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Hydrostannation of alkynes with tri-butyltin hydride is one
of the simplest and direct routes to vinylstannanes, which have
great versatility as building blocks in synthekidowever, in the
case of terminal alkynes, it is possible to form three types of
vinylstannane<? (a-adduct) an-E and3-Z (5-adduct) (Scheme
1). For the application to the synthesis of complex molecules via
subsequent cross coupling with the vinylstannantes, control
of regioselectivity in the hydrostannation is an extraordinarily
important issue.

Three types of activators in the hydrostannation withntri-
butyltin hydride have been developed as follows: (1) radical
initiators such as azobisisobutyronitrifetsB,%° and ultrasoundS
furnishing a mixture off-adducts 3-E and 3-Z, (2) Lewis acid
catalyst$ to give 3-Z, and (3) transition metal catalysts such as
Pd, Rh, and Mo complexeso predominantly furnish3-E.
Namely, a selective formation ofadduct (t-stannylation) is very
difficult in these typical methods. Recently, regio- and stereose-
lective a-stannylation has been achieved for alkynes bearing
carbonyl3 oxygen-containing¢ and aromatic substituentsThe
o-stannylation of simple aliphatic alkynes, however, is particularly
difficult because of having no such anchor substituents. Scheme
2 shows the general hydrostannations of aliphatic alkynes, in
which a-adduct can be obtained only as a minor adduct in the
Pd-catalyzed reaction (eq 3). From these backgrounds, no effort
has been reported so far for the selectivestannylation of
aliphatic alkynes and it is apparent that a novel hydrostannation
reagent is required for the formation afadduct.

Recently, we have reported a pentacoordinated tin hydride ate
complex. Li"[n-Bu,SnkH]~, which is formed in situ frorm-Bu,-
SnlH and Lil and induces selective 1,4-hydrostannation of enals
where unusual superior attack of -Shbond to Sa-H bond is
assumed to determine the regioselectifity.the context of our

(1) Recent reviews: (a) Smith, N. D.; Mancuso, J.; Lautens,Ofem.
Rev. 200Q 100, 3257-3282. (b) Davis. A. GOrganotin ChemistryVCH:
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Table 1. Additive Effect in Hydrostannation of 1-Dodecynhe

n-BugSnlH
additive CioHzy H CyoHzy H
——

n-CyoHay—H
10M21 tih

+
IBusSn H H SnBusl

1a 2a 3a
a-adduct B-adduct
yield/%
entry additive solve nt 2a 3aE 3aZ

1v none THF 0 0 0

2 none THF 0 27 26

3 Lil THF trace trace trace

4L Mg(ClOs), THF 0 43 7

5 MgCl, THF 0 24 21

6 Mgl THF 8 9 0

7 MgBr,-OEtL THF 44 16 0

8 MgBr*OEt THF 33 23 0

9% MgBr,-OEt THF 53 7 0
10 MgBr,-OEt DMSO 0 6 0
11 MgBr,*OEt MeOH 0 24 0
12 MgBr,:OEtL toluene 27 37 0
13 MgBr*OEt Et,O 26 0 0
14 MgBrOEL EtOAC 59 0 0
15 MgBr,*OEt EtOAc 86 6 0

New York, 1997; pp 3742. (c) Pereyre, M.; Quintard, J. P.; Rahm, An
in Organic SynthesjsButterworth: London, 1987. (d) Omae, @rganotin
Chemistry Elsevier: Amsterdam, 1989; pp 16188.

(2) Heck, R. FPalladium Reagents in Organic Synthegisademic: New
York, 1985. Stille, J. KAngew. Chem., Int. Ed. Engl986 25, 508-524.

(3) With radical initiators. (a) Use of AIBN: Leusink, A. J.; Budding, H.
A. J. Organomet. Chen1968 11, 533-539. (b) Use of EB: Nozaki, K.;
Oshima, K.; Utimoto, KJ. Am. Chem. S0d.987 109, 2547-2549. Nozaki,
K.; Oshima, K.; Utimoto, KBull. Chem. Soc. Jpri987, 60, 3465-3467. (c)
Use of ultrasound: Nakamura, E.; Imanishi, Y.; Machii, D.Org. Chem.
1994 59, 8178. Nakamura, E.; Machii, D.; Inubishi, J. Am. Chem. Soc.
1989 111, 6849-6850.

