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Abstracts: New carbon-carbon bond forming reactions using a catalytic 

amount of tin(II) reagents have been developed. Namely, an aldol type 

reaction of tin(I1) enolate is achieved starting from a,@-unsaturated 

ketone, aldehyde and ethylthiotrimethylsilane in the presence of a 

catalytic amount of tin(II) triflate sulfide. Furthermore, the catalytic 

asymmetric Michael reaction of tin(I1) enethiolate is realized just by 

using a catalytic amount of tint111 triflate-chiral diamine complex. 

Achievement of stereoselectivity in synthetic organic reactions is one of the 

greatest challenges facing organic chemist today. The last decade has seen a 

remarkable progress in this field, where many reactions with a high degree of 

diastereoselectivity and enantioselectivity have been developed. A central aspect 

of this surge has been the utilization of various new elements such as Ti, B, Pd, 

Rh, etc., which were not commonly employed in synthetic reactions before. As such 

reactions are developed, attention is now being focussed on the development of 

catalytic reactions especially in the carbon-carbon bond forming reactions, in 

which a high degree of stereoselection, both diastereoselectivity and 

enantioselectivity, is achieved by using only a catalytic amount of reagents. 

Such reactions have not only great aesthetic value but are also of advantage in 

terms of both rate and economy. Thus, the development of catalytic 

stereoselective reactions, especially catalytic asymmetric reactions, has become a 

major topic of modern organic synthesis. 1) 

During the past six years, extensive work has been carried out in our group 

on the utilization of tin(II) compounds in organic synthesis. 2) In this paper, we 

wish to report our efforts towards the development of organic reactions in which 

stereoselectivity is achieved by using a catalytic amount of the tin(I1) 

reagents.31 

We first focussed our attention on the aldol reaction. The aldol reaction is 

a fundamental carbon-carbon bond forming reaction, and extensive research has been 

carried out on the stereocontrol of this reaction, utilizing various metal 

enolates.4) In our group, an aldol reaction via tin(I1) enolates, generated in 

situ from ketones and tint111 trifluoromethanesulfonate (triflate) has been 

recently developed and it has been shown that the corresponding aldol product is 
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produced in high yield with good stereoselectivity.5) However, in all of these 

conventional aldol reactions employing preformed metal enolates, the starting 

carbonyl compound is quantitatively converted to the corresponding metal enolate 

and consequently a stoicbiometric amount of the metal reagent is required. 

Therefore, we started our work on catalytic reactions with the aim of developing 

stereoselective aldol reactions employing a catalytic amount of the metal reagent 

with the expectation that such a reaction could be realized according to the 

catalytic cycle shown in Scheme 1. 

+ RkHO f &3SiMe, amount 

Scheme 1 

SnOTf 

d L SR2 ’ 

/- 

R3CH0 

0 

0Tf=08c5 

Namely, in the first step, the conjugate addition of the tint111 species J_ to 

vinyl ketone 1 produces the tint111 enolate 1 which in turn reacts with aldehyde 

to give the corresponding aldol product 2 as its tin(I1) alkoxide.61 In the next 

step, this tin(II1 alkoxide reacts with alkylthiotrimethylsilane to regenerate the 

tint111 species along with the aldol product as its trimethylsilyl ether 5. The 

affinity of tin to sulfur, and the weakness of the silicon-sulfur bond is the main 

driving force of this reaction step.') Thus, it was assumed that the aldol 

reaction via tin(II) enolate would proceed by employing only a catalytic amount of 

the tin(II1 species 1. 

