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Introduction

Selected Examples of Bioactive Benzoxazoles

Cl
HO0C 5 COOH o
N
/
L -0
Cl O

Tafamidis Caboxamycin
(deadly neurodegenerative disease) (antibiotic)
Me Me
N N
HOOC HOOC
O O
Benoxaprofen Flunoxaprofen
(anti-inflammatory drug) (anti-inflammatory drug)

Hureau, C. et al. Chem. Soc. Rev. 2013, 42, 7747.
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Introduction

The Conventional Synthesis of Benzoxazoles

Cyclization
OH O, O
+ OHC R activated carbon . b, R2
R xylene R1 N

NH,
10 examples

up to 88% yield
Q 2-Aminophenols are Sensitive to Oxygenation

Hayashi, M. et al. Org. Lett. 2003, 5, 3713.

Oxidative ortho-Amination

OH R! N
+  RTONH, 220 - Vami
CuPFg, DBED, CH,Cl, o
R’ R? R2

38 examples

Q Narrow Scope of Substrate up to 95% yield

Lumb, J. P. et al. Chem. 2017, 2, 533.
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Introduction

The Synthesis of Benzoxazoles via C-H Functionalization

C-H Functionalization

0,, Cu(OTf), .

Q Require the Specific Starting Materials

N
0O
[ P
16 examples
up to 93% yield

o-xylene

Nagasawa, H. et al. Angew. Chem. Int. Ed. 2008, 47, 6411.

Modification of Benzoxazoles

N
Nl + X-Alkyl
(-

Q The Specific Starting Material is Prepared Through Multistep Procedures

[(M*NN,)NICI], Cul
BuOLi, 1,4-dioxane

N
N
©[O>—Alkyl

29 examples
up to 86% yield

Hu, X.-L. et al. Angew. Chem. Int. Ed. 2010, 49, 3061.
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Introduction

Palladium-Catalyzed Oxidative Dehydrogenation of Cyclohexanones

0 OH
Pd(TFA),, L, TsOH N NMe
(TFA), S . N | A 2
R—— O, (1 atm), DMSO, 80 °C R-T _
Y
19 examples L
up to 99% vyield
0
OH
1/2 O, + H,0
L,Pd"X,
2 HX \
\ + 2 HX
o)
L,Pd__ (|) L Pd'(H)X
\K LnPdO /
O, HX

Stahl, S. S. et al. Science 2011, 333, 2009.
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Introduction

The Synthesis of Benzoxazoles via Dehydrogenative Aromatization

0]

N
j\ p-TSOH, Ki R{j: N
+ ? |
R Ph” “NH, 0,, DMSO, 160 °C Z 0
20 examples
up to 83% yield

O

Ph)]\NH D— /J\

b S b G

OH N
[H*] N -H20 N\ O,/KI, H*
—_—— \> ph | >—Ph — TM
S ¢
D E

Deng, G.-J. et al. Green Chem. 2014, 16, 4644.
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Introduction

a-Oxygenation of Imine by TEMPO

O
4-Methyla

+

nthranilic acid, TEMPO

H,N—R?
R1_

Toluene, 3A MS, 120 °C

L

31 examples
up to 81% yield

C\lN tautomerization C
A
tautomerization O\NH

L

N

4

NCc—0

Computed reaction pathway for oxidation of tautomerizable imine'

2 TEMPO®

@ 5
o ﬁf

Su, W,-P. et al. Nat. Commun. 2018, 9, 5002.
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Dehydrogenation-driven Coupling

Dehydrogenation-driven Coupling

o)

PN TEMPO — R1—(\ R2

R'—— ¥ HNTTR?Z = — Yy — N />_
@ Z SN

<A Differentiate the reactivity of reaction intermediates
\ Promote preferentially a-oxygenation of the imine

\ Be simultaneously compatible with the following dehydrogenative
aromatization and intramolecular oxidative C-H phenoxylation processes
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Retrosynthetic Disconnection Design

