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Mo(CO)3(NC-t-Bu); was found to be a suitable catalyst for the regioselective hydrostannation of several types of alkynes, giving preferentially
rise to the a-stannylated products. These products are not available under radical reaction conditions or by using other metal catalysts. This
protocol can also be applied to sensitive substrates, which cannot be hydrometalated with the commonly used palladium catalysts.

Transition metal catalyzed reactions are becoming more andhydrostannation of alkynes is frequently used for the
more interesting and important to synthetic organic chemists, synthesis of vinylstannanes, which can be further modified
due in part to the fact that many of these reactions proceedvia Stille couplings. In addition to a radical pathway, a
under very mild conditions.In general, they also tolerate a palladium-catalyzed version of the hydrostannation has also
wide variety of functional groups and are therefore particu- been developed during the past few ye€arBhe major
larly suitable for the synthesis of complex molecules. From drawback of both methods is the difficulty of controlling
the various transition metals used, palladium holds a certainthe regioselectivity of the tin hydride addition toward
supremacy and is commonly used for cyclizations, allylic unsymmetrical alkynes, although the transition metal cata-
alkylations, cross couplings, and many other important lyzed version has the advantage of a clean cis addition, based
reactions. For quite some time other metal complexes have on the mechanism of the reactiénlherefore, only two
also been used for this purposes. For instance, turigmteh products are formed during this process, while radical tin
molybdenum complexes can also be applied in allylic hydride additions generak&#Z mixtures of the corresponding
alkylations. Isocyanide complexes such as Mo(LO)R),- stannylated alkenes. In addition to palladium catalysts,
(MoBl4) have been shown to give good resllts. rhodium complexes also can be usednd Guibe et al.
A further important type of reactions catalyzed by transi- described an application of a molybdenum cataiydoBr-
tion metal complexes are hydrometalations, and herein (allyl)(CO),(CH;CN), was found to be suitable for the
hydrostannations are of particular intereBor example, the ~ hydrostannation of propargylic alcohol derivatives, but
without significant regioselectivity (Scheme 1, Table 1). But
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s promising ligand candidates, for several reasons: 1. These

Table 1. Catalytic Hydrostannation of Alkynek and2 ligands are retained in solution if dissociated from the metal,
a fact which should have a positive influence on the lifetime

entry substrate catalyst yleld, % selectivity of the catalyst. 2. Isocyanides should bond less tightly to
1 1 PdCI(PPhs); 41 55:45 the molybdenum in comparison to carbon monoxideich
2 1 MoBr(allyl)(CO)2(MeCN),  nr? 67:33 should facilitate their dissociation, resulting in an increased
3 2 PdCI(PPhs) 68 67:33 reactivity. 3. The steric demand of the catalyst can be tuned
g i m?gggg’f&?&ﬁ;\:ec'\')z ;; 241‘536 by variation of the number and the size of the isocyanide
6 5 Mo(CO)s(CN-t-Bu)s 98 98:2 ligands, which should have an effect on the regioselectivity

of the hydrostannation. Keeping this in mind, and on the

assumption that two to three free coordination sites on the

molybdenum are required for the reaction, we chose MogCO)

) ) ~ (CN-t-Bu)s(MoBI3) as a catalyst. This complex can easily

complex molecules via subsequent cross coupling reactionsye  gptained by ligand exchange from Mo(G®) and

the control of the regioselectivity is an extraordinary herefore it is rather inexpensive. MaBs also stable toward

important .issue.. Therefore the search for new, more selectivegj, and can easily be purified by flash chromatography. These

catalysts is an important task. features coupled with its catalytic properties make MoBI
In connection with our investigations on chelate enolate the catalyst of choice for regioselective hydrostannations.

Claisen rearrangemerifsye were interested in the synthesis The results obtained with our test substrates exceeded all

of a-stannylated allylic alcohols or their derivatives. For this  our expectations (Table 1, entries 5 and 6).

