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ABSTRACT: An efficient palladium-catalyzed direct arylation of cat. Pd _

. . : . : : OSiR;  ArBr OSiR; OH
pyridylmethyl silyl ethers with aryl bromides is described. A Py TBAF e
Pd(OAc),/NIXANTPHOS-based catalyst provides aryl(pyridyl)- Py base Py” TAr Py” TAr

c 5 c 5 one-pot
methyl alcohol derivatives in good to excellent yields (33 examples, bcep
57—100% yield). This protocol is compatible with different silyl ether Py = 2-Py, 3-Py, 4-Py Py = 2-Py, 3-Py, 4-Py

protecting groups, affording either the protected or the free alcohols
in an effective one-pot process. The scalability of the reaction is demonstrated.

N itrogen heterocycles are among the most widespread pyridyl nitrogen, preventing its coordination while also
structural components of pharmaceuticals.” Among these, increasing the acidity of the benzylic hydrogens and facilitating
pyridines are frequent subunits of medicinally relevant the catalytic process.”” Although effective, these methods have
molecules and materials.'®™" Specifically, the aryl(pyridyl)- limited substrate scope and reduced synthetic efficiency. The
methanol core is commonly found in drug candidates, either as coordination of the pyridyl group to palladium and inhibition
the free alcohol or ether (Figure 1).” or deactivation of the catalyst is also problematic.’
Given the success of deprotonative cross-coupling processes
N>"SCosH (DCCP) in the functionalization of a variety of weakly acidic

sp> C—H bonds,” we envisioned application of this approach to

\2 the functionalization of substituted pyridines.””" We recently
“ NO reported the Pd(OAc),/NIXANTPHOS-catalyzed DCCP of
pyridylmethyl ethers to generate either arylated secondary

ethers (Scheme 1A) or tertiary alcohols via tandem arylation/

Antihistamine agent - HIV 1 NNRT Inhibitor [1,2]—Wittig rearrangement (Scheme 1B)_7u Secondary aryl—
51 (pyridyl)methanols (Figure 1) are also highly desirable but not

o~ NMe; L. OH accessible via the chemistry in Scheme 1A or B.
; | = We hypothesized that pyridylmethyl silyl ethers might
| A Aryipyridymethancl N/) undergo reversible deprotonation in the presence of a
Z N _ cl N" "G palladium catalyst and aryl bromides to generate arylated silyl
Antihistamine and ethers or the corresponding free alcohols (Scheme 1C). Herein,

siichelncrgc-agen Aromatase inhibitor we report the catalytic arylation of pyridylmethyl silyl ethers to

afford either the silyl protected or free alcohols, using a

D Pd(NIXANTPHOS)-based catalyst.
g et Based on the general utility of the Pd(OAc),/NIXANT-
LTA4H inhibitor PHOS-based catalyst in a range of reactions,” ™" we began by
Figure 1. Biologically active compounds containing aryl(pyridyl)- investigating the benzylic C—H arylation of 2-pyridylmethyl
methanol subunits. silyl ether 1a with bromobenzene 2a using Pd(OAc), (1 mol
%) and NIXANTPHOS (1.5 mol %, see Table 1 for structure).
Several combinations of silyl amide bases MN(SiMe;), (M =

has been employed to access heterocyclic building blocks.” Li, Na, K) and solvents [toluene, 14-dioxane, THF, 2-
Traditionally, such reactions require the presence of directin methyltetrahydrofur.an (2-MeTHEF), cyclopentyl methyl ether
groups, such as 2-(2- pyrldyl)ethanols, pyridine N- omdes,%d '(CPME)’ a.md 1,2—d1methoxy et_hfme (DME)] were .evaluated to
N-iminopyridines,* or 2-(2-pyridyl)acetic acids.® " Other identify suitable reaction conditions (Table 1, entries 1—10).

