropane-
thioate: IR (neat): ¥ = 3490, 1680 cm™!; *H NMR (CDCl,): § = — 0.42 (s,
3H), 0.03 (s, 3H), 0.95 (s, 9H), 1.29 (t, 3H, J =74 Hz), 293 (g, 2H,
J=74Hz),3.08(d,1H,J=8.6Hz),4.34(d, 1 H,J = 2.7 Hz), 5.16 (dd, 1 H,
J=127,8.6Hz),7.28-7.43 (m, 5H); *C NMR(CDCl,): § = — 5.68. 14.41,
18.06, 22.79, 25.73, 75.26, 82.34, 126.11, 127.67, 128.14, 140.45, 203.38; anal.
caled for C,,H,;0,SSi: C 59.96, H 8.29, S 9.42; found: C 59.89. H 8.36, S
9.73; HPLC (Daicel Chiralcel OD, hexane/i-PrOH = 50/1, flow ratc =
1.0 mLmin '): f; =7.6 min (25,3R), £z = 9.4 min (2R.3S).

S-Ethyl  (25,3R)-2-(tert-butyldimethylsiloxy)-3-hydroxypentanethioate: IR
(neat): ¥ = 3510, 1680 cm™!; 'HNMR (CDCl,): § = 0.10 (s. 3H). 0.14 (s.
3H), 097 (s, 9H), 099 (t, 3H, /=73 Hz), 1.24 (1, 3H, J =74 Hz), 1.29-
1.64 (m, 2H), 2.23(d, 1H, J =9.2 Hz), 2.85(q, 2H, J =7.4 Hz), 3.48-3.66
(m, 1H),4.12 (d, 1 H, J = 3.6 Hz); '*C NMR (CDCl,): § = —~ 5.01, —4.82,
10.28, 14.46, 18.12, 22.60, 25.81, 26.23, 75.48, 80.31, 204.82; anal. calcd for
C,3H,40,8Si: C 53.38, H 9.65, S 10.96; found: C 53.12, H 9.73, S 10.81;
HPLC (Daicel Chiralcel OD, hexane/i-PrOH =100/1, flow rate =
1.0 mLmin™"): f; = 4.4 min (2R,3S), fr = 4.8 min (25,3R).

S-Ethyl  (25,3R)-2-(tert-butyldimethyisiloxy)-3-hydroxydecanethioate: 1R
(neat): ¥ = 3500, 1680 cm™'; '"HNMR (CDCl,): § = 0.08 (s, 3H), 0.13 (s.
3H), 0.85 (t, 3H, J =7.3 Hz), 0.96 (s, 9H), 1.19- 1.40 (m, 13 H), 1.40-1.48
(m, 2H), 2.31 (brs, 1H), 2.83 (q, 2H, J =7.4 Hz), 3.48--3.84 (m, 1 H), 4.10
(d, 1H, J =3.2Hz); '3C NMR (CDCl,): § = — 4.90, 14.04, 14.43, 18.08,
22.57,25.72, 29.15, 29.33, 31.72, 32.98, 73.87, 80.45, 204.74; anal. caicd for
C,4H,30,8Si: C 59.62, H 10.56, S 8.84; found: C 59.45, H 10.61, S 8.68;
HPLC (Daicel Chiralce] OD, hexane/i-PrOH = 200/1, flow rate =
1.0mLmin~'): 7, = 8.1 min (2R,35), £ = 28.6 min (2S.3R).

(S)-Ethyl (285,3R,4E)-2-(tert-butyldimethylsiloxy)-3-hydroxy-4-hexene-

thioate: IR (neat): ¥ = 3500, 1680 cm™'; "THNMR (CDCI,): & = 0.08 (s,
3H), 0.13 (s, 3H), 0.96 (s, 9H), 1.23 (t, 3H, J=7.4 Hz), 1.70 (ddd, 3H,
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J=17,23,6.6Hz),2.55(d,1H,J=9.3Hz), 284 (q,2H, J =74 Hz),4.13
(d, 1H, J=3.5Hz), 426-432 (m, 1H), 547 (ddd, 1H, J=1.7, 5.6,
152 Hz), 5.74 (ddgq, 1H, J=13, 6.6, 15.2Hz); 3°C NMR (CDCl,):
0= — 490, 14.45, 17.68, 18.17, 22.64, 25.72, 74.23, 80.77, 128.05, 129.52,
204.15; anal. caled for C H,,0,881: C 55.22, H 9.27, S 10.53; found: C
55.47, H9.20, S 10.52; HPLC (Daicel Chiralcel OD, hexane/i-PrOH = 50/1,
flow rate =1.0 mLmin""): 7, = 5.8 min 2R,3S), f = 8.3 min (25,3R).