(4) With Lewis acid catalysts. (a) Asao, N.; Liu, J.-X.; Sudoh, T.;
Yamamoto, Y.J. Chem. Soc., Chem. CommaA95 2405-2406. (b) Asao,
N.; Liu, J.-X.; Sudoh, T.; Yamamoto, YJ. Org. Chem.1996 61, 4568~
4571. (c) Gevorgyan, V.; Liu, J.-X.; Yamamoto, €hem. Communl998
37-38.

a1-Dodecyne#-Bu,SnlH/additive= 1/1/1 mmol, solvent 1 mL? n-
Bu;SnH was used instead ofBu,SniH. € 24 h. ¢ n-Bu;SnCIH was used
instead oin-Bu,SnlIH. ¢ 1-Dodecyneai-Bu,SnIH/MgBr,:OEt, = 0.5/1/2
mmol.

studies on tin ate complexes, we have found a novel tin hydride
complex, [MgBr][n-Bu,SnBrIH]~ (A), to give a-adducts2
selectively in the hydrostannation of simple aliphatic alkynes.
Table 1 shows the investigations on the hydrostannationref 1-
dodecyne 1a) with various tin hydride systems. In contrast to
no activity ofn-BusSnH (entry 1), the sole use of iodotin hydride,
n-Bu,SnlH, gave a mixture oBaE and 3aZ (entry 2). The
reported tin hydride ate complex, i[n-Bu,SnkLH]~, was inef-

(5) with Mo, Pd, or catalysts. (a) Ichinose, Y.; Oda, H.; Oshima, K.; fective (entry 3). We then investigated the effect of magnesium

Utimoto, K. Bull. Chem. Soc. Jpri.987, 60, 3468-3470. (b) Zhang, H. X,; i i iti
Guibe, F.; Balavoine, GTetrahedron Lett1988 29, 619-622. (c) Miyake, salts |n§tead ?f Lil as an additive lm;BuzsnIE. ﬁ.\mhong tf?e
H.; Yamamura, KChem. Lett1989 981-984. (d) Zhang, H. X.; Guibe, F.; magnesium salts examined, MgBDEt showed the highest effect

Balavoine, GJ. Org. Chem199Q 55, 1857-1867. () Kazmaier, U.; Schauss, ~ wherea-di-n-butyliodostannylated alkerawas predominantly
D.; Pohlman, MOrg. Lett. 1999 1017-1019. (f) Kikukawa, K.; Umekawa,  gptained as a Mg salt-free form in 44% vyield along with 16% of
H.; Wada, F.; Matsuda, TChem. Lett1988 881-884. (g) Mitchell, T. N.; 3aE (entry 7). The use of-Bu,SNCIH instead of-Bu,SniH
Moschref, S.-N.Synlett1999 1259-1260. y 7). us Uz S Uy

(6) Suwa, T.; Shibata, |.; Baba, Mrganometallics1999 18, 3965-3967. gave a comparable formation @&a (entry 8). These results
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Table 2. Hydrostannation with Tin Hydride Ate Complex

-BupSniH/MgBryOEt, R H R H
R— H n-BusSn gBro-OEty >=< . >=§
t, 1 h, EtOAc Sn H H Sn
1 2 3
yield/o
entry R 2 3E 3z
1 N-CyoH21 a 86 6 0
2 n-CeHis b 77 tr. 0
3c n-Bu C 67 tr. 0
4 PhCH d 60 0 0
5e i-Bu e 61 tr. 0
6 n-CeHi,CHM-P)  f 16 0 0
7 n-Bu g 0 0 0

a Alkyne/n-BuSnIH/MgBr,*OEt, = 0.5/1/2 mmol, EtOAc 1 mL.
b The yield of products was based @n° 3 h.

strongly indicate the importance of the formation of ate complex
as aforementioned. The use of 2 equiv of MgBEL and 0.5
equiv of 1a somewhat improved the yield to 53% (entry 9).
Moreover, the employment of EtOAc as a solvent sharply
increased the yield d¥a up to 86% (entry 15). The use of other

Communications to the Editor

of the coupling constants and chemical shiftreBu,SnIH. On

the other handn-Bu,SnCIH and MgBj facilely formed an ate
complex, which could achieve thestannylation in a moderate
yield (Table 1, entry 8). These results again support the idea that
an ate complex directly promotes thestannylatior?.