O
) S
DS nprecedentea1 | [T+ wa™
ketone amine
Benzoxazoles
e EAIERLELD potential side products of competing reactions --------------- A\
i: : : ,NH ;;/ \/
ammolphenols arylamine le) ﬂenammone
. hd e -'."59; """""""""""""""""" %3
% ) o
N %% 5
S % C
A4 . L% | % |
% “ % >
(:VLNVR —> | L/N [ ]/ [ ]/ \/
%
OH o
v II1 II imine I enamine
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Substrate Scope

O

, 0
TEMPO (3.8 equiv.) P
. A~ = O >—n-C5H11
O—ib HoNT - "n-CsHi 4 4 dioxane, 4A MS, 120 °C L~

Scope of Cyclohexanones

Eo-SN e by o Vo beet

_________________________________________________ 1,72% 2, 86% 3,94% 4, 88% 5, 82%
Cl Br CF, CF;0 MeO O,N
~ ~ S S ~ N OST O
6, 82% 7, 84% 8, 80% 9 87% 10, 83% 11, 60% 12, 72%
S S NS . ' 4 oy S5
13, 68% 14, 74% 15, 78% 16, 86% 17, 84% 18, 77% 19, 85% 20,47%
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Substrate Scope

o)
. 0
TEMPO (3.8 equiv.) (\
+ N _ O_ >—n-C5H11
O HAN" 7 1-CsHlir 4 4-dioxane, 4A MS, 120 °C LA
Scope of Cyclohexanones
oy ’
BocHNe Bock MeO
i CE/> nCsHy | R - EtoJ\f; N \f: Y SN
: : ~
s ; 21,55%  22,58%  23,75% O 24,54% 25 38%
- NE N
] ] -CsH
/) N-CsHyq ) —n-CsHyq ) —n-CsHyy
N F ) F
Pz N
Bu 26, 65% MeOQOC 27, 62% e 28, 71%
0 0
/> n-CsH11 /> n-C5H11
tBu N N
29, 58% P 30, 42%
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Substrate Scope

(0] . Ph 0
TEMPO (3.8 equiv.)
+ H N/\C) . > />—O
2 1,4-dioxane, 4A MS, 120 °C N
Ph

Scope of Aliphatic Amines

. 32, 63% 33, 80% 34, 75% 35, 56%
Me 41,n=1,76%
MeO ) . 42,n = 6. 86%
43.n=7 91%
- M ’ )
-§_© | e -3@ -§@ =] 4"Mue aan-s 6%
45, n = 10, 96%
36,76%  "° 37, 96% 38,44%  39,40% 40, 76% 46, n = 14, 86%
Boc
N
w0 O P, O )
Ph NHBoc NMeBoc
47 72% 48, 73% 49, 83% 50, 40% 51, 35% 52, 69% 53, 68%
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Substrate Scope

Ph

Scope of Aliphatic Amines

0 TEMPO (3.8 equiv.) X0
* N O ; > | )0
2 1,4-dioxane, 4A MS, 120 °C NN
Ph

..........................................

40

-é@ -§-CN Boc =i\

54, 70% 55, 83%

%-QMM =\

56, 58%

...........................................

59+60, 72%

H -
59:60 = 2.4:1
~ Y ( ) COOEt P(O)Ph,
59 (endo) 60 (exo) 61, 76% 62, 52%

-----------------------------------------------------------------------------------------------------------------------------------

EtOOC COOM
g_(\N (0] | | e EtOOC\/ |/COOMe
~ 0]
o’&o ¥ Me WO S e
64, 62% 65 66

from Rivaroxaban fragment

57, 73%

58, 82%

from Leelamine

65+66, 82%
(65:66 = 1:0.4)
from Amlodipine

15



Synthetic Applications

TEMPO (3.8 equiv.)

