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Synthetic Applications of Coordinated TIN
Enolates and TIN Hydrides

AKIO BABA, IKUYA SHIBATA and MAKOTO YASUDA

Department of Applied Chemistry, Faculty of Engineering, Osaka University,
Yamadaoka, Suita, Osaka 565-0871, Japan

Bromo anion-coordinated tin enolates readily coupled with organic halides, while the inher-
ent reactivity of non-coordinated enolates toward aldehydes was dramatically depressed by
the coordination. HMPA-Coordinated dibutyl-iodotin hydride chemoselectively reduced
oxirane rings, where such reducible groups as halides, esters, and ketones were tolerated.

Keywords: high-coordination; tin enolate; tin hydride; " 9Sn NMR; coupling; reduction

The variety of organotin compounds are utilized in organic synthesis, in
which coupling reactions with organic halides and the additions to
carbonyl moieties have been extensively studied. In general, as the
reactivity of tin reagents is considerably low, a variety of activators are
required. Because almost of them are Lewis acids or transition metal
catalysts which generally interact with the partner reagents of organotin
compounds, the development of novel activators of tin compounds is an
important subject In this paper, we wish to report on the activation of
organotin enolates and hydrides by coordination of halide anions or weak
Lewis bases. The coordination could dramatically depress the addition
reaction to carbonyl moieties, promoting other nucleophilic substitutions.
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Non-coordinated tin enolates readily react with aldehydes to give the
corresponding aldols after hydrolysis, while no coupling reactions with
organic halides take placet''. Although some couplings with active halides
have been applicated to the synthesis of natural compounds, all the
enolates are generated in situ where many reagents like alkali metal
halides, lewis acids or bases exist together!2'. Because distillated pure
enolates proved to be unreactive toward halides, the reported coupling
should receive some assistance.
A non-coordinated tin enolate gave the adduct with benzaldehyde, and no
adduct with cinnamyl bromide (eqs 1 and 2). In contrast, the use of
Bu4NBr almost completely depressed the addition to benzaldehyde,
whereas the coupling with cinnamyl bromide facily took place, furnishing
Y, 5-unsaturated ketone.

Additive

THF
25 °C, 4 h

none or.
Bu4NBr 77%

O 7 H F

' none 62%
Bu4NBr tr

This change of reactivity was further demonstrated by intermolecularly

competitive reactions as shown in Table l'3'. The typical reaction was

carried out as follows. A mixture of a tin enolate (1.2 mmol) and Bu4NBr

in acetonitrile (1 mL) was stirred for 10 min. Then to this solution was

added a mixture of a halide (1.0 mmol) and cyclohexanone (1,0 mmol),

and the resulting mixture was stirred for 3 hrs at 60°C. After workup, the

yields of products were determined by 'H NMR. In the presence of
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SYNTHETIC APPLICATIONS OF COORDINATED TIN ENOLATES 295

Bu4NBr, no formation of hydroxy ketones B was observed, furnishing

adduct A exclusively. Using the equimolar of tributyltin enolate derived

from cyclohexanone and Bu4NBr in C6D6, the coordination of the

bromide was confirmed by upfield shift of 119Sn NMR from 90 ppm to

63 ppm.

Table 1

O
*

RBr

Additive
•

60 °C

P h

V R
B

n

PhCH2

PhCH=CHCH2

AaQiiive

none
Bu4NBr
none

Bu4NBr

6h
3
6
3

901V

THF
CH3CN

THF
CH3CN

YleWi%
A
24
0

40
0

B
tr
56
0

99

The reason why the change of chemoselectivity was promoted by the
coordination is assumed as follows (Scheme 1). In the case of addition to
carbonyl moieties (an addition reaction), because the interaction between
non-coordinated tin center and carbonyl oxygen is followed by nucleo-
philic addition of the enolate to the carbonyl carbon, the coordina-tion
interrupts the interaction. In the coupling with organic halides (a substi-
tution reaction), a nucleophilic addition of enolate starts the reaction. The
coordination of bromide anion must increase the nucleophilicity of the
enolate, and moreover the complexation of tributyltin halide promotes the
substitution reaction because of its stabilization effect.

Scheme 1

tnon-coordlnate^^ addition reaction

> - V
O -j

weak Interaction
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(scheme 1 continued)

[ high-coordinated \ substitution reaction

•Hal

Hal ^ I L
L (stable complex)

HIGH-COORDINATED DIBUTYLIODOTIN HYDRIDE

Organotin hydrides have been widely utilized in dehalogenation via a

radical mannneH4), and a few applications in ionical reductions of

functional groups such as carbonyls have been reported!5!. The increasing

the nucleophilicity of enolates by high-coordination prompted us to

develop a new type of coordinated tin hydride, Bu2SnIH - HMPA.

Bu2SnIH readily prepared by redistribution between Bu2SnH2 and

Bu2SnI2 was coordinated by HMPAl6!. The structure and spectral data are

shown in eq 3.

I I
I HMPA B , u > ' h — „

B U A - H Bu-r^JH (eq3)

B u HlipA
SC^Sn) -76ppm -170ppm

1J(Sn-C) 399 Hz 513 Hz
1J(Sn-H) 2060 Hz 2349 Hz

The large upfield shift from - 76 ppm to -170 ppm apparently shows the
generation of five coordinated complex. The increase of values of
coupling constants, •/ Sn-C and lJ Sn-a indicates that both the butyl and
hydrogen group occupy the equatorial positions!7!. The nucleophilicity of
the iodide in apical position is expected to be strengthened by the
coordination of HMPA. Using this complex, chemoselective reductions of
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oxirane rings were achieved as shown in Scheme 2, in which the oxirane-
cleavage by iodide is assumed to be the first step.

Scheme 2
fv> v ^u^SnlH-HMPA

O Q THF,40oC,1h

L H.' .0Sn-.
/ \

HMPA

SnBu2l

HMPA

OH

J
85%

The oxirane ring-selectivity was demonstrated in the following examples.

Such groups as hydroxy, ester, carbon-carbon double bond and carbonyl

tolerated the reduction with the tin hydride complex.

Btl2SnlH-HMPA ^ -~Y—"OH

*" OH
r>—.

O OH

Ph

THF, 40 °C, 1 h

Bu2SnlH-HMPA

THF,40°C,1h H 0

Bu2SnlH-HMPA

0°C,4h

85%

O

50%

Me
46%

OH
Instead of the iodide, the introduction of fluoride which has little
nucleophilicity was attempted. The fluoride complex was also synthesized
by redistribution between Bu2SnF2 and B^SnH,. This redistribution
took place only in the presence of HMPA (eq 4), and so non-coordinated
BuiSnFH could not be obtained.

Bu2SnF2 + Bu2SnH2

FT-IR
119Sn NMR
19F NMR
1J (119Sn-H)
1J(119Sn-C)

1869cnT1

-123ppm

-164ppm

2428 Hz

547 Hz

(eq4)

HMPA
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This fluoride complex reduced the keto oxirane into an a-hydroxy oxirane

quantitatively, where the carbonyl group was selectively reduced in

contrast to the reaction by the corresponding iodide complexly.

e Bu2SnFH-HMPA

j{ 0cC,4h OH
100% syn:antl = 18:82
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