We first tried this reaction according to the following procedure. A 

catalytic amount of tin(II) triflate sulfide, prepared in situ from tint111 

triflate and tne lithium salt of ethanethiol, was treated with methyl vinyl ketone 

in dichloromethane, followed by addition of benzaldehyde and 

ethylthiotrimethylsilane. The reaction proceeded smoothly to afford the desired 

aldol product in 76 % yield with a diastereomer ratio of 89:11.(Equation 1) 

l)lOmol% EtSSnOTf 

+ PhCliO + EtSSi$ 
-78’C. CHpC12 

- 
2) H30+ 

Equation 1 76% syn : anti = 89 : 11 
At this stage, we considered the alternative possibility that the reaction 

would proceed via the silyl enol ether of the ketone, promoted by the tin(II) 

species, a Lewis acid catalysis, as shown in Scheme 2. 8) However, when a mixture of 
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benzaldehyde, methyl vinyl ketone, ethylthiotrimethylsilane was treated with 

several Lewis acids, such as BF3.OEt2 and SnC14, as shown in Table 1, both yields 

and stereoselectivity of the aldol products obtained were poor in all cases. 

l+ EtSSil - \ 

Scheme 2 

Lewis acid -~S$=&=+~;+~; 
CH2C12 

SY” 
Table 1. 

Lewis acid Yield/%a) Syn:Antib) 

BF3*0EtZC) 36 31:69 

SnC14C) 24 34:66 

Sn(OTf)2d) 36 63:37 

a) Isolated yield. 

b) Diastereomers were separated by silica-gel column chromato- 

graphy. The stereochemistry of the diasteromers was 

determined by the 'H and 13C NMR spectra.') 

c) The Lewis acid was employed in a catalytic amount (10 mol%). 

d) Stoichiometric amount of Sn(OTfj2 was employed. 

In contrast, when methyl vinyl ketone was treated with an equimolar amount of 

tint111 triflate sulfide, followed by the addition of benzaldehyde, the reaction 

proceeded smoothly to afford the aldol product in 73 % yield with a syn:anti ratio 

of 90:10.(Equation 2) The result is similar to that obtained when a catalytic 

amount of tin(I1) triflate sulfide is used. These observations strongly suggest 

that the present reaction is indeed proceeding via the tint111 enolate by the use 

of tin(II) triflate sulfide as a catalyst. 

Equation 2 

Subsequent screening of solvents showed that tetrahydrofuran is the solvent 

of choice. Furthermore, it was found that the yield was improved to 68 % without 

loss of stereoselectivity when the reaction was carried out at -45 OC.(Table 2) 

Having attained the best reaction conditions, the reaction of methyl vinyl 

ketone and phenyl vinyl ketone with benzaldehyde and 3-phenylpropanal was tried 

and in all cases the corresponding aldol products were obtained in good yields 

with high stereoselectivity.(Table 3) 

Thus, tin(I1) enolate mediated aldol reaction of vinyl ketones, 

ethylthiotrimethylsilane and aldehydes was realized by using only a catalytic 

amount of the tin(I1) species. The corresponding aldol products are obtained in 

good yields with high stereoselectivity. 
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EtSSnOTf 

,&y + PhCHO t Et SSiMe, 10 

sw anti 

Table 2. 

Solvent Yield/%al Syn:Antibl 

CH2C12 76 89:ll 

THE 54 95: 5 

Et20 57 89:ll 

toluene 48 68:32 

THF 68C' 95: 5 
----_----~----------~---~~~----------~----------~-------- 

a) Isolated yield. 

bl Diastereomer ratio was determined by the same procedure 

described in Table 1. 

cl The reaction was carried out at -45 'C. 

d$ -I- &HO + EtSSiMe, 

Et SSnOTf 

THF,-&5 “C 

Table 3. 

anti 

R1 R2 Yield/%a) Syn:Antibl 

1. CH3 Ph 68 95: 5 

2. CH3 PhCH2CH2 75 9O:lO 

3. Ph PhCH2CH2 73 84:16 
__---__----_--------------------~~------~---~-------------------- 

a) Isolated yield. 

b) Diastereomers were separated by silica-gel column chromatography. 

The stereochemistry of the diastereomers was determined by the 1H 

and l3 C NMR spectra.') 

