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Hydroxy Group-Directed Homolytic Hydrostannylation of Alkenols with Dibutylchlorostannane
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In homolytic hydrostannylation of allyl alcohol 1a or homo-
allyl alcohol 1b, dibutylchlorostannane (BuyCISnH) exhibited a
much higher reactivity than tributylstannane (BuszSnH).
Competitive reaction of 1a vs. 1-octene with BupyCISnH led to
the selective formation of y-stannylated alcohol 3a. Hydro-
stannylation of 1,5-hexadien-3-ol (8) with BupClSnH favored 1-
stannylated product 9 over 6-stannylated product 10, while the
use of Bu3SnH decreased the regioselectivity.

In recent years, it has been widely recognized that the use of
Lewis acids is effective in improving stereoselectivity and
efficiency in radical reactions.” The functions of Lewis acids in
these processes are similar to those shown in ionic reactions.
The complexation of a Lewis acid fixes the conformation of a
substrate bearing a polar functional group to control the reaction
site. In addition, Lewis acids accelerate radical reactions by
enhancing the electophilicity of the radical intermediates or their
acceptors.

Hydrostannylation of alkenes and alkynes with hydro-
stannanes is a most efficient method for introduction of a stannyl
group It is well known that this process has been achieved
under radical conditions.” In the course of our study on the
radical reaction of organotin compounds,4 it occurred to us that
homolytic hydrostannylation of a dialkylhalostannane (RpXSnH)
to alkenes and alkynes could be directed by the tin-centered
Lewis acidity of 1ntermed1atc radicals arising from RpXSnH,
which itself is a Lewis acid.”® Numerous papers concerned with
Lewis acid-mediated radical reactions have been reported;
however, the reaction controlled by a Lewis acid derived from a
radical precursor is unprecedented except one recent report. 5 We
now demonstrate that BupCISnH exhibits high reactivity toward
the homolytic hydrostannylation of allyl and homoallyl alcohols.”

We first examined the hydrostannylation of allyl alcohol 1a
with BupCISnH and BusSnH to clarify the difference between
the two hydrostannanes in reactivity. For this purpose, two
different procedures, A and B, were employed. In procedure A,
the reaction was induced by Et3B-0O; in hexane at rt,” while in
procedure B, the AIBN—mmated reaction was performed without
a solvent at 60 °C.° Bu,ClISnH was in advance prepared from
BusSnCly and BuySnH» for each reaction (rt, 5 mln).1 he
BupClISnH adduct 2a, which could be identified by the 'H NMR
analysis, was converted to 3a by treatment with BuLi in Et;0 to
facilitate the isolation of the hydrostannylated product by column
chromatography. As shown in Table 1, Lewis acidic BuyCISnH
exhibited much higher reactivity toward 1a than BuzSnH,
irrespective of the employed procedure (runs 1-4). The hydro-
stannylation of homoallyl alcohol 1b gave similar results (runs 5
and 6).

Competitive hydrostannylation of 1la vs. l-octene with
Bu,CISnH afforded y-stannylated alcohol 3a, exclusively (Eq.
1). In contrast, the competitive reaction with BuzSnH resulted in
much less selectivity. These results imply that the interaction
between the hydroxy group and the Lewis acidic tin center
accelerates the hydrostannylation of 1a with BuyCISnH.

Table 1. Hydrostannylation of Alkenols 1a and 1b*
1) Procedure OH

)O\Ht’f\ + BuXxsiH —28 /kM/\/SnBuzx
R X 2)Buli/Et,0 R n
R=nCgHy; X=ClorBu  whenX=CP

1a:n=0 2a:X=ClL,n=0;3a;: X=Bu,n=0
1b:n=1 2b:X=CLn=1;3b: X=Bu,n=1
Run Substrate Bu,XSnH Procedure® Time  Yield

X of 3/%

1 1a Cl A 14h 83

2 la Cl B 15min 83

3 la Bu A 4d 5

4 la Bu B 15h 44

5 1b Cl B 1h 87

6 1b Bu B 1d 11

2All reactions were carried out with alkenol (1.0 mmol) and hydrostannane
(1.2 mmol) under N,. Procedure A: EzB (0.1 mmol), air (10 mL), and
hexane (2 mL) at rt. Procedure B: AIBN (0.1 mmol) at 60 °C. ®When X =
Cl, the crude product was treated with BuLi (4.0 mmol) in Et;O (S mL) at
-78 °C for 4 h.

