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ABSTRACT

HO Bui  R'_OH
RI—=—R® + BuSnOT)H ——>———> o SnBug
R2 1a hexane 3
i, 3h R
OH BulLi R4 —~OH
{ + 1la ———> (4 SnBu
R4 M= hexane . 8
n=1,2 3h

Bu,Sn(OTfH (1a), easily prepared from Bu ,SnH, and TfOH, was found to be very valuable for highly regio- and stereoselective hydrostannylation

of various propargyl alcohols leading to (

2Z)-y-stannylated allyl alcohols. The stannylation with 1a is applicable to the synthesis of hydroxy-

substituted ( 2)-vinylstannanes from terminal alkynes bearing a hydroxy group at the homoallylic or bishomoallylic position. The coordination
of the hydroxy group to the Lewis acidic tin center plays an important role for the observed regio- and stereochemistry.

Vinylstannanes are important reagents working as vinyl anion reactions are valuable for the synthesis of functionalized

equivalents for stereo-controlled alkene synthégisnong

vinylstannanes; however, the stereoselectivity is generally

various synthetic routes to vinylstannanes, hydrostannylationlow.? We have recently described that thesEetnitiated

of alkynes with hydrostannanes is a most straightforward hydrostannylation of-unsubstituted propargy! alcohols with
and convenient route. Much attention has been paid to theBu,SnCIH (Lb) shows high levels of regio- and stereocontrol
development of regio- and stereoselective hydrostannylationat low temperature®’ Unfortunately, this method is in-

based on the elaboration of the promgtérRadical-initiated
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effective in selective hydrostannylation of other alkynols.
We herein report that B&n(OTf)H (dibutyl(trifluoromethane-
sulfoxy)stannanela), a more Lewis acidic hydrostannane,
realizes highly regio- and stereoselective hydrostannylation
of various alkynols at room temperature.

Hydrostannanela can easily be prepared by the dehy-
drogenative reaction of B8nH, with 1 equiv of TfOH
without solvent at ®C.2 The hydrostannane thus obtained
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was used without purification. Propargyl alcol2a reacted
spontaneously witlia at room temperature. Treatment of
the resulting mixture with BuLi gaveZj-vinylstannane3a
in a high isolated yield (entry 1 in Table 1). The regio- and

Table 1. Hydrostannylation of Propargyl AlcohoBwith 1a?

HO o p v 1) 1a r1_PH Rr1_OH
=R —— > R2><=<SnBu3 N R;ﬁ H
R2 2) BuLi o B =
U3Sn R
2 (2-3 4
propargyl alcohol
entry R! R2 R3 yield (%)° (2)-3:4
1 n-CsHi7 H H (2a) 89 >99:1¢
2d n-CsHi7 H H (2a) 83 93:7
3 c-CéHiy H H 2b) 93 >99:1¢
4¢ H H H (2¢) 85 >99:1
5 Me Me H 2d) 90 96:4
6 H H Me (2e) 88 (50 71:26 (>99:1)
7d H H Me (2e) 77 7:93¢
8 H H n-CioHpy (2 91 (77 91:9 (>99:1Y
9 H H SiMes (2g) 64 (85" >98:2 (>99:1)"
10 Me H n-CgHis (2h) 72 (89) 97:3 (97:3)"

aUnless otherwise noted, the initial step was carried out ®ifti.00
mmol) andla (1.10 mmol) in hexane (2 mL) at room temperature for 3 h.
The resultant mixture was diluted withJx (2 mL) and treated with BuLi
(1.6 M in hexane, 2.22.5 mmol) at 0°C for 20 min.? Isolated yield of a
mixture of )-3 and4. ¢ A trace amount offf)-3 (<1%) was formedd 1b
was used instead dfa. ©BuMgBr (in E£O) was used instead of BulLi.
f After the reaction of2 with 1a, the reaction mixture was concentrated
under reduced pressure and heated &t@for 3 h. The resultant mixture
was diluted with EfO and treated with BuLi. The results are shown in
parenthesed.(2)-3e(2)-4e(E)-4e = 7:64:29." Et;B (0.10 mmol) and dry
air were used as initiator. The results are shown in parenth&}eth ¢ould
be isolated in 86% yield.

stereoisomerdlaand E)-3a, were hardly formed. Since the
hydrostannylation o2awas effectively inhibited by adding

5 mol % of galvinoxyl, a radical scavenger, it would involve
a radical chain mechanism. Hydrostanndies known to
have a similar reactivity causing spontaneous, homolytic
hydrostannylatiof. The use oflb instead ofla resulted in
lower regioselectivity under the same conditions (entrif2).
The present method usinta is valuable also for highly
selective, efficient hydrostannylation of otheunsubstituted
propargyl alcohol®2b—d (entries 3-5).

It has been reported that the radical-initiated reaction of
y-substituted propargyl alcohols (e.8€) with BusSnH (L¢)
yields @)-S-stannylated products (e.gz)¢4€) exclusively**

In contrast,1a added spontaneously ®e to form (2)-y-
stannylated producBe as the major product (entry 6).
Although the regiochemistry was not well controlled, the
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y-stannylation showed completé-selectivity. Under the
same conditions, the stannylation with took place mainly
at theS-position as the stannylation witkc does, but with
low Z-stereoselectivity (entry 7). Internal alkyridf was
stannylated with bettey-regioselectivity thar2e (entry 8).
In the reactions o2e,fwith 1a, heating the reaction mixture
before butylation led to exclusive formation of){3e,f,
although the total yields of stannylated products decreased.
The seeming improvement in regioselectivity is probably due
to thermal decomposition of the precursors leadinged
by deoxystannylatio#t? Actually, the formation of 1,2-
tridecadiene was observed in the reaction26fby the
improved method. Propargyl alcohd@g,hunderwent highly
regio- and stereoselective hydrostannylation to gi)e3g,h
in moderate yields (entries 9 and 10). The use @BHEs
initiator effected higher yields of7)-3g,h.?°

