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ABSTRACT: Indolynes are converted into previously un-

precedented indole building blocks by platinum(0)-catalyzed

insertion into a symmetrically substituted boron—boron bond.

The two boron sites in these indoles must be differentiated in a

subsequent step, and the 6,7-bis[(pinacolato)boryl]indole was

shown to undergo site-selective Suzuki—Miyaura cross-

coupling with perfect C7 selectivity. The net reaction is the regioselective installation of two different substituents in the C6
and C7 positions of a 6,7-indolyne precursor.

! I ! ransition-metal-catalyzed benzyne insertion into E—E Scheme 1. Platinum(0)-Catalyzed Insertion of Benzynes

interelement bonds"? is one facet of the flourishing field (top) and Three Regioisomeric Indolynes (middle) into the

of synthetic aryne chemistry.3_6 For example, benzynes Boron—Boron Bond of (pinB), and Planned Site-Selective
generated from 1 by Kobayashi’s method’ react with Suzuki—Miyaura Cross-Coupling (bottom)
bis(pinacolato)diboron under platinum(0) catalysis to form KE
two carbon—boron bonds in a one-pot sequence (1 — 2, (2.0 equiv) Pt(dba), (5.0 mol %)
Scheme 1, top)."*® The boron sites in 2 serve as linchpins for R . 18crown6 1-AdNC (25 mol %) _
subsequent carbon—carbon bond formations, but to date, X SMes (2.0equiv)[ N ] (pinB)p (1.4 equiv) X7 ] Bein
regioselective Suzuki—Miyaura cross-couplings (R # H) have X0t DME x J OME " Bpin
not been accomplished. For cross-coupling reactions involving 1 so%¢ benzynes sore 2: 44-84%
multiply functionalized substrates, regiochemical differentiation <
is generally achieved at the oxidative addition stage with respect SiMes O A
to the halide (or pseudohalide) components, the basis of Tfo@ m Tfom
control being either the nature of the substrate or the catalyst N Me;Si 1'\\I/|e S e3Me
system.” Attaining regioselectivity at the transmetalation stage ;3 Me 4 5
is an emerging challenge. The use of alternately protected G G G
diboronates was demonstrated,'® but examples of discrim- X
ination between identically protected boronates remains very s N i’@ @
rare, particularly for aryl boronates.'! @C} 6 N Ny N,

In this context, we have become fascinated with the rich . Me i Me _
chemistr?r of hetarynes recently developed by Garg and co- 4};5-:?0])_’”; 5’6_“,10')_’”; 6P'7_(;n?°h_m§
workers. >"'"* These reactive intermediates have not been (Oly{pinB)z POy {PinBl2 (Oy{pinre

implemented into the above platinum(0)-catalyzed insertion ‘ Bpin pinB N
into the boron—boron bond yet. However, application of this p'“Bm m pinB/Q\/'}
methodology to the three indolynes generated from 3—5 would N pinB Ne Me
provide access to attractive indole building blocks 6—8 P 7

(Scheme 1, middle). The use of a symmetric boron—boron
reagent shifts the problem of regiochemical control' to a later @ Pd(0) @ Pd(0) P
stage where differentiation between the boron sites must be pinB _ Ny Tk pinB 1 Ne arox A Ne
achieved in a Suzuki—Miyaura cross-coupling. We report here :p'” ?r

the successful transformation of indolyne precursors 3—S$ into

the unprecedented difunctionalized indoles 6—8. Moreover, we
demonstrate for the 6,7-disubstituted isomer that site-selective
Suzuki—Miyaura cross-coupling is indeed possible (8 - 9 —

insertion into bis(pinacolato)diboron. Adopting Yoshida’s
setup'® (cf. Scheme 1, top) afforded desired 6 albeit with

10, Scheme 1, bottom) moderate conversion and in rather poor yield. Improvements
) ) .
We prepared the indolyne precursors 3—S following the
procedures reported by Garg and co-workers'>“'** and selected Received: February 27, 2015
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were made by doubling the amount of catalyst and ligand but
not to a satisfactory level. Variation of the various reaction
parameters then revealed the crucial role of the isonitrile
(isocyanide) ligand."> CyNC and tOcNC (Walborsky’s
reagent) were less effective than 1-AINC and tBuNC, which
emerged as the optimal isonitrile ligand for this transformation
(see the Supporting Information for details). With this protocol
in hand, we were able to obtain good ylelds depending on the
scale of the reactions (3 — 6, Scheme 2)."® Application of this