0
Q—/\/Vr +  HNTO

1,4-dioxane, 4A MS, 120 °C

I\ %
- oL

Tafamidis

cl
Et0OC o Lon
|
\C[N/ then HCI
cl

67, 40%, Tafamidis ester

Y

Flunaprofen / Benoxaprofen

MeOOC_ ¢
© N KOH
MeOOC X \
| R then HCI
Z 0

69, R = F, 48%
71, R = Cl, 49% (1.60 g in 10 mmol)

Y

Cl
HOOC 0
N

Cl

68, 90%, Tafamidis

Me

N
HOOC)\C[ \>_< >—R
o

70, quantitative yield, Flunaprofen
72, quantitative yield, Benoxaprofen
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Synthetic Applications

JTP 426457
cl
Me N
\ TFA, DCM
NHBoc
4 then ArC(O)CI \E:[ >_Q
NO,
73, 70% 74, 81%, JTP 426457

TLR7-antagonist

EtOOC._~__-0 La(OTh, @
| /> < * N\/\ \/\N 0
Z >N NH; /> <

N
75, 49% 76, 58%, TLR7-antagonist

HCV inhibitor / Benoxaprofen analogue

o]
COOEt COOH
HN = O\V\
—> Me

A S eVl e
/
N

77, 74%, HCV inhibitor 78, 41% 79, 82%, Benoxaprofen analogue
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Experimental Mechanistic Studies

Mechanistic Investigations
a
o ’E35H11 nLCSHﬂ ”I;CsHﬂ n-CsHyq
TEMPO (3.8 equiv.) NH NH NH o>=N
1,4-dioxane
+ HzN/\n-C5H11 > + 0 + HO +
4A MS, 120 °C, t
Ph
Ph Ph Ph Ph
80 81 82 2
— \/alidation of The Possible Intermediate 81 The Reaction Time Course
80 -
b
TEMPO (2.0 equiv. i
MPO20ea) g5 4 3 60 80
1,4-dioxane, 120 °C, 24 h (25%) (35%) @ —e— 31
e r 82
$ 404 —— 2
Validation of The Possible Intermediate 82 %
(&)
[ £ 20+ 4
TEMPO (2.0 equiv.) ‘
82 > 2 0
1,4-dioxane, 120 °C, 24 h (99%) i . . . . . .
0 500 1000 1500 2000 2500
Time(min)
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Experimental Mechanistic Studies

Ph

The "80-labling Experimental Evidence for Oxygen Atom Transfer

TEMPO'® (3.8 equiv.)

. P 1,4-dioxane on 0
HN" Nn-C.H = >— C:H
2 o 4AMS, 120 °C, 36 h K s

83, 89%

Ph

Radical-clock Experiment

y y h
. OTEMP
TEMPO (3.8 equiv.)

H N/W 1,4-dioxane
2 >
4A MS, 120 °C, 36 h

40 76% (O% 0%
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Proposed Mechanism

n-CsH n-CsHyy 2 equiv.
o TEMPO
k k TEMPO N et
+ H2N/\n-C5H11 |
-HZO
1 equiv.
TEMPOH
(II) (I1D)
t
N-O HN/\n-C5H11 TEMPO' . CsHyqq TEMPO HN/\n-C5H11
cleavage 0 o
-TEMP
TEMPO TEMPOH ¢
av) 4%))
HN/\”‘C5H11 n 05H11 n C5H11 o+/\
0 HN n-C5H11
TEMPOe © elimination aromatlzatlon [O] HO
of TEMPOH
OTEMP
(V1) (VIID) (IX) )
+ n-CsHyy | * n-CsHyq n=CsH1q
HN/\”'CsHﬂ \\+ H%\NH N
TEMPO cyclization [O]
— — » HO = _0 _— = (0] f _— O
H
(X1 (XID (XTII)
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Summary

Dehydrogenation-driven Coupling Synthesis of Benzoxazoles

TEMPO N O> 2
R 2 1,4-dioxane, 4A MS, 120 °C \/ N

71 examples
up to 96% vyield

@ Transition metal-free @ 71 examples
@ Oxygen atom transfer @ Good to excellent yields
@ Readily available reactants @ Simplified synthesis of

drugs and drug candidates
@ High functional groups tolerance

@ Late-stage modification of

@ Orchestration of multiple oxidation steps drugs and natural products
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Writing Strategy