1a 1) Procedure B
and + Bu,XSnH - 3a+ n-CgH;7SnBuy (1)
1-Octene 2) BuLi/ Et,0
cte when X = Cl
X =ClI, 20 min: 44% trace
X =Bu, 12 h: 18% 15%

1,6-Heptadien-3-ol (4a), including two terminal C-C double
bonds, is a good substrate for the evaluation of the directing
effect of the hydroxy group. Hydrostannylation of 4a with
Bu,yCISnH formed 1-stannylated product 5a selectively (runs 1
and 2 in Table 2) by Stannylated product 6a was not obtained
at all. As a result, it turned out that the C1-C2 double bond close
to the hydroxy group is more reactive than the C6-C7 double
bond. Interestingly, the reaction with Bu3SnH afforded 7a as a
major product along with 5a although the total yield was rather
low, and, again, 6a was not formed (Eq. 2). Protection of the
hydroxy group with a benzyl group reduced the reactivity of the
C1-C2 double bond toward BupClSnH (runs 3 and 4). The
introduction of -BuMe;Si as a protecting group completely
changed the reaction site. Thus, the reaction of 4c¢ with
BuyClISnH followed by the treatment with BuLi and TBAF gave
6a as a major product without the formation of 5a (run 5)

Procedure B
4a + BusShH —— b5a + 7a 2

Sh 1% 17%

Hydrostannylation of 1,5-hexadien-3-ol (8) with BupClSnH
and BuszSnH was also carried out (Eq. 3). In both cases, three
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Table 2. Hydrostannylation of 1,6-Dienes 4°

1) Procedure BuyNF / THF
AorB when R = +BuMe,Si°
+ BuyClSnH - -
SN 2) BulLi/ Et,O
4 RO RO
a:R=H a
b:R=Bn _ S, . Sn
(; R =St-guMegsl x Sn Sn
n = SnBus 5 6 7
Run Substrate Procedure® Time Product (Yield/%)
1 4a A 1d 5a (61) + 7a (12)
2 4a B Sh 5a (69) + Ta (6)
3 4b A 2d 5b (28) + 7b (10)
4 4b B Sh 5b (30) + 7b (trace)
5 4c A 2d 6a (26) + Ta (trace)

#PSee Table 1. “When R = 1-BuMe,Si, the crude product was treated with
BuyNF (2.0 mmol) in THF (S mL) atrt for 3 h.

possible hydrostannylated products were obtained and 1-
stannylated product 9 was a major product. The use of BuzSnH
decreased the total yield as well as the regioselectivity toward C1-
C2 bond, that is, the ratio of 9+11 to 10+11. The selective
formation of 9 discloses that an allylic hydroxy group has strong
directing effect compared with a homoallylic one. Since 6a was
not formed in the hydrostannylation of 4a with BuyCISnH, the
formation of 10 supports our assumption that homoallyl alcohols
are more reactive than bishomoallyl alcohols.

OH 1) Procedure B
/\/v + BuyXSnH -
7 2) BuLi/ Et,0
8 when X = Cl
/\/?\H)sn (\/l\/ (\/CUH
Sn=SnBuz 9 Sn Sn
X=Ci,1h: 56% 7% 9%
X=Bu,1d: 23% 9% 12%

The reaction mechanism for homolytic hydrostannylation of
alkenes and alkynes includes reversible addition of a stannyl
radical followed by H-abstraction from hydrostannane (Eq. 4).
In general, homolytic hydrostannylation of alkenes is slower than
that of alkynes because of the fast reverse reaction of intermediate
B-stannyl alkyl radicals arising from alkenes.*™'® The above
results of inter- and intramolecular competitive reactions suggest
that the coordination of a hydroxy group to the Lewis acidic tin
center assists the hydrostannylation of the C-C double bond close
to the hydroxy group. Therefore, it is probable that the formation
of a chelate ring in intermediate B-stannyl alkyl radical 12
decelerates the reverse reaction by interrupting coplanar
interaction between the SOMO and the C-Sn bond and, in
consequence, induces the hydrostannylation of allylic and
homoallylic alcohols. However, we can not rule out another
possibility that the coordination of BuyCISnH or BuyClSne to the
hydroxy group facilitates the radical addition to effect the
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regioselective hydrostannylation.

c1Bupy cl B“Bu
OH Bu,ClSne A Sn Bu,CIiSnH - "
R ne R n H
n=0or1 12

In conclusion, we have found that BupClSnH, a more Lewis
acidic hydrostannane than Bu3SnH, smoothly reacts with allyl
and homoallyl alcohols to give y- or 3-stannylated alcohols in
good yields. This work provides a novel example demonstrating
that the use of a Lewis acidic radical precursor is effective in
accelerating the radical reaction and controlling the reaction site.
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