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Summary: A novel ate tin hydride complex, Lit[n-Bus-
Snl,H]~ (1), was synthesized and characterized on the
basis of its 119Sn NMR spectrum as a trigonal bipyramid
(TBP) structure, in which two iodine atoms and one
hydrogen atom occupy the apical and the equatorial
positions, respectively. The apical iodine has much
greater nucleophilicity than the hydrogen, so that the
attack by iodide precedes the reduction by hydrogen,
achieving regioselective 1,4-reduction of a,5-unsaturated
aldehydes.

Recently, pentacoordinated organotin ate complexes
have received much attention.! Although the formation
of organotin ate complexes bearing five Sn—C bonds has
been postulated in the transmetalation of organolithi-
ums with tetraalkyltins®2 or in the ring opening of
stannacyclobutane by a Grignard reagent,* only in
several cases have 1°Sn NMR data supported the
formation of such species. Polar tin compounds, such
as tin alkoxides, form stable pentacoordinated ate
complexes, and their structures have been investigated.®
However, neither the formation nor the synthetic utility
of ate complexes containing tin—hydrogen bonds has
been reported thus far. We report here the first clear
formation of a pentacoordinated tin hydride, Li*[n-Bu-
Snl;H]~ (1), as a stable ate complex. This finding re-
sulted from our recent investigations of various tin
halide hydride-hexamethylphosphoric triamide (HMPA)
complexes (n-BuSnXH-HMPA; X = F, Cl, 1).% Because
these tin hydrides were found to promote characteristic
chemoselective reductions of epoxides,’ imines,”® and
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enones’ even in the presence of normally reducible
carbonyl functions, we believed that further develop-
ment of new tin hydride complexes would lead to other
useful chemoselective reductions.

The ate complex I could be readily prepared from
n-Bu,SnlH and Lil in THF at room temperature, and
their structures were confirmed by their 1°Sn NMR
spectra as illustrated in Figure 1 and Table 1.8 When
an equimolar amount of Lil was added to a THF
solution of n-Bu,SnIH prepared by redistribution of
n-Bu,Snl;, with n-Bu,SnH,,”® a homogeneous solution
was formed and a new peak appeared at —177.9 ppm
with concomitant disappearance of the peak corre-
sponding to n-Bu,SnIH (—76.3 ppm) (Figure 1). The
observed upfield chemical shift strongly indicates the
formation of a pentacoordinated tin complex.1>° More-
over, the spin—spin coupling constants, 1J(11°Sn—1H)
and 1J(1°Sn—13C), both increased, from 2060 and 408
Hz to 2318 and 498 Hz, respectively (Table 1). These
coupling constant changes indicate an increase in the s
character of the Sh—C and Sn—H bonds.® Thus, the
anion in Li*[n-Bu,Snl;H]~ is assumed to have a TBP
structure in which two iodine atoms occupy apical
positions and the hydrogen atom and butyl groups are
located in equatorial positions. Next, we investigated
the relationship between the 119Sn chemical shift and
the amount of added Lil. As shown in Figure 3, the
chemical shift gradually changed as the amount of Lil
was increased, up to 1 molar equiv. Further addition of
2 or 3 equiv of Lil gave only a small increase in chemical
shift. Similar phenomena were observed in the case of
the coupling constants.1° These results indicate that a
statistical average between n-Bu,SnIH and Li*[n-Bu,-
Snl;H]~ was observed in a rapid equilibrium and that

(8) Synthesis of n-Bu,SnIH and Li*[n-Bu,Snl,H]~ for the measure-
ment of 12°Sn NMR. n-Bu,SnIH: To 0.5 mL of dry THF-dg in a 10 mL
round-bottomed flask were added di-n-butyltin dihydride (n-Bu,SnH,,
2 mmol) and di-n-butyltin diiodide (n-Bu,Snl;, 2 mmol). After stirring
at room temperature for 10 min, di-n-butyliodotin hydride (n-Bu,SniH,
4 mmol) was formed in situ, which was confirmed by the shift of IR
absorption band (v(Sn—H)) from 1837 to 1846 cm~1; see ref 7a. Li*[n-
Bu,Snl;H]: To the in situ formed n-Bu,SnIH was added Lil (4 mmol).
After stirring the mixture at room temperature for 10 min, a
homogeneous solution of Li*[n-Bu,Snl,H]~ was formed. IR absorption
was observed at 1846 cm™1.

(9) For example: (a) Holecek, J.; Nadvornik, M.; Handlir, K.; Lycka,
A. J. Organomet. Chem. 1983, 241, 177—-184. (b) Nadvornik, M;
Holecek, J.; Handlir, K.; Lycka, A. J. Organomet. Chem. 1984, 275,
43-51.

