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The ability to functionalize €H bonds in a direct manner will
have a major impact on the field of organic synthesis at both a C-H — C-C
conceptual and a practical level, owing to the ubiquitous nature of

these bonds in organic compounds. The direct functionalization of mw'
R

arenes and alkenes &p—H bonds), as well as that of activated
sp® C—H bonds (FG-C—H), has been demonstrated through a
variety of reaction modes, for instance, carbene insettidinect

arylation? alkene insertiod,and borylatior. However, unactivated C> Unactivated <2
alkane C-H bonds have largely been resistant to direct function- sp° C-H :
alization, particularly in the context of complex organic substrates. Ar

We herein present our investigations that led to the development Figure 1. Catalytic arylation/alkenylation of alkane segments in complex
of a catalytic system for arylation and alkenylation of alkane substrates via metallacycle intermediates.

segments. According to our approach, a functional group present
in the substrate would direct a metal complex to a desirable alkane
region, facilitating metallacycle formation and subsequent func-
tionalization (Figure 1§.

The ortho-tert-butylaniline substrate emerged in the context of
the assembly of the teleocidin class of natural produ€s the
basis of our preliminary results, we focused on the possibility of
generating a phenylpalladium species @f.followed by the G-H Oxidation T |Z|
activation step (Figure 2). Phenylboronatghenylstannanesand Pd(0 )L El) C-H Activation

OMe Transmetallation
Ph-Si(OH)Me,

V“@A)@

Pd(I)Ly ¢ AcO-Fd-Q 2
bh Me

phenylsilanol%1® have been suggested to undergo transmetalation

with Pd(OAc} in polar solvents. Consequently, through a systematic  product formatlon

search of reaction conditions (Pdsalts, arene donors, solvents),

we uncovered an exciting lead. While PhB(QH)nd PhSnBy g
failed, Schiff basel was transformed to compountl in 53% N/ '-Pd'q
isolated yield viadirect arylation of the tert-butyl group in the

presence of PhSi(OH)Mend Pd(OAc) (Scheme 1). Note that

the phenyl ring is attaChed.at tlmle?oalkyl poisitiorill and that no Figure 2. DeS|gn of a catalytic cycle. This outline represents a crude
bis-arylation products were identified (see discussion below). Thus, blueprint for the development of a new catalytic arylation transformation.
the first three steps of the cycle have been synchronized, and direct

arylation of compound in the presence of a stoichiometric amount Scheme 1. One-Pot Stoichiometric Arylation Reaction

of Pd(OAc) was developed?

The next critical question centered on the compatibility of this
system with an oxidant. Following an extensive screen, we were
delighted to find thatthe reaction proceeded under conditions
catalytic in palladium in the presence of Cu(OAG) systematic
mapping of the system included examining the Schiff base-directing
element of the substrate, metal salts, oxidants, and solvents.donor affording the highest yield of produgtwith only traces of
2-Thiomethoxybenzylidene Schiff base afforded consistently ~ biphenyl and phenyl acetate side products.
higher yields than the dimethoxy substrate while Pd(OAc) Further optimization showed that the highest isolated yiel@l of
proved to be a catalyst of choice and DMF the best solvent. Out of (73%) was achieved in the presence of 4 mol % of Pd(QAaj
the oxidants tested, Cu(OAcwas the most efficient. Also, a  benzoquinone (1:1), and 2 equiv of Cu(OA€Jable 2):* The new
number of phenyl donors were screened, and selected data aré'ylation methodology was also extended to alkenylation, as
presented in Table 1 (for more data, see Supporting Information). documented by the transfer of styrenyl group to substéate

We rapidly discovered that PBi(OH)Me was a superior phenyl ~ furnishing compound in 64% yield (Table 2). In addition to the
tert-butylaniline substrate, 2-pivaloylpyridine also proved to be a

To whom correspondence should be addressed. E-mail: sames@ good supstrate for both arylation and alkgnylatlon rgactlons. As in
chem.columbia.edu. the previous case, substra&einderwent single arylation/alkenyl-

QMe PhSi(OH)Me;

N?

