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ABSTRACT: A complementary method that enables the
expeditious synthesis of oxazolines from amides via Pd-
catalyzed C(sp’)—H functionalization has been described.
Preliminary studies indicate that the reaction might go through
a chlorination/nucleophilic cyclization sequence, and the high
efficiency of this sequence is enhanced by the in situ cyclative
capture of the chlorinated intermediate. The resulting
oxazolines can be further converted into the corresponding
P-amino alcohols without chromatography.

O xazoline is a prevalent structural motif found in natural
products, pharmaceuticals, and advanced materials. It has
also been widely applied in organic synthesis as versatile
synthetic intermediates, protecting groups, chiral auxiliaries,
and privileged ligands." In addition, the oxazoline scaffold has
been recognized as an effective directing group (DG) in
transition-metal-catalyzed C—H activation reactions.” There-
fore, varlous strategies have been developed for the synthesis of
oxazolines.> While these strategies are effective, the develop-
ment of a new complementary method for the synthesis of
oxazolines is still highly desirable.

In the past decade, transition-metal-catalyzed C—H function-
alization has emerged as an attractlve and powerful strategy for
the synthesis of heterocycles.* A variety of highly functionalized
heterocycles, such as carbazoles, indazoles, indoles, pyrrolidines,
indolines, and furans, have been accessed by this process.*
However, to the best of our knowledge, there are no examples
of preparation of oxazolines via C—H activation, due to the low
react1v1ty of C(sp®)—H bonds® and the relative reluctance of
C(sp®)—O reductive elimination from the metal center. 58 In
our continuing interest in the Pd-catalyzed functionalization of
unactivated C(sp®)—H bonds, we report herein the efficient
and highly functional group compatible synthesis of oxazolines
via Pd-catalyzed C(sp®)—H functionalization. Preliminary
studies indicate that the reaction might go through a
C(sp®)—H activation/chlorination/nucleophilic cyclization se-
quence'®'" and the high efficiency of this sequence is enhanced
by the in situ cyclative capture of the chlorinated intermediate.
Notably, the oxazolines can be transferred to f-amino alcohols
without chromatography (Scheme 1).

Our synthetic attempts commenced with the conversion of
N-(1-methyl-1-pyridin-2-yl-ethyl)butyramide la to the corre-
sponding oxazoline 2a usmg Pd(OAc)2 as the catalyst and
CuCl, as the chloride source.'”” We were pleased to find that
the desired oxazoline 2a was obtained in 75% yield when the
reaction was conducted in toluene under air (Table 1, entry 1).
The addition of silver salts as the oxidant inhibited the reaction
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Scheme 1. Oxazoline Synthesis via C(sp®)—H Activation
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Table 1. Optimization of the Initial Screening Results”

= Pd{OAC)z (X mol %)
| Ho 2 equl\r [Cu), additives.
S NTPF (j\t
o toluene, T °C, 24 h, air >_np|.
1a "
Pd(OAc), additive tem yield
entry (X mol %) [Cu] (equiv) (°C (%)®
1 10 CuCl, - 120 75
2 10 CuCl, AgCO; (2) 120 trace
3 10 CuCl, HOACc (5) 120 90
4 10 - HOAc (5) 120 0
S - CuCl, HOAc (5) 120 0
6 10 CuCl HOAc (5) 120 65
7 10 CuBr, HOAc (5) 120 40
8 10 Cul HOAc (5) 120 0
9 10 CuCl, HOAc (5) 100 50
10 S CuCl, HOAc (5) 120 85°

“Reaction conditions: 1a (0.2 mmol), Pd(OAc), (X mol %), [Cu] (2.0
equiv), additive, in toluene (2 mL) at temp °C for 24 h under air. by
NMR yields using CH,Br, as the internal standard. “Isolated yield.

(entry 2). The reaction was very efficient when S equiv of
HOACc were used (entry 3, 90% yield). Further investigations
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revealed that both Pd(OAc), and CuCl, were crucial for the
reaction (entries S and 6). Different halogen sources, such as
CuCl, CuBr,, and Cul, were examined and CuCl, was optimal
(entries 6—8). Finally, we found that 5 mol % Pd(OAc), was
sufficient to deliver the desired oxazoline 2a in a comparable
yield (entry 10).