methods for the benzylic functionalization of substituted
pyridines rely on the addition of activating agents. For instance, Received: February 16, 2016
a Lewis acid can be added to the reaction mixture to bind the Published: March 23, 2016
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Scheme 1. Pd-Catalyzed Benzylic C—H Arylation of
Pyridylmethyl Ethers

cat. Pd

OR OR
) Ar-Br /]\
Py NaN(SiMes), in DME Py Ar
Py = 2-Py, 4-Py pcep Py = 2-Py, 4-Py
B. OR cat. Pd OH
Ar-Br
| x LiN(SiMe3), in CPME | S A'f
oN DCCPI[1,2]-Wittig #N
C. This work
cat. Pd
Ar-Br : one-pot
ek base OSIRs  gesilylation j)\H
Py Ar Py” TAr
DCCP

Py = 2-Py, 3-Py, 4-Py Py = 2-Py, 3-Py, 4-Py

Table 1. Optimization of Benzylic C—H Arylation of 2-
Pyridylmethyl Silyl Ether 1a®

oTeS Pd(OAC); (1 mol %) oTBS
N , Br NIXANTPHOS (1.5 mol %) CT)\C
| =N \O MN(SiMe3) | =N | #
1a 2a solvent (0.2 M) 3aa
NIXANTPHOS
N
(o]
entry M (equiv) solvent temp (°C)  time (h) yieldb (%)
1 Li (3) toluene 45 12 0
2 Li (3) dioxane 45 12 22
3 Li (3) THF 45 12 71
4 Li (3) 2-MeTHF 45 12 42
5 Li (3) CPME 45 12 66
6 Li (3) DME 45 12 100
7 Na (3) THF 45 12 45
8 Na (3) CPME 45 12 48
9 Na (3) DME 45 12 15
10 K (3) CPME 45 12 82
11 Li (1.5) DME 45 18 70
12 Li (1.5) DME 85 3 98
13° Li (1.5) DME 85 3 98
14° Li (1.5) DME 85 3 89

“Reactions were conducted on a 0.2 mmol scale using 1a (1 equiv), 2a
(1.2 equiv), Pd(OAc), (1 mol %), and NIXANTPHOS (1.5 mol %).
bYield determined by 'H NMR spectroscopy of the crude reaction
mixture. ‘1 equiv of 2a was used. 91 mol % of Pd(OAc), and 1 mol %
of NIXANTPHOS.

It was found that LiN(SiMe;), in DME provided a
quantitative yield of the desired coupling (Table 1, entry 6).
Unfortunately, attempts to decrease the amount of LiN-
(SiMe;), from 3 equiv to 1.5 equiv resulted in incomplete
reaction after 18 h at 45 °C (entries 6 and 11). Increasing the
temperature from 45 to 85 °C and using 1.5 equiv of
LiN(SiMe,), led to 98% yield after 3 h (entry 12). We were
surprised to find that reducing the amount of bromobenzene
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(2a) to 1.0 equiv still gave 98% yield (entry 13). Furthermore,
only a small drop in the reaction yield (from 98% to 89%) was
found when the NIXANTPHOS loading was dropped from 1.5
to 1.0 mol % (entries 13 and 14).

With the optimized reaction conditions in hand [pyridyl-
methyl silyl ether (1, 1 equiv), aryl bromide (2, 1 equiv),
LiN(SiMe,), (1.5 equiv), Pd(OAc),/NIXANTPHOS (1 mol %
each), DME (0.2 M) at 85 °C], we explored the scope of aryl
bromides in the DCCP (Scheme 2). In general, a variety of aryl

Scheme 2. Scope of Aryl Bromides 2 in Benzylic C—H
Arylation of 2-Pyridylmethyl Silyl Ether 1a“”

OTBS OTBS
PA(OAC)INIXANTPHOS (1 mol %)
- * ArBr Ar
L LiN(SiMe3)s (1.5 equiv) L 4
DME (0.2 M), 85 °C, 6 h
1a 2a-g 3
oTBS oTBS OTBS oTBS
= 2 tBu OMe
3aa, 7% 3ab, 69% 3ac, 84% 3ad, 88%
OTBS oTBS OTBS
NMe, F Z ¢
3ae, 88%° 3af, 85% 3ag, 70%

“Isolated yields with reactions conducted on a 0.2 mmol scale using la
(1 equiv), Ar—Br (1 equiv), and LiN(SiMe,), (1.5 equiv) in DME (0.2
M) at 85 °C for 6 h. “24 h.

bromides (2a—g) led to the formation of aryl(2-pyridyl)methyl
silyl ethers 3 with good to high yields (69—88%). The arylation
was compatible with aryl bromides bearing electron-donating
substituents 4-t-Bu, 4-OMe, 4-NMe, (3ac—ae, 84—88% yield)
or electron-withdrawing 4-F and 4-Cl (3af and 3ag in 85% and
70% yield, respectively).

