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Regio- and stereoselective hydrostannation of allenes using
dibutyliodotin hydride (Bu,SnIH) and successive coupling with aromatic

halidesT
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Regio- and stereoselective hydrostannation of allenes by using
di-n-butyliodotin hydride (Bu,SnIH) was accomplished to give
a,p-disubstituted vinyltins, which induced the synthesis of multi-
substituted alkenes in a one-pot procedure.

Vinyltin compounds are very useful reagents whose tin moieties
can be transformed to various organic groups through the
Kosugi-Migita—Stille coupling.! One of the most powerful
synthetic methods for synthesis of vinyltins is hydrostannation of
C-C triple bonds. Regioselective hydrostannation, however, is
generally limited to terminal alkynes, in which the stannation
occurred at the terminal carbon to give p-substituted vinyltins.?
Few methods are available for synthesis of internal tin substituted
adducts (o-substituted vinyltins), even when only monosubstituted
vinyltins are obtained.® The effective synthesis of multi-substituted
vinyltins remains to be a challenge.

However, hydrostannation of allenes,* with a regioselectivity
strongly dependent on the conditions employed, has rarely been
reported (Scheme 1). In the hydrostannation of n-octylallene (1a),
Pd-catalysis promotes the stannation of the terminal carbon to
give allyltin 4a’, and Lewis acid B(CgFs); selectively produces an
o-substituted terminal vinyltin 3a’.> Only a radical reaction could
produce an o,B-disubstituted vinyltin 2a’, although a poor
selectivity of 2a’ was obtained.® As illustrated in Scheme 1, it is
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Scheme 1 Hydrostannation of allenes by BusSnH.
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accepted that no methods are available for the regio- and
stereoselective addition of a tin moiety to the center carbon of
allenes to give 2. Here we wish to report the highly regio- and
stereoselective radical hydrostannation of allenes which was
accomplished by using di-n-butyliodotin hydride (Bu,SnIH)” to
give o,B-disubstituted vinyltins 2. Furthermore, one-pot synthesis
of multi-substituted alkenes was established by coupling of the
resulting vinyltins without isolation.

First, hydrostannation of monosubstituted allenes was exam-
ined by using Bu,SnIH generated in situ by the redistribution
between Bu,Snl, and Bu,SnH,.® The reaction of n-octylallene (1a)
took place without any promoters to give vinyltin 2a in 65% yield
(Table 1, entry 1). This reaction plausibly proceeds in a radical
manner because a radical scavenger, galvinoxyl, completely
suppressed the reaction (entry 2). In contrast to tributyltin hydride,
a predominant addition of a tin moiety to the allene center carbon
took place in all runs to produce the o,B-disubstituted vinyltins 2
along with a small amount of 3, and no formation of an allylic tin

Table 1 Hydrostannation of monosubstituted allenes”
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Product
Entry  Allene (1) tlh  2:Yield (%) (E:Z)  3: Yield (%)
1 CaHi X 14 2a:65 (58 : 42) 3a: 14
2b ¢ 171a x 14 Trace Trace
3 O/%% 17 2b: 88 (58 :42) 3b: 9
1b
4 ><\\ 20 2¢:70 (93:7) 3¢: 9
1c
5 . 44 2d: 70 (90 : 10) 3d: 2
oSN
1d
6 BuO . 33 2e:59 (1:>99) 3e: 13
X
le
7 Meo/\-\ 21 2£:57(5:95) 3f: 2
1f

“THF 1 mL, allene 1 mmol, Bu,SnIH 1 mmol. "Galvinoxyl
(0.1 mmol) was added.
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4 was observed. In the reaction of 1a, using Bu,SnCIH instead of
Bu,SnlH resulted in a mixture of 2 (65%), 3 (17%) and 4 (11%).
Although the hydrostannations of n- and sec-alkyl substituted
allenes 1a and 1b furnished E- and Z-isomers of vinyltins 2a and
2b in poor stereoselectivities (entries 1 and 3), the selectivity was
improved by introducing tertiary alkyl substituents to predomi-
nantly give E-alkenes (entries 4 and 5). It was surprising that the
tertiary substituents also depressed the formation of vinyltin 3, in
particular the dimethylphenylmethyl moiety was decreased to only
a 2% yield (entry 5). In contrast, allenes having oxygen substituents
provided vinyltins 2e and 2f with opposite Z-stereochemistry
(entries 6 and 7).