With the optimized conditions in hand, we next explored the
generality and scope of the process. In general, substrates
bearing various side chains were smoothly converted to the
corresponding oxazolines in moderate to high yields as shown
in Figure 1. A variety of functional groups, such as acetoxyl,
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Figure 1. Pd-catalyzed annulation of methyl C(sp*)—H bonds.
Reaction conditions: 1 (0.2 mmol), Pd(OAc), (5 mol %), CuCl, (0.4
mmol) and HOAc (1.0 mmol) in toluene (2 mL) at 120 °C for 24 h
under air. Isolated yields. For structure 2u, n.d. = not detected.

alkoxy, and Phth-protected amine, were tolerated under the
reaction conditions. Generally, amides bearing quaternary
carbon centers at the a-position were converted to the
corresponding oxazolines (21—2r) more efficiently than amides
with a linear chain (2b—2j), indicating that steric congestion
around the amide improves the reaction efficiency. When
benzamide 1j and 2-phenyl-isobutyramide 1o were subjected to
the cyclization conditions, reduced yields were obtained, largely
due to the side reaction of halogenation on the aromatic ring.
Interestingly, the annulation of cyclopropanecarboxamide 1s
gave the oxazoline product 2s in 50% yield without affecting the
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highly strained cyclopropane. It is worth noting that the
substituent, such as chloro, on the pyridine ring was also
tolerated and gave 2t in moderate yield. The cyclization
structure was unambiguously confirmed by X-ray analysis of
compound 2r."* A quaternary a-carbon was necessary for the
success of the reaction, since no desired product was observed
when amide 1u was used as the substrate.

We were delighted to find that substrates with methylene
C(sp®)—H bonds also reacted efficiently to give the desired
oxzalines in good yield (Table 2). Amides with linear chains

Table 2. Pd-Catalyzed Annulation of Methylene C (sp®>)—H
Bonds“

entry 4R product yield (%)
= Me
1 ; /—/ (ij[N\}—F 69
Me” ©
4a
Me
N Me
2 —§% Y Me 91
Me~ O Me
O O

“Reaction conditions: 1 (0.2 mmol), Pd(OAc), (5 mol %), CuCl, (0.4
mmol), and HOAc (1.0 mmol) in toluene (2 mL) at 120 °C for 24 h
under air. Isolated yields. “2 mL of toluene. “2 mL of toluene, 32 h.

and cyclic rings were all found to be suitable. Consistent with
our previous observations, the reactivity is enhanced if sterically
demanding substrates are used (entry 2, pivalamide 4b, 91%
yield).

Finally, a one-pot Pd-catalyzed annulation/hydrolysis
sequence was established for the synthesis of 2-hydroxy
aminoacyls 5 and 2-aminoethyl acyloxys 6 from the
corresponding amides 1. As shown in Table 3, amides 1
reacted under the standard conditions followed by hydrolysis
with acetic acid, to give the protected f-amino alcohols 5 or 6
in moderate to high yields. It is worth noting that the hydrolysis
of amides with linear aliphatic chains provided 2-hydroxy
aminoacyls 5 exclusively in reduced yields (45%—70% yield),
while the hydrolysis of the amides with bulky quaternary carbon
centers at the a-position proceeded more efliciently to give 2-
aminoethyl acyloxys 6 in high yields (6f, 95%; 6g, 94%). These
results indicated that steric factor has significant influence on
the type of products and reaction efliciency.

To further demonstrate the synthetic versatility of our
protocol, we successfully realized the conversion of amide la
into the corresponding f-amino alcohol 7 without chromatog-
raphy [eq 1]. The resulting f-amino alcohol can act as a
versatile building block for further transformation.

To gain greater insight into the mechanism of the annulation
reactions, preliminary mechanistic studies were also conducted.
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Table 3. One-Pot Synthesis of 2-Hydroxy Aminoacyls and 2-

Aminoethyl Acyloxys
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First, 2-(tert-butyl)pyridine 8 was subjected to the standard
reaction conditions, and chlorinated products 8a and 8b were
obtained [eq 2]."'* Second, the chlorinated product N-(1-
chloro-2-(pyridin-2-yl)propan-2-yl)butyramide 9 can be con-
verted to oxazoline 2a under the standard reaction conditions

[eq 3].

8a, 23% 8b, 32%

=
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(2)

O
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Based on these observations, a C(sp*)—H activation/
chlorination/cyclization sequence pathway is proposed
(Scheme 2, path a). First, pyridyl-directed C(sp*)—H activation
gives palladacyle I, which undergoes oxidative addition with
CuCl, to give high-valent Pd(IV) intermediate II. Reductive
elimination affords the chlorinated product IIL'? which
undergoes nucleophilic cyclization to generate oxazoline 2.
The high efficiency of the whole sequence (up to 96% yield)
and the relatively low reactivity of the chlorination of 8 partially
indicate that the in situ cyclative capture of the chlorinated
intermediate can facilitate the sequence.” It should be noted
that a mechanism 1nv01v1ng the intramolecular C(sp*)—O
reductive elimination® could not be completely excluded at this
stage (Scheme 2, path b).

In conclusion, we have developed a complementary strategy
to enable the expeditious synthesis of oxazolines via Pd-
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Scheme 2. Plausible Mechanism
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catalyzed C(sp*)—H functionalization. The resulting oxazolines
can be further converted into the corresponding p-amino
alcohols without chromatography. Preliminary studies indicate
the reaction might go through a chlorinated intermediate and
the high efficiency of this sequence is enhanced by the in situ
cyclative capture of this intermediate.
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