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ABSTRACT

Allylsilane and various vinyl substrates undergo selective C-H bond functionalization based boronation reactions using iridium catalysis.
The products were further reacted with aryl and vinyl halogenides in a one-pot sequence. This method is suitable for regio- and stereoselective
synthesis of various allylsilanes and dienylsilanes.

Allyl and vinylsilanes have been widely applied as useful
building blocks in complex organic transformations and
natural product synthesis.1 Therefore, development of new
methods for selective synthesis of these species has attracted
much interest in modern organic chemistry.1h–p In this
respect, direct functionalization of allylsilanes offers a
powerful approach for the synthesis of regio- and stereode-
fined derivatives.1b,c

Recent works by Marder, Hartwig, Miyaura, Smith, and
their co-workers2a–g as well as our laboratory2h have
demonstrated that organic substrates can be efficiently
functionalized by C-H bond activation based borylation,3a

which is often followed by a C-C bond formation reaction
in a one-pot sequence.

We have envisaged that a similar strategy can also be
employed for synthesis of functionalized allylsilanes starting
from the parent compound 1a (eq 1, Table 1).

Indeed, we have found that allylsilanes 8a-i can be
obtained from 1a by employing a one-pot CH-borylation/
CC-coupling sequence (entries 1-8). The iridium-
catalyzed (2) regio- and stereoselective borylation of 1a
was performed at 80 °C (4 h) using 3 as boronate source.
Subsequently, the in situ generated boronate 4a was
reacted with aryl (5a-c) and vinyl (6a-e) halogenides
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as well as vinyl epoxide derivative 7 under Suzuki-Miyaura
conditions3 affording allyl and dienyl silanes 8a-i. To
our delight, under similar reaction conditions, selective
functionalization of several vinyl substrates 1b-e could
also be achieved. By employment of vinylsilane 6e as
coupling reagent, this reaction could be applied for
synthesis of vinyl dienylsilanes 9a-d. The regio- and
stereoselectivity of the overall transformations is excellent,
since only the formation of the trans-substituted linear
products (8 and 9) (Table 1) was detected. The only
exception was the reaction giving 8i (entry 9), which
resulted in about 10% of the cis isomer as well. The mild

conditions employed in the one-pot sequence gave a high
level of functional group tolerance as silyl, hydroxy, acetal
vinyl ether, and carbonyl groups remained unchanged
under the process.

The high regio- and stereoselectivity is a very attractive
feature of the presented one-pot sequence. Although aryla-
llylsilanes (such as 8a-c) are relatively simple compounds,
their synthesis is usually encumbered by rearrangement and
desilylation processes.1a–c,l However, using the presented
method, these side reactions can be completely avoided,
and the corresponding arylallylsilanes (8a-c) can be pre-
pared efficiently and with high selectivity (entries 1-3).
Stereodefined allyl dienylsilanes are particularly useful
synthons1a–g,5 but also challenging synthetic targets. Con-
sidering the high selectivity of the presented borylation and
coupling reactions (entries 4-9), these types of compounds
can easily be obtained by the above methodology (eq 1).
The employed one-pot approach is suitable for synthesis of
both isolated (8i) and conjugated (8d-g) allyl dienylsilanes.
Even dienes with different double-bond geometries (8f) could
be prepared without any isomerization reactions (entry 6).
The coupling reaction could also be smoothly performed in
the presence of a bulky phenyl group affording 8g in high
selectivity (entry 7).

Silyl-substituted butadienes are useful substrates in
Diels-Alder and related reactions.1a–d,6 Due to the high
selectivity of the borylation of 1b-e and the subsequent
coupling with vinyl bromide 6e, these types of reagents are
also easily accessible by the above-described C-H activa-
tion/C-C coupling sequence. Dienylsilanes 9c,d are structur-
ally interesting species, as in these compounds the linear
conjugation is extended through three π-bonds.

Probably the most intriguing mechanistic feature of the
presented one-pot reactions is the highly selective formation
of vinyl boronate 4a from the parent allylsilane 1a. The
regioselectivity of the C-H activation based borylation
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Table 1. Synthesis of Allyl- and Vinylsilanes via CH
Borylationa

a The borylation reactions were carried out in neat 1a-e (4-8 equiv)
with diboronate 3 in the presence of catalyst 2 (2 mol %) at 80 °C for 4 h.
b This step was followed by addition of 5 and 6, Cs2CO3, and Pd(PPh3)4 (5
mol %) in a mixture of THF/water and stirring the mixture for the given
times and temperatures. c Isolated yield. d Palladium pincer-complex catalyst
(2.5 mol %) was used as catalyst in the second coupling step (see ref4 and
the Supporting Information). e This product was obtained in a 10:1 trans/
cis ratio. f Pd(OAc)2 (5 mol %) and dppf (10 mol %) were used instead of
Pd(PPh3)4.
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reactions is particularly difficult to control2c,h for linear
alkenes comprising both sp2 and sp3 C-H bonds. This
observation2c,h suggests that the selectivity of the C-H bond
functionalization in 1a is controlled by the steric or electronic
effects of the silyl functionality.

We have found that the catalytic borylation of 1a (step 1,
eq 1) leads to formation of 4a and its saturated counterpart,
without formation of any other boronated products. Accord-
ingly, one boronate group from 3 is used to form 4a, whereas
the other one is sacrificed for hydroboration of 1a. Consider-
ing this, and our previous results2h on C-H bond activation-
borylation reactions of cyclohexene using a similar catalytic
system, we conclude that the borylation reaction probably
proceeds via a dehydrogenative borylation mechanism (eq
2).2b,c,i This mechanism, reported by Marder,2b,c Lloyd-
Jones,2i and Brown2i for rhodium-catalyzed C-H activation
reactions, involves two steps: addition of the metal boronate
complex to the double bond followed by �-hydride elimina-
tion. Accordingly, the corresponding mechanism involving
1a is supposed to be started by addition of iridium tris-boryl
complex2d,f 11 to the double bond of 1a affording complex
12. After a conformational change, �-hydride elimination
occurs from the boronated carbon resulting in complex 13.
Subsequently, 4a is released and the formed iridium-hydride
complex 14 undergoes hydroboration with 1a by regenerating
the catalyst.

An interesting aspect is the selective formation of allyl-
silane 4a instead of vinylsilane 15 in the �-hydride elimina-
tion step (eq 3). DFT calculations (B3PW91/6-31G**) show

that the observed product 4a is considerably (by 3.4 kcal/
mol) more stable than its isoelectronic isomer 15. This
relatively large energy difference may explain the selective
formation of 4a in the C-H bond activation process. The
surprisingly high stability of 4a is probably due to the
presence of favorable hyperconjugative interactions between
the B(pπ*) and CC(π) as well as between the C-Si(σ) and
CC(π*) molecular orbitals. As there is no possibility for such
type of electronic interactions in 15, the relative thermody-
namical stability of 4a is higher.

It is very fortunate that the applied iridium catalyst does
not induce cis-trans isomerization of 4a-e, and thus,
formation of these species is both stereo- and regioselective.
Alternative methods for preparation of these types of
vinylboronates involve hydroboration7a of alkynes or cross-
metathesis,7b,c which often have selectivity issues.

In summary, we have devised a versatile one-pot protocol
for regio- and stereoselective preparation of allylsilanes and
vinyl dienylsilanes from easily accessible starting materials
via a highly selective catalytic CH-borylation/CC-coupling
sequence. The presented method opens operationally simple,
new routes for preparation of densely functionalized allyl-
silanes and dienylsilanes, which are important building blocks
in modern organic chemistry and natural product synthe-
sis.1,5,6
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