ChemComm

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been

accepted for publication.
ChemComm

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

g;HEm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY WwWW.rsc.org/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page1ot4 Tournal Name

2

2

3

3

4

4

o

S

@

0

o

=5

by

S

o

Cite this: DOI: 10.1039/c0xx00000x

WWW.I'SC.Org/XXXXXX

ChemComm

Dynamic Article Links »

ARTICLE TYPE

A Facile Approach to 3,5-Disubstituted-1,2,4-Oxadiazoles via Copper-
Catalyzed-Cascade Annulation of Amidines and Methylarenes

Wei Guo,”” Kunbo Huang,’ Fanghua Ji," Wanging Wu,” and Huanfeng Jiang*

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOI: 10.1039/b000000x

Various 3,5-disubstituted-1,2,4-oxadiazoles are smoothly
formed via copper-catalyzed cascade annulation of amidines
and methylarenes. This tandem oxidation-amination-
cyclization transformation represents a straightforward
protocol to prepare 1,2,4-oxadiazoles from easily available
starting materials, with inexpensive copper catalyst and green
oxidants. It is of atom- and step-economy, good functional
group tolerance, as well as operational simplicity.

N-Heterocycles are undoubtedly one of the most important
substructures present in many natural products, synthetic drugs
and advanced functional materials.! For example, 3,5-
disubstituted-1,2,4-oxadiazoles have been wused as anti-
asthmatics,” anti-inflammatory agents,’ anti-diabetics,* anti-
microbial agents and anti-cancer agents etc.>® Therefore, a
diversity of methods have been explored for the synthesis of such
heterocycles.” Traditional methods for their synthesis typically
involve the first O-acylation step of amidoximes or their
precursors by activated carboxylic acid derivatives such as
esters,®® aldehydes,®® acid chlorides,®® anhydrides®® and
orthoesters,*® followed by intramolecular cyclodehydration
(Scheme 1a). Recently, N-acylamidine was used as the
intermediate to form 1,2,4-oxadiazoles by tandem nucleophilic
addition-deamination intramolecular cyclization process, which
possessed a highly valuable advantage (Scheme 1b).° The
oxidative free radical transformation of N-benzyl amidoximes to
3,5-disubstituted-1,2,4-oxadiazoles also  successfully
developed in an atom- and step-economical manner (Scheme
lc).' However, most of the mentioned methods suffered from
harsh reaction conditions (microwave radiation, high reaction
temperature or some special catalysts) and the use of relatively
unavailable starting materials. Hence, the development of a
simple and efficient procedure for acquisition of 3,5-
disubstituted-1,2,4-oxadiazoles from easily available starting
materials under mild conditions continues to attract the interest of
organic chemists due to their remarkable application value.
Transition metal-catalyzed reactions have been attracted as a
powerful tool for the formation of C-C, C-hetero and N-N
bonds."" Despite the prevalence of synthetic and medicinal utility
of oxa-aza heterocycles with N-O bonds, methods that directly
form a bond between nitrogen and oxygen atoms remain rare.'?
Transition metals including Fe'™ and Cu'* have been
investigated for the N-O bond formations. Consequently,
construction of the N-O bond provides an atom economic
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approach to 3,5-disubstituted-1,2,4-oxadiazoles. It is well-known
that methylarenes are cheap, low toxic, stable, commercially
available, and easy to handle, thus making it advantageously to
be used as ideal starting materials."> Examples for the
transformation of primary benzylic C-H bonds in toluene
derivatives (including C-H amination and oxidation) are
relatively scarce, in which a large excess of toluene is usually
necessary.'* Herein, we report a facile one-step synthesis of 3,5-
disubstituted-1,2,4-oxadiazoles from amidines and methylarenes
by copper-catalyzed cascade annulation, followed by Csp*-H
oxidation of methylarenes under mild conditions. The reaction
possesses an efficient oxidation-amination-cyclization tandem
process and involves copper-catalyzed oxidative C-H bond
acylation and C-N/C-O/N-O bond formations (Scheme 1d).
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With the optimal reaction conditions in hand (see ESIf for
details), we then explored the scope and generality of this
transformation. As summarized in Table 1, a number of
methylarenes were employed as simple synthetic blocks to react
with benzamidine hydrochloride (1a) to generate the desired 3,5-
disubstituted-1,2,4-oxadiazoles. In general, the reactions of
benzamidine hydrochloride with the toluene derivatives with
electron-donating groups (CH3;, OCH;) or electron-withdrawing
groups (F, Cl, Br and CF3) on the aromatic ring gave moderate to
good yields (3aa-3an). It is worth noting that to the toluene
derivatives with more than one methyl group, the reaction only
took place on one methyl group and others remained (3ab, 3ah,
3al and 3ao). This result might be attributed to that one of the
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methyl groups on the aromatic ring was involved in the reaction
and its electron-withdrawing property was unfavourable to the
subsequent oxidation. For example, toluene derivatives bearing a
ketone (1-(p-tolyl)ethan-1-one) or ester group (ethyl 4-
s methylbenzoate) were not suitable substrates for the reaction
under current conditions. It seemed that this method was also not
favourable to the toluene derivatives with strong electron-
withdrawing groups. When a nitro or cynano substituent existed,
just trace amount of the oxadiazole product could be obtained.
10 Interestingly, the reaction tolerated the presence of one or two
halogen atoms at the aromatic ring of the toluene derivatives
(3ap-3ar). o-Methylnaphthalene and p-methylnaphthalene could
also be employed to react with benzamidine hydrochloride and
gave the corresponding products 3as-3at in moderate yields. To
15 our delight, the heterocyclic methylthiophene and methylpyridine
were compatible in this transformation (3au-3aw). To 2-
methylthiophene, only trace desired product was detected, which
could be attributed to the electronic effects. However, 2-
methylfuran and 3-methylfuran failed to give the desired product,
20 which might be due to the instabilities of the furan structure
under the standard reaction conditions. The tolerance of the
reaction to these functional groups in substrates provided the
possibility for the further useful transformation of the products.