reason we examined first the hydrostannation of propargylic  £q the reasons discussed, this complex is much more

alcohol 1 and the THP-protected derivative as well reactive in comparison to Mo(C@)giving higher turnovers
(_Scheme 1). Inthe presence of transition metal cata_lysts thegng yields. Because of its stability, the catalyst can be
cis hydrostannation products,§-(E)) are formed exclusively  recovered (by flash chromatography) and reused without any
as a regioisomeric mixture (Table 1, entries4). This is loss of reactivity. This is especially interesting for large scale
true for the g?nerally applied palladium catalysts and the preparations, although the amount of catalyst required is not
already mentioned molybdenum complex as Wellhe very high (0.1-2%). Probably because of the sterically
molybdenum complex shows a comparable, or even slightly demanding-Bu groups, MoB4 shows excellent regioselec-
higher, selectivity in favor of the desirattproduct!? This tivities. For example, with2 a nearly perfect yield and

is especially true if sterically more hindered alkynes are gg|ectivity were obtained. Although the hydrostannation of
used? these terminal alkynes already proceeds at room temperature,
The catalytically active species are probably Pd(0) and sterically more hindered alkynes might require higher reac-
Mo(0) complexes, formed in situ via reduction with tin  tion temperatures. In these cases, or at low catalyst concen-
hydride. This encouraged us to investigate the application trations, the temperature can be increased without problems
of Mo(0) complexes such as Mo(COps catalysts for 9 50-70°C for good turnovers. Under these circumstances
hydrOStal’mationS. Ouir first inVeStigation Clearly showed that hydroquinone should be added to avoid Competitive radical
in principle carbon monoxide complexes of molybdenum are hydrostannations. Further applications are shown in Table
suitable for this reaction, although the reaction was slow and 5 14
the yields obtained with our test substrates were only modest. Generally highu-selectivities were obtained with terminal

The regioselectivities observed were comparable to the res”“salkynes (—7), even with secondary propargylic alcohols

of Guibe (Table 1, entries 2 and 4). _ bearing sterically high demanding protecting groups such as
This is the point at which a question arises: how can the 3. several functional groups are tolerated in the substrates.

reactivity and selectivity toward the desiredproduct be  Halogenated benzyl ethers)(for example were hydrostan-

several CO ligands on the molybdenum. Isocyanides, which+g interesting substrates for intramolecular Stille couplings.
are isoelectronic with carbon monoxide, appeared to be

aNot reported.
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s presence of palladium catalysts, probable because of decom-

Table 2. MoBla-Catalyzed Hydrostannation of Substituted position viasz-allyl-palladium intermediates. Results obtained

Alkynes with other esters, for example prqpiolic e;ter@,(are
comparable to the results obtained with palladium catafysts.
Nr substrate yield selectivity . . . .
% o : B Alkynes bearing electron-withdrawing groups are obvi-
ously more reactive in comparison to unfunctionalized
3 /\omops 8 90 : 10 alkynes. Hydrostannation of diynoic es@ioccurs prefer-

entially at the “activated” double borid.To our surprise,
alkynoic acids such a%0 also could be hydrometalated in
4 //\ 0/:© 44  >95 : <5 excellent yields and without protodestannylation. In general,
B the hydrostannation products obtained from (protected)
propargylic alcohols and acetylenic esters are rather stable

\

5 /\o/\/ 38 95 : <5 and can be purified via flash chromatography. This is in sharp
contrast to the products obtained from the corresponding

o ketones11 shows a high reactivity and clean reaction under
6 o~ 80 91:09 the reaction conditions used, but the hydrostannylated product
/\/)\o decomposed (protodestannylation) completely during the

workup® Therefore, the regioselectivity of this reaction was
determined after metal—halogen exchange with iodine on
o~ 98 92: 8 the corresponding vinyl iodide obtained.

In conclusion, we have developed a new, efficient, and
highly regioselective catalyst for the hydrostannation of

y
O

Q L . .
alkynes, giving good results with various types of substrates.
3 & om@ 68 90 : 10 Further investigations concerning the reaction mechanism
and applications of this catalyst are currently under inves-
tigation.
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2 Determined by NMRP Determined by HPLC Isolated yield after (16) For the hydrostannation of alkenes, see: (a) Lautens, M.; Meyer,
esterification with CHIN; and flash chromatography. C.; Lorenz, A.J. Am. Chem. Socl996, 118, 10676. Lautens, M.;

Kumanovic, S.; Meyer, CAngew. Cheml996,108, 1428 Angew. Chem.,
Int. Ed. Engl.1996,35, 1329.

(17) Although an excess of tin hydride was used (3 equiv), only 21% of
Double bonds 3, 6) were not attacked under the reactions the distannylated product was obtained, even though the terminal triple bond

. 6 . . L : was the least hindered one.
conditions used® Allylic ester 6 is a quite interesting (18) This may also be the reason for the lower yields obtained with

example, because this ester cannot be hydrostannated in theeveral other substrates, 6).
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