The presence of the 2-pyridyl groups in Scheme 2 might lead
to the conclusion that chelation is a prerequisite for arylation.
Thus, we examined the 4-pyridyl analogues to probe this
question and expand the method (Scheme 3). The arylation of
4-pyridylmethyl silyl ether 1b took place at room temperature,
suggesting these substrates are more reactive than the 2-pyridyl
derivatives. This result is consistent with the greater acidity of
4-methylpyridine over 2-methylpyridine.® The reactions of 4-
pyridylmethyl silyl ethers provided the desired products with a
broad range of aryl bromides. These include electronically
neutral (Ph, 2-naphthyl, 4-t-Bu,) and electron-rich (4-OMe, 4-
NMe,) aryl bromides, which provided products 3ba—be in 83—
97% vyield. Aryl bromides with electron-withdrawing groups,
such as 4-F and 4-Cl, 3-CF;, formed products 3bf—bh in 74—
95% vyield. In addition, more challenging substrates, such as
sterically hindered 2-bromotoluene and heterocycles (3-
bromopyridine, 6-bromoquinoline, 5-bromobenzofuran, and
N-methyl-S-bromoindole) successfully underwent DCCP at
room temperature (3bi—bm, 57—-85%), albeit at 5 mol %
catalyst loading (Scheme 3). Moreover, the scalability of the
method was evaluated by performing the arylation of 4-
pyridylmethyl silyl ether 1b with bromobenzene (2a) on a 4
mmol scale. The desired product (3ba) was obtained in 91%
yield (1.09 g, Scheme 3).

Next, we assessed different silyl groups. In order to evaluate
the impact of silyl group size on the arylation reaction outcome,
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Scheme 3. Scope of Aryl Bromides 2 in Benzylic C—H
Arylation of 4-Pyridylmethyl Silyl Ether 1b“

OTBS oTBS
Pd(OAG),/NIXANTPHOS (1 mol %)
== + = Ar
o Ar-Br LiN(SiMea), (1.5 equiv) N
DME (0.2 M), 25 °C, 6 h
1b 2a-g 3
oTBS OTBS 0TBS oTBS
FNF Bu OMe
3ba, 83% 3bb, 76% 3bc, 95% 3bd, 97%
(4 mmol, 91%)
OTBS OTBS oTBS oTBS

=

4—Py)\© 4-Py)\|/“¥| 4—F’y)\©\ 4Py
NMe, P OF ol

-

3be, 95%" 3bf, 95% 3bg, 74% 3bh, 75%" CF4
OTBS OTBS OTBS OTBS
Y
N a1 o
3bi, 65%° 3bj 78%°9 3bk 57%°9 3bl 81%°¢
OTBS
N\
3bm, 85%°

“Isolated yields with reactions conducted on a 0.2 mmol scale using 1b
(1 equiv), Ar—Br (1 equiv), and LiN(SiMe;), (1.5 equiv) in DME (0.2
M) at 25 °C for 6 h. “24 h. “LiN(SiMe;), (3 equiv). ¥S mol %
Pd(OAc), and S mol % of NIXANTPHOS.

triisopropylsilyl (TIPS) ether and trimethylsilyl (TMS) ether
protecting groups were examined.

Both 2- and 4-pyridine derivatives with TIPS and TMS
groups coupled with aryl bromides to provide the desired
products in good to excellent yields (57—100%, Scheme 4). 2-
Pyridyl-containing substrates with bulky TIPS groups required
3 equiv of base and 2 mol % catalyst loading for complete
conversion.