(S)-Ethyl (2S,3R,4E)-2-(tert-butyldimethylsiloxy)-3-hydroxy-5-phenyl-4-pen-
tenethioate: IR (neat): § = 3480, 1680 cm ™~ !; "THNMR (CDCI,): § = 0.04 (s,
3H). 0.11 (s, 3H), 0.93 (s, 9H), 1.17 (t, 3H, J =7.4Hz), 2.76 (d, 1H,
J=9.2Hz). 2.81 (g, 2H, J=7.4 Hz), 4.23 (d, 1H, J = 3.3 Hz), 4.47 (ddd,
TH, J=1.3, 51, 9.2 Hz), 6.17 (dd, 1H, J=5.1, 158 Hz), 6.62 (dd, 1 H,
J =13, 158 Hz), 7.16-7.55 (m, 5H); *C NMR (CDCl,): § = — 4.94,
—4.83,14.41, 18.13, 22.68, 25.70, 25.79, 74.22. 80.45, 126.45, 127.62, 127.85,
128.50, 131.36, 136.44, 204.25; anal. caled for C, ,H,,0,SSi: C 62.25, H 8.25,
S8.75; found: C 61.98, H 8.39, S 8.94; HPLC (Daicel Chiralcel AD, hexane/i-
PrOH =100/1, flow rate =1.0 mLmin '): fg =15.0min (2R3S), 1, =
22.1 min (28,3R).

(S)-Ethyl (28,3R 4E)-2-(tert-butyldimethylsiloxy)-3-hydroxy-5-tributylstan-
nyl-d-pentenethioate: IR (neat): ¥ = 3500, 1680 cm™'; 'HNMR (CDCl,):
5 =008 (s, 3H), 0.14 (s. 3H), 0.84-0.90 (m, 12H), 0.96 (s, 9H), 1.20-1.36
(m. 12H). 1.42-1.53 (m, 6H), 2.74 (d, 1H. J =9.8 Hz), 1.25 (t, 3H,
J =74Hz), 2.83 (q, 2H, J =7.4 Hz), 4.22 (d, 1 H, J = 3.0 Hz), 4.27 (ddd,
1H, /=30, 43, 98 Hz), 6.02 (dd, 1H, J =43, 11.3Hz), 6.28 (d, 1H,
J =11.3 Hz); anal. caled for C,H,,0,88iSn: C 51.81, H9.04, S 5.53; found:
C 52.07, H 9.30, S 5.38; HPLC (Daicel Chiralccl OD, hexanc/i-PrOH = 300/
1. flow rate =1.0 mLmin~"): ¢z, = 4.5 min (2R,3S), fz = 5.8 min (25,3R).

(S)-Ethyl (28,35)-2-(tert-butyldimethylsiloxy)-3-(2-furyl)-3-hydroxypropane-
thioate: IR (neat): ¥ = 3490, 1680 cm™'; THNMR (CDCl,): 6 = — 0.20 (s,
3H), 0.10 (s, 3H), 0.91 (s, 9H). 1.25 (t, 3H, / =7.4 Hz), 2.88 (q, 2H.
J =7.4Hz),3.01(d, 1 H.J =10.2 Hz), 4.49 (d, t H, J = 2.6 H), 4.91 (d, 1 H,
J=10.2Hz), 6.30-6.35 (m, 2H), 7.36 (m, 1H); *C NMR (CDCI,):
&= — 565, 14.36, 18.03, 22.81, 25.63, 70.64, 79.52, 107.44, 110.42, 141.80,
153.23,203.18; anal. caled for C, ;H,,0,S8Si: C 54.51, H 7.93, § 9.70; found:
C 54.38, H 8.01, § 9.96; HPLC (Daicel Chiralcel AD, hexane/i-PrOH = 100/
1. flow rate =1.0mLmin~'): f; = 9.6 min (2S.35), #, =11.0 min 2R.3R).