Scheme 2 shows the hydrostannation of disubstituted allenes.
Cyclic vinyltin 2g was obtained in 90% yield as a sole product from
internal allene 1g (eqn. (1)). 1,1-Disubstituted allene 1h, having an
oxygen substituent, gave trisubstituted vinyltin 2h with perfect
Z-stereochemistry (eqn. (2)).

It has been reported that small amounts of the Bu,ISn" radical is
generated through the redistribution between Bu,Snl, and
Bu,SnH,, and so no radical initiator such as Et;B is rcs:quired.8
As shown in Scheme 3, the generated tin radical is added to an
allene carbon center to form a stable allyl radical, then a bulky
Bu,SnIH reacts with the less-hindered terminal carbon to produce
the desired vinyltin 2, along with regeneration of the Bu,ISn’
radical. However, the clear difference between having Bu;SnH and
having Bu,SnIH in the attack position of a tin radical is yet to be
explained. The E-stereoselectivity depends on steric repulsion
between an alkyl substituent and the tin moiety in the formation of
an allyl radical (Scheme 3, top). On the other hand, in the case of
allenes with oxygen substituents, coordination with the acidic
iodotin center helps form the Z-isomers, 2e and 2f (Scheme 3,
bottom). Thus, the iodine-substituted tin moiety plays a very
important role, having characteristics that are both sterically
hindering and electron-withdrawing.

In the next stage, our group attempted to achieve a subsequent
coupling reaction of the products 2 without isolation. The
conventional catalyst for Kosugi-Migita—Stille coupling has not

SniBu;
\\ Bu,SniH 2
_
THF, rt, 19 h (1)
19 29 90%

OMe — OMe OMe
sk SniBu, 2
Cetlir™ THE. it 3h CeHi7 * CgHy7 ( )
SniBuy
1h 2h 74% 3h 3%
(E:Z=1:>09)

Scheme 2 Hydrostannation of disubstituted allenes. Reagents: THF

(1 mL), allene (1 mmol), Bu,SnIH (1 mmol).
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Scheme 3 Regio- and stereoselective hydrostannation.

been feasible for use with halogenated organotin nucleophiles
because of the deactivating nature of the halogen. If completed,
however, this one-pot coupling would present a convenient
method for synthesis of multi-substituted alkenes. Kosugi’s group
recently achieved this type of coupling between chlorinated
arylting and aryl halides.” Fortunately, our group was able to
apply this catalysis on iodinated vinyltin 2 to produce various
multi-substituted alkenes as shown in Scheme 4. Regio- and
stereoselectivities of all products appeared to depend on the
hydrostannation step. Thus E- and Z-alkenes, 5¢ and 5f, were
obtained with high regio- and stereoselectivities (eqn (3) and (4)).%
Internal allene 1g gave trisubstituted alkene 5g in moderate yield
(eqn (5)). Tetrasubstituted alkenes, Sh-5j, were also obtained from
the reaction of allenes 1h, 1i, 1j (eqn (6)—(8)). It is worth noting that
alkenes bearing four different substituents, Sh and 5j, were
produced with high stereoselectivities derived from chelation
between the tin moiety and oxygen (eqn (6) and (8)). The
stereochemistry obtained in 5j suggests that the chelation is larger
from the hydroxy moiety than it is that from the methoxy moiety.

In summary, highly regio- and stereoselective hydrostannation
of allenes was accomplished by using dibutyliodotin hydride
(Bu,SnIH). This system could also be applied to a subsequent
coupling reaction to give multi-substituted alkenes in a one-pot
procedure.
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Scheme 4 Hydrostannation and one-pot coupling reactions. Reagents:
THF (1 mL), allene (1 mmol), Bu,SnIH (1 mmol), PhI (1 mmol), Pd cat.
(0.01 mmol), TBAF (1 M solution in THF, 3.0 mmol). “Et;B (0.1 mmol)
was added at the hydrostannation step; PPhs (0.04 mmol) was added at
the coupling step. “Bu,SnIH (1.2 mmol) was used; Et;B (0.1 mmol) was
added at the hydrostannation step; PPhs (0.04 mmol) was added at the
coupling step. “PPh; (0.07 mmol) was added at the coupling step. “Phl
(1.2 mmol) was used.
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