Importance and applications of
2-substituted benzoxazoles

\ 4

Traditional synthetic methods of 2-
substituted benzoxazoles

4

New synthetic strategies of 2-
substituted benzoxazoles and their
disadvantages
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The First Paragraph

2-Substituted benzoxazoles represents a class of key structural
components that are prevalent in various natural products,
bioactive compounds and drugs, and intensive efforts have been
spurred to develop the methods for syntheses and derivatizations
of these compounds. The conventional synthesis of 2-substituted
benzoxazoles is the cyclization of 2-aminophenols with carbonyl
compounds such as carboxylic acid derivatives or aldehydes,
which has promoted the exploration on chemistries and biological
activities of benzoxazoles. However, this conventional synthetic
method suffers from the limited availability of 2-aminophenols
because 2-aminophenols are sensitive to oxygenation.
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The First Paragraph

Although the metal-catalyzed method for oxidative ortho-amination
reaction of phenols provides a novel approach to syntheses of 2-
substituted benzoxazoles without the need for pre-preparation of 2-
aminophenol reactants, currently, such a kind of method only works
for a few phenols bearing two bulky substituents on 3- and 5-
positions of phenyl ring. Recently, the strategy for transition metal-
catalyzed C-H functionalization has been applied to modification of
benzoxazoles by introducing substituents at their 2-positions, and
synthesis of 2-substituted benzoxazoles via intramolecular C-H
bond oxygenation, offering alternative accesses to 2-substituted
benzoxazoles. These catalytic methods, nevertheless, require the
specific starting materials such as benzanilides and 2-unsubstituted
benzoxazoles that are prepared through multistep procedures.
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The First Paragraph

To streamline synthesis of valuable 2-substituted benzoxazoles,
the development of efficient methods that directly convert simple,
readily available starting materials into 2-substituted benzoxazoles
by a concise process is highly desired. Such a kind of
straightforvard method has the potential to bypass the issue
regarding substrate limitation encountered in the previously
established methods by following the different reaction mechanism,
and accelerate the development of the 2-substituted benzoxazole-
based pharmaceuticals.
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Writing Strategy

Summary of this work

\ 4

Advantages of the current method

4

Importance of 2-substituted
benzoxazole motifs in drug molecules

\ 4

Outlook of this work
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The Last Paragraph

A transition metal-free, operationally simple method has been
developed for the dehydrogenation-driven coupling reactions
between cyclohexanones and aliphatic primary amines via a
cascade reaction sequence using TEMPO as a mild oxidant. Owing
to the moderate oxidative property of TEMPO under neutral
condition, this type of transformations both tolerate the substrates
with a broad scope of structural scaffolds and functional groups, thus
providing the general methods for streamlined syntheses of
structurally complicated but important 2-substituted benzoxazoles
from readily available reactants.
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The Last Paragraph

Importantly, this method offers straightforward access to the highly
complex products that are conventionally unattainable by the
existing methods and allows for the late-stage modification of the
functionally concentrated drug molecules and natural products. The
gram-scale experiments, ready availability and low-cost of reactants
show the great potential of this method for discovery and
development of 2-substituted benzoxazole-derived drugs, given the
prevalence of 2-substituted benzoxazole motifs in drug molecules
and bioactive compounds, the scarcity of general methods for rapid
syntheses of these compounds.

28



Representative Examples

To streamline synthesis of valuable 2-substituted benzoxazoles, the
development of efficient methods that directly convert simple, readily
available starting materials into 2-substituted benzoxazoles by a
concise process is highly desired. (7 7 & 1L... & &)

Actually, the a-oxygenation of the imine to a-imino-cyclohexanone is
Iikely interfered by the following two competing processes. (< T4k,
K 5 uﬁ)

The multiple reactivity modes of TEMPO the involved cascade
reactions are sequenced and compatible with each other, which is
key to achieving the high efficiency in the implementation of this
dehydrogenation-driven coupling reaction. (5= JL 2 s 34T 89 % 42 ..
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