(S)-Ethyl  (2S,3R,4E,6E)-2-(tert-butyldimethylsiloxy)-3-hydroxy-4,6-octadi-
enethioate:['3P! A small amount of geometrical isomer derived from the start-
ing aldehyde was not separated. IR (neat): ¥ = 3400, 1675 ¢cm™'; 'H NMR
(CDCly): 6 =006 (s, 3H), 012 (s, 3H), 095 (s, 9H), 1.21 (t, 3H,
J=74Hz). 1.73 (d, 3H, J=63Hz), 2.63 (brs, 1H), 2.83 (q, 2H,
J=74Hz), 414 (d, 1H, J = 3.6 Hz), 4.33 (brs, 1 H), 5.51-6.23 (m, 4H);
13C NMR (CDCl,): 6 = — 4.87, 14.40, 18.10, 22.61, 25.68, 74.00, 80.56,
128.30, 130.28, 130.50, 132.00, 204.13; HPLC (Daicel Chiralcel AD, hexane/
i-PrOH =100/1, flow ratc =1.0 mLmin~"): 7z = 6.9 min (minor enantiomer
(2R.38) of geometrical isomer), fp =7.8 min (2R,3S), t, =19.5 min (major
enantiomer (25,3R) of geometrical isomer), £, = 24.6 min (2S5,3R).

Acknowledgments: We are grateful to Takashi Kawasuji for helpful discussion
and to Yumi Saito and Masae Matsumura for technical assistance. This work
was partially supported by a Grant-in-Aid for Scientific Research from the
Ministry of Education, Science, Sports, and Culture, Japan.

Received: December 30, 1996 [F 568)

[1] a) M. Nogradi, Stercoselective Synthesis, 2nd ed., VCH, Weinheim, 1995;
b) R.S. Atkinson, Stereoselective Synthesis, Wiley, New York, 1995; ¢) J.
Seyden-Penne. Chiral Auxiliaries and Ligands in Asymmetric Synthesis, Wiley,
New York, 1995; d) Selectivity-—A Goal for Synthetic Efficiency (Eds.: W.
Bartmann, B. M. Trost), VCH, Weinheim, 1984.

[2] a) W. Carruthers, Cycloaddition Reactions in Organic Synthesis, Pergamon,
New York, 1990; b) D. L. Boger, S. M. Weinreb, Hetero Diels—Alder Method-
ology in Organic Syathesis, Academic Press, New York, 1987; ¢) W. Oppolzer,
in Comprehensive Organic Synthesis, Vol. 5 (Eds.: B. M. Trost, |. Fleming),
Pergamon, Oxford, 1991, pp. 315-399; d) S. M. Weinreb, in ibid., pp. 401 -
449;¢) D. L. Boger, inibid., p. 451 - 512} M. D. Bednarski, I P. Lyssikatos,
in ibid., Vol. 2, p. 661-706.

[3] K. Maruoka, H. Imoto, H. Yamamoto, J 4m. Chem. Soc. 1994, 116, 12115~
12116, and references cited therein.

[4] a) C.H. Heathcock, in Asymmetric Synthesis, Vol. 3 (Ed.: J. D. Morrison),
Academic Press, New York, 1984, p. 111-212: b} D. A. Qare, C. H. Heath-
cock, Top. Stercochem. 1989, 19, 227--407; ¢) C. Gennari. in Selectivities in
Lewis Acid Promoted Reactions (Ed.: D. Schinzer), Kluwer Academic, 1989,
p.53-71: d) C. H. Heathcock, in Comprehensive Organic Synthesis, Vol. 2
(Eds.: B.M. Trost. 1. Fleming), Pergamon, Oxford, 1991. p. 133-179;
¢) C. H. Heathcock. in ibid., p. 181-238; ) B. M. Kim, S. F. Williams, S.

1480 ———— «; WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1997

Masamune, in ibid., p. 239-275; g) M. W. Rathke, P. Weipert, in ibid., p. 277~
299; h) [ Paterson, in ibid., p. 301-319; i) M. Braun, in Steresselective Syn-
thesis, Vol. 3 (Eds.: G. Helmchen, R. W, Hoffmann, J. Mutzer. E. Schaumann),
Thieme, Stuttgart, 1996, p. 1603.

[5] This means that reports on asymmetric synthesis of both syn- and anti-aldol

adducts from the same starting materials are rare. The preparation of sy#- and

anti-aldol adducts from boron enolates of «’-alkoxy ketones by choosing pro-

tective groups for the alkoxy groups has been reported: aj 1. Paterson, D. J.

Wallace, M. Velazquez, Teirahedron Let:. 1994, 35, 9083-9086; see also

b) D. A. Evans, M. G. Yang, M. I. Dart, J. L. Dulfy, A. S. Kim, J. Am. Chem.

