Synthesis of Fused Arylboronic Esters
via Cobalt(0)-Mediated Cycloaddition of
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ABSTRACT

1. Cox(CO)g (1 equiv),

O. .0 xylenes, rt, 4 h
H 2. <; (3 equiv), R
R reflux, 2 h

R = alkyl, aryl, silyl

Co,(CO)e-complexed alkynyl pinacolborane derivatives are readily transformed with functional group tolerance into fused arylboronates via

the [2 + 2 + 2]cycloaddition to o,w-diynes.

The transition-metal-mediated cyclotrimerization of alkynes

is a general and powerful method for constructing polysub-

stituted benzené'sin this context, the cobalt(l)-catalyzed [2
+ 2 + 2]cycloaddition ofa,w-diynes to alkynes constitutes

and alkynylstannanéhave been used to produce “metalated”
benzene derivatives allowing for electrophilic substitutions
or metal—halogen exchanges. Along these lines, it would
seem that boron-substituted alkynes, such as alkynylbor-

a straightforward approach to the synthesis of fused arenes. onates, should also be promising candidates for co-cyclization
Of particular interest are alkynes bearing heteroatoms which partners. One notes that such compounds function as efficient
might give rise to subsequent transformations after the dienophiles in Diels—Alder reactions, a system employing

cyclization step (Scheme 1). For example, alkynylsildfies
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Scheme 1 Scheme 2

C-i: IXI cat. C©/X__ o — g :C
+ - — A S
= X = Si, Sn, B... j: B—R 0

1a:R=Ph
functional groups. To address this issue, new methods 1b: R =CgHq3 b
involving alkynylboronic esters are emerging. Thus, thiézDo 1¢: R = SiMe;
benzannulation with Fischer carbenes allows the preparation o _
of quinone boronic estefsRecently, and complementary to by X
our investigations, the [2 2 + 2]co-cyclotrimerization of = =
tethered alkynylboronic esters with alkynes catalyzed by Ru- 2a:n=1 2d: X = C(COoMe)p
(1) was reported? In this work, the product arylboronates 2b:n=2 2e: X =NTs
could not be isolated but were converted directly by Suzuki 2ein=3 g; o (S)iMe

AT 2

Miyaura coupling reactions. Similarly relevant, Siebert et al.
observed the cyclization of catechol-substituted mono- and

diborylalkynes to oligoborylarenes catalyzed by cobalt and . ) .
nickel complexed! the same conditions, the silylated alkyleand?2b furnished

3f, albeit in only 6% vyield. In both cases, the oligomers of
1,7-octadiyne were also generaferielatively extreme condi-
d tions were necessary to reach a 38% yiel@ef 20 equiv
of 1c, 1 equiv of2a, and 1.0 equiv of CpCo(C®in irra-
diated refluxing toluene. In addition to the desired product,
GC/MS revealed the presence of 1,4-bis(trimethylsilyl)-1,3-
butadiyne, resulting from the homocoupling bé 3

Faced with these difficulties, we next turned to,(@0D).**
Indeed, mixing the borylalkynes with a stoichiometric
amount of cobalt carbonyl in xylenes at room temperature
led to the corresponding dicobaltatetrahedrane derivatives,
Ssuch as4, in good vyields after column chromatography
(Scheme 3). Gratifyingly, treatment of compléx1 equiv)

As part of efforts directed toward the assembly of complex
polycyclic molecules by cobalt-catalyzed oligomerizatiéhs,
we turned our attention to the preparation of isolable fuse
arylboronic esters. To achieve our goal, we envisaged the
new two-component cyclization of alkynylboronic esters with
o,w-diynes, as in Scheme 1. Guided by the literature on the
conversion of catechol-substituted borylalkydewe chose
pinacol-substituted monoborylalkyneka—d as the new
reagents (Scheme 2).

Preliminary experiments using 5 mol % of CpCo(GO)
proved difficult. Thus, autocyclization dfa—d did not occur
at appreciable rates and, unlike alkynylsilanes and -stannane
their reaction witho,w-diynes was poor. For example, irra-
diating a refluxing toluene solution containing alkyleeand

diyne2b in the presence of catalytic amounts of CpCo(£0) _

failed to provide the corresponding cycloadd@bt Under Scheme 3
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Table 1. Cycloaddition Reactior® Scheme 4
PhI {1 equiv),
Pd(PPhs)4 (2 mol%),

sp C52C0s (1.5 equiv), DM O@Ph
0 53%
1 1a/2a g‘/& 3a:n=1(61) Ph
2 1aob ( o 3b: n =2 (60) 5
3 1a/2¢ Ph 3c: n=3(45)

entry alkyne/diyne [2+2+2]cycloadduct (yield %)

In this way, a variety of indan, tetralin, and benzocyclo-
g/éé heptene derivatives become accessible starting with 1,6-
4 1b/2b C@[ "0 3d (55) hepta-, 1,7-octa-, and 1,8-nonadiyne (entrie§)L The ester
CeHis function of diyne2d was tolerated perfectly, as exemplified
by the synthesis ddg (entry 7). Heterodiyne&e—g allowed
o] the preparation of heterocycl8s—j (entries 8-10) in good
B. oo yields. Finally, a double cycloaddition was performed
g 12@% ( _O 3? ',77;12((55’8 successfully with compountid, using 2 equiv of CfCO)s
SiMes (entry 11).
0 The authenticity of the products was ascertained by their
MeO,C B-g spectral data (see the Supporting Information). In all cases,
7 lad Me020>©©[ 3g (63) the quaternary carbon attached to boron gave rise to a barely
observable, broad (200 HZJC NMR signal. The presence
of boron was confirmed by means éfB NMR, with
g{é chemical shifts of about31 ppm, in good agreement with
8 1ae TsN:©: 0 3h (71) the reported values for dialkoxyarylborartés?
Ph To demonstrate the utility of the products and also provide
an example of chemical structural proof, compo@hdvas
O/Q treated with phenyl iodide in the presence of 2 mol % of
B‘o Pd(PPh)4!® to furnish the cross-coupling produst® in
9 1a/2f oC@[ 3i (62) unoptimized 53% vyield (Scheme 4).
Ph In summary, we have developed a novel one-pot method
O{A for the preparation of arylboronic esters via Co(0)-mediated
B. o ) cycloaddition of alkynylboronates t,w-diynes. We are now
10 1a/2g \/Siiﬁ 3j (75) extending this method to the construction of mixed “meta-
Ph lated” benzene derivatives allowing for differing cross-

coupling reactions on the same substrate.
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