To determine the reaction mechanism, the hydrostannation of
the 1-deuterio-1-dodecynel-(la) and the addition of a radical
inhibitor were carried out. The selective formation of Eresomer
strongly suggests the cis addition of the ate tin hydride (Scheme
4). Moreover, the complete depression by a radical inhibitor,
galvinoxyl, indicated that the radical mode step is included in
the formation of vinylstannanes.

These results and the characterististannylation are unex-
plainable by any reported mechanism, and an alternate reaction
manner would be expected for thisstannylation, because, for
example, the usual radical addition has given a mixturé&-of
andZ-isomer?

Table 2 shows the results of hydrostannation to some aliphatic
terminal alkynes by using the tin hydride ate complexBesides
1-n-dodecyne 18) (entry 1), alkynes bearing primary alkyl
substituents such as-hexyl, n-butyl, and benzyl were also
applicable to givexr-adduct2b—d without anyf-adducts (entries
2—4). Although isobutylethynel) was still reactive to givRe
in 61% yield (entry 5), secondary and tertiary substituents strongly
disturbed then-stannylation because of a large steric hindrance
with the stannyl moiety (entries 6 and 7).

In conclusion, we have accomplished the fizsstannylation
of simple aliphatic alkynes using a tin hydride ate complex,
[MgBr] f[n-Bu,SnBrIH] .
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solvents such as dimethyl sulfoxide, methanol, toluene, and etherja0056973

resulted in poor yields (entries #@3). Consequently, the
conditions noted in entry 15 are optimized ones.

The structure of the ate complex was determined8n NMR
in a similar manner already reported for the tin hydride ate
complex, Lif[n-Bu,SnkLH]". The peak corresponding teBu,-
SnlH (—=70.7 ppm) gradually shifted te-146.7 ppm until an
equimoler amount of MgBrOE#% was added, and further addition

(8) In THF solvent, although until the addition of 0.5 equiv of MgBr
OEt, to n-Bu,SnIH the values of chemical shift and coupling constants were
increased, further addition did not change the values. This fact indicates that
EtOAc is superior to THF for the clear formation of pentacoordinated tin
complex, which is consistent with the result of @ieselectivity in hydrostan-
nation (Table 1, entries 2, 7, and 14).

(9) As a tentative mechanism: The initial iodide attack at the less hindered
site of 1 activated by magnesium bromide cation affords 2-iodovinylmletal
The resulting vinyl iodide is reduced immediately in a radical manner to give

still caused no more shift. Similar gradual increases in the coupling o-adduct2 stereospecifically (eq 4). Unfortunately, it was unsuccessful in

constant}J(*°Sn+H) and'J(*°Sn+3C), were observed, from 2022
to 2304 Hz and from 382 to 500 Hz, respectively. These
phenomena strongly indicate the formation of the TBP type of
1:1 complexA in equilibrium between MgBFOE®%L and n-Buy-
SnlH as shown in Scheme73Neither MgC}h nor Mgl, was

confirmed to form ate complexes because of observing no change

(7) For example: (a) Davis. A. ®@rganotin Chemistiy VCH: New York,
1997; pp 18-24. (b) Harrison, P. GChemistry of Tin Blackie: London,
1989; pp 7189. (c) Holecek, J.; N@gvornk, M.; Handlr, K.; Lycka, A. J.
Organomet. Chem1983 241, 177-184. (d) Nalvorrik, M.; Holecek, J.;
Handlr, K.; Lycka, A. J. Organomet. Chen1984 275 43-51.

confirming the vinyl iodide. Selective nucleophilic attack at a less hindered
site by a larger and stronger group like iodine would be more appropriate
than chlorine. In fact, chlorotin hydride complex resulted in poor selectivity

of 2a(Table 1, entry 8). The acidity of [MgBf]may play an important role

in the activation of alkynes because hydrostannation with a similar ate complex,
LiT[n-Bu,SnkH]~, did not proceed.

- F{>=(D H)=<D
R=-1D , = e eq. 4
ERg M1 Bu,Sn H (a4
MgBI]*[SnBusBrH]
[MgBI]'] oBrH] () 5

As an alternative mechanism, a single electron transfer from a tin ate complex
to an alkyne is of course not excluded at this stage.