We have already established excellent enantioselective aldol reaction of 

tint111 enolates by utilizing characteristic property of strong coordination of 

chiral diamines to tint111 enolate. 101 Having realized a catalytic aldol reaction 

of tint111 enolates, we next attempted this reaction in the presence of a chiral 

diamine, hoping that a catalytic asymmetric aldol reaction would become 

possible. 11) Firstly, the reaction was tried with a stoichiometric amount of 
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tin(I1) triflate sulfide and the chiral diamine 2. That is, to the mixture of 

tin(I1) triflate sulfide and the chiral diamine 5, equimolar amounts of methyl 

vinyl ketone and then bensaldehyde was added. Contrary to our expectation, only 

the Michael addition product 1 was obtained and no trace of the aldol product was 

detected.(Equation 3) This lack of reactivity is probably due to the fact that 

the Lewis acidity of tin(I1) is diminished due to the coordination of the chiral 

diamine and the sulfur atom. Further examinations of reaction conditions such as 

solvents, sulfides, 

EtSSn(OTf) 

Equation 3 

At this point, 

and so on gave no fruitful results. 

+=- a/“SEt -78’C-r.t. 
z 

we examined another possibility of a catalytic asymmetric 

aldol reaction, which is schematically shown in Scheme 2. In this case, tin(II) 

enolate g coordinated by a chiral diamine is the key catalytic species, which 

reacts with an aldehyde to give the corresponding aldol product 2 as its tin(II) 

alkoxide 9. - In the next step, this tin(I1) alkoxide reacts with silyl enethiol 

ether E to regenerate the tin(II) enolate along with the aldol product as its TMS 

ether 11 * 
_. 

First of all, stoichiometric asymmetric aldol reactions using various 

propionate derivatives were examined, and as shown in Equation 4, propanethioamide 

and propanethioate derivatives gave very promising results. Having realized high 

optical purity, we next turned our attention to a catalytic reaction. Thus, to 10 

mol % amount of tin(II) enolate of propanethioamide and chiral diamine 6, 

benzaldehyde and TMS enethiol ether of propanethioamide were added successively. 

However, the result was quite dissapointing and the desired aldol product was 

obtained in only 9 % yield and the optical purity of the product was also very low. 

Several other trials also turned out to be fruitless.(Equation 4) 

OH S 
&t-Me2 

-78--20 ‘C 93%yield,syn:anti=92:8 
85% ee (syn) 
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S 
-0Me 

Sn(OTfI2 . PJ , S 

E(-j/CW2 PhCHO Ph 
v 

MC? 
-78 “C 

73% yield , syn:anti = 78~22 

,Q+o, 
90%ee (syn) 

AMe Sn(OTfI2 . OH s 

EtN3/CH2Cl2 PhCHO Ph 
‘)‘ 

SMe 
-78’C 

70% yield , syn:anti=42:% 

[db+97’(svn) 

9% yield ,syn:anti=-I:1 

-lO%ee(syn) 

SSiMe3 

dSMe + 
CH2Cl2 

NH’ PhvSM 
e 

Equation I 

-70 “C-r,t, 7%yield, syn:anti=-1:l 

Id&O (syn) 

Although successful results were not obtained in the catalytic aldol 

reaction, it is pointed out that this is the first successful results concerning 

the tin(II) enolate mediated asymmetric aldol reaction of propionate derivatives 

utilizing the coordination of chiral diamine ligands. 

While the possibilities of catalytic asymmetric aldol type reactions were 

being extensively examined, it was found that tin(I1) enolates add in a 1,4-manner 

to a,8-unsaturated ketones in the presence of trimethylsilyl chloride.12l 

Furthermore, the asymmetric Michael addition reaction of tint111 enolate is 

achieved in moderate to high optical purity by the utilization of the coordination 

of chiral diamine ligands to the intermediate tint111 enolate. 131 For example, 

tin(II) enolate of dithioacetic acid methyl ester reacts with benzalacetone in the 

presence of chiral diamine and trimethylsilyl trifluoromethanesulfonate (TMSOTf) 

to give the corresponding Michael adduct in 82% yield in 70% optical purity. 