25 Table 1. Scope of aryl methyl substrates”

I Cu(OAc), (10 mol %)
NHy HCI +  Ar—CH, M,
70% TBHP (3 equiv)

DCE,rt,12h
1a 2 3

-Q

3aa: R=H, 81%
3ab: R=CH,3, 68%
3ac: R=0CH, 68% 3ai: R=0CHj3, 71%
3ad: R=F, 70% 3aj: R=Cl, 73%
3ae: R=Cl, 74% 3ak: R=Br, 76%

3af: R=Br, 72%
3ag: R=CF3;, 65%

N-O,
'\f/() LY R
V.
O/LN N
RZ

3ap: R'=Cl, R?=Cl, 74%
3aq:R'=Br, R?=Cl, 73%
3ar: R'=Cl, R?=Br, 75%

e ava ot

3au, 54%

3ah: R=CHj, 65% 3al: R=CHj, 61%

3am: R=Cl, 63%
3an: R=Br, 62%

G

3as, 56%

3ao0, 69%

3at, 43%

O

3aw, 63%

3av, 67%

“Reaction conditions: 1a (0.25 mmol), 2 (0.5 mmol), Cu(OAc), (10 mol
%), 70% TBHP (3 equiv) and K5PO4 (3 equiv) in a 1.0 mL DCE for 12 h.
Isolated yield based on 1a.

30
Various substituted amidine hydrochloride salts under the
optimized reaction conditions were also examined as well, and
the results are shown in Table 2. Benzamidine salts bearing either
an electron-donating or electron-withdrawing group on the
35 benzene ring were able to undergo this transformation to afford

an array of 3,5-disubstituted 1,2,4-oxadiazoles in moderate to
good yields (3ba-3ka). However, to nitro-substituted
benzamidine, only trace amount of the desired product was
obtained. Gratifyingly, isonicotinamidine, nicotinamidine and
40 picolinamidine could also be transformed in combination with
toluene into the desired products in moderate yields upon
isolation (31a-3na). Surprisingly, acetamidine,
cyclopropanecarboxamidine and 2-phenoxyacetamidine were
successfully subjected to this reaction system and provided 3oa-
45 3qa in good yields.

