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Metal-catalyzed transformations at-El bonds are emerging as  Table 1. Optimization of Picoline N-Oxide sp3-Arylation?

valuable tools in organic synthesi# particularly appealing aspect Br a catalys ﬁ .
of this chemistry is the potential to introduce multiple new Ij\,u . Ligand pTo “;, Me
functional groups at precise locations. Current practices, however, H ('; Base, Phie N : ~
L. . ) L. . 1 Me 2 heating (thermal or i i
are usually limited to single site reactivity, ascribable to the M 2 _p-Tol A pTol
. . . . - . - . +
challenges associated with achieving a high yielding reaction at O 4 O pTol g
even just one position. Toward the goal of multisite selectivity, Entry Pd Source Ligand (L:Pd) Base (equiv) Equiv. 1 Temp (°C) Ratio 3:4:5 Yield
Pd{OAc) 'BusPHBF, (3:11) KC0;(1.05) 2 110 1000 21%

important seminal advances have been made with heteroaromatic

. L. . 2  Pd(QAck: 'BusPHBF, (1:1) KCO;(1.05) 2 110 1.0:0 56%

substrates at $jpositions? As a greater appreciation of the reaction 3 Pdjdbaly SPhos (i) NaO'Bu(1.05) 15 0 0434 31%

possibilities for C-H bond cleavage/functionalization is gained, 4  Pdjdba);  SPhos (1:1) NaO'Bu(1.05) 4 70 02011 48%
particularly for reactions exhibiting orthogonal reactivity, the goal 5 Pdydba)y  SPhos (1) NaO'Bu () 2 0 0871 TR

. . . . . . . . 6 Pdyldba)y  X-Phos (1:1) MNaC'Bu (3) 2 70 0:20:1 41%

of site selective direct functionalization should increasingly become 7 Pddbaly RuPhos(ll) NaO'Bu(@ 2 - —
within reach. 8  Pdyfdba)y X-Phos (1) NaOBu(3) 15  110(mw) 0201  89%°
9 Pdydba); X-Phos (1:1)  MNaOBu(3) 15 110 (mw) 02011  B4%b¢

Herein, we describe site selective arylation reactions of bath sp
and .benzylic sbSitegA on {-ﬂ-ine and diazindl-oxide SUthtrates aConditions: substrates, Pd, ligand and base dissolved in PhMe and
and |IIustrate_that this reactivity can be performed both dlvergently_ heated in an oil bath or microwave reactti NMR yield of the major
and sequentially. The products have demonstrated importance inproduct.® Isolated yield of the major productUsing 1 mol % Pd.
medicinal chemistry and the new reactivity represents an attractive
alternative to other routes to this class of moleculo realize increased conversion and selectivity fowith 2 equiv ofN-oxide
this goal, the need to properly establish the metal to ligand ratio (entry 5). A survey of other ligands revealed that X-Phos provides
was uncovered in émrylation, and a complete reinvestigation of 4 exclusively, albeit with only 41% conversion (entry 6). We were
all reaction parameters was required fof apylation. From these
studies, the choice of base emerged as a pivotal component for O

. .. .. . . . | _
site selectivity, pointing to its intimate involvement in the mech- 5 R-Q R=Me S-Phos PC

- Vi, p 9 N PCY; R-ipr Ru-Phos O oy 2 X-Phos
anism of direct arylation. 6 O—ppq QR