S 
&Me 

Sn(OTfI2 , mfi TMSOTf. i&h, H’ ) 

EtN3 
- -SMe 

CH2C12, -78°C 
82% yield 
70% ee 

The result suggests that the Michael reaction of trimethylsilyl enethiolate 

and a,8-unsaturated ketones could be catalyzed by the tin(I1) triflate-chiral 

diamine complex as shown in the Scheme 3. Based on the consideration that tin 

exhibits affinity towards sulfur atoms and that the silicon-sulfur bond is a 
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rather weak bond, we expected that the addition of trimethylsilyl enethiolate to 

the tin(II) triflate-chiral diamine complex would result in the metal exchange 

between tin and silicon to generate the tin(I1) enethiolate and TMSOTf. 

Activation of the a,@-unsaturated ketone by the TMSOTf thus generated would lead 

to the Michael reaction to give the silyl enol ether of the Michael adduct along 

witn regeneration of the tin(II) triflate-chiral diamine complex. Thus, it was 

expected that the asymmetric Michael addition would proceed by employing only a 

catalytic amount of tin(II) triflate-chiral diamine complex. 14) 

* 

NnN 

SiMe3 d 
s*ncJrf I2 

SMe + R2 catalytic amount 
3 L RmSMe 

Scheme 3 
2 fws * Me 

In the first place, we examined the possibility of the exchange reaction 

between silicon-sulfur bond and tin(II)-OTf bond. Thus, to the tin(I1) triflate- 

chiral diamine complex was added 0.8 equivalent of trimethylsilyl enethiolate and 

0.64 equivalent of benzalacetone at -78 'C. Work-up of the reaction mixture gave 

the Michael adduct in 76 % yield, and the optical purity of the product was shown 

to be the same with that obtained by the previous procedure.13) This result 

indicates that the exchange reaction between tin(I1) triflate and trimethylsilyl 

enethiolate really takes place rapidly as expected.(Equation 5) 

Sn(OTf)z . $&B + <F s 

Equation 5 
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Then, we next examined the catalytic asymmetric Michael reaction. Thus, 

benzalacetone was added to a dichloromethane solution of trimethylsilyl 

enethiolate in the presence of 20 mol % of tint111 triflate-chiral diamine complex. 

In this case, the Michael adduct was obtained in 79 % yield based on 

benzalacetone. However, the optical purity of this product was 24 % e.e., which 

is substantially lower than the optical purity obtained when a stoichiometric 

amount of the chiral diamine is used. We concluded that this decrease in 

enantioselectivity was due to the progress of a competitive reaction, in which the 

nucleophilic species is not the tin(I1) enethiolate but trimethylsilyl enethiolate 

itself. With the expectation that this competitive reaction could be precluded by 

keeping the trimethylsilyl enethiolate in low concentration during the reaction, 

we attempted the slow charge of this substrate. A dichloromethane solution of 

benzalacetone (0.93 mmol) and 10 mol % of tin(I1) triflate-diamine (0.09mmol) was 

cooled to -78 Oc. To this mixture a dichloromethane solution of trimethylsilyl 

enethiolate (1.11 mmol) was added slowly over 4 hours. The solution was stirred 

for another hour and then the reaction was quenched with 10 % citric acid solution. 

Purification of the crude product gave the Michael adduct in 80 % yield based on 

benzalacetone (827 % based on tin(I1) triflate). Furthermore, the optical purity 

of this compound was 70% e.e., which is identical to the optical purity obtained 

when a stoichiometric amount of the chiral diamine is used. Therefore, a 

catalytic asymmetric reaction was realized. As shown in Equation 6, the same 

result was obtained with both chalcone and furfuralacetone. 