Pd(OAc), (1 equiv)
AcOH, 100 °C
53 %
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Table 1. Catalytic Arylation of Substrate 5 (Selected Data)

Y-si

0 0
"5 Pd(OAc); (cat.) s
Me 2 eq Cu(OAc), Me
5 DMF, 100 °C 6
Pd(OAC), Ph-Ph PhOAC
silanol mol % yield % TON (%) (%)

PhSi(OH)Me 25 33 13 5 5
Ph,Si(OH)Me 2.5 51 20 <1 <1
PhSi(OH}Me 2.5 20 8 8 4
PhSi(OMe} 2.5 31 12 4 <1

Table 2. Catalytic Arylation and Alkenylation of Selected
Substrates?

substrate conditions product

Ph,Si(OH)Me

_—
or

P Si(OH)Me, Me
6, R: Ph (73%)
7, R: PhCH=CH (64%)

Ph,Si(OH)Me i N
P R N®
or lo}
pr”-Si(OH)Me,

9, R: Ph (78%)
10, R: PhCH=CH (63%)

aConditions: substrate & 0.02 M) in DMF, silanol (2 equiv), Pd(OAg)
(4 mol %), benzoquinone (4 mol %), Cu(OAdR equiv), 100°C. The
alkenylation reactions also yielded a side product (PHCH), in 10%
yield.

Scheme 2. Tandem Alkenylation-Arylation of tert-Butyl Group?

OMe OMe
- Si(OH)Me,
N? N>R
" s a
Me 12
1 Ph,Si(OH)Me
a b
no arylation !
Ph,Si(OH)Me
[+

aConditions: (a) Pd(OAg) (4 mol %), benzoquinone (4 mol %),
Cu(OAC) (2 equiv), DMF, 100°C, 66%. (b) MeS@H, CHxCl,, 52%. (c)
Pd(OAc) (8 mol %), benzoquinone (8 mol %), Cu(OAER equiv), DMF,
100°C, 45% of14 (4:1 ratio of diastereomers). Configuration of the major
isomer has not been determined=Ro-MeSGHa.

ation at thet-butyl group. However, the Schiff base derived from

ortho-i-propylaniline yielded no desired material, biphenyl (22%)

being the major detected product (Supporting Information).
A concise synthesis of compourid!, depicted in Scheme 2,

demonstrated the synthetic power of the new methodology, an
simultaneously revealed both the remarkable selectivity as well as

the limitations of this system. Substraiedl was converted to
complex productl4 in three steps via catalytic alkenylation Bf,
Friedel-Crafts cyclization, and finally catalytic arylation. Thus,
tandem alkenylation-arylation of thert-butyl group provided a

product of considerable complexity via a novel bond construction
strategy. It is of note that no products originating from the activation

of generally more reactive-€H bonds (OCH, SCH;, arene CG-H
bonds) were detected. Also, it seems that the alkyl group must be
of sufficient steric bulk'Bu versusPr) for the reaction to proceed.
At the same time, the arylation/alkenylation products f12)
apparently already exceeded the optimal steric requirement and did
not undergo subsequent functionalizatiérRemarkably, the cy-
clized isomerl3did in fact undergo the second arylation, albeit at
a slower rate as compared to thatldf

In summary, a new system for the catalytic arylation and
alkenylation of alkane segments has been developedoiithe-
tert-butylaniline substrates and 2-pivaloylpyridine may be arylated
and alkenylated on thiert-butyl group, while no functionalization
occurred at more reactive-@4 and other bonds. We hypothesize
that the high selectivity of this system stems from the confluence
of the directing effect of the Schiff base or pyridine moiety and
the unique reactivity properties of a phenyl-palladium acetate
species (Ph-Pd-OAL,).
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