We have described the use bFoxides in direct arylation Pr

reactions as a means of avoiding the use of problematic organo-
metallics in the formation of biaryl moleculésOngoing studies
revealed that lower yields were encountered with substrates bearin
methyl substituents adjacent to tNeoxide moiety. This prompted

a re-evaluation of the @rylation conditions during which superior
yields and selectivities were observed when using a 1:1 Pd(DAc)
to PBuj3 stoichiometry compared to a 1:3 ratio (Table 1, entries 1
and 2). Pertinent to the chemistry that follows, the selection of the
base is crucial, with carbonates providing the optimal outcomes.
Under these conditions, no other products are detecttd MMR

analysis of the crude reaction mixture. High yields of the azine/ A variety of substitution patterns, includingrtho, meta and

dlaz_lne biaryl compounds can also be achieved as illustrated bypara, can be employed (Table 2). Although alitho substitution
entries 1 to 4 of Table 2. is tolerated, we found that replacing X-Phos with S-Phos led to
The challenges associated with these substrates lead us to ' P 9

question whether competing palladacycle formation (sucB)as  scheme 1. sp?/sp3 Arylation in Heterocycle Functionalization

gratified to find that employing X-Phos and microwave heating at
10 °C provides an 89% isolated yield @f with no drop in
selectivity (entry 8). With these conditions, 1 mol % palladium
and 1.5 equiv ofl can be used to providéin 84% isolated yield
(entry 9). Importantlyno products arising from arylation at the
sp? position are detected by1 NMR analysis of the crude reaction
mixture, indicating that a completedarsion in catalyst selectity
can be achieed These results underline the eminent tunability of
palladium in organic chemistry and its excellent responsiveness to
changing reaction conditions.

might be responsible for the challenging reactiVi#.corollary to Divergent sp/sp® Dirsct Arylation

this hypothesis is that intermediates such6amight also enable N on Pd(OA), [N;ICH’ Pdgdba, N

sp? arylation under appropriate conditioh$oward this goal, every R /[ Ic P e o S

aspect of the reaction was reinvestigated. A promising lead involved [ 7 ¥ ot oo : o

the combination of with 1.5 equiv of1, 2.5 mol % Pe(dba), 6 - % 1100 /©/ HEPE 70%

mol % S-Phos, and 1.05 equiv of N&D in toluene at 70°C, Sequential sp¥isp? Direct Arylation Br

which provides 31% conversion to a 4.3:1 mixturel@nd5 (Table Pd{OAC), —

1, entry 3). P VEP\CH X s
While increasing the amount df-oxide improves selectivity o P bromaolene ,[/ & Hnomoeene Ny

(entry 4), we also found that use of 3 equiv of NaOtBu also ~ @® 1o s (t5eq) MW dBmin P ©
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Table 2. Scope of Picoline N-Oxide sp%/sp3-Arylation@
S
N Method Aor 8 D\ =~
H l*":‘/ oA N (LD\'“'
&

should prompt its evaluation for similar selectivity switches with
other substrates and reaction classes.
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aConditions A: N-oxide (2 equiv), aryl halide (1 equiv), Pd(OAdb
mol %), PBusHBF4 (5 mol %), Kz:CO; (1.5 equiv) dissolved in toluene
and heated to 116C. Conditions B: N-oxide (1.5 equiv), aryl halide (1
equiv), Pddba (2.5 mol %), X-Phos (5 mol %) and NaBu (3 equiv)
dissolved in PhMe and heated in a microwave reactor at°Clfor 45
min. P Isolated yield.¢ Using 1.1 equiv ofN-oxide.9 Using Ru-Phos (10
mol %). ® Using S-Phos (10 mol %) and 3 equiv of thieoxide.

superior yields (entries 7, 8). Other alkyl groups can also be arylated
where use of the corresponding alkyl organometallic may be
problematic due tg3-hydride elimination at the alkylpalladium
intermediate (entries 14, 15).

This methodology has been validated in both divergeffspp
arylation and in sequential 3pp? arylation which should be useful
for the rapid derivatization of heterocyclic compounds (Scheme
1). Furthermore, thé\-oxide moiety can be used to introduce a
wide range of other functional groups or easily de-oxygenated under
mild conditions if desired:1° Consequently, these reactions should
be useful for the derivatization of heterocyclic compounds in
medicinal chemistry. Finally, the ability of palladium to selectively
react at both spand sp centers under different reaction conditions
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