SSi Me3 
Pi 

0 
Sn(OTf )ik 

hMe + F&-R2 
lOmol% 8 

H+ 

l d 
CH,CI, , -78 “C 

Me 

Equat ion 6 
benzalacetone 

chalcone 

1) OPtiCal Yield obtained when sloichiometric amount of chiral diamine is employed. 

Thus, the Michael adducts are obtained from trimethylsilyl enethiolate and 

u,B-unsaturated ketones in high yield with moderate to good enantioselectivity by 
using only a catalytic amount of tin(I1) triflate-chiral diamine complex. 

Experimental 

Tin(I1) triflate and chiral diamines were prepared according to the procedure 

described in reference 2a). Ethylthiotrimethylsilane15 and trimethylsilyl 

enethiolate of methyl dithioacetate 16) were prepared according to the literature 

method. 

Catalytic aldol reaction. 

A typycal procedure is described for the reaction of methyl vinyl ketone with 
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3-phenylpropanal. (Table 3, entry 2) 

To a solution of ethanethiol (10 mg, 0.17 mmol) in 2 ml of tetrahydrofuran 

(THF) was added 0.11 ml of 1.54 M n-butyllithium in hexane at 0 'C under argon 

atmosphere. Tin(I1) triflate (69 mg, 0.17 mmol) was added and, after 20 min, the 

mixture was cooled to -45 OC. Methyl vinyl ketone (118 mg, 1.68mmol) in 1.5 ml 

THF and 3-phenylpropanal (350 mg, 2.61 mmol) in 1.5 ml of THF were successively 

added to the mixture. The reaction mixture was further stirred for 12 h, then 

quenched with 10 % aqueous solution of citric acid, and the organic materials were 

extracted with methylene chloride three times. To completely hydrolyze the 

trimethylsilyl ether group, the crude aldol product obtained after evaporation of 

the solvent was dissolved in methanol and to this solution was added citric acid. 

After stirring for 30 min, the reaction was quenched with pH 7 phosphate buffer. 

The organic layer was extraced three times with methylene chloride and the 

combined extracts were dried over ahnydrous Na2S04. After evaporation of the 

solvent, the crude product was purified by silica-gel column chromatography to 

afford 3-ethylthiomethyl-4-hydroxy-6-phenyl-2-hexanone (336 mg, 75 % yield, 

syn:anti= 9O:lO). 

IR (neat) 3450, 1750 cm-'; 'H NMR (Ccl41 6 1.1 (t, 3H, J=8 Hz), 1.3-1.7 (m, 2H), 

1.9 (syn) 2.0 (anti) (s, 3H), 2.1-3.2 (m, 8H), 3.6 (br, 1H). 7.0 (s, 5H). 

Diastereomer ratio was determined by integration of the methyl signal. Relative 

stereochemistry was determined by 13C NMR spectra.') 13C NMR (CDC13) 70.97 (syn) 

71.73 (anti). 

3-Ethylthiomethyl-4-hydroxy-4-phenyl-2-butanone. (Table 3, entry 1) 

Syn isomer: IR (neat) 3450, 1750 cm-l; 'H NMR (CCl4) 6 1.1 (t, 3H, J=7 Hz), 1.9 

(s, 3H), 2.1-3.1 (m, 5H), 3.3 (br, lH), 4.63 (d, lH, J=5 Hz), 7.2 (s, 5H). 

Anti isomer: IR (neat) 3500, 1750 cm-'; ' H NMR (Ccl41 6 1.2 (t, 3H, J=8 Hz), 2.1 

(s, 3H), 2.1-3.3 (m, 6H), 4.7 (d, lH, J=8 Hz), 7.2 (s, 5H). 

Diastereomer ratio was determined by separation of each isomer. Relative 

stereochemistry was determined by 13C NMR spectra." 13C NMR (CDC13) 74.03 (syn) 

75.20 (anti). 