We next examined the hydrostannylation of other alkynols
with 1a (Scheme 1). Terminal alkyneSa,b, bearing a

Scheme 1. Hydrostannylation of Alkynols, 8, and 10 with

1la2
R! R!
OH 1) 1a OH OH
R’ —_— SnBu; +
= R2 2)Buli — —
R2 BusSn  R?
5 (2-6 7
a: R, R2=H 80%, 100:0
b: R'=Ph, R2=H 85%, 100:0
c:R'=H,R2=Me 90%, 59:41
R' OH
R § o hia R OH
. — + R?
— oBuli R? SnBug =
R2 — SnBU3
8 (2-9 (E)-9
a: R',R2=H 82%, 68:32 (81%, 94:6)*
b: R'=Ph, R2=H 85%, 96:4
c: R'=H, R? = n-CgHy4 88%, 937
HO 1) 1a ( OH - (Q?H
— —_— nBu. + —
M= 2) BuLi <{4=/ ° SnBu
3
10 (2-11 (B)-11

75%, 15:85 (80%, 76:24)*

a A small excess of an alkynol was used (alkyfial=1.1:1) in
the reactions marked with an asterisk (*).

hydroxy group at the homopropargylic position, were stan-
nylated with complete regio- and stereoselectiVitylhe
reaction of internal alkyngc formed both regioisomers with
low regioselectivity, although the stannylation at the sp-
carbon more remote from the hydroxy group gave only the
Z-isomer of6c. Similar to the case dda,b, the stannylation

of terminal alkynes8b,c proceeded with higlz-selectivity.

(12) In general, homolytic hydrostannylation of terminal alkynes proceeds
with high regioselectivity. See ref 2. As an exception, the reaction of
y-unsubstituted propargyl alcohols shows slightly lower regioselectivity.
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Interestingly, the selectivity witl8a was rather low under
the standard conditions; however, a small excesgaafver
laachieved higtz-selectivity’® Furthermore, 5-hexyn-1-ol

that with a four-membered chelate ring2b (n = 1), by
thermodynamic control.
Vinylstannanes prepared by the present method can be

(10) was used as a substrate. As shown in the reaction ofdirectly used for the Pd-catalyzed cross-coupling reaction

8a, the molar ratio of10 to la strongly affected the
stereoselectivity: a small excesstd led to E-selectivity,
whereasZ-selectivity was observed with a small excess of
10.

The stereochemistry of homolytic hydrostannylation of
alkynes is determined by H-abstractiorpe$tannylated vinyl

radical intermediates and the subsequent stannyl radical-

induced isomerization of the vinylstannanes forrhéhe
high Z-selectivity with1a can be rationalized by conforma-
tional fixation of the intermediatd2a to the Z-form and
suppression of the isomerization of the produgt13a both

of which are directed by a strong interaction between Sn

and O atoms (Scheme ) The origin of the high

Scheme 2. Origin of Regio- and Stereocontrol

HO - S0 o -Sn (HO\SH
\ — e Pt n
S = e —
Sn R R
12b Sn=Sn(OTf)Bu, (2-12a
1al—-Sn 1al—-Sn
OH HO.
HQ\+\$"—4H (Q/n 4 o Qo
sn R H Sn H R
13b (2-13a

y-selectivity with2 would be that the reversible addition of
«Sn(OTfBw forms the radical intermediate with a five-
membered chelate ringZ)-12a (n = 1), in preference to

(13) Under the standard conditions, the exckasnay interfere with
the O-Sn coordination inZ)-12aor (2)-13awhen the chelate ring is not
tight.

(14) The NMR analysis of the (trifluoromethanesulfoxy)vinylstannane
prepared fromla and2arevealed the presence of a highly coordinated tin
center. See Supporting Information.

(15) The reaction mechanism possibly involves pre-coordinatiobaof
with a substrate and intramolecular radical addition leadind2o0See
Supporting Information for further discussion on the reaction mechanism.
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with aryl halides (Scheme 3§.The hydrostannylation

Scheme 3. Pd-Catalyzed Cross-Coupling of Vinylstannanes

Arl (1.1 eq.), TBAF (3.0 eq.)

Pd,(dba)s*CHCl5 (2 mol%) OH

1a ]
2aor2h R Ar

PPh; (0.1 eq.), DMF, 70 °C, 5 h 2
(D-14
82%
69%
80%

a: R' = n-CgHy7, R2=H, Ar=Ph
b: R' = n-CgH,7, R2 = H, Ar = 4-MeOPh
c: R'=Me, R? = n-CgH43, Ar=Ph

with lafollowed by treatment with TBAF, iodoarenes, and
catalytic amounts of R(tba) and PPh(one-pot procedure)
gave allyl alcohols%)-14 (Z.E = >99:1) in good yields.

In conclusion, we have developed a novel hydrostan-
nylating agent with a strong Lewis acidity, which is very
valuable for highly selective synthesis of functionalized
vinylstannanes from various alkynols. It is noteworthy that
the use ofLaenableg/-selective stannylation of-substituted
propargy! alcohols in sharp contrast fbselective stan-
nylation with1b andlc. The present study has demonstrated
that the high Lewis acidity ola is quite effective in both
regio- and stereocontrol of homolytic hydrostannylation of
alkynols.
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