Scheme 2. Platinum(0)-Catalyzed Insertion of Three
Regioisomeric Indolynes into the Boron—Boron Bond
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catalyst system to the other regioisomers 4 and $ did work,
requiring less potassium fluoride in both cases (4 = 7 and 5§ —
8, Scheme 2). The reaction of 4 was sluggish and not optimized
further due to the laborious preparation of the 5,6-isomer 4.
Conversely, precursor S participated in this reaction similar to
its isomer 3. We were able to make significant amounts of both
6 and 8 to continue with a systematic study of site-selective
Suzuki—Miyaura cross-couplings.

We quickly learned that Suzuki—Miyaura cross-couplings of
4,5-isomer 6 were neither regio- (position 4 vs position S) nor
chemoselective (mono- vs biscoupling) with typical catalyst
systems (not shown). We were, however, delighted to find that
the 6,7-isomer 8 converted cleanly into 9 with excellent site-
selectivity (Scheme 3). Unexpectedly, it was the sterically more
hindered boryl group at C7 that underwent the cross-coupling
as unambiguously verified by X-ray analysis (see the Supporting
Information for the molecular structure of 9a). The cross-
coupling was again not chemoselective when using equimolar
amounts of precious 8 and the aryl iodide, affording mono/bis
ratios of 2:1. Exclusive monocoupling was achieved with 1.5
equiv of 8, and unreacted 8 could be reisolated during the
purification by flash chromatography on silica gel. Arylation at
C7 worked with several aryl iodides using (dppf)PdCl, as
catalyst; alternative palladium sources such as (Ph;P),Pd and
Pd,(dba); led to longer reaction times and furnished lower
yields, respectively. Protodeboronation as a minor side-reaction
was observed with the para-nitro-substituted aryl iodide. The

Scheme 3. Site-Selective Suzuki—Miyaura Cross-Coupling
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protocol was also applicable to a vinyl iodide but proto-
deboronation was more pronounced here (8 — 11, Scheme 3).

The reaction setup for the Suzuki—Miyaura cross-coupling of
the remaining boryl site at C6 was essentially identical to the
previous one, just requiring higher temperature and longer
reaction time. Starting from monocoupled 9a, we performed
the second cross-coupling with the same set of aryl iodides as
well as a sterically more hindered aryl iodide (9a — 10aa—
10ae, Scheme 4). When used in excess (4.0 equiv), conversions
and yields were high.

Scheme 4. Suzuki—Miyaura Cross-Coupling of the
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The fact that both Suzuki—Miyaura cross-couplings are
promoted by the same catalyst system at different temperatures
prompted us to try sequential addition of the two aryl iodides
in one pot (Scheme S). We chose to combine 8 — 9a using

Scheme 5. One-Pot Sequential Suzuki—Miyaura Cross-
Couplings with Different Aryl Iodides
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iodobenzene (Scheme 3) and 9a — 10ab using 1-iodo-4-
(trifluoromethyl)benzene (Scheme 4) as the individual
reactions went to completion. However, the one-pot approach
was far less efficient, affording 10ab in 50% rather than 75% (or
more) isolated yield. To our surprise, the second coupling did
not proceed without the addition of another batch of
(dppf)PdCl, and KOH, and significant amounts of mono-
coupled 9a still remained after prolonged reaction times.
Moreover, the formation of biscoupled 10bb (formed from
unreacted 8 and two molecules of the trifluoromethylated aryl
iodide) complicated the purification of 10ab.

To summarize, we accomplished the implementation of a
member of the hetaryne family into Yoshida’s transition-metal-
catalyzed aryne insertion into symmetrically substituted
interelement bonds." Three regioisomeric indolynes were
transformed into the corresponding bis[(pinacolato)boryl]-
indoles that constitute new difunctionalized indole building
blocks. The differentiation of the boron sites in these molecules
poses a challenge as site-selective Suzuk1 —Miyaura cross-
couplings are basically unprecedented."’ We were nevertheless
able to show for the 6,7-bis[(pinacolato)boryl]indole that it is
possible to selectively address the C7 boryl group. Another aryl
group was then subsequently introduced at C6 by an almost
identical procedure. The overall sequence allows for the
regioselective formation of two new carbon carbon bonds at
the aryne carbon atoms of an indolyne.'” The origins of
regioselectivity in this process remains a fascinating open
question.
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