2-Ethylthiomethyl-3-hydroxy-1.5-diphenyl-l-pentanone. (Table 3, entry 3) 

Syn isomer: IR (neat) 3450, 1680 cm-'; 'H NMR (Ccl41 6 1.1 (t, 3H, J=8 Hz), 1.4- 

2.0 (m, 2H), 2.1-3.3 (m, 7H), 3.4-4.1 (m, 2H), 7.1-7.5 (m, 8H), 7.7-8.0 (m, 2H). 

Anti isomer: IR (neat) 3500, 1680 cm-'; ' H NMR (CC14) 6 1.1 (t, 3H, J=8 Hz), 1.4- 

1.9 (m, 2~1, 2.1-3.3 (m, 7H), 3.4-4.0 (m, 2H). 7.0-7.5 (m, 8H), 7.7-8.0 (m, 2H 

Diastereomer ratio was determined by separation of each isomer. 

01 

Catalytic asymmetric Michael reaction. 

A typical procedure is described for the reaction of trimethylsilyl eneth i 
ether derived from methyl dithioacetate and 4-phenyl-3-buten-2-one in the presence 

(S)-l-methyl-2-(N-l-naphtylamino~methylpyrrolidine. 

Under argon atmosphere, to a dichloromethane suspension (2 ml) of tin(I1) 

triflate (38 mg, 0.09 mmol) and (S~-l-methyl-2-(N-l-naphtylamino~methylpyrrolidine 

(23 mg, 0.10 mmol) was added a dichloromethane solution (1 ml) of 4-phenyl-3- 

buten-2-one (136 mg, 0.93 mmol) was added at -78 OC. To this mixture was slowly 
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added a dichloromethane solution (2 ml) of vinylthiosilane (199 mg, 1.11 mmol) 

over 4 h. After the addition had completed, the mixture was further stirred for 1 

h at this temperature and then 10 % aqueous citric acid solution was added and 

organic materials were extracted with dichloromethane three times. The combined 

extracts were washed with 4 % aqueous NaHC03 solution twice and brine successively 

and the organic phase was dried with anhydrous MgS04. After evaporation of the 

solvent, the residue was dissolved in methanol (10 ml) and citric acid (800 mg, 

4.16 mmol) was added to the solution and the mixture was stirred for 1 h at room 

temperature. To the mixture was added pH 7 phosphate buffer and the organic 

materials were extracted with dichloromethane three times, and the combined 

extracts were dried over anhydrous MgS04. After evaporation of the solvent, the 

crude product was purified by silica-gel thin layer chromatography to afford 

methyl 5-oxo-3-phenylhexanedithioate (187 mg, 80 % yield, 70 % e-e.). 

IR (neat) 1710 cm-'; 1H NMR (CDC13) 6 1.9 s , 3H1, 2.5 (s, 3H1, 2.7 (d, 2H, J=7 

Hz), 3.2 (d, 2H, J=7 HZ), 3.6-4.1 (m, lH1, 7.1 (s, 5H). 

The optical purity of the product was determined by 'H NMR analysis of the 

corresponding methyl ester (Hg(OCOCF312 -diisopropylethylamine/MeOH) using chiral 

shift reagent Eu(hfc)). MeO- signal separates. 

Methyl 5-oxo-3-furylhexanedithioate. 

IR (neat) 1680 cm-'; 'H NMR (CDC13) 6 1.9 (s, 3H1, 2.4 (s, 3H1, 2.7 (d, 2H, J=7 

Hz) 

(St 

IR 

(m, 

3.2 (d, 2~, J=7 HZ), 3.7-4.2 (m, lH1, 5.9 ( 
1H). 

Methyl 5-oxo-3,5_diphenylpentanedithioate. 

KBr) 1675, 1255 cm-'; 'H NMR (CDC13) 6 2.5 

lH1, 7.21 (s, 5H), 6.8-7.7 (m, 3H1, 7.7-8.0 

d, lH, J=3 HZ), 6.1 (m, lH1, 7.2 

S, 3H1, 3.2-3.6 (m, 4H1, 3.9-4.4 

(m, 2Hl. 
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