Finally, we explored the feasibility of a one-pot arylation/
desilylation sequence to generate free secondary alcohols.
Substrates with different silyl groups were arylated under the
standard reaction conditions and then directly treated with 1.5
equiv of TBAF. As shown in Scheme 5, 4-pyridylmethyl silyl
ether 1b and 2-pyridylmethyl silyl ether le provided the
corresponding alcohols 4ba and 4ea respectively, with high
yields (94% and 84%). The 3-pyridylmethyl silyl ether 1g is
more challenging because of the higher pK, of the benzylic C—
H’s.® After some optimization, we found that 3 equiv of
LiN(SiMe,),, 2 equiv of 4-tert-butylbromobenzene (2c), and S
mol % catalyst loading in DME at 85 °C generated arylation
product. Workup with 1.5 equiv of TBAF provided the free
alcohol 4gc in 66% yield.

In summary, a deprotonative cross-coupling process for the
direct arylation of pyridylmethyl silyl ethers has been
developed. In most cases, this method requires 1 equiv of
aryl bromide, 1.5 equiv of base, and many substrates react well
at 1 mol % catalyst loading. Electron-donating and electron-
withdrawing aryl bromides as well as heteroaryl bromides
undergo the coupling in good to excellent yields. In addition,
the reaction is compatible with different sized silyl-protecting
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Scheme 4. Scope of Arylation of Pyridylmethyl Silyl Ethers”

OR Pd(OAC)/NIXANTPHOS (1 mol %) OR
+
Py Ar-Br LiN(SiMe3), (3 equiv) Py Ar
DME (0.2 M), 25°C, 16 h
1cf 2 3
OTIPS OTIPS OTIPS OTIPS
2-Py 2-Py 4-Py 4-Py | P
tBu # tBu
3ca, 57%"°¢ 3cc, 80%°°¢ 3da, 100% 3dc, 86%
OTIPS OTIPS OTMS
OMe S {Bu
3dd, 94% 3df, 99% 3ec, 59%°
OTMS 0OTMS OTMS
Z 8y NMe,
3fa, 94%° 3fc, 92%° 3fe, 80%°

“Isolated yields with reactions conducted on a 0.2 mmol scale using 1
(1 equiv), Ar—Br (1 equiv), and LiN(SiMe;), (3 equiv) in DME (0.2
M) at 25 °C for 16 h. YConducted at 85 °C. 2 mol % of Pd(OAc),
and 2 mol % of NIXANTPHOS at 85 °C. dLiN(SiMe3)2 (LS equiv)
for 1.5 h.

Scheme 5. One-Pot Arylation/Deprotection of
Pyridylmethyl Silyl Ethers”
1) PA(OAC),/NIXANTPHOS (1 mol %)

OR LiN(SiMe3); (1.5 equiv) )O\H
DME (0.2 M), 85°C, 1.5 h
Py) +  Ar-Br ( ) Py Ar
1b Py = 4-Py R = TBS2 2) TBAF (1.5 equiv) 4
1e Py =2-Py ,R=TMS
1g Py =3-Py ,R = TMS
OH OH OH
SRR eRg ot
tBu
4ba, 94%" 4ea, 84% 4gc, 66%°

“Isolateds yields with reactions conducted on a 0.2 mmol scale using 1
(1 equiv), Ar—Br (1 equiv), and LiN(SiMe,), (1.5 equiv) in DME (0.2
M) at 85 °C for 1.5 h. “Conducted at 25 °C. “Ar—Br (2 equiv),
LiN(SiMe;), (3 equiv), S mol % of Pd(OAc), and S mol % of
NIXANTPHOS for 24 h.

groups. A convenient one-pot cross-coupling/desilylation
sequence was demonstrated to directly obtain arylated
secondary alcohols. Our method has advantages over the
addition of organometallic reagents, such as organolithiums and
Grignard reagents, to aldehydes. Many more aryl bromides are
commercially available than aryl Grignard reagents. Further-
more, our method circumvents the use of aldehydes, which are
often contaminated with oxidation products. We anticipate that
this method will be useful in the synthesis of aryl pyridylmethyl
alcohols for exploration of their structure—activity relationship.
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