Soc. 1995, 117, 9598-9599.

a) Selectivities in Lewis Acid Promoted Reactions (Eds.: D. Schinzer), Kluwer

Academic, 1989; b) M. Yamaguchi, in Comprehensive Organic Synthesis,

Vol. 1 (Eds.: B. M. Trost, I. Fleming), Pergamon, Oxford. 1991, p. 325-353;

¢) H. Yamamoto, K. Maruoka, K. Ishihara, Synth. Org. Chem. Jpn. (Special

Issue in English) 1994, 52,912--922; d) G. E. Keck, D. Krishnamurthy. J. Am.

Chem. Soc. 1995, 117, 2363-2364; ¢) E. M. Carreira, R. A. Singer, W. Lee,

ihid. 1994, 116, 8837-8838; ) K. Mikami, S. Matsukawa, ibid. 1994, 116,

4077-4078; g) E.J. Corey, C. L. Cywin, T. D. Roper, Tetrahedron Leit. 1992,

33,6907-6910: h) S. Kiyooka, Y. Kancko, K. Kume, Tetrahedron Lett. 1992,

33, 4927-4930; i) E. R. Parmee, Y. Hong, O. Tempkin, S. Masamune, ibid.

1992, 33, 1729-1732.

Based on this idea, both diastereomers were prepared in high optical purities.

For preliminary communications, see a) S. Kobayashi, T. Hayashi, J. Org.

Chem. 1995, 60, 1098—1099; b) S. Kobayashi, M. Horibe, M. Matsumura.

Svnletr 1995, 675 -676; ¢) S. Kobayashi, M. Horibe, Chem. Lert. 1995, 1029

1030.

[8] a) S. C. Stinson, Chem. Eng. News 1995, Oct. 9,44-74:1993, Sept. 27,38 65,
b) K. Narasaka, Synthesis 1991, 1- 11; ¢) quite recently, we developed a new
method for preparation of both enantiomers from a single chiral source and a
choice of achiral ligands in the chiral lanthanide(tn)-catalyzed Diels-Alder
reactions. S. Kobayashi, H. Ishitani, J. Am. Chem. Soc. 1994, 116, 4083 -4084;
S. Kobayashi. H. Ishitani, 1. Hachiya, M. Araki, Tetrahedron 1994, 50, 11623 -
11636.

[9] For a preliminary communication, see: S. Kobayashi, M. Horibe, J. Am. Chem.
Soc. 1994, 116, 9805~ 9806.

[10] a) S. Kobayashi, H. Uchiro, Y. Fujishita, 1. Shiina, T. Mukaiyama, J. 4m.
Chem. Soc. 1991, 113, 4247-4252; b) S. Kobayashi, H. Uchiro, I. Shiina, T.
Mukaiyama. Tetrahedron 1993, 49, 1761-1772; ¢) S. Kobayashi, T. Kawasuji,
N. Mori, Chem. Letr. 1994, 217-220, and references cited therein

[11] For chiral Lewis acid promoted aldol reactions of silyl enolates with aldehydes,
see T. Bach, Angew. Chem. Ini. Ed. Engl. 1994, 33, 417 419.

[12] a) T. Mukaiyama, H. Uchiro, 1. Shiina, S. Kobayashi, Chem. Leir. 1990, 1019
1022; b) T. Mukaiyama, 1. Shiina, S. Kobayashi, ibid. 1991, 1901 1904;c¢) S.
Kobayashi, T. Kawasuji, Syalet: 1994, 911- 913 d) S. Kobayashi, T Kawa-
suji, Tetrahedron Lerr. 1994, 35, 3329-3332,

[13] a) S. Kobayashi, M. Horibe, Synlers 1994, 147-148; b) S. Kobayashi, M.
Horibe, Y. Saito, Tetrahedron 1994, 50, 9629 -9642.

[14] Calculated with MOPAC93 using the PM3 hamiltonian. J J. P. Stewart,
MOPAC93.00 Manual; Fujitsu, Tokyo, 1993.

[15] The reaction of (F)-1-ethylthio-1-(trimethylsiloxy)-2-(tert-butyldimethyl-

siloxy)ethene with benzaldehyde was sluggish under the same reaction condi-

tions. Cf. ref. [2]. See also S. Kobayashi, M. Horibe, I. Hachiya. Tetrahedron

Letr. 1995, 36, 3173--3176.

In some cycloaddition or cross-coupling reactions, it was reported that the

stereochemical course changed using chiral sources with same configurations

and slightly different structures, but the selectivities were moderate: a} K.

Ishihara, Q. Gao, H. Yamamoto, J Am. Chem. Soc. 1993, 115, 10412-10413;

b) T. Hayashi, M. Konishi, M. Fukushima, T. Mise, M. Kagotani, M. Tajika,

M. Kumada, ibid. 1982, 104, 180-186; cf. ¢) H. Suzuki, K. Mochizuki, T.

Hattori, N. Takahashi, O. Tajima, T. Takiguchi, Bufl. Chem. Soc. Jpn. 1988, 61,

1999 --2005.

R. Ostwald, P.-Y. Chavant, H. Stadimdiller. P. Knochel, J. Org. Chem. 1994, 59,

4143--4153.

For preparation of optically active 1,2-diols using the osmium-catalyzed asym-

metric dihydroxylation, see a) H. C. Kolb, M. S. Van Nicuwenhze. K. B.

Sharpless, Chem. Rev. 1994, 94, 2483 -2547; b) R. A. Johnson. K. B. Sharp-

less, Catalytic Asymmetric Dihydroxylation, in Catalytic Asymmetric Synthesis

(Ed.: 1. Ojima). VCH, Weinheim, 1993, pp. 227-272, and references cited

therein.

[19] S. Kobayashi, T. Harada, I S. Han, Chem. Express 1991, G, 563 566.

[20] a) N. Oguni, Y. Matsuda, T. Kaneko, J. Am. Chem. Soc. 1988, 110, 7877
7878; b) M. Kitamura, S. Okada. S. Suga, R. Noyori, ibid. 1989, 111, 4028--
4036;¢) C. Puchot, O. Samuel, E. Dunach, $. Zhao, C. Agami, H. Kagan, ibid.
1986. 7108, 2353-2357.

[21} a) N.Iwasawa, T. Mukaiyama, Cherm. Lets. 1982, 1441 - 1444, b) N. Iwasawa,
T. Mukaiyama, ibid. 1983, 297 -298; ¢) T. Mukaiyama, S. Kobayashi, Org.
Reuct. 1994, 46, 1 - 103.

[22] Cf.a) K. G. Shields, R. C. Seccombe, C. H. L. Kennard, J. Chem. Soc. Daltost
Trans. 1973, 741-743; b) F. P. van Remoortere, 1. J. Flynn, F. P. Boer, P. P.
North, /norg. Chem. 1971, 70, 1511 -1518.

=

=

16

117

8

(947-6539/97/0309-148G $ 17.50 + .50/0 Chem. Eur. J 1997, 3. No. 9



CLAC Synthesis

14721481

[231 a) T. Mukaiyama, M. Asami, Top. Curr. Chern. 1985, 127, 133-167;b) R.W.
Stevens, T. Mukaiyama, Chem. Lett. 1983, 1799 - 1802. There arc four possible
conformational isomers of bicyclo[3.3.0]octane-like structure (see below). [
and IV are the more stable because there are steric repulsions between hydro-
gen atoms in IT and ILL

[24] We carried out NOE experiments on the chiral tin(ir) Lewis acids. NOE be-
tween the N-methyl protons and the methylcne protons of the right part of the
chiral diamine was observed in the Sn(OTf),—5--Bu,Sn(OAc), complex, while

Chem. Eur. J. 1997, 3, No. 9

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1997

no obvious NOE data was obtained in the Sn{OTf), - 4- Bu,Sn(OAc), com-
plex after several trials at various temperatures and in various solvents. (The
NOE experiments were carried out in CD,CN at 20°C. In CD,(Cl, sufficient
well-resolved NMR spectra were not obtained, probably due Lo the insolubility
of the tin(y) complex and fast equilibrium. We confirmed that similar high
selectivities were obtained in CH,CN at —40°C or in C,H,CN at —78"C.)

~ N
. H g \ SNy
N "
/ t

'} en S

CH3
NOE

[25) S. Kobayashi, M. Horibe, Tetrahedron 1996, 52, 7277-7286.

[26] S. Murata, M. Suzuki, R. Noyori, J. Am. Chem. Soc. 1980. 102, 3248- 3249.

[27] Cf. S. Kobayashi, M. Horibe, Tetrahedron Asymmertry 1995, 6, 2565 - 2569.

[28] R.J. Batchelor, J. N. R. Ruddick, J. R. Sams, F. Aubke, norg. Chem. 1977, 16.
1414-1417.

[29] T. Mukaiyama, N. Iwasawa, R. W. Stevens, T. Haga. Terrahedron 1984, 40.
1381-1390.

[30] T. Mukaiyama, S. Kobayashi, T. Sano, Terrahedron 1990, 46, 4653 -4662.

0947-6539/97/0309-1481 $ 17.50+.50,/0 — 1481