Table 2. Substrate scope of various amidines”

NH Cu(OAG); (10 mol %) N-O
§iy . CHs ~ K,PO, (3 equiv) i /};@
R™ “NHp HCI 70% TBHP (3 equiv) RN
DCE, rt. 12 h

1 2a 3

N-Q, N-Q -0

I )\Q ! )\@ )

N N N

R R

R

3ga: R=Cl, 77%
3ha: R=Br, 81%
3ia: R=OCH, 83%

N-O
I )
X N
‘/
N

3ma, 63%

3ja: R=CH,, 75%
3ka: R=Cl, 79%

N-Q
2
"
N

3na, 59%

N-O,
OVMN)\Q

3qa, 68%

3ba: R=F, 74%
3ca: R=Cl, 72%
3da: R=Br, 79%
3ea: R=CF3, 61%
3fa: R=OCHgs, 78%

N-Q

|/
‘\ N
N~

3la, 61%

3o0a, 75% 3pa, 73%

“Reaction conditions: 1 (0.25 mmol), 2a (0.5 mmol), Cu(OAc), (10 mol
50 %), 70% TBHP (3 equiv) and K5PO, (3 equiv) in a 1.0 mL DCE for 12 h.
Isolated yield based on 1.

To gain more insight into the mechanism of this unique
reaction, several controlled experiments were conducted. Without
ss benzamidine hydrochloride, the toluene was oxidized to
benzaldehyde by TBHP with a low yield. The reactions failed to
give the desired product 3aa when benzamidine hydrochloride
was reacted with benzylic alcohol or benzoic acid under the
standard conditions. To benzaldehyde, 32% yield of the desired
o product was obtained (see ESI for details). Trace or no 3aa was
detected in the presence of the radical scavengers (2,2,6,6-
tetramethyl-1-piperidinyloxy =~ (TEMPO),  2,6-di-tert-butyl-4-
methylphenol (BHT), or 1,l-diphenylethylene (DPE), which
indicated that a radical pathway should be involved (Scheme 2a).
s We next investigated whether N-
(imino(phenyl)methyl)benzamide 4 or N-benzylbenzamidinewas
5 was the reaction intermediate, and the results indicated that 4
might be an intermediate (Scheme 2b, c).
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standard conditions
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With BHT (6 equiv), 3aa, 0%
With DPE (6 equiv), 3aa, 0%

NH O
N standard conditions
(b) H — = 3aa
4

73%
NH
standard conditions
N —— 3aa
(© H
5 trace

Scheme 2. Investigation into the reaction mechanism

According to the above experimental results and previous
s reports,’” a plausible mechanism is illustrated in Scheme 3.
Firstly, benzamidine 1a was reacted with the acyl radical 6 which
was formed from the oxidation of toluene to generate the
intermediate 7 by a radical addition process. Subsequently, a
single-electron-oxidation process occurred to give intermediate 8.
10 Then, intermediate 4 was formed by losing a proton. Further, the
intermediate 4 was transformed to intermediate 9 by an enol
isomerization. Intermediate 9 was coordinated with copper
catalyst to give intermediate 10. Finally, with the release of H',
intermediate 10 was converted to intermediate 11, which
1s underwent reductive elimination and afforded the desired product
3aa.
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20 Scheme 3. Possible reaction mechanism

In conclusion, we have developed a novel straightforward
synthesis of 3,5-disubstituted-1,2,4-oxadiazoles via copper-
catalyzed amidines with methylarenes. This process involved acyl
radical formation and N-O/C-N/N-O bondsformation. The

»s reaction occupied good functional group methylarenes. In
addition, easily available amidines '® and low toxic, stable and
commercially available methylarenes were used as important
synthetic ~ blocks.  Moreover, safe, and
environmentally benign TBHP was also employed to be an

inexpensive,

30 effective oxidant in these transformations. This mild synthetic
method provides a highly attractive practical strategy in organic
synthesis, medicinal and material chemistry. Ongoing research
involves detail mechanism and further broadening the synthetic
scope of the methodology is currently underway in our

35 laboratory, and the results will be reported in due course.
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