(10) When 0.5 equiv of Lil was added, the value of the coupling
constant, 1J(*°Sn—H) = 2238 Hz, was smaller than 2318 Hz (equimo-
lar addition). Whereas, the addition of 3 equiv of Lil gave a similar
value, 1J(*119Sn—1H) = 2336 Hz.
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Figure 1. *H—coupled °Sn NMR spectra (THF-dg solu-
tion): (a) Bu,SnlH, (b) Li*™ [Bu,Snl;H]".

Table 1. Spectral Data of Bu,SnIH and
Lit[Bu,Snl,H]~ in THF-dg

BuxSniH2  Lit[BuzSnlH]™®

FT-IR (neat) »(Sn—H) (cm~1) 1846.1 1846.1
1H NMR §(119Sn—1H) (ppm) 6.41 7.10
13C NMR LJ(219Sn—13C) (Hz) 408 498
11950 NMR
o(*19Sn) (ppm) —76.3 —177.9
13(119Sn—1H) (Hz) 2060 2318
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Figure 2. Assumed structure of the ate tin hydride
complex.

addition of an equimolar amount of Lil resulted in
formation of a high concentration of the ate complex.

Since the apical iodines were expected to show high
nucleophilicity, complex I, Lit[n-Bu,Snl;H]~, was treated
with 2,3-epoxypropylbenzene (1) at room temperature
for 15 min. The iodohydrine 2 was formed in 62% yield
together with a 24% yield of alcohol 3.1 When the
reaction was quenched at 0 °C after 5 min, 2 was
obtained in 83% yield together with a small amount of
3. This suggests that preferential attack of the nucleo-
philic iodine substituent on the epoxide gives the tin
alkoxide (I1). The subsequent intramolecular reduction
of the C—1 bond thus formed provides the pathway to 3
(Scheme 1).12 Thus, this novel ate tin hydride may be

(11) To a THF solution of the tin ate complex | (1 mmol) prepared
according to ref 8 was added 2,3-epoxypropylbenzene (1) (1 mmol), and
the mixture was stirred at room temperature for 15 min. After
guenching with MeOH (5 mL), volatiles were removed under reduced
pressure. The residue was subjected to silica gel column chlomatgra-
phy, eluting with hexanes—EtOAc (9:1) to give the products 2 and 3.
Further purification was performed by silica gel TLC eluting with
hexanes—EtOAc (9:1).

(12) Although the yield of 3 was not increased after a longer reaction
time perhaps because of side reactions, the reaction of the epoxide with
3 equiv of Li*[n-Bu,Snl,H]~ at room temperature for 15 min gave 3 in
a quantitative yield.
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Figure 3. Relation between the 1°Sn chemical shift and
the amount of Lil added (in THF-dg).
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expected to show a unique reducing ability, because no
conventional metal hydride reagents also contain a
substituent that is more nucleophilic than hydrides.
To explore this idea, we investigated the possibility
of a selective 1,4-reduction of a,5-unsaturated aldehydes
by ate complex I. Although numerous reductions of o,-
unsaturated aldehydes by metal hydrides including our
tin hydrides have been reported, most of them resulted
in 1,2-reduction because of the high reactivity of the
aldehyde function.® For the 1,4-reduction, it is neces-
sary to use transition metal complexes such as those of
Pd,** Rh,® and Cu®® or bulky Lewis acids such as

(13) Greeves, N. In Comprehensive Organic Synthesis; Trost, B. M.;
Fleming, I., Eds.; Pergamon Press: Oxford, 1991; Vol. 8, Chapter 1.1,
pp 1—24.
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Table 2. Selective 1,4-Reduction of Various Enals
by n-Bu,SnIH—Additive Systems

Ra
R! Bu,SnIH - additive MeOH
CH :
R2 rt, 15 min, THF
4 R RS R?
1 R1 OH
R \)\CHO + Rw)\/OH + \%\/
R2 HZ 2
5 6 7
entry enal additive yield/ %
5 6 7
1 Lil® 80 9 trace
2 P\ oo %2 none 2 6 15
3 HMPA 18 18 10
4 BuyNI 37 14 10
5 Nal 38 19  trace
Ph .
6 \/\2 4b Lil 57 0 0
Ph
CHO
Ph
ga
7 Y\%\CHO 4c Lil 98 0 0
8 4d LiI? 55 0 0
CHO

a2 Enal/BuzSnlIH/Lil = 1.5:2:2 mmol, THF 4 mL.

aluminum tris(2,6-diphenylphenoxide) (ATPH) as formyl
protectors.l” Our new tin reagent allowed the 1,4-
reduction of o,f-unsaturated aldehydes under mild and
neutral conditions and did not require the assistance
of transition metal catalysts.

Table 2 shows the results of the reduction of various
unsaturated aldehydes by the complex I in THF. In the
case of 4a, the complex gave the desired product 5a in
80% yield (entry 1),*® while n-Bu,SnIH alone gave a
mixture of 5a, the saturated alcohol 6a, and the allylic
alcohol 7a (entry 2). The aldehyde 5a and alcohol 7a
were derived from 4a via 1,4- and 1,2-reduction, respec-
tively. The alcohol 6a was found to be formed from
aldehyde 5a, since excess amounts of the tin hydride
complex I decreased the yield of 5a with increase of the

(14) (a) Keinan, E.; Gleize, P. A. Tetrahedron Lett. 1982, 23, 477—
480. (b) Sommovigo, M.; Alper, H. Tetrahedron Lett. 1993, 34, 59—62.

(15) Grushin, V. V.; Alper, H. Organometallics 1991, 10, 831—833.

(16) (a) Lipshutz, B. H.; Ung, C. S.; Sengupta, S. Synlett 1989, 64—
65. (b) Brestensky, D. M.; Stryker, J. M. Tetrahedron Lett. 1989, 30,
5677—-5680.

(17) Saito, S.; Yamamoto, H. J. Org. Chem. 1996, 61, 2928—2929.

(18) To a THF solution of the tin ate complex | (1.5 mmol) pre-
pared according to ref 8 was added n-hexenal (4a) (2 mmol), and the
mixutre was stirred at room temperature for 15 min. After quenching
with MeOH (5 mL), volatiles were removed under reduced pressure.
The residue was subjected to silica gel column chlomatgraphy, eluting
with hexanes—EtOAc (9:1) to give the products 5a. Further purifica-
tion was performed by silica gel TLC eluting with hexanes—EtOAc
(9:1).
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yield of 6a, irrespective of 7a. The use of a neutral
complex of pentacoordinated tin iodide hydride, n-
Bu,SnIH-HMPA, 7@ resulted in poor selectivity (entry 3).
Instead of Lil, the addition of n-BusNI or Nal gave only
around 40% yields of 5a (entries 4 and 5). However, the
fact that both additives (entries 4 and 5) gave higher
yields than n-Bu,SnlH alone (entry 2) may suggest the
formation of the respective ate complexes.’® As in the
case of 4a, 2,3-disubstituted aldehydes 4b—4d also were
reduced to the saturated aldehydes 5b—5d in good to
excellent selectivities (entries 6—8).

In conclusion, the combination of n-Bu,SnlIH and Lil
forms an ate complex which can effect the selective 1,4-
reduction of a,-unsaturated aldehydes. As in the case
of epoxide reductions, we suggest that the attack of the
iodine group at the g-carbon of 4 takes place prior to
hydride attack, giving initially the g-iodo intermediate.
The latter could not be isolated from the reaction
mixture.2® Presumably, rapid intramolecular reduction
of the C—1 bond by tin hydride results in formation of
the saturated aldehydes 5 (Scheme 2).

Further application of this novel tin hydride complex
are being investigated.
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(19) In the case of the combination of n-Bu,SnIH (1 mmol) and Nal
(1 mmol), which did not result in a homogeneous solution, the 11°Sn
NMR spectrum also shows the upfield shifts, 6(*1°Sn) = —136.0 ppm
and increases in the coupling constant, 1J(11°Sn—!H) = 2218 Hz. This
system is not a clear solution as compared with the case of Lil. The
smaller increase than the case of Lil may indicate a little formation of
the ate complex Na*[Bu,Snl,H] .

(20) It seems that the direct hydride attack on the f-carbon of 4 is
excluded because of its poor hydridic character. In fact, the reduction
of cyclopropyl methyl ketone with Li*[n-Bu,Snl,H]~ furnished 1-cy-
clopropylethanol in only 13% yield at room temperature for 2 days (80%
of the ketone was recovered), whereas n-BuzSnH-n-BusNF, which bears
a higher hydride character, gave the 1-cyclopropylethanol in 78% yield
at room temperature for 4 h; see: Shibata, I.; Yoshida, T.; Baba, A.;
Matsuda, H. Chem. Lett. 1991, 307—310. We consider that the
combination of n-BuzSnH-n-Bu,NF also forms a pentacoordinated ate
complex, although its spectra evidence is not obtained; see ref 7a. In
n-BusN*[n-BusSnFH]~ complex, it is assumed that the Sh—H bond
occupies the axial position